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ABS'lRACT 

Effects of the sequence of parasitoid release and three 
' . 

ecological factors, i.P. parasito1d densities, pest 

densities, and cl imatic conditions, on th e rate of Chilo 

partellus (Swinhoe) egg parasitism by Trichogramma sp. nr. 

mwanzai Schulten and Feijen, were studied i n caged 

experiments and in the fjeld . Pred)ctive models were 

developed ~sing data generated from the above studies. 

The five different parasitcid population densities us~d 

were positively correlated with the number of eggs and egg 

b&tches parasitised in the caged experiments. Mutual 

interference between the parasitoids ¥as observed at the 

highe~t population density of th e pa:asit0id (48). 

The five difterent pest population lev ~~s were 

positively correlated wi t h t~e number of eggs and egy 

batches parasitised. As pe~t density increased . signifjcant 

variations were cbserved in ~he rate of ~arasit)sm. An 

inverse rel&tionship was iound bet~een the formatj on of 

black head~ and the parasitoid population size. 7he 

sequences of parasitoid release used in the study did not 

significantly ~ffe~t the level of parasitj3w obtained. 

For the caged experi~ents th~ maximum and ~i~jmum 

temperatures on the day of par as:\ tol.d re : r~~r.t: :>iic•:<>d an 

inverse rel ~tionship w~th the numb~ r of eggs ana egg batche~ 

parasitised , w~~le the relative hurnidi ~ y of that same dav 

was positively correlated. 
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T. sp. 11r. mwanzai showed a Type II functional response 

in th~ caged experiments. 

Field data ~onf irmed the cage observations in several 

c~ses . 

Data generated in the study were fitted into modified 

genera l ho~t-parasitoid models for the prediction of 

parasSticm r at es if t !1e pest and parasite population 

densi t ies are known. A regrPssion model was developed to 

exp r ess the proport i on of egg ba t ches parasitised as 

function of the climatic factors, numb~r of parasitoids 

reJe Rsed anJ the number of p~st egg batche~ exposed. 

Variable types of fi t were obtained ~hen either the 

nurn~er af eggs parasitised or th~ number of egg batches 

~arasjtised were used as dependant variabJes. A model 

developed from the data g~nerated in the caged experiments 

was validated using field data. R~sults indicated 

similarity in f i ts for the two cases. 
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1 GENERAL IN'IRODUCTION 

In the tropics, sorghum is one of the principal 

fo(Y.j crops .• It is also used as a building rna.terial, fuel 

source, etc. Over 150 ~pecies of insect pests have been 

listed on sorghum (Young and Teetes, 1977; Seshu Reddy and 

Davies, 1979). Chilo partellus Swinhoe is one of the most 

serious lepidopteran stemborers of sorghum in East Africa 

and India (Young and Teetes, 1977; Hill, 1983; Pathak and 

Olela, 1983; Seshu Reddy, 1983; Teetes et al., 1983). 

Damage is caused by early larval instars feeding in the leaf 

whorl and by later instars boring into the stem to cause 

"dead hearts" arrl "chaffy heads", (Dabro .. 'Ski arrl Kidiavai, 

1983; Seshu Reddy, 1983) contributing in this way, among 

other factors, to significant reductions in grain yield 

(Seshu Reddy, 1981; Alghali, 1986, 1987). 

Several natural enemies of c. partel1us h3ve been 

observed. These include insects of the family 

Trichogramm.~tidae (Hyrnenoptera), a large group of minute 

parasitic wasps ..rhich attack eggs of various insects. The 

two well kno\rlfl genera of this family are frJchogramma arrl 

~'rfchogra111mato i dea. The use of Trichoqrc.11sa spp . as 

biological cont.col agents for augmentative releases against 

grnrninaceous stal k borers began early this century 

pcJrticularly in the USA, USSR, Taiwan, South America and 

China (Stinner, 1977; Ables arrl Ridgeway, 1981). The 

earliest knO\m attempt to utilise TrJchogramma as a 

biological control agent oc..."CUrred when n shipment of this 

parasite was sent from the USA to canada in an attempt to 

control the sawfly, Ne•atus rJbesii Scop. (Baird, 1956). 

t-f..:lss rearing arrl subsequent ·release of this entomophage has 

been described by Enock (1895) as "Trichoqr amma farruing" 

beC"".ause it was a practicable method for sugarC".ane borer 



-2-

control in Louisana and Barbados in the early part of this 

century (Metcalfeand Breniere, 1969). Trichogramma have 

been successfully released many times to control the sugar 

cane borer, .Diatraea saccharalis (Fab.) and other economic 

pests in the USA (DeBach and Hagen, 1970). Similarly, 

successful inundative releases of Tr1chogramma spp. against 

sugarcane borers (Chilo spp) have been reported from India 

(Sithanantham, 1980). So far, the major use of Trichogramma 

has been through inundative releases. This refers to the 

release of a large number of insect.q to cause an immediate 

and direct mortality in the pest population (Stinner, 1977). 

These parasitoids are used in thi.s way, largely because of 

their inability to perpetuate their progeny in adequate 

numbers in subsequent generations after releases. 

Parasitoids exert an important regulatory influence 

on borer populations (Appert and Ranaivosoa, 1970; Hohyt.Xldin 

and Greathead, 1970; Rensburg and Hambw:g, 1975; FAO, 1980). 

These include different species of Trichogramma which exert 

an influence in controlling various Lepidopteran pest 

species (Howard and Fiske, 1911; Somchoujhury arw:l Dutt, 

1980). In the USA, several species of this biocontrol agent 

vere found effective against the European corn borer (ECB), 

Ostrinia nubilalis Hubner (Knipling and Mc Gllre, 1968). 

Trichoqramma spp. have also been successfully used for the 

biological control of the ECB in European cow1tr ies 

includi ng West Germany (Hassan and Heil , 1980, Hassan, 1981; 

Neuffer, 1982) and Bulgar ia (Karadjov, 1982) . In Irxlia 

Trichoqramma spp. are used as effective control agents 

agains t sugarcane borers (Nagarkatti, 1980; Rao, 1980; 

Varadharajan, 1980; Sithananthan et al., 1982). However, 

levels of successes a~tributed to the j ifferent parasitoids 

have been var iable (Gupta, 1951; Brenlere, 1965; Metcalfe 
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and Vand Whervin, 1967; Cueva, 1978; Hassan, 1981; Neuffer, 

1982) 

Theoretical models used to predict the effect of 

parasitoid releases for the biological control of pests have 

been developed (Thornpson,1924; Nicholson, 1933; Nicholson 

and Bailey, 1935; Holling, 1959, 1966) and several aspects 

of host-parasitoid interactions have been studied. These 

include functional responses (Holling, 1959a, 1959b; Hassell 

et al., 1976; Van Lenteren and Bakker, 1976, 1978), random 

searching abilities (Rogers, 1972; Hassell, 1978) and mutual 

interference (Hassell and Varley, 1969; Royama, 1971; 

Beddington, 1975). The winter moth, Operophtera brumata 

(L.) in Nova Scotia is one example of pest species where an 

empirical model has been developed for predicting a stable 

equilibrium obtained by introducing a parasitoid (Hassell, 

1980). Several other models vith irnplicat~ons for field 

applications have been developed and tested (Barclay et al., 

1985). Knipling (1972 ) developed a model for the control of 

Diatraea saccharalis F. by rel ease of the parasite, 

I.ixophaga diatraeae (Townsend). Similarly, successes in 

suppressing sugarcane borers have been reported by Summers 

et al. (1976) arrl King et al. (1981). 

In Africa little work has been done on the 

biol ogical control of graminaceous stalk borers. There is a 

need for such studies to be carried out, arrl so far only a 

number of species of exotic parasites have been released for 

control purposes (Mohyuddin and Greathead, 1970; Girling, 

1972). Kumar (1984} reviewed the biocontrol attempts 

undertaken in Africa, and the movement of natural enemies 

from one C'c.mntry to another in the Ethiopian region . 

Records of the nse of Tr 1 choqr am;na spp. in Afr lea are r ather 

scanty, except for reports on th~ir incidences. Available 
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records show that T. pap111on1dis Nagarkatti and Nagaraja 

were found on Papilio desmodocus in Angola while a 

Trichogramma sp. was observed on DiopsJs thorac1ca, a rice 

pest in Ghana (Nugarkatti and Nagaraja, 1977). Similarly in 

Chad Trichogramma sp. was observed on Diparopsis waters! 

(Roths.) (Nagarkatti and Nagaraja, 1977). other incidences 

of the parasitolds have been reported in Uganda, Kenya, 

Malawi, Malagasy, and COmoros (Nagar katti and Nagaraja, 

1977; Schulten and Feijen, 1982; Breniere et al., 1985). 

In Kenya some preliminary work has been done on 

indigenous parasitoids such as Apanteles sp., Dentichasmias 

sp., Pediobus sp., Telenomus sp., and Trichogramma sp. 

(Mathez, 1972; Bahana, 1985, 1987). 

Studies on 3 ecotypes of Trichogramma found in Kenya are in 

progress at the Hbita Point Field Station of the 

International Centre of Insect Physiology am F.cology, Kenya 

(Oloo, G. w. pers. comm. ). These include a strain from 

Rusinga lsl~nd which was tentatively identified as 

Trichogrammato1des? lutea Girault, Trichogramma sp. nr • . 

exiguun Pinto and Platner, a strain from Lambwe Valley, and 

Trichogramma sp. minutum group, nr . mvanzai Schulten and 

Feijen (Oloo G. W. pers. comm. ), a coastal strain, which is 

used in the present study. 

Host of the above studies concentrated on the 

bionomics and biology of the biocontrol agents . Very little 

work was done in determining the dosage, frequency and time 

of lnurrlative releases for these parasitoids. Thus the need 

for developing functional response models cannot be over 

emphasized. The present project was therefore undertaken 

with the following objecti~s in mind: 

(1) To develop a functional model foI the 

prediction of optimal numbers of Tr1chogramma sp. to be 
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released for the effective control of known levels of Chilo 

partellus under laboratory conditions; and 

(2) To test the effectiveness of this model under field 

conditions. 
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2 LITERATURE RI!.VIEW ON MODELS FOR PEST CX>N'IROL 

2.1 Types Qf Models 

Models are a convenient means of summarising large data 

base into a concise and practical format, commonly an 

equation . The equation simplifies calculations and 

facilitates some rationalization of the underlying 

biological process. Models mathematically describe our 

concept of nature (Streifer, 1974). Mathematical models 

which are useful in analyzing models of fluctuating 

populations are of three broad types: 

a)-tactical models, or simulations, which are used for 

short term forecasts of population chcii'l.ges (Nisbet and 

Gurnet, 1982); 

b)-strategic models which are simple mathemati~.al 

models constructed with the aim of ldentlfyinq possible 

ecological principles (Nisbet and Gurnet, 1982). 

c)- arrl the testable models of laboratory data (Nisbet 

and Gurnet, 1982). 

Models may also be classified according to their being 

deterministic or stochastic (Nisbet and OUrnet, 1982). A 

stochastic mod~l describes both the trend aoo the 

fluctuation of the population, usually with a proba.b.1li~tic. 

component. 'l'he deterministic model only describes the trend 

of population fluctuation, and its most important property 

is that, if the history of population is known up to date, 

one can predict its exact ~lue at any future time. The 

pr iRBry requirement of modf~ls in ecology, as in other 

fieldS 1 is to be realistic, the mathematical predictions of 
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total populations, or birth, for example should agree with 

field or laboratory observations (Streifer, 1974). 

2.2. Host-parasitold and predictive models. 

Models presented here are based on host-parasitoid 

models (Barclay, 1987c) . The original progenitor in this 

l i ne was the Nicholson-Bailey model (Nicholson and Bailey, 

1935), a density dependent model of host-parasitoid 

relationship. 

There is an abundance of population submodels for 

insect parasitism (or predation) i n ecological literature 

(Hassell and May,1973). Many of these have the general 

f orm: 

N5 .= NtflPt , Nt1 

Pt+l = Nt-Ns; 

YJhcre N5 represents the survivor after Pt have sear ched f or 

Nt hosts resulting i n Pt+l parasite progeny. Al l 

assumptions about parasite searching behaviour are here 

contained in the funct i on f<Pt,Nt>· If we consider the 

simplest c.ase where the ' parusite populati on is specific and 

synchronized temporally with its host populat i on, we can 

write the following generalized model for host -parasite 

interaction (Hassel l and May, 1973) : 

Nt+l = FNtflPt,Ntl 

Pt+l = CNt-Nt+1l/F 

wher e N and P are now host and parasite densities in 

generations t and t+l, and F is the rate of i ncrease of t he 

host aft er allowing for all mortalities wit hin the 

generation except parasitism (Hassell and May, 1973). 
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Hassen and May (1973) t"eported on the type of outcome 

from different models. These authors emphasized that in the 

latter case one s~ould know the precise conditions which can 

lead to the population stability, since this may be a useful 

consideration in developing a theoretical basis to 

biological control . The practical objective is to be able to 

predict the type of outcome expected from different host­

paras i te interactions by measuring certain "key parameters" 

of the host and its parasite. 

Hassell and Rogers (1972) discussed three basic 

parasite responses which can affect searching efficiency and 

should ideally form part of any general host-parasite (or 

predator-prey) model. These are: (1) the response to host 

density; (2) the response to other parasites; (3) and the 

distribution of searching parasites in relation to host 

distribution. 

Table 1 provides a brief des~ription of different host­

[Ktrasi te models (Hassell and May, 1973). 

Several analytical models have also been developed to 

dP.scribe aspects of parasite behaviour as realistically as 

po~sible {Bakker et al., 19~7; Rogers, 1970). Bakker et al. 

(l~n7) and Rogers (1970) have developed models to describe 

the avoidancP. of super parasitism. 

Holling (1964, 1966) developed detailed models to show 

the importance of the invertebrate functional responses of 

components such as movement and perceptiDn by the predator; 

thP time the pT.eyare exposed to predation; and the time 

spent handling the prey. Hore recent population models have 

i~r.ludea further parameters to describe parasitism. Holling 

(1959 b) included the effert of time wasting activity 

~ssociatea with attacking ea~h host, but did not allov for 

host expl11itation (Rogers, 1972). Th is model therefore 

genc~ates the number of host: encounters, but not the number 
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of host attacked. Watt (1959) developed a model 
which included a maximum a"':.tack rate by the para­

site and also the parasite int8rference, but the 
properties oz this model were not fully explored. 
Both of these models are difficult to test under 
field conditions. Hassell and Varley (1969) 
based their model on measurements of the outcome 
of search by known parasite populations, and 
showed interfer ence to be an important component. 
This model is easily tested from field data pro­
vided that the adult parasite density and the 
percentage of hosts parRsitized are known. Un­
like the models of Holling (1959), it does not 
include any factors reducing the searching effi­
ciency as host density increases. 

The basis of these population models, as 
stated earlier, is a component which describes 
the number of host a~tacked (Nha) :md the search­
ing parasite (P). Table~ shows some of these 
equations which vary frcim the very simple to 
the complex . 

A general host - parasitoid model was 
described by Perry (1987): 

Log (-Log(Q0 )) =Log a+ b Log M 
Where Q0 is proportion parasitised; 
M = mean parasite density; a and b are 
constants. 

This model agreed with models termed 
as "host - parasitoids models of inter mediate 
Complexity" (Hassel and May. 1973; Perry (1987) 
although the assumption i n these models is that 
parasitoid search at random. 



Table 1. Some models of host-parasite i nteraction (Hassell and May, 1973} 

PARASITISM FUNCTION: ( N5 

~J!n-!ORS 

Nicholson(1933) 
Nicholson & Bailey(1935) 

Holl ing (1959b) 
Royama (1971) 
Rogers (1972) 
Hassell & Varley (1969} 

Hassell & Rogers (1972) 

Hassell & Hay (1973) 

Hassell & Hay (1973) 

= NtfCPt, Nt) 
t-K>DELS 

Ns = Ntexp( -aPt> 

N5 = Ntexp( - -~..t--1.. 

( l+a'TJ'Pt> 

Ns = Ntexp(-<J1'tl-m) 

N5 = Ntexp( -~.1-td?-t!:-~­
( l+a'T~t ) 

Ns ~ Nt Ca1exp(-ab1Pt)l 

BRIEF DESCRIPTION 
Random search, 
constant search 
efficiency. 
Random search, searching 
efficiency depend~nt on 
host density. 
Random search, searching 
efficiency dependent on 
parasite density. 
Random search, searching 
efficiency dependent on 
host and parasite density. 
Non-random search, constant 
searching efficiency. 

Ns = Nt Ca1exp(-O(b1,Pt>i-m1 Non-random ~earch, searching 
efficiency dependent on 
parasite density. 

Symbols: N5 =hosts surviving parasitism; Nt=host population at generation t; Pt=parasite population 

at generation t; a=area of discovery; 'ftt=handling t ime; Tt=total time initially available for search; 

ai=the distribution of hosts; b1=the distribution of/f)arasites; m=mutual interference constant; 

c = constant; Q=area of discovery when Pt=l. 



Table 2: Some models predicting the number of host encounter or attacked by insect 
parasites (after Hassell and Rogers, 1972) 

MODEL 
Thompson ( 1924) 

Nicholson (1933) 

Watt (1959) 

Holling (1959) 

ATTACK COMPONENT 
Nha = N(l-eX) 
vhere Na = CP 
x = -Na 

N 

Nha = N(l-e-aP) 

Nha = PK(l-e-a'NY) 
y:pl-b 

Ka. = CaTt.N 
P l+CaThN 

COMMENTS 
Random attack, parasite 
efficiency determined by 
the available egg 
performance. 
Random attack, % 
parasitism proportional 
to parasite density. 
Random attack, includes 
maximum attack rate per 
parasite and parasite 
interference. 
Describes the number of 
hosts encountered per 
parasite (not the number 
of hosts parasitised), 
includes handling time. 

Hassell & Varley (1969) Nha = N(l-e-OZ) Random attack, includes 
z=pl-m J parasite interference. 

Symbols: N = number of hosts, P = number of parasites, Na = number of attacks on N 
hosts by P parasites, C =eggs laid per parasite (a constant), a, a', Ca= attack 
coefficients (constants), b, m = interference cons t ants. 

' ~ 
~ 
I 
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Knipling (1972) employed hypothetical host~-parasitoid 

models to calculate the impact of Lixophaga diatraeae 

(Townserrl} to control Diatraea sac:c:haralis (F.) . 'l'hese 

population models irrlicated that release of 1000 parasites 

per acre in the second generation of host would cause a 

subsequent accumulative suppression of the host population 

in the order of 97 \ by the fourth or last host generation. 

Goodenough et al. (1983) developed models to predict 

the developmental rate of the parasitoid Trichogramma 

pretiosum on eggs of four host species. The models agreed 

closely with observed data for temperatures from 20 to 300 

C, but at 150 C the degree-day prediction of emergence were 

5 to 7 days late. Similarly, a rnode1 of Ooencyrtus kuvanae 

O!oward) population d~ics was developed (Brown et al., 

1987. >... This model accurately simulated the behaviour of the 

observed 0. kuvanae population. Predictions of the actual 

parasite abundance were very good in areas wifh""outbreaks of 

gypsy moth population and poorer in less jense host 

population. This discrepancy indicated that the host­

finding ability of o. ·kuvanae is less efficient in areas of 

low host densi ty than in areas of high density (Brown et 

al., 1982). 

Barclay et al. (1985) studied several host-parasitoid 

models to assess the feasibility of parasltoid inundation as 

means of pent control. 'l'hey f ound that in all these mode ls, 

there exlsteq a critical inundation rate, above which the 

host population was eradicated . 

Whitfield et. al. (1980) develop€'d a computer model to 

simulate the interaction between populations of onion 
- -

maggots, Hylemya antiqua Heigen, and a Hymenopteran 

parasitoid, Aphaereta pallipes say. When varying abiotic 

and biotic parameters vere entered, the system produced an 

array of outputs that were used to elucidate the population 



dynamics of these organisms in various environments. The 

model adequately simulated the development of the life 

stages of the onion maggot and was sensitive to changes in 

biotic and abiotic parameters. Interesting information and 

relationships about population dynainics of this insect and 

the effect of carefully timed insecticide sprays to avoid 

parasitoids mortality were revealed. 

O'neil (1988) developed a model of predation by Podisus 

maculiventris (Say) on the Mexican bean beetle, Epilachna 

varivestis Hulsant, larvae on soybt!ar.s. The attack equation 

described the number of prey attacked as a function of the 

number of prey, soybean leaf area, and the searching 

behaviour of the predator: 

Na = (N/A)x(Cle-C2 N/A + C3) 

where Na = per capita predation rate; N = number of mexlcan 

bean beetle larvae; A = leaf area in square meters; Cl = 
maximum amount of area searched cm2) above C3 when prey 

density is zero; C2 = rate of change in search inversely 

proportional to prey density; C3 = minimum area searched 

(m2) a t high prey density. To validate this model the 

predicted number of Mexican bean beetle attacked per 

predator were compared with an independant field data set. 

Several other models for pest control have been studied 

including those of sawyer and Haynes (1985), Barclay (1987a, 

1987b, 1987c, 1988). 

2.3. Functional response in host-pa.rasitoid models 

Functional r esponse (Solomon, 194q; Holling, 1959a) is 

defined as any ct.ange ln the number of hosts attacked per 

parasite (or prey attacked per predator) as the host density 

changes. Three forms of response are generally recognized: 

linear (type I); convex (type 11), in which the curve rises 

at a dece larating rate towards some maximum values; and 
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sigmoid (type III) (Holling, 1959a). Of these, only type 

III can contribute to the stability of predator/prey 

population interactions (Holling, 1959a; Hassell and May, 

1973; Murdoch and Oaten, 1975). 

Functional response is central to the understaming of 

"prey death rates" and "predator rates of increase" (Iavton 

et al., 1975) am in the consideration of optimal predator 

foraging behaviour (Charnov, 1976; Cook and Hubbard, 1977; 

Comins and Hassell,1979) 

Kfir (1983) studied the effect of host density on 

parasitism by Tr1chogramma pretiosum Riley, by exposing 

groups of 150, 300, 600 or 1200 eggs of the potato tuber 

moth to 2, 4 or 8 female parasites per group. The parasite 

exhibited a type II functional r esponse. As the host density 

increased, T. preti osum parasitised more hosts, but at a 

decreasing rate. The attack coefficient (a' ) dec:ceased as 

parasite densjty increased whereas handling time (Th) 

remained almost coJtant. The search rate (a } decreased with 

the increasing host density. 

The functional response of Leptop11ina boulardl 

Barbotin et al. (1979) to variations in density of its host, 

Drosoph1la melanoqaster Helgen was examined in the 

laborator}) result showed an ambiguous form of functional 

response, where parasitoid search time varied among patches · 

changing the spatial frame of the functional response 

measurements (Hertlein and 'lhorarinsson, 1987). Stark and 

Whitford (1987) studied the functional response of third 

instar Chryscpa carnea Stephen larvae feed ing on four 

dens i ties of Heliothis virescens (F. ) eggs on caged cotton. 

The authors suggested that ~he predators shoved a t ype II 

functional response. 

In most functional response experiments iooividual 

predators 0r tarasitoids are confined i n arenas (patches) 
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containing various densities of their prey for some fixed 

amount of time. However, recent studies have indicated that 

such "f ixed-tirne" experiments may obscure a type III 

response by preventing natural enemies emigrating from 

patches containing low densities of hosts (Van Lenteren and 

Bakker, 1976, 1978; Collins et al., 1981). '1.Wo variable 

time functional-response experiments have been conducted 

using insect parasitoids (Van Lenteren and Bakker, 1976, 

1978, Collins et al., 1981). In these studies, a behavioral 

assay was used as an indirect measure of emigration, and 

patch visits were terminated accordingly. In these cases, a 

comparison was made of the functional response obtained 

using this variable-time approach versus the equivalent 

fixed-time experiment. Results of both studies were 

similar. The design permitting parasitoid emigration 

~enerated a type III curve, while the fixed-time procedure 

resulted in a type II curve. 

2.4. Hodel validation 

over the past decades, considerable effort has been 

directed towards the modelling of population processes 

(Feldman et al., 1984). Models for integrated pest 

management (IPM) are used to assess biological control and 

host-parasite interactions, to evaluate sampling plans, to 

compliment other IPM decision-making methods, to train IPM 

personnel , and to codify and guide IPM research ( Welch, 

1979). 

Given the importance of models to IPM, their outputs 

must be carefully compared to the observed behaviour of the 

real s ystem.s they are interded to represent. This 

comparison is termed "validation" am ls one of the most 

perplexing aspects of modelling, due to the variety of 

techniques used ( Welch et al., 1981 ). Most complete 
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validation procedures involve graphical or tabular 

presentation of predicted versus observed results. 

Confidence limits may be shown, but often are not. 

Experimental expenses often limit the number of observations 

because, as model complexity grows, so does the amount of 

data required to characterize real system.behaviour. 

The general problem of validating population models 

involves the objective application of statistical tests. 

Some of the subjective aspects have been zeviewed (Shannon, 

1975). The standard statistical tests developed for 

simulation models (Shannon, 1975) are generally oriented 

towards validating the end result of the simulation. 

Feldman et al. (1984) have reported on the statistical 

procedure for validating a simple population model. He 

noted that the statistical validation of a time-dependent 

population processes model is a difficult task and that 

there is currently no adequate statistical methodology 

developed for complex population models that describe 

agricultural pest populations. Feldman et al.( 1984) 

proposed a statistical procedure for such models and pointed 

out some present shortcomings in its application. 

The validation process is essential to ascertain if the 

experimental data is sufficiently "close" to the predicted 

population means to have confidence in the model. 

Statistics are used to quantify the meaning of closeness in 

terms of true population means and var lances. However, 

since the theoretical variances are not available, 

practitioners might fall into the trap of using the sample 

variance of the field data as their measure of closeness 

(Feldman et al., 1984). 

Some workers intensively document each model component, 

and then the present a small amount of data reqarding 

overall model performance. Others present little data but 
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claim that model behaviour is "reasonable", or they appeal 

to the reader's judgement or conventional wisdom ( Welch et 

al., 1981 ) • If the n1odel does not provide predictions with 

a reasonable degree of accuracy the model nay not be valid 

because one.or more furrlamental aspects of the ecosystem 

dynamics have been omitted ( Shoemaker, 1980). 

The result of i mproper validation may not be 

necessarily obvious, but the consequences of using invalid 

models in pest management may be catastrophic ( Welch et 

al., 1981 ) . Welch et al. ( 1981 ) noted that validation is 

an essential stage in model developnent with at least two 

parameters which have to be considered in the validation 

process: (1). Risk-to-users or cost-benefit criteria for 

evaluating management models: and (2) rigorous statistical 

procedure to list research models. The authors further 

noted that the selection of inappropriate criteria could 

lead to unnecessary delay.:; in the implementation or use of 

poorly validated models. 

A common conception among modellers is that the 

developnent of practical field programs entails (1) creating 

detailed research model s arrl then (2) simplifying them to 

form management models ( Welch et al., 1981 ) • 
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3 MATElUALS AND METHODS 

3.1 Rearing of the Pest. 

Chilo partellus (Swin . ) moths were reared in the Insect 

Mass Rearing UJ)it CIHRT) at ICIPE's Mbita Point Field 

Station (HPFS) following the methods developed by Ochieng et 

al. (1985). Eggs were deposited, in batches, on sheets of 

pleated wax paper . During the course of this study, sheets 

vith egg batches were supplied by the IMRT unit for both 

laboratory and field experiments. 

3.2 collection and Identification of Trichogramma sp. 

minutum qroup nr. mvanzai Schulten and Feijen. 

In Decemhf!r 1988, wax paper sheets carrying C. 

partcllus egg masses, were exposed in farmers fields planted 

vith maize or sorghum at Mtwapa in the coastal province of 

Kenya. The sheets, cut into strips of four pieces, were 

hung on the plants with masking tape. 'l'hree days later, all 

the sheets were collected and brought to the laboratory at 

~1PFS. Parasitised egg batches were carefully cut and put 

into test tubes which were later corked with cotton wool and 

kept under ambient laboratory conditions . 

This species of rrichogramma was te·J"\ .tatively 

identified as Trichogramma sp. ainutum group nr. mvanzai 

Schulten and Feijen by Dr. A. E. Polaszek of the 

Commonwealth International Institute of Entomology (ClE), 

Departement of Entomology British Museum (Natural Hi~tory), 

London, UK, in August 1988. According to his observations, 

this species belongs to the m1nutum group. He further 

stated that species belongi~ _ to the 11inutum group are 

extremely difficult to differentiate. The specialist added 

~hat the rather short flagellum of the male antennae appears 

to be chatasterlstic of both thi~ species and •vanzai, but 
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that this species differs from mvanzai in having much longer 

hairs on the male flagellum. Schulten and Feigen (1982), 

ho~ever, observed no parasitisation of C. parte11us eggs by 

T. mvanza1.. 

3.3 Rearing of the Parasitoids 

cages measuring 28 cm x 17 cm x 17 cm were made from 

plexiglass or perspex sheets. A circular hole, 12 cm in 

diameter, was made in each of two opposite faces of the cage 

and a sleeve made of fine black cotton cloth giued onto the 

hole in one of the faces. A circular piece of the same 

cloth was used to seal the hole in the other face of the 

cage (Plate 1). Two larger cages measuring SO cm x 25 cm x 

25 cm, made in the same way, were later constructed as the 

colony grew larger (Plate 2). 

The first generation of the parasitoids emerging from 

the field col lected samples in the test t ubes were offered 

freshly laid Chilo egg~ to parasitize. The parasitlzed eggs 

were then transferred to the rearing cages where the second 

and succeeding parasitoid generations were reared. At 

emergence, the parasitoids were exposed to fresh Chilo eggs. 

A 20\ sucrose solution was presented to the parasitoids 

as diet. ThP. solution VdS put in a small test tube (7.5 cm 

long and 1 cm diameter) which was corked with cotton wool. 

The sucrose sol•.Jtion was then susperrled fran the inner wall 

of the rearing cage so that the parasitoids could feed from 

the moist cotton wool. The sucrose solution vas changed 

regularly, particularly after the death of the preceedlng 

generation. 

3.4 Laboratory St\Dy 

Twenty cages measuring 1 m x 1 m x l m were constructed 

wit~ wooden frames covered vith fine mesh netting on five 
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Plate 1: Cage useclfor the rearing of T. sp . nr. niwanzai 

Plate 2: Cage usedfor rearing a larger colony of T. sp. 
nr. mwanzai 
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sides. The bases of the cages were made of wood which 

supported the potted sorghmn plants. One side of each cage 

was provided with a lockable door (Plate 3). Fifteen of the 

cages were used for the lilain experimental work and the 

remaining five were used to grow plants, free from insect 

damages for use in the experiments . There was one potted 

plant per cage. 

At weekly intervals, a local sorghum variety (Serena) 

was sown in each of the fifteen buckets filled with garden 

soil. For each experiment, buckets containing three plan'CS 

aged 17-20 days after emergence (DAE) were placed singly 

into a cage and artificially infested with a known number 

(Cx) of day 0 old C. partellus egg masses. There were 

fifteen cage~ per expe r .1 ment. For the 15 buckets, a tota 1 

of 90 egg hatches of ::;imilar sizes were excis:~d arad attached 

to the plants, using small pieces of masking tape. Egg 

batches were attached at s;iecific points of the plant, 

namely the ~pper and lower surfaces of the first and second 

sorghum leaves, close to the stem (Plate 4 and 5). 

When two egg masses were used per bu~ket, the central 

plant and one other were chosen and one egg mss attached to 

each. In the cases where four egg masses were used, the 

central plant had two and the other two plants carried one 

each. There were two egg masses per plant, one at the same 

point of both sides of the same leaf, when six egg batches 

were used. For ~ egg batches, three egg masses were placed 

on each of the central and one other plant and the two 

remaining batches placed on the third plant . Finally, for 

ten egg msses, 3 were attached to each plant, with the 

central plant carrying an additional egg wass. Thus there 

were five populations of Chilo egg batches, viz: Cl, C2, C3, 

C4 and cs, being 2, 4, 6, 8, arrl 10 egg masses, 

resr.ectively, attached to the plants. 



-22-

Plate 3: Experimental cage. 

Plate 4: Experimental site for the caged experiments. 
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Five Trichogramma populations were also used, viz: TO, 

Tl, T2, T3, and T4, representing releases of O, 6, 12, 24, 

and 48 adult Trichogramma respectively. 

Schemes of Parasitoid Release 

Three schedules of adult Trichogramma releases were 

folloved: 

i-All adults were released simultaneously; 

ii-Half the number of adul ts was released at 12 

o'oclock and the other half released at 3 pn; and 

iii-One third the number of adults was released at 9 

am, another thlrd releasd at tvelve noon; and the 

remaining third released at 3 pm. 

'lvo other perspex cages measuring 1.7 cm x 17 cm x 28 cm 

we.re constructed for the collection of parasitoids to be 

us~ in the release experiments. As in the rearing cages, 

tvo holes, 12 cm in diameter, were made on the 2 opposite 

faces (the larger ones) of the cages, one covered by a 

circular black cotton cloth (front face}, while a sleeve was 

glued on the other face. On the upper portion of the cage, 

in th~ extreme left cor ner of the fr ont face, the cage 

opened into a tube, 6 cm in length and 1 cm in width, onto 

~hich a test tube of 7 cm length and 2.5 cm diameter could 

easily be fitted. The front face of the cage was then 

exposed to light, which stimulated the insects to move to 

the back of the cage away from the light. From there, they 

entered the collection t11be where they would be counted 

(Plate 6) . Only females were used and excess were removed 

using an aspirator. The lnsec:ts were restricted to 8 per 

tube. For releases of 48 Tr ichogramma femal es 

simultaneousl y, 6 test t ubes w~re placed in the bucket. The 

same ur i nciple was fol lowed for releases involving the other 

'l'ri ehogramma densities. 
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Plate 5: Eggs fixed on plants with tubes positioned during 
release of parasitoids in a cage. 

Plate 6; A cage usP.d for counting T. sp . nr mwanzai for 
releas.:>s. 
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Egg batches were removed from th2 cages after 3 days 

and placed in marked test tubes corresponding to the 

experimental cage. These 'lliere observed on the fifth day, 

using a binocular microscope at a magnif i'cation of 250x and 

the following parameters recorded : 

i-the number of eggs parasitised; 

ii-the number of black heads formed; 

iii-the numher of eggs which did not change into black 

heads and which were not parasitised; 

iv-the tot:,:ll number of eggs; and 

v-the number of egg masses parasitised per cage. 

The experimental design was a 5 x 5 x 3 factorial 

arrangement. This gave a total of 75 units per replicate, 

replicated three times, and thus the total number of 

experimental units was 225. 

Fifteen units were taken at a t ime and these included 

all the Chilo egg populations, the release sequences and 

the Trichogramma populations. 

Temperature ard Relative Htnnidity. 

The daily maximum ard minimum temperatures and relative 

humudity were recorded on day one, day t\.'o, ard day three, 

from the day iru>ects vere released. The first part of the 

data was obtained using a thermohygrograph with no 

protection from a Stevenson's screen (Plate 7), while the 

second part of data came from a thermoh}'drograph placed in a 

Stevenson screer: adjacent to the exper !mental cages. '!Vo 

types of adjusbne::nt were made to these climatic data. One 

was done by calcul ating the mean daily 111aximum and minimum 

temperatures arw::t ·relatlve humidities for the protected 

apparatus arw::I for the research station thermohydrograph; the 

mean difference in the values of the two sources of data was 

thus established. From these .mean differences and from the 
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station readings on the same days, values of the maximum and 

minimum temperatures and relative humidities of the 

unprotected apparatus were deduced . 

The second method was to establish a relationship 

between the readings from the station and those from the 

protected apparatus, using regression analyses. 

3.5 Field Study 

A local variety of sorghum, Serena, vas planted in a 

field measuring 54 rn x 15 m using a split split plot design. 

Plants were spaced at 20 cm between plants and 50 cm between 

rovs. The land was divided into 9 plots. Each of the 9 

plots was subdivided into two sub-plots and 6 sub-sub-plots 

measuring 2.5 m x 4.5 m each. These gave a total of 54 sub­

sub-plots. 

There -were three replications, each consisting of 

three plots i.rhich were planted 011 the same day. The three 

plots of each of the other tvo replicates wer:e planted later 

at tour day intervals. 

In each replicate, the following treatments were 

applied: 

1. one Trichograaaa population (Tx) per main plot; 

ii. one sequence of.release (R) per sub-plot; 

iii. one Chilo egg population (Cx) persplitSplit plot. 

These were completely randomised. 'l'hus in total, for 

each replicate, there vere: 

1. three r.arasitold populations, viz: O, 48, and 96 per 

plot. 

11. two sequences of release for the sub-plots, viz: 

(a) simultaneous release at 9 a.m. 

{b) half the number released at 900 a .m. and the 

other half at 3 p .m. 
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iii . three Chilo egg batches populations per sub-plot, 

viz: 6, 12, and 24 egg batches. 

Three weeks ~fter planting, plants were randomly 

selected from each splitsplit plot. 24 plants were selected 

for Chilo populati on level of 24 egg masses, 12 plants for 

the level of 12 egg masses and 6 plants for the level of 6 

egg masses. One week later, the selected plants were 

artificially infested with one Chilo egg mass by fixing them 

with masking tape as described above for the caged 

experiments. the parasitoid releases were also carried out 

as stat ed above (Plate 8). Two days after infestation, eggs 

were collected and brouqht to the laboratory for observation 

on the levels of parasitism obtained. 

'I'crnperature and relative humidity were also recorded, 

usinq a thermohydrograph which was kPpt in a Stevenson's 

screen throughout the experiment. 

3.6 Analyses of Data and Model DeveloJ;Jnent 

Laboratory and Field Data Analyses 

Data collected for both the field and laboratory 

exper i ments were analysed using the SAS Institute package 

(1987 ). The data were subjected to correlation and 

regression analyses, the analyses of variance using the 

general linear model procedure, and means separation using 

the Duncan's multiple range test. There were a total number 

of 10 variables, for t he laboratory data: 

1. The sequence of r elease of Trichogramma (SEXl) 

2. Chilo parte 11us egg population (Cll!LO) 

3. The Trichogramma population (TRICllO) 

4. The number of egg batches used (BATCH) 

5. The total number of black heads formed (BH) 

6. The number of eggs parasitised (EPAR) 
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Plate 7: Stevenson's screen used for the protection of the 
thermohygrograph. 
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7. The number of egg batches parasitised (BPArl) 

8. The average height of the plants (AVPL). 

9. The daily mazimum and minimum temperatures 
(MTMP and XTMP) 

10. The daily maximum and minimum relative 
humidities (MRH and XRH). 

Only variable 8 was not available for the field data. 

Correlation analyses were performed on all 10 
variables. 

An ANOVA test was run to evaluate the effects 
of three main factors, including: five Trichogramma 
population levels, the number of egg batches exposed 
in the field plot or in the experimental cage, and 
the sequences of parasitoids release; on the number 
of Chilo eggs parasitised, the number of egg batches 
parasi.tised, and the number of black heads formed. 

F~nctional response 
Functional response curves were plotted ~sing 

data collected fr·om caged experirr.ents for each para­
si toid population density, i. e. for 6, 12, 24, and 48 
par asitoids. The me an number of eggs or egg batches 
exposed in the cage (host density). The curves 
obtained were compared to Holling's (1959a,b) type 
I , II, III functional response. 
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In the lnboratory, to determine the handling time 'l'}1 of 

individual females parasitoids, newly emerg~>d females T. sp. 

mvanzai were enclosed with freshly laid C. parte11us egg in 

4-ml vials, stoppered with cotton wool. "!he time taken by 

each female to locate an egg was r ecorded using a stop­

watch. Similarly, the time taken by individual females 

after settling on an egg was recorded. The total handling 

time was therefore determined by summing the average of the 

two measurements, incl\~ing host location time and the taken 

to complete oviposltion. This, in practice, is the total 

time taken by a female on an egg before resuming the same 

behavioural pattern on a different egg . 

Model development 

The major factors identified from ~he above analyses 

WP.re later fitted into a general host-parasitoid model 

described by Perry, (1987): 

Log[ -Log(Qo)J =Log a+ b Log M. 

(where Oo = proportion parasitised, M = mean parasite 

density, a, and h, are constant} . The deptmdent variables 

used in the equations were EPAH aud BPAR. Appropriate log 

transformation of the data were carried out to enable the 

use of the linear least ~quares fitting prrx:edure. The 

following models were tested: 

LNPEPAR = a + b 'IRIOIO 

LNPEPAR = a + b loge ('IRICHO) 

Similar model s were tested using LNPBPAR; 

where LNPEPAR = loge<- logeCPEPAR)) and 

LNPBPAR = loge(-loge(PBPAR~, PEPAR and PBPAR being the 

proportion of eggs and egg ba~ches parasitisea, that i s the 
. . 

ratio of egq~ parasitised to the total of eggs available or 

the ratios of batches parasitised to the total of egg 

batches exposed, respectively. 
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3.7 Hodel Validation 

To validate models obtained from tne laboratory 

experiment, a Chi ~guare analysis was performed using the 

values of the Log of the proportion of egg batches 

parasitised, (LNPBPAR), that were obtained from 

1. a model developed using field data, 

2. a model developed using laboratory data, 

In both models the values of the irrlependent variables 

were those obtained f r om the field experiment for the second 

method of insect of release (sequence 2} 
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4 RESULTS 

4. 1 Factors Affecting the Survival of C. parte11us and its 

Parasitism by Tr1chogzamma sp. nr. mvanzaJ 

4.1.1 Factors Affecting Egg Parasitism in c. partellus 

4.1.1.1 caged Experiments 

Parasitoid Density 

Correlation analyses showed a positive relationship , 
between the number of eggs parasitised and the number of 

adult Trichogramma sp. released in the cages (p < 0.01, r = 
0.49) {Appendix 1). 

Tht=> analyses of variance (~NOVA) showed a lac!< of 

sionifi\.ance in the interaction of the size of Trichogramma 

population relt=>ased and the sequence of release but 

suoqe:3ted that there were signifi cant d i fferencc:s in 

Trir.hoqramma and hatch levels for the number of eggs 

parc-isitised (P < 0.01, R2 = 0.516, Table 1) . There were 

differences in parasitisation rate wht~n O, 6, 12, 24, or 48 

parasitoid~ were re!eased (0, 8.97, 19.87, 76.57, 63.46 

eggs parasitised respectively). 

The Duncan ' s multipl~ range test c:omrar ison for host 

and parasitoid levels are given in Table 2, while changes in 

linear patterns are illustrated in Fig 1. 

Pest density 

Considerinq c. partellus egg populations, correlation 

analyses showed a strong posi tive l i near relationship 

between C. partellus egg populations and the number of eggs 

parasitised (p < 0.01, r = 0.301, Appendix 1), some 

differences in C. parte11us egg population levels were 

observed ( p < 0. 01, Table 1) • The number of eggs 
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parasitised increased with the density of c. parte11us eggs 

in the cage. The mean number of eggs parasitised in batch 2 

was not significantly different from that of batch 4, but 

was signific-.antly-different from that of batch 6, 8 and 10. 

Similarly, the mean number of eggs parasitised in batch 4 

was significantly different from that of batch 6, 8 and 10, 

the mean numbers of eggs parasitised for batches 6, 8, and 

10 were not signif icantly different (Table 2, Fig 2). 

When the effect of pest density on the number of eggs 

parasitised was studied for different batch level the same 

trend was noticed with p <. 0.01 (Append ix 2 ,3 ). ' 

Single degree of freedom component analyses suggest 

that the relationship between the level of egg parasitism 

and Trichogramma populations had s ignificant linear, cubic 

and quartic components (P<0.01, Appendix 4). 

Sequencesof Parasitoid Release 

The sequence of parasitoid release did not show any 

cor~elation with the number of eggs par3sitised (Appendix 

1), The analyses of varjance (ANOVA) and t:he DMRT showed 

that there was no difference between the mean numbers of 

PQqs parasitised for the three sequenr.es of release (Table 1 

and 2). 

Climatic conditions 

The reJationships bP.tween field and cage climatic 

variables were obtained by making two adjustements on the 

caged experirner.ts weather data. For the first adjusternent, 

these relationships are given in Table 3 and for the second 

adjustement they are as follows: 

Adjusted maximum temperature (Yl) = 10.737086 

+ (0.0579479) x maximum field t emperature (Xl) 

Adjusted minimum temperature (Y2l = 5.9227495 
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TABLE l:ANOVA fer Trichoqrarnrna sp. nr . mvanzai ~opulations, number 
of egg batches and ~equences of paras1toid release 
0n the number of egqs parasitised in the cages. 

SOuRCE -------·-----·DF-- MS P>F 

Mu DEL 42 6861.5749 0.0001 

TRI CHO 4 51530.4796 0.0001 

SEQ 2 2130.8492 0.2499 

BATCH 4 7280.4165 0.0011 

TRI CHO* SEQ 8 764.6443 0.854 

SEQ*BATCH 8 983.6389 0.7389 

TRICHO*BATCH 16 2119.914 0.1508 

ERROR 177 1524 . 646 

R2 0.516418 

CV 115.1203 
----------· --·----------···- ---·------

TABLE 2: Duncan's multiple range comparison for 
the number of eggs parasitisea in cages 
according to a number of parameters. 

SFX)UENCE GROUPS n 
SEX) 1 72 

sm 2 74 

sm 3 74 
TRICHO LEVELS --
0 43 

6 44 

12 45 

24 45 

~ ~3 
BA'I'Cfl NUMBERS 
2 45 

4 45 

6 44 

8 44 

10 44 

Means 
30.417 A 

30.851 A 

40.392 A 

0.000 c 
8.977 CB 

19.822 B 

76.578 A 

63 ~65 A 

14.467 c 
29.956 CB 

36.682 AB 

39.500 AB 

50.262 A 

NO'I'Ei means witn the same letter, within a particular group, 
are not signf icantly different 



120 
I 

0-0Batch 2 0 D 
100 9-98atch 4 ,, 

6-6Botch 6 Q) 
en 80 6-ABatch 8 ///• " ~ -+ii ·--(/) 0-0Batch 10 0 ff/ ~. I 

I 

60 w 
~ O'I 

0 I 

a. 
~ 40• 
01 

~{(__--o- 0 O' 
(1,) 

20 c: 
0 ==-=~::e -@ QJ 
~ 0 

-20 
0 6 12 24 48 

1 

Trichogramma populations 
Effect of Trichogramma populations on egg parasitism for 

different batch levels in caged experiments 
-- ---- - - - ---·---~-·-··---- ·------ --· __________ ......:,::.:.. ___ ,.=-..:~~---------



120 
I 

1j 100 T~~ 
Q) 
(/) ----~ ·-..+-I 80 ~i- /Tricho 48 ·- ~ en 
0 
'-

60 I /_,,./ ~/ I 
I 

0 w 
-.....: 

a. ... I 

(fJ 
40. O'l 

CJ') e Tricho 12 
Q) • • 20 

8----o c 0 
Tricho 6 O 0 

Q.) 0 
:::? 

-20 
2 4 6 8 10 

.g. 2 Egg batch l~vels 
:ect of the number of Chilo partellus egg batches exposed on the rate 

of egg parasitism for different Trichogramma sp. populations 
-- ~;· 

. - ----- -· - - - · - -·----~- ----------- -· ..___. --.........-...--.,...._...,-·~~.--. -~-- -----· --



-38-

+ (0.811442 ) x minimum field temperature {X2) 

Adjusted maximum RH (Y3) ::: 47.298639 

+ (0.50611.0) x rraximum field RH (X3) 

Adjusted minimum RH (Y4) = 30.508688 

+ (0.6957G5) x minimum field RH (X4) (appendix 5). 

Further analyses showed that the maximum t emperature 

had an effect on the rate of egg parasitism. There was a 

negative correlation between maximum temperature and 

parasitism when the maximum was on either the first or 

second day. There was a positive correlation when the 

maximum temperature occured on the third day (r = -0.305, r 

= -0.338, r = 0.435, respectively). When the minimum 

temperature was recordl-d on day 1, there wus a negative 

correlation vith the number of eggs parasitised. When the 

the minimum temperature was obt.ai ned on either day 2 or day 

3, there was no correlation. When the maximum relative 

humidity Yas recorded on day 1, i t appeared to positively 

influence the rate of parasitism. Similarly there was a 

positive correlation between the rate of egg parasit i sm and 

the minimum Rh for all 3 days of eggs exposure. There 'Was 

no such correlation when the maximum Rh was recorded on day 

2 or day 3 of the experiments (Appendix 1). 

4.1.1.2 Field Experiments 

Parasitoid Density 

There was no correlation between the number of eggs 

parasitised and the size of the Trichogramma sp. population 

(Appennix 6). The ANOVA did not shov any s ignificant effect 

of Trichoqramma sp. population size on t he rate of 

para~ i tism, while the other factors (BATCH, SEX)) were highly 

siqnificant (Table 4). However, ex~ludinq the sequences of 

release, th~ ANOVA model for Trichogramm~ sp . populations 
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and number of egg batches exposed, the Trichogramma 

population did not significantly influence the number of 

eqgs pa.rasitised h'able 5). The DMRT showed no significant 

difference in the number of eggs parasitised for different 

parasitoid densities, but that there was a difference 

between the number of eggs parasitised in the control plot 

and the plots where parasi to ids were released (Table 6). 

Pest Density 

There was no correlation between the number of eggs 

parasitised and the C. partellus egg populations (Appendix 

6). As the in caged experiments parasitism increaseu with 

thP. increasing pest density at a decreasP.d rat e, but there 

was no significant difference in the number of eggs 

parasitised for the different ratch levels, except between 

BATCH 25 and the rest (Table 6). The 'ANOVA for Trichogramma 

sp. populations, number of egg batches, and sequences of 

release, however, showed that the effect of batch numbers 

was highly significant CP < 0.01, R2 = 0.859, Table 4). 

The number of eggs paras i tised was very low compared to 

the pP.st population exposed to parasitism. The maximum 

numher of eggs parasitised was 142 . 50 (for a pest population 

of 25 egg batches) while th~ lowest number of eggs 

parasitised wa~ obtained for a pest density of 5 egg batches 

found in the field (the lowest) (4.67 eggs parasitised) 

(Table 6). 

Sequencesof Paras i toid Release 

No correlation between the number of eggs parasitised 

and se~mences of parasitoid rel~ase was observed (Appendix 

6) . Ho\iever, the two sequence of re l eases differed 

signi ficantly (P < 0.01, R2 = 0 .859, Table 4). But, 

according to the DMRT, there was no significant difference 
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'.f.gpl.~-3.~ First adjustment of Yeather data for caged 

experiments 

Mrtx 'l'o of day x in cage = Max To of day x in the field 

Min TO of day x in cage = Hin To of day x in the field 

Max Rh of day x in cage = Max Rh of day x in the field 

- 0.58 

+ 2.5 

+ 7.6 

Min Rh of day x in cage = Min Rh of day x in the field + 20 

N.Qt._e;,. __ 0.58, 2.5, 7.6, and 20, are TOand Rh mean differences. 
( T 0

.: Te."' rc.n.. \.u re.) 

TABLE 4: ANOVA for Trichogramma population levels, b3tch 
ntunber, and sequences of release on the number 
of eggs parasitised in the field. 

SOURCE DF MS P>F 

HODEL 33 2329.5057 0 . 0015 

TRI CHO 2 1216.1969 0 . 1694 

SEQ 1 9811. 9431 0.0008 

BATCH 10 2855.1098 0.0019 

TRI CHO* SEX) 2 485.2679 0.4739 

SEX)*BATCH 6 5004.7629 0.0002 

TRICHO*BATCH 10 543 .7206 0.5749 

ERROR 20 625.8819 

R2 0.859968 

CV 111.3728 
-------------------------------------------------------------



TABLE 5: ANOVA for Trichogramma population level, and the number of egg 
batches exposed on the number of eggs parasitised in the field 

SOURCE DF MS P>F 
----------------------------------------------------------------------- . 
MODEL 24 1894 . 4518 0.2804 

BATCH 2 2306.9215 0.2350 

TRI CHO 10 2775.9704 0.0989 

TRICHO>-BATCH 12 398.5536 0.9910 

ERROR 29 1514.6408 

R2 0.5086 

CV 173.2558 

I 
~ ..... 
I 



-42-

between the mean number of eggs parasiti&ed of the two 

sequences of release (Table 6). 

Climatic Conditions 

Unlike the cage experiments, there was no correlation 

between the climatic conditions and the number of eggs 

parasitised !Appendix 6). 

4.1.2 Factors Affecting F.gg Batches Parasitism in c. 
partellus 

4.1.2.1 caged Experiments 

Parasitoid Density 

The total number of egg batches parasitised showed a 

strong positive relationship with the size of the 

Trichogramma sp. population (P < 0. 01, r = 0.523) (Appendix 

1). Levels of this factor ciiffered significantly, P < 0 . 01 

(Table 7 and 8). 

The mean number of ~gq batches parasitised was directly 

proportional to the nuniber of parasitoids released, peaking 

at a parasitoid population of 24 l3.444 egg bat ches 

par.asitised). At a parasitoid density of 48, there was a 

slight decrease in the number of batches parasitised (2.75 

eQg batchP.s parasitised) (Fig. 3). The DMRT shoved that 

there was no siqnifjcant difference in the n~r of batches 

parasitised between the control treatment and the release 

of 6 parasitoicls. There were differences in the rate of 

batch parasiti~ation attained when 6, 12, 24 and 48 

parasitoids were released (Table 8). 

Whf:n individual cases were .considered, the DMRT for 

ea~h batch level showed that for BATCH 2. the means could be 

s~parated into tvo significantly different groups. The 

IMximum number of egg batches parasitised was 1.111 when 24 
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Table 6 : DunC"an's multiple range comparison for different levels 

of factors on the number of eggs parasitised in the field 

Sequence groups 

sm 1 

sm 2 

TR I CHO J_,EVEr..S 

0 

48 

96 

BATCH NUMBERS 

5 

6 

8 

10 

11 

12 

18 

22 

23 

24 

25 

n 

27 

27 

18 

18 

18 

3 

15 

1 

5 

4 

8 

1 

3 

5 

7 

2 

Means 

24.259 A 

20.667 A 

3.444 B 

38.944 A 

25 . 000 A 

4.67 B 

17.07 B 

0.00 B 

4.20 B 

25.75 B 

30.62 B 

0.00 B 

18.67 B 

24.00 B 

17 .86 B 

142 . 50 A 

NQte..; means with the same l etter, in the same column within a 
particular group, are not significantly different at P > 0.05 
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parasitoids were rel eased. For BA'I'CH 4, the maxirnurn number 

of egg batC"hes parasitised ,.ras 2.889 when 24 1:nrasitoids 

were released. These mean& were also classified into two 

groups. In BATCH 6, at a parasitoic pop11lation density of 

24, the maximum n~r of egg batches parasitised was 4.1.11. 

Three signi ficantly different groups of means were therefore 

identified. The ma.ximurn number of 4.222 batches parasitised 

for a release population of 24 pa.rasitoJds was found fo:": a 

pest population of 8 egg batches per cage (BATCH 8). 

Finally, for BATCH 10, the JTA.ximu.~ number of batches 

parasitised was 5. The means were also separated into three 

main significantly different g~oups depending rm the 

parasitoid population released (Appendix 8). 

Single degree of freedom contrasts confirmed the 

presence of linear, cubic and quartic components (l.ppendix 

4) 

Pest Density 

There Wcls a positive correlation between the numbe-r of 

egg batches exposed and the number of batches parasitised (P 

< 0. 01, r = 0. 382) (Appendix l ) • As t:ht~ number of egg 

batches exposed increas~d, there was un increase in the rate 

of parasit i sation. The DMRT showed no djfferenr.es in the 

number of egg batches par.:isaisf'n for BATCH 6 i'' lCT 8, but 

there were differences for BATCH 2, 4, 6, {or 8) and 10 

(Table 8). A linear relationshi p was evident {Fig. 4) 

(Appendix 4). 

Sequence$of Parasitoid Release 

The sequence of release 9£ adult Trichograrnma sp. nr. 

mvanzal showed no correlation with the number of ega batches 

paras1lised (Appendix 1). From the DMR7, i t ~ppeared t hat 

a ll the mean numbers of Pgg batches parasiUsed for all the 
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TABLE 7: ANOVA for Trichogramma sp. nr. 'l!Vanzai populations, 
effect of the number of egg bai~hes and the sequence 
of parasitoid release on the number of batches 
parasiti~ed in caged experiments. 

·----
SOUR~ OF MS P>F 
HODEL 42 13.4269591 0.0001 

'IRICHO 4 96 . 0727049 0.0001 
SEX) 2 0.9047638 0.5893 
BATCH 4 22.7682339 0.0001 
'IRIOIO*SEXJ 8 0.5660235 0.9529 
SEXl*BATCH 8 0.9710024 0.8023 
TRICHO*BATCH 16 4.8530711 0.0004 

ERROR 179 1.7060756 
R2 0.648705 
CV 81.68151 

TABLE 8 Duncan's multiple range comparison for various 
levels of factors on the number of egg batches 
parasitised in caged exrt-Eriments. 

SEOl.JFNCF~ GROUPS n Means 
SFJJ 1 72 1.500 A 
sro 2 75 1.573 A 
SEO 3 75 1. 7/0 A 
TRICHO LEVELS 
0 43 0.000 D 
6 45 0.511 D 
12 45 1.244 c 
24 45 3 . 444 A 
48 44 2.750 B 
BATCH NUMBERS 

2 45 0.578 D 
4 45 1.244 c 
6 44 1.909 B 

8 45 1.822 B 
10 43 2.488 A 

NOTE:means witt. the same letter, within a particular group, 
are not siqni ficantly different at P > 0.05. 
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sequences of parasitoid release, were not significantly 

different (Table 8 and Appendix 8). 

Climatic Conditions 

Using the second adjustment of the weather data it 

appeared that, the maximum temperature of all the three days 

of exposure, ann the minimum temperature the first day of 

exposure were negatively correlated with the number of egg 

batches parasitised. The maximu.n Rh of day 1 and the 

minimum Rh of day 2 and 3, showed a positive correlation 

with the egq batch parasitism (Appendix 1). 

4.1.2.2 Field experiments 

Parasitoid Density 

'As \iit:h the caged experiments, the number of eqg 

batches pacasitised in the field wets ~ositively associatf'd 

with the p:-:irasi.toid population density, (0.01 < P < 0.05, 

(Appendix 6). The ANOVI'>. for TRI CHO, SEX:l, and BATCH effect 

on the rate of egg batch parasitism, showed that parasitoid 

density significantly .:affected the nllillD·r of eq'J batch 

parasitised (P < 0.01), with the combined effect of sro and 

BATCH being equally highly significant (Table 9) . When the 

release sequence factor was ignored the ANOVA did not reveal 

any significant differences in the parasitisation achieved 

(Table 10). WhP.n 48 parasitoids were released, the mean 

number of egg batches paras i tised was not s ignificantly 

different from the number parasitised when 96 parassitoids 

were released, both levels, however, were significantly 

different from the control (0 parasitoids) (Table 11). 
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TABLE 9 ANOVA for Trichogram111a population levels, number of 
egg batches exposed, and sequences of release on 
the number of batches parasitised in the field. 

SOURCE DF MS P>F 
-------------------------------------------------------------
MODEL 33 5.6672 0.0009 

TRI CHO 2 7 . 6014 0.0138 

sm 1 21.1273 0 . 0010 

BATCH 10 7.3926 0.0009 

TRICHO*SEXl 2 0.2456 0.8428 

SEx:l*BATCH 6 9.9050 0.0004 

TRICHO*BATCH 10 1 .8101 0.3079 

ERROR 20 1 . 4203 

R2 0.868136 

CV 81.46358 

TABLE 10: ANOVA for Trichoqramma population l evels,and 
t he number of eg9 bat ches exposed on the number 
of batches par.as1tised in the tield. 

SOURCE DF MS P>F 

MODEL, 24 4.9809 0.1456 

TRI CHO 2 8.3277 0.0980 

B1.TCH 10 7.02359 0.0555 

·nn CHO*BATCH 12 1.5268 0.9209 

ERROR 29 3.3063 

R2 0.5549 

CV 124.2909 
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Pest Density 

The nnmber of egg batches parasit ised in the field was 

positively associated with the number of egg batches exposed 

(0.01 < P < 0:05, Appendix 6). The rate of parasitisation 

increased with an increase in the egg batches population. 

'!'here was no difference in the number of egg batches 

p.3rasitised for all batch sizes except between BATCH 25 and 

the others (Table 11). 

Sequences of Parasitoid Release 

The mean numbers of egg batches pnrasitised in the 

field following the two sequences of pnrasitoid release were 

not significantly different (Table 11) . 

Climatic Conditions 

The number of egg batches parasitised in the field was 

positively associated with the nAximum and minimum 

temperatures experienced on days 2 and 3, and the minimum Rh 

of days 1 and 2 (0.01 < P < 0.05, Appendix 6). 

4.1 . 3 Factors Affecting the Formation of Black Heads 

in c. partellus F.qgs 

4.1.3.1 caged Experiments 

Parasitoid Density 

Corre l ation analyses shoved that there was a negative 

corr.elation bf·tween Tr ichoqramma sp .population levels, and 

the number of black heads formed (r = -0 . 24, P < 0. 01) 

(Appendix 1). 

The 'f'r ichogra11ma sp.population levels had an inverse 

ef feet on the number of black t.eads formed ( P < O. 01, '!'able 

12): as the number of paras j toids increased the number of 

blar.~ hends formed reduced. The lowest BH was obtained when 
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Table 11: Duncan's multiplP range comparison for levels 
of factors on the number of egg b3tches 

parasitised in the field. 

------·--------------------------------·------------------

S:OOUF.NCE GROUPS 

sm 1 

sm 2 
--------

TRICHO LEVELS 

0 

48 

96 

BATCH NUMBERS 

5 

6 

8 

10 

11 

12 

18 

22 

23 

24 

25 

MEANS 

1.519 A 

1. 407 A 

0.389 B 

2.222 A 

1. 778 A 

0.333 B 

0.933 B 

0.000 D 

0 . 800 B 

1.500 B 

1.875 B 

0.000 B 

1.667 B 

1.800 B 

1.571 B 

7.000 A 

N 

27 

27 

18 

18 

18 

3 

15 

1 

5 

4 

8 

1 

3 

5 

7 

2 

Note_; means wi t"1 the same letter within the same teatment 
group, are not significantly cUffer.ent at P > 0.05. 
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the number. of parasitoids was 48, irresoectjve of the number 

of egg batches exposed in the caqes. The M qhest number of 

BH was formed in the control, (no JX'rasitoids r.c--leased). 

The general DMRT sho..,ed that ttiere was a siqnifjcant 

difference in the formation of blaa:;heads between the 

control plot and plots vhere parasitoids vere released, it 

did not show differences between releases of 6 and 12 

parasitoids, while there was a significant difference in the 

number of black heads formed for all other relc>ase 

populations (Table 13). The groupings through DMRT showed 2 

significantly different groups of means for ffitch s j zes of 

2, 4, and 8 egg batche~, threP. groups "When Fi batches ..,ere 

exposed, and 4 when 10 egq batches were exposed (Appendix 

10) according to the size of the Tr1choqramma population 

:released . 

The relationship between the Trichoqramma sp.po9ulat]on 

levels and the number of black heads formed was only liPE'.ar 

(Appendix 4). 

Pest Density 

CorrelRtion ana1ys~s showed that there was a stronq 

positive relationshjp between the levels of C. par tel 1 us c-ogg 

batch exposed and the number of black heads formed (r = 
0 .68, P < 0.01) (Appendix 1). The C. partellus populatior, 

levels, represented by t he batch number in Table 18 

cont;i.buted significantly, P < 0 .01 , in the ANOVA model to 

the formation of black heads. The general DMRT showed five 

signif icanly different groups of means in the number of 

blai::k heads "Which were formed for thP. five pest populutions 

used (Tabl e 13). 

Single degree of freec'iom contrast shoved n s ignHicant: 

linear relationship (Appendix 4). 
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Sequences of Parasitoid Release 

There was no s iqriificant associaticm between the 

Sf'LJUence of r~lease of adnlt Tr ichogramll·-1 sp. nr. mwanzai 

used and the number C'lf black hearts formed (1'.ppendix 1). The 

DMR'l' showed no differenres in the number of black heads 

formed for the three sequenc:es of p:irasitoid release used 

(Table 13). 

Climatic Conditions 

The effect of weather was minor in this case, and only 

the maximum temperature and the minimum Rh of day 2 appeared 

to exert a significant effect on the number of black heads 

formed (Appendix 1). 

4.1.3.2 Field Experiments 

The number of black heads formed in the field did not 

show any siqnif icant relationship to any of the factors 

tested, including the climatic conditions, with the 

exception of the number of egq batches exposed (Table 14). 

Ther~ was no sjgnificant differen~e between the number of 

black heads formed w!"Jen release sequence 1 and 2 were used, 

n·1r for the naragi to id populati0n level~, of O, 48,arrl 96 

(Table 15). ~he number of eqgs reaching the black head 

stage was only associated with the c. parte11us egg density 

(Appendix 6). 

4.2 Functionai Response 

Functional response curves were or'tained by plotting 

thf' mean numt-:>er of egg!=' parasltised (and rean number of egg 

batches parasiti5ed) against c. partellus host densities for 

oarasit8ic densities of 6(Fiq. 5), 12 (Fjq. 6), 24 (Fig . 7), 

a11d 48 (Fig. 8). A qeneral C'omblned r.urve were al~o pJotted 

for eqgs and egg ~tche~ para~itisPd (F'i9. 9 and 10). 
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TABLE 12: ANOVA for Trichogramma sp. nr. mvanzai population 
size, nuniber of eqg batches and sequences of parasitoid release 
on the number of black heads formed in caged experiments. 

·--- ·---·-·---- --
SOURCE DF MS 
MODEL 42 52508.913 

TRI CHO 4 42104.400 
sm 2 541.901 
BATCH 4 486808.301 
TRI CHO* SEX) 8 1628 . 837 
SFX:}*BATCH 8 3135. 200 
TRICHO*BATCH 16 3173.040 

b:RROR 173 2229. 951 
R2 0.851116 
CV 25.36185 

Table 13: Duncan's multiple range comparison for levels 
of factors on the number of black heads formed in cages. 

SEX)UENCE ~OUPS n 
sm 1 70 
sm 2 '/4 

SEl:l 3 72 
TRIOiO LEVELS 
0 42 
6 43 
12 43 

24 45 
46 43 
BATCH NUMBERS 
2 45 
4 43 
6 43 
8 43 
10 42 

NOTE: means \•ith the same letter are not 
significantly different at P > 0.05 . 

Means 
181. 571 A 
188.824 A 
187 .986 A 

222.67 A 
201. 26 B 

197 . 02 B 
167. 62 c 
144.12 D 

58.98 E 
117.44 D 
182.00 c 
257.14 B 

324 . 55 A 

P>F 
0. 0001 
0 . 0001 
0.7845 
0.0001 
0.6645 
0.197 

0.1357 
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TABLE 14: ANOVA for Trichogramma population level, number of· egg 
batches exposed and sequence of parasitoid release on 
the number of eggs turning into black heads in the field. 

SOURCE DF MS P>F 
---~---------------------------------------------------------------
MODEL 33 70313.600 0.0001 

TRI CHO 2 2082.037 0.8041 

sro 1 6962.386 0.4008 

BATCH JO 177259.751 0. 0001 

THJCHO*SE.0 2 5931. 935 0.5439 

SEX)*BATCH 6 11489.476 0. 3390 

TRI CHO* BATCH 10 8720.180 0.5325 

ERROR 20 9~46.957 

R2 0.924704 

CV 30.76166 
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TabJe 15 : DMRT for Trichogramma population level, number 
of eg9 batches exposed and sequence of 
paras1toid relea5e on the number of eggs 
turnin<; into black heads in the f i eld. 

SEJJUENCE GROUPS 

SFJJ 1 

sro 2 
--· 

'I'RICHO LEVELS 

0 

48 

96 

n 

27 

27 

18 

18 

18 

Means 

337.70 A 

294.22 A 

289.94 A 

338 . 67 A 

319.28 A 
·---------·------·· --- -----·---·------

BATCH NUMBER 

5 

6 

8 

10 

11 

12 

18 

22 

23 

24 

25 

3 

15 

1 

5 

4 

8 

1 

3 

5 

rJ 

2 

131.00 B 

125 . 00 B 

155.00 B 

244.80 B 

209.50 B 

299.87 B 

114 .00 B 

644.00 A 

562.60 A 

545 . 86 A 

699.00 A 

N.c•t~.;means i,,d th the same letter , withiri a particular group 
are not significantly d i fferent at P > 0.05 
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The handling time was calcuJr.ted and found to be 

Tr1 = 3. 73 minutt~S (Appendl.xH6). 

4.3 Fitting Host-Parasitoid Models . 
4.3.l Fitting Host-Parasitoids Models for Egg Parasitism 

Laboratory Data 

Using the dependant variable EPAR the following models 

were tested: 

LNPF.PAR = a + b 'I'RICHO (I) 

LNPEPAR = a + b log,CTRICHO) (II) 

Where LNPEPAR is the Log of the proportion of the number of 

eggs parasitisea, that is the ratio of the number of eggs 

parasitised to the tot~l number of eggs available; 

log(TRICHO) is the natural .toq of TRICHO (the parasitoid 

population), a and bare comtants determined using the 

least squares procedure. The results are provided in Tables 

16 to 19. 

'1'he data did not adequately fit these models (Table 

16). Similarly, considerinq the different egg batch levels, 

t.P.., 2, 4, and 6 ratches, th~ datcJ could not fit the 

models. For BATCH 8 and BA'l'CH 10, model (II) wa~ fitted 

significantly although the 100R2 were low, being 9. 91 and 

12.76 respectively (Table 17). 

When the number of egg batches exposed, t he maximum arrl 

minimum ternper3tures and Rh's of day 1 (parameters found to 

be correlated with EPAR) were added, the following models 

were well fitted (P < 0.01, and the 10~2 were,7 .42, 16.98, 

5.09 and 14.64, respectively).: 

LNPFPJ\R =-=a+ b(TRICHO) + c(batch) + d (XRHl ) + e(XTMPl) (III) 

I.Nl•F:PAR == a t- b(TRICHO) + d(XRHl ) -t e(X'IMPl) (IV) 
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LNPEPAR = a + bLog('IRICHO) t d(XRHl) r e(XTMl?l) (V) 

LNPEPAR = a + bLog(TRICHO) + c(hatch) + d(XRHl) + e(XTMPl) 

(Vl) ('I'abJe 18) 

When replacing the parameter BATCH by s:m, the data did 

not fit any of these models (Table 19). 

Lisi nq the C"£nstat program the log··log link 

transformation of the proportion of unparasjtised egg was 

chof;en to conform to the mode] of Perry (1987). In thjs 

case, the transformed proportion was regressed on the log. 

density of parasi to ids, these models wen· fi tt<!d, 

a + b l oge(TRICHO) 

a + b loge(TRICHO) + c loge('I'RICH0)2 

abatch + b logeCTRICHO) + c loge(TRICH0)2 

(model VII) 

(Model VIII) 

(Model IX) 

The linear relationship shn"'1ed a positive slope (i.e. as the 

para~itoid density increased, the proportion parasitised 

i.nr.reasec'I, the proportion unparasitisec decreased, and 

transformed proportion unpar~sitised increased). There was 

an indication of curvilinear relotionship in the fitted 

values (for each batch), and so a quadratic term was added, 

giving model VIII. When the linear (lOCJe('IRICHO)) and the 

quadratic (loge(TRICH0)2) terms were allowed to vary with 

BATCH, no improvement of the fit was observed. The 

quadratic term allow us to estimate the density for Wh\~h 

parasitism is maximal. This occured when 

* * * loq~(TRICHO) = - b I 2 c == - 5.65 I 2(-0.783) = 3.61 ( b 

and *c- bein'l e:·•tirnates of parameter. b and c) 

loge(TRICHO) = 3.61. For the highest density tested, this 

value is roughly midway between the two largest densities. 

Poc;tulating a mode-1 i11 which -parasitism is rMximal . at the 

niqhest density tested, which 'was loge('IRICHO) = 3.871, the 

Followinq model was obtained: 

a ~ b loge ('rnICHO) ( 1-<logf' 'IRICH0/7. 742)) (X). 
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(Pquivalent to a + b loge (TRICHO) - D._ .. C!.9.9e._.IB.LCl~-1. 
7.742 

Whjch hv putting 

dt(TRJCHO) =.b loge (TRICHO) (1-(loge TRICH0/7 .742)) 

is a linear model a + b dt(TRICHO) vith two parameters. 

This model was fitted (assuming no difference between 

batches). 

Field Data 

The field data significantly fitted the model 

LNPEPAR = a + b loge(TRICHO) + c BATCH 

with a 100R2 of 23.73 (Table 25) 

4.3.2 Fittjng Host-Pnrasitoid Models for Batch Parasitism 

Laboratory Data 

Using HPAR 35 the dependent variab]e in models I and TI 

whe:re the proportion of egg batches par.asltised was given as 

a function of the pa.rasitoic'i density, modelfi vere 

siqnifjc::Antly titted (P < 0 .01) (Table /·'). The 100R2 

values were 19.78 and 19.32 respectively. 

With three additional independent variables, i.e.: 

BA'I'Crf, XRHl, X'l'MPl, the models -were of the form mcrlel III 

nnd VI, where LNPBPAR is the Log of the proportion of batch 

parasitised. 

The data fitted these models well at the 1\ level of 

significance, with R2 values of 0.317 for model (10) and 

0.365 for model (11) (Table 21). 

When the main effect BATCH was removed from equations 

(Ill) and (VI), the resulting model IV and V were fitted, 

but the R2 value dropped to 0.297 aoo 0.343 respectively. 

Splitting the mcrlels into their different components, i.e. 

UI'HICHO, XRHl, XTMPl, and BATCH, shoved that each of the 
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components contributed significantly to the model (Table 

21). 

Testing the main effects TRICHO, SEX), and cli1T0tic 

parameters, the model fitted the data for all the batch 

levels used (2, 4, 6, 8, and 10) (Table 22). Splitting the 

models, TRICHO and LTRICHO ~ere again the main contributing 

factors, with XTMPl contributing, in some cases, to the 

models . 

When the effect of TRICHO and the weather parameters 

wer~ tested for a particular batch number and sequence of 

release, the model 

LNPBPAR = a + b LTRICHO + c XRHl + d XTMl?l 

shoW'ed significant fits for:BATCH2 SE)'J3, BATCH4 SIDJ3, BATCH6 

SEQ2, BA1'CH8 SEY.)] and SEr.22, BA~'C!IlO SEXJl , SEX:l2, and SEQ3 

(T~ble 23). For other BATCH-SEX) combinations, there were no 

siq~lficant fjts. Splitting the model in the latter case 

sho'a'ed that the variables TRICHO and LTRICHO contributed 

siqnificantly to the model . Simlarly, temperature 

contributed significantly for BATCHl SED3, BATCH4 SE)'Jl, 

BA'I'CH4 S&23, BATCH6 SE)'J3, RATCH8 S!!Ol, and BATCHlO SE)'Jl. 

ThP significant effects of the relative humidity were only 

manif:estec'! for BA'l'CH8 SElJ3, 

Thf' R2 values of the models in 'l'able 23 were the 

hiqhest calculated for all models tested. 

All the mojels, from sequence of release 1 to sequence 

3, fitted Perry ' s (1987) general model at the 1\ level of 

siqnif icance, ~hen fitted for each sequer=e. The main 

factors to be conside~ed · were the parasitoid population 

levels and the maximum temperatures (Table 24). 

These rP-sults were later ~ompared vith those for field 

dat:a. 
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li'ield Dnt.a 

The fieJd Model t.tffHPA~ .: a + b(BATCH) + cL.og(TRICHO) 

significantly tittl:'d th€ field data with P < 0.01 and a 

lOOR:t. value of 2~:'>. 38 ('l'aole 25) 

Thr·ee dimensional Cllrves were obtained firstly by 

plotting a range of maxi:mun temperatures ( 22 to 300 C), the 

parasite densHy and t.he pr0"F-Ortion of egg batches 

p'irc:tsitised for a fixed .werage maximurn rel<.itive humidity 

and for fixed number of egg batches and sequence nf release 

(};;1ti::h2 Sf'q3 and batchlO seql) (fig 11 dnd 12) (equations 

v.iP. t'e t.::iken from TablE< 23). Secondly for no specific batch 

numl;f•)'s or sequences of parasi to id release were considered 

(Table 21). The results shewed the same trend for the three 

plottings (fig 13) 

4.4 Model Validation 

The selected model for validation (from the models 

Jevelo}-E>d with laboratory datA (TRble 24) ), wasmodel 

mm1berJ: 

1- LNPBPAR = 3. 082504 + 0. 060892 (BA1\,'H) 

-0.06022o<TRICHO) -0.079245(XRH1) 

+ 0.183824(Xl'MP1) 

·.-'l1eri:· thP LtJ11BPAR ( ::LN?BPA>:<E , expectE·d value) was calculated 

by t'F!-.) ;J dn~"' BA'F:tl. TRlCl-lO. A.Rill, e:rna X1'MP1, by field values 

··• a.:·qtk':•·· · >'. <. '." the~•E- va r· j._~ b .le fl. Tht: observ~d I..NPBPAR 

· LNl 'b!JA h:1 .: ; •~ere directly .::a .Lculnted, us ing the field da t a 

•:•Tll! o;:,de l of s0gll.;!nce 2 ( ace SAS pt'')grc:..ru in Appendix 15) 
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The Chi-Square test sho~ea that there were no 

significant differences betwetn LNPBPARO and LNPBPARE 

suggestinq that the model selec:ted was valid (Table 26). 
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'l'ABLE 16: 

DEPENDANT 

VARI ABIE 

Models relating the proportion of eggs parasitised to Trichogramma 
population levels used in the caged exper.iments. 

PARAME'I'F.R ESTIMATES FOR INDEPmDANT VARIABLES 

INTmCl!PT 'l'RICHO L'lRICHO 10~2 SSE 
I 
~ 

--------------------------------------------------------------------------------------------·--·----------·----- 0 
I -

LNPEPAR 0.256411 -0.004036 1.11n 0.63 

LNPEPAR 0.146722 0.021399 0.67n 0.63 

Note; n means not signiflcant at P < 0.05 



TABLE 17 : Models relating the proportion of eggs parasitised to Tr1chogramma 
population levels in caged experiments for different number 

DEPENDANT 

VARIABLE 

I..NPF_PA.q 

BATCH LEVELS 

BATCH 2 

ar.r.H 2 

Bl.'l'CH 4 

BATCH 4 

BATCH 6 

BA'I""'.H ~ 

BA'rcH 8 

BATCH 8 

BATCH JO 

BJ\'fCH lU 

of egg batches exposed. 

P~ ESTIMATES FOO INDEPENDANT VARIABI.ES 

INTrnCEPT 'IRICHO IJrRICHO 

0.132436 -0.013681 --
-0.030818 -- -0.049730 

0.131866 -0.006930 --
0. 028388 -- -0.014639 

0.283202 -0.002373 --
0.179831 -- 0.033743 

0.367262 0.001920 --· 

0.284555 -- 0.067620* 

'). 359421 0.002482 --

0.273549 --- 0.075690* 

N.Qte._;_ n means not significant at P < 0.05, * = significant at 0.01 > P > 0.05 

10~2 SSE 

7.71° 0.82 

2.09n 0.84 

6.67n 
I 

0.45 -..) .... 
I 

0.62n 0.47 

o.s1n 0.57 

") nnn 
L.. \,;"" 0.57 

0.39n 0.51 

9.91* 0.49 

0.66n 0.51 

12.76* 0.48 



TABLE 18 : Models relating the proportion ot eqgs parasitised to Trichogramma population levels, , 
the number of C. partellus egg batches exposed and the rnaximu.~ Temp. and Rh on the day 
parasit0ids were released in th~ caged experiments. 

-------------------------·---------------------------------------------------------------------------------------------------
DEPENDENI' 
VARIABLE 

LNPEPAR 

" 
" 
" 

t!Qte..L 

PARAMETER ESTIMA1'ES FOR INDEPENDENI' VARIABLES 

INTmCEPT TRI CHO L'I'RICHO - BATCH XRHl X'IMPl lOOR2 SSE 
---------------------------------- ·------·-- ·----------------------------------------------------------------------
1.042589 

0.537500 

1.285054 

0.761104 

* = 0.05 > p > 0.01 
** = p < 0.01 

-0.005120* 

-0.005709* 

--
--

-- --
--- 0.69353** 

0.003254 --
0.001409 0.069361** 

-0.020070** 0.038099 7.42** 0.€1 

-0.0197459** 0.040568 16.98** 0.58 

-0.020486** 0.026086 s.9** 0.62 

-0 . 020166** 0.029394 14.64** 0.59 



TABLE 19: Models relating thP. proportion of eggs pa!.i:;itised to Trichogramma 
population levels, dt1y 1 max Temp. am Rh, •rid +-ne sequences of 
purasitoid releasP i:or diffen~nt mimber: 0f 1·qg batches exposed in 
caged experiments. 

----------------------------------------------------- - ------------------------------------------------------------
DEPE1'1DFN'l' PARAMETER ESTIMATF...S FOO INDEl·'l<:rlDEN'I' VARIABLES 
VARIABLE 

--- ------------------------------------ - -----------------------------------------
LNPEPAR INTffiCE?T TRI CHO L'I'RICHO XRHl XTMPl SEO 100r2 SSE 
------------------------------------------------------- ··-···- .. ----------------------------------------------------------
BA'l\:11 2 0.846536 -0.015479 -- -0.019542 0. 055444 -0.204451 15.80 0.84 

BATCH 2 0.731337 - -0.072822 -0.020572 0.057295 -0.204451 10.30 0.87 

BATCH 4 0.506555 -0.008621 - -0.016138 0.035137 0.068886 16.89 0.45 

BA'!U-1 4 0.413236 -- -0.035641 -0.016224 0.035227 0.06/893 9.68 0.47 

BATCH 6 1.761610 -0.004381 -- --0. 031373 0.046653 0.041944 16.47 0.55 

BATCH 6 1. 959660 -- 0.007218 -0.331367 0.035253 0.045427 14. 79 0.56 

BATCH 8 1.163901 0.000313 -- -0.019418 0.034104 0.01878 8.62 0.51 

BA'IUI 8 1. 710578 -- 0.054447 -0 . 019920 0.012213 0.006179 14.51 0.49 

BA'IUI 10 0.588226 0.000836 -- -0.012219 0.035075 -0.029268 5.36 0.52 

BA'JUI 10 1.080230 -- 0.062581 -0.011596 0.0100801 -0.023011 13 . 22 0. 50 
-------------------------------------------------------------------------------------------------------------------
NCfl'E : None of the above models was significant 

- I 
..;i 
(,.) 
I 



TABLE 20: Models relating the proportion of egg batches parasitised to the Trichogramma 
population level in caged experiments. 

Df.PF.NDANT PARAME'I'm ESTIHATF.S FOR INDEPENDAN'l' VARIABLES 

VARIABLE 

INTrnCEPT TRI CHO LTRICHO 10~2 

LNPBPAR 1. 444322 -0 . 066925 19.78** 

LNPPPAR 1.027986 -0.464436 19.32** 

Note: *, ** = Levels of significance. * = 0.05 > P > 0.01 and ** = P < 0. 01 

SSE 

2.28 

2.29 

I 
-..l 

"'" I 



BLE 21: Models relating the proportion of egg batches parasitised to Trichogramma population levels, 
number of C. partellus egg batches exposed and the maximum Temp. and Rh on the day the parasitoids 

were relaesed in the caged experiments 

--- ..:--------------------------------------------------------------------------·-----------------·--------&...-·--------·---------
?EN,)an' 
:UAiU..E 

PAR.A."iE"rER ESTIMATES FOR INDEPE?-JDEN'I' VARIABLES 

INTmCl!Pl' L'IRICHO 'JRIOIO BATCH XRHl X'IMPl l00R2 SSE 
-------------------------------------------------------------------------------------------------------·-------

JHPi'.R 0.048079 -- -0.074194** 0.127824* -0 . 074278** 0.286926** 31.70** 2.H 

•· 0.701721 -- -0.074278** --· -·0. 07 3901 ** 0.286166** 29.72** 2.16 
ti -2.320923 -0.601197** -·- -- -0.079046** 0.406683** 34.33** 2.10 

" -3.125700 -0.602735** --· 0.134137** -0.079435** 0.408303** 36.51** 2. 07 

~= * ~ 0.05 > p > 0.01 -···· ** = p < o. 01 

-..J 
t,, 

' 



T,\BI.E 22: Models re lating the proportion of egg batches paras i ti sed to Tri chogramma 
population levels, day l MaY. Temp. and Rh, and the sequence of parasitoid release, 
for different number of egg b3tches in caged experiments. 

VEPENDENJ' PARAME'I'ER ESTIMATES FOR INDEPENDENT VARIABLES 
V.AfHABLE 

------·---------------------------·-----------------------------------------------
LNPBPAR TNTERCFPT TRI CHO LTRICHO XRHl XTMPl S&l 100R2 SSE 
------------------------------------------------------------------------------------------------------------------ ---
EJ\ro-t 2 5.592247 

BAro-t 2 1. 291538 

BT\TCH 4 -4.808450 

BA~ 4 -8.702226 

BA'ICH 6 0 .354271 

BAro-t 6 -2 .124758 

BA'IUI 8 2.177995 

B.l\rol 6 -0.117201 

BATCH 10 1.977065 

BATCH 10 0.136186 

N.2..t~=-* = 0.05 > p > 0.01 
** = p < 0.01 

-0.092750** -
- -0.773418** 

-0.108170** -
-- -0.797258** 

-0.075567** --
-- -0.638774** 

-0.038484** --
-- -0 . 368591** 

-0.054732** --
-- -0.419817** 

• 
-0.162037* 0.427493 -0.431351 38.78** 3. 01 

-0.165202* 0.587576* -0.431351 39.61** 2.88 

-0.054214 0.503413* -0.838568 41.52** 2.67 

-0.053838 0.643811 -0.838563** 41. 59** 2.66 

-0.075593 0.293931 0.134477 33.08** 2.17 

-0.086312 0.419358 0.074279 39.23** 2.07 

-0.04892i 0.124158 0.194025 39 .19** 1.01 

-0.049815* 0.211656** 0.194025 59.46** O.P? 

-0.027063 0.089233 -0.129881 61.76** 0.79 

-0.033063 0.176430** -0 .204594 65.72** 0.75 

I ..... 
(l'l 
I 
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TABLE 23 : Models r~lating the proportion of egg batches pa rasitised to fricboqra11a 
p o~ ula t io~ levels, 1ax i1u1 T~a. and Rh on the day of parasitoid release for 

different n~1ber of egg b3 tcbes and s.equences of parasitoid release in caged e1peri1ent. 

-----------·--· -··-------------------------··-------------------------------·-------------------------------
DEPENDENT ?lRAMETER ESTIKlTES rOR INDEPENDENT YlRilBLES 
VlRilBLE 

-----------------------------------------------------------------------
LHPBPlR INTERCEPT TRI CHO LTRICHO IRRl ITKPl 100R2 SSE 
--------·--··----------------------------------------------------------------------------------------------
BlTCH2 SEQ! 1. 768599 -0. 091437 -0.087428 0.290647 26.82 3.30 

• l -1. 494343 -0 . 6712'6 -~ 091361 0. 401151 26.'9 3. 31 
I 2 19.259752 -0 .05'350 -0.171132 -0.098715 33.62 2.42 
• 2 17. 060611 -0.01257 -0.174099 -0 .011534 34.,, 2.40 
I 3 -6 .139716 -0 .130461 t -0.22'851 1.0905471 58.131 3.28 
• 3 -14.279830 -l.2177Jltt -0.230145 l.373UOtt 74,45tt 2.56 

BlTCH4 SEOl -3.349193 -0.559577 -0.046015 0.346462 26 .8' 2.'4 
• 1 -2.011812 -0.108417 -0.03924' •• 311'83 52 .32 2.13 
I 2 4. 733915 -0.030 25 -0.195911 0.50'852 27.46 3.32 
I 2 -1.18015 -0.708'51 -0.193123 0. 74'7'8 48.19 2.80 
I 3 -22.178161 -0 .1771'9tt 0.076522 o.u1112• 73.tott 2.U 
• 3 -26.604076 -1.123538tt 0. 0£3323 0.131173 55. 11* 2.84 

BlTCff 6 SEQl 9. 336226 -0 . 069089 -0 . 211672 0.415971 30.80 3.34 
I 1 8. 53452 -0 . 939074 -0.262632 D. '40022 50.57 2.82 
ft 2 -7.778511 -0 .106713tt 0.016461 8.323091 58.3' 1.13 

I ' 
-10.081229 -0.'42874• 0. 010625 l.3911ll 39.39 2.21 

I 3 l.6'8338 -0 .054156• -0.043552 t.135171 50.30 1.14 
I 3 -1.226110 -0 . 487379tt -0 .0HOll 0.2451'7 72 .62U 0.15 

BlTCR8 SEQ! 0.729711 -*0.46 5111 -O.OO U9 0.176127 4'. 55 1.10 
I 1 -1. 945916 -0.43,5'1tt -0.844579 • • 277812• 10.s2u 0.82 
I 2 -1. 27'455 -0.03, 238 -0 .012904 0 .143'22 29.09 1.19 
I 2 -3. 805052 -0 .381375tt -0 .013435 8.241173 56. H• 0.93 
I J 8.244103 -0 .03263 -0 .090457 8. 1527 24 50.11 0.93 
I 3 6.5'3516 -•. 28710lt -8.191431• 0.115H3 U.'1 0.13 

ElTCHlO SEOl -3. 707171 -0.055H3tt 1.803510 l.U79U 71.9'• 0.74 
• l -5.347972 -0. 431523tt -0.812257 8. 310334* 7L 2Gtt .67 
• 2 2.300567 -0 . 062915tt -0.032037 1.1912'4 u.nu 0.11 
I " ' 0.5111'1 -0 .4193Jltt -0. 835123 t.153lOI 5' . u• 1.03 

I I 3 5. 796541 -0. 84337'1 -8.1 47573 -D .111535 55 '1• 0.87 
I I 3 3.40030 -0. 319357 -0 .8U807 1.17555( 77.Utt 0.'2 

--------------------------··------------------------------------------------------------------------------
"-.tt..e_;_ __ ~ = 0.05 > P >0.81 and tt = P < 0.01 



r.F. 24: Models relatinq t he proportion of eqg batches parasitised to the Tr ichogramma 
population levels, number of egg batchf>s and "7eather conditlons in caged °-Xperjments 
for different sf>quences of parasitoid release. 

EN DANT 
RT ABLE 

BP.AR 

' 1 

:1 

2 

2 
., 

. • .. 1 

J 

PAR.AME'I'rn F.STIMATE F".E INDEPENDANT VARl1\.BLE 

INTERCEF~r TRI CHO I.'l'RI CHO BATCH XRHl XTMPl 

0.978045 -0.075072** -- 0.080369 -0.077037 0.274798* 

-1 . 590409 -- -0.593911** 0.100832 -0.087596 0.392060** 

3. 085204 -0.060228** -- 0.060892 -0.079245 0 .193824 

o .13ir.os -- -0.516699** O.CJ60892 -0.081171* 0.304172* 

- 4.111344 -0.087559** -- 0.241694* -0.067182 0.391279** 

-7 . 861645 -- -0.701163** 0.241694**-0.070428 0.529598** 

100R2 I SSE 

30.90 2.20 

33 .23** 2.17 

:r!6 .26** 2.05 

33.36** 1.95 

40.59** 2.23 

45.81** 2.13 
· ---------------~----· ·------·------------------------- -------------------------------------------------------------
: 1 1. 425623 -0.075234** -- -- -0.076340 0.273319* 30.12 2.20 

J 1 - 0.995482 -- -0.589895** -- -0.086582 0 . 388258** 32.00** 2.17 

) 2 3. 447854 -0.060228** -- -- -0.079245 0.193824 25. 71** 2.04 

2 2 0.500155 -- -0.516699** -- -0 . 081171* 0.304172** 32.80** 1.90 

J 3 -2.661779 -0.087559** -- -- -0.067182 0.391279*'* 34.59** 2.33 

) 3 -6 .411480 -- -0.701163** -- -0.070420 0.529598** 39.28** 2.23 
------------------------------------------------------------------------· ·-----------------------------------------

t,.. * , ** = level of significance. * = 0.05 > p > 0.01 and ** = p < 0.01 - ··'"'...t-

..;i 
OC' 
I 



rABLE 25: Models relating the proportion of egr~ batches and eggs parasitised to the Trichogramma 
population level and number of egg batches exposed jn the field. 

)EPENDANT 

JAR I ABLE 

LNPBPAR 

f...NPEPAR 

P~ ESTIMATES FOR INDEPENDANT VARIABLES 

INTERCEPT 

1. 4'74457 

0.064€54 

BP.TCH 

-0.009075 

0.035580* 

LTRICHO 

-0.114651** 

0.042553 

~Qte;_ *, ** = Levels of significance. * = 0.05 > P > 0.01 and ** = P < 0.01 

lOORl 

23.38** 

23.73** 

SSE 

0.74 

0.56 

I 
-..i 
c.o 
I 



-80-

TABLE 26: Model validation 

-------------------------------------------------
OBS 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
?6 
27 

LNPBPARO 
2.02827 
0.58487 
0.58487 
2.02827 
2.02827 
0.83621 
2.02827 
1.14647 
0.73402 
2. 0 2827 
2.02827 
2 .0 2827 
2.02827 
0 . 91265 
2.028 27 
2.02827 
1.14647 
0.87689 
2.02827 

-0.36507 
2. 0 2827 
2. 0 2827 
0.58487 
0.18 70 1 
0 . 89532 

-0.30 78 7 
0.42419 

LNPBPARE 
0.95901 
1.93194 
4.82288 
1. 26347 
1.68837 
4 . 57931 
1.68971 
0 . 89677 
3.72683 
0.91509 
1.97585 
4 . 86679 
1 . 28045 
1. 61050 
4 . 62323 
2.01115 
0.94069 
3.89252 
0. 9 590 1 
1.93194 
4.88377 
1.26347 
1 .56659 
4 .57931 
1.9 9417 
0 . 774 99 
3 . 78772 

CELL CHI 
1.19220 
0.93926 
3.72406 
0.46295 
0 .06843 
3.05960 
0.06784 
0.06952 
2 .40335 
1.35413 
0.00139 
1.65555 
0.43675 
0.30238 
l. 45652 
0.00015 
0.04502 
2 . 33629 
1.19220 
2.73107 
1.66959 
0 .46295 
0.61520 
4.:l1293 
0.60550 
1.51303 
2 .9 8684 

SUMCHI 
1.1922 
2.1315 
5 . 8555 
6.3185 
6.3869 
9 . 4465 
9.5143 
9.5838 

11. 9872 
13 . 3413 
13.3427 
14.9983 
15.4350 
15 . 7374 
17.1939 
17 . 1941 
17 . 2391 
19.5754 
20.7676 
23.4 98 6 
25 .1682 
25.6312 
26.2464 
30.4 593 
31. 0 648 
32 .5778 
35 .5647 

NOTE: CALCULATED CHI -SQUARE = 35. 56 47** 
TABULATED CHI-SQUARE = 38.88 5 (N = 26, c ' = 0.05} 

= 45.652 (N = 26, C'= 0 . 01} 
t NPBPARO = OBSERVED LNPBP AR ( FROM F IELD HODEL) 
LNPBPARE = EXPECTED LNPBPAR ( FROM LABORATORY MO DEL} 
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5 DISaJSSION 

5.1 Factors Affecting Parasitisatlon in C. partellus 

In Cages 

Parasitoid Density 

In the caged experiments a good relationship was 

obtained between the number of eggs (or batches) parasitised 

and tbi:> number of parasitoids released in different cages . 

Trichogramma sp. nr. mwanzai appears to respond numerically 

to } b ; mm population density and the results showed 

difference5 in the levels of egq parasitisation for 

dii.iereni_ parasitoid populati on levels. H0wever , due to the 

small dHferences ln the number of parasitoids released , the 

ciffere:nce in parasitisation rates be.t'Ween the control and 

tht:- release of 6 parasitoids was not significant. 

Similarly, there was no ::;igniflcant diff1 rence in 

parnsitisation rate ~hen 6 and 12 parasit0ids were released, 

or betwePn the parasitisation rates when 24 and 48 

parasitoids were released. 

Egg parasiti sm increased with the parasitoid density in 

similar fashion for hatr.h 2 and butch 10, with the peak 

number of eggs parasitised at a parasitoid density of 24. 

For double that · density, i.e. 48 parasitoids, the number of 

eggs parasitised did not change signi'fic.antly, suggesting a 

decrease in t he searching P-ff iciency of the parasitoid 

possibly due to mutual interference in overcrovided patches. 

Parasi to ids have been observed to react 11"1arkedly to the 

presense of other searchinq irtd ivid1mls nearby, leading to a 

red11ct j on in the t imP srent ~~archinq the hosts and/or an 

incr.ea~e tendency for dh-:persal (Hassell, 1978) and the same 

tendency may also be obs~rveci aft~r a female detects a host 
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that has a.ir t>ac'iy bef'n pdrasiti~ea (Rogers, 1972; Hassell and 

Vlr.ia<.W, J984j. OL>se:I.vatiun~ ffiO.d~ .i: or batch sizes of 4, 6 and 

o seemed to cont.irm this f>tfect of mutual interference, as 

demonstrated by a decrease in the number eggs parasitised 

tor the paras itoid density ot 48. 

Pr ice (l~'/2), studyin~ the behavior of the parasi toid 

Plt:>o lopt1us basizonus (Gravenhorst) in response to changes in 

host anJ parasitoid density, tound that the parasitoid 

sl1owecJ mutual interference in egg-laying at high 

parasitoid:host ratios, and a density-dependent escape 

reaction to adult parasitoid density. Similarly, Hassan 

()981) has observed that tne degree of parasit.ism by 'I'. 

evanescens on the European corn borer Ostr.inia nubilalis, 

~as attected positively by the nwnber of parasitoids 

re1Rasea in the field. An increase in parasito1ds density 

fr um '.i. to 8 reduced the mean number of parasitised c. 

pc. ite llus egqf~ from 53.8 tu 48.'1, as .host density irn·reased 

trom Jf!U to ~GO (Ochiel, 198'.:J). 'l'r!e ehect of parasite 

d~nf;ity jn the host-parasitoid relatiom-.hip was also studied 

by Coov. and Hubbard ( 19 77 } . 

E->est Density 

The number of c. parte11us eggs (or egg batches) 

parasitised was proportional to the density of egg (or egg 

batches) exposed in cages, and the parasitoid responded 

funr:tionally by tindirig more host~. Cave and Gaylor (1988) 

obtained the same type of response with 'I'elenomus reynoldsi 

Gm:h and Coker . 'I'hey found that the density of eggs 

parasi tised by ',". reynoldsi wns linearly correlated ..,ith the 

hm;t density (Geororis punctipes (Say) and G. uliginosus 

(Say), pests of cotton) . Grns~ et al. \1Y84i tound that 

ni q l1Pr He' ;othis ze.::; Boodie densities intercept and retain 
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proportionally more 1'. pretiosum, which in turn led to 

higher rates ot parasitisation. 

The effec:t of host density upon the number of hosts 

parasitised have been studied experimentally by a number of 

workers {De Bach an(l Smith, 1941.b; Ullyett, 1949 a and b; 

Burnett, 1 Y ~i_t and 1954). ln each case, the number of hosts 

at.tackec1 per paras1te increased with an initial increase in 

host densay but tended to level out with a furtt1er increase 

(Holling JY~.19a). Ochiel (1989) observed that increasing C. 

partellus egg bat:ches and egg density led to an increase in 

medn numbe:r ot egg hatches and eggs parasiti.sed by 

paras)to id temales. 

As noted above, the non-significant differences in the 

nu111ber ot eggs (or egg hatches) parC::tsitised may have been 

the result of small <li fferences in rhe number of. egg batches 

exposed, including 2 and 4, then 6, 8, and lU batches. 

Sequence of Parasitoid Release 

'l'nere wa~ no ettt:ct or1 the rate of eggs an<l egg batches 

µa~a~;i Lism accorainrJ to the sequences uf par.asi toid release 

useci in this study. The timing oi pcirasi toid release, and 

mett1ods ot release rat her than the SPquence of para~, itoid 

release seemed to have had 5ome cifect on tl1e rate ot 

par asitism. Varadharajan (1980) estimated the best time for 

the release. of the parasitoid in India, on the bash~ of 

larvdl activity which he observt:d to be higher in the hotter 

months, so twc releases of T. australic~m Girault per month 

from third month after planting and specially in May and 

.June, reckoned to be the hottest months in the year, gave a 

tlf"tter cor•t:rol of sugar cane borer, sacct1ariphaqus indicus 

( K<n>ur ) . Somchoudhury and Dutt ( 1980) have shovn that for 

t-:1 h-'i "t.iw· ci,nt rl>I of c. parti·l.lu~ using 'I'. µt•Ik1ris1 and T. 

riustralic:um in India the best time for the release of the 
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para:>ito.id was from July onwards. Gross et al. (1981), have 

suqqest.ed other times of rPlease based on the ecological 

ciddptabiJ i ty of the biological r:ontrol agents. 

Most releases ot Tr ic,~oqrdwma sp. ar~ made us]ng . . 

parasitised eggs from 'lo'hir:h adults parasitoids 'Will emerge 

the follo'lo'ing day (Kanour and Burbutjs, 1984; Ochiel, 1989; 

Lu, Q. G. , pers ~ comm. ) . In th is study the actual adult 

parasitoids were counted and release the day following their 

emergence in the rearing cages, this might have affected 

their longevity c,.nd therefo.t:e had a negative effect on the 

nwnber of eggs or egg .batcht.!S parasi tised. 

Climatic Conditions 

r'rum this study, it appeared that climatic conditions 

af t ect. pc.rasHisa"Lion. 'l'he mc;ximum temperature of the first 

2 days had an j nverst:· t.·Uect on the rate uf parasitism, 

v:hi.Le that of the th.i1d day i-1ad a direct effect on 

parr1sitism. The average ma.ximum temperature tor each of the 

three days ot exposnre was almost equal (26.10 C) suggesting 

an inconsisr.ency in the effect of temperature on parasitism. 

un U ie other hand, observations made during the experiments 

rndicatec1 that most paras I tisat i on occurred on the day of 

parasitoid releases, especially within the first fewr hours 

after releases wi t h most ot the insects dying soon 

after'w'ards. 'l'he maximum temperat ure of that same day 

(26.J.°CJ shoved an inverse relationship with the number of 

eggs and batches parasitised, vhile the maximum and the 

minimum Rh sho"llled a positive one, therefore the effect of 

cl i matic conditions should not be overlooked. 

(';rJe and Gaylor ( 1988) had observed that high 

temperature and lov humidity reduce the survival t i lTlE' of 

dev1=.loplny inunature parasitoids, vhiJe Smith (1988) (citing 

Bie ver (1972)) reported that the rate of search by 7'. 
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mi 11utul'l v1as 1·1iqJ1ly dP.pendent 0n air t:en1perature. However, 

Oc111e1 (J':Hl'.:1l f-ouncl nn ccn:-:;1stPnt rf:Jadonship between 

temperc1l.11re ,-ind r.alef-. ot parc.isit1sC1cio11 hy 'l'rictwqramma sp. 

m. f·xj,71 rn;u c,r; c. parteilus . 

ut,servat]orn-; r.Hdc duri11g the exp.~r1ments showf!J the:d., 

u11de1 tn:iql"tt. snn liqht, th( ' pctrc::i~iLt:!..• rnuv~<.: a lot resulting 

in -:i dec:r<-:af>e in t ne .rate ot paras1r:isi-:ition, ds cumpared to 

P''lr-=lsit:1satlnn rates Jr: cloudy day::L Cheng (JCH:i6) \l:orking 
I~l.ii 

on 'l' . ch U on is and hs ut.:11 isatj on for t,.e control of sugar ,. 
c:a11t: borers 't11 'l'ai'WC:H 1, a1so found that the parasites moved 

mare arth!i• jy under hright sun .liqh1. Neuffer (1982) stated 

tlv:iL the rivrnt>er 01 '1'. t!vanesce11:; Weswood required to be 

rPle,1sc->c"I in sweet. corn f i elds to control the corn bmer 

Ostrinia nubllalis depended, among other factors, on the 

prevailing weather conditions. 

In the Field 

Parasitoid Density 

Jn tt1t: tield, vdriations in parasitoid density uid not 

.:;eem to a ffec t the ra te parasitism. 'I'ne effects of 

rtlea::> .inq d i tterent parasi to i d populat ions 'Were not 

conspicuQusdLle to the genera] lo'W egg parasitism obtained. 

Pest Density 

As otJsPrVel1 in t he caged experiments the parasites 

rP:=; r)\_ indPd iunctic.naliy to host density. 'l'he higher the 

ciensity ot t he- pest in the tield, the higher the rate of 

para:;itjsation 'Jbtai.ned, confirming that parasitism, in this 

.:::<'ist-:, '"1as density depend~~nt. 

Much experimental 1a1nrl\ !las 1r1 the past been aimed at 

investigating whether or nol para:,ites .:ict as density 

der-encient factors. This has been done by allo'Mj ng a kno'Wn 
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nuw ... 1-:ler of hosts ar.d pare.sites to interact and then scoring 

the percentage cf- par.::isiti~m achieved. Takahashi (1968} 

us ing single individuals of the ichneumonid Nemeris 

crinc:scers tUra\f.} searching for larvae of Ephetia cautella 

l WdJ.k. ) , shu\t.'ed that paras.i tism Vias density dependent. On 

t he othe:.>: hand, DeBach and Smi th (19'19a) who used a constant 

number cf the chalci.d Horinon i ella vitripennis Walk . , 

searchinq for different: densities ot housefly puparia showed 

t. l!· l L ~ ht-' p~rc1-~ntagP dec:reasP in thc> rate of parasitism which 

u1·cured w i u i .=i ll increase in tiost density, was a result ot 

t : ... lo11q ''l1a11d.tinq time" U:ol:t in<J, l'.;~"'1) which pn~ventect a 

Mc• r.i:.on i e '!1 a !:em a le from a'Ctack ing more t:han two host 

pt.j...=ir j a .in ·~ ddy. H1 this case, the action of t he naraf; Hes 

w 1:,-, j nverseJ y densj t:y dependent ( Srni th, 1935; Varley and 

Gr a dwP. J l, l ~J'/ 4}. 

Sequences of Parasitoid Release 

As in the caged experiments, correlation analyses did 

not sho1J a ny linear relationship bet.ween the sequence ot 

para~3 i to i ct release and the number ot egg batches 

par,,sitised. The ANOVA, however, showed s0me signific.:in1 

differencE:s when different numbers CJf parasitoids were 

rele ased in different st~quences, but this appeared to depend 

on the munber of egg batche::; exposed due to an observed 

signifi cant batch-sequence i.nteraction. 

Climatic Cond:tions 

1n thP f i eJd study, the effects of veath~r on the rate 

0 1 r:Br.:'i~> Ji i :;rttirn1 was not conspicuoDs o\l•jn•:i to the general 

J ow leve l s c; j i:,Brasit isation otita.inf'd . On the other hand, 

the c.Limat.ic conditions may have be~n the cause of the low 

rat;es ot parasiUsm observecl. Plc.nts were infested three 

wcks a Her t~roergence and t11e shelter they provided may have 
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not l•een enough to pr otec:t .(.Er.Jsi to ids tr om the sun and from 

t.t:E~ v.ijr)(l. i.·urthermorP- t-.he v.iind could have enhenced 

parasico.!d ciispersaJ out ot the experimental plot, although 

.lt: i:=; kno\r/n that in the field, '1'. sp. nr. mwanzai can 

parasitisP. eggs up to five meters away from the point of 

re.lease (Lu , Q.~ . , ~rs . Con1rt'I .) 

5.2 Factors Affecting the Formation of Black Heads 

'IT1.1s ~;tucty, 'Wl1J1.h was rest.! jctf:~d 01dy lo observing the 

effect of host dfmsity, parasit:uid density and the sequences 

of nr,1 as i toj d of release or1 the rat:e of black heads 

tcirrnat ic•n, showed a c)e.Jr linear but inver~;e relationship 

i ;e ~. \.le l~r ; j'drdf' i t:e c.iensity and the nwnbe:r of black hearls 

10tn1cd. Thi.; slJqgests thctt parasiti.sm 1s a derisity 

l:f:':'"J1(itc.1 1; t:':it·1:1r. 'l'l1,.., n.:ttnra.i egg mortality, other than 

}id -~~- 1 1 1- n1, 'w''1S c'H1~Hr'°"'ntiy lo'W in caqes, .i.e. 11.68%, but in 

t· h·· ii ,, ],-i i~; 'WH ~; f-onno t:ll tii~ arrnJ11d :;EJ.~fi ·:(,_ 'f'he average 

ma:<inn.\rn ie111p1 , rc1t:urP. of dhout: /h deqret> dppe<ued to be 

fa "' l 'T a Ii i f' :tux ego development . 

A';:j !-ilt'JWri u1 thE: caged e ;,:p1;:t .i.ments, tt1f· sequence o± 

para~~) to1ci release oid not have any eftect on the survival 

oi the }Jest. 

1 n Lhe field, whilst there was no apparent relationship 

J:-iet11een the number of parasi to ids released and the number of 

black heads tormed, as a resul t of a low rate ot parasitism 

obtaine1i, such re l ationship 1r1ouJd not be clear. It is 

possible that a hiqt1 numbers ot parasitoids had been 

released, sur.h a relationship would have been observed . 

'I'hP munber of host eggs survivi ng p:irasi tism (in this 

r ase the number of b lack heads formed) de~nds upon the 

nu!~ber ot oaras itoids se:arching and their individual 

elt~ctivenes~, determined by the deqree of he terogeneity 

t:ha1: rt!nder~:. some host~; mo.le sucept ible to the parasitism 
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that others (Hassell and Waagt', 1384). Heterogeneity can be 

mar1 i tPsted 'in many ways: for. example, by spatial 

dislrir;utiun ot pn.rasitism irom host patch t:o host patch by 

t:empual asynchrony bet .. ·een host and parasitoid or by 

d) fferencial suceptibil i ty of individual liosts to paras i. tism 

(Hassell, 1969, Hassell and Waage, 1984). The variability 

in fertility of c. partellus eqgs, in this study, might have 

tr.ought a certain degree ot het~rogeneity in the egg 

popuJation which was therefore observed in the level of 

parnsitjsm, and subsequently in the n~r of black heads 

formed. 'l'he number of hosts surviv.ing parasitism is also 

j nfluenu·d by thE: parasi to id functional nspom,e. 

5. 3 F'unctional Response 

Mdnv a11thon:. c:i a1 med Lhei t t he typ1 cal funr-U onal 

r esponsf' ir1 host-·;.erasitoicJ relationship is a 'l'ype II 

rPspo11se (iiolling, l959a). !n this stuuy when 6 or 48 

f:Bla8itoids were released ty~ ot response "Was not clear due 

to def-lection at n host dens.ity of 6, and 8 respectively. 

Th~.: crna l yse:s sho'Wed no c!ifff:'rence in the number of eggs or 

eq•; 1:iat.ct1Ps parasitised for host densities of 6, a, and 10. 

This 2l l 1 r1 -ws ~1s to say that t.he observed response is type I I . 

'l'h~=-> i::; ~-i..;1.1111:.Jtled l.>y observdtion!3 JikjrJe .tor the parasitoid 

releases oJ J-.: cmd 24 U•ig. f> e:md 7). Och i el {1989) studied 

th(· respuri:.e o f T. ~.;p . Pt. f•>.igu11m to c. part:ellus egys and 

abo a type JI fonctional response (HolJing, 1959a) . 

Th~ crn1tlil 11ed funcUonal re!iponst curvefi showed a .Kind 

of Nn:h0lsi<u1 type •J t response (Type 1 ), hut uue lo Lhe tacl 

th1':! e wC:6 nu st.Jlistical ditterence bet:w• <?n batch 6, 8 and 

1 l1 this c-ou! d ~:;imply be a type II response. The deflection 

in t.>atch 8 ~Y he attributed to exper i mental error, as no 

other app.:::n:ent r easons coulci be adv<:tnced. According to 

Perry (19B?) tt1P lad of datci at ttif> P.xtreme of the range 
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mc;y 01.:=ike a truly curved line ap1:x:ar to be straight. Stark 

and Whitton] ll981) studying the functional response of the 

third instar o.t Chrysopa carnea (Stephens l larvae feeding on 

4 densities oCHelioLhis virescens (F'.) eggs, on caged 

cott.:J11 found a Type 1 functional response (Hassell, 19'78); 

~eetr.ch rnte and the proportion of prey attacked did not vary 

w i l:l1 t.he prey d~n5 i ty. However, the number of eggs attacked 

by C. carnea increased at a declining rate at higher egg 

densities and the proportion of eggs attacked was not 

constant. This suggested a possible Type II response due to 

predator satiation or handling time l imitation. Other 

studies have indicated 'l'ype I functiondl responses . or 

parasi toids such as Geocor is pu11tipes (Say) (Hutchison and 

1::-'Jlrf', 1983), Chrysopc; siqnrlta l~chrn·· ider) (Samson and 

Blood, 1980) fee.ding on He 1 iothis i::;pp .. 

5. 4 MtXlels Development and Validation 

Models from cage Studies 

Tnt- 11o::>t-pcutls.i.t.01ci moctf'ls used in this study were 

derived tr om Perry's (198'!) qerieral t;o~t-paras.i to id model 

Log (-Log {Q0 ) ) =- r.og a + t> Log M 

but. cunsir1erabJy improw-·d ' t hr.ouqh ddcliUonal factors in some 

ca~;P.s and shuwed significant fits in most cases. other 

lrn:::;L-!JCtrasitoid models, te.rmf•d as "host-parasitoids model s 

of i nt"ermediatE· complexity" (Hassell and May, 1973; Perry, 

1987) C1esjgned for. the classical type of biocontrol 

progranunes, equc.1J.ly contormed to Perry's (1987 ) general 

mo Ii"' I . 'I'he:;C' mcrle ls incorpor ah•rl somt, other parameters such 

dS Utt: parc;~.,.i t.o:icJ oiea of SF·ar c11 (a), t i 1t~ mutual 

irt\ ~Jrtel'l~!1t:t:· c.·,1~itic:1ent (ml (ll.i~~t~!J ,1 11\l Vc;:1rley, J~t.9; 

Ha~:. <:>1·l . l am.I May, 197:i); , and from these general mode l s the 

ab1•v'f' pc::trarnetf>rs can be de-ctuc.:te<L As from Hasse] J and 
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Va:rley (JSf,9) the area of di.scovny (a ) (Nicholson, 1933) 

c.=rn t)e <'ler1ved lf the pnrasite density(~), the initial host 

ue1i~; 1t_y (UlJ am1 the numt-Rr ui hosts surviving (U) are known 

: .:i =- (l/Pl1Pge (Ul/U) (Ha::,sdl, 1971). Models in this 

stui:Jy are, t:hen~tore, somehO"t1 specitic, as most of the above 

factors \lfe:r:e t1xed. 

When Oo is equal to PEl-'AR and M equal to 'I'RJCHU, the 

l1atn did not fit the model. However , when this modt~J was 

tebted tor diiierent batch levels, the data showed 

siqnificant titH at higher egg batches densities suggesting 

that the model was best expressed 11.'hen higher batch 

dt=ms Hi es were used. 

Brown et al. (1982) , in deveJoping a population model 

for the gypsy moth eqg paraf5ite Ooencyrtus kuvanae, obtained 

a qood tit when the gypsy rnolh pc1pulation was in outbreak. 

'l'hP fit ot the morlel by the field data became poo1er as the 

Addj tjon:_i.i_ parameters such as the maximum temperature 

ar.ll relative hllmid i ty of: the day when the insects were 

ri:<eetsecJ rnir.rove the fit of trie models. The best models 

w:-re selPcted on the basis of a high coetfici ent of 

rie1 t'. r rn t natinJJ, R:t., beinq obtained for the fitted data. 

'l'fif.· wcdels dicJ not 'worl\ when the sPquence of release 

WiF· -rl !Pd .:1~' one ot U1e indP.[>er1dant variables, confirming 

U-1.<l l.hi~· 1y!·a· ·.)f sPquence o! ria rasitoid release is an 

rnc .. i.•Js . 

Wl1en Ou wa.-:.; equal to the proportion + 0.L egg batches 

porrl~ .. i t:J :~;t>ci, l.he lf11J\.ie..I signiJicantly fitted the general 

mo·Jel ( JJ < 0.01), 1001\2 valuPf.: ~;eing 19.'18 a11d 19.32 . The 

us': of i::J1.-~ number of tgq rn.3shes exposed in i_he model seemed 

t.n have in1proved the tit.. MtJrt~ imprc.ve.mentfi were obtained 
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humidity, were added to the qeneral equation as independent 

variables. 

Removing the variable BATCH from the model reduced the 

R2, suggesting-that the effect of egg !:Etch density is of 

great value, although the splitting of the model into its 

component al~o showed the contribution of other additional 

parameters. In general, a variable contribution was noted 

for the climatic parameters showing a certain inconsistency 

of their effect on parasitism in this study. 

The accuracy of prediction using the variable BPAR, in 

the laboratory, was as high as 77.36 (Table 32). Using the 

second adjustement of weather data the R2 were even higher 

(Appendices 12, 13, and 14) 

Analyses of models obtained using Genstat program, 

shoved that the consistency of differences between batches 

in model IX seem to imply a progression such that the higher 

numberofb.:ltches suffer less parasitism (this VclS also noticed 

in the previous analyses) . The proportion of parasitised 

eggs, in the quadratic model, declined from a maximu.~ value 

of loqe(TRILrIO) when density ls increased further, 

particularly at highest density. This is an unsual 

implication (Perry, pers. comm.). 'fhree dimensional plots 

from three regression equations (Fiq . 11, 12, and 13) 

confirmed this observation. Comparison of models tested 

showed that the biologically more meaningful hypothef'is that 

parasitism is rraximal at the highest tested density can be 

accepted. Also, runs showed that there was no need for more 

complex models, because, the models in which the linear and 

quadratic terms vere allowed to vary with batches did not 

produce any irnprove1ilt"'nt ot the flt and that the 

heterogeneity found wa~ not ui1usucl for such data. 
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Field Modeln 

The field data fitted the models well, if an additional 

parameter, BATCH, ...as incorporated. Both field models with 

o0 equal to PEPAR and PBPAR c.:ould be used in prediction of . 
the degree of parasitism. 

The climatic variables were not i11corporated due to 

lack of correlation observed with the number of eggs 

parasitised. However, Biever (1972) found that a single 

input of temperature appears to have a significant effect on 

the sean:hing activity, and thus on the potential 

effectiveness, of Trichogramma in the field therefore its 

incorporation in the models should be considered. 

Validation 

'I'he validation results, which showed that there were no 

differences in the models developed in the laboratory and in 

the field, suggesting that predictions can be made for field 

experiments using laboratory-based models. Then the 

follovinq reqression model developed vith data from cage 

studies and incorporating purasites dP.nsity, pest density 

temperature and relative humidity as independent variables 

appeared to agree vith all situations, and could therefore 

be selected : 

LNPBPAR = -3.125 - 0.602 (LTRICHO) + 0.134 (BATCH) 

- 0.079 ( XRHl) + (X'IMPl)o.~Oi 

(100R2 = 36.51 , Table 21) 

Du:ring this study, the experimental conditions used 

tr iee to simulate natural conditions as closely as possible. 

F'or example tht~ age of the plants used ( 20 DAE) was such 

that borer infestation at this stage can cause important 

y)eld losses (Seshu Reddy et ~l. 1989; Sharma and Sharna, 

l987a, and b}; and simulation of the C. partellus 

oviposition site (Alghali,. 1988) by specific placement of 
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the egg ratches. However, the manipulation of the 

parasitoids, especially during release, might have brought 

about great va~iations in their behavioral response which 

could subsequently nave affected the reliability of the 

mojels obtained. Therefore the applicability of these 

models obtained from eith~r cage or field data remain 

questionable. This calls for additional field studies, to 

define more precisely the parasitoid release rates and 

release methods required with regard to sorghum plant growth 

stage, oviposition time of C. partellus (knowing that under 

natural conditions the peak oviposition of by c. partellus 

f ernales occurs at 4 to q weeks after plant emergence 

(AlghaJi, (1988); t~ISAT, (1988)), and the influence of 

clJmatic factors (such as wind, sunshine, temperature and 

humidity) on parasitisation in the field. Determination of 

the area of search by individual ferrales and the effect of 

mutual interference would further increase the accuracy of 

the model. 
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6 SUMMARY 

The effect of varying pest and parasitoid densities, 

the sequence of _parasitoid release and climatic conditions 

on the rate of C. parte11us egg and egg batches parasitism, 

were investigated in both caged and field expariments. Data 

collected were analysed using the analys of variance and 

linP.ar regression models. The study highl1ghts are 

sumnEri~ed as follows: 

C'9..9f;,O •. ex~rJ.IDeD..t.~ ; __ _ 

1. The release of different Tr ichogramnia sp. nr. mwanzai 

population densities (6, 12, 24, 48) shoved a proportional 

increase in the number of c. parte11us eggs and egg batches 

parasitised. Maximum parasitisatl on vas obtained following 

the release of 24 parasitoids. 

2. ·r1·,e m~mber of eggs and E>gg batches parasi tised by 

densitie.:; of ?4 and 48 parasitoids were not significantly 

d1 fferent, s 1Jgc.iesting a reduC"tiori in the searching capacity 

of t·hf' parasitoid due t o mutual i nterference. In general, 

"'lt varying c. parte11us eggs and egg batches densities (2, 

1, f, 81 10 ), thP.re vas variation in the numbers 

parasitised. The number of eggs and egg batches parasitised 

incr~ased ~lth pest density. However, there was a 

reduct]on in percentage parasitism rate at Pest 
population higher than 4. 

3. 'l'here v~s no s ignificant difference betiJeen the number 

of egg or eqq tBtches parasitised when 2 and 4 or 6, 8, and 

10 eg·J batches were exposed for parasi tisation . 

4. The highest increase in parasitisation rate was observed 

at the highest pest population and for a parasitoid density 

of 24. 



5. In the cage, the relationship between the number of eggs 

or batches parasitised, with the parasitoid population had 

linear, cubic, and quartic components. 

6. The sequen~s of parasitoid release did show any 

significant difference in the number of eggs or egg batches 

parasitised. 

7. The maximum temperature of DAY 1 (26.lOC) was inversely 

correlated with the number of eggs and egg batches 

parasitised. 

8. The maximum relative humidity of DAY 1 (87.2\) and the 

minimum relative humidity of DAY 1 (58.7%) were positively 

correlated with the number of eggs and egg batches 

parasitised. 

9. An inverse relationship was noted between parasitoid 

density and the number of C. partellus black heads formed in 

the caged experiment8, while a positive relationship was 

obtained between the size of the pest population and the 

number of black heads formed. 

10. The sequences of parasitoid release did not appear to 

influence the number of black heads formed in the caged 

experiments. 

11. The maximum temperatures of DAY 2 showed a positive 

effect on the number of blac~ heads formed in cages, while 

the minimum temperature of the same day showed a negative 

effect. 

12. A type II functional response curve was obtained from 

the caged data. 

E.ie 1.Q~p_e.;rJ,.m~nt_~·- ·-·-

13. I,ow level~ of ts~asitism were observed in the field, 

hence no effect of varyiug ~rasitoid populations on the 

~ate of parasitism could be deter~ined. 

14. There was no significant difference in the number of 

egg batch~s paras i tised, between the releases 48 and 96 
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parasitoids. There vere significantly higher number of egg 

batches parasitised by both release populati on size than the 

control . 

15. By increasing the pest population an increase in t he 

number of egg batches parasitised was achieved alt hough 

there was no significant dJfference in the number of egg 

batches parasitised for most of the batches collected, 

except for the batch size of 25 

16 . There were no differences in the number of eggs or egg 

batches parasitised according to the two sequences of 

parasitoid re l ease used in the f i eld. 

17 . No relationship was found between climatic conditions 

and the number of eggs parasltised in the field, but the 

number of eqq batches parasitised was positively cor related 

with t hP. mini mum relative humid i ty of DAY 1 (55.0\). 

18. A linear relationship was obtained between the 

parasitoid population densities and the number of black 

heads formed. 

19. In general, climatic conditi ons showed an i nconsistent 

effect on the rate of par as i tism achieved. 

20. There was no difference i n the number of black heads 

for med for the two sequences of re l ease used in the field. 

There was no correlation between the number of black heads 
' 

formed and the parasitoid population density. The climatic 

fartors al~o did not SP.em to affect t he f ormut i on of black 

heads in th is experiment. 

Models qevelopmgnt Q.O.!i valldatiQI_1 __ _ 

21. cagPd and f i eld data wer~ fitted intq a modified 

qeneral host-parasitoid model developed ~y Perry (1987) 

(loq[ -log(Qo) ]=log a + b l og M, where Oo is the proportion 

parasit i sed, M the parasitoia.mean density, while a and b 

are constants ) . The mcxlified general model i ncorporated 

factors such as the maximum temperaturP and r e l at ive 
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Appendix 1: Pearson correlation coefficient for (;:i) · Trichoqra11a population 
levels, (b ) number of egg batches expo~~d, (c) sequence of ~rasitoid 
release, (d) Tesp. and Rh, on the levels of parasltls1 for (1) eggs 
and (2) batch, under ~aged conditions. 

BH EP!R BPlR 
--- -----------------------~· -------------------------------------------------TRI CHO -0.24375** 0.49840U 0.52323U 

BATCH 0.86728U 0.2192&·~ 0.31856tt 

CHILO 0.88362'* 0.30102** 0.38251** 

SEO 0.02360 0.08101 0.05758 

XTHPl -0.01131 -0.30557'* -0.23833** 

HTHPl -0.01425 -0.22643'* -0 .14417** 

XTHP2 0.15792* -0.33867U -0 .29004'* 

HTHP2 -0.05343 0.08733 0.12440 

XTKP3 0.10914 o. 43587** -0.36550'* 

HTHP3 -0.00675 -0.13104 -0.04238 

XRHl -0 .09505 o. 44.027'* 0.41090** 

MRHl 0.4946 0.13754* 0.08871 

XRH2 -0.00436 0.00986 0.05216 

HRH2 -0.16609* 0.45059U 0.39799** 

XRH3 -0.06171 0.7754 0.04315 

HRH3 0.10938 0.24396'* 0.22002* 
----------------------------------------------------------------------------

Il.Q.il._.* = 0.05 > p > 0.01, u = p < 0.01 



d .. , 2: llOfl for rrfdo9ra111 sp. nr. tvanraf populations and sequences of parasitold release on the nuaber of 
eq9s parasitlsed for different no1bers of eqq batches exposed In caqed e1perl1e1ts. 

-· ·------------- -----------------------------------------------------------------------------------------------~------------- --------------------------------------- I 

""" HTCU BlTCR4 UTCIG BATCH BlTCRlO 0 
!.:> 
I 

O!l'.CI df IS P>P df IS P>F df IS P>r df IS P>F df 15 P>F 

m~ 14 75,,752 0.1'" 14 3543.114 0.0012 14 5525.452 0.0875 14 3,00.301 0.0342 14 78'8.1'3 0.0094 

sgo 2 5'8."7 0.3351 2 1318. 757 0.2''3 2 1001.2'7 0.5'1 " 1102.2175 0.5415 2 UH.531 0.515 

THCBO 4 111'.156 1.1241 • '371.5)) 1.1811 4 112,, •• 53 8.0015 4 117,7.617 0.0006 4 32165.322 0.0002 

s1·a•T".JCIO I l14 .'72 I. 7737 I 1112.117 I.UH I 2''1.1327 0.2321 • 76' .661 0.119' I 1317.3802 0.143 

•o• lO 521.35, 2' ,53. J71 2, UH. 711 29 1759.2114 27 2756.3'4 



Appendi1 J: D1nca1's 1altlple ran9e test for rricbogra11a sp. ar. 1van1ai populations and sequences of parasitoid release on the au1ber of 
e99s parasltlsed for different 1a1bers of e99 batches e1posed in caged e1peri1ents . 

BHC82 BlTCl4 BATC86 BlTCBI BlTCBlO 

SIQUllCIS GROUPS I Ilea as I lleans n Keans ft lie ans ft !leans 

SIQl 15 lJ. 5 -1 15 22.n 1 H 34.07 l 15 40. 73 l 1J 0.00 l .. 
...... 
...... 
0 

SIQ2 15 I. 7 l 15 n.n 1 15 36 .20 l 14 U.16 l 15 41.60 l I 

SIQ3 15 21.2 l 15 40.53 l 15 n.n 1 15 27.IO l 14 6'.2! l 

TRICIO LIHLS 

• ' 0.00 c ' 0.00 B 8 8.00 B ' 1.80 c I 0.00 l 

' ' J.'7 Cl ' ,,22 B ' 7.U B ' U.11 Cl I 11.25 lB 

12 ' 11.18 Cll ' 13.'7 B ' 24.5, B ' 27.H CB ' 22.00 u 

24 ' 2'.22 11 ' 76.33 A ' 13.22 l ' " ·" l ' lH.22 CB 

u ' Jl.U l ' 5D.56 l ' 77.H l I 53.JI 11 I lOl.J7 c 

llea1s rtt• t•e 1a1e letter, 01 the 1a1e cola11, rtt•t• a partlcalar groap, are not sl9nlf icantly different at p < D.05 



----------------------------------- . - -·· - .,. 

Appendix 4: !NOVA fop Trichogra11a populations and the nu1ber of egg batches exposed on the nu1ber of egg batches 
and eggs parasitised, and the number of black heads for1ed in caged experiments 

-· 
BPAR BH EP!R 

SOUR CR DEF ~s PROB>F DEF HS PROB>F DEF KS PROB>F 

HODRL 24 22.9068 0.0001 24 90234.788 0.0001 24 11248.025 
' 

0.0001 

TRI CHO 4 96.2617 0.0001 4 41757.702 0.0001 4 51682.909 0.0001 
BATCH 4 22.9739 0.0001 ~ 487431.62 0.0001 4 7344.1259 0.0008 
TRICHO I BATCH 16 4. 8728 0.0002 16 3223.394 0.1238 16 2197.8901 0.1072 
!RROR 197 - 1.6221 191 2227.858 195 1477. 4150 

I 
I-' 
I-' 
~ 
I 

Contrast of single degree of freedo1 co1ponents 

TRI CHO 
LllfRAR 1 318. 136 0.0001 1 163906.1 0.0001 1 165871.46 0.0001 
QUADRATIC 1 2.244 o.2409 1 198.796 0.7655 1 32.5051 0.8822 
CUBIC 1 42.005 0.0(101 l 359.594 0.6883 1 22152.781 0.0001 
QUARTIC 1 19.820 0.0006 1 2503.772 0.2904 1 16187.593 0.0011 

-BATCH 
LJRllR 1 85.412 0.0001 1 1948561. 0.0001 1 26044.297 0.0001 
QUADRATIC 1 1.397 0.3543 1 2092.921 0.3336 1 816.7395 0.4581 
CUBIC 1 2.556 0.2109 1 740.049 0.5651 1 1933.3787 0.2540 
QUARTIC 1 2.537 0. 2126 1 288.62 0.7193 1 485.0176 0.5673 



Appendix 5: Kodels relating field data of the cli1ate to the veather conditions in the caqes vhen the 
ther1o~y~rograph vas protected vith s Stevenson ' s screen. 

DEP!lf DEtfT 
VARIABLE 

Yl 

Y2 

Y3 

Y4 

PARAHETER ESTIMATES FOR INDEPENDENT VARIABLES 

INTERCEPT Xl 12 X3 

10.737086 0.579479 -- --
5. 927495 -- 0.813442 --
47.298639 -- -- 0.506110 

30.508688 -- -- --

X4 CV 

-- 3.21004 

-- 2.75672 

-- 3.84565 

0.695765 6. 74712 

1ooa2 SSE 

70 .74tt 0.82 

71.30tt 0.55 

61. 73tt 3.36 

72.66tt 4.07 

"ote: tt = P <. 0.01; Xl, X2, 13, and 14 are 1ari1u1 Te1p.,1ini1u1 Te1p., 1axl1u1 Rh and 1inl1u1 Rh in the field 
respectively, vhlle Yl, !2, Y3, and Y4 are Te1p. and Rh fro• a ther1ohyqro1eter protected by a stevenson's screen 
in the caqed experi1ent. 

I 
..... ..... 
t.) 
I 
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Appendix 6 : Pearson correlation coefficients for (a) 
Trichogramma population levels, (b) number of egg 
batches exposed, (c) sequence of oarasitold releasei 
(d) 'l'emp. and Rh, on the levels ot parasitism for ( ) 
eggs, (2) batches, (3) number of black heads formed, 
under field condi~ions. 

-------·--------------------------------------------------
BH EPAR BPAR 

----------------------------------------------------------
TRI CHO . 0. 055:,5 0.21629 0.283881* 

BATCH 0.88135** 0.22913 0. 31868* 

CHILO 0.92285 0.23261 0.32018* 

sm -0.10085 -0.04415 -0.02781 

XTMPl 0.17999 -0.05922 -0.12456 

MTMPl -0.11404 0.12602 0.21062 

XTMP2 -0.17118 -0.21406 -0.28388* 

MTMP2 -0.03193 -0.20774 -0.30268* 

XTMP3 -0.05825 -0.21499 -0.30813* 

M1'MP3 0.07163 0.21776 0.30955* 

XRHl 0.17999 - 0.05922 -0.12426 

MRHl 0.03821 0.20968 0.30429* 

XRH2 -0.22611 -0.01411 0. 02478 

MRH2 0.12294 0.22202 0.30549* 

XRH3 -0 .11404 0 .12602 0.21062 

MRH3 -0.24655 -0.08004 -0. 06919 
---------------------- ---- ·-·------------------------------
n~_;_* = p < 0.05 and ** = p < 0.01. 



lppendl1 7 : llOYI for fri~•o9ra11a sp. 1r. 1ranzaf populations and sequence of parasltold ·release on the nu1ber of 
e99 llatc•es parasitised for different batcb nu1bers in caqed e1peri1eats. 

---------------------------------------------------------------------------------------------------------------------------------------------------------------------
BITCl2 BlTCB4 BlTC8' BITCH BlTCBlO 

I 

df df df df 
.... 

SOUICI df IS P>F IS P>F IS P>F 15 P>F IS P>F .... 
"'" I 

llODIL H 0.,27 0.0563 14 4.,75 O.GOOl 14 ,,545 0.0001 14 7.151 1.0057 14 ll.767 0.0002 

SIQ 2 0.28' 0.5452 1.'89 1.208' 0.1'7 0.,034 1.422 1.5170 1.090 G.UO 

TRICRO 4 2.071 o.oon 12.411 1.0001 21.36' 0.0001 24.111 I. IOU 45.359 0.0001 

SIQ•TIICIO I ~.511 0.3'35 2.071 1.17'4 2.331 1.3274 0.'71 1.92'7 '·'" 0.'80 

DIOI JO 0.4'7 JO 1.022 30 1.931 31 2.622 21 2. 78' 



x 8 : D1nca1's 1ultiple range test for frichoqra11a sp. nr. 1vanrai populations and seq~ences of parasitoid release on the nu1ber of 
eqq batches parasitised tor different batch na1bers in caqed experi•~nts. 

BITCR2 BlTCB4 BlTCH6 BlTCU BUCHlO 

1ences 9roaps D lea IS D leans n leans I leans a' Heans 

15 0.5 j 15 o.,H 1 H 1.,29 1 15 2.800 1 13 2.231 1 

15 0.5 l 15 1. 200 1 15 1.800 1 15 2.000 1 15 2.400 1 

15 0.5 l 15 1.600 1 15 2.000 l 15 1.4'7 l 15 2.800 1 I ..... .... 
HO L!Vll.S 

U1 
I 

' 0.0 B ' O.OOD B I 0.080 c ' 0.000 c I 0.000 c 

' 0.222 B ' 1.55, B ' 0.331 BC ' 0.771 c ' 0.6'7 CB 

' 0.55' II ' I. 778 II ' 1.556 II ' 1.tU BC ' 1.889 B 

' 1.008 l ' 2.18' l ' 4.111 1 ' 4.222 l ' 4.18' l 

' I.HO I ' 2.100 l ' l.lll 1 ' 2.,n H I 5.000 1 

; •iU tle sue letter, 01 tbe sue cola11, •ltUa a partlcllu: 9rotp, an tot sl91lflcattlf different it p < 0.15 



?endi1 9 : AIOYl for TrJcbo9ra11a sp. nr. 1vanzai populations and seq1eoces of parasltold release on the nu1ber of 
bla~l beads for1ed for different n11ber of eqg batc•es e1posed in caged e1peri1ents. 

BITCR2 BATCH BlTCB' B&TCR8 BATCBlO 

SOUICI df IS P>P df KS P>P df KS P>r df KS P>F df KS P>F 
I .... 

IODKL 14 658.022 1.5,03 14 2522.lU 1.1160 14 021 . 536 0.52 14 UU.U7 8.2423 14 100,4.755 0.2423 
.... 
en 
I 

SEQ 2 '72.355 0.4150 2 741.23 I.Un 2 "·°'5 ··"°' 2 1744 .Ul 0.0126 2 22'4.273 o.~~21 

TllCBO 4 1257.)0I 1.1174 4 '200. 7' 0.18'2 4 10172.ll o.oon 4 08' .445 0.097 4 21171.180 0.0004 

SEQ'TllCBO I 341.HI O.IHI I 1245.43' 0.5113 I 309' . 531 0.28'1 I 17". 24 D.79'7 • 290.121 0.'251 

11101 lt 70.28' 21 104.70I 21 2415.232 21 )203.024 27 378'.2' 



lprendix 10 : Duncan's •ultlple range test for Tricbo9ra11a 5p. nr. 1vanzai population size and sequence of parasitoid release, on the no1ber of 
black heads for1ed for different nu1ber of egg batches expcsed in caged eiperi1e~ts. 

-
BlTCB2 UTCR4 BlTCB6 B~TCRI BlTCBlO 

D l!eans n Means n Means D !leans I! !leans 
• 

SIQl 15 52.7 l 14 122.,l & ll 176.6' l 15 232.80 B 13 339.23 l 

Sf~2 15 ".001 14 111.00 l 15 114.27 l 14 2H.2' Bl 15 327.33 l 
I 

SIQJ 15 51.71 15 111.8' l 15 184.33 A 14 211 .07 l 14 387.'3 l ..... ..... 
--1 
I 

TUCP.a Lt:VKLS 

0 ' 73.ll 1 ' 145.22 l a 221.17 l a 303.17 1 I 390.37 ! 

' ' 5,, 71 lB I lll.75 l ' 28'.'7 1 ' 257 .71 lB I 35,,00 lB 

12 ' U.ll 11 ' 131.37 1 . ' 174.17 CB ' 261.22 lB ' 342.5, 1B 

24 ' 52.44 lB ' '8. 44 B ' 1'2 .11 CB ' 235.U B ' 2'7 .22 CD 

41 ' U.00 B ' U. 71 B ' 13'.U C • 2JD.12 B I 237.75 c 

leaas 11t• t•e saae letter, 01 t•e sa1e cola1a, rlthla a partlc1lar gro1p, are aat sigalf lcantly different at p < 1.05 
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APPENDIX 11 
KODILS RILlTIIG PROPORTIOI OF IGGS PlRlSITISID lS FOICTIOI OF TRICBOGRlKKl 
POPULlTIOI LIVIL, KllIKUK TIKP. lKD RH Of ~H: DlJ or THI ilLllSI or THI 
PlRlSITOIDS FOR DIFFIRllT IGG iATCHIS 110 SJOUEICIS or ilLllSI II TRI ClGI. 

------------------------------------------------··-------------------------·------------------------------DEPDDIH PlRl~ETIR ISTIKlTIS FOR IIDIPllDllT flRilBLIS 
VUllBLI 

-----------------------------------------------------------------------LIPIPlR INTIRCIPT TUCBO LTR ICHO UHl ITllPl 1ooa2 SSI 
------------------ ---------------------------------------------------------------------------------------
BlTCH2 SIOl 1. 122550 • -0 .017793 -0.032302 e.on'u 27.12 0.70 
• • 1 1.193704 -0 .0'4702 -0.033,55 l.H3t1' 13.U t.77 

I 2 0.119002 0. 009'63 -O.OOUl5 -l.12783t 11.U 0.53 
I 2 0.970917 o. 052936 -0.000909 -0.UlOt ,,,5 D.5t 
I ) -1.321653 -O.D3830I -0.02039 l.U3'77 3'.57 1.81 
I 3 -l.U73U -0. 20'700 -o. 027151 t.15UH 21.H 1.20 

BITCH4 SEQl 0.911339 -0.0110527 -0 .015605 e.12oou 21.13 l .U 
I } 0.5,052,2 -0.051097 -0 .0lUU 1.133'U ll.17 0.51 
• 2 -0. 411238 -0.00014' -0.007121 t .tUJ51 l.U l.U 
I 2 -0 . 445080 -0.005898 -0.0071'0 t.IUJOI 1.47 0.), 
I ) l.649H8 -0.01030 -0.028071 t.tun' 31.15 0.53 
I ) 1.Ul256 -O.OU9H -0.025420 t .9322ot 12.13 0.60 

BlTCU SIQl -o.uun 0.003552 -0.01'4'1 t .112136 30.57 0.41 
' 1 -0.855012 -0.029099 -0.0191'8 D.102'30 30.2t 0.41 
• 2 4.H7192 -0.010317 -0.03U33 ·0 .022115 20.83 0.64 
~ 2 5.1164'5 0.00123 -0 .035'90 -o.unu 1' .09 0.'6 
• 3 l.27ZllO -0.0000 -0 .0317U O.U3'30 27. 74 o.u 
• 3 1. 436810 -0.004619 -0.039212 t.115933 25.8' 0.62 

BlTCB8 SIQl 1. 800078 0.006H2 -0. 039021 1.072251 33 .ll 0.55 
I I 1 2.045040 0.050786 -O.Oll718 O.OiHH 33.23 0.55 

• 2 1.025980 -0.00SIH -O.OHH2 0.0'7315 29.B O.H 
I • 2 1.402795 0.043956 -o . 025973 1.84'904 30." 0.43 

I J 0. 170021 -0 .801201 0.006556 -0.040631 4. 75 0.57 
• 3 l.'2'503 0.070'42 0.005229 -0. 710 24 13.31 0.54 

BATCBIO SEQ! 4.3'9715 -0.902522 -0. 027178 -0. 0'2121 20 .37 0.47 
I 1 4. 422045 0.082'70 -D.02Uf0 -o.oaoos 34.76 0.43 
I 2 -1.433401 D.OOOOU 1.000210 t.17105 , , 27 0.'1 

• ' 2 -0.'8'319 t.9'9'U -e.oou21 1.140176 13. 75 e.u 
• I 3 -2.H70 43 -0. 803631 -D.IOUH l.1H7'1 22.H e.u 

I ] -i.1nm •• 827152 -D.001314 1.115387 23.21 o.u 
--------------------------------------·-------------------------------------------------------·----------
ktt.;___Jjne of Oe abnt 1odel vas sl9alflc:nt. 



APPENDIX 12 

DEPEM>EM'-
1/ARIABLE 

K)DELS RELATING PROPORTictl OF E03 BA':['CHE.g PARASITISED AS FUNCTIOO OF TRIOICXRAHMA POPULATION LEVELS 
NUMBm OF OHLO ~ BATCHES AND THE MAXIMUM TD1P. AND RH ON THE DAY PARASITOIDS 

WERE RELEASED IN THE CAGES. ( 2e adjustement) 

PARAMETER F.STIMATES FOR INDFP~ VARIABLES 

_ :INTmCE?T L'llUOIO TRIOIO BA'IOI XRHl X'll1Pl 10~2 SSE 
--------------------------------------------------------------------------------------------------------------

:.NPEPAR 6.2916436 -- -0. 06438611:1: -- -0.135700** 0.266016 * 32.00** 2.11 

" 5.470035 -- -0.064303** 0.130645** -0.135628** 0.267342 * 34.10** 2.09 

" 6.604320 -0.536393** -- -- -0.168851** 0.355297** 38.75** 2.01 
ff 5.711415 -0.537802** -- 0.135743** -0.168603** 0.357752** 41.02** 1.97 

-------------------------------------------------------------------------------------------------------------
rote: * = o.os > P > 0.01 

'H = p ( 0. 01 

I .... .... 
(!) 
I 



APPENDIX 13 

DEPf<:NDENT 
VAHIABLE 

LNPBPAR 

BATCH 2 

BAID-1 2 

BA'i'CH 4 

BATCH 4 

BATCH 6 

BATCH 6 

BATCH 8 

BATCH 8 

BATCH 10 

BA'IU{ 10 

MODELS RELA'l'ING THE PROPOR'fION OF BATCH P.ARASI'1'ISED AS A FUNCTIOO OF TRICHornAMMA 
PCPULATION LEVEl .. S, DAYl MAX 1'FM'. AND RH, AND THE S~Ul!NCES OF RELF.ASE, 

FOR DIFFERENT EOO BATCHES NUMBER IN THE CAGE (2 adjustement) 

PARAMETER ESTIMAT".t!.S FOO INDEPENDENT VARIABLES 

IN'I'mCEPI' TRI CHO LTRICHO XRHl X'IMl?l SEO 

28.761492 ·-0. 070520* -- -0.329005** 0.093490 -0.723558 

27.622557 -·- -0651411** -0.359273** 0. 231220 -0.723558 

-9.530878 -0.099053** - -0.074970 0.738607* -0.782663 

-7 .264037 -- - -0.719414** -0.131032 0.816778* -0.782663 

5.705938 -C.065602** -- -0.138702 0.302761 0.170730 
. i 

6.062493 -- -0.573176** -0.176271* 0.392473 0.115815 

7.001526 -0.032930** -- -0.095603* 0.088560 0.181090 

5.810196 -- -0.337534** 0. 107426** 0.172537 0.181090 

1.'786825 -0.051994 -- -0.036679 0.124650 -0.126458 

2.564673 -- -0.391753** -0.64772 0.184323 -0.189320 

10~2 SSE 

31.99** 2.97 

45.73** 2.78 

45.06** 2.48 

47.12** 2.43 

38.54** 2.00 

47.66** 1.85 

47.33** 0.90 

71.14** 0.67 

64.14** 0.73 

71.32** 0.65 
-------------------------------------------------------------------------------------------------------------------Note: 

* = 0.05 > p > 0.01 
** = p < 0.01 

I 
...... 
t.) 

0 
I 
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APPENiJIX 14 
: "ODELS RELATING PROPORT ION OF BATCH PARAS ITISED AS FUNCTION OF TRICH06RA"HA 

POPULATiON LEVEL, MAXIHUH TEHP. AND RH OF Th~ ~AV OF THE RELEASE OF THE 
PARASITorns FOR DIFFERENT E66 BATCHES AND SEQUENCES OF RELEASE IN TE CASE. 

(2e adjusttent> 
---------------------------------------------------------------------------------------------------------
DEPENDENT PARAMETER ESTlnATES FOR INDEPEN~ENT VARIABLES 
VARIABLE 

------- --------- -------------------------------------------------------
LNPBPAR INTERCEPT TRI CHO L TRI CHO lRHl XTllP1 100R2 SSE 
---------------------- --------------·----- ·- -------------------------------------------------------------· 
BATCH2 SE01 25.141164 -0.069715 -0.256306 -0.256306 30.95 3.09 

I 1 26.498014 -0.518401 -0.294927 0.007768 32.61 3.06 
• 2 56.442835 -0.033027 -0.3979886 -0.786343 53.551 1. 95 
" 2 55.695954 -0.315977 -0.41141611 -0.715474 57.741 1. 86 
• 3 0.359126 -0. 1088191 -0.332720 1.121179 54.331 3.52 
• 3 -3.667647 -1.11995611 -0.371477 1. 4013671 72.7411 2.72 

BATCH4 srn1 -2.986014 0.102692H -0.052603 0.385013 53.021 2.02 
I 1 3.872086 -o. 517752 -0.126525 0.331591 32.06 2.43 
" 2 22. 478853 -0.015402 -0.376078 0.403116 45.15 2.75 
• 2 13. 249828 -0.5964571 -0.3512271 0.700946 63.63 2.24 
• 3 -52.779451 -0.17906411 0.203771 1.42769211 79.2811 1. 85 
• 3 -43.6 10003 -J.04403211 0.094656 1.4177991 58.011 2.64 

BATCH6 SEU! 23.502612 -0.044554 -0.353787 0.314080 44,.v 2.84 
I 1 22.222890 -0.7510441 -0.3873361 0.499865 62.811 2.32 
• 2 -12.211173 -0.10443511 0.021279 0.473196 58.171 1. 76 
• 2 -6.703146 -0.6008091 -0.048753 0.462651 40.96 2.09 
• 3 5.620986 -0.0484581 -0.085237 0.117033 56.011 1.02 . "' .;, 4.904227 -o. 44 4284 ?t -0.106267 0.209710 81.48" 0.66 

bATCHB SEil 4.919661 -0.0402031 -o. 091785 0.169663 55.791 0.95 
• 1 3.833764 -o. 393441 ff -0.1075! 1 I o. 261198 82.7711 0.59 
p 2 -l.84163S -0.0374175 -0.033109 0.228713 35.80 1.09 . ., -3.326932 -0.362685H -0.044508 0.323286 65.401 o.eo L 

• 3 19.013093 -0.024412 -0.1619131 0.132694 61.601 0.78 
• 3 18.010297 -0.256276H ·0, J70259H -0.066873 78.2811 0.59 

BATCH10 SE!H -4.141253 ·0. 052576H , -0.016622 0.279316 75.1511 0.64 
• l -4 .221702 -0.401239H -0.043488 0.3666641 81 .5611 0.55 
• 'l 2. 381486 -0.059914° -0.044316 0.125374 70.7511 0.80 
• 2 4.572100 -0.39370511 -0 .081097 0.148224 63.9511 0.89 . ., 5.669362 -0.0418871 -0.045802 -0.016111 52.501 0.85 .) 

• J 5.269943 -0.372907 -0.064752 0.057435 78.1211 0.58 

-------- -- -- -- -------------···--------------------------------------------------------------·-------------
Not.fil.._!_= 0.05 > P >0.01 anL• ff: P < 0.01 
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Apperrlix 15: SAS program for model validation. 

TITLE'TESTING ~SSION H)DEL OF PARASITISM'; 
OPTIOOS LS=78 PS=21 NOOATE NOOt.JMBm; 
DATA ramRI; 
INFILE'A:JAPHIE.PRN'; 
INPl11' REP TRT $ sm BATCH CHILO TRICHO BH :EPAR BPAR XRHl MRHl XRH2 HRH2 

XRH3 MRH3 XTt1Pl MIME>l X'IMP2 H'IMP2 XTMP 3 MIMP3 i 

DATA NEWl; 
SET CHERRI; 
IF sm = 2; 
IN'I'ERCEP = 3.082504; 
ABATCH = 0.060892• 
B'IRICHO = -0.060228; 
CXRHl = -0 .079245; 
DXTMPl = 0.193824( 
PBPAR=(BPAR/BATCHJ; 

* STD~ = 5.20244874 *; * STD~ = 0.08669046 *; * s~ = 0.01440294 *; * STD~ = 0.04135952 *; * s~ = o.12345165 *; 

IF PBPAR=O THEN LNPBPARO=LOG(-LOG(PBPAR +. 0005)) ; ELSE 
LNPBPARO=LOO(-LOO(PBPAR - .0005)); 

LNPBPARE =ABS(IN'I'ffiCil' + ABATCH*BATCH + B'IRICHO*'IRICHO + CXRHl*XRHl + 
DXTt1Pl*XTMPl); 

CELLCHI = ((LNPBPARO - LNPBPARE)**2)/LNPBPARE; 
SUMCHI + CELLCHI; 

PROC PRINT DATA=NEWl; 
VAR LNPBPARO LNPBPARE CELLOU SUt«::HI; 

RUN; 
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Appendix 16 : Observation on the handling time of 

T. sp. nr. •vanza i in the laboratory. 

Replicate 

Hean 

S.E. 

I 

II 

III 

IV 

v 
VI 

Time spent 

on eggs (mns) 

1.95 

2.38 

2.00 

1.77 

1.42 

1.73 

1.88 

0.30 

Host location 

time (mns) 

1.88 

1.61 

2.04 

1.31 

2.22 

2.02 

1.85 

0.30 

Total time spent on egg= Th= 1.88 + 1 . 85 = 3. 73 mins 
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Appendix 17 

Functional response curve for 

o.e .,. r.leo•• of 6 Trlchogramma 911, 

o.7 

I 
1 o.6 
• ... 
J o.s I • 

' 0.4 .. 
0 
0 z 

o.~ 

0.2 
z 4 • • 10 

flMmb•r of ho.t -VD bakhe• upoMd 

Appendix 18 

Functional response curv e for 
~ r.ieo .. of 1 2 Trlchog ramma 9P• 

2 ,,,, 
1 •• 

1.7 

I 1.• 
1.9 

• 1.4 .. 
J 1.s 

I 1.2 • 

' 
1.1 

.. 1 . , • ,, 
.. • • 0.9 z 
... 0 .. 

0.7 

o.• 
o.e 

2 4 • • 10 

Number of ho•t 989 llatchet .•-,o_.., 



Appendix 19 

5 

<6.5 

I 4 

i ~.5 • .. 
J .s ii .. 

' 2.5 .. • • 2 z 

1 •• 

, 
2 

Appendix 20 

5 

4,5 

1 4 • 
i ~.5 • .. 
J • I 

' Z.8 .. • • 2 z 

, .. 
2 
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Functional response curve for 
It-. r.leaM ot 24 Trfc:hogrammca llP• 

• 

Func t io n al r-esponse curve for 
It-. rtli9CI" of 48 Trkhogramma IP• 

• 

10 

10 
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Appendix 21: Average teaperature and relative huaidity of Day 1, 2, and 
3 in cages (fitst adjuste1ent). 

N Obs Variable N 
' 

Hean Std Dev Std Error CV 
----------------------------------------------------------------------------

225 XRHl 225 88.5066667 5.8066464 0.3871098 6.5606882 
HRHl 210 58.5428571 9.8141862 0.'772432 16. 7641052 
XRH2 210 89. 7285714 5.0048439 0.3453670 5.5777594 
HRH2 195 56.2000000 10.7731051 o. 7714781 19 .1692262 
XRH3 225 88.5733333 2.'871387 0.179U26 ·3.0338010 
MRH3 225 57 .1866667 12.3192128 0.8252809 21. 3852577 
XTKPl 210 25.9785714 2.0654987 0.1425330 7. 9507787 
MTKPl 210 19.3714286 1.5986366 0.1103164 8.252500 
XTKP2 210 26.2428571 1.2038898 0.0830763 4.5874952 
MTKP2 210 20.0500000 1.3329196 0.0919802 6.6479780 
XTKP3 225 25.6800000 2.0051941 0.133679' 7.808388' 
MTKP3 225 20.0266667 0.9355098 0.0623673 4.6713205 

----------------------------------------------------------------------------

N Obs Variable H Kini1u1 Kaxi1u1 Kean Std Dev 
----------------------------------------------------------------------------225 DHl 225 80.0000000 97.0000000 88 . 5066667 5.8066464 

MRHl 210 28.0000000 70.0000000 58.5428571 9. 8141862 
XRH2 210 74 .6000000 95.0000000 89.7285714 5. 0048439 
HRH2 195 24.0000000 68 .0000000 56.2000000 10. 7731051 
XRH3 225 82.6000000 93.0000000 88.5733333 2.6871387 
MRH3 225 20.0000000 61.0000000 57.8866667 12.3792128 
lTKPl 210 22 .4000000 29.4000000 25.9785714 2.06S4987 
MTKPl 210 16 .5000000 22 .0000000 19.3714286 1.5986366 
ITKP2 210 24.0000000 28 .4000000 26.2428571 1.2038898 
NTKP2 210 17.5000000 22.5000000 20.0500000 1.3329196 
XTKP3 225 22.4000000 31 . 4000000 25.6800000 2.0051941 
NTKP3 225 18.5000000 21.5000000 20.02666'7 0.9355098 

----------------------------------------------------------------------------
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Appendix 22: Average te1peratures and relative hu1idities of Day 1, 2, and 

3 in cages (second adjusteaent). 

ff Obs Variable N Mean Std Dev Std lrror CV 
----------------------------------------------------------------------------225 XRHl 225 87.2400000 4.6£36608 0.3109107 5.3457827 

MRHl 225 58 .7066667 6.1342641 0.4089509 10.400077 
XRH2 225 88.7800000 4.0539663 0.2702644 4.5663058 
MRH2 225 57.9466667 5.4019920 0.3601328 9.3223516 
XRH3 225 88.3066667 2. 3990698 0. 1599380 2. 7167482 
MRH3 225 59.6000000 6. 731£218 0.4487748 11. 2946675 
XTMPl 225 26.1200000 1.3796350 0.0919757 5.2819106 
HTKPl 225 19.8200000 1.4730617 0.0982041 7. 4321982 
XTHP2 225 26 .2333333 0.943028 0.0628995 3.5965416 
MTMP2 225 20.2666667 1.1206264 0.0747084 5.5294067 
XTMP3 225 26.0266667 1. 2255465 0.0817031 4.7088109 
HTMP3 225 ?0.0800000 0.8135570 0.0542371 4.0515787 

----------------------------------------------------------------------------

H Obs Variable H Minlaua Maxl1u1 Hean Std Dev 
----------------------------------------------------------------------------225 XRHl 225 80.0000000 97.0000000 87.2400000 4.6636608 

HRHl 225 47.2000000 '8.8000000 58.7066667 6.1342641 
XRH2 225 80.2000000 95.0000000 88.7800000 4.0539663 
KRH2 225 H.4000000 68.11000000 57.9466667 5.4019920 
XRH3 225 83.7000000 93.0000000 88 .3066667 2.3990698 
HRH3 22~ 39.6000000 68.0000000 59.6000000 6. 7316218 
ITMPl 225 23.5000000 28.7000000 26.1200000 1.379&350 
MTMPl 225 17 .3000000 22.0000000 19.8200000 1. 4730617 
XTMP2 225 24.0000000 27.8000000 26.2333333 0.9U028 
HTMP2 225 17.7000000 22 .2000000 20.2666667 1.1206264 
ITMP3 225 H.5000000 29.3000000 26.0266667 1. 22554'5 
llTMPJ 225 18.9000000 21.4000000 20.0800000 0.8135570 

----------------------------------------------------------------------------
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Appendix 23: Average te1peratures and relative hu1idities of Day 1, 2, and 

3 in the.field experiaent. 

If Obs Var lab le If Hean Std Dev Std Error CV 
---------------------------------------------------------------------------

54 XRKl 54 96.0000000 1.4274929 0.1942572 1. 4869717 
MRHl 54 55.0000000 5.0131901 0.6822088 9.1148912 
XRff 2 54 96.6666667 1.2589304 0.1713187 1.3023418 
MRH2 54 56.0000000 2.9715633 0.4043786 5.3063631 
XRH3 54 93 .6666667 1. 2589304 0.1713187 1.3440538 
MRH3 54 52.3333333 2.0740990 0.2822491 3.9632466 
XTHPl 54 26.3333333 0.4758310 0.0647524 1.8069530 
MTHPl 54 17.8333333 0.6294652 0.0856594 3.5297113 
XTKP2 54 26 .1666667 0.'294652 0.0856594 2.4055994 
M'l'KP2 54 17.0000000 1.0902657 0.1483664 6.4133275 
X'l'HP3 54 26 . 3333333 0.2379155 0.0323762 0.9034765 
MTMP3 54 18 .1666667 0.2379155 0.03237'2 1.3096265 

---------------------------------------------------------------------------

If Obs Variable M Min i1u1 Maxi1u1 Hean Std Dev 
---------------------------------------------------------------------------

54 XRHl 54 9S .OOOOOOO 98.0000000 96.0000000 1.4274929 
MRHl 54 51.0000000 62 .0000000 55.0000000 5.0131901 
XRH2 54 95.0000000 98.0000000 96.6666667 1.2589304 
MRH2 54 53.0000000 60 .0000000 56.0000000 2.9715633 
IRH3 54 92.0000000 95 .0000000 93.6666667 1.2589304 
MRH3 54 50.0000000 55.0000000 52.3333333 2.0740990 
ITHPl 54 26.0000000 27.0000000 2' .3333333 0.4158310 
MTHPl 54 17.0000000 11.5000000 17 .8333333 0.6294652 
ITKP2 54 25.5000000 27.0000000 2,.1666667 0.6294652 
MTKP2 S4 15.5000000 U.0000000 17. 0000000· 1.0902657 
ITKP3 54 26.0000000 2& .5000000 2, ,3333333 0.2379155 
KTKP3 5~ 18 .0000000 U.5000000 18.1666667 0.2379155 

---------------------------------------------------------------------------
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Appendix 24: General level of eggs arrl egg batches parasitism in the cages. 

N Obs Variable 

180 PE 
PB 

N 

174 
179 

Minimum Maximum 

0 98.8888889 
0 100.0000000 

Mean 

17.7321112 
34.2364991 

Std Dev 

21.674091) 
33.018630~ 

Symbols: PE ~ percentage of eggs parasitised; PB = percentage of egg batches 

parasitised. 

Appendix 25: General level of eggs and egg batches parasitlsm in the 

field experiment. 

N Obs Variable N 

36 PE 
PB 

36 
36 

Minimum 

0 
0 

Maximum 

51.5021459 
66.6666667 

Mean 

7.3372211 
16.3887608 

Std Dev 

10. 4040244 
16.8031856 
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Appendix 26: Percentage parasitls1 in caged experl1ents for 

different nuaber of eqq batches exposed. 

----------------------:------------ BlTCH=2 ----------------------------------

N Obs Variable I 

36 Pl 
PB 

36 
36 

Hini1u1 Kaxi•u• Hean Std Dev 

0 98 .8888889 20.2345701 28.1511813 
0 100.0000000 36.1111111 40.7275111 

----------------------------------- BlTCH=4 ------- ---------------------------

H Obs Variable M 

36 Pl 
PB 

34 
36 

Kini1u1 Ma1l1u• Hean Std Dev 

0 80.1282051 22.3537293 24.7389517 
0 100 .0000000 38 .8888889 38.4728311 

----------------------------------- BlTCH=6 ----------------------------------

M Obs Variable M 

36 PE 
PB 

35 
36 

Kini1u1 Hax11u1 Hean Std Dev 

0 75 .5555556 18.5508665 21.5224415 
0 100.0000000 37.0370370 32.3941772 

' ----------------------------------------------------------------------------
--~-------------- - -------- --------- BlTCH:8 ------------------- ---~~----------

N Obs Variable N 

36 PE 
PB 

35 
36 

Mini1u1 Naxl1u1 Hean Std Dev 

0 68 .2656827 13.3091718 15 .1660893 
0 87.5000000 28 . 4722222 25.9826713 

--- - ------------------------------~ BlTCH=lO ---------------------------------

I Obs Variable H 

36 Pl 
PB 

34 
35 

MinilUI Haxi•u• Mean Std Dev 

0 54.2253521 14.1710204 15.2507063 
0 90 .0000000 30.5714286 24.8457426 
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Append ix 27: Percentage parasitisa in caged experiaents for different 

parasitoid dens itie~ and different nuaber of egg batches 

exposed . -

------------------------------- TRICH0=6 B!TCH=2 -----------------------------

N Obs Variable H 

9 Pl 
PB 

9 
9 

Kini1u1 Haxi1u1 Kean Std Dev 

0 26.3736264 4.1068735 9.0545652 
0 50.0000000 11.1111111 22.0479276 

------------------------------- TRICH0=6 BlTCH=4 -----------------------------

If Obs Variable H 

9 PE 
PB 

8 
9 

Kinl1u1 Maxl1u1 Kean Std Dev 

0 27.8688525 5.1185218 10 .3232847 
0 75.0000000 13.8888889 25.3448439 

---------~--------------------- TR ICH0=6 BlTCH=6 -----------------------------

H Obs Variable H 

9 PE 
PB 

g 
g 

Mini1u1 HaxilUI 

0 12. 7906977 
0 16.66666'7 

Mean 

3.0618922 
S.5555556 

Std Dev 

4.8684113 
8.3333333 

------------------------------~ TRICH0=6 BlTCH=8 -----------~-----~-----------

K Obs Var iable I 

9 Pl 
PB 

9 
9 

Minl1u1 Maxlaua 

0 U.4781145 
0 37.5000000 

Kean Std Dev 

4.1804775 5.2251749 
9.7222222 12.1478164 

------------------------------ TRICB0=6 BlTCH=lO -----------------------------

I Obs Var iable M Mlni1u1 MaxilUI Mean Std Dev 
----------------------------------------------------------------------------

9 Pl 
PB 

8 
9 

0 11.6173121 
0 30. 0000000 

2.5028106 4.7131484 
6.6666667 11.1803399 

----------------------------------------------------------------------------
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------------------------------ TRICHO=l2 BATCH=2 -----------------------------

N Obs Variable K Hini1u1 Kaxi1u1 Hean Std Dev 
----------------------------------------------------------------------------

9 Pl 
PB 

9 
9 

0 54.8780488 13.1450568 19.8464158 
0 100 .0000000 27.7777778 36.3241579 

----------------------------------------------------------------------------

------------------------------ TRICHO=l2 BlTCH=4 -----------------------------

N Obs Variable M Hini1u1 Maxi1u1 Hean Std Dev 
----------------------------------------------------------------------------

9 Pl 
PB 

8 
9 

0 30 .0000000 9.2431696 12.3653446 
0 75.0000000 19.4444444 27.3226605 

------------------------------ TRICH0=12 BATCH=6 -------------------------- ---

N Obs Variable H 

9 PB 
PB 

8 
9 

Hinl1u1 Kaxi1u1 Mean Std Dev 

0 37.2384937 10.5275550 12.9465065 
0 66.6666667 25.9259259 22.2222222 

-- ---------------------------- TRICHO=l2 BATCH=8 -----------------------------

N Obs Variable N 

9 PE 
~ 

9 
9 

Hlni1u1 Ka1i1u1 Mean Std Dev 

0 25.2336449 8.5505019 9.5731673 
0 37.5000000 18.0555556 14.1298541 

------------------------------ TRICHO=l2 BlTCH=lO ----------------------------

M Obs Variable K Mini1u1 Kaxlaua Mean 
------------------------------------------------------·---------------------

9 Pl 
PB 

9 
9 

0 13.2671133 5.2706332 
0 30 .0000000 18.8888889 

4.3145288 
9.2796073 
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----------- -----------:--- ---- TRICH0=24 BATCH=2 -----------------------------

N Obs Variable M 

9 Pl 
PB 

9 
9 

Kiniaua Maxiaua Mean Std Dev 

0 66 .6666667 29.3951577 29 .6470277 
O 100 .0000000 55 .5555556 52 .7046277 

----- ------------------------- TRICH0=24 B1TCH=4 -----------------------------

M Obs Variable M Miniaua Maxiaua Mean Std Dev 

9 Pl 9 14.7651007 62.1301775 41 .0766a94 18.8836640 
PB 9 50.0000000 100.0000000 72 .2222222 23.1990182 

------------------------------ TRICH0=24 BATCH=6 -----------------------------

M Obs Variable M Minl1u1 Maxi1u1 Mean Std Dev 

9 Pl 9 7.0671378 55 .0607287 29 .9826191 20.3429039 
PB 9 33.3333333 100. 0000000 68.5185185 24 .2161052 

--------------- --------------- TRICH0=24 B1TCH=8 -----------------------------

I Obs Variable I Mini1u1 Maxi1u1 Mean Std Dev . 
----------------------------------------------------------------------------

9 Pl 9 6.2500000 68 .2656827 26 .4068545 20.5326616 
PB 9 25 .0000000 87.5000000 52.7717778 23.1990182 

------------ ------------------ TRICH0=24 BATCH=lO ----------------------------

I Obs Variable I Miniaua Maxi1u1 Mean Std Dev 

9 Pl 9 S.8111380 52.2504892 22.5886736 15.0436697 
PB 9 20.0000000 80.0000000 48.8818889 20.8832735 



-134-

-------------------:---------- TRICH0=48 BATCH=2 -----------------------------

M Obs Variable I 

9 PB 
PB 

9 
9 

Miniau1 Naxl1u1 Mean Std Dev 

0 98 .8888889 34.2911925 38.0325570 
0 100.0000000 50.0000000 35.3553391 

------------------------------ TRICH0=48 BATCH=4 -----------------------------

N Obs Variable I 

9 Pl 
PB 

9 
g 

MinllUI NalilUI Mean Std Dev 

0 80.1282051 30 .5515311 31.6873898 
0 100.0000000 50.0000000 45.0693909 

------------------------------ TRICH0=48 81TCH=6 -----------------------------

N Obs Variable I 

9 Pl 
PB 

9 
9 

Mini1u1 Mali1u1 Mean Std Dev 

0 75.5555556 29.7399205 27.6104119 
0 100.0000000 48.1481481 30.5555556 

------------------------------ TRICH0=48 81TCK=8 -----------------------------

N Obs variable • 

9 Pl 
PB 

8 
9 

Miniaua 1Caxi1u1 Mean Std Dev 

0 34 .1991342 14.1975636 11.9042854 
0 87.SOOOOOO 33.3333333 29.3150985 

------------------------------ TRICH0=48 Bl;cJi=lO ----------------------------

N Obs Variable I Mini1u1 ICalilUI Mean Std Dev 

9 Pl 8 6.4066852 54.2253521 26.3823060 1£.5942969 
PB 8 20.0000000 90.0000000 50.0000000 22.0389266 


