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ABSTRACT 

Competition between Corcyra cephalonica and Ephestia 

cautella and radiosensitivit y of the immature stages of ~. 

cephalonica was studied. Developmental pe r iods of the two 

species under sim i lar ambient conditions but different 

locations were determined . Competition under limited and 

abundance of standard medium and broken cocoa beans was studied 

when the two species exist alone, one before the other and when 

introduced together . It was concluded that in competition~. 

cautella becomes extinct, with~. cephalonica remaining as the 

successful species. A detai led study of oviposition 

preferences of the two species when given the choice of three 

food commodities; standard medium, broken cocoa beans and 

groundnut was studied. Other studies inc lude egg-hatchability, 

age and effect of population on fecundity and for the first 

time the dai l y acti vit y patterns of the larvae of ~. cephalonica 

and ~ . ca utella have been studied in a unique way. Radiosensi­

ti v ity of the developmental stages: eggs, larvae and pupae of 

£ . cephalonica has a l so been investigated . 
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Chapter I 

Genera I Introduct ion 
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GENERA L I NTRODUCT ION 

Corcyra cephaj;:mica (Stantion) is a serious pest of stored 

products (groundnuts, cocoa, copra, sesame, sorghum, mi Ilet and 

rice), mainly in areas of tropical climate. The larvae infest 

the commodity , c rawl and construct silken tunne l s in which the y 

live causing aggregation of produce. In flour mi ll s, severe 

infestation cause c l ogging of pipes and machinery parts . 

Prior to 1957, Rawnsle y (pers onal communication) noted 

that the rice mot h, ~ . cephalonica was v irtuall y absent from 

Ghana . However the rise in importance of f . cephalonica over 

the last ten years is be l ie ved to be associated with the 

importation of low grade rice from the Far East. 

Karsho l t ( 1978) observed that f . cepha lonica was among 

the three species of Lepidoptera i n the free ports of Copenhagen, 

introduced with ships from warmer countries , though none ha ve 

been esta bl ished there . Freeman ( 1976) noted that of the moths 

associated with imported stored products to Britain, f. 

cepha lonica is second only to Ephestia cautella (Walker) both 

in frequenc y of importation and in terms of numbers . A summary 

of the interceptions of the species at the ports of entry by 

advisers of the Ministry of Agricu l ture, Fisheries and Food 

(MAFF) and the Department of Agr iculture and Fisheries for 

Scotland (OAFS) during the period 1967-1976 is shown in 
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Table I . ~ . cepha l on ica is be l ieved to be of eastern origin 

(Durant and Beve ri dge, 19 13) but has become a cosmopo l itan 

spec ies (Ayya r, 1934; Pruthi and Singh, 1945; Rao, 1954; and 

Grist and Leve r , 1969), having spread throughout the world with 

the importation of food stuffs. Highland ( 1978) observed that 

of the twenty - three species of stored product insects, co ll ected 

and ident i fied from 20 locations in nine count r ies and infesting 

foreign warehouses containing packaged foods, ~, cephalonica and 

~. cautella were two of the three most common and among the most 

des t ruct i ve pes ts . 

As far back as 1946, Stroyan ( 1946) noted that ~. cepha l on ica 

shows very catho l ic tastes ranging from whole wheat to rice, 

spl i t pulses and mixed grains and replaces~. kuehniella (Zel!.) 

in mi li s and ~, e l utel la (Hubn.). 

The other stored product moth utilised in this project, ~. 

caute ll a (the t ropical warehouse moth) is an important pest of 

sto red food in the t ropics, attacking a wide range of commod i ties 

which i nc lude groundnuts, pa lm ke r ne l s, cereals, oil seeds, 

sp ices, bones and cocoa beans . It is also known as the cocoa 

moth and causes great damage to this commodity in storage, It 

has al so the nuisa nce factor of webbing . As an examp le of the 

damage caused by such a pest, it has been calculated by workers 

in Brita in that in two years the c l osely related species ~ . 

e l ute lla (Hubn) ate 300 Ib of embryo of grain from 500 t ons 
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wheat. The abi l ity of ~ . caute ll a to cont inue to breed in 

temperate cl imate and thus infest cocoa mi l is, choco late 

factories and the I ike, makes it the mos t important pes t of 

stored cocoa beans. 

Sharma ~, (1978) whi Ie wo rking on comparative host 

preference of the rice moth f. . cephalonica and~. caute lla 

sho.;ed that sorghum was the preferred host for both insects 

but survival to pupal and adult stage was greater for f. . 

cephalon ica than for ~. cautella. 

In Ghana, in 19 57 a serious problem arose because of the 

increase in~. cautella infestation in stored cocoa beans 

associated with extended storage periods follo.;ing the production 

of larger crops (Rawnsley, 1968). Rawnsle y (1968) carried out a 

biological study on I . caute lla over several months in selected 

warehouses and this included observations on the life cycle, 

mating habits, emergence pattern and f l ight periodicit y, 

oviposition and egg viabi lit y. 

Present ly increasin g attention is being directed to the 

problems concerning stored cocoa beans in warehouses at our ports 

as a result of imminent threat posed by the destructi ve moth C. 

cephalonica. Thus Aryeetey (persona l communicat ion ) recentl y 

observed that f.. cepha lonica is rapidl y rising as the most 

serious pest of stored cocoa beans in Ghana today. Cocoa bean , 

for a long time has been the mainstay of our economy and several 
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other West -Afr ican countries, It is a commodity whi ch fetches 

a h igh price on the commerc ial market, Hence the importance of 

any destructive agent on this commodity cannot be over emphasised. 

Considering the a bove points, the growing anxiety among pest 

infestation authorities in our ports and the paucity of pub li shed 

information on the two moths in a competitive s it uation, i t was 

decided that a n investigation into this subject is not only 

welcome but ma y go a long way to: 

1. add to our scientific know ledge on the two moths 

especiall y where the y exist in a competitive 

s i tua t jon; 

2 . offer an explanation of the recent observation on 

the su dde n rise of f . cephalonica as the most 

important pest of sto red QDcoa beans in Ghana today . 

Some information already exists on competition experiments 

on the c l ose ly rel a ted temperate species ~, (Anaqasta) kuehniella 

and f, cepha lonica . Hosny et aI, (1968) reported that whenever 

one of the two ma in flour mi 11 moths, ~. kuehniella and f. ' 

cepha lon ica were present in a certain flour mill, the other 

hardl y exists in it , Cox~. ( 198 1) found that deve lopment 

of f. . ce pha Ion i ca was comp l eted at temperatures from 17 ,50 

to 35 . 50 C, wit h the highest and most rapid deve lopment occur in g 

at 30 - 350 C. At 15
0

C la rvae die:d young, but at 37.50 C some 
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s 

managed to pupate. Mean de ve lopme nt was most ra p ida t 3 OoC 

tak ing on ly 23 da ys, wh i Ie at 17. s
oe it took 170 da ys. 

i · kuehnie lla on the othe r hand can comp lete deve I opmen t at 

temperatures down to 12.S
o

C bu t not at3 1
0 c, the opt imum be i ng 

around 2SOC (Jacob and Cox, 1977). Thus it can be seen why ~. 

ce phalon ica t akes over from ~. kuehn iella in hot da mp c l imate 

as the major moth pest of f lou r mi li s, whereas the latter is 

better suited to more temperate conditions (Freeman, 1962). For 

example, stoya n ( 1946) noted that ~. ce phalonica but not 

I . kuehniella was present in both dry damp areas of India. 

Freeman ( 1962) found a n apparent gradation from f. . cepha lonica to 

I . kuehn iella down the eastern coast of South America from the 

hot c lima te of Rio de Jane iro to the coo ler Buenos Aires. Low 

mois ture content of food may also be a f ac tor here, since 

I. kuehn iella can comp lete de ve l opment at a humidity near 07. R.~. 

(Jacob a nd Cox, 1977) whi le the limit for C. cephalonica is nea rer 

107. R. H. 

Questions that arise in a ny consideration of t he nature of 

competition are : What prec i sely is the form of the competition 

process and what are the component elements? What constitutes a 

common resource of eco l og ica l req u irement that can legitimate ly 

be cons idered the object of the competitive process? Is 

competition I imited to interactions between individuals and 

spec ies at the same trophic leve l , or is any interacti on which 
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has a de le te ri ous e ffect on the existence or i ncreased potent ial 

of a nother i nd iv idua l o r species a fo rm of competit ion? How can 

the ac t ion of competition be detected and eva luated in natura l 

situations and what constitutes adequate proof of competition 

(M iller , 1967)? 

Crombie ( 1946) found from h is expe ri ments with stored 

product insects that on ly those species with s l ightly different 

ecologies survived together, while with those with exactly the 

same requirements, one alwa ys eliminated the other. 

The fact that in most laboratory competition experiments 

there is an ext inction of one of the two species is certainly in 

accord with the competitive exclusion principle which states that 

two species of the same ecological niche cannot co-exist together 

or that because of the variabi l it y of nature, two species by the 

very fact of being different cannot have exactly the same niche. 

The present project is in two parts. First part deals 

with study on competition between the two moths, f . cephalonica 

(Sta int.) of the fa mily Gal leridae and~. caute l la (W l k.) of the 

family Phyciti dae. This type of competition involves exploita ­

tion of such transient food supp l ies as stored products and in 

wh ich ind ivi dua ls comp lete their l ife cyc le as rapidl y as 

possible befo re the food supp ly disappears or become unsuitable. 

There is therefore l itt le opportunity for other forms of 

compet i tion based , f or example, on combat or acquisition of 
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territor ies which wou ld need a constant defence . 

Interspecies differences such as: ( i) feed ing ti.re; 

(ii) activ i ty; ( iii) ov i pos i tion preferences; (iv) aggressive ­

ness, are some of the factors that appear to be of selective 

importance in such competitive situat ion. Competition between 

I. cautell a and f.. cephalonica in the present project was 

investigated in la boratory cu l tures of maize/wheat/g lycerol 

(8:8: 1) and on broken cocoa beans, maintained at condit ions 

norma ll y preva i 1 ing in storage sheds in Ghana (75-98 percent R.H" 

25.5
0

C, Rawnsley, 1968). 

Both intra a nd inter specific competit i on was investigated 

when. 

I. f. . cepha lonica was introduced before ~. cautella 

and v ice - versa; 

2 . When the two moths are introduced togethe r , and 

3. When the two species exist separate l y. 

i n a I imited supp ly of food a nd when food is in abundance. Other 

aspects of the competitive studies inc l ude oviposition preferences 

on three f ood commodities : br oken cocoa beans, groundnuts and 

standa rd .redi um (maize/wheat/g lyce rol ) (8:8: 1), compet iti on for 

pupat ion sites, egg-hatchabi lity, age and fecundity, and diurnal 

acti v i ty of the two moths using rec ording kymograph and some 

aspects of their bio l ogy. 

Granting that the role of competition in the natural 
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distribution of these moths is known, one cou ld ha rd l y over look 

the ir destructive nature. In an attempt to suppress and contro l 

their population in i nfested s to red products, severa l methods 

are being used as e .g. chemica l contro l , tempera ture treatment 

and fumigati on. However, on a ccount of the increase of 

insecticide resista nce, pollution and toxicity associated with 

insecticides, the us e of radiation and genet ic methods as an 

alternati ve wa y of control has a tt racted attenti on for some time. 

Rawnsley ( 1958) described the I imitation of insecticides 

for cont ro l ling~. cautella in Gha na. Amuh (197 1) suggested the 

use of gamma radiation. Radi os e nsitivity in insects depends on 

the de velopment al stage, tissue, ce ll and chromosome type, its 

e ffect s as mea sured by bio l og ical end points is expressed in 

egg hatcha b ili ty, fecundity etc . Radiation has been exploited 

for direct control like genetic systems for long term control 

of insect pests i n stored food commodities . As at present, 

radiosensitivity has been determined in some of the many 

economicall y impor ta nt stored product pests. The radiosensiti ­

v ity of an i nsect cha nges during mo rp ho logica l development 

(Ouye ~, 1964 ; La udani ~, 1965; and Tilton ~. , 1966) 

and second part of the present study dea l s wit h this aspect . 

Cornwe l I ( 1966) proposed tha t 16 krad was adequate to 

control stored product coleoptera i n bu l k gra i n and Dayen and 

Ahmed ( 1969) conc luded that 10-12 krad woul d contro l Latheticus 
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oryzae Waterh. However stored product moths are much more 

radio resistant than beetles (Til ton and Brower, 1973 ). In the 

past control measures have been directed mostly against ~. 

cautella (Mou ld and Rawns ley , 1962). However with the growing 

importance of ~ . cephalonica, the latter merits more attention. 

Effects of gamma radiation on different morphologica l 

sta ges of ~ . cautella are known (calderon and Genon , 1971 ; 

Ahmed ~. , 1973; Cogburn ~., 1973; and Amoako-Atta a nd 

Partida 1976). However few radiation experiments have been 

ca rri e d out on ~. cepha lonica (Loaharanu ~, 1972; Abdu and 

El -sawar, 1974; Chand and Sehgal, 1978). Loaharanu ~., 

(197 2), ir rad ia ted the eggs, pupae and adults of ~ . cepha lonica. 

They emp loyed the fol lowing doses: 0, 3, 6, 12.5 and 25 krads . 

To use radiation successfully to contro l these destructive 

moths on cocoa beans, a knowledge of the effects of ga mma 

ra diation on different morphological stages of the insect is 

necessary. 

The recent installation of an experimental grain irradiati on 

un i t with a ca pac i t y for treatment of approx imatel y 85 bushel per 

hour a t a dose of 15,000 - 25,000 rads by USDA , stored products 

Insect laborator y at sa vannah, Georgia, is e v idence of the 

a ppreciable deve l opment and promise in this direct ion . Thus a 

study of radiosensit ivity of some ages of eggs, larvae and pupae 

of ~ . cephalonica, though not aimed at finding an effective 
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dose to cont ro l th is spec ies, wi II i t is hoped, add to the 

existing info rmat ion on the responses of this insect when 

i rradi a ted wi th known dos es of gamma radiat ion. 

Tab Ie I: 

Summary of the numbe r of intercept ions of C. 
cepha l on ica on imports to Bri tain in 1967 ~ 
76 grou ped by types of p roduct and geographi ­
cal o r igin of ca r go (after Cox ~. , 1981). 

Cotton seed and products 409 98 

Groun dnuts a nd products 2 235 122 

Othe r 0 i I seed s 55 II 

Rice and products II 29 139 

Ma ize and products 17 2 

Othe r cereal s 10 4 

5 

Cocoa a nd pr oducts 46 

4 

33 25 

Nu t s 18 26 

pu lses and products 16 26 

Othe rs 8 6 54 57 11 

72 

180 

21 

15 

104 

42 

42 

137 

Tota 1 numbe r of 
interce pt ions 4 74 6 876 485 41 1487 
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I I 

MATERIALS AND METHODS 

2.1 Rearing 

The moths £. ce phal on ica and s.. caute ll a were reared on 

wheat bran , fine ly grou nd maize and g lycero l medium in the 

ratio 8:8:1 (wt/wt) (Amoako- Atta and Partida, 1976) in glass 

culture ca binets (45 x 45 x 6Ocm){F ig. l ) at the stored products 

entomology laboratory of the Ghana Atom ic Energy Commission and 

the research laboratory of the Department of Zoology, University 

of Ghana, Legon (Figs. 2 and 3). The insects were maintained 

at 25.5 0 C - 30±I
o

C and 75 _ 89V-R.H. with a l ternating 12-h - l ight 

and 12-h-dark cycle. 

Pr ocedures for mai ntaining cultures were similar to those 

desc ribed by Stong ~ (1968). For exampl e, ( I ) food was 

added to cu l tu res if many young lar vae crawled ou t of the medium, 

indicating a shortage of food; and (2) r egular cleaning of 

emergence cabinets removed eggs along with o ld adults thus 

preventing hat chi ng and possible contamination of other cultu res 

with young la rvae. New cultures were started week ly . It was 

necessary in this investigation to promote not on ly effective 

mass rearing which r equ ire s opti mum d ietary media but equally 

important to meet the insects behav ioural requi rements . The 

fol l OH ing precaut iona ry measures were therefore taken: 
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I . Diseases we re el iminated from stock cu l tures by 

liS ter i 1 iza t j on l ' , 

2 . AI I equipment used in han dl i ng of insects was 

dry- heat ste ri li sed at 1000C for at least 3 hours 

as a routine measure to prevent re-infestat ion. 

2 . 2 Competi t ion Stu dy 

For competition studies in I imited amount of food and spac~, 

200 gra ms of standard med i um (Maize/wheat bran/glycerol (8:8: 1) 

wa s p la ced in glass (k ilner ) Jars (22cm deep x 8cm diam) . The 

I ids ha d fi I te r paper (8cm diam) fitted into them to a ll ow for 

aerati on. 50 unco llapsed eggs (de termined by stereo microscope 

0N i l d M5) were introduced into eac h of the jars. The jars were 

t hen p laced in aluminium t rays flooded with mach i ne oil to 

pre vent i nsects from crawl ing about (Fig.4) . Eggs were 

introdu ced as fol l ows: 

1. 50 eggs of ~ . caute lla and E.. cepha l onica were 

separatel y i ntroduced into each g lass jar (intra 

specific compet i tion); 

2 . 25 eggs of f . cau tella we re i nt r oduced first and 

af ter two weeks 25 eggs of E.. ce pha Ion i ca were 

also introduced into the same glass jar (inte r 

species competi t i on) and vice ve rsa ; 

3 . 25 eggs of E. ce pha Ion i ca and f. cau te I I a we re 
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introduced together into the same g lass jars . 

( inter specific compet i tion) . 

F ive replicates of each set up we re ma de . 

In selecting particle s ize range for the standard medium, 

the Ro - tap testing sieve shaker (Mode l B) was used (Fi g.S) . The 

size ra nges were 0. 123 - 0 . 2S mm . For the measu rements of such 

physica l fa cto rs as temperature a nd hum idi t y a s obtained in the 

experimenta I j ars, the elect ronic hygrometer/ thermometer 

(model HT-I SN- I) (F ig . 6) was used . The humidity/ temperature 

sensor was inserted into the g lass j ars through a perforated 

polythene sheet in the I id. The po 1ythene sheet was tightl y 

fitted around the sensor. The ambient temperature and 

hum id ity were reco rded with a thermo hygrograph (Fig . ?) 

recording hum idity range 0- 100'l. and temperature range 0 to SOoC 

respectively on a s i ng le chart in two colours . 

2 .3 Compe tition Study 2 

Procedure f or the compet i tion experiment on broken cocoa 

beans, whe n food and space is li miting, was the same as 

competiti on study I . However, the culture medium used was 

broken cocoa bea ns (Fi g. B). The cor n s ieve was used to se lect 

particle s ize range 2- Smm . The cocoa beans were obta ined from 

the Ghana Cocoa Marketing Board ( Infestation Di v ision), Tema 
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Ha rbour. 

2.4 Competition Study 

Competition i n abundance of food and space was studied in 

g lass cabinets (45 X 45 X 60 cm), eac h containing 2kg of the 

standard medium. Unco llaps ed eggs of the moths were introduced 

in each cabi net and observat ion on de velopment and internal 

microclima t e (R.H./temp .) we re taken t hr oughout the duration of 

t he expe r iment . The eggs were introduced into the experimental 

g lass cabinet as fo l lows: 

( I) 25 eggs of I. caute lla and f. . cephalonica were 

i ntroduced separatel y into different cabinets; 

(2) 25 e ggs of I . cautella were i ntroduced first and 

after two weeks 25 eggs of C. cepha l onica were 

a l so introduced into same cabinet; 

(3) 25 e ggs ea ch of f. . cepha lonica and E. cautella were 

introduced i nt o same cab i net . 

The above experiments were repl icated tw ice . Similar expe r iments 

were set up with broken cocoa beans. The cu l ture medi a were 

changed at the end of eac h gene ration (22 - 32 days) . This was 

necessary to ensure minimum disturbance to the larvae . 

2 . 5 Oviposition preferences 

In order to determine the oviposition preferences f o r the t wo 
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moths, ~ . caute lla and f. . cephal on ica , th ree g lass cabinets 

(45 x 45 x 60 cm) wLth rep l icates were used. Each g las s cab inet 

conta i ned 6 plastic petridis hes (9cm diam) arranged in a circ le, 

with side sepa ra tion of 6.5 cm a nd radius of 10 cm . from the 

centre of the base of the cabinet (Fig.9). 40 grams of each 

commod ity (broken cocoa beans, shel led groundnut and standard 

med ium) we re placed alternatel y in each petridish and 20 adu l ts 

( 10 ma les and 10 females) of each moth species which had just 

emerged from stock cultures were re leased i nto the cabinet from 

a centra l point on the top of the I id. The set up were as 

fo II ows: 

( I ) E. caute l la 

(2) f.. cepha Ion i ca 

(3) f. . cepha l onica/~. caute ll a 

In the case of la st set up, 10 adults of each species (5 females 

and 5 males) we re used. The moths were al lowed t o ov iposit 

f reel y in the preferred food commodity. After ten days the 

petr idi shes were removed and the number of eggs/larvae counted 

under stereo microscope (Wi ld M5), a nd number of cocoons formed 

in each petridis h was recorded after first 

emerge nce i n the experi menta l cage . 

2 .6 E 99 - ha tc ha b iii ty 

An egg la y i ng apparatus cons is ting of glass (kilreT) jars 
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(22 cm deep x 8 cm diam) provided with l id to which wire gauze 

(60-70 mesh) had been f i tted, was used i n this i nvestigation . 

The glass jar wi th the lid in p lace wa s inverted over glass 

petridish (9cm diam) containing fi Iter paper at the bottom. The 

filter paper provi ded a rough surface for oviposition. The moths 

laid with i n 12 hours sufficient number of eggs, of these 125 

unco l la psed eggs were p la ced in five g lass petri dishes (9 cm diam.) 

conta ining fine ly sifted (sieve size: 0.123 mm) maize, in batches 

of 25 each. There were five repl ications. Observations on hatchi ng 

of eggs were made dai ly at 9 .00 am . 

2 .7 Age and Fecundity 

For the determination of the age and fecundity, 

all adu l ts emerged on a particular da y f rom stock cu Itures 

were transferred to a separate glass (ki lner ) jar (22cm deep x 8 cm 

diam) for egg laying. The number of eggs laid was noted daily in 

all the a ge gr oups ti l l all the females were dead . 

2.8 Activity Pattern 

F ig. 10 shows the appa ratus used for recording movements 

of 50 mature larvae of each moth species. The larvae were inserted 

in a sma ll cy l indrica l container of aluminium foi l (15.5 cm x 3.5 cm) 

which ha d perforated transpa rent side wi ndows, the latter allowing 
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observations to be made on the larvae. The cage was suspended 

on a thin copper wire stretching between two stands. A th in 

le ver was fastened across the top of the cage and a counterpoise 

of plastic ine was used to maintain ba la nce of the writing lever. 

The movements of the la rvae within the cage caused changes in the 

centre of g ra v ity of the cage and these movements were recorded on 

a smoked drum which revolved once every 24 hou r s. Ambient tempera­

ture and humidity were recorded on a thermo hygrog raph . The same 

age group larvae we re selected from stock cultures and weighed on a 

Met ler balance befo re subjecting them to a run. Each run was 

repl icated. No food was provided for the experimental insects 'in 

the cage , Thus the expe ri ment was run when the insects occurred 

separatel y, The activity pattern was investigated under normal da y 

and n ig ht hours. 

2 .9 Competition for Pupation Sites 

Pre li m ina ry i nves t i ga t i on wi th pu pa t i on ro II s (ro II s of 

corrugated ca rd board 2 . 5cm wide by ca , 7.5cm) on the surface of 

standa rd medium in g lass stock culture jars (22cm deep x 8cm diam) 

showed that mature larvae about to pupate, norma Ily crawl awa y from 

the food , wander ar ound the inner wa l ls of the g lass jars and then 

en te r pu pa t i on ro I Is. 

Thus in order to determine competition for pupation sites , 
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a corrugated cardboard ( 1.8cm wide X 2 . 5cm in length) containing 

six pupation sites was placed in the centre of a g la ss petri dish 

(9cm di a m.) a nd fi ve ma tu re larvae of each species se lected f r om 

stock cu l tu res were weighed , marked with co l ou red but i nert dyes 

( red, yellow, gree n, b lue) a nd released into t he petri dish. The 

set up was rep l icated fi ve times and repea ted wi th 16 larvae of 

each species a nd I I pupa t ion sites . Obse rvation on their interac ­

tion and be ha v iour was noted ti ll all the pupation sites we re 

filled (Fi g. I I). 

2 . 10 Ra di ose nsiti v i ty 

The de velopme ntal sta ges of the fol low ing ages of C. 

cephalonica were used : 

( I) e ggs: 1,2 , and 3 days o l d; 

(2) larvae : earl y instar larvae (5 da ys after the 

hatc h ing) a nd late instar larvae (5 days before 

pupat ion) ; 

(3) pupae : 4-day-old . 

The 7 doses used for the eggs, larvae and pupae were 0, 5, 10, 20, 

30, 40, 50 a nd 100 krad . A coba l t - 60 irradiator with a source of 

ca 1,600 c i at dose ra tes of 2687 to 2736 rada /min belonging to the 

Ghana Atomic Ener gy Comm i ssion (Fi g. 12) was used . All doses we re 
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verified by Fri cke dos imetr y system. The Fricke dosimetr y is the 

mOS t re I iab Ie and popular chemical method of measurement of 

absorbed dose in aqueous sy stems . It is based on the oxidati on of 

ferrous to ferric ions on exposure of an acidified s o lution to 

ionizing rad iations . A sample of the prepared solution is 

irradiated in a glass or p last ic container with internal dimensions 

greater than 8mm and a thickness o f at least Imm. The exact time of 

irradi a tion is accuratel y determined. The amount of ferri c ions 

produced is normall y determined usi ng a spectrometric method wh ich 

is rapid and con venient. 

2. 10. 1 ~ 

Eggs were counted as da y old i f t he y were 12 hours in a ge after 

be ing lai d . 25 uncollapsed eggs (determined by microscopic examina­

tions) were p laced in glass v ials (2 . 5cm diam . x 5. 5cm deep). After 

treatment, the eggs were carefull y placed in g lass pe tri dishes 

(9cm d iam . )containing finel y sifted (sieve size : 0 . 063mm) maize. 

Eggs we re counted as hatched if the larvae were successful in 

emerging from the chor ions . Each test was repl icated five times . 

2 . 10 . 2 La rvae 

Larvae we re obtained by sifting from week l y stock cultures . 

For post ir radiation cu l ture, they were transferred immediate l y 
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after gamma exposure to g lass jars (22cm deep x Bcm diam . ) containing 

adequate quantities of s tan da rd medium for de ve lopment . 

2 . I 0. 3 Pupae 

Prel imina ry investigation showed that moths emerge 32 < 1 da ys 

after cu lt ures were established (Table 3) with peak pupa l formation 
th 

on the 26th da y . Thu s 26 day o ld cultureSwere used to obta in last 

instar la rvae,) mature larvae a bout to pupate normal ly crawl from 

food (see 2 .7) , To obtain pupae of known age, pupation rolls 

initiall y p la ced on the culture med i um from cultures 25 da ys old were 

removed and fres h pupation rolls we re put in the cultures for B - 12 

hours then re moved , unro lled and the last insta r larvae that had 

en te red to pu pa te co 11 ec ted , 

25 larvae were placed on about 5cm diam , pupation rolls, They 

genera ll y pupated between 12 - 24 hou rs after the las t instar had been 

reintrodu ced into the pupation rolls , 

Pupae were considered to be 1 da y o ld after t he larvae we re he ld 

in the culture room until t he pupae reached the selected age for 

ir radia tion (4 days old ) , 

Fi ve repl i cations of 25 pupae each were used fo r each age group, 

Glass jars (Bcm diam x 9cm deep ) with open tops were used to ho l d 

pupation rolls during radiation . Treated pupation rolls were trans-

ferred from t he g lass j ars into separate glass jars and returned in 

the j ars to the culture room where adults emerged , The number of 

normal and deformed ad ults emerging from the pupation roll s was reco rded . 
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Fig . l : Glass cu l tu re ca binets used fo r rearing 
~. ce phal onica an d ~. cautel la . 
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Fi g. 2 : Research La boratory, Gha na Atom ic Energy 
Comm i ss ion (GA EC ) , show i ng some of the 
apparatus used in the present work . 
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Fi g. 3 : Research Laboratory of the Zoology 
Department, Legon, showing some of the 
appa ra tus used in the present study . 
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Fi g . 4 : Experimenta l g lass (ki l ne r ) jars, 
containin g standard me d ium . 
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Fig . 5: Ro-tap testing sieve shaker (Model B), 
used fo r determining particle size 
ranges for food med i um . 
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Fi g. 6 : Elect r on ic hygrometer/thermometer 
(mode l RT-I SN- I) used for determining 
inte r na l microc l imate of experimenta l 
glass j ars and cabinets . 
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Fi g. 7: Thermohygrograp h, for rec ording humi dity 
ra nge a - 100 percent and temperature 
ran ge a - 50°C, used f or ambient tempera­
ture a nd humidity determination . 
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Fi g. 8: Experimenta l g l ass jars with broken cocoa 
be ans, standing on a l uminium tray, flooded 
wi th machi ne oi 1. 
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F ig . 9: Apparatus set-up fo r dete r mination 
of Oviposition preferences . 
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F ig . 10: Kymograph set-up used in recordin g dail y 
acti v ity patterns of f . cephalonica and 
~. caute l la respecti ve l y. 
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Fig . 11: Apparatus set-up for studying competition 
for pupation sites, 
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Fig . 12: Gamma cel l 220 (Cobalt- 60 irradiator 
source) at the Ghana Atomic Energy 
Commission, Kwabenya, used for the 
radiosensiti vity experiments with 
£. cephalonica . 
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DESCRIPTION OF THE PEST SPECIES 

3.1 Introduction 

The moths.f.. cephalonica and~. cautella as stated ea r lier 

belong to the families Galleriidae and Phycitidae respective l y . 

The caterp i lIars of both fami I ies have been known to spin 

prolific threads of silk during the wandering stage. Their life 

histories are fundamentally quite simi lar , they are also not 

divergent as to size, although ~ . cephalonica is somewhat larger. 

So far as is known there seems to be little difference between the 

behaviour of~. cephalonica and~ . cautella (Riley, 1966). The y 

are cosmopo l itan in distribution. 

3 . 2 Developmental Cha racteristics 

3.2.1 ~ 

The eggs of the two moth species are white and oval in shape 

with the surface more deeply sculptured in~. cautel1a than in 

J. cepha lonica. The size ranges are: 0.55 x 0.35mm for £. cepha-

~ and 0.48 x O.35mm for ~. cautel1a . There i s a short nipple­

I ike process at one end of the egg, and this appears to be more 

prominent in ~. cephalonica than in~. cautella (Fig. 13 ). The 

eggs have been described by Grist and Lever ( 1969). 
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3.2.2 

The larvae of the tW0 moths have we ll developed pro l egs on 

abdominal segments 3-6 and 10 . New ly hatched larvae of .£. cepha­

~ are cream white wi th pa Ie whi tish abdomina I cuticle, whi Ie 

those of ~ . cautella are yellowish or pinkish (depending on 

nutri tion). The mature larvae are cream coloured (15 x 3mm) in 

.f. cephalonica (Fi g. 14) and pinkish (II x 2mm) in~. cautella 

(Fig. 15). The larvae of the two species can further be distinguished 

by the conspicuous seta above each spiracle of the first abdominal 

segments. This arises from a c lear zone of the cuticle surrounded by 

a dark ring in f.. cephalonica while in~. cautella, it arises directly 

from a small pigmented spot. In addition, the posterior rims of the 

larval spiracles of f.. cepha l onica are thickened (H inton and Corbet, 

1972) . The male larvae of~. cautella are distinguished by their 

dark testes, which are easil y seen through the body integuments 

(Bo les and Marzkey, 1966) . The larvae of f. . cephalonica and 

E cautella have been described (Ayyar, 1934; Hinton, 1963; Hinton 

and Corbet, 1972). Thus Ayyar (1934) described eight instars in both 

sexes of f. . cephalonica but pOinted out tha t there was frequent 

de v iation from this number. Richards and Thomson (1932) noted that 

variation in the la rva l insta rs in E. caute l la is linked with sex. 

3.2.3 Cocoon and Pupa 

The last ins tar larvae of f.. cephalonica and ~. cautella 
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spin characteristic close l y- wove n , e longa te and tough cocoons that 

become covered in de br is a nd food mater ial . In the present work, t he 

cocoon of ~ . cepha lonica was found to be much more st r ong l y wove n and 

much tougher than that of ~ . ca ute ll a . The cocoon has been found to 

be double la yered (ca rmona , 1958) . Eac h cocoon contains a da r k br own 

pupa . A row of tuberc les (F ig. 16) l ies along the dorsa l mid -l ine o f 

the pupa o f ~ . cepha lonica (Grist and Le ver , 1969 ). Th i s is absent 

in .E. . caute l la (F i g. 17) . Ta b Ie 2 shows the measurements for pupae o f 

c. c ephal onica e nd ~ . caute l la . 

Ta b Ie 2: 

Measu rements fo r pupae of .c:. . cepha 1 on i ca 
and ~. caute ll a . 

, 
C. ce pha Ion i ca 

Lengt h (mm) Width( mm ) 

f'lyya r ( 1934) 7.5 - 8 . 5 1. 45 - 2 .6 
E. cautella 

Lenqt h( mm) I Width( m,;;Y 

Present Project 8.5 -1 0. 1 1. 6 - 2 . 8 6. 5 - 7. 7 I 1.9 - 2 . 2 
( 198 2) 

The eme r gence o f the ad u l t i s f a ci l itated by the structure of 

cocoon (Hod ges , 1979), which ha s a l ine of weakness ante r ior l y where 

each of the two l a yers are l oose l y bound . The l a ye r s a re t hen eas i l y 
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sp l it when the ad u l t emerges head first. Such an arrangement i s 

presumably necessary to provide fu ll protection to the anterior end 

of the pupa whi 1st allowi ng emergence of the adult, from the cocoon 

(Hodges, 1979) . The ad ult has sucking (non - biting) mouth parts. 

3.2.4 Adu l ts 

The moth ~. cautella has a wing expanse of 14-17mm, whi Ie tha t 

of f. . cephalonica is 17722mm . I . caute l la has a long and narrow 

appearance, more narrow bodied than f.. cephalonica. When at rest the 

wings of ~. cautella are held closely to the body, while in f. cepha ­

lonica , when viewed from above, their forewings are broad with 

distinct shoulders and are he ld only adpressed to the body; the hind ­

wings of f.. cephalonica have a fringe of short posteriorly directed 

hairs. The wings of ~ . cautella are dull greyish brown with an 

outer pale band and a broad inner edge (Fig. 18). t. cephalonica 

without the wing scales are mid - grey brown with thin lines of darker 

shade along the wing veins . The wings without the scales are uniform 

light brown. f.. cephaloni ca may be recognised by the fo rm of its 

labial palps which point straight forward; in the male they are blunt 

and inconsp icuous wh ile i n the female they are long and pointed 

(F i g. 19) Both sexes of f. . cephalonica (the ma les of which are 

sma ll e r than females) may be distinguished from~. caute lla in which 

the la b ial pa lps curve upwards in the front of the head (Hinton and 

Corbe t, 1972). 

University of Ghana http://ugspace.ug.edu.gh



37 

RG .13 ~GGS OF -.C.,CEPHALONICA AND .E.. . CAUTELLA 

SHOWING SHOR T NIPPLE-LIKE PRO CESS AT 

ONE END OF EACH EGG· 

t 

£ , CEPHALONICA ..L CAUTELLA 

o o 
0· ' .. "", .. 0-5_ 
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Fi g . 14: Mature larvae of C. cephalonica . 
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Fig . 15: Mature l arvae of S. caute lla . 
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~. CEPHALONICA 

FIG.16 : PUPA OF. ~. CEPHALONICA SHOWING DORSAL 
TUBERCLES 

University of Ghana http://ugspace.ug.edu.gh



41 

~ CAUTELLA 

~: PUPA OF ~. CAUTELLA ' SHOWING 

ABSENCE OF DORSAL TUBERCLES 
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F ig . 18 : Adu l ts and eggs of~. cautella. 
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Fig . 19 : Adul ts a nd eggs of ~ cephalonica . 
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Fi g. 20 : Comparati ve sizes of larvae of 
£. cephaJonica and I. cau tella in 
competitive situati on in Experimental 
glass j ars . 
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Results of Competition Studies Between 
f . cephalonica and I . cautella . 
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RESULTS OF COMPETITION STUD IE S 
BETWEEN C. CEPHALONICA AND 

C CAUTELLA 

4 . 1 Rea r i n9 

Range 

Mean 

Standard 

Table 3: 

Summary of mean deve l opmental periods (temp . 25 .5 -
30:!: 10C, R. H. : 75 - 89 percent) for ~. cepha l onica 
and ~. caute ll a at Legon and Kwabenya . 

~. cepha I on ica E. cautella 

Leeon Kwabenva Leeon Kwabenva 

29~ 31 29- 34 21-24 21-24 

30 . 2 30.3 22.5 21.6 

Deviat ion 0. 93 (n=13) 1. 67 (11"'8) 1.05 (11"' 13) 1.19 (n=8) 

Table 3 ShONS the ranges and means for the mean developmental peri ods 

for ~ . cephalonica and ~. caute lla at Legon and Kwabenya . The raw 

data are gi ven in tables 1 and 2 of the appendix tables . A students' 

~ distribution testi ng the Null Hypothesis, was used to investigate 

the difference be tween the mean developmental periods of the two 

pest species at the two locations me nt ioned ear l ier . The Null 

Hypothesis: Ho : x , - x2 D, and D = 0; supposes that the sam~ l e 

mean s of two independent populati ons are equal, when no diffe rence 

exists between the populations . In such conditions the ~ calculated 
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shou l d be less than the!. tabu lat ed. If Ho is rejected, the 

conclusion is that the samples represent two populations with 

different means. The de tail ed cal culations of the!. va lues a r e 

shown in the appendices (Appe ndi x tables 57, 58). 

The results of the ! - test showed that there was no 

significant difference (t(cal . ) 0.178< t(tab.) 2 . 093 y= 19, azO.05) 

between the mean deve I opmenta I pe r i ods at Legan and Kwabenya, and 

I ikewise for ~. cautella (t(cal.) (0 .41 7 t(tab . ) 2.093, "* 19, 

aeO . OS) . Kwabenya is within 5 kilometers r adius of Legan . 

Observat ions show that insects emergence start as ear ly as 

5 . 30 p . m. with peak emergence around 7.00 p.m.; that l arvae failed 

to penetrate deeply into medium and crowding often occured, as small 

larvae crawled up the s ides of cu l ture cabinets even when plentiful 

supply of food was present. Also mature larvae about to pupate 

move to the top layer of the food medium where almost all pupation 

takes place, however some pupated in pieces of co rrugated cardboards 

(3.0cm wide x 25cm in length) p la ced on the surface of the food 

med ium. 
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4.2 Compet i t ion St~ 

The percentage adult increas e o r r educ ti on of generation 

two (G2) ove r gene rat ion one (G I ) in I imit ed amount of sta ndard 

med i um is presented on ta b 1 e4. The de ta i I ed ca leu I at ions of the 

percentages are given in appendix tab l e 59 . 

Observations show that the sizes of emerged adults of 

£. cephalonica and ~. cautella in generation two (G2) were much 

smaller than those in generation one (GI). Th is reduction in 

size appa r ent l y cou l d be due to the effects of crowding in the 

lar va l stages of these moths in the food medium. In such biolog i -

cal environment, the effects of one l arva upon the other occur 

either directly or indirectly through the reaction of the lar va on 

the physical environment. Fo r examp le, conditioni ng of the medium 

by waste products etc. Ca refu l obse r vations of experimenta l jars 

(Fig.4) revealed the presence of some dead larvae on the surface 

of the food medium. The number of dea d larvae was found to 

inc r ease during gene ration two (G2). Ambient tempe rature and 

humidity (see appendices) we re found to equi l ibrate rapidly with the 

microc l imate (see HT/e lectronic hygrometer recordings in the 

appendices) of the expe ri mental jars. For this r eason amb ient 

t empe rature and humidit y are I i ke ly to play an important ro l e in 

lar va l deve l opment. The raw data on adult moth eme rgence 

(~. ce phal oni ca, ~ . cautella) under the va r ious condi t i ons are given 

in appendi x tables 3 - 12 . 
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Mean 
Percent. 
Increase 
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Table 4 : 

Per centage adult increase Or r educ tion of 
generation two (G2) ove r ge nerati on (G I ) 
in I imited amount of standard medium. 

EC
50 

CC
50 

E + 
C 

C 2 • 
EC CC CC 

E 
2 
EC 

2032.7 1693.0 2786. I 1843 .8 3188.6 10 . 9 

195 i.4 1491 .6 2687.8 1675.6 2667. I 5.6 

1992. I 1592 .3 2737 .0 1759 .7 2927 .9 8 . 3 

CC/EC 

EC CC 

4.0 2465.9 

3 2379.3 

3 . 5 2422 .6 
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The analys is of var iance us ing the F-test (see append ix 

tables 63,66,69, 72,75,81,84,88 - 90) shONS that significant 

differences exist between the va ri ous treatments E C 
(C+2, E + 2' etc.) 

and between the two gene rations (G2, GI)). Tests of significance 

of individual treatments are normally appl ied on ly when pre l iminary 

analysis of var iance has indicated that there are significant 

differences between the treatment means. Thus in order to test for 

the significance of individual differences between treatment means 

( E + C ) e + 2' E 2 etc. , the method of least significant differences 

(LSD) was used. 

In using the method of randomised block design (see appendix 

lables 64, 66), the analysis of variance (given earlier) will have 

a component "between block" i.e . between rep l icates and another 

'within blocks" that is within treatments (E + ~, e + f etc.). The 

only new calculation was the block sums of squares (55) obtained 

by summing the squares of the 5 blocks totals, dividing by 8 

treatment values (i ncluding Gl, G2) because each is a total of 8 

treatments and subtract ing the correct ion factor (eF). The sum of 

squares within b locks is then obtained by diffe rence from the total 

sum of squares. The results are then tabulated as fo ll ows (using 

standard contract ions for the column headings): 
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ANA LYS IS OF VARIANCE 

Source of Variat i on OF. S. S. M.S. 

Blocks 

Treatments 

Tota I 

This arrangement makes it possib le to compare treatments 

within blocks. The variance- ratio tables are read at 5 parcent and 

I percent levels of significance. For example a figure which is 

significant at the I percent leve l . means that it lies above the 

figure which would be reached by chance on ly once in hundred times on 

the average. ,~clear picture of compar i sons between treatment means 

(C + f' CCIEC, etc.) ;n generation one (Gl) and generation two (G2) 

and their interactions a r e given on tab l es 5 - 8, which show 

summaries of the ana lys is of variance on compet ition in standard 

medium (limited amount of food and space) for emerged adults of 

f.. cephalonica and ~. cautella respect i ve l y. 
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LSD AT 5 

TRT MEANS 

Gl, E' C/2 
Gl, CC/EC 
Gl, CC 
G2, E' C/2 
G2, CCjEC 
G2, C·Ej2 
G2, CC 
Gl , CCjEC 
Gl , CC 
G2, E· Cj2 
G2, CCjEC 
G2, C·E/2 
G2 , CC 
Gl, CC 
G2, E'Cj2 
G2, CCjEC 
G2, C·Ej2 
G2, CC 
G2, E.Cj2 
G2, CCjEC 
G2, C. Ej2 
G2, CC 
G2, CCjEC 
G2, C-Ej2 
G2, CC 
G2 , C· Ej2 
G2, CC 
G2, CC 

)1 

Tab le 5: 

Summary of analysis of variance on competition in standard med ium ( I imited amourt 
of food and space) for eme r ged adu l ts of ~ . ce pha l on ica, using I BM computer 

RANDOM ISED BLOCK DES IGN 

pAGE 1 . SET 1 

LEAST SIGN IFI CANT DIEFERENCE TE ST 
PERCENT 51.3191 

COMPARED. TR T. MEANS D I FFERE NC E 

Gl, C·E/2 0 . 2000 
Gl , C·E/2 2 . 3999 
Gl, C·Ej2 15 .8000 
Gl, C·Ej2 279 2000 
Gl, C·Ej2 433.0000 
Gl, C-Ej2 488.0000 
Gl, C-E/2 5 19 . 2000 
Gl, E-C/2 2.1999 
Gl, E-C/2 15 6000 
Gl, E'C/2 279.0000 
Gl E'C/2 432 . 80000 
Gl: E'C/2 487 . 8000 
Gl, E'Cj2 519 . 0001 
Gl, CCjEC 13 .4000 
Gl, CCjEC 276 .8000 
Gl, CCjEC 4~0 .6000 
Gl, CC/EC 485 .6000 
G I, CCjEC 516 . 8000 
G 1, CC 263.4000 
Gl, CC 417.2000 
Gl, CC 472 . 2000 
Gl, CC 503 . 4000 
G2, E' Cj2 153 .8000 
G2, E-C/2 208.8000 
G2, E-C/2 240.0000 
G2, CCjEC 55 . 0000 
G2, CC/EC 86 . 2000 
G2, C-Ej2 3 1.2000 

LSD AT PERC ENT 

COMMENTS 

NS 
NS 
NS 
-k-k 

** ,b~ 

** 
NS 
NS 
-.,,'-1\ 

;rk 

** 'k-:r 
NS 
,',.:r 
'k-k 

** 
** ;m 

** ,'d< 

;m 
..,-.'k 

'k-:r 
,'d< 

~ ... 
~'t-x 

NS 

76 . 4687 

* ' " Denotes Sign i fi cant 
at 5 Percent Level 

** ... Denotes Sign i f i cant 
at I Percent Leve l 

NS .. . Denotes not Signifi­
ca nt at either I or 5 
Percent Le ve I 
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LSD AT 
TRT . MEANS 

GI, E-C/2 
Gl, CC/EC 
Gl, CC 
G2, E· C/2 
G2, CC/EC 
G2, C'E/2 
G2, CC 
Gl, CC/EC 
Gl, CC 
G2, E' C!2 
G2, CC/EC 
G2, C·E/2 
G2, CC 
Gl, CC 
G2, E'C/2 
G2, CC/EC 
G2, C' E/2 
G2, CC 
G2, E'C/2 
G2, CC/EC 
G2, C' E/2 
G2, CC 
G2, CC/EC 
G2, C'E/2 
G2, CC 
G2, C'E/2 
G2, CC 
G2, CC 

52 Tab le 6: 

Summary of ana l ys is of va riance on competition in standard me dium ( l imited amount 
of food and space) pre for emerged adults of ~ . ~ha l on i ca 

RANDOMISED BL OCK DES IGN 
PAGE I , SET 2 

LEAS T S IGNIFI CA NT DIFFERENCE TEST 
PERCENT 53.5 101 LSD AT I PERCE NT 

COMPARED TRT . MEANS DIFF ERENC E COMMENTS 

GI , C·E/2 0 . 1999 NS 
G I , C· E/2 1 . 3999 NS 
Gl, C·E/2 16.2000 NS 
Gl, C·E/2 271 .2 000 ,"', 
Gl, C·E/2 420.8000 *" Gl, C·E/2 436.6000 ** GI, C·E/2 476.2000 ~'n,( 

Gl, E' C/2 1 .2 000 NS 
Gl, E'C/2 16.0000 NS 
Gl, E+C/2 27 1.0000 ** Gl, E'C!2 420.6000 ** GI, E'C/2 436.4000 ** G I, E' C/2 478.0000 ,,* 

Gl, CC/EC 14 .8000 NS 
Gl, CC/EC 269 . 7999 ** Gl, CC/EC 419.4000 ** Gl, CC/EC 435.2000 ,'ck 

Gl, CC/EC 476.7999 ~n'r 

G 1, CC 254.9999 ~'-k 

GJ, CC 404.6000 ;'r~ 

G 1, CC 420 . 4000 ,"', 
Gl, CC 462.0000 *" G2, E'C/2 149 . 6000 ,'r.' 
G2, E'C/2 165 . 4000 ,",* 

G2, E'C/2 2~7 . 0000 ** G2, CC/EC 15 .7 999 NS 
G2, CC/EC 57 .3999 " 
G2, C'E/2 41 . 5999 NS 

79 .7333 

* ... oenotes S igni ficant 
at 5 pe rcent Le ve l 

** ... Denotes Sign ifi cant 
at I Percent Leve l 

NS ... oenotes not S i gn ifi­
ca nt at either I or 
5 Percent Le ve I 
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LSD 
TRT. 

G2, C· E/2 
Gl , CC/EC 
Gl , C'E/2 
Gl , E-C/2 
Gl , EC 
G2, E-C/2 
G2, EC 
G 1, CC/EC 
Gl,C-E/2 
Gl, E-C!2 
Gl, EC 
G2, E·e/2 
G2, EC 
Gl, C'E/2 
Gl, E'C/2 
G I, EC 
G2, E· C/2 
G2, EC 
GI, E'C/2 
Gl, EC 
G2, E'C/2 
G2, EC 
Gl, EC 
G2, E·C/2 
G2, EC 
G2, E-C/2 
G2, E C 
G2, EC 

AT 

53 Tabl e 7 : 

Summa r y of ana l ysis of variance on c ompe ti t ion in s tandard medi um ( li mited amount 
of food a nd s pace) for e me r ged a du l ts of ~. ca u te ll a . 

RA NDOMI SED BLOCK DES IGN 
PAGE 2, SE T 

LEAS T S IGNIFI CA NT DIFF ERE NCE TE ST 
5 PERCENT 75.5876 LSD AT PERCENT 

MEANS COMPARED. TRT . MEANS DIFFERENCE COMMENTS 

G2, CC/EC 1. 4000 NS 
G2, CC/EC 19.2000 NS 
G2, CC/EC 19.3999 NS 
G2, CC/EC 20.7 999 NS 
G2, CC/Ee 40.2000 NS 
G2, CC/EC 601 . 000 ** G2, CC/EC 832.5999 ** G2, C-E/2 17.8000 NS 
G2, C·E/2 18.0000 NS 
G2, C·E /2 19.4000 NS 
G2, C·E/2 36.8000 NS 
G2 C-E/2 599.5999 ** G2, C' E/2 831 . 1999 ** Gl, CC/EC 0 . 1999 NS 
Gl, CC/EC 1.5999 NS 
Gl, CC/EC 21.0000 NS 
Gl, CC/EC 581 .8000 ** Gl, CC/EC 8 13.4000 ** Gl, C-E/2 1.4000 NS 
Gl, C·E/2 20 .8000 NS 
Gl, C'E/2 581 .5999 ** Gl, C·E/2 8 13.1999 ** Gl, E'C/2 19 . 4000 NS 
Gl, E-C/2 580.1999 ** 
Gl, E-C/2 8 11.7 999 ** Gl, EC 560.8000 *"1< 
Gl, EC 792 . 4000 ** 
G2, E. C/2 231 .6000 ** 

11 2 . 6302 

t, . . . Denotes Signifi­
cant at 5 percent 
Le ve l 

** ... Denotes S i gn ificant 
at I ~rcent level 

NS • . . Denotes not Signi­
f icant at e i ther 
I or 5 percent 
Le ve I . 
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LSD AT 
TRY. MEANS 

G2, C' E/2 
GI, CC/EC 
GI, C'E/2 
GI, E'C/2 
G I , EC 
G2, E'C/2 
G2, EC 
GI, CC/EC 
GI, C·E/2 
GI, E,C /2 
G I, EC 
G2, E'C/2 
G2, EC 
Gl, C·E/2 
GI, E'C/2 
Gl, EC 
G2, E-C/2 
G2, EC 
GI, E· C/2 
Gl, EC 
G2, E -C/2 
G2, EC 
GI, EC 
G2, E, C/2 
G2, EC 
G2, E'C/2 
G2, EC 
G2, EC 

54 Tab l e 8: 

Summary of anal ys is of variance on competition in standard medium ( li mited amount 
of food and space) for emerged adu l ts of ~. caute lla. 

PAGE 2 . SET 2 
RANDOMISED BLOCK DES I GN 

LEAST S IGN IFI CANT DIFFERE NCE TEST 
PERCE NT 8 1.593 6 LSD AT PERCENT 121 . 5796 C O~IPARE D. TRY. MEANS DIF FERENCE COMMENTS 

G2, CC/EC 0. 6000 NS G2, CC/EC 19.4000 NS G2, CC/EC 20.4000 NS G2, CC/EC 22.4000 NS G2, CC/EC 41.7999 NS G2, CC/EC ~617 . 5999 
*" G2, CC/EC 826.7 999 
*" G2, C. E/2 18.8000 NS G2, C·E/2 19.8000 NS G2, C' E/2 21.8000 NS * ... Denotes Sign i f icant G2, C·E/2 41.1999 NS G2, C· E/2 617.0000 >'* at 5 Percent Leve 1 

G2, C·E/2 826.1999 ,rk ** ... Denotes Significant GI, CC/EC 1.0000 NS at 1 Pe rcent Leve 1 Gl, CC/EC 3 . 0000 NS 
NS ... Denotes not Significant GI, CC/EC 22 . 3999 NS 

at either I or 5 Percent GI, CC/EC 598.2000 ** Leve I. GI, CC/EC 807.4000 ** Gl, C'E/2 2.000 NS GI, C.E/2 21.3999 NS Gl, C'E/2 597.2000 ,,,* 
GI, C.E/2 806.4000 ,,* 
GI, E'C/2 19.3999 NS Gl, E'C/2 595.2000 ,\->, 
Gl, E'C/2 804.4000 "kk 
GI, EC 

575.8000 ",->, 
GI, EC 785 . 0000 ** G2 E-C/2 209 . 1999 * 
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55 

4.3 Competition Study 2 

Table 9: 

Pe rcenta ge adul t increase o r reduction of 
generation two (G2 ) over ge ne rati on one (G I) in 
l imit ed amount of broken cocoa beans . 

E. t E 
EC

50 
CC 50 2 C· 2" CC/EC 

EC CC CC EC CC EC 

Se t I 709 . 2 1643 . 6 30 .9 1340 2503 .6 II. I 2644 .2 0 

Set 2 719 . 6 1584 .6 58 .3 2126 .7 2416 .4 19.0 3011.4 0 
Mean 
Pe rcen t. 714.4 16 14~1 44.6 1733 .4 2460.0 15. I 2827.8 0 
I ncrease 

Table 9 shows the percentage adult increase or reduction of generation 

two (G2) over generation one (G I) in I imited amount of broken 

rocoa beans . The detai led ca l culations of the percentages are gi ven 

in appendix table 60. 

Observations show that both t . cephalonica and ~. cautella 

have same developmental period of 41 days on br oken cOcoa beans. 

The raw data for the emerged adult moth (t. cepha l onica, ~ . cautel la ) 

in competition i n broken cocoa beans unde r the var ious conditions 

E 
(CC/EC, C' ~ etc.) are g iven in appendix tab l es 15-24 . 

The a nal ysis of variance was in the same manner as before 

(see appendix t a bles 75-86). Tables 10-13 g i ve detai led compa ris on 

b (C E E C ). . ( 1) etween t rea tment means .~, • '2 etc , In generat Ions one G 

and gene ra tion two (G2). 
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56 Tab Ie 10: 

Summary of ana l ys is of variance on compet i t i on in b roken cocoa 
beans ( l imi ted amount o f food a nd space) for emerged adul ts of 
~. ce pha Ion ica. 

RANDOM IS ED BLOCK DESIGN 
PAGE 3, SET 

LEAST S IGNIFICANT DIFFERENCE TEST 
LSD AT 5 PERCE NT 50 .0494 LSD AT PERCENT 74.5768 TRT. MEANS COMPARED TRT . MEANS DIFFERENCE COMMEN TS 

G I , E' C/2 GI, CC/EC 1. 4000 NS 
GI, C·E /2 GI , CC/EC 2.6000 NS 
G I, CC GI, CC / EC 13.4000 NS 
G2, E'C/2 GI, CC/EC 125. 4000 ,"* 
G2, ec / EC GI, CC/EC 2 18.8000 ,,,* 

G2, C,E/2 GI, CC/EC 271 .7999 ** G2, ce GI, eC/EC 353.0000 ** GI, C·E/2 GI, E'C/2 1.1999 NS 
GI, CC GI, E'C/2 12.0000 NS 
G2, E·C /2 GI, E.C/2 124.0000 ** * ... Denotes Si gni fi cant 
G2, CC/EC GI, E'C/2 21 7.4000 ,h'r at 5 Pe rcen t Leve I 
G2 , C·E/2 GI, E'(/2 27 0.4000 ,,,* ** ... Denotes Si gn ifica nt G2, CC GI, E.C/2 35 1.6000 ,,,* 

GI , CC GI, C·E/2 10.8000 NS at I Pe rcent Leve l 

G2, E-C/2 GI, CtE/2 122 .8000 ** NS ... Denotes not Signif icant 
G2, CC/EC GI, C·E/2 2 16.2000 ",* at either I or 5 Percent 
G2, C'E/2 G I C.E/2 269.2000 ,h'r Leve I . 
G2, CC GI, C+E/2 350.4000 ** G2, E+ C/2 GI, CC 112.0000 ,,* 

G2, CC/EC GI, cc 205.4000 ,'* 
G2, C· E/2 GI, cc 258.4000 ~b~ 

G2 , CC GI, cc 339.6000 -In'' 
G2, CC/EC G2, E'C/2 93 . 4000 ** G2, C+E/2 G2, bC/2 146.3999 ,'(k 

G2, CC G2, E 'C/2 227.6000 ** G2, C'E/2 G2, CC/EC 52 .9999 * G2, CC G2, CC/EC 134 .2000 ,,* 

G2, CC G2, CtE/2 81.2000 -irk 
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-~~--------- - ---!'7 Tab l e 11 : 

Summary of ana l ysi s of var iance on compet i t i on in broken cOcoa beans 
( I imited amount of food and s pace) fo r emerged adu l ts of £. ce~halonic!. 

RANDOM I SED BLOCK DES IGN 
PAGE 3, SET 2 

LEAST S IGNI FI CANT D I FFE RE NCE TE ST 
LSD AT 5 PERCE NT 34 . 3904 LS D AT PERC ENT TRT. MEANS COMPARED TRT . MEANS DIFFERENCE COMMENTS Gl , C·E / 2 Gl, CC/ EC 0.2000 NS Gl, C'E/2 Gl , CC/EC 4.6'00 NS Gl, CC Gl , CC / EC 14 .6000 NS G2, E-C/2 Gl , CC/EC 182 . 6000 ,,* 

G2, CC/EC Gl , CC/ EC 255.7 999 ** G2, C- E/2 Gl , CC/EC 3 15.0000 *,' G2, CC Gl, CC/EC 362.0000 *" Gl, C'E/2 Gl, E-C/2 4.4000 NS Gl, CC Gl, E'C/2 14 . 3999 NS G2, E'C/2 Gl, E.C/2 182.4000 ** G2, CC/EC Gl, E' C/2 255.6000 *" G2, C,E /2 Gl, EtC/2 3 14 .8000 *" G2, CC Gl, E'C/2 36 1.8 000 *" Gl, CC Gl, C.E/2 10.0000 NS G2, E'C/2 Gl, C,E/2 178 . • 000 *" G2, CC/EC Gl, CtE/2 25 1. 1999 ** G2, C.E/2 Gl, C·E/2 310.4000 ,,,* 
G2, CC Gl, C,E/2 357.4000 ** G2, EtC/2 G 1, CC 168.0000 ,,* 
G2, CC/EC Gl, CC 24 1. 1999 *" G2, C-E/2 Gl, CC 300.4000 ** G2, CC G 1, CC 347.4000 *" G2, CC/EC G2, E' C/2 73. 1999 ~'-* 
G2, C'E/2 G2, E'C/2 132. 4000 ** G2, CC G2, E· C/2 179 .4000 )br 
G2, C,E/2 G2, CC/EC 59.2000 ,,* 

G2, CC G2, CC/EC 106 .2000 ok" 
G2, CC G2, C,E/2 47.0000 * 

51.2438 

* .. Denotes signifi ­
ca nt at 5 pe rcen t 
Leve I 

)'rir: Denotes 5 i gn i f i -
cant at I percent 
Leve I 

NS Denotes signi ficant 
at eIther 1 or 5 
perce nt Leve 1 
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58 Tabl e 12: 

Summary of ana l ysis of var iance on compet ition in broken COcoa beans 
(limited amount of food a nd space ) for eme r ged adults of ~. ~autella 

RANDDM I SED BLOCK DES I GN 

PAGE 4 SET I 
LEAST S I GN IF ICANT 0 1 FFERE NCE TE ST 

LSD AT 5 PERCENT 20.3997 LSD AT PERCENT 30.3969 
TRT. MEANS COMPARED TRT . MEANS 0 1 FFERE NCE COMMEN TS 

G2, C ... E/2 G2, CC/EC 0.4000 NS 
GI , CC/EC G2, CC/EC 2.0000 NS 
G2, E+C/2 G2, CC/EC 3.4000 NS 
GI, C.E/2 G2, CC/EC 3.6000 NS 
GI, E+C/2 G2, CC/EC 11 .0000 NS 
G I , EC G2, CC/EC 26.2000 * G2, EC G2, CC/EC 185.8000 ** GI, CC/EC G2, C+E/2 1.6000 NS 
G2, E+ C/2 G2, C+E/2 3.0000 NS 
GI, C+E/2 G2, C+E/2 3.2000 NS 
GI, E+C/2 G2, C+E/2 10.6000 NS * .. Denotes significant 
GI , EC G2, C·E/2 25.7999 * at 5 percent le ve l 
G2, EC G2, C+E/2 185 . 3999 ** ** .. Denotes significant 
G2, E+C/2 GI, CC/EC 1.3999 NS 

at I percent l eve l 
GI, C+E/2 GI, CC/EC 1.6000 NS 
GI, E'C/2 GI, CC/EC 9.0000 NS NS •• Denotes not s fgnifi-
GI, EC GI, CC/EC 24.2000 * at either I or 5 
G2, EC GI, CC/EC 183.8000 ** percent l evel . 
GI, C'E/2 G2, E+C/2 0.2000 NS 
GI, E+C/2 G2, E+C/2 7.6000 NS 
GI, EC G2, E'C/2 22.7999 * G2, EC G2, E +C/2 182.3999 ** GI, E+C/2 GI, C.E/2 7.4000 NS 
GI, EC GI, C.E/2 · 22.5999 * 
G2, EC GI, C·E/2 182.2000 ** G I, EC GI, E-C/2 15.1999 NS 
G2, EC GI, E+C/2 174.8000 -k-k 

G2 , EC GI, EC 159.6000 ** 
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PAGE 4 

LSD AT 
TRT . 

G2, C+ E/ 2 
GI, CC/EC 
GI , C+E/2 
G2, E'C /2 
GI, E'C/2 
GI, EC 
G2, EC 
G I , CC/EC 
GI, C,E/2 
G2, E'C/2 
GI , E'C/2 

GI , EC 
G2, EC 
G I , E + (/2 
G2, E'C/2 
GI, E'C/2 
GI, EC 
G2, EC 
G2, E'C/2 
GI, E'C/2 
GI, CC 
G2 , EC 
GI, E'C/2 
GI , EC 
G2, EC 
GI, EC 
G2, EC 

G2, EC 

59 Tab Ie 13: 

Summary of ana lys is of var iance on compet ition in broken COcoa beans 
( limited amount of food and space) fo r eme r ged adu l t s of I. cautella. 

RANDOM ISED BLOCK DESIGN 
SET 2 

LRAS T S IGNIF ICANT DIFFERENCE TEST 

5 PERCENT 20.0288 LSD AT PERCENT 
MEANS COMPARED TRT. MEANS D I FFERE NCE COMMENTS 

G2, CC/EC 0 . 8000 NS 
G2, CC/EC 2 . 8000 NS 
G2, CC/EC 4.2000 NS 
G2, CC/EC 7.0000 NS 
G2, CC/EC 12 .0000 NS 
G2, CC/EC 27 . 6000 ,,< 

G2, CC/EC 199 .6000 *'< 
G2, C.E/2 2.0000 NS 
G2, C·E/2 3.4000 NS 
G2, C,E/2 6.2000 NS 
G2, C·E/2 11 .2000 NS 
G2, C+ E/2 26.7999 ,,< 

G2, C'E/2 198.7999 *'< 
GI, CC/EC 1.4000 NS 
GI, CC/EC 4.2000 NS 
GI, CC/EC 9.2000 NS 
GI, CC/EC 24.7 999 * GI, CC/EC 196.7999 ** GI, C,E/2 2 . 8000 NS 
GI, C'E/2 7.8000 NS 
GI, C,E/2 23.4000 * 
GI , C·E/2 195.3999 *'< 
G2, E'C /2 5.0000 NS 
G2, E -C/2 20.6000 * 
G2, E 'C/2 192.6000 *'< 
GI, bC/2 15 .6000 NS 
GI, E'C/2 187.6000 ** 
G I, EC 172.0000 -k-k 

* 
,"<1; 

NS 

29.8442 

Denotes signif icant 
at 5 pe rcent leve l 

Denotes sign i f j cant 
at I percent Jeve I 

Denotes not sign i f i­
cant at e J ther I or 
5 perce nta J eve I. 
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4.4 Compe tition Stud y 3 

The results of competit;on in a bundance of standard medium 

and abundance of broken cocoa beans are presented on tables 14 and 

15 respectively. The detail ed ca lcu lations of the percentages are 

given in appendix tables 61 and 62. The results of the analysis of 

variance (see appendix tab les 87-90) show that there are significant 

differences at the 5 percent level of significance between emerged 

adults of £.. cephalonica and S. cauta lla in the various treatments 

and generat ions. 

Observations show that the sizes of emerged adults are 

bigger than those in the experiments in limited amount of food and 

space Observations also showed that there were few dead larvae on 

the surface of the food medium (stan dard medium, broken cocoa beans) 

in generation two and gene ration three (standa rd medium) respective ly. 

Thus in situations where resources (food, space) are not in short 

supply, competit ion occurs when for examp le, larvae seeking that 

reSource harm one another in the process (interference). Observations 

also show that adult male moths emerged a day or two earlier than 

fema Ie moths. 
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Ta b Ie 14: 

Percentage adult inc rease Or r e du cti on of generat ion two (G2) Ove r genera ti on 
one (G I ) and generation t hree (G3) over generation t wo (G2 ) in abun da nce of 
standard med ium . 

I E + C C + E 
CC / EC 2 2 r----' 

EC
50 

CC
50 

EC CC CC EC CC EC 

G2 G3 G2 G3 G2 G3 G2 
, 

G3 G2 G3 G2 ~ 
, 

G2 G3 G2 G3 
IT G2 IT G2 IT G2 GT G2 GT G2 IT G2 IT G2 IT IT 

Set I 2054 .3 476.2 1609.3 229.2 2952.2 31.4 1872. 7 225.0 286 1. 9 27 1.2 77 9.2 15 3.5 2700 . 0 27 1. 5 2345 . 8 313 . 2 

Set 2 2 155.6 507.3 1587.8 268.9 3800.0 40.8 23 18. 2 102 .0 25 17 .4 3 13 . 8 11 ~O. O 56 . 13 2834 . 8 98.6 260 .4 94.7 

~an 
2105 .0 491 . 8 1598.6 Incr ease 249.1 3376. I 36. 1 2095 . 5 163 .5 2689. 7 292 . 5 939.6 104.8 2767.4 185 . 1 1303 . I 204 . 0 
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Set I 

Se t 2 

Mean 
Percent 
Increase 

62 

Tab Ie 15: 

percentage ad u lt increase or reduction of 
gene ra tion two ( G2 ) over generation one (Gl) 
in abundance of broken cocoa beans . 

E + ~ E 
EC

50 
CC

50 
C + 2 

EC CC CC EC 

954.8 1472.~ 22 1 . I 1733.3 2325 200 

977 .8 1569 . 2 205.9 1743 .8 2 111 . I 136. 4 

966.3 1520 .8 213.5 1738.6 2218. I 168 .2 

1'.5 Ovipos i tion Preferences 

CCjEC 

CC EC 

2277 .8 157. I 

2281.3 150 

2279.6 153.6 

The raw data from the experiments on oviposition preferences 

are given in appendix tables 25-30 . The ch i-squared (X 2) test was used 

to analyse the results (see appendix t a bles 91 -96 for detailed ca lcu ­

lation of X2 values). Tables 16 - 21 show the results of the anal ys is. 

Carefu l examination of tab le 16 shows that the X2 value of 

157.5 .lith two de grees of freedom corresponds to a probability of less 

than 0.001. Th is shows high l y s i gnificant departure from rand om 

expectation based on the hypothesis that i t is a matte r of equa l 

chance (Nul I hypothesi s) as to which food medium is preferred for 
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oviposit ion by the two moths, f , caute ll a and £, cepha l on ica, 

On examinin g di fferences between expected and observed va lues 

in the ind ividua l ce lls of the t a b le ; three main tendencies become 

appa rent: 

(I) f. caute lla tends to prefer standard medium when 

in competition with ~. cephalonica for oviposition 

sites; 

(2) ~. ce pha l onica tendSto prefer broken cocoa beans more 

than the other given food commodities' 

(3) ~. cepha l onica tends to prefe r groundnut next to broken 

beans. 

Tables 17 and 18 show that when E, cautella and ~, cephalonica OCc~r 

separate ly and when given the cho ice of ovipositing in the three 

food commodi ties mentioned earlier, standard medium is the most 

preferred food commodity. Th is trend is repeated in tables 19-21. 

However table 18 shows that £, cepha l on ica is not f ound only on 

standard medium but occu rs to a lesser extent on broken cocoa beans, 

Thus the above resu l ts f or oviposition preferences can be 

summarised in orde r of preference as follows: 

(1) Cond i tj on CC/EC 

f. caute l la : (standmedium > groundnut > broken cocoa beans) 

!;,. ce pha l onica : (b roken cOcoa beans) groundnut > standmedlum} 
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(2) eondi tion ee, Ee 

~. caute lla: (standard medium> br oken cocoa beans> 

groundnut). 

1;.. cephalonica : (standa rd medium> broken cocoa beans > 

groundnut ). 

The above results suggest that f. cephalonica poses a real 

danger to cocoa beans when in competit ion with~. cautella. 

Where 1;.. cephalonica exists 

alone under simil ar conditions, cocoa beans are still affected. 

The destructive nature of f . cephalonica can be seen by 

comparison of Figs. 21-27, which c learl y showsthat much more 

damage is done by f.. cephalonica than E. cautella in a l l the three 

given food commodities (pictures taken from petrid ishes used in 

the set-up for ovipos it ion prefe rences, see Fig .9). 

Observations on the petridishes (using Wi ld M5 ste reo 

microscope) two weeks after setting up the exper iments for ovipo-

sit ion prefe rences, revealed that apart from the young larvae 

present in the petridishes, there were a large number of eggs 

(collapsed) in some of the petridis hes containing she lled ground-

nut. Almost invariab ly there we re dead fema le moths in these 

petridishes Dying fema les of the moths have been observed in 

some cases to discharge eggs by the i nvo l untary abdominal 

peristalsis preceeding deat h. Thus the presence of the large 

University of Ghana http://ugspace.ug.edu.gh



65 

number of collapsed e ggs could be I inked with the dead fema le moths. 

j'Species of 
Insect ( Ia rvae) 

~.caute l la 

~. cepha Ion i ca 

(rota I) 

Table 16: 

Ana l ysis for oviposition preferences tests 
for ~. ca utella and C. ce pha lonica when 
introduced together tCC/EC). 

S ta nda rd Broken Shelled 
Med i um Cocoa Ground-

Beans nut 

Observed 124.5 I 12 

Expected 81.4 36.9 18.9 

Difference +43. I -35 .9 -6.9 

Observed 7.5 58.5 18.5 

Expected 50. I 22.6 11.6 

Difference -42 .6 • 35.9 +6.9 

(131. 5) (59.5) (30.5) 

2 
157.5, P<O.OOI Highly sign i fica n t X (2) 

~ .. 

(Tota l) 

(137.5) 

(84.5) 

(222) 
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Tab le 17: 

Anal ysis f or ov ipos i t ion preferences tests 
for I . cautella (Ee). 

I ~. cautel la , ( l arvae) 

Food Medium Observed Expected 

S tanda rd med i um 69.5 29.5 

Broke n cocoa bea nS 12 29.5 

Shel led groundnut 7 29 . 5 

(Tota 1) (88.5) (88.5) 

X(2) = 84 . 25 P < 0.001 '. Highly sign ifi cant 

Deviation 

... 40 

-1 7.5 

-22.5 

(0.0) 
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Tab Ie 18: 

Anal ys i s fo r ov iposi t ion prefere nces tes ts 
f or £ . cep ha l o nica (CC) 

r c. cepha Ion i ca, ( larvae) 

Food med i urn Observed Expec ted Oev i a t i on 

S tanda rd rned iurn 58.5 33.67 +24.83 

Broken cocoa bea ns 41 33.67 + 7.33 

She l Ied groundnut 1. 5 33.67 -32. 17 

(Tota I) (101. 0) ( 101. 0) (0.0) 

2 
= 50.65 P < 0.00 1 High ly significant X (2) '. 
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Table 19: 

Analysis for oviposition preferences tests 
fo r f . cepha Ion ica (CC). 

I c. cepha I on i ca (cocoon) 

Food medium Obse rved ERpected Dev ia t ion 

S tanda rd med i um 79.5 62.83 ... 16.67 

Broken cocoa beans 62.5 62.83 - 0.33 

She lied groundnut 46 .5 62.83 -16.33 

(Total ) ( 188.5) (188.5) (0.0) 

><'(2) = 10.39, P "- 0.01 .. significant 
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Tab Ie 20: 

Analysis for oviposition preferences tests 
for f. ca ute Iia (Ee) 

I E. cautella, (cocoon) 

Food medium Obse rved Expected Dev iat ion 

S tanda rd med iu m 66.5 41 .25.5 

Broken cocoa beans 31.5 41 -9.5 

She lied groundnut 25 41 -16 

(Tota l ) (123) (123) (0.0) 

l(2) = 24.3, P < 0.001 .. Highly significant 
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Table 21 : 

Analysis for oviposition preferences tests 
for ~. ca u:te l la and C.cepha lonica when 
introduced together TCC/EC) 

I C. cephalonica/E. cautella 

Food medium Observed Expected 

S tanda rd med i um 105 62. 17 

Broken coco beans 59 62.17 

She lied groundnut 22 . 5 62. 17 

(Tota I) ( 186 . 5) (186.5) 

-. 
'- 54.93, p <. 0.001 High l y s i gnificant X (2) = .. 

(cocoon) 

Dev iat i on 

... 42 .83 

- 3.17 

- 39.67 

(0.0) 
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Fig . 21 : ~. cautella on she lled gr oundnut 
(Oviposition preferences determination) 
Note webbing and extent of damage after 
9 wee ks . 
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Fig. 22: ~. cephalonica on shelled groundnuts 
(Oviposition preferences determination) 

Note webbing and extent of damage after 
9 weeks. 
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Fi g. 23 : ~ . cephalon ica on shelled groundnuts (Ovipo­
sition preferences dete rmi nation) Note webbing 
and extent of damage after 15 weeks. 
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E . caute 11 a on b r oken cocoa bea ns 
(Ovi posit i on preferences determination) . 
Note webb i ng and extent of dama ge after 9 weeks. 
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Fi g. 25: ~ . ce pha l onica on broken cocoa beans 
(Ov i pos i t i on prefe rences determi nat ion) . 
Note webbing and extent of damage after 9weeks. 
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E . cautella on standard medium 
(Oviposition p references determination). 
Note matty aj)pearance and extent of 
dama ge after ~ we e ks . 
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Fi g. 27: ~ . cephalonica on standard medium 
(Ov iposition preferences determination) . 
Note matty appeara nce and extent of damage 
after 9 weeks_ 
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4. 6 Egg- hatchabi l it y 

Table 22: 

percentage egg- hatchabi 1 ity of E. cautella and 
!;.. cepha l on ica . 

Percent . Egg-hatcha b iIi t y 

E. cautella 94.4 

C . cep ha Ion ica 85.6 

Tabl e 22 a bove shows the percentage egg- hatchabi lity of 

! . cautella and f.. cephalonica from observations on batches of 

650 eggs of each spec i es . The raw da ta for ~. cau te 11 a and 

~ . cephalonica are g iven in appendix tables 31 and 32 respect ively. 

From table 2, it can be seen that ~ . cautella has gr eate r percentage 

egg-hatchabil ity than f. cephalonica . Observations (see appendix 

tab l es 3 1, 32) show that egg-hatchability reached a maximum on the 

fift h day from the time of oviposition and then declined t o a low 

l eve l . It was observed that young larvae emerging from egg cas es 

move randoml y apparentl y in search of food suppl y. 
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4 .7 Age and Fecund i ty 

Set 

Se t 

Ta b le 23: 

Mean fecundity per fema le of E. cautella and C. 
cepha lon ica when paired I male to I female -
(from 20 adults reared on 200 grams of standard 
med ium). 

E. ca u te Iia C. cepha Ion i ca 

I 168.4 132.5 

2. 160 .5 145 .3 

Mean for 
set I and 2 164 .5 138.9 

Table 23 shows that 1 . caute l la has a mean fecundity 

of 164.5 eggs per female. This is highe r than the mean fecundity 

of 138.9 eggs per fema le for ~ . cephalonica. That the number of 

eggs la id per female of each species varies, is shown in appendix 

tables 33-36. Under jncreasa::!population conditions, fecundity per 

fema le becomes lowered (table 24). 

Observations show that ov ipositi on begins some hours after 

copu lation, occuring thereafter mostly at night. The raw data on 

a ge and fecundity are given in appendix tables 33-38. 
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Table 24: 

Mean Fecunsiity per fema le of E. caute ll a 
and C. cephalonica (from 200/ 1 00 adults 
reared on 200 gra ms of standard medium). 

E. caute ll a C. ceeha Ion i ca 

Pa i r in g (0 : ~ ) 50:50 10: 10 

No. of adu I ts rea red 200 100 

Mea n fe.cund i t y 108.3 88 . I 

4.6 Act iv ity p'attern 

Many anima ls are acti ve by da y or by night, showing a diurna l 

rhythm of activity. Figs . 28 and 29 show the daily activity pattern 

of the larvae of C. cephalonica and ~ . cautella under 12 hours normal 

da y I ight and 12 hours norma I da r kness . Fi g. 30 shows a comparison 

of pa r t of the activity pattern (night) of~. caute ll a and C. ceeha-

lonica re s pective ly . A study of the kymograph records (Figs .28,29) 

shows that both I. cephalonica and ~ . caute l la become act i ve from 

around 3 p.m. and r emain very acti ve during the n i ght but become 

less acti ve d ur ing the day . Thi s rhythm of act i vity was repeated 

University of Ghana http://ugspace.ug.edu.gh



8 1 

in al l the kymograph records studied. 

Observations (from the transparent window of the container, 

(Fig . 10) show that as the larvae move about, trails of s il ken 

threads are left behind wh ich do not particular ly define a c lear 

path, and where a number of t hese si l ken threads are found a 

webbing is formed . The la rvae were not provided with food for 

the durati on of the experi ment (24 hours), thus the activity 

'pattern observed on the kymog raph reco rds could be that of search 

f or food by t he larvae. 

From F igs. 28 aod 29, i t can be seen that the amp litudes in 

the kymog ra ph rec o rds are longe r for ~. ce pha l onica than for ~. 

cau tella . Thi s may reflect on the ir rel a ti ve sizes and weights 

(same age and nu mber introdu ced) as we ll as thei r activi t ies 

during the per iod . 
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Fig . 28: Dai l y activity pattern of l arvae of 
k . cephalonica, under 12 hours normal 
da y li ght and 12 hours norma l darkness . 
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F ig. 29: Dai Iy acti v ity pattern of larvae of 
~ . cautella, under 12 hours norma l 
da y l ight and 12 hours no r ma l da r kness. 
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F ig. 30: Comparison of acti vity patterns (nigh t ) 
of~. cepha l onica and~ . cautella, under 
norma l 12 hours dayl ight and 12 hours 
norma 1 da rkness . 
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4.9 Competition fo r Pupation Sites 

In competing for pupati on sites made of corrugated ca rdboard, 

tables 25 and 26 show t hat ~ . cepha l onica always turnsout as the 

b~tercompe titor, occupying 80- 90 . 9 percent of the pupa ti on sites as 

compared t o 9 . 1 - 20 percent fo r E. caute ll a. 6 and 11 pupation 

sites we r e competed for by 5 and 16 matu re larvae of each 

species . The raw data are given in append ix tab l es 39 - 42 . 

Observa t ions on the movement of the larvae of the t wo sp.ec ies 

prior to occupying pupation sites showed that the larva e tend to 

move ar ound the bottom ed ge of the petridish and when they come 

i nto contact, larvae of the same species litera ll y walked ove r 

eac h other . Howeve r, this is not often the case when it involves 

larvae of t wo differe nt species . In the la tter situation, 

l . caute I ia ei ther retreats by fast backward movements o r avoids 

i . ce phalonica by moving towards the centre of the petr idish 

(a vo ida nce rea ct ion). There were situations where there were 

actual biting of ~ . caute l la by ~. tepha l onica and sometimes 

the re were counter attacks by ~. cautella . In a separate 

experi men t in wh ich different sizes (age groups) of ~. caute ll a 

were intr oduced i nto the sa me pet r idish wi th mature larvae of 

~. cephalonica . It was foun d that the abi l ity of~. caute l la 

larvae to counter-a tta ck and thus b i te ~ . cepha l onica depended, 

to some extent, on the size (age), that i s young la rvae of~. 

caute ll a a lmost al wa ys disp layed a voidance reaction to,,",rds 
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mature larvae of s;.. cephalonica . Simi lar observation was made on 

the re ve rse situation, ~hat is young la rvae of s;.. cephalonica 

avoided mature larvae of E. ca utella . 

As mentioned earlier, most of the pupat ion sites were 

occupied by s;.. cepha Ion ica . I t was observed that even when 

!. cautel la was the first to occupy a pupat ion site, f . cephalonica 

al ways invari abl y replaced it ; especiall y when the latter entered 

the already occupied site from the rear (each site had two openings). 

In cases where f. cepha l onica attempted to enter a pupation site 

alread y occupied by ~ . cautella from the front, ~ . cautella 

defended the site by opening the jaws and sometimes biting the 

intruder . Thus it was not alwa ys easy for ~. cepha l onica to 

displace~ . cautel la from a pupation site ( inter specific interac ­

tion) . Simi lar observations were made when it involved larvae of 

the same species, i.e. either E. cautella or C. cephalonica (intra 

specific interaction). 

University of Ghana http://ugspace.ug.edu.gh



87 

Table 25: 

Summa r y of resu l ts of competition between 
£ . cepha l OA ica and ~. caute Ii a for pupation 
sites ( using corrugated cardboard wi th 6 
pupation si tes). 

pERCENT . SUCCESS (S ITES) 

E . caute lla C. cepha I on i ca 

Set I 20.0 80.0 

. Set 2 20 . 0 80 . 0 

Table 26: 

Summary of results of compet iti on between 
f. . cephalonica and~. caute lla for pupation 
sites (us in g corrugated ca rdboards with II 
pupation sites) . 

pERCENT . SUCCESS (S I TES) 

E. cautella C. ceQhalonica 

Set I 9 . I 90.9 

Set 2 9 . I 90 . 9 
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4.10 Discussion 

AI though the primary concern of this study I ies in the 

quantitative descrip t ion of what happens when.<;. . cephalon ica and 

! . cautel l a are cu l tured as competing populations on standard 

medium a nd b r oken cocoa beans, it is impossible to discuss this 

phenomenon with cogency unti I the re is a c lear understanding as 

to how each species behaves when grown by itse l f in the absence 

of such competition. Thus the resu l ts compared the two competing 

species when a lone ( i .e. contro l condition CC, EC); one after the 

other (cond it ion c+ ~, E ... % ) and when introduced together 

(condition CC/EC) . 

Ma ny genera l isations have been made on competition experi -

ments with other stored product insects such that: 

( I ) One species o r the other will a lways become extinct, 

given enough time ; 

(2) Under othe r sets of conditions the outcome of 

competition depends on the initia l number of each 

species int r oduced in the cu l ture; 

(3) Unde r some sets of conditions one of the two species 

will become ext i nc t; 

(4) In some cases the outcome of competit i on is completely 

unce r tain; one species or the other becomes extinct, 

wit h probabi I ities dependent on the environmental 

conditions and the initial number of the two species. 
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Mos t of the experiment s f all i nto category 4. In the present 

ca se both f. . ce pha l onica and S. caute ll a compete with each other 

c on tinuousl y a ll through the li fe cycle from egg laying to the 

e mergence of a du l t moths. Aspects of interference inc l uding 

competition for pupation sites (Fig . II ), mutual interruption of 

r hythm ic behaviou r patte r ns of larvae (Fi gs. 28, 29), oviposition 

p re ferences, egg mo r ta li ty caused by mechanical interference of 

la rvae (cond it i on C+ S 
2' E • % ), and compet i t i On for food 

ma te ria Is ·in the larva I stage . Consequent l y it is to be supposed 

that the process of extinction is very rap id and the end result 

is clear cut. 

Tables 4, 5 s how the pe r centage adult increase or decrease 

of ge nerat ion two over generat i on one in l im i ted a mount of 

s t a nda rd me d ium a nd broken cocoa beans. I t can be seen that 

s ing le species populations of f.. cepha l onica and S. caute ll a are 

be tte r maintained on standard medium than on broken cocoa beans, 

the mean percentage increase for f.. cephalonica being 1592.3 

percent on standa rd medium and 1614 . I percent on broken cocoa 

beans. The mean percentage increase for S. caute l la is 714.4 

perc e n t on b r oke n cocoa bea ns an d 199 1. 7 percent on standard 

medi um . Thus it can be seen that a popu l ation of f. . cephalonica 

does bet t er in a medi um of broken cocoa beans than S. cautella, 

the latter thr i ving we ll on standard medium . In abundance of 

standard me diu m and b r oken cocoa beans, the mean percentage adult 
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increases were 1520 . 8 per cent (sta ndard medi um) and 1598.55 

percent (b roken cocoa bea ns) fo r f. . cephalonica . For~. caute lla 

the fi gu res were 966 .3 percent (b r oken cocoa beans) and 2104 . 95 

percent (standard medium) respecti vel y . Except for the 

difference s in numbers, the pattern disp la yed i n abundance of 

food a nd spa ce was si mi lar to tha t in l imited amount of food and 

space. 

That ~. caute ll a did better in standard medium than 

i . ce phal on ica , could be see n by furthe r examination of tab le 6. 

The mean percentage ' increase of generat ion three (G 3) ove r 

generation two (G2 ) is 491. 8 percent for ~ . caute lla and 249.1 

perce nt for f. . ce phal onica. These latter results ( ~~) as compared 

wi th the previous results (~ ~ ) show that an equilibrium is gradual l y 

be ing approached by the two separate popu la t i ons. The find i ngs 

agree wit h those of other authors (Pa rk, 1948; Istock, 1978; 

Escala nte a nd Rabinovich, 1979) who found that control cu l tures 

(CC or EC) free of inter - species comp l ications eventually assume 

characterist ic " eq ui 1 i bria " that are sustained for relatively 

lon g periods of time in terms of generations. From the anal ysis 

of variance (see a ppendix tab les 63 - 90), the F-test establishes 

that there i s significant difference between the two generations 

(G2, Gl) at 5 percent and 1 pe rcen t leve l s of probabi 1 ity . 

Howe ( 19 65) esti ma tes that unde r optimum conditions of 

temperature (28-320 C) a population of f.. cephalonica can multiply 
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itsel f ten times per ca lendar month. Thi s increase is very l ow 

by compa ris on wit h the estimated inc rease fo r E. caut e lla which 

is about f i f t y times per ca lendar month . Teotia and Singh (1975) 

noted that under condi ti ons of abundance of space, the daily rate 

of increase of ~ . ce phal on ica was 1. 131 which enab l ed this insect to 

multipl y 2.35 times eve ry week . However when t his insect was 

reare d in a I i mit ed space on the same food (coarse ly crushed jowar 

(varie'ty 88) and unde r the same cond iti ons of t emperature and . 

rela t i ve humidi t y (26.5± l oC and 73±1 pe r cent R. H. ), the rate of 

g r owth in its population was considerably reduced . 

In the forego ing pages att ention has centred on populations 

of I . cepha l on ica and ,S . cautella reared apart (EC, CC) as intra -

species systems, howeve r the story is comp l icated, although not 

rendered insolub le by the presence of a compet it or E C 
(C + 2' E + 2 ' 

EC /CC) . The latte r coul d modify the intraspecies r e l ations 

in a way t hat wou l d dive rge ma r ked ly from those of cont ro l 

cultu res (EC, CC) fo r example there may be actual behav i ou r 

co-act ions between the two fo rms t hat inhibit one, inhibit both, 

or f a vour one and which und oubted ly wou ld va ry with the 

density and ecolog ica l age of the ecosystem . For examp l e , 

such coact ion s could invo lve alterati on of temperature, 

mois ture content and oxyge n concentrati on with i n the med ium 

(m icroc l imate )( Fi gs. 4 , 8) f rom that obtaining In the contro l. 

According to Crombie (1945) d ifferentia l conditi oni ng of the 
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medium mi ght concern the reduct ion of avai lable food, the 

e la boration of environmental poisons, such as excrement, carbon 

dioxide etc. 

The outcome of mixed species populations of ~. cephalonica 

and f. caute l la when rea red in l imited and abundance of food and 

space (standard medium, broken cocoa beans) under conditions; 

C,.f E "~2' C/E is shown in tab le s 4- 7, while the raw data 
' 2' 

are g i·yen in appendix tables 3-24 . The anal ysis of variance using the 

F- test (Appendix tables 63 - 90) shows that there are not only s igni fi -

cant di ffe rences between the populations of ~ . cephalonica and E. 

ca utella under these treatments (a lone, one after t he other, 

introduced togethe r ) but also that significant differences exist in 

the interaction between t he populations of the two species in the 

two gene rat ions (G2, Gl) and between repl icates, popu lations and 

generations. The detailed differences are s hown in tab l es 5-8 and 

10- 13. However, no significant difference was found between the 

rep I ica tes . 

Careful examination of tables 4 and 5 show that in 1 imited 

amount of food and space the mean percentage increase of g for 
Gl 

cond i tion E. t in standard med i um is EC ; 2737.0 percent, 

CC 1759 .7 percent and in broken cocoa beans; EC ; 44 . 6 percent; 

cc 1733.4 pe rcent. Thus it can be seen from the percentages that 

even when f. cautella is estab l ished before ~ . cepha l onica, 

the effects of the interspec i fic interaction on the population 
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growth beComES clear in the second gene ration, especial ly on 

broken cocoa beans, whe re the re was g rea t red uc t i on in the 

popu lation of ~. cautella (EC = 44.6 percent CC = 1733.4 per-

cent). The percentage reduction in popu lation of ~. caute lla 

d d · . E un er con rtlon C+ 2' becomes more exp l icit in both standard 

medium and broken cocoa beans. Under cond ition CC/EC, ~. cautel l e 

was v irtual l y extinct; CC = 2422 . 6 percent, EC 3 . 5 percent f or 

standard medium; and CC 2827.8 percent, Ec = 0 percent on broken 

cocoa beans .. Thus from the above findings it can be said that in 

a limited amount of 'food and space, f.. cepha l onica almost always 

comes out as the better competitor (conditions C+ E CC/EC), and 
2' 

seems to be doing we ll even under condition E + t (EC 2737 . 0 per-

cent, CC = 1759.7 percent) in standard medium. However under 

d•· E C con J t I on 1" 2' in broken cocoa beans, f.. cepha l onica c 1 ea r 1 y 

outcompetes ~. caute l la (CC = 1733 . 4 percent, EC = 44 . 6 percent). 

The results of competition in abundance of food and space are 

showr in tables '6 and 7 . Critical examination of table 6 shows 

that in standard medium even though ~. cautella appears to be doIng 

we ll under condition E f. for G2 
2 Gl 

(EC 3376.1 percent, 

CC = 2095 .5 percent), f. . cepha l onica outcompetes i t in the third 

. generation (~~) (eC = 163.5 percent, EC 36.1 percent). In 

b roken cocoa beans, f. . cepha l onlca again is the superior competitor 

under all the three conditions (C+t, E+~, CC/EC) in the second 

generat i on. 
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Factors which operate in this mixed species population 

ecosystem of f.. cephalonica and ~ . cautella can be specified, 

according to Park (1954), under three general categories: -

physical en v ironment, population processes and survival 

responses as fol lows: 

1. Physica l environment 

A. Tempera tu re 

B. Humidity 

C. Interaction of temperature with humid ity 

D. Habitat: food and space as renewed each 32days. 

2 . Population process 

A. Canniba 1 ism 

B. Dens i ty-re la ted "behav i ours" 

C. Conditioning of the medium 

3 . Survival responses 

A. Egg fecundity 

B. Egg fertility 

C. Rate and mortalit y of larval-pupal de velopment . 

D. Adult mortality. 

The factors listed under "physica l environment" are self 

explanatory, however the "population process" are those activities 

that emerged from the population's own acti vi t y. They achieve 

~ 
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causal significa nce when they influence group surviva l in one 

direction or a nothe r . Thus egg-cannibalism by la rge la r vae is, 

under conditions of h igh population density an extreme l y powerfu l 

source of mortality. It is complex because the egg-numbers a re 

in continua l state of f l ux, simultaneous ly increased by oviposi ­

t ion and decreased by cannibalism and thus very l ittle information 

can be obtained about the involved rates of egg survivorship from 

data of standing c rop of eggs. Ciesie lska ( 1975 ) described 

stud ies on the e f fec t of inter-specific inte ra ctions on the course 

of e gg la y ing under conditions of a free cho ice of the site of egg 

la ying, a nd of the impact of these interact ions on the population 

size at early stages of its growth. 

Intens i ve investigat ion on competition (Park, 1954; Frank, 

1957; Huffa ke r, 1958; Park, 1962) emphasises that l aborato ry mode l 

itself prese nts comp lexities not inherent in Vo l terras' theory 

( 1926) wh ich for examp le, imp1 ies logistic growth for sing le 

species populations. That extinction of one of two compet ing 

species invariab l y resu l ted, has been pointed out (Col e, 1960; 

Deba ch and Sundby, 1963; Nathanson, 1975 ; Blak l ey and Dingle, 

1978 ; Larai chi, 1978; and Escalante and Rabinovich, 1979) . 

Thus the major eco l og ica l findi ngs on the above discussion 

is that when f . cepha 10n ica and ~ . cautel la are brought into 

competition , i. , caute 11 a invariab ly becomes extinct, with 

5. cephalonica assumin g a ro l e of popul ation regulato r . According 
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to these aut hors ( park, 1948; Pont in, 196 1; oebach, 1966 ; Aya la, 

1970 and Pianka , 1974), in the fa ce of such stringent competit ion 

it becomes imposs i b le Tor both species. to co -exist even though 

indi v iduall y they are we ll adapted to t heir ha b itat and i ts 

surrounding physical e nvironment . Fi g . 20 shows compa ra ti ve sizes 

of larvae of f.. . cepha lonica and ~. caute ll a in competiti ve s itua ­

tion in experimental j a r s. Larval competition in f.. . cepha l onica 

and I. cautella is probabl y for enough food to reach suff icient 

size to pupate and then emerge as an adu It. Ha gvar ( 197 2) for 

example, found that surv iva l of la rvae in ~ co ro l lae was 

significantl y smaller whe n mixed with ~. ri bes i i than under 

intraspecific conditions (25. 0 percent a nd 73. 1 percent 

r especti vel y). The res u lts are explained by the different sizes, 

natura l food demands, feeding efficienc ies and predatory tendencies 

of the h iO species . Gi lpin ( 1974) noted that the mechanis m of 

larval competition is not simple exp l oi tati on, but must a lso 

involve some component of interfe rence . pianka ( 1974) defined 

inte rference competition as competi t ion by direct i nte racti on, 

such as aggressi ve encounters between competitors ; and 

exp l o itation competition as the more indirect in h ibi to ry effects, 

suc h as those ar ising from reduced a vai labi l i ty of common 

resource . Aggress ive behaviou r in the l a r va e of f... cepha l onica 

a nd ~. ca ute ll a was seen i n compet iti on for pupation sites using 

co rrugated card boards (Fig . I I ). It was found that 80 - 90 
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percen t of the pu pat ion sites were occup ied by £. ce pha lon ica 

wh il e ~ . cautella occupied 9 . 1 - 20 percent of the pupation 

site (Ta b Ie 26, 26). Agg ress ive behavi our in the larvae of 

othe r stored pr oduct i nsects has been described, (for example, 

Umeya ~ ~., 1975) . 

In a competitive situation where various degrees of 

crQwding obtain (Rafes ~. , 1979) not only will fecundity be 

affected but competition for pupation sites . In the present 

i nvestiga tiOIl al most a 11 the mature larvae pupated nea r the 

surface of the food medium . One clear result of competitive 

interactions of the two species when food is limiting is a 

dramatic decrease in adu l t size . Adults of ~. cephalonica and 

l . cautel la may compete for egg- la y ing space in crowded cultures, 

o r t he la rvae may reduce the qua l ity of the medium for nutrition 

a nd a s an oviposition site . Thus the discrete stages of the life 

cycle probab ly interact in interspecies competition for two 

somewh a t different resources. If the interactions were sufficiently 

ba la nced in magnitude and timing, it wou ld be possible to maintain 

a two species popu lation through time but not an equilibr i um 

popu 1 a t i on . 

Ta b le 23 shows tha t a spec ies difference in fecundity exists 

in a h i gh ly fa vou ra b le env ironmen t . Fo r examp le, ~. cautella has 

a mean fecund i ty pe r f e ma le of 164 .5, when 200 adults were reared 

·on 200 grams of sta nda rd med ium. Mean fecundity was lowered in 
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both I . cautella a nd ~. cephal onica when a large number of adults 

(popu lation effect ) were r~ared on smal l a mou nt of s tanda rd med i um. 

Fo r example in~ . ce pha lonica, (Table 14), mean fecundit y was l owered 

to 88.1 per fema le when 100 ad u lts were reared i n 200 g ra ms o f 

standard med ium, whi Ie in I. caute ll a, i t was l owered to 108.3 when 

200 adults were reared on 2 00 grams of standard med i um. 

Table 22 shows that t he percentage egg-hatchabi I ity of 

!:. ' cautel l a (94 .4 perce nt) was g rea ter than that of ~. cep ha l onica 

(85 .6 percent). The res u lts of egg-hatchabi lity are in c l ose 

agreement wi th t hose 'obta i ne d by Rawns ley ( 19 68) for I. ca u te Iia 

(98 percent) under simi l a r conditions . Carmona ( 19 58) and Kamel 

and Hassanein ( 19 67) studied percentage hatch of ~. cepha l onica 

under various conditions of relati ve hum idi ty and temperature 

(20 - 31 , 24 - 32
0

C, 57 - 63 pe r cen t and 20 - 80 percen t R.H.) 

and concluded that the la rvae of the parenta l generation is an 

impo rtant factor as 78 percent of the egg la id by adults r eared 

on either decorticated groundnuts or wheat hatched compared with 

onl y 42 percent when a dults were rea red on a mixture of wheat and 

f l our . Thus in a competitive situati on high percentage - hatchabi-

I ity may be ad va nta geous because of egg- canniba I ism . 

Resu l ts (Figs . 28 , 29 ) show that dail y activity patterns of 

the larvae of~. cephalonica and I . caute ll a ove rla p. This means 

increase i n interaction between the two species in c mmpetit i ve 

' situation. Such interact ion may lead to competitive exc l usion, 

University of Ghana http://ugspace.ug.edu.gh



99 

the princip le of which states that two species of the same 

ecologica l niche cannot co-exist together or that because of the 

variabi 1 ity of nature, two species by the ve ry fact of being 

different . cannot have the same niche, 

From the discussion so far, it seems c l early established 

that competition between ~. cephalonica and ~ . cautella always 

ensues when they are brought together as components of the same 

ecos ystem . This may be expected on the basis of their ecology . 

The y have si.milar li fe histories, inhabit the same food medium, 

have same behavioural mechanism, have similar daily activity 

patterns (larvae ), but slight differences in egg-hatchability 

(94.4 percent for E. cautella and 85 . 6 percent for ~, cephalonica) 

and fecundity ( 164 .5 for ~. cautella and 138 .9 percent for 

~. cephalonica) . .c. cephalonica larvae are slightly lar ger 

(F ig. 20) than those of~. caute lla . Consid ering the above facts, 

it seems that the results of the competition between ~, cephalonica 

and E. caute l la can be explained to a lar ge extent on the different 

s izes of the larvae (~. cephalonica larger than ~ . caute lla ) and the 

mo re aggressive behaviour of the larvae of ~. cephalonica (see 

competition for pupation sites) . On broken cocoa beans, both 

~. cepha lonica and~. cautella have same developmental period of 

41 days (see appendix tables 14-24) as compared t o standard medium 

(23 days for~, caute l la, 30 da ys for~. cephalonica; see appendix 

tab les 3- 13), hence the seve r ity of the competition (CC/EC) on 
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broken cocoa bea ns. For examp le, ~ . ca utel la becomes extinct 

(0 percent) in the second generation (tab le 5). Als o in 

competitive s i tu,ation between f. ce phalon ica and~. caute ll a 

fo r ov ipos it ion prefe rences, when given the choice of three 

food commodities (standard medium, broken cocoa beans, and 

she li ed groundnut ). f. cepha Ion ica tendS to prefer broken cocoa 

beans, while~. cautel la tendsto prefer standard medium (see 

table 16). On recent observation by Aryeetey (pe rs ona l 

communication) that f. ce pha l onica has taken over ~ . cautella on 

as the more impor tant pest of cocoa in storage sheds in Ghana, 

the resu l ts of the present invest igation attempts to explain the 

reason behind this obse rvation. 

F ie ld observation (Cocoa warehouses at Tema Habour) during 

the durat ion of this investigation revealed unsustained increase 

i n the population of the larvae of the two mo th species in the 

sta cks of cocoa beans awaiting. fumigation. Th is situation is 

a ppa ren tl y due to heavy infestation. The population of the 

i nsects has exp loded as a result of inadequate control measures, 

wh ich can be traced back to the regiona l depots . This certa inl y 

has caused the down - grading of the cocoa beans and consequent 

grea t economic l oss to Ghana . Recent l y an attempt at long-term 

stora ge of cocoa beans in concrete si los was conducted at the 

Cocoa Products Factory (GCMB) Tema (Vander - puye and Awuah, 197 4), 

t o as ce rta i n: 
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1. How lon g cocoa beans can be stored in s il os in t he 

humid trop ics without an y deterioration in qual i ty, and 

2. What problems may arise durin g storage and how these 

prob lems can be so lve d . 

According to the au thors these problems cou ld be kept under contro l 

by observ ing the fol l owing r ules among othe rs : 

1. Keepi ng insects (~. ce phalonica, ~ . cautel la etc.) 

out of storage area 

2. Fumigation, as soon as any i nfestat ion by insect i s 

detec ted, and 

3 . Care taken not to fumigate cocoa beans and stora ge 

areas too often as this wi 11 lead to an increase in 

chemica 1 res idue in the cocoa beans from the fum igant. 

Thus i t is important that our storage prob lems a re considered 

v is a v is insect control measu res . In the cur rent reported expe r i­

ments, laboratory observations show that insects' (~. cepha l onica 

and f. cautel la ) emergence starts as ear ly as 5 . 30 p. m. with peak 

emergence around 7.00 p .m. However, f ie ld observati on on the 

control of these insects show that not on ly is warehouse hygiene 

not being strictl y ad hered to but al so the times of fogging 

(spra y ing wi th py re th rins ) sta r ts around 3 . 30 p.m. In the 1 ight of 

present fi ndings, t he time of fogging shou ld be changed to around 

.4.3 0 - 5.30 . Tha t~ . cephalonica is mo re destructive than 
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t. cautella can be seen by examination of Figures 21 - 27, taken 

f rom the experiments on ov iposition preferences. 

4 . 11 Conc l us ion 

Considering the range of conditions (CC, EC, c,~, E+ ~ ,CC/ EC) 

emp loyed in the current experiments and the c lear cu t results obta ined 

in these var ious situations=, the major conclusion emerging are: 

1. that both species of moth (f. cephalonica and 

,s: cau te lla ) cannot 1 ive together for any extended 

period, and 

2. that in competition,S. caute l la becomes extinct, with 

f . cephalonica remainin g as the successful species . 

The last e vent happens much more freque nt l y than would be expected 

on the hypothesis that it is a matter of equal chance as to which 

species survives. From the v iew point of the cu rrent work the 

practical importance of contro ll ing these pests, especially 
Of me 

f. cepha lonica (now the most impo rtant ApestS of stored cocoa beans) 

I ies on the recommendation that the present time of fogging in our 

cocoa warehouses be changed fr om 3.30 p.m. to around 4 . 30 - 5.30 p.m. 

In cocoa exporting countries such as Ghana , where increasing 

si gnificance is being placed on stored - cocoa beans , insect cont r ol 

by fumiga tion and fogging, such an important information cannot 

be ove r looked. Al so the results of the present inves tigati on offers 

' a n exp la nation to the recent observation by Aryeetey (pe rs ona l 
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communication) that ~. cephalonica is rapidl y becoming the most 

important pest of stored cocoa beans. Finally it cou ld be stated 
food 

that ~. ce pha lonica poses a r eal danger to ou rAstorage (cocoa, 

groundnut etc.) indust ri es. Its dest r uctive 

nature causes in cas es of heavy 

infestation,tight matting together of food material with webbing, 

lar val 'ga ll eries, cocoons, f ras s and excreta. 
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RESU LTS OF RAD IOSENS ITI VI TY STUD IES 

5 . I Irradiated Eggs 

Ta b les 27, 28, 29, g ive the percentage hatch for eggs 

treated with gamma rad ia tion at each of the 3 ages . From tables 

and Figs . 31 and 32, it can be seen clea rl y that the percentage 

hatch was inversely correlated with the dose received and 

posi tive ly correla ted with the age of the eggs . However, a 

criti ca l examination of t a b les 27 and 28, do not show much 

difference in radia tion effect between I-day -o ld and 2- day-old 

e ggs, as compa red to 3-da y-ol d eggs (table 29) which were mo re 

radioresistant. The t abl es and figures mentioned ea rl ier show 

that a dose as l ow as 5. krad cou ld reduce hatchabi l ity to less 

than 7 .5 percent i n I - day-o ld and 2-day-old eggs, and to less than 

39 .5 percent in 3- day-old eggs; whi le a larger dose , 25 kra d 

virtua l l y reduced hatchabil ity to less than 1.6 percent in 2- day­

o l d and 3-da y- o ld eggs and effecting 100 percent reduction in 

hatchabi I ity in I - day-old eggs . The raw data are given in appendix 

tables 43-49 . 

Observa t ion shows t hat many 3-day-old eggs were embryonated 

( ie . show ing embryonic deve lopment though unhatched) a f ter t reatment 

with krad . 

Rad i osen­

siti v ity of insects depe nd s on the deve l opmental stage, tissue, cell 
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a nd chromosome t ype. 

Set I Percent 
Ha t c h 

Set 2 
Percent 
Ha t c h 

Se t I 
Percen 
Ha tc h 

Set 2 
perce n 
Ha tc h 

Ta b le 27: 

Pe rce nta ge hatch of I-da y- o ld eggs when 
exposed to ga mma ra dia ti on . 

0 5 10 20 25 30 40 
KRAO KRAO KRA O KRAO KRAO KRAO KRAo 

82. 4 . 7 . 2 2 . 4 2 . 4 0 1. 6 1. 6 

80 . 0 6 . 4 1. 6 1. 6 0 P. 008 0. 008 

Ta b le 28 : 

perce nta ge hatch of 2- day - o l d eggs when 
exposed to ga mma rad i a t i on 

0 5 10 20 25 30 40 
KRA O KRAO KRA O KRA O KRAO KRAO KRAO 

78 . 4 5 . 6 8 . 0 4 . 0 0 . 008 0. 008 0. 008 

72 .8 7 . 2 4 . 0 2 . 4 1. 6 0 0.008 

51} 100 
KRAO KRA O 

3 . 2 0 

0 0 

50 100 I 

KRAO KRAo 

0 . 008 0 . 008 

0 0 
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Ta ble 29: 

percenta ge hatch of 3- da y- o ld eggs when 
exposed to gamma radiation 

I a 5 10 20 25 30 
KRAO KRAO KRAO KRAO KRAD KRAD 

. Percent 

Ha tch 82 . 4 34 . 4 20 . 0 6. 4 1. 6 0 . 008 

Percent 80 . 8 39 . 2 24 .8 13 . 6 0. 008 a 
Hatc h 

40 50 100 
KRAO KRAO KRAD 

a 0. 008 a 

a 0 . 008 a 
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FlO. 3 1 POCENTAGE HAre" OF I·DAV OLu, ;,DAV.·Olo'.....lt,lHlAV 

lOD 
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OLD EGGS O~ ~ EXPOSED ro GAMMA RADIATION 
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2 -Day-old e9Qs 
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University of Ghana http://ugspace.ug.edu.gh



108 

Ao32: PERCENTAhE HATCH OF I-OAVOlO,2·0AYCl.O At() ) ' [)ltr'ClO 

100 EGGS OF..c. c.E.f'I1IllilllA EXR:lSEO TO GAWA RA(JATKlN 

90 

so 

70 

'00 

90 

80 

70 

10 

ISET 21 

I-Oat-old .ggs 

10 20 30 LO 50 60 70 80 90 100 

DOSEIKRAOS) 

2·Qay-o(d eggs 

10 20 30 t.0 50 60 70 80 90 100 
OOSE IKRAOS) 

3 -Day-old Iggs 

m w • ~ " M m U R _ 
DOSE (KRA[5 ) I 
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5.2 I rrad iated Larvae 

The percentages of adult emergence and sex- ratio when early 

and late larvae were t rea ted with gamma radiation are shown i n 

tab les 30 and 31. Ear l y la rvae were much more rad iosensitive than 

late larvae. At 5 krad, about 50 and 70 percent of the larvae 

emer ged as adu l ts fo ll owing ir radiation of ea rl y and late larvae. 

After exposu re to 25 krad, there were less than 10 and 20 percent 

ad u l t emer gence in both early and late larvae. The pattern of 

ad u l t eme r gence i n both age groups is shown in Figs. 33 and 34 . 

In general the greate r the dose the lesse r the percentage of 

a du l t emergence. 

Obse rva t ions show that the sex-ratio of adults from the 

i r rad iated larvae of both age groups did not show a clear picture 

in favour of a particu lar sex (tables 30 and 31); adults inspected 

for rad i a t i on dama ges appea r u ncha nged a t the lowe r dose of 5 krad 

as compared to cont r o l s (5 krad) . The mating behaviour of the 

emer ged ma l es and fema l es were not affected by the irradiation, 

si nce fema les continued to raise their abdominal tips, suggesting 

communication by phe romones, whi lst males were not only attracted 

and a roused, but pe r formed the norma l pre l im i nary dances of rapid 

mov i ng and f luttering of the wings as they move around the female 

pri or t o successfu l copu la t ion. The raw data for the experiment 

are given in the appendices (tables 50-53) . 
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Set 1 

Se t 2 

11 0 

Tab le 30: 

percentage adult eme r ge nce and sex ratio whe n 
ea rl y larvae (5 da ys after hatching) were exposed 
to gamma radiation. 

0 5 10 20 25 30 40 
KRAO KRAO KRAO KRAO KRAO KRAO KRAO 

. percent 
Emer - 80.8 53 . 6 47 . 2 11.2 8.8 9 .6 8.0 
gence 
Sex 
Ra tio 1: 1. 1 1: 1. 5 1 :3 . 2 1: 1.8 1 :8. 1 1:7 . 1 1 :7 . 1 
13:_9 
Percent 
Emer- 84.4 52 .0 45.6 10.4 9.6 8.0 6.4 
gence 
Sex 
Ratio 1: 1. 2 1: 1. 7 1: 1. 5 1: 1.6 2: 1 2:3 . 1 1 :1 
13:0 

50 100 
KRAO KRAO 

6 . 4 5 .6 

1: 1. 6 1: 1.3 

5 .6 3.2 

1 :3 .1 3: 1 
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Set I 

Set 2 

III 

Tab Ie 3 1: 

pe rcentage adul t emergence and sex ratio when 
late lar vae (5 da ys before pupa t ion) we re 
exposed to gamma radia tion. 

0 5 10 20 25 30 40 
KRAD KRAD KRAD KRAD KRAD KRAD KRAD 

Percent 
Eme r- 83.2 71.2 28.0 18.4 18.4 12.8 11 .2 
aence 
Sex 
Rat io I : I. I I :4. I 1:1 . 1 
6': 0 

1:1 . 1 I: 1.6 I : I . 3 I :3 . I 

Percent 
Emer- 85.6 72.8 24.8 20 . 0 17 . 6 12.0 10.4 
aence 
Sex 
Rat io I : I. I I :2. I I :2 . I I :2. I I : 1.2 I : I. I 1: 1 
O:Q 

50 LOO 
KRAD KRAD 

6. 4 8.0 

1:7 I : 1.7 

8.0 5.6 

I: 1.3 1:2.5 
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FIG.34: PERCENtAGE OF ADULT EMERGENCE WITH DOSE IM-E.N 
-- EARlY LATE LAlME AND ~ QAYOlD PU"'E Of.c.,~ 

lQtIJl:A WERE TREATED WITH GAMMA RADIATION 
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5.3 I rrad i ated Pupae 

The percentage of ec los ion of i rrad iated 4- da y- o ld pupae 

decreased as the dose increas ed (tab le 32); th is pattern of 

adult emergence after irradiation is shown in Figs. 33 and 34 . 

Few adults emerged fram pupae treated with 30, 40, 50 or 100 

k rad s. No consistent difference was observed between the sexes 

(sex-rati o) in adult emergence due to irradiati on. 

Observations show that the life span of adult moths emerged 

from irradiated de ve lopmental stage decreased with increase in 

dose leve ls and that exposure of 4-day-old pupae to 50 and 100 

krads did not only reduce the percentage moth emergence signifi -

cantly, but also res u l ted in the emerged moths having deformed 

wings or extended abdominal segments . Other emer ged adults which 

appear normal (w in g-wise) could hardly fl y out even when the lid 

of the rearing glass jars were opened; and when distur bed with 

a thin glass rod, the y only showed dela yed avoidance reaction by 

moving slowly awa y . Note not fl y ing awa y . There we re some adults 

wi th deformed wings i n all the doses ad ministered, with the 

percentage magnitude of deformed adults increasing with increased 

dose . The raw data for this expe ri ment are s hown in appendi x 

tab les 53 - 55. 

,~ 

~ 
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Set I 

Se t 2 

1 15 

Tab l e 32 

Pe r centa ge a du l t e mer gence an d sex rat io when 
4 - da y - o l d pupae were e x pose d t o ga mma rad ia ti on. 

0 5 10 2 0 25 3 0 4 0 
KRAo KRA O KRAO KRA O KRAO KRAO KRAO 

Percent 
Emer- 73. 6 54 . 4 34.8 2 0 . 8 2 1. 6 12 .0 11. 2 
gence 

Sex 
2 : I . I 2 : 2. I 4 : 1 Ra t i o 2:7 . I 4 : 1 2 :8. I 2 : 5 . 1 

0: 9 
Pe rcent 
Emer - 87. 2 56 . 8 27.2 21. 6 2 0. 0 9. 6 7 .2 
ge nce 

Se x 
Ra t i o I : 1. I 1:3 . I 1 : 3. I 
0:9 

1: 7 . I 2 :6. I 2 : I I : 1.3 

50 100 
KRA O KRAO 

6. 4 0. 008 

7 : I I : 0 

4. 8 1. 6 

2 : I 2:0 
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5.4 Discuss ion 

The res u lts from~h i5 study on the ra di osentiv ity of 

£. cephal oni ca confirm pre viou s f i ndi ngs by ot her autho rs, name l y 

tha t rad i os ens i t i v i ty a H ec ts d i He rent deve I opmen t a I s ta ges in 

suc h a wa y t hat morta Ii ty i nc r eas es wi th i nc rea s ed dose. For 

e xample Srisan Loa hara nu ~. ( 1972) trea ted the eggs, pu pa e and 

adu l ts o f £. ce phal on ica with ga mma i r radia t i on; they exposed -

1-3 da ys o l d eggs o f t he r ice moth to 0, 3, 6, 12.5 and 25 k rads, 

and es t imat e"d the L%Oa nd LD99 fo r eggs as 9 a nd 42 k rads 

r espect ive l y. A dos e of 25 kra ds caused 100 percent morta li ty in 

lar vae ir rad iated at egg sta ge. Abdu and E l sawa f ( 1974), i rradiated 

e gg s , larvae, pu pae a nd 24 hours o l d adu l t s of £. cepha l onica with 

gamma radiati on (2 - 8 k rads ) a nd found that the I i f e span o f adult 

moths e mer ged fr om irradia t ed deve l opmental stage decrea sed wi th 

dose l e vel s a nd tha t the li fe span of adu l ts emerged from i r ra di ated 

eggs were sho r te r thanvvith Qdul(,that emerged f r om other deve l opmenta l 

sta ges . 

The da t a ( ta b l es 27,28) on £. cepha l onica show that a dose 

of 5 krad led to a de crea se i n hatcha bility on the a ve rage of about 

6 . 6 perce n t fo r I and 2 da y- old e ggs a nd 36.8 pe r ce nt f or 3 da y- o l d 

eggs as c om pared to con tr o l (0 k rad ) 80 percent, whi Ie a larger dose 

of 25 krad d id not o n l y redu ce hatchab il ity to l ess than 1 . 6 percent 

in 2 and 3 da y- old e ggs but caus e d 100 pe rcent red uction 
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in I day-o ld eggs. The high radiosensitivity of new ly la id eggs 

( I day-old) mi ght be aS~ ibed to the inhibition of mitosis 

(Ahmedeta l ., 1973 ). Ahmed~. ( 1973 ) found that gamma 

irradiation of 6 and 10 krad resulted in 100 percent death of 0- 6 

and 18-24 hour old ~. cautella eggs. Gonen and Fishbain ( 1973) 

found that egg hatch "in 0- 24hours o ld and 48 -72 hours old eggs of 

~. caute ll a were not significantly influenced over an irradiation 

range of 0- 15 krad and that only higher doses than these caused a 

significant decrease i n egg hatch. They a l so found that between 

doses of 15 and 30 krad only about I percent of the irradiated 

eggs developed to the adult stage, and with 35 kra d , no adults were 

obtained . Ahmed ~" (1973), on differential radiosensiti vity 

of Ep hestia and Oryzaeplulus eggs, found that o l d eggs (48 -60 hour 

o ld ) appeared to be more resistant to somewhat high dose of gamma 

radiation ( 15 krad) while 0-1 2 hour old eggs were killed by a 

lower dose, 

From the foregoing discussion, a somewhat similar outcome 

of f.. cephalonica eggs has also been observed in ~. cautel la; 

when ear ly a nd late la r vae of f' cepha l onica were irradiated 

(tables 30, 31) 50 and 70 percent emerged as adults ; at 25 krads, 

emergence was as low as 10 and 20 percent for both age gr oups 

res pectively . Thus the age of the larvae o.t the time of 

i rrad iation significantly affected adu l t emergence. Ahmed~, 

"( 1971 ) found that late i nstar larvae of ~ , cautella were more 
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resistant to radiation and that higher doses were requi red to 

inhibit pupation and adu It en-ergence . 

Susceptibi l it y of gamma irradiation at al l level s of 

treatment was noted with 4-day-old pupae of ~. cepha l onica, whe re 

emergence wa s on an average 55 . 6 percent, 20.8 percent, 5 . 6 percent 

and 0 .8 pe rcent at 5, 50 and 100 krads (tab le 31) showing corre-

jation between dosage a nd emergence . Other authors such as 

(juye ~., ( 1964) on the pink bollworm, Pectinophora gossipiella 

(Saunders), Cogburn~. ( 1966) and Qureshi ~. )(1968) on the 

Angoumois grain moth, S i tot r oga cerealella (01 ivier) and the India n 

meal moth Pl odia interpunctella (Hubne r ), and Amoako-Atta a nd 

Partida ( 1976) on I . cautella found that age of pupae when treated 

and sensiti vi t y correlate negatively. 

Most of the emerged adu l ts frmm both larvae and pupae in the 

present stud y were affected to various degrees by gamma irradiation . 

With the lar vae, adults emerging from 5 krad irradiation remained 

unchanged at least morphologically, however wit h the increase in 

dosage fo r both l arvae and pupae, defects and deformities can appear 

during morphogeneSiS . For example, abnormal wings, le gs and extended 

abdomina l appendages we re noticed in the present investigation. Other 

somatic deffects wh ich were observed consisted of depressed f ly ing 

ab i l i ty, locomotory activity and change d feeding behaviou r . 

The resu l ts (Figs. 30, 31, 32) points to 25 krad as the dosage 

"to effect the necessary radiation disinfestation in~ . cephal on ica , 
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s ince not only was emergence less than 21 percent in all the 

deve l opmental stages (eggs. larvae and pupae) but also radiation 

damages were noted. These resu l ts are in li ne with the minimum 

lega ll y allowable dose (20-25) krad for the control of all stored 

product insects according to the U. S. Food and Drug Administration 

(Anonymous 1968). 

Fo r practica l purposes of irradiating storage pests it wou ld 

be preferable if low doses of radiation were used. Rad iati on is 

known to induce long- I ived free radicals in grain and the toxicity. 

ca rcinogenicity and mutagenecity of the free radical have not yet 

been adequatel y eva luated . Since lowe r doses give fewer free 

radica l s, the lowest possible doses should be used to eliminate the 

storage pest. For this reason steril ising doses rather than 

i nsectic ida l doses should be selected . Ster il ising doses generally 

are by far l ower than insecticidal doses. Minimum ster il iSing 

doses may be in t he range of 20 krad or higher. 

Fi e l d observations show that f.. cepha l onica gene ra l ly pupates 

al ong the outer layer of cocoa bags, but probab l y a few lar vae 

pu pa te inside the stacked bags as noted by Rawnsley (1958 , 59) for 

~. cautella. I t shou l d be possible in the next few years to set 

up a la r ge i r rad iat ion unit to de- i nfest our stacks of cocoa beans 

awa iting exportation; j ust l ike the experimental grain irradia tion 

un i t set up by the USDA at Savannah, Georgia. However, it must be 

'st ressed that this method wil l be economical only on a commercial 
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sca le, because of the high cost of radiation equipment. On the 

other hand, time ga ined (since irrad iation wi II be for a few 

mi nutes), the res idue free approach, subsequent escape f r om the 

danger of tainting the f l avour of our cocoa beans with insecticides 

(remember danger from insecticide resistance) and finall y but not 

the least the long term storage ad vantage from this method makes 

i r ra d i a t i on an attracti ve method of pest control. 

~nspite of the merits of direct food irradiation, as discussed 

above, with -the aim of direct kill ing or steri lisation of the 

resident pest population, attention should be given to the sterile 

ma le technique . This technique which is species - specific comprises 

the releases of la r ge number of steilised insects of a species into 

a pest popu lation. Howe ver one of the disad vantages is the case 

where released adu l ts also feed on the stored product . pupa l 

irradiation of C. cephalonica (now t he most important cocoa pest ) 

might prove to be more ad vantageous from the stand point of 

sterile - insect male technique provided that successful competiti ve 

males could be provided. The sterile - male tec hnique has been 

proposed as a res idue free method of controll ing lepidoptera_pests 

of stored food commodities (Bu ll and Wond, 1963; Amuh, 1971; 

Ahmed ~., 1972; Ashrafi ~. , 1972; Brower and Tilton, 1975; 

etc.) . 
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5.5 Conc lusion 

In conclusion th~relationship between developmental stage 

(eggs lar vae, pupae) and radiosensiti vity i s ve r y impor tant in 

respect to the appl ication of radiation for insect control . I t has 

been demonst ra ted that radi osensitivity wi 11 rapidl y decrease during 

insect development from embryo to adult . This is due to restricted 

period of mitotic activity in the different stages, cell div isi on 

and differentiation mainly occur during embryonic development and 

during brief periods just before mou l ting, in l ater pupal stages 

and in gonads of the adult . 25 krads was found to be the most 

1 ike ly dose for radiation disinfestation of f. cepha l onica . But 

refined studies of each particular stage at different ages shou ld 

be carried out in order to find correct recommende d dose for 

disinfestation purposes . 
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I . Competition between"'Cor cyra cepha lonica and Ephestia caute lla 

and radiosensitivity of the immatu re stages of t . cepha l onica 

was studied. 

2 . Pre l iminary rear i ng stud ies showed that the re were s i gnificant 

differences in developmental per iods of ~. cephalonica and 

~. cautel la under simi lar ambient condit i ons (25 . 5 - 30 IOC, 

75. 5 - 89 pe rcent R. H. ) in two locations ( Le gon and Kwabenya) . 

3 . Competition was stud ied unde r the follow ing condit ions: alone 

C E 
(cC, EC, i .e. cont r o l ), one before the other (E+2"' CT2") and 

when int roduced together (CC/EC) . 

4. Popu la tions of ~. ce pha l onica and ~. cautel la th ri ve we ll under 

control condition (CC, EC) both in li mited and abundance of 

f ood. However E. caute ll a is well maintained i n standard 

medium tha n on broken cocoa beans, whi l e~ . cephalonica appeared 

to be doi ng we ll in both cases . 

5. ~ . cepha l onica ca me out as the better competitor unde r conditions 

(Cf' t, CC/EC) i n I imited amount of standard med i um over two 

generations and seemed to be doing equa l ly we I I under condition 

(ET f ). 
6. Compe ti tion in l imited amount of broken cocoa beans showed that 

\ 
~ . cephal on ica is the bes t competitor under all conditi ons 

C 
(E "'2"' 

C E T'2' CC/ EC ), ~. cautella was virtua l ly extinct 

(0 percent) unde r cond i t ion CC/EC i n the second generation . 
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7. Competition in abundance of food and space , po int to 

~ cepha l onica as ~e best competitor in both standard medium 

and broken cocoa beans. Thi s wa s c learl y seen in the th i rd 

gene rati on under a l l condi tions (c+~, E+t, CC/EG) . 

8. Oviposition pre ferences by the two spec ies when given the 

choice of ovipositing freely in standard medium, broken cocoa 

beans a nd grou ndnut is as fo l lows ( in orde r of preference): 

Cond i t i on CC/EC 

I.. ca ute lla : (standard medium > groundnut > broken cocoa beans) . 

~ . cephalonica : (b roken cocoa beans > gr oundnut ">standard 

medium) . 

Condition CC , EC 

E. caute lla : (s t andard medium> broken cOcoa beans >g roundnut). 

J;. . cepha l.onica : (sta ndard medium > broke n cocoa bea ns> groundnut) . 

9 . Muc h mo re da ma ge is ca used by £. cepha lonica tha n E. caute ll a on 

t he food commod ities: broken cocoa beans, standard medium and 

groundnut . This explains the rapid establishment of ~. cepha lonica 

on cocoa bea ns i n Ghana . 

10. Eg g- hatchab il i ty studies of 650 eggs of each species gave the 

fo ll owing percentages: 

I . caute ll a 94 . 4 percent 

~. cepha l onica 85 .6 percent 
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II. Fecundity was greate r in L caute l la ( 164 .5 percent) than 

~. cepha lonica (q~.9 percent) . 

12. Da il y acti v ity patterns of the larvae of~. cephalonica and 

£. cautella over lap , showing peak activities after 3 . 00 p. m. 

13 , The time of adult eme·rgence (~ . cepha l onica and~. caute ll a) 

under laborato ry conditions start as ear ly as 5 . 30 p. m. with 

peak emergence ar ound 7 , 00 p. m. This necessitates change in 

the present time (3 , 30 p . m. ) of fogging (sp ray ing with 

pyrethrins) in our warehouses to around 4.30 - 5 , 30 p.m . , for 

the control of t hese pests. 

14 . In competing for pupat ion sites made of corrugated fo l ds of 

cardboards, i:. cepha l onica turns out to be the best competitor 

occupying 80 - 90 .9 percent of pupation sites as compared to 

9 . 1 - 20 percen t of~. cautella. 

15. Radiosensit iv ity of eggs (I day-old, 2 da y- b id and 3 day-o ld ), 

larvae (ea rl y a nd late larvae), and 4 da y-o l d pupae was found 

t o increase with increased dose . 

16. For irradiation disinfestation purposes, a maximum dose of 

25 krad was found sufficient to contro l al I developmental 

stages of ~. cephalonica . 
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No . of 
Eggs 

200 

200 

200 

200 

200 

200 

200 
- --- -

, 

Tab Ie I : 

Rea rin g in sta ndard medium (25 . 5 - 30 ! l
o

C, R'. H. 75 - 89 pe r­
cent) at Legon (Zoo logy Depa rtment) . 

Corcyra ce~ha l on i ca E ~hes t i,a caute ll a 
, , , 

Date Da t e of Deve lop- No. of Date Date of Deve 1 opment -
Introdu - Emergence me nta 1 Eggs Intro- Eme r gence a I per i od 
ced per i od 

'( days 
duced (days) 

2- 10-81 30-1 0- 8 1 29 400 2- 10- 8 1 23 -1 0- 8 1 
It I 
2Z 

2-1 0- 81 30-1 0-8 1 29 400 3-10-8 1 24-1 0- 81 22 

4- 10- 8 1 3-1 1- 81 3 1 400 5-1 0- 8 1 26-10- 81 2Z 

4-10- 81 3-11 - 81 3 1 1,000 6-1 0- 8 1 26-1 0-8 1 . 2 1 

4- 10-81 3-11-81 31 1,000 10- Hl-81 29 -1 0- 81 20 

4-1 0-8 1 3-11-8 1 3 I 1, 00 0 26- 10-81 17 -11-81 23 

4-1 0-81 3-11-81 3 1 1, 000 26-10- 8 1 18 -11-81 24 
'----- -- -'-- ----- -
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No . of 
Eggs 

200 

800 

1,000 

1,000 

800 

TOTAL 6,600 

MEAN 

Tabl e I : (Contd . ) 

Co r cy r a ce ~ ha l oni ca 

Date Da te of Deve l op-
Int ro - Emergence men ta I 

doced per i od 
(davs) 

4-1 0- 8 1 3 -11-8 1 3 1 

1-11-8 1 30-1 1-8 1 30 

2-11-8 1 30- 11 -8 1 29 

5-11-8 1 2- 1- 82 29 

4-1 2- 8 1 3-1 -82 3 1 

393 

30 . 2 

~. ce~ha Ion ica 

Range 29 - 3 1 
Mean 30 . 2 

Standard dev i ation : 0- 93 (n 

No. of 
Eggs 

1,000 

1,000 

800 

1,000 

250 

10,250 

E ~ hest i a ca u te ll a 

Da t e Date of 
I nt r o- Eme r gence 
duced 

27 -1 0-8 1 18 -11-8 1 

27 -1 0- 8 1 18 -11-8 1 

27 -1 0- 8 1 18 -11-8 1 

27 -1 0- 8 1 18 -11-8 1 

8-11-8 1 30-11-81 

~. cautel l a 

Range: 
Mean : 

21-24 
22.5 

13) Standa r d deviat i on: 1. 05 

Deve lop-
menta I 
per i od 
( davs) 

23 

2}1 

23 

23 

23 

292 

22. 5 

(n 13) 
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TOTAL 

flEAN 

Rearing in sta nd a rd me dium (25.5 - 30 1°C, R. H. 75 . - 89 pe r­
cent) at Kwabenya (Gha na Atomic Emergy Comm iss ion) . 

Corey r s eeeha loni ea I Eehest ia e au te ll a 

No. of oa te Date of oeve lop - No . of Date Oa te of 
Eggs Introdu - Emergence men ta 1 Eggs Int r odu - Eme r gence 

ced ~~r i ~1 ced 
davs 

200 2-1 0- 8 1 30- 10"8 1 29 400 2-1 0-8 1 23 -1 0- 8 1 

200 4-1 0- 8 1 3- 11-81 3 1 400 3-1 0-8 1 26 -1 0-8 1 

2.00 6-1 0- 81 3-1 1-81 29 400 6-1 0-8 1 27 -1 0- 8 1 

200 7 -1 a-81 9-1 1 - 8 1 34 1,000 8- 10-8 1 27 - 10-8 1 

400 8-10-81 5-11-8 1 29 1,000 8- 10- 81 27 - 1 0-8 1 

400 13-1 0- 8 1 11-11-81 30 1,000 10-1 0-8 1 31 -1 0- 81 

400 14- 10-8 1 12- 11 -8 1 30 1,000 14- 10-81 3- 11-81 

400 14-10-81 12-11 -81 30 2,000 29 -1 0-8 1 18 - 11-8 1 

2, 400 242 7,200 

30.3 
-~~---

- _ .. - - - -

f. . cepha Ion i ca ~. ,caute l1 a 

Range : 29 - 34 Range: 21 - 24 
flean : 30.3 flean: 21.6 
Standard deviation : 1. 67 (n'= 8) Standard Deviation : 1. 19 (n 

Oeve l op -
menta l 
(per i od) 
idavs ) 

22 

24 

,I 22 

20 

22 

21 

21 

2 1 

173 

21.6 

8) 
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EC
SO 

REP L ICATES 

RI 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

percent 
SURV I VA L 

Table 3 : 

Compe tit i on i n s tandard med i um ( I i mi ted amount of f ood 
and s pa ce). 

(SET I ) 

1ST GENERA T I ON 

DA TE S Emer e nce 
'"3 011 1 1/ 12 ' 2/ 12 ' "3/ 12 

I 10 17 

6 9 10 

5 8 14 

3 6 7 

2 5 6 

Ephestia caute l la 

Date introduced: 

4 

8 

9 

16 

18 

Date of emergence: 
Deve l opmental period : 
Time of observ~tion : 

4/ 12 -Si l l' 6/ 12 

3 

2 

6 

3 

6 

2 -

- -

3 I 

2 -

5 -

8-11-8 1 
30-11-8 1 
23 da ys 
7.30 p . m. 

7/ 12 

-

-

-

-

-

8/ 12 1911 2 

- -

2 2 

2 I 

- -

- -

EC
50 

= 

2 NO GENERATI ON 

TOTAL' "3 1/ 12-1 / 1/ 82 TOTAL 

37 RI 695 

40 R2 ,d 874 

48 R3 976 

37 R4 763 

42 R5 859 

205 Tota l 4167 

4 1 Mean 833.4 

82 
Percen t 

KEY 

Ephest i a cau t e Il a (50 eggs 
i ntroduced) 
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EC
2 0 

REPLICA TE S 27 / 12 

RI 3 

R2 2 

R3 5 

R4 3 

R5 6 

TOTA L 

MEAN 

Percent 
SURIL IVAL _ L-__ 

Table 4: 

Compet i tion in Standard Medium ( I imi ted amount of food 
and space) . 

(SET 2) 

1ST GENERATION 

DATES (Eme rqence) 
28/ 12 '29/ 12 30/ 12 3 1/ 12 1/ I • 2/ I 3/ 1 

9 IS 10 4 2 - 2 

7 8 14 6 I - -

9 II 7 4 2 - -

8 14 12 3 I 2 2 

8 12 II 5 2 I I 

-- -- - - - - - - - -- - ----

Ephestia cautella 

Da te i nt rod uced : 
oa te of emergence: 
Deve l opmenta l period: 
Ti me of observation : 

5-1 2- 8 1 
27-12-81 
23 da ys 
7.30 pm. 

4/1 5/ I 

- -

- -

- -

- -

- -

---

CC
50 

2ND GBNERAT I ON 

TOTAL ' 27/1 - 0/1/82 TOTAL 

45 RI 80 1 

38 ,, 11.2 635 

38 R3 960 

45 R4 863 

46 R5 878 

212 TOTAL 4 137 

42.5 MEAN ~27.4 
84.8 

~rcent _ 

KEy 

Corcyra cepha Ion i ca (50 eggs 
introduced) 
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CC
SD 

REPL I CA TES 

Rl 

R2 

R3 

R4 

R5 

TOTA L 

MEAN 

Percent 
SURV IVAL 

"a b l e 5: 

Compet i t i on i n Standa rd Medi um ( 1 i mi ted amount of food 
and space ) . 

(S ET 1) 

1 ST GE NERAT I ON 

7/ 12 8/1 2 9 12 10/ 12 

1 4 6 2 

3 10 9 2 

2 5 7 2 

4 4 3 3 

2 2 7 4 

Corcyra cephalonica 

Date introduced: 
Date of emergence: 
Deve 1 opmenta 1 per i od: 

OA TE S lEme~enceJ 
1 LL1 2 U/ 12 14LJ2 L2J 12 l Q/ 12' 

6 2 

6 1 

3 2 

4 4 

5 3 

---

8- 11- 81 
7 - 12 - 8 1 
30 days 

2 

2 

1 

2 

1 

3 2 

- 2 

- 1 

2 3 

2 1 

- .-

CC
50 

2ND GE NERA T I ON 

17 Ll2 18112 ' TOTA 22 1-301/82 T OTAl 

- - 28 Rl 4 10 
,I 

- - 35 R2 63 1 

2 - 25 R3 574 

2 1 32 R4 565 

1 - 38 R5 495 

158 TOTAL 2675 

1 .6 MEAN 535 . 0 

63Per 
ent 

KEY 

Corcyra cepha l on i ca (50 eggs 
introduced) 
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CC
50 

REP LICATE S 3/ I 

RI 2 

R2 3 

R3 4 

RII 2 

R5 3 

TOTA L 

MEAN 

percent 
SURV I VAL 

Table 6: 

Competition in Standa rd Medium ( li mited amount of food 
and space). 

(SE T 2) 

1ST GENERAT I ON 

DATES Eme r qence) 
4/ 1 5/ 1 611 7/1 8/ 1 9/ I 10/ 1 ' 11 / 1 I V I 13 / 1 TOTAL 

6 7 4 4 3 2 I 3 - - 32 

9 10 3 5 3 3 I - - - 37 

6 5 3 3 2 I 2 I - - 27 

4 7 4 5 2 I 2 3 2 - 32 

10 9 2 4 4 3 - 2 I - 38 

166 

33.2 

66 per -
cen t 

Corcyra cephalonica 

Date introduced: 5-1 2- 8 1 
KEy 

1612 - 2 1 2/82 

RI 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

Date of emergence: 3- 1 - 82 CC
50 

Corcyra ce pha l on i ca (50 eggs 
Developmenta l period: 30 da ys introduced) 

, Taf'iI 

I 
506 

374 

510 

565 

521 

2476 

495. 
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E t ~ 
2 

REP L ICATE 13 0L 11 ' 1/ 12 2LJ 2 

Rl 1 4 9 

R2 1 4 6 

R3 1 3 4 

R4 2 4 7 

R5 1 3 8 

TOTAL 
, 

MEAN 

perce nt 
SURV IVAL 

Table 7: 

Competition in Standa r d Medium ( 1 imited amount of food 
and space). 

(SET 1) 

1S T GENERATI ON (E. caute ll a) 1ST GENERATION(C. ce~halonica) 2ND GENERATION 

3/ 12 4[12 5/ 12 ~1 2 

2 - - -

5 4 3 -

5 5 l -

7 2 1 1 

6 6 1 -

Ep hesti a caute l1 a 
Date in t r odu ced : 
Da te of eme r ge nce : 

7/ 12 8/ 12 

- -

- -

- -

- -

- -

Deve lopme nt a l pe ri od : 

8 -11-8 1 
30- 11-8 1 
23 days 
7.30 pm . Time o f obs e r vati o n : 

DA TES (Emergence) 

9/12 TOTA L 22/ 12 23/ 12 

- 16 3 4 

- 23 2 5 

1 20 3 2 

- 24 1 3 

- 25 2 4 

108 

2 1 . 6 

86.4 

E + ~ 

rIlTA 
24L12 2~LJ 2 26/ 12 27/ 12 28/ 12 29/121,0/12 TOTM 3/2 -81.2 t:L 

3 2 2 1 2 - 1 17 Rl 607 

3 4 - 1 - - - 15 R2 659 

5 3 2 - 1 1 - 17 R3 530 

4 2 3 - 2 - 1 16 R4 8 11 

3 2 - 2 1 1 - 15 R5 402 

80 009 

16 oDl.e 

64 
- ~ - - --- '----

KEY 
~. cau ta lle introduc e d first (25 e ggs ) a nd a f t e r 2 weeks, 

~. ce phal onica in t roduc e d (25 eggs ) 

Ct 

265 

274 

3 18 

321 

297 

1475 

295 
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E+ ~ 
2 

REPLICATES 27/ 12 

RI 2 

R2 I 

R3 I 

R4 I 

R5 I 

TOTAL 

MEAN 

percent 
SURV IVA L 

Table 8: 

Competition i n Standard Medium ( li mited amount of food 
and space). 

1st GENERATI ON (C. caute lla ) 

28/ 12 29/ 12 30/ 12 31/12 

3 

5 

4 

4 

5 

8 7 3 

6 7 3 

9 4 4 

6 5 4 

9 3 2 

Ephestia caute lla 

Date introduced: 
Da te of emergence: 
Deve l opmental period: 
Time of observation : 

1/1 2/1 

I -

I -

I I 

- -

- 2 

5-12-81 
27 -12-81 
23 days 
7.3 0 pm . 

3/1 

-

-

I 

-

-

(SET 2) 

1ST GENERATION (C. ce~halon ica ) 

DATES (Emergence) 

TOTAL 18/1 ' 19/ 1 ' 20Ll 21 I 2211 211 1 24, I 

24 2 3 3 I - 2 -

23 I 4 3 2 3 2 -

25 3 3 2 2 I - I 

20 I 5 I 3 - I -

23 3 5 2 3 2 - 2 

li S 

23 

92 
percent 

\2NO GENERATION 

TOTAL 
2~ 26, ItVlTA 1?-<;/V8 Er. r.r 
- - 16 RI 00 319 

- - 19 R2 f>80 266 

I I 17 R3 ~30 263 

- I IS R4 683 232 

2 - 19 R5 98 361 

86 09 1 1441 

17.2 J 16 18.2 288. 

68.8 
Percen 
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C+ ~ 
2 

REP LI CA TE S 7/ 12 8/ 12 

Rl 4 1 

R2 1 5 

R3 3 5 

R4 2 4 

R5 III 3 6 

TOTA L 

MEAN 

Percent 
SURV IVAL 

Ta b l e 9: 

Competition i n Standa rd Medium ( l imited amount of food 
and space). 

(SET 1) 

1ST GENERATION (£ . ~eRha l ooica) 

9112 10/ 12 11 / 12 

7 3 -

4 3 -

6 2 -

2 6 -

3 1 1 

Co r c yra capha Ion i ca 

Da te .i ntroduced : 
Da te of eme r gence : 

12/ 12 

1 

1 

-

-

-

Deve l opmenta l per i od: 

DATES 

13/ 12 

-

1 

-

-

-

8- 11-8 1 
7 -1 2-81 
30 da y s 

14/ 12 

-

-

-

-

-

(Emergence) 

15/ 12 T OTAL 

- 16 

1 16 

1 16 

1 15 

2 16 

79 

15 .8 

63.2 
Percen 

15/ 12 

3 

1 

1 

2 

I 

E 
C + "2 

1ST GENERAT I ON ( E. cautella) 2ND GENERATION 

TOTAL 

16/12 17/12 18/12 TOTAL 12/1 -1 6/ 1/82 CC 

5 9 6 23 Rl 

6 7 8 22 R2 

5 7 4 17 R3 

5 8 3 18 R4 

6 8 6 21 R5 

101 

20 . 2 

30 . tl 
Percent 

KEY 

£. cepha l onica introduced first 
(25 eggs) and after 2 weeks, .s. caute ll a introduced (25 eggs) 

542 

603 

512 

449 

41 3 

, 
2519 

503. 8 

EC 

3 

4 

1 

2 

1 

II 

2 .2 
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E 
c+ "2 

REPLI CATES 

RI 

R2 

R3 

R4 

R5 

" 
TOTAL 

MEAN 

Pe r cent 
SURV I VA~ 

3/1 4/ I 5/ 1 

2 4 7 

4 5 5 

I 3 6 

I 4 5 

3 5 7 

Table 10 : 

Competition in Standard Medium (limited amount of food 
and space). 

(SET 2) 

1ST GENERAT I ON (C. ceeha l onica) 1ST GENERA TION (S. caute ll a) I 
DATES (Emer gence) 

6/ 1 7/ I 8/1 9/ 1 TOTAL 1/ II 12/ I 13/ I 14/ 1 15/ 1 TOTA L 

2 ~ I - 17 I 6 8 5 2 22 

2 + - - 17 3 4 5 5 2 18 

3 I I - IS 3 6 7 6 I 23 

4 I - I 16 4 6 6 5 I 22 

3 1 I - 20 2 5 7 6 - 20 I 

85 105 

17 . 5 
, 

453.4 

68 84 
Pe r cent ---- - - - --- ~ ---- - -- - -

percent 

Corcyra cepha l on i ca 

Date in t r oduced: 
Da te of emer gence: 
Deve l opmenta l pe ri od : 

5-1 2 - 8 1 
3-1-81 
30 days 

2ND GENERATION 

TOT A L 
10/2~1 2L82 CC EC 

RI 503 3 

R2 353 -

R3 398 I 

R4 545 I 

R5 468 I 

2267 66 

453.4 1. 2 
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CC / EC I 

REPLICATE S 30/11 

Rl 1 

R2 1 

R3 1 

R4 1 

R5 1 

TOTAL 

MEAN I 

pe rcent 
S URV IVAL 
---- -- -

Tab Ie 11 : 

Competition in Standa rd Medium (limited amount of food 
and space). 

(SET 2) 

1ST GENERA TI ON (E . cautella) 1ST GENERATION (S. ce~hal onica) 

1/ 12 2/ 12 3/ 12 4/ 12 

4 7 4 3 

1 4 6 3 

2 5 6 5 

2 4 8 1 

3 6 6 4 

,Ii 

- - -

Eph e stia caute ll a 

Date in t rod uced: 
Date o f eme r gence: 

5/ 12 

1 

3 

-

2 

2 

- --

Developmental period: 

6/12 7/ 12 8/ 12 

1 - -

- - -

- - -

- - -

- - -

- - --- -

oATES Eml'r ence 

TOTAL 7/ 12 8/12 9/ 12 10/ 12 11 / 12 
I 

12/ 12 13:t 12 14/12 15/12 TOTAL 

21 2 1 4 5 2 3 2 1 1 22 

18 3 1 3 4 - 3 1 - - 15 

20 1 3 5 7 - 1 - - - 17 

19 2 3 5 7 2 - - , - - 19 

22 1 3 4 6 2 - 2 - - 18 

99 91 

19 . 8 18 .2 

79 . 72.8 
Perc . Percent 

- -- ---- - --_ .. _------ --- - - -- ----

KEY 
EC ~ . cau t e ll a (25 eggs) 

introduce d , together with 
CC £. cepha loni ca (25 eggs) 

Corcyra cepha lonica 

Date i nt r oduced: 
Date of emergence: 

2ND GENERATION 

TOT A L 

20/1-28/1 CC EG 

R 1 446 ~ 

R2 571 1 

R3 412 -

R4 382 2 

R5 433 1 

2244 4 

, 48 .8 

Time of observation : 

8- 11-8 1 
30-1 1-81 
23 da ys 
7 . 30 p . m. Developmental period : 

8 -11-81 
' 7- 12- 81 
30 days 
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CC/EC 

REPLICATES 27 / 12 28/ 12 

RI I 3 

R2 I 2 

R3 I 2 

R4 I 3 

iii 
R~ I 2 

TOTAL 

MEAN 

Pe rcen t 
SURV IVAL 

Table 12: 

Competition in Standard Medium ( I imite d amount of food 
and space) . 

(SET 2) 

1ST GENERATION (E . cautella) 1ST GENERATION (C. cephalonica) 

DA TES JEmer-'lencel 

29 / 12 30/ 12 31 / 12 1/ 1 2/1 3/ 1 TOTAL 3/ 1 

5 5 3 2 - - 19 3 

6 6 4 I I - 21 2 

4 5 4 2 - - 18 I 

6 7 3 I - 2 21 I 

5 6 $. I - - 2 1 2 

100 

20 

80 

lEphestia caute ll a 

Date introduce d : 5 -1 2-81 
DUe of eme rge nce: 27 - 12-81 
Deve I opmenta I per i od: 23 days 
Time of obs e rvat ;" n: 7 .30 p.m. 

4/ 1 5/ I 6/ 1 7/ 1 8/ 1 

2 3 5 3 I 

3 5 6 2 -

2 4 4 3 -

4 6 5 2 2 

4 5 7 2 -

Corcyra ce pha l onica 

' Date introduced: 
oa te of emergence: 
Deve lopmental period: 

9/ 1 TOTAL 

I 

I 

I 

-

-

18 

19 

15 

20 

20 

92 

18 .4 
, 

73 .6 

5- 12-81 
3 -1-82 
30 days 

2ND GENERATI ON 
T 1) T A L 

16/ 2- 21 / 2 CC EC 

RI 371 I 

R2 524 -

R3 467 " 

R4 398 -

R5 429 -
, 

2189 3 

437.8 

...... 
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E ~ f. 
2 

C~~ . 2 

C C/ EC 

CC
50 

EC
SO 

Ta ble 13: 

Compe titi on i n Standard Medium (Abundance of food 
and space). 

-
1ST GE NERAT I ON 2ND GE NERAT I ON 3RD GENERA TI ON 

1ST CENSUS TOTAL 2ND CENSUS TaTAL 3RD CENS US TaTAL 

REPLICATE S 130/ 12/8 1 CC EC 9/2/82 CC EC 19/3/82 CC EC 

AI " 22 23 " 
A2 " 22 23 " 
8 1 127 / 12/82 2 1 24 30/ 1/82 

82 " 23 23 " 
Cl ·1 9/ 12/8 1 22 23 29/ 1/82 

C2 " 22 24 " 
17 / 12/81 CC 27/ 1/82 

0 1 " 43 " 

02 " 41 " 
11 -1 2- 8 1 EC 13/ 1/82 

El " 46 " 

E2 " 45 " 

Ephestia caute l1 a 

Date intrwduced : 8- 11-8 1 
Date of eme r gence: 29-11-81 
Deve l opmen t a l pe r iod: 22 days 

412 679 " 927 2 13 

510 9 12 " 1,002 372 

60 1 187 4/3/82 1,630 287 

579 253 " 1.8 17 325 

594 652 15/3/82 1,613 643 

563 625 " 1.7 64 592 

CC 12/3/82 CC 

692 " 1,58 6 

651 " 1,750 

EC 16/2/82 EC 

945 " 4 , 5 00 

97 0 " 4,921 

Corcyra cepha lonica 

oate introduced 8-11-81 
oate of emergence: 7- 12-8 1 
Deve l opmenta l period: 30 day! 
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E t ~ 
2 

c t I 
2 

CC/EC 

CC
50 

EC
50 

Tab Ie 14: 

1ST GENERATI ON 
1ST CENSUS TOTA L 

REPL I CATES 18/2/8 1 

A I " 
A2 " 
81 19/2/ 8 1 

82 " 
C I 3 1/ 1/82 

C2 " 
31/1/ 82 

0 1 " 
02 " 

3 1/ 1/82 

E I " 
E2 " 

Ephestia cautella 

Date int t oduced : 
oa te of eme r gence: 
Deve l opmenta I period: 

CC 

I S 

16 

16 

18 

18 

16 

CC 

29 

26 

E 

3 1 

27 

12 - 12 - 8 1 
21-1-82 
41 days 

EC 

19 

17 

9 

I I 

7 

8 

2ND GENERAT I ON 
2ND CENSUS ' TOTAL 

10/4/82 CC EC 

" 260 42 

" 279 35 

9/4/82 372 18 

" 380 I S 

29/ 3/ 82 4 10 I I 

" 365 12 

28/3/82 CC 

" 427 

" 408 

26/3/82 E 

" 296 

" 264 

Corcy r a cepha I on i ca 

Date introduced : 12-1 2R82 
Date of emergence : 21-1-82 
Deve l opmenta l pe r iod:41 days 
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EC
50 

Rep I i ca t es 

Rl 

R2 

R3 

R4 

R5 

TOTA L 

MEAN 

Table 15: 

Compet il' i on in b r oken cocoa beans ( 1 i mi ted 
amount of food and space). 

(SET 1) 

1 ST GENERAT I ON 2ND GENERAT I ON 

DA TE S (Emergence) 

18/ 12 19/ 12-24/ 1 TOTAL 9/ 12-' 16/4 

- 32 32 2 07 

3 17 20 202 

2 22 24 118 

3 27 3 0 25 0 

3 22 25 152 

13 1 

26 . 2 

Ephes t ia ca ute 11a 

Date i ntroduced : 8 -11-82 
Date of emer ge nce : 18- 12- 8 1 
Deve l opmental pe r iod : 4 1 da ys 

.TOTA L 

207 

202 

11 8 

250 

152 

929 

185 . 8 
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EC
SO 

REPLICATES 

Rl 

R2 

R3 

R4 

R5 

TOTA L 

MEAN 

Tab I e 16; 

Compet i ti On in broken cocoa beans ( 1 i mi ted 
amoun t of f ood and space). 

(SET 2) 

1ST GENERAT ION I 2N D GENERAT I ON 

DA TE S (Eme r qence) 

21 / 1 22/ 1-27/2/82 TO TA L 21 /3/~ 19/6/82 

4 23 27 22 1 

1 25 26 173 

3 23 26 · 233 

2 29 31 247 

3 25 " 28 124 

138 

27 . 6 

Ephest i a caute l l a 

Date introduced : 12- 12- 8 1 
Date of emer gence; 21-1-82 
Developmenta l per i od : 41 days 

TOTAL 

22 1 

173 

233 

247 

124 

993 

198 . 6 
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CC 50 

REPL ICATES 

Rl 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

Tabl e 17: 

Competition in br oken cocoa beans (1 imi ted 
amount of f ood and s pace) 

(SE T 1) 

1ST GENERATI ON j 2ND GENERAT I ON 

DATES (Eme r ge nce) 

18/ 12 19/ 12- 24/ 1 TOTAL 9/ 12-8/5/ 82 TOTAL 

1 16 17 327 327 

4 18 22 39 6 396 

- 23 23 372 372 

1 21 22 354 354 

2 25 26 359 359 

11 0 1808 1808 

22 361.6 
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CC
50 

Tab l e 18: 

Compe t iti on i c broken cocoa beans ( I im i ted amount 
of food and space) . 

(SET 2) 

1ST GENERAT I ON 2nd GE NERA T ION 

DATES (Emer gence) 

REPLI CA TES 21/ I 22/1 - 27/2/81 TOTAL 21/3 -1 9/6/82 

RI 2 23 25 

R2 3 19 22 

R3 2 2 1 23 

R4 2 22 24 

R5 3 20 23 

TOTAL 11 7 

MEAN 23 . 5 

Corcyra ce pha I on i ca 

oa te introduced : 
Date of emergence: 
Deve l opmenta l pe r iod: 

12- 12 - 8 1 
2 1- 1-82 
41 days 

375 

359 

387 

39 1 

342 

1854 

370.8 

TOTA L 

375 

359 

387 

391 

342 

1854 

370.8 
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E 1' £ 
· 2 

RE PLiCATE S 

Rl 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

Table 19: 

Competi t ion in broken cocoa beans ( 1 im i ted 
amount of food and space). 

(SET 1) 

1S T GENERATI ON 2nd GENERAT ION 

DATES (Eme r gence) TOTAL DATES (Eme r gence) 

18/ 12 19/12 - 24/ 1/82 CC EC 9/2 - 8/5/82 

1 .1 9 11 8 2 18 

2 26 16 12 175 

1 17 6 12 96 

1 15 7 9 76 

- 24 10 14 122 

50 55 

10 11 

Ephestia caute ll a 

Da te i nt r oduced: 8 -11-8 1 
Date of emergence: 18- 12 - 8 1 
Deve 1 opme n ta 1 pe r i od: 41 da ys 

TOTAL 

CC EC 

2 15 3 

170 5 

91 5 

74 2 

le.O 2 

670 17 

134 3 . 4 

University of Ghana http://ugspace.ug.edu.gh



. E + f. 
2 

RE PLI CATES 

Rl 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

Tab Ie 20 

Compe tition i n broken cocoa beans ( li mi ted 
amount of food and space) . 

(SE T 2) 

1ST GENERAT I ON 2ND GENERATION 

DA TES (Emergence) TOTA L DATES (Emergence ~ TO TA L 

21 / 1 22/ 1-27/2/82 CC EC 2 1/3 - 19/6/82 CC EC 

1 17 8 10 227 220 7 

1 18 8 11 248 243 5 

1 29 14 16 180 168 12 

2 13 6 9 157 154 3 

2 2 1 9 14 180 172 8 

45 60 957 35 

9 12 191 . 4 7 

Ephestia caute ll a 

Da te i n trod u red : 1 2 - 1 2 - 8 1 
Date o f emergence: 21-1-82 
Developmenta l pe ri od: 4 1 days 
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C,: ~ 
2 

RE PL I CATES 

RI 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

Table 21: 

Competition i n broken cocoa beans (I imited 
amount of food and space) . 

(Set!) 

1ST GENE RAT I ON 2ND GENERATION 

DATES (Energence) TOTAL OATES (Eme r gence) 

Hl; 12 19/ 12-24/ 1/8 Cc 

4 12 14 

I 8 7 

2 9 8 

2 19 14 

I 12 13 

56 

1l.2 

Corcyra cephalonica 

Da te in troduced: 
Date of emergence: 
Deve lopmental period : 

Ec 9/2 -8/5/82 

2 

2 

3 

7 

4 

18 

3 . 6 

8-11-8 1 
18-12-81 

41 days 

317 

206 

219 

35D 

312 

TOTAL 

CC EC 

317 -

205 -

218 I 

350 -
312 -

1402 2 

280 . 4 0. 4 
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E 
C +"2 

REPLI CA TE S 

RI 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

Ta b l e 22: 

Compet it ion in br oken cocoa bea ns ( I im i ted 
amount of food a nd space) . 

(SET 2) 

1ST GE NERATl ON 2 ND GE NERAT I ON 

OATE S ( Eme r gence TOTA L 

21/ I 22/ 1-27/ 2/82 CC EC 

3 15 13 5 

3 18 17 4 

2 18 15 5 

1 13 10 4 

3 12 12 3 

67 21 

13.4 4.2 

Corcyra cepha l onica 

Da te int r oduced: 
Da te of eme r gence: 
Deve I opmenta 1 pe r i od : 

OATES (Eme r gence 

21 /3 -19/6/82 

12-1 2 - 8 1 
21-1-82 
41 days 

308 

360 

343 

287 

325 

CC 

307 

359 

34 1 

287 

325 

1619 

323.8 

TOTA L 

EC 

I 

I 

2 

-

-

4 
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CC / EC 

RE PLI CA TE S 

Rl 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

Tab l e 23: 

Compet i t i on in b r oken cocoa beans ( 1 im i ted 
amount of food and space). 

(SET 1) 

1 ST GENERAT I ON 2ND GENERAT I ON 

DATES (Eme r gence TOTA L DA TES (Eme r gence 

18/ 12 19/ 12- 24/1/82 CC EC 9/2 10/2 - 8/5/82 

- 8 8 - 3 346 

2 8 7 3 2 284 

- 15 12 3 4 147 

2 7 7 2 3 124 

1 10 9 2 4 220 

43 10 

8 . 6 2 

Corcy r a cepha l oni ca/Ephestia cautel l a 

Date introduced: 8-11-8 1 
Date of emer gence : 18-12-8 1 
Deve l opmental pe r iod : 41 days 

TOTAL 

CC EC 

349 -

286 -

15 1 -

12 -

22 -

11 3 -

227.4 -
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CC/ EC 

RHL I CA TE S 

Rl 

R2 

R3 

R4 

R5 

TOTAL 

MEAN 

Tab l e 24: 

Compet i tT on in b r oken cocoa beans ( 1 i mi ted 
amoung of food and space). 

(SET 2 

1ST GENERAT I ON 2ND GENERATI ON 
. 

DA TE S (Emergence) TOTAL DATES (Eme rgence) 

2 1/ I 22/ 1-27/2/82 CC EC 21/3 22/3 - 19/6/82 

1 11 10 2 4 357 

11 12 9 4 2 254 

2 7 7 2 4 209 

2 11 10 3 4 305 

- 11 8 3 2 182 

44 14 

~78 ~ .8 

Corcyra cepha lonica/Ephestia caute l la 

Da te i n troduced: 
Date of emergence: 
Deve l opmen t a l pe r iod: 

12-1 2 - 8 1 
21 -1-82 
4 1 days 

TOTAL 

. CC EC 

36 1 -

256 -
2 13 -

309 -

184 -

1325 -

265 -
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SET 

I 

2 

Tab le 25: 

Ovi pos i t i on preferences of ~. caute ll a on 
standard me d ium, br oken cocoa beans and 
shel led gr oundn uts. 

Da te Date 
i nt r oduced t e r mina 

ted 

15-5-82 29 - 5- 82 

15-5-82 29-5-82 

No. of adu l ts: 

Du ra t i on: 

La r vae 

Pe tr i - Pe tr i-
Commodity 

dish dish 
A B 

Std . Medium 58 68 

Cocoa 7 4 

Gr oundnut 5 -

Std . Med i um 37 13 

Cocoa - 13 

Groundnut 6 3 

10 ma 1 es to I 0 fema I es 

2 weeks 

fOTA L 

126 

11 

5 

13 

13 

9 
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!' 
Set 

I 

2 

Date 
introduced 

7 - 5 - 82 

7 - 5-82 

Table 26: 

Oviposi tion prefe re nces of f. ce pha lonica on 
standard medi um, broken cocoa beans and she ll ed 
ground nuts . 

La rvae 

Date 
Commod i t y 

Petri - Petr i-
termi na ted dish dis h 

A B 

21-5- 82 Std,Medi um 62 28 

Cocoa 45 33 

Groundnut I -

21- 5-82 Std. Med. 2 1 6 

Cocoa 3 I 

Groundnut 2 -

No. of adults : 10 ma l es to 10 females 

Du rat ion 2 weeks 

TOTAL 

90 

78 

I 

27 

4 

2 
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oate 
Set i n tr od-

uced 

17-5- 82 

I 

17-5-8 2 

Ta b le 27 : 

Ov i pos i tion preferences of ~ _ caute ll a and ~_ ce phalonica 
on s t a ndard me di um, broken cocoa beans and she l led 
g r oundnuts _ 

C. cep ha Ion i c a E. ca ute ll a 

La r vae Larvae 

Da te PEe t r i - Pet r i- Pet r i - petr i-
te r mi - COlTlTlodi t y dis h dis h TOTAL dish d ish TOTAL 
nated A B A B 

3 1-5- 82 Std.Medium 4 4 8 4 1 33 73 

Cocoa 79 34 11 3 - - -

Ground nut 23 5 28 - 6 6 

3 1-5- 82 Std _ Me d i um 6 I 7 lOS 67 175 

Cocoa 2 2 4 - 2 2 

Groundnut 7 2 9 6 12 18 

No _ of adu I ts :~.cep ha I on ica (5 ma le s t o 5 f e males ) 

E.- caute Ii a (5 ma l e s t o 5 f ema les) 

Du ra t ion : 2 weeks 
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I Date 
Set Introduced 

20- 1-82 

1 

20-1 - 82 

2 

Tabl e 28: 

Oviposition preferences of ~. cepha l oni ca on standa rd 
medium, broken cocoa beans and she ll e d groundnuts. 

Date Commod i ty Adu l ts terminated Cocoon Larvae 
a l ive 

5- 5-82 Std.med ium 78 12 26 

Cocoa 60 14 

G round nut 45 35 

5- 5- 82 Std .med ium 8 1 12 30 

Cocoa 65 6 

Groundnut 48 9 

No . of adults: 10 ma l es to 10 fema les 

Durat i on: 15 weeks 

Adu 1 t s TOTAL 
dead (Adul ts) 

183 209 

j 

194 224 
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Set 

I 

2 

--

Date 

Tabl e 29: 

Oviposition preferences of ~ . caute ll a on sta ndard medium, 
broken c ocoa beans and s he ll ed groundnuts. 

Da te Adults 
intr oduced aterm i nated 

Commod i ty Cocoon La rvae 
(al ive) 

20-1 -82 5-5 - 82 Std .med i u m 62 - -

Cocoa 29 - -

Groundnut 23 - -

20-1-82 5- 5 - 82 Std .medium 71 - -

Cocoa 34 - -

Groundnut 27 - -
--- -- - - --- ----

No. of adu l ts : l Orna les to 10 ferna les 
Du ra t i on: 15 weeks 

Adults 
(dead 

114 

I 

132 

- ----
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Table 30: 

Ovipos i tion prefe rences of f.. ce phalonica and' ~. ca ute lla 
on s tanda rd med ium , broken cocoa beans and she ll ed groundnuts. 

Oate Date 
, Larvae Adu Its ' Adu lts TOTAL 

Set introduced term ina - Commod i ty Cocoon CC EC (a l ive) (dead) 
EC CC 

ted CC EC 

I 
20-1-82 7-5-82 St.medium 89 8 - 10 - 176 67 119 

Cocoa 6 1 13 - I 

Groundnut 26 7 -

20-1 - 82 7 - 5 - 82 Std.medium 11 5 9 - 2 - 19 1 23 170 

2 Cocoa 57 18 -

Groundnut 19 4 -
------ - L.... __ 
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SET 

1. 

2 

3 

4 

5 

TOTA 

MEAN 

Table 31: 

Egg - hatchabil ity of E . caute l la 
(Ov iposition: 5-1 2-81). 

DAY / 

4, 5 6 

DATE 

RE PL I CATES 9 -1 2-81 10- 12 - 8 1 

R 1 23 1 

R2 21 1 

R3 22 2 

.R4 2 1 3 

R5 23 -

RI 22 -

R2 22 1 

R3 25 -
R4 22 2 

R5 22 1 

RI 21 2 

R2 23 2 

R3 20 2 

R4 20 3 

R5 22 2 

Rl 22 2 

R2 23 -
R3 23 1 

R4 21 1 

R5 22 2 

R l 2 1 1 

R2 25 -

R3 24 1 

R4 24 1 

R5 23 2 

, 

PE RC ENTAGE HATCHASI L1TY 

7 

11-12-81 TOTA L 

- 24 

- 22 

- 24 

- 24 

- 23 

- 22 

- 23 

- 25 

- 24 

- 23 

- 23 

- 25 

- 22 

- 23 

- 24 

- 24 

- 23 

- 24 

- 22 

- 24 

- 22 

- 25 

- 25 

- 25 

- 25 

590 

23 .6 

94 . 4 
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SET 

1 

2 

3 

4 

5 

TOTAL 

MEAN 

Ta b 1 e 32 ~ 

Egg - ha t c~a b ili t y of C. cepha lon ica 
(Ov i pos i t i on: 3-12-81). 

DAY / DATE 

4 5 6 7 

REPLI CATE 6-12-81 7-12-81 8-1 2-81 9- 12-8 1 

Rl 4 12 5 -

R2 3 16 3 -

R3 5 14 3 -

R4 1 16 4 -
R5 - 14 6 -

Rl 2 12 6 -

R2 1 15 4 -
R3 3 18 4 -

R4 1 19 1 -
R5 - 19 3 -

Rl 3 13 4 -
R2 3 15 5 -
R3 4 14 3 -

R4 2 19 3 -

R5 1 ]8 1 -

Rl 1 17 3 -
R2 3 15 4 -
R3 3 13 5 -
R4 5 16 1 -

R5 4 18 2 -

Rl 2 17 1 -

R2 2 15 3 -
R3 5 18 - -

R4 3 16 1 -
R5 2 16 2 -

PERCENTAGE HATCHAB ILITY 

TOTA L 

'21 

22 

22 

21 

20 

20 

20 

25 

21 

22 

20 

23 

21 

24 

20 

21 

22 

21 

22 

24 

20 

20 

23 
20 
20 

535 

21. 4 

85.6 
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OATE Rl 

5-5-82 14 

6- 5-8- 86 

70 5-82 40 

8- 5-82 10 

9- 5-82 18 

TOTA L 168 

Table 33: 

Age and Fec und i ty of~. caute ll a. 

, , 
R2 R3 R4 R5 R6 R7 R8 R9 

12 10 15 12 20 13 . 17 20 

74 78 82 79 76 80 73 69 

28 32 27 15 44 35 37 41 

21 39 18 29 26 23 28 30 

26 25 20 25 14 16 19 24 

161 176 162 160 180 167 174 184 
- -

20 adu l ts reared on 200 grams of standard medium 

Pairing: 1 male to 1 fema le 

RIO TOTA L MEAN 

12 

75 

28 

17 

20 

152 1684 168.4 
- - - -- -
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Ta b l e 34: 

Age and fec und i t y o f ~ . ca u te ll a . 

, 
DATE Rl R2 R3 R4 R5 R6 R7 R8 R9 Rl 0 TDTA L MEAN 

11-5- 82 14 17 13 12 15 17 11 1 D 14 12 

12- 5- 82 67 54 73 78 69 72 83 77 8 1 68 

13 - 5 - 82 43 29 38 26 33 37 4 1 35 32 44 I 

14- 5 - 82 18 27 23 12 25 17 25 3D 19 23 

15- 5- 82 20 24 19 22 18 26 18 16 16 22 

TOTA L 162 15 1 166 150 160 169 178 153 147 169 1605 160.5 

20 a du l ts rea r ed On 200 gr ams of s t anda r d med i um 

Pairing: 1 ma l e to 1 fema l e 
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DATE Rl R2 

13/ 4/82 40 4 1 

14/4/82 15 30 

16/ 4/82 2 1 18 

17/4/82 17 10 

18/ 4/82 4 -

TOTAL 100 123 

Tao le 35: 

Age and fe c und i ty of I . cepha l oni ca 

R3 R4 R5 R6 R7 R8 R9 RI O TOTAL MEAN 

37 39 28 25 5 1 44 35 35 

43 33 39 43 14 27 24 19 

23 2 1 23 18 37 
I 

16 35 26 

13 18 19 9 26 12 24 13 

12 11 5 - 13 9 17 11 

143 154 135 121 183 132 153 108 1352 135 . 2 
-- ,--- . -- '-----

20 adu 1 ts (2 5 eggs introduced) rea red on 200 grams of 
standard medi um. 

pa i r i n g: 1 ma 1 e to 1 fema 1 e 
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DATE RI 

9/ 4/82 59 

10/4/82 13 

11 / 4/82 50 

12/ 4/82 43 

13/4/82 32 

14/4/82 18 

TOTA L 215 

Tab l e 36: 

Age a nd fecundity of~. cephalon ica. 

R2 R3 R4 R5 R6 R7 R8 R9 RI O 

36 52 29 38 3 1 15 42 39 49 

42 17 43 27 20 47 15 43 27 

15 38 27 36 37 18 30 17 4 1 

14 16 12 14 23 27 25 14 3 6 

23 20 28 II 17 25 27 12 16 

10 9 - 9 10 12 10 8 -

140 137 139 135 138 144 15 1 133 12 1 

20 adul ts (25 eggs in t roduced) reared on 200 grams of 
standard medium . 

Pairing: I ma l e to I fema l e 

TOTA L ME AN 

, 

1453 145 . 3 
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, 
DATE 

15/ 1/82 

16/ 1/82 

17/ 1/82 

TOTAL 
-

Tab le 37: 

Age and fecundi t y of I . cautella 

FE CUND IT Y Rl R2 R3 R4 R, TOJA L MEAN 
PER 

FEMALE 

2,850 2, 160 2,5 10 2,80 1 2-, 015 

I' 
1,1 60 1,350 1,250 1,20 1 1, 74 1 

1, 650 1,605 1,6 10 1,58 1 1,594 

5, 660 5, 11 5 5,370 5,583 5,350 27,07 8 5415 . 6 108 . 3 
---- - - -- -- -----

200 adu l ts ( 220 eggs introduced) reared on 200 grams of standard 
med j urn 

pairing: 50 ma les to 50 fema l es 
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DATE 

15- 1- 82 

16-1-82 

17 - 1-82 

18-1-82 

TOTA L 

Tab l e 38 : 

Age and f ecundity of £. ce pha l on i ca . 

RI R2 R3 R4 R5 TOTAL 

275 183 205 28 1 . 198 

302 369 375 341 38 1 

185 255 240 195 243 

72 80 77 65 84 

834 887 897 882 906 4406 

100 adults ( 11 0 eggs i ntroduced) reared on 200 grams of 
standard medium 

Pairing : 10 males to 10 fema l es 

MEAN 
FECUNDITY 

PE R 
FE MA LE 

i 

88 1.2 88. I 
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Table 39 : 

Compet i tion between E. ca utella and C. 
cepha l onica for pupaTi on sltes(using- corru gated 
cardboa rd with 6 pupation sites). 

(SET 1) 

REPL ICATE S E. CAUTE LLA C. CEPHA LON ICA 

Rl I 5 

R2 I 5 

R3 2 4 

R4 I 5 

R5 I 5 

TOTAL 6 24 

Percentage ~ 
Success (S i tes 20.0 80 . 0 

No . of ~. cepha lonica = 5 No . of E. cautel la = 5 

Wt . of 5 la rvae = 150mg Wt of 5 larvae = 55mg 
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Tab le 40: 

Competition- between E. caute l la and C.cepha l~ i ca 

f or pupation sites . - (Us ing corrugate d ca rdboa r d 
wi th 6 pupation sitesl 

(SET 2) 

REP L ICATES E. cautella C. ce pha Ion i ca 

Rl 2 4 

R2 I 5 

R3 I 5 

R4 I 5 

R5 I 5 

TOTA L 6 24 

Pe rcen t a ge 
Succes s (S i tes) 20 . 0 80.0 
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Table 4 1 : 

Competi tion between ~. caute ll a and .r;. . cepha l onica 
for pupat ion sites ( Using cor rugated ca rd boa r d with 
11 pupation sites). 

(SET 1) 

REPL ICATES E . cau te 11 a C. ce pha l onica 

Rl 1 10 

R2 *2 10 

R3 1 10 

R4 1 10 

R5 1 10 

TOTAL (5 + 1) 50 

Perce ntage 
Su ccess (S i tesD 9.1 90 . 9 

* l a r vae occupying same pupation site 

No . of .r;.. cepha l on ica 

W t. of 1 6 1 a r vae = 449 mg 

16 No. of ~. caute lla 

Wt . of 16 larvae 

16 

123mg 
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Tab 1 e 42: 

Competition be-tween~ . caute ll a and f . cepha l onica 
for pupation sites (Using corrugated ca rd board with 
1 1 pu pa t i on sites) . 

(Set 2) 

REPL I CATES ~. caute Ii a C. cepha 1 on i ca 

RI I 10 

R2 '~2 10 

R3 1 10 

R4 -A1 10 

R5 1 10 

TOTAL (5 t 2 ) ~O 

percen ta ge 
Success (S i tes) 9 . 1 90.9 

ic 2 larvae occupy ing same pupation site 

No . off.. cephalonica 16 

Wt . of 16 larvae 448mg 

No . of ~ . cautel la 

Wt. of 16 1 arvae 

16 

124mg. 
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OATE DAY RE PLI CATE 

21-11-81 3 RI 

R2 

R3 

R4 

R5 

22-11-81 4 RI 

R2 

R3 

R4 

R5 

23 -11-8 1 5 RI 

R2 

R3 

R4 

R5 

Irradiation of I day-old eggs of f. cephalonica 

(Set I) 

5 10 o KRAD 
KRAD KRAD 

- - -
- - -

- - -
- - -
- - -
5 - -

3 I -

2 I -

I I -

3 - -
12 4 -

18 - -
15 - -

15 2 3 

18 - -

EGGS 

Co ll ected 
I rrad i ated 

Age 
No . of eggs 

19 -11-81 
19 - 11-8 1 
I day-o ld 

in each rep l icate 

20 25 30 
KRAO KRAD KRAD 

- - -
- -

- - -

- - -

- - -

- - -
- - -

- - -

- - -

- - -
I - I 

- - I 

- - -
- - -

I - -

25 

40 50 100 , 
KRAD KRAD KRAD 

- - -

- - -
I 

- - - I 
- - - I 
- - - I 
- " - -

t 

- - - I 
- - - I 
- - - I 
- - -

I - I -

I - - I 
- I -

- 1 -
- - -
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DATE DAY 

24- 11-8 1 6 

TOTAL 

Percen - . 
tage (HATCHED) 

RE PLI CA TE 0 
KRAD 

Rl 

R2 

R3 

R4 

R5 

2 

1 

3 

1 

-

103 

82.4 

Co l lected 
I rrad iated 
Age 
No. of eggs 

Tab l e 43: (Contd. ) 

5 
KRAD 

-

-

-

-

-

9 

7.2 

EGGS 

10 20 
KRAD KRAD 

- -

- -

- -

- 1 

- -

3 3 

2. 4 2.4 

19 -11-8 1 
19 - 11 - 8 1 
1 day - o l d 

in each rep li ca t e = 

25 
KRAD 

-

-

-

-

-

-

-

25 

30 40 50 100 
KRAD KRAD KRAD KRAD 

- - - -
I 

- f 1 - I 
- - 1 - I 

" 
- - - -

- - - -

2 2 4 -

1.6 1. 6 3 . 2 -
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Tab I e 44 : 

I r r ad iat i on of 1 day-o ld eggs of 
~. ce pha l onica. 

(se t 2) 

_. 

DATE DAY RE PL ICAT! KRAD K~AD kWAD 
20 R~AD ~RAD K~2D K~~D ' ~~2D KRAD 

13-12- 8 1 2 RI - - - - - - - - ----
R2 - - - - - - - - -

I 

R3 - - - - - - - - -

R4 - - - - - - - - - I 

RS - - - - - - _. - -

14-12-81 3 RI - - - - - - - - -

R2 - - - - - - - - -

R3 - - - - - - - - -
R4 - - - - - - - - -

RS - - - - - - - - -
I S-12-81 4 Rl I - - - - - - - -

R2 3 - - - - - - - -
R3 2 - - - - - - - -
R4 3 - - - - - - - -
RS 3 - - - - - - - -

16-12-81 S RI 19 2 1 - - - 1 - -

R2 14 - - - - - - - -
R3 15 1 1 - - - - - -

.~ 

R4 13 - - I - - - - -- l-

RS IS - - - -
~ ! 

- - - -
17 - 12-81 6 Rl - 2 - - - 1 - - -

R2 3 1 - I - - - - -
R3 2 - - - - - - - -

R4 3 - - - - - - - -
RS 4 2 - - - - - - -

TOTAL 100 8 2 2 - 1 I - -
Pe rcentage: 

80 . 0 6. 4 1. 6 1. 6 - p.008 p . 008 - -Ha tched , 

~ 
Col l ected 12-12-8 1 
I rradiated 12- 12-81 

= 1 day-ol d 
~;~ of eggs in each repli cate 25 
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DA TE DAY 

20-II-BI 3 

21 - II-BI 4 

22-11-BI ~ 

23-11 - BI 6 

TOTAL 

Percentage 
Ha:!lched 

Tab Ie 

Irradiation of 2 
f.. ceeha l onica . 

(Set 1) 

0 5 
, 

REPLICATE 
KRAD KRAD 

RI - -

R2 - -
R3 - -
R4 - -
R5 - -

RI 2 -
R2 5 -

R3 3 -
R4 2 2 

R5 2 -

RI 15 I 

R2 16 -
R3 17 I 

R4 I S I 

R5 17 I 

RI I -

R2 - -
R3 - -

R4 2 -
R5 I I 

9B 7 

7B.4 5.6 

Co llected 

45 : 

da y -old eggs of 

10 20 25 
KRAD KRAD KRAD 

-
-

-

-
-
-

-
-
-
I 

2 

2 

-

-

3 

-

-
-
-
2 

10 

B.o 

- -

- -
- -
- -
- -

- -

- -

- -
- -
I I 

- -

I I 

1- 2 

2 -

- -
- -

- -

- -
- 1 

- -
5 5 

4 .0 4.0 

18-11-81 
19- 11 -81 
2 day-old 

I rrad iated 
Age 
No . of eggs in e ach replicate 

30 40 50 100 
KRAO KRAD KRAD KRAD 

- - - -

- - - -

- - - -

- - - -
- - - -
- - - -

- - - -
- - - -
- - - -

- - - -
- - - -

- I - -
- - - -
- - I -
- - - -
- - - -
- - - -

- - - -

- - - I 

I - - -
I I I I 

b.ooB O.OOB O. OOB O.OOB 

25 
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DA TE DAY 

12-12 -8 1 3 

13-12-8 1 4 

14-12-8 1 5 

15-12-81 6 

TOTAL 

Pe rcentage 
Hatched 

Table 46: 

Ir radiation of 2 da y- ol d eggs o¢ 
L ce pha l on ica. 

(Set 2) 

RE PLICATE "J(RAD 5 10 20 25 
KRAD KRAD KRAD KRAD 

Rl - - - - -

R2 - - - - -

R3 - - - - -
R4 - - - - -
R5 - - - - -

Rl 3 - - - -

R2 5 - - - -

R3 1 - - - -
R4 4 - - - -
R5 3 - - - -
Rl 13 2 1 - -
R2 12 2 - - -

R3 14 1 2 - -

R4 13 2 1 - -
R5 12 2 1 - -

Rl 2- - - - -
R2 3 - - - 1 

R3 1 - - - -
R4 2 - - 1 -

R5 3 - - 1 -
91 9 5 3 2 

72 .8 7.2 4.0 2.4 1. 6 

~ 

Co 11 ec ted = 10-12-81 
Ir radiated 11-12-81 
Age 2 day-ol d 
No . of eggs in each replicate 25 

30 40 50 100 
KRAD KRAD KRA D KRAD 

- - - -
- - - -

- - - -

- - - -
- - - -

- - - -
- - - -
- - - -

- - - -

- - - -

- - - -

- - - -

- - - -
- - - -
- - - -
- - - -

- - - -
- - - -
- 1 - -
- 1 - -

- 1 - -

- 0.008 
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Ta b l e 47 : 

Irrad iati on of 3 da y - o ld e ggs or .£ . ceQha l on i ca 

(Set 1) 

DATE DAY REPLI CATE 
D 5 10 20 25 30 40 50 100 

-oKRA 0 KRAO KRAD KRAO KRAO KRAD KRAD KRAD KRAD 

20-11-8 1 4 Rl 4 - - - - - - - -

R2 3 - - - - - - - -
R3 5 - - - - - - - -

R4 3 - - - - - - - -
R5 5 - - - - - - - -

2 1-1 1-8f 5 RI 13 3 2 - - - - - -

R2 13 1 - - - - - - -

R3 16 3 1 - - - - - -

R4 14 2 2 - - - - - -
R5 16 3 1 - - - - - -

22-11-81 6 Rl 2 7 7 - - - - - -

R2 3 4 3 - - - - - -
R3 2 6 3 - - - - - -
R4 2 7 4 - - - - - -

R5 2 7 2 1 - - - - -
23-11-81 7 Rl - - - 3 - - - 1 -

R2 - - - 2 - - - - -
R3 - - - 1 - 1 - - -
R4 - - - - 1 - - - -
R5 - - - 1 1 - - - -

TOTAL 103 43 25 8 2 1 - 1 -
Percen t age 

82 . 4 0.008 0 . 008 Ha tched 34 . 4 20 .0 6 . 4 1. 6 

~ , Collected = 17- 11 -81 
Irradiated = 19- 11 -81 
Age = 3 da y -old 

No . of eggs in each rep 1 ica te = 25 

-
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Tab Ie 48 : 

Irradiation of 3 day-o ld eggs of f.. ce ~ ha I on i ca . 

(Set 2) 

DATE DAY REPLICA TE a 5 10 20 25 30 40 50 100 
KRA( KRAD KRAD KRAD KRAD KRAD KRAD KRAD KBM 
-

12-12-81 4 R1 5 - - - - - - - -
R2 3 3 - - - - - - -

R3 4 - - - - - - - -
R4 2 - - - - - - - -

R5 4 - - - - - - - -

13-12-81 5 RI 12 10 5 I - - - - -

R2 14 9 4 2 - - - - -
R3 12 5 3 2 - - - - -

R4 16 9 2 2 - - - - -

R5 14 11 4 1 - - - -

14-12-81 6 R1 3 1 2 4 1 - - - -

R2 4 2 1 3 - - - - -
R3 3 - 3 - - - - - -
R4 3 - 4 2 - - - I -

R5 4 2 3 - - - - - -

15-12-81 7 RI - - - - - - - - -
R2 - - - - - - - - -

I R3 - - - - - - - - -
R4 - - - - - - - - -
R5 - - - - - - - - -

TOTAL 101 49 31 17 I - - I --Percenta ge 
.J!atched · 0.8 39. 2 24 .8 13.6 0. 008 - - 0.008 

~ 

r Col lected = 9-12-81 
I rrad i ated = 11-12-81 

Age. = 3 day-old 
No , of eggs in each rep 1 i ca te = 25 

-
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iii,,,,, 
~~: 

DA TE 

11-2- 82 

11-2- 82 

12- 3- 82 

TOTAL 

Tab I e 49 : 

Irradiation of ea rl y l a r vae (5 da ys a fte r hatch in g) of 
~ . ce pha l oni ca . 

(Set I ) 

REPLI CA TE 
0 5 10 20 25 30 

KRAD KRAO KRAD KRA O KRAO KRAO 

RI R2 R3 R4 R5 16 2 - - - -

" 33 25 16 I - 3 

" 52 40 43 13 II 9 

101 67 59 14 II 12 

,P.ERCI"~TAGE ( EMERGENCE) 80.8 53 .6 47.2 11 . 2 8 . 8 9 .6 

RAT I O 0/9 48/53 27/40 14/45 5/9 7/1+ 16/9 

SEX 
RAT I O 0:9 1 : 1.1 I : 1. 5 1 :3 . 2 I : 1 .8 1 :8 -1 1:7 . I 

Ear l y l a r vae 

Eg gs col l ected 11-1-82 
He> tched 15-1-82 
I rrad iated 19 - 1-82 
1st da y of emergence = 11- 2- 82 
No . of l arvae in each rep l icate 25 
No . of l arvae in 5 rep l icates 125 

40 50 100 
KRAO KRAD KRAo 

- - -

2 I 2 

8 7 5 

10 8 7 

8 . 0 6.4 5 . 6 

12/7 3/5 3/4 

1:7. I I : 1. 6 I : I . 3 
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OATE 

5 - 3 - 82 

6- 3 - 82 

7 - 3 - 82 

30- 3- 82 

TOTAL 

Tabl e 50: 

Irrad ia tion of ear l y larvae (5 da ys afte r hatch in g) of 
~ . ce pha lon ica . 

(Set 2) 

RE PLI CA TES 
0 5 10 20 25 I 3(l 

KRAO KRAo KRAO KRAO . KRAo KRAO 

RI R2 R3 R5 R5 12 I - - - -

" 30 8 5 - - -

" 64 10 6 - - I 

" - 46 46 13 12 9 

106 65 57 13 12 10 

PERCENTAGE (E ME RGENCE) 84 . 8 52.0 45 .6 10 . 4 9 .6 8 . 0 

RA TIO olg 48/S8 30/35 22/35 617 8/4 7/3 

SEX 
RAT 10 O:g I : 1 . 2 I : 1.7 I : 1. 5 I : 1.6 2: I 2:3 . I 

- - -

Ea r I y I a rva e 
Eggs co ll ected 3-2-82 
Hatched 7-2 - 82 
Irradiated 11-2-82 
1st day of emergenc e 5- 3 - 82 
No . of larvae in each rep l icate 25 
No . of larvae i n 5 rep l icates 125 

40 50 100 
KRAO KRAO KRAO 

- - -

- - -

- I 2 -

8 5 4 

8 7 4 

6. 4 5 .6 3 . 2 

4/4 /3 3/1 

1: 1 1: 3 . I 3: I 
---- --
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DATE REPLICATES 

~- #+ - -..-----.--~ 

Tabl e 51: 

Irrad iation of late l a r vae (5 days before pupation) of 
f.. ce pha I on i ca. 

(Set I) . 

I 0 5 10 20 25 3(11 40 
KRAD KRAD KRAD KRAD KRAD KRAD KRAD 

10- 1-82 R I R2 R3 R4 R5 14 8 7 4 2 2 -

I 1-1-82 II 29 18 12 n 9 8 5 

15- 2-82 " 61 62 9 5 9 5 9 

2- 4-82 " - I 7 I 3 I -

TOTAL 104 89 35 23 23 16 14 

PERCENTAGE (EMERGENCE) 83.2 71 . 2 28 . 0 18. 4 16 . 4 12 . 8 11. 2 

RATIO 0:9 54/50 51/37 18/ 10 12/ 11 9/ 14 77 9 6/8 

SEX 
RATI O d': 9 I. I : I 1. 4: I 1.8: 1 1: 1 : 1 I : I . 6 I : I . 3 1. 3: I 

Late l a r vae 

Eggs co ll ected 10-1 2- 81 
Ha tc hed 14-1 2 - 8 I 
I rradiated 29 -1 2- 81 
1st da y of emergence 10-1-82 
No . of l a rvae in each r ep I kate 25 
No . of l arvae i n 5 rep l icates 125 

50 I (b0 
KRAD 

- -

3 2 

I 
8 5 

- -
8 10 

6.4 8 . 0 

1/7 3/5 

1:7 I : 1 .7 
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OATE 

14- 1-82 

15- 1-82 

12- 2 - 82 

5-4-82 

TOTAL 

Tab l e 52: 

I r radiat i on of l ate l arvae (5 days before ' pupati on) of 

!<.. cepha l on i ca . 

REPLICATE S 
0 5 10 20 25 30 

KRAO KRAO KRAO KRA-D KRAO KRAO 

Rl R2 R3 R4 R5 15 12 10 7 4 2 

" 32 16 8 11 9 7 

" 60 62 13 7 8 8 

" - 1 - - 1 -

107 9 1 3 1 25 22 15 

PERCENTAGE ( EMERGENCE ) 85.6 72.8 24 . 8 20.0 17.6 12 . 0 

RA TI O 0:9 56/5 1 49/ 42 17/ 14 14/1 1 10/ 12 7/8 

SEX 
0: ~ RATIO 1. 1 : I 1. 2: 1 1 .2: 1 1. 2: 1 1. 1: 2 1: 1. 1 

La te Larvae 

Eggs co l l ected 12 -1 2-81 
Hatched 16- 12 - 8 1 
Irradiated 3 1- 12-81 
1s t day of eme r gence 14- 1-82 
No. of l arvae in eac h r ep l icate 25 
No . of l arvae in 5 rep l i cates 125 

4 0 50 100 
KRAO KRAO KRAO 

2 1 -
I 

8 4 1 

3 1 5 6 

- - -

13 I 10 7 

10.4 8. 0 5. 6 

7/6 3/4 2/5 

1 : 1 1 : 1. 3 1 : 2 . 5 
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Ta b Ie 53: 

I rra dia t i on of 4 da y - o ld pu pae of ~ . ce phaJoni ca. (Set I) 

DATE REPLICA TE S 
0 5 10 20 25 30 I 40 50 100 

KRAD KRAD KRA D KRA D KRAD KRA D KRAD KRAD KRAD 

2 - 2-82 R I R2 R3 R4 R5 18 10 8 5 5 3 I - -

3 - 2- 82 " 22 II II 10 9 7 6 3 -

4 - 2 - 82 " 17 9 4 7 7 5 3 5 I ' 

15- 2- 82 " 15 38 8 4 6 - - - -

TOTA L 92 68 3 1 26 27 15 14 8 I 

PERCENTAGE (E MERGENC E) 73.6 54.4 34.8 20.8 2 1. 6 12.0 11.2 6.4 0 . 008 

RAT I O O:q 62/30 43/20 24/6 19/7 22/5 11 /4 10/4 7/ 1 1/ -

SEX 
RAT I O O:Q 2. I: I 2.2: I 4: I 2 .7: I 4: I 2 . 8: I 2 . 5: I 7 : I 

4 day - o Id pupae 

Eggs co ll ec t ed 6-1 2 - 8 1 
1st dayof pupation 28-12-8 1 
Irrad iated 3 1-1 2- 8 1 
1st day fof emergence 2 - 2 - 8 1 
No. of pupae in each rep l icate 25 
No . of pupae in 5 rep l icates 125 
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Tabl e 54: 

Irradi at ion of 4 da y-o l d pupae of~. cephal onica. (Set 2) 

DATES REPLICATES 

8-2-82 R I R2 R3 R4 R5 

9 - 2- 82 " 
20- 2-82 " 
TOTAL 

'pERCENTAGE (EMERGE NCE) 

RATIO 0: ~ 
SEX 

0:9 RATIO 
-----

KRAD 5 10 20 
KRAD KRAD KRA D 

22 12 5 7 · 

19 10 10 7 

68 49 19 13 

109 71 34 27 

87.2 56.8 27.2 21. 6 

58/5 1 40/3 I 19/ 15 17/ 10 

1 : 1 : 1 1. 3: I 1. 3: I 1.7: I 

4 day-o l d pupa e 

Eggs co ll ec t ed 
1st day of pupa tion 
Irradiated 
1st day of emergence 

. 25 30 
KRAD KRAD 

5 2 

9 8 

I I 2 

25 12 

20. 0 9.6 

18/7 8/4 

2.6: I 2. I 

9- 12- 8 1 
2- 2- 82 
5- 2- 82 
8~2 -82 

No. of pupae in each replicate 
No. of pupae in 5 rep li cates 

25 
125 

, 40 , 
KRAD 

I 

3 

5 

9 

7.2 

4/5 

I : I .3 

50 100 
KRAD KRAD 

- -
3 I 

3 I 

6 2 

4.8 1.6 

4/2 2/-

2: I 
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Tab Ie 55: 

COBALT- 60 GAMMA IRRAD IATI ON CHAR T 

(GHANA ATOM IC ENERGY COMMISS ION, KWABENYA) 

Da t e F ra c t i on 
Da te Fraction I Fract i on I F rac t i on 

of Activi!y_ of Act iv i t 
Date 

of Act i v i t 
Date of Act iv i ty 

1-11-8 1 0 . 2663 1-1 2- 8 1 0 . 2633 1- 1-82 0.2602 1-2- 82 0 . 257 1 

2 0.2662 2 0.2632 2 0 . 2601 2 0. 257 0 

3 0 . 266 1 3 0 . 253 1 3 0 . 2600 3 0. 2569 

4 0 . 2660 4 0 . 2630 4 0 . 2599 4 0 . 2568 

5 0.2659 5 0.2629 5 0 . 2598 5 0.2567 

6 0 . 2658 6 0.2628 6 0.2597 6 0. 2566 

7 0.2657 7 0.2627 7 0 . 2596 7 0 . 2565 

8 0.2656 8 0.2 626 8 0 . 2595 8 0. 2564 

9 0.2655 S 0.2625 9 0.2594 9 0-.125 63 

10 0 . 2654 10 0.2624 10 0.2593 10 0 . 2562 

11 0 . 11 653 11 0.2623 11 0.2592 11 0.2561 

12 0 . 2652 12 0.2622 12 0 . 2591 12 0.2560 

13 0.255 1 13 0.2621 13 0.2590 13 0.2559 

14 0.2 650 14 0.2620 14 0.2589 14 0 . 2558 

15 0 . 2649 15 0 . 26 19 15 0 . 2588 15 0.2557 

16 0 . 2648 16 0.26 18 16 0.2587 16 0.2556 

17 0 . 2647 17 0.2617 17 0 . 258 6 17 0 . 2555 

18 0.2 646 18 0 . 2616 18 0 .2585 18 0.2554 

19 0 . 2645 19 0.2615 19 0 . 2584 19 0 . 255 3 

20 0 . 2644 20 0 . 2614 20 0 . 2583 20 0 . 2552 

21 0 . 2643 21 0.2613 21 Q.2582 21 0 . 2551 

22 0 . 2642 22 0. 2612 22 0 . 2581 22 0. 2550 

23 0 . 264 1 23 0 . 2611 23 0.2580 23 0 . 2549 

24 0 . 2640 24 0 . 26 10 24 0 . 2579 24 0.2548 

25 0.2639 25 0 . 2609 25 0 . 2578 25 0 . 2547 

26 0 . 2638 26 0.2608 26 0.2577 26 0 . 2546 

27 0.2637 27 0.2607 27 0.2576 27 0 . 2545 

28 0 . 2636 28 0 . 2606 28 0. 2575 28 0 . 2544 

29 0 . 2635 29 0 . 2605 29 0 . 2574 

30 0. 263 4 30 0 . 2604 3 0 . 2573 

3 1 0.2603 3 1 0 . 2572 
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Tab l e 56: 

Co ba l t-60 Gamma Irrad iation Chart (G hana 
Atomic Energy Commission, Kwabe nya ) 

Date 

1- 3- 82 
2 
3 
4. 
5 
6 
7 
8 
9 

10 
11 

. 12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23. 
24 
25 . 
26 . 
27 
28 
29 
30 
31 

Fra ct ions of activity 

0.02543 
0.02542 
0 . 02541 
0 . 02540 
0.02539 
0. 02538 
0 . 02537 
0.02536 
0.02535 
0.02534 
0 . 02533 
0 . 02532 
0.0253 1 
0.02530 
0.02529 
0.02528 
0.02527 
0.02526 
0 . 02525 
0.02524 
0.02523 
0 . 02522 
0.0252 1 
0.02520 
0.02519 
0 .02518 
0 .02517 
0.025 16 
0 .025 15 
0 . 02514 
0 . 02513 
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Tab leS?: 

Ca l cu l ation of ' ~' va lue fo r C. cepha l o ­
~. at Legon a nd Kwabenya. 

Pu pation va r iances were assumed to be equa l ; and a comb i ned 

estimate of the va ri ance made using poo led data, thus: 

and then eval uated ~ 

enteri ng the va l ue obtained in the table of ~ at (n l+n
2

- 2) degrees 

of freedom ( v = degrees of freedom, a = level of sign if Icance) 

Treatments 

1. ~ 

Kwaben:t a Legon 

zX I 
242 ~x2 393 

x I 30.3 x2 30.2 

2 
i XI 7340 

2 ZX2 11 89 1 

52 _1_ (7340 24i + 11 89 1 - 393
2 

19 "8 13 

1 .5568 
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S 1. 248 

t = 0 . 1 

1.248) ~ + IT 
t 

(ca I .) 0 . 17 8 '1 = 19, a = 0 . 05 

t (ta b .) 2 . 093 

t {cal .) « t {tab .) 

No s igni ficant d iff e rence between means. 
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Table 58: 

Ca l cu lation of 
and Kwabenya. 

'):..' value for §. . caute lla at Legon 

Assumption : as i n tab l e 57 

Treatment 

~ 
Kwabenya 

ZX I = 292 173 

- 2 = 22 . 5 x I 
21.6 

~ x~ = 6572 
375 1 

n
l 

= 13 8 

( 6572 

23 . I 058 

4 . 807 
o·g 

_ 292 2 + 3751 
13 

4 . 807/ !. + !. 
j 13 8 

0.4 17 "V = 19, a = 0.05 

t (tab . ) 2.093 

No significant difference between means. 
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Tab Ie 59: 

Ca 1 cu 1 a t ions of pe rcentage a du l t inc r ea se or 
r e du ct i on of genera t i on two (G2) ove r gene ra-
t i on one (G1) in 1 imi ted amount o f standard 
med i um . 

EC
50 Se t 1. !±ill x 100 2032.7 

2-05 

Set 2. !tUZ. x 
2 12 

100 1951.4 

CC
50 

Set 1. 2675 x 100 1693 . 0 
158 

Set 2 . 2476 x 100 1491 . 6 
166 

E + ~ 5l CC 
Set 1 . __ 2 

3009 2786 
.!.ill 

x 100 1843 .8 108 x 100 80 

Set 2 . 5l CC 

3091 x 100 2687 . 8 144 1 X lIDO 1675 . 6 
115 66 

E Set 1 ~ EC 
C + -_ _ 2 

~x 100 3188. 6 11 x 100 = 10 . 9 
79 101 

Set 2 . ~ ff 
2267 x 100 2667 . 1 6 x 100 = 5-7 as 105 

CC/ EC Set 1 . ~ ~ 

4 x 100 4 . 0 2244 100=2465.9 99 - 9- 1- X 

Se t 2 _ EC ~ 

-1 x 100 2 189 x 100 = 2379.3 
100 92 
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Table 60: 

Ca Ie u I a t ions of percentage adu l t increase or 
reduc t- ion of gene ration two (G2) over gene r at i on 
one (GI) in l imited amount of broken cocoa beans. 

EC 
--.2Q Set I. 929 x 100 709.2 

T3L 
Set 2. 993 x 100 = 719 .6 

138 

CC
50 Set I . 1808 x 100 1643.6 

TiC 

Set 2. 1854 x 
117 

100 1584 .6 

E + f. __ 2 
~ IT 

. Set I. .!l. 100 30.9 ill x 100 . 1340 
55 

x 
50 

Se t 2. 
EC CC 

12.. x 100 58 . 3 957 x 100 2126 . 7 
60 

E f.f. ~ C + -_ _ 2 
Set I 1402 x 100 2503 . 6 2 x 100 II. I 

56 18 

Set 2 . IT ~ 
1619 x 100 2416 . 4 4 x 100 19 .0 
67 2T 

CC ~ 
CC/EC Se t I. 

l..!lL 100 • 2644 . 2 ~ 100 0 x x 
43 10 

f.f. EC 

Set 2 . .ll12. x 100 3 0 11 . 4 0 100 0 14 x 
44 
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Tabl e 61: 

Cal cu la t ions of pe rcentage adu l t inc re as e or 
r ed uct ion of generati on two (G2) ove r gene r at I on 
one (Gl ) and gene rati on three (G3) ove r gene ra -
t i on one (Gl ) in abundance of s t andard med ium. 

G2 G3 

~C 5 0 Set 1. IT G2 

495 x 100 2054.3 4 . 500 x 100 47 6.2 
46 ~5 

Set 2 . 97 0 x 100 2 155.6 4 .92 1 x 100 507 . 3 
Ts 970 

CC 
Set 1 . 692 x 100 1609.3 1.586 x ...2.Q 100 229.2 

43 ~ 

Se t 2. 65 1 x 100 1587 . 8 1 .750 x 100 2.68 . 9 
4T 6sT 

Sf. Sf. 

E + C 
----....-I Se t 1. 679 x 100 2952 .2 213 x 100 31.4 

23 679 

CC CC 

41 2 x 100 1872 .7 92 7 x 100 225.0 
22 4i2 

EC EC 

Set 2 . 9 12 x 100 3800 ill x 100 4 0.8 
24 9 12 

~ ~ 

ill x 100 23 18 . 2 1. 002 x 100 102. a 
22 SiD 
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Tab l e 62: 

Calcu lations of percentage adu lt increase or reduct i on 
of generation two (G2) over genera t j on one (G 1) in 
abundance of broken cocoa beans . 

EC 
Set 1 . .......5.Q f..9.2. x -100 954.8 

31 

Set 2. 264 x 
27 

100 977 .8 

CC
50 Set 1. 427 x 100 1472.4 

29 

Set 1. 408 x 100 15 69.2 
26 

EC CC 
E + C 

2' Set 1. 42 x 100 221.1 260 x 100 1733 .3 
19 is 

Set 2 . 35 x 100 205.9 ill x 100 1743 .8 
IT 16 

C + E CC EC 

2' Set 1. 372 x 100 2325 18 x 100 = 200 
16 "9 

Set 2 . 380 x 100 2111. 1 15 x 100 136 . 4 
ill iT 

~ EC 

CC/EC Set 1. 410 x 100 
18 

2277.8 11 x 100 157 . 1 
7" 

Set 2. 365 x 100 2218.3 
16 

12 x 100 15 0 
'8 
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Tab l e 62 (Contd) 

G2 IU.. 
GI G2 

C + E CC CC 

2" Set I . 601 x 100 2861 . 9 1 . 630 x 100 271.2 
2T 601 

EC EC 

187 x 
21i 

100 779 . 2 287 x 
187 

100 153.5 

Set 2 . ~ ~ 
ill x 100 2517.4 1.817 x 100 313.8 
23 579 

Sf. EC ~ 

253 x 100 1100 . 0 325 x 100 56 . 13 
23 579 

CC ~ 

CC/EC Set I . 594.x 100 2700 . 0 1 . 6 13 x 100 271 . 5 
2z 594 

EC ~ 

652 x 100 2834 . 8 643 x 100 98 . 6 
23 652 

CC ~ 

Set 2. 563 x 100 2345.8 
1.764 x 100 3 13 . 2 

24 563 

Sf. EC 

625 x 100 2604 592 x 100 94 . 7 
24 625 
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SOURCE OF 
VAR IATI ON 

R 
C 
RC 
G 
RG 
CG 
RCG 

T 0 T A L 

Table 63: 

Results of analysis of var i ance On competi t i on in standard medium ( limited 
amount of food and space) for emerged adults of f.. cepha lanlca Using IBM 
Computer . 

28. 
16. 
17 
22: 

4 10. 
265 
446. 

G 
SUM OF 
SQUARES 

15726.85 158 
92548 .26580 
2 1794.34770 

1808375.7534 1 
16413.25395 
78656.65643 
2 1239.94 145 

2054754.50292 

ANALYSIS 0 VARIANC E 
P I, SE T 

N PUT A T A 

35. 25. 32 . 38. 
16. 16. 15. 16 . 
15 17 16 15 
15 . 17. 19 . 18 . 

63 1 . 574 . 565. 495 . 
274. 3 18 321. 297. 
57 1 . 412. 382. 433. 

EVE L o F FACTORS 

R 5 
C 4 
G 2 

R A N D M A N 
DEGREES OF MEAN S F - TES T 

FREEDOM SQUAR ES 

4 393 1.7 1289 2.2213 I 

3 30849 !!l 802 17 .4291,0 

12 181 6. 19555 1.02610 

1 18 08375.753 41 1021.58420 

G 

>, 
NS 
C 
R 

4 4D03. 31348 
3 2621 8.88286 
12 17 69 . 99487 

39 

Denotes Sign i f i can llD a t 5 percent leve I 
Denotes not signi fi ca n t at 5 percent leve l 
Denotes Corcyra Cepha 1 on i c a in the va r i ous 

Denotes Repl icate 
Denotes Gene ra t ion. 

2 .31826 
14.81297 
1. 00000 

t rea tments 

f - READING 
AT COMMENTS 

PERCENT 
3. 26 NS 
3.49 * 
2.69 NS 

4. 75 * 
3.26 NS 

3.49 * 
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Table 64 : 

Resu I ts of ana Iys is of variance on c()ffipeti tion in standard medium 
( l im ited amount of food and space) f or emerged adu lts ef £.. cephalonica 

PAGE I, SE T I 

BLOCK NO. 

TREATME NT 

G I, CC 
GI, E+C/2 
G2, CC 
G2, E+C/2 

2 
3 
4 
5 

RANDOM I SE D BLOCK DE $ I GN 

BLOCK MEANS 

TREA TMENT MEANS 

11EANS 

218 . 2500 
270 .0000 
236. 3750 
224 . 8750 
215 .6250 

MEAN TREATMENT HEAN 

15 . 8000 
18 . 2000 

3 1.6000 
16.0000 

535.000 1 

295.0000 

GRAND TOTAL, GT 

GENERA L MEAN, GM 

CORREC T I ON FACTOR,C F = 

GI , C+ E/2 
GI , CC/EC 
G2, C+ E/ 2 
G2, CC/EC 

9321 .001 9 

233.025 0 

2172 026. 5068 

503 . 8009 
448 . 8000 
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SOURCE OF VAR I A T I ON 

BLOCKS 

TREATMENTS 

ERROR 

TOTAL 

Table 65: 

Resu l ts of ana l ysis of var ianc e on compet ition in standard medium ( I imited 
amount of food and space) for emerged adults of ~. cephalonica 

RANDOM I SED BLOCK DES IGN 

pAGE I , SET 

ANA LYS I S OF VAR lANCE 

DF SS MS FC 

4 15726 . 511l19 3931. 6254 1.8517 

1979580 . 5" 34 282797.1883 133. 19 68 

28 59448.2579 2 123.15 18 

39 2054755. 2529 

STANDARD ERROR/PLOT . S 46.0776('734 

STANDARD ERROR/TRT. MEAN.SX 20, 60655979 

STANDARD ERROR/DIFF . OF 2 TRT . MEANS SO = 29. 14207463 

COEFF IC lENT OF VAR IAT ION . CV = 19.7737 0(JJ6 pERCENT 

LSD AT 

LSD AT 

PERCE NT 

PERCE NT 

51. 319 1 

76. 4687 

NS 

,~ 

F - REAO I NG AT 
0.05 0 . 01 

3 .7390 6 .'5150 

2.7640 4 . 2780 
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SOURC E OF 
VAR IAT! ON 

R 

RC 
G 
RG 
CG 
RCG 

TOT A L 

SUM OF 
SQUARES 

5392 . 40040 
67826 . 07830 
292 40.78520 

1578075 .7 5341 
5207 . 50098 

5542 6 . 65635 
3 1I183 . 68363 

1771352 . 253 4 1 

Ta ble 66: 

Resu l ts of ana l ys i s of va riance On competition in sta ndard me dium ( l im ited 
amount of food and s pace) f o r eme r ged adults of ~. ce phalon ica . 

ANALYS I S o F VAR I A N C E 

P I , S E T 2 

1 N P U T o A T A 

32 . 37 . 27. 32 . 38 . 
17 . 17. 15 . 16. 20 . 
16 . 19 . 17. 15 . 19 . 
18 . 19 . 15 . 20. 20 . 

506 . 37 4 . 510. 565. 521. 
503 . 353 . 398. 546. 468 . 
3 19 . 266. 263. 232. 361. 
371 . 524 . 467. 398 . 429 . 

L EV E L o F F A /C T ORS 

R 
C 
G 

G RAN 0 M E A N 220.07 50 1 

OEGREE S OF MEAN F- TE ST 
FREE DOM SQUAR ES 

4 1348 . 10010 0. 53595 

22 608 .69145 8 .98844 

12 2436 .73 194 tJ. 96876 
1 1578075 .7 5341 627 . 3889 1 

4 13 01. 87524 0. 51758 

3 18475 . 55082 7. 34524 

12 25 15 . 307 13 I . 00100 

39 

* Denot es Si gni f icamt a t 5 pe rce nt leve l 
NS Denotes not s ignifi ca nt at 5 percen t l eve l 

F- REAOING 
AT COMMENT 

PERC ENT 
3 . 26 NS 
3 . 49 * 
2. 69 NS 
4 .75 * 
3 . 26 NS 
3 . 49 * 
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Table 67: 

Resu l ts of ana l ysis of va r iance on c ompe tit i on in s ta ndar d med ium ( limi ted 
a moun t of food and space) for eme r ged ad u l ts of f . cep ha l on ica . 

RANDOM ISED BLOC K DES I GN 

PAGE I , SET 2 BLOCK MEANS 

B LOCK NO. 

2 

3 

4 
5 

TREATME NT MEANS 

TREA TMENT MEAN TREA TMENT 

GI , CC 33.2000 GI , C.E/2 

G I , Et c/a 17.2000 GI , CC/ EC 

G2, CC 495.2000 G2 , Ct E/ 2 

G2, EtC/2 288.2000 G2 , CC/ EC 

GRAND TOTA L, GT 8803 . 00 19 

GENERA L MEAN, GM 22 0.075 0 

CORRECTION FACTOR, CF 19373 20. 2529 

MEANS 

222 .7500 

201 . 1250 

214 . 0000 

228 . 0000 
234 . 5000 

MEAN 

17 . 0000 

18 .4010 

453. 6000 

437 . 8000 
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SOURCE OF VAR IATI ON 

BLOCKS 

TREATMENT 

ERROR 

TOTAL 

Table 68: 

Results of analysis of variance on competi tion in standard med ium (l imi ted 
amount of food and space) fo r eme rged adu l ts of £.. cepha loni ca. 

RANDDMI SED BLOCK DEStN 

PAGE I , SET 2 

ANALYS IS OF VAR lANCE 

DF SS MS FC 

4 5392 . 5009 1348. 1252 e. 5840 NS 

7 1701328 .2534 243046 . 8754 105.2924 " 

28 64632.5079 23000.3037 

39 177 1353.2534 

STANDARD ERROR/PLOT .S 48 . 04480753 

STANDARD ERROR/TRT. MIlAN, SX 21 . 48629003 

STANDARD ERROR/DIFF . OF 2 TRT . MEANS, SD 30.3862038 1 

COEFFICIENT OF VARIATION, CV = 21.83 110813 PERCENT 

LSD AT 5 PERCE NT 53.5 101 

LSD AT 1 PERCENT 79.7333 

F - READING AT 

0.05 

3 .7390 

2 .7640 

0. 01 

6 .5 15 0 

4 . 2780 
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S OUReE OF 
VAR JA TI ON 

R 
E 
RE 

G 
RG 
EG 
REG 

T OT A 

Table 69: 

Resu l ts of ana l ysis of variance On competiti on i n standa rd medium ( limi t ed 
amoung of food and space) for emerged adu 1 ts o f £. . ~ 

ANA LY S IS o F VARIANCE 

P 2, SE T 

I N PUT A T A 

37. 40 . 49. 37. 42. 16. 23. 20 . 24. 25 . 23. 22. 17. 18. 21. 
21. 18 . 20 . 19 . 22. 

695 . 874 . 97 6. 763. 859 . 607 . 659 . 530 . 811. 402 . 
3. 4 . 1. 2. 1. 
O. 1. O. 2. 1. 

L EV E o F F ~ T OR 

R 5 
E 4 
G 

G RAN D MEA N 192 .62503 

SUM OF DE GREES OF MEAN 
SQUARES FREEDOM SQUARES 

F-TE ST 

10119 .25 197 4 2529.8 1299 0.53252 
14011 67.50292 3 4 67 055 .8 1335 98.31512 

6 13 79 . 9454 1 12 5 114 .995 13 1.07670 
1114558.253 4 1 I 111 4558 . 2534 1 234.61419 

1057 9 . 15041 4 2644 .78760 0. 55672 
1298497 . 50292 3 432832 . 43823 91. 11111 

57007.2 11 02 12 4750. 60059 1. 00000 

3953307 .50585 39 

* Denotes sign ifica n ~at 5 percent leve l 

NS Denotes not S i gn i f icant at 5 percen t l eve l 

E Denotes Ephesti,! ca,utell a in the var ious t r ea tements 

F-READ JNG 
AT 

5 PE RCE NT 
COMMENTS 

3 . 26 NS 
3 .49 * 2. 69 NS 
4 . 75 * 3 . 26 NS 
3.49 * 
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Table 70 : 

Re s ul ts of ana lys i s of va ri a nce on competit ion on sta ndard medium ( li mited 
amour,t of food and s pace) for emerged adu l ts of ~. ~. 

PAGE 2 , SET I 

BL OCK NO. 

2 

3. 

4 

5 

TREA TME NT 

GI , EC 

G I , C' E/ 2 

G2, EC 

G2, C'E/2 

RA NDOMISED BbOCK DES IGN 

B LOCK MEANS 

TREA TMENT MEANS 

MEAN TREATMENT 

41 .0000 GI , E+C/ 2 

20 . 2000 GI , CC/EC 

833 . 4 000 G2 , E' C/ 2 

2 . 2000 G2 , CC/ EC 

GRA ND TOTAL, GT 77 05 .0009 

GENERA L MEAN , GM 192 .6250 

CORRECT 1 ON FA CTffi,~CF = 14841 75 .7529 

M.ANS 

175 . 2500 

205 . 1250 

20 1. 6250 

209 . 5000 

171 . 6250 

MEAN 

2 1.6000 

20.0000 

601.8000 

0.8000 
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SOURCE OF VAR IATI ON 

BLOCKS 

TREATME NTS 

ERROR 

TOTAL 

Tab Ie 71 : 

Resu l ts of anal ysis of var iance on competition in sta ndard med i um 
( I imi ted amount of food and space) for emerged adu l ts of ~. ~. 

RANDOMISED BLOCK 

PAGE 2, SET I 

OF 

4 

7 
28 

39 

SS 

1011 9 . 25 19 

38 14223 . 0058 

STANoARD ERROR/PLOT, S 

ANA LYS IS OF VARIANCE 

MS 

2529 .8129 

544889 . 0017 

128967 . 7658 

3953310 . 0058 

DES I GN 

Fe 
0. 5492 

118 . 3000 

4605 .99 12 

STANoARD ERROR/TRT. MEAN, SX 

67 . 86744707 

30 . 35 124592 

NS 

~'( 

STANDARD ERROR/ DIFF . OF 2 TRT . MEA NS, SO 42.923 14156 

COEFF ICIENT OF VARIAT I ON, CV 35 . 232933 14 PERCENT 

LSD AT 5 PERCENT 75 .5876 

LSD AT PERCENT 11 2.6302 

F - READING AT 
0.05 0.01 
3 .7390 6.5 150 

2.7640 4.2780 
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SOURCE OF 
VAR I ATION 

R 
E 
RE 
G 
RG 
EG 
REG 

TOT A 

45 . 
24. 
22. 
19. 

80 1. 
500 . 

SUM OF 
SQUARES 

3. 
1. 

24297.60160 
1412582 .50292 

63569 . 16415 
11 23925.75341 

24772.00395 
1304215.25341 
61936 .34384 

4015295 . 50683 

Tab Ie 72-

Results of anal ysis of var ia nce on competition in standard medium 

( 1 imited amount of food and space) for emerged adults of s.. cautel l a. 

A N A L Y S I S o F V A R I A N C E 

P 2, S E T ~ 

I N PUT OAT A 

38. 38. 45. 
23 . 25. 20. 
18 . 23. 22. 
21 18 . 

i 
21. 

635. 960. 863. 
680. 830. 683. o. 1. I . 

O. 2. O. 

LEV E L o F rr C/ 0 R 
R 
E 4 
G 2 

G RAN D M E ~A N 

DEGREES OF MEAN 
FREEDOM SQUARES 

4 6074.40040 
3 ~i7 0860 .8 1335 

12 ' 5297 . 43067 
1 1!~3925 .75341 
4 . 6 193.00098 
3 l434738 . 37573 

12 5161 . 19532 

39 

* Denotes s ignificant at 5.r>ercen t level 
NS Denotes not significant a! 5 percent le ve l 

46. 
23. 
20 . 
2 I . 

878. 
398. 

I . 
O. 

194.22500 

F -TEST 

1. 17693 
91.23 097 

1.02639 
2 17.7646 1 

1.19991 
84.232 11 

1.00000 

F -READ I NG 
Nf COMMENTS 

PERCENT 
3.26 NS 
3.49 * 2 . 69 NS 
4.75 * 3.26 NS 
3.49 * 
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Table 73: 

Resu lts of analysis of var ian ce on competition in s tandard medi um 
(I imited amount of food and s pace) for emerged adu l ts of L ~, 

RANDOMISED BLOCK DESI GN 

PAGE 2, SET 2 

TREATMENT 

Gl , EC 

Gl. C+E/ 2 

G2, EC 

G2, C+El2 

BLOCK NO , 

I 

2 
) , 

4 , 

5, 

BLOCK MEANS 

TREATMENT MEANS 

MEAN 

42 . 4000 

2 1.0000 

827, 4000 

1 ,2 000 

GRAND TOTAL, GT 

GENERAL MEAN, GM 

CORR ECTION FACTOR , CF 

MEANS 

176, 8750 

176,8750 
237, 1250 

206,8750 

173 . 3750 

TREATMENT 

GI, E+C/2 

GI . CC/EC 

G2, E+C/2 

G2, CC/ EC 

7769 , 0009 

194 , 2250 

MEAN 

23,0000 

2 0, 0000 

6 18.2000 

0,6000 

1508934 , 2529 
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SOURC E OF VARIATION 

BLOCKS 

TREATMENTS 

ERROR 

TOTAL 

OF 

4 

7 

28 

39 

Table 74: 

Results of analysIs of varia nce on competItion i n standard medium 
( 1 imited amount of food and space) for eme rged adu lts of S. caute'li a. 

RANDOM ISED BLOCK DES IGN 

PAGE 2, SET 2 

ANALYS IS OF VAR IANC E 

MS SS 

24297.5039 

3840723 . 0058 
6074.3759 

548674.7514 

150277.03 16 

4015297 . 5058 

STANDARD ERROR/PLOT, S 

5367.0361 

STANDARD ERROR/TRT . MEAN,SX 

F,C 

I . 1317 

102.2304 

NS 

.. ~ 

73 . 26005572 

32.76289376 

F -READ ING AT 

D.05 

3. 7390 

2.76#0 

STANDARD ERROR/D IFF . OF 2 TR T. MEANS,SD 46.33372507 

COEFF IC /ENT OF VARIATION, cv 37,719/6970 PERC ENT 

LSD AT 5 PERCENT 8 / .5936 
LSD AT PERCENT 12 / .5796 

0.0'/ 

6 . 5/50 

4 .2780 
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SOURCE OF 
VAR IAT ION 

R 
C 
RC 
G 
RG 
CG 
RCG 

T O T A 

SUM OF 
SQOARES 

10590 . 60158 
75624.40643 
24401 . 58598 

565964 . 12670 
10404 . 9004 1 
6 1651 . 50791 
2 1736 . 48 052 

77037 3 .37646 

Tabl e 75: 

Results of ana lys is of variance on competition in broken COcoa beans 
(I imlt ed amou nt of food and SPACE)for emerged adults of £. cephalonica . 

ANA L YSIS o F V A R I A NeE 

17 . 
14 . 
II . 
8 . 

327 . 
317 . 
215 . 
349 . 

P3, 

N PUT 

22 . 
7 . 

16. 
7 . 

396 . 
205. 
170 . 
286 . 

LEV E 

R 
C 
G 

23 . 
8 . 
6 . 

12 . 
372 . 
2 18 . 

91 . 
151. 

G RA N D 

DEGREES OF 
FREEDOM 

4 
3 

12 
I 
4 
3 

12 

39 

SET I 

0 A T A 

22. 
14 . 
7. 
7 . 

354 . 
350. 
74 . 

127. 

OFF AC T 0 R 

5 
4 

MEA N 

MEAN 
SQUARES 

2647.65039 
25208.13285 

2033 .46533 
565964. 12670 

260 1.22510 
20550.50395 

1811.3732 9 

* Denotes significant at 5 percent le ve l 
NS De not es not s i g n i f i cant at 5 percent I eve I 

26. 
13. 
10. 
9. 

359. 
3'12. 
12'0. 
224. 

131.90002 

F -TEST 

1.46168 
13 . 91658 

1 . 12260 
3 12.4503 ,1' 

1.436@5 
11.34526 

1. 00000 

F -READ I NG 
AT 

PERCENT 
3.26 
3.49 
2.69 
4.75 
3.26 
3.49 

COMMENTS 

NS 
) '( 

NS 
-k 

NS 

* 
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Table 76 : 

Resu l ts of analysis of variance on competition in broken COcoa bea ns (limited 
amount of food and space) for eme rged adult s of £.. cepha l on lca . 

RANOOM ISEO BLOCK DESIGN 

PAG E 3, SET 

B LOCK MEANS 

BLOCK NO. MEANS 

Z 

4 

5 

TREATMENT 

GI, CC 

GI, E+C/Z 

GZ, CC 

GZ, E+C/Z 

TREATMENT MEANS 

MEAN 

22.0000 

10.0000 

361.6000 

134 .0000 

GRAND TOTAL, GT 

GENERAL MEAN, GM 

CORRECT I ON FAC TOR,CF 

TREATMENT 

GI, C+ E/2 

GI, CC/EC 

G2, C+ E/2 

G2, CC/EC 

157 . 2500 

138. 6250 

11 0. 1250 

11 9 . 3750 

134 . 1250 

MEAN 

11 .2 000 

8 . 6000 

280 .4000 

227.4000 

5276 . 0009 

13 1.9000 

695904.5014 
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SOURCE OF VAR IATI ON 

BLOCKS 

TREATMENTS 

ERROR 

T OTA L 

Table 77: 

Results of analysIs of var iance on compet i t i on in broken cocoa beans ( limited 
amount of food and space) for emerged adu l ts of C. cephaloni ca. 

RANDOM I SED B LOCK DESIGN 

PAGE 3, SET 1 

ANA LYSIS OF RVAR IANCE 

F - READ ING AT 

DF SS MS FC 0.05 

4 10590 . 6269 2547 . 6567 1. 31 1 1 NS 3 . 7390 

7 703240 . 1267 100462.85 95 4 9.7490 * Z. 7,64 0 

28 56543.0079 20 19 .3930 

39 7703 73 . 75 14 

STANDARD ERROR / PLOT,S 44 . 93766030 

STANDARD ERROR/TRT. MEAN, SX = 20 ./i9673313 

STANDARD ERROR/D IFF. OF 2 TRT. MEANS . SD 28.42 1070 14 

COEFFICIENT OF VARIAT I ON, CV 34.0694886 '1 PERC ENJ 

LSD AT 5 PERCENT 50 . 0494 

LSD AT PE RCENT 74 . 5768 

0.0 1 

6.5 150 

4 . 2780 
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SOURCE OF 
VAR IATION 

R 
C 
RC 
G 
RG 
CG 
RCG 

TOT A 

SUM OF 
SQUARES 

45 10 . 60059 
52 196 . 10165 
11 657 . 40041 

750760 . 12670 
4289.00098 

38585.80479 
10750 . 19143 

872749.00170 

Table 78: 

Results of -analysIs of var i ance on competition in broken cocoa beans (limited 
amount of food and space) for emerged adu l ts of...£.. cephaloni ca. 

ANA LY S IS o F VARIANC E 

E T 

N P U T D A T A 

25. 22 . 23. 24. 23. 

13. 17 . 15 . 10 . 12. 
8. 8. I\! . 6. 9. 

10. 9 . 7 . 10. 8. 
375 . 359. 387. 391. 342. 
307 . 359. 341. 287. 325. 
22 O. 243 . 168 154. 172 . 
361. 256 . 2 13 . 309. 184 . 

LEV E L o F FACTOR 

R 5 
C 4 
G 2 

G RAN D M E A N 150.65002 

DEGREES OF MEAN 
F-READING 

FREEDOM SQUAR ES 
F-TEST AT 

5 PERCENT 
COMMENT 

4 1127 . 65014 1 .25874 3.26 NS 

3 17398.69926 19.42145 3.49 
12 911 .44995 1 . 0843 9 2.69 NS 

1 750760. 1267 a 838.04297 4 .75 * 
4 1072.25024 1. 19690 3.26 NS 

3 12861 . 93362 14 . 35725 3.49 .:, 

12 895 . 84924 1. 00000 

39 

,~ Denotes signif i cant at 5 percen t le ve l 
NS Denotes not signif i cant at 5 pe r cent l eve l 
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Tab le 79: 

Resu l ts of anal ys is of variance on competi ti on in broken cocoa beans ( limited 
amount of food and space) for emerged adults of ~. cepha l onica. 

PAGE 3, SET 

TREATMENT 

GI , CC 

G I , E+C/2 

G2, CC 

G2, E+C/2 

BLOCK 

RANDOM I SED BLOCK DESI GN 

B LOCK MEANS 

NO. MEANS 

164 . 8750 

159 . 1250 

146.0000 

148 .8750 

134 .3750 

2 

3 

4 

5 

MEAN 

23. 4000 

9.0000 

37 O. 8000 

191 . 4000 

TREATMENT MEANS 

GRANO TOTA L, GT 

TREATMENT 

GI , C+E/2 

GI , CC/EC 

G2, C+E/2 

G2, CC/EC 

GENERA L MEAN, GM 

CORRECTION FACTOR, CF = 

6026.0009 

150 .6500 

907816 . 8767 

MEAN 

13 .4000 

8 . 8000 

323.8000 

2·64.6000 
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PAGE 3, SET 2 

SOURCE OF VARIAT ION OF 

BLOCKS 4 

TREATMENTS 7 

ERROR 

TOTAL 

Tabl e 80: 

Resu lt s of ana l ys i s of var iance on competition in broken cocoa beans 
( I imit ed amount of food and space) for emerged adults of ~ . ce phalonica 

28 

39 

RANDOM I SED BLOCK DESIGN 

ANALYS IS OF VAR lANCE 

SS MS 

45 10 . 7509 1127 .6877 

84 1542. 1264 120220 . 2970 

26696.5039 

872749.3767 

STANDARD ERROR/PLOT,S 

STANDARD ERROR/TRT. MEAN,S X 

FC 

1. 1827 

126.0902 

953. 4465 

30.87792973 

13.8 0902865 

0.05 

NS 3.7390 

* 2 . 7640 

F- READ I NG AT 

STANDARD ERROR/D IFF . OF 2 TRT. MEANS, SO 19 . 5289 1926 

COEFF I CIENT OF VAR IAT I ON, CV 20.4964" 764 PE RCENT 

LSD AT 5 PERC ENT 34.3904 

LSD AT PERCENT 51 . 2438 

0.0 1 

6.5 150 

4 .2 78 0 

University of Ghana http://ugspace.ug.edu.gh



SOURCE OF SUM OF 
VAR IAT ION SQUARES 

R 1329 . 65014 
E 79 172 .31268 
RE 4488 . 95020 
G 13468 . 9004 1 
RG 124 1. 850 10 
EG 50391 . 50791 
REG 3662 . 75049 

TOT A 153755.87542 

1.1 : _ ,.1 . 

Table 81: 

Resu l ts of analysis of variance on competit ion on broken cocoa beans 
(1 imi ted amount of food and space) for eme rged adults of §.. ~. 

32 . 
8 . 
2. 

O. 
207 . 

3 . 
O. 
O. 

ANA L YS I S o F VAR I ANC 

P 4, SE T 

I N PUT A T A 

20 . 24 . 30 . 25. 
12. 12 . 9. 14 . 
2 . 3. 7. 4 . 
3 . 3 . 2. 2. 

202 . 118. 250. 152. 
5 . 5 . 2. 2. 
I. I. O. O. 
O. O. O. O. 

L EV E o F FACTORS 

R 5 
E 4 
G 

G RAN D M E A N 29 . 05000 

DEGRE ES OF 
FREEDOM 

MEAN 
SQUARES 

F ~TEST 

4 332 . 41253 1. 08905 

3 
12 

26390 . 76958 86. 46215 
374 . 07916 1.22556 

I 
4 

13468 . 9004 1 44 . 127 17 
310 . 46252 1. 01714 

3 
12 

16797 . 1680 1 55.031 33 
305 . 229 18 1. 00000 

39 

, '( 

NS 
Denotes si gnificant at 5 percent l eve l 
Denotes not s ignificant at 5 pe r cent l eve l 

F-REATI NG 
AT COMMENT 

PERCENT 
3.26 NS 
3 .49 " 

2.69 NS 
4.75 * 
3.26 NS 
3. 49 * 
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Table 82: 

Resu l ts of ana lysis of va rian ce on competition in broken COcoa bean s 
( I imited amount of food and space) for emerged adu lt s of ~. cautel la. 

PAGE 4, SET I 
RANDOMI SED BLOCK DES IGN 

BL OCK MEANS 

BLOCK NO. 

TREATMENT 

G I , EC 

GI , C+E/2 

G2, EC 

G2, C+E/2 

I 

2. 

3 . 

4 

5 

TREATMENT MEANS 

MEAN 

26.2000 

3.6000 

185 .8000 

0. 4 000 

GRANO TOTA L, GT 

GENERA L MEAN, GM 

CORRECTI ON FACTOR, CF 

TREATMENT 

GI , E+C/2 

GI , CC/ EC 

G2, E+C/2 

G2, CC/EC 

11 62 . 0002 

29.0500 

33756. 1016 

MEANS 

31.5000 

30 . 6250 

20 . 7500 

37 .5000 

24 .875 0 

MEAN 

11 .0000 

2 . 0000 

3 .4000 

0. 0000 
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SOURCE OF VARIATION 

BLOCKS 

TREATMENTS 

ERROR 

TOTAL 

Table 83 : 

Results of ana lys is of var Iance on competit ion In broken COcoa beans 
(I imlt ed amount of food and spa ce) for emerged ad ults of f . cautella. 

RANDOMISED BLOCK DES IGN 
PAGE 4, SET I 

OF 

4 

7 

28 

39 

ANALYSIS OF VARIANCt 

SS MS FC 
1329.6564 132 .4141 0.9908 NS 

143032.719 1 20433 . 2422 60.9066 * 
9393.5644 335.4844 

153755 . 9379 

STANDARD ERROR / PLOT,S 

STANDARD ERRDR/ TRT . MEAN, SX 
18.3 1623464 

8. 19126894 

F - READ ING AT 
0.05 

3 . 7390 

2 . 7640 

STANDARD ERROR /D IFF . OF 2 TRT. MEANS, SO 11.58420183 

COEFF ICIENT OF VARIATION , cv 63 . 05071268 PERCENT 

LSD _AT 5 PERCENT 

LSD AT PERCENT 
20.3997 

30.3969 

0.0 1 

6.5150 

4.2780 
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SOURCE OF 
VARIATION 

R 
E 
RE 
G 
RG 
EG 

Error RCG+R+RC+RG 

TOT A L 

Table 84 : 

Resu l ts of analysis of variance on competition In broken COcoa beans 
(I imi ted amount of food and space ) for emerged adults ~of ~. ca ute l/ a. 

27 . 
10. 
5. 
2 . 

22 1. 
7 . 
1. 
o. 

SUM OF 
SQUAR ES 

1293 . 75024 
8971 1 . 7033 3 
4026 .0502 9 

16 160.40041 
1295 .85010 

57910.60166 
3733 . 15039 

174 13 1.46917 

ANALYSI o F V A R I A N C E 
P 4 E T 2 

I N PUT O A T A 

26. 26 . 3 1. 28 . 1 1. 16 . 9. 14 . 4. 5. 4 . 3. 4. 2. 3. 3. 173. 233. 247. 124 . 
5. 12 . 3. 8. I . 2. O. O. O. O. O. O. 

EVE OF FACTORS 
R 5 
E 4 
G 

G RAN D MEA N 31.75000 

OEGR EE S OF MEAN 
F -TEST GREEOOM SQUARES 

4 323.43756 1.03967 
3 29903.89849 96. 12338 

12 335.50421 1. 07845 
1 16 160 . 40040 51. 94699 
4 323.96252 1. 04135 
3 19303.53520 62. 05 011 

12 3 11 .09588 1.00000 

39 

,', Denotes slgnlf k a nt at 5.percent leve l 
NS De notes not si gn if icant at 5 per cen t l eve l 

F- REAO ING 
AT 

5 PERCENT 
3.26 
3.49 
2.69 
4 .75 
3 .26 
3 .49 

COMMENTS 

NS 

* NS 

* NS 

* 
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Tabl e 85 : 

Resu 1 ts of ana lys is of var ia nce on compet it ion in broken cOcoa beans ( 1 imi t ed 
amount of food and space) for - eme rg ed adul ts of ~. ~~ 

RANDOM ISED BLOCK DESI GN 

PAGE 4, SET 2 

B LOCK MEANS 

BLOCK NO. MEANS 

TREATMENT 

Gl , EC 

Gl , C+E/2 

G2, EC 

G2 , e+ E/2 

34. 1250 

2 28. 0000 

37.0000 

4 37 . 1250 

5 22 . 5000 

TREATMENT MEANS 

MEAN TREATMENT 

27 .6000 G 1, E+e/2 
4 .2000 Gl , Ce/EC 

199.6000 G2, E+CI2 
0.8000 G2, CC/EC 

1270 . 0002 

MEAN 

12.0000 

2.8000 

7 . 0000 

0.0000 

GRAND TOTA L, GT 

GENERA L MEAN, GM 

e ORRECT I ON FACTOR, CF 
3 1.7500 

40322 . 5079 
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Tab le 86 , 

Resu It s of ana I y s is of variance on compet it ion in broken COcoa beans 
(limited amount of food and space ) for emerged adu lt s of ~ caute l.@. 

PAGE 4 , SET 2 RANDOMIS ED BLOCK DES IGN 

SOURCE OF VARIATION 
OF 

BLOCKS 4 
TREATMENTS 

ERROR 28 
TOTAL 39 

ANALYS IS OF VARIANCE 

SS MS 

1293.7 502 323 . 4375 
163782. 7191 23397 . 5273 

9055 . 0644 

1741 31.531 6 

STANDARD ER R OR/ PLOT. 

STANDARD ERROR/TRT. MEAN,S X 

STANDARD ERROR/D IFF . OF 2 
COEFFIC IENT OF VAR IATION, CV 

LSD AT 5 PERCENT 

LSD AT PERCENT 

FC 

1. 0001 

72 .3496 

323.3951 

NS 

* 

17 .983 19249 

8.04232790 

F -READ ING AT 

0.05 0. 01 

3. 7390 6. 5 150 
2. 7640 4.2780 

TRT . MEANS, SD 11.37356760 

20.0288 

29.8442 

56.63996896 
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SOURCE OF 
VAR I AT ION 

R 
C 
RC 
G 
RG 
CG 
RCG 

TOT A l 

SUM OF 
SQ UARES 

14065 . 04299 
396976 . 12573 

411.45837 
90 10846 . 02734 

27553.8598 
448661 .7 5085 

9484.91799 

9907994.02343 

Tab I e 87 : 

Results of ana l ys i s of va riance on competition in sta ndard medium 

(Abu ndance of food and space) for emerged ad ult s of f.. ce phalonica 

DEGR EES OF 
FREEDOM 

1 
3 
3 
2 
2 
6 
6 

23 

ANA l YS o F VAR IANCE 

P 5 S ET 

I N PUT A T A 

43. 41. 
2 I . 23. 
22. 22. 
22. 22. 

692. 65 1. 
60 1. 579. 
412. 510 . 
594. 563 . 

1586. 1750. 
1630. 18 17. 
927. 1002 . 

1613 . 1764 . 
lEV E l o F FACTOR 

R 2 
C 4 
G 3 

GR A ND MEAN 

MEA N 
SQUARES 

14065 . 04299 
132325 . 37536 

137 . 15280 
45 0542 3.0 1367 

13776.54299 
74776.95330 

1580.8 1958 

764.45837 

F -"EST 

8.8973 1 
83 . 7068 1 

9.08676 
2850.05518 

8.71481 
47.30265 

1.00000 

,', Denotes significant at 5 percent l eve l 
NS Denotes not s ignificant at 5 percent l evel 

F -READ I NG 
AT 

5 PERCENT 
5.99 
4.76 
4.76 
5. 14 • 
5.14 
4.28 

COMMENTS 

~'; 

* 
NS 
~'( 

* ,'; 
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SOURCE OF SUM OF 
VARIATION SQLIIIR ES 

R 3 II 04.00395 
E 113971 06. 02734 
RE 3 0398 . 00395 
G 8496442.02343 
RG 20 108.25395 
EG 17141988.04687 
REG 51674.72666 

TOT A L 371688 16.10937 

abl e 88, 

Results of analysis of var iance on competition in sta ndard medium 
(Abundance of food and space) for emerged adu l ts of S. cautella . 

ANALYS IS OF VAR lANCE 

P 5 
N PUT 

46. 
23 . 
24 . 
23 . 

945 . 
679. 
187 . 
652 . 

4500 . 
2 13. 
287. 
643. 

LEV 

R 
E 
G 

G RAN 0 

DEGREES OF 
FREEDOM 

I 
3 
3 
2 
2 
6 
6 

23 

E T 2 

D A T A 

45. 
24 . 
23. 
24. 

970 . 
912 . 
253. 
625 . 

492 1. 
372. 
325. 
592. 

o F FACTORS 

2 
4 
3 

MEA N 721. 16674 

MEAN 
SQUARES F -TE ST 

31104 . 00395 
3799035.00683 

10132.66799 
424822 I .01171 

10054.12697 
2856997.50683 

8612.45510 

3.6 11 51 
441. I 0949 

I. 1765 1 
493 . 26483 

1 . 16739 
331.72863 

1.00000 

* Denotes s Igni ficant at 5 percent le ve l 
NS Denotes not significant at 5 pe r cen t l eve l 

_______________________________________ U . IIL 

F-READ/NG 
AT 

5 PERCENT COMMENTS 

5.99 NS 
4 .76 * 4 .76 NS 
5 . 14 * 5 . 14 * 4 .28 * 
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SOURCE OF SUM OF 
VAR IATION SQ UAR ES 

R 121 .00001 
E 57506,25790 
RE 224 .50003 
G 19881.00395 
RG 90.2 5001 
EG 43598 . 5079 1 
REG 11 8.2 5001 

T OT A 121539.7 6583 

Tab le 89: 

Resu l ts of analysis of va riance on competition i n broken cOcoa beans 
(Abundan ce of food and space) for emerged adu lts of ~. cau tella. 

ANA LY S 1 
OF VARIANC 

P6 S ETI 

N PUT 

31 . 
19. 
9. 
7. 

296. 
42 . 
18. 
il . 

LEV E L 

R 
E 
G 

o F 

O A T A 

27. 
17. 
II . 
8. 

264 . 
35 . 
15 . 
12 . 

FACTORS 

2 
4 

G RAN 0 M E A N 51.37500 

OEGREES OF MEAN F -TEST 
FREEDOM SQl.£IIRES 

I 121 . 00001 3.06976 
3 191 68 .75395 486.3 1085 
3 74.83334 1.89852 
I 19881.00395 504 . 38061 
I 90.2500 1 2.28964 
3 14532.83400 368 .69769 
3 39.41667 1.00000 

18 

De notes signi f i cant at 5 percent l eve l 
NS Denotes not signi fica nt at 5 percent l eve l 

F-READING AT 
5 PERCENT 

10. 13 
9.28 
9.28 

10.13 
10.13 
9.28 

COMMENTS 

NS 

* 
NS 

* 
NS 
~ .. 
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SOURCE OF 
VAR IAT ION 

R 
C 
RC 
G 
RG 
CG 
RCG 

TOT A 

SUM OF 
SQUARES 

95.0625 1 
14005. 18947 

703. 18762 
47 1625.62573 

76, 5625 1 
11141 .68947 

539 .68762 

498187 . 00073 

Ta ble 90 : 

Resu lts of ana l ysis of variance on competition in broken COc oa beans 
(Abundance of food and space) for emerged adu l ts of S. ca ute lla. 

ANA L YS I OF VARIANC E 

P 6 E T 

LE V 

I N PUT 

29 . 
16. 
15 . 
18. 

R 

G 

427 . 
372. 
260 . 
41 0. 

RAN D 

DEGREE S OF 
FR EE DOM 

I 
3 
3 
I 
I 
3 
3 

15 

o F 

A T A 

26. 
18. 
16, 
16, 

408. 
308. 
279. 
365. 

FACTORS 

2 
4 

MEA IN 

MEAN 
SQUARES 

95 .0625 1 
4668 ,39649 
234 ,39584 

471 62 5 .62 513 
,76 . 56251 

371 3.89600 
179 .89584 

190.93753 

F -TEST 

0. 52843 
25. 95055 

1.30295 
262 I .65967 

0 .42559 
20. 64470 

1. 00000 

" Denotes signi ficant at 5 percent l eve l 
NS Denotes not - s i gn i f i can t at 5 percent le ve l 

F-READ ING AT 

PERCENT COMMENTS 

10. 13 NS 
9.28 ~ .. 
9'. 28 NS 

10. 1) * 10. 13 NS 
9.28 * 
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Tab l e 91: 

Calculati on o>f va l ue fo r E. caute ll a and 
~ . ce pha Ion ica (CC/ EC) ( lar v;Je) from data on 
o vi positi on preferences. 

X' is compu t ed f r om the ge nera l fo rma l a 

where 0 is an obse r ved frequency, and E. is the corresponding 

ex pected one. The va lue obta i ned is entered in table of 

at (n-I ) deg r ees of freedom, where n = t he number of class 

frequenci es clDmpared i .e. the number of items in the sum. In 

testing for association, In which there are mo re than two 

catego ri es of classification, the number of degrees of freedom 

is gi ven by (c - l) ( r-I ) where c and r represent columns and rows 

r espective ly. 

Thus from table 16: 

-x'= 2 
-35 .9

2 _6 .92 _42.62 2 
43 . I + + + +§..,2 
81. 4 36.9 i8.9 5Q.T 11 .6 

22 .8 + 34.9 + 2.5 + 36.2 + 57.0 + 4. I 

'" 157 . 5 with (3 -JX2 -I) 2 2 degrees of 
freedom. 

Thi s va l ue corresponds to a probabil ity of l ess than 0.001. 

Highly significant association . 
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Table 92: 

Ca l culat i on of )(~ va l ue for E. caute ll a ( l ar vae) 
f r om data on ov ipos it ion preferences . 

From tabl e 17: 

x~ 40
2 

+ - 17 .5
2 

+ 
_222 

29.5 22 . 5 29.5 

54.23 + 13.6 I + 16.41 

84 . 25 wi th (3 - I ) = 2 deg rees of freedom. 

This va lue corresponds t o a probability of l ess than 0 . 00 1. 

High ly significant association . 
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Table 93: 

Ca l cu lat i on of X'value for ~. cepha l onica 
( l arvae) from data on oviposition preferences . 

Fr om tab l e 18: 

24 .8/ + 
33.67 

7.33 2 + 

33.67 

18.31 + I. 60 + 30.74 

50.65 with 0 -1) = 2 degrees of freedom. 

i = 50 .65, P <. 0.00 I 
(1l 

High ly significant association . 

University of Ghana http://ugspace.ug.edu.gh



Table 94: 

, 
Ca lcu lati on of X va lu e for ~. cepha l on i ca 
(cocoon) from data on oviposition preferences. 

From ta b I e 19 : 

l = 

4 .42 + 1. 73 + 4.24 

10.39 with (3 - 1) 

-/ = 10 . 39, P<. O. OI n r,) 

+ 

2 degrees of freedom . 

Sign ificant association. 
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Tab le 95: 

Ca l cu lat ion of X value for E. caute ll a 
(cocoon) from data on ov iposition preferences . 

F r om t ab l e 20: 

+ + 

15 . 86 + 2 .2 0 + 6 . 24 

24.3 with (3 - 1) 

)( = 24 . 3, P <. 0 . 001 /y,) 

2 degrees of freedom. 

High ly significant association. 
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Table 96: 

Ca l cu lation X' value fo r ~. ce phaloni ca and 
E. caute ll a (cocoon) from data on oviposition 
p r efe rences . 

From tab l e 2 1 : 

i = 42 . 83 2 
+ - 3. 17

2 
+ -39 . 67

2 

62:17 62 . 17 62 . 17 

29 . 51 + 0.16 + 25 .3 

54.93 wi th 0 -1 ) = 2 degrees of freedom. 

, 
)(',t 54.93, p ( 0.00 1 

Highly significant ass oc iation . 
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Average HT/e lectronlc hygrometer readings 
at 7.30-pm. 

(Set I) 

Standard h'edium Br oken cocoa beans 

( I imited amount of food and space) ( l im ited amount of food and space) 

23 - 11 - 8 1 23 - 11-81 

28°C/79 . 5% RH cc 28°C/78 . 5% RH CC/ EC 

28°C/78 . 5% " C + 
E 

28°C/78.5% " C + E 
2 2 

28°C/79 . 5% " EC 28°C/78.5% " + £. 
2 

28°C/79 .5% " E + C 
28°C/78 . 5% " cc 

2 

28°C/79 . 5% " CC/EC 2 8°C/78. 5% " EC 

E.:J.1-8 1 27 -11 =§.l 

31
0
C/82% RH CC 3 10C/78 . 5'Y~H CC/EC 

31
0
C/82% " C + ~ 31°C/78 . 0% " 

E 
+ -

2 

31
0
C/80"1o " EC 3 1

0
C/7 8.5% " * £. 2 

3 1
0
C/78.5% " E + C 

31°C/78.5% " EC 2 
3 1°C/78.5% " CC/EC 31°C/78.0% " cc 

~2.:.!. I - 8 I 29- 11 - 81 

32
0

C/72% RH CC 32
0

C/7 I % RH CC/ EC 

32
0

C/72% " C + 32
0
C/7 I . 5% " C + E 

2" T 

32
0

C/72% " E + C 32
0

C/7 I% " E + C 
T 2 

32
0

C/72% " EC 32
0
C/7I % " cc 

32
0

C/72 % II CC/EC 32
0

C/7I % " EC 
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Average HT/e l ectronic hygrometer r ead ings 
at 7 .3 0 ~m. 

(Set 1) 

Cages Cages 

Standa rd Med i um Broken cocoa beans 
(Abun dance of food and space) (A bundance of food and space ) 

23 -1 1- 8 1 23 - 11-8 1 

28°C/78YJ<H cc 28°C/78.5% RH EC 

28°C/78% " EC 28°C/78% " CC/EC 

28°C/77 . 5% " C + 
E 

28°C/78.5% " C + 
E 

2 2 
28°C/78% " E + 

C 
28°C/78.5% " 

C 
2 + -2 

28°C/78% " CC/ EC 28°C/78% " cc 

ll.=..!.~ 27 -11-81 

3 1
0

C/78% RH CC 31
0

C/77% RH CC/EC 

31oC/77 . 5% " CC/EC 3 1 °C/77 .5% " + ~ 

3 1
0

C/78.5% " E 
2 

C + 
T 31 °C/77 .5% " C + 

3 1
0

C/77% " E + C 2 
2 

3 1 °C/77 .5% " cc 
3 I°CI77 . 5% " EC 

3 10C/77% " EC 

29 -11 - 8 1 29-11-81 

31
0

C/7 1% RH EC 31
0
C/70.5% RH CC/EC 

31
0
C/71 % " CC 3 1

0
C/7 1% C + E 

2 
31

0
C/70% " CC/EC 

3 1
0

C/7 1% E + C 

3 1
0

C/70% " E + c 2 
'Z 

3 1
0

C/70.5% " EC 
3 1 °c/71 % " C + 

E 
2 3 1°c/71 % cc 
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Average HT/electroni c hygrometer readings 
at 7.30 p .m = 

(Set I) 

Standard med ium 
(I imited amount of food and 
space) 

4- 12 - 81 

300 C/80"1o RH 

30
0
C/80% " 

300C /80% - II 

30
0
C/80% II 

30
0

C/80% II 

5-12-81 

300C/gO% RH 

300C/80% II 

300C/80% II 

30
0

C/80% Jl 

30
0

C/80"1o II 

!2.=.!1.=§l 

30
0
C/88% RH 

30
0

C/88% II 

30
0
C/88% II 

300C/88% II 

300C/88% II 

~~ 

300C/84% RH 

CC 
E 

+ 2 
+ f. 

2 

CC/ EC 

EC 

CC 

EC 

CC/EC 

C + E 

+C2" C 
2" 2" 

EC 
C 

E + 2" 
E 
2" C + 

CC/EC 

CC 

EC 

Broken cocoa beans 
( limited amount of food and 
space) 

4-12-8L 

30
0

C/80% RH 

30
0

C/80% " 

30
0
C/80% " 

30
0

C/80% " 

5- 12 - 81 

30
0
C/80% RH 

300C/80% /I 

30
0

C/80% " 

300C/80% /I 

15-12-81 

30
0
C/84% RH 

ZOoC/84% /I 

30
0

C/84% " 

300C/84%" 

30
0

c/84% " 

26-12-81 

30
0
C/84% RH 

CC/EC 

+ ~ 
2 
E 

C + 2" 

CC 

EC 

EC 

C + ~ 
2 
C 

+ -
2 

CC/EC 

CC 

EC/CC 
E 

C + 2" 
E + C 

2" 
EC 

CC 

E 
C + 2 

University of Ghana http://ugspace.ug.edu.gh



Ave rage HT/e lectr on i c hygrometer r eadings 
at 7.30 p."'., 

(Set 1) 

Cages Cages 

Stan da r d Med i um Broken cocoa beans 
(Abu ndance of food and space) (Abundance of food and space) 

4 - 12 - S1 4-1 2- S 1 

30
o

C/SO% RH CC 30
o

C/SO% RH EC 

30
o

C/SO%. " 
C 

30
o

C/SO% II C 'I< S. + -
2 2 

30°C/S O"lo " C + E 30°C/SO"lo II CC/EC T 
3ot'/SO% " EC 30oC/ SO% II E + C 

2" 
30°C/SO"lo II CC/ EC 30

o
C/SO% II CC 

5- 12-S1 5- 12 - S1 

30
o

C/SO% RH 
C 

+ -
2 

30
o

C/ S O% RH cc 

30°C/SO"lo " C + E 300C/SO"lo II E + C 

2" 2" 

30
o

C/SO% " CC/EC 30
o

C/ SO% II C + 
E 
2" 

30°C/SO"lo " cc 30°C/SO"lo II CC/EC 

30°C/SO"lo " EC 30°C / S O"lo II EC 

15-12-S1 15-12-S1 

30
o

C/S4% RH EC/CC 30
o

C/ 84% RH cc 

30
o
C/84% " 

E 
30oc / 84% II CC / EC + -2 

30
o

C/S4% II E i< 
C 

30
o

C/S4% " C + E 
2" 2" 

30
o
C/84% " cc 30

o
C/84% " E + C 

2" 
30

o
C/84% " EC 30

o
C/84% " EC 

26- 12=lU. 26-12-S1 

° E 
30oC/84% RH 30 c/S4% RH C + 2" cc 

30
o

C/84% " E + C 
30

o
C/S4% " 2" EC 

° CC / EC 30
o

C/84% " 
E 

30 c/84% " C + 2" 
30

o
C/S4% II EC 30

o
C/S4% " CC/EC 

30
o

C/S4% " CC 30
o
C/84% " E + i 
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Ave ra ge HT/e l ec tr oni c hyg r ometer r eadi ngs 

at 7.30 p.m. 

(Set 2) 
Cages 

Stan dard Medium 
-

Standard Medi um 
( 1 i mit ed amount of food and space) (abu ndance of food and space) 

5 -1 2 - 8 1 8 2- 81 

30
o
C/80% RH EC 30°C!80% RH EC 

30
o
C/80% 11 CC/EC 30

o
C/80"1o " C 

E +-

30
o
C/80% 11 

C 
2 

E + 2" 30
o
C/80% E + ~ 

2 
30

o
C/80% 11 CC 

30
o
C/80% .' CC!EC 

30
o
C/80% " 

E C + 2" 30
o
C/80% CC 

10-12-8 1 10-1 2- 81 

30
o

C/86% RH EC 30
o

C/84% RH CC 

30
o
C/86%" CC/EC 30

o
C/84% " EC 

30
o
C/86% 11 C + E 

30
o
C/84% " 

E 
2" + -

2 

30
o
C/86% " E + C 

30
o

C/84% " + ~ 
2" 2 

30
o

C/86% " CC 30
o

C/84% " CC/EC 

12- 12 - 81 15- 12 - 81 

30e/88% RH C + 2" 30
o

C/84% RH CC 

C 30
o

C/84% " E + C 
30

o
C/88% E + 2" 2" 

30°C!88% " CC!EC 30°C!84% " CC/EC 

30
o

C/88% " 
30

o
C/84% " C + E 

EC z 
30

o
C/88% " CC 30

o
C/84% " EC 

!2.::.12 - 8 1 .!.2.:..!.£.:.!ll. 

30
o

C/84% RH EC 30
o
C/84% RH CC 

30
o

C/84% " CC 30°C!84% " + ~ 
2 

30
o

C/84% " E + C 
E 

2 30
o

C/84% C + 2 
30

o
C/84% " C + E 

? "' nOr IRh 'l rr/~r 
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Readings of ambient temperature and 
humidity recorded by 

thermohygrograph 
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