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A B S T R A C T 

The pest status of Diamond-Back Moth (DBM) is reviewed with 

particular emphasis on numerous problems associated with its chemical 

. control, thereby leading to the need and rationale for examining its 

biological control. 

An indigenous primary endo-larval parasite (Apanteles plutellae 

Kurdj.) was discovered in West Malaysia and its effect on DBM was 

assessed experimentally in the laboratory and field. 

After establishing the importance of the parasite detailed 

investigations were made on its basic biology and ecology in relation 

to the host; these aimed to provide insights on how the parasite 

might be made more effective. Conserving the parasite, particularly 

as a critical component for integrated pest control (IPC), was given 

emphasis. In this context, the use of microbial agents and the 

encouragement of adult food sources were specially considered. The 

spatial distribution and population, development of both the host and 

parasite with respect to the plant and crop were also examined, 

particularly as a basis for more effective and judicious employment 

of insecticides. Tliese were considered along with investigations 

into the effects of a wide range of insecticides on DBM as well as 

their hazards to the parasite, in order to identify the usefulness 

and limitations of the various toxicants. 

An appraisal was also made of the current status of the 

imported parasites /*"Diadegna eucerophaga Horstm. and Ihyraeella 

collaris (Grav.)_7 "that were recently established in West Malaysia, 

particularly the competitive/complementary role of D.eucerophaga 

relative to that of A.plutellae. 

Finally, the practical management of DBM in West Malaysia 

and elsewhere is discmssed. In particular, emphasis is laid on 

exploiting the effects and potentials of the parasites and their 

employment in an IPC context. 
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1. INTRODUCTION 

The Diamond-Back Moth (DBM) has been recorded as far back as 

1746. Like many other insects, it had a rather confusing taxonomic 

history as evident from the accounts of Muggeridge (I93O) and Harcourt 

(1963a). Apparently, it was first illustrated by Roesel (1746) who 

also provided a short account of its habits. Subsequently, confusing 

it with the species (Harpipteryx xylostella L.) feeding on honeysuckle, 

Linnaeus (1758, 1761, 1767) described it under the name Ihalaena Tinea 

xvlostella. 

Since 1837, the moth was also commonly referred to under the 

name of Cerostoma xylostella (Curtis, I883) in spite of the fact that 

the genus Plutella was erected by Schrank in 1802 and a proper separa-

tion of the species with the proposed name maculipennis made by Curtis 

in 1832. Besides, Zeller (1843), overlooking the species separation by 

Curtis proposed for the cruciferous-feeding species the name cruciferarum, 

leading to the use of Plutella cruciferarum Zell. for many years. 

Later, Meyrick (I885) pointed out that Curtis had previously described 

it under the name maculipennis. This was subsequently confirmed by 

Whitehead (1894) and Walsingham k Durrant (1897)» and Plutella 

maculipennis Curt, was then widely adopted for more than 70 years until 

Bradley (I966) proposed that the specific name xylostella should replace 

that of maculipennis since the former is valid and has priority, with 

maculipennis falling as a junior synonym. Since then, it has been 

generally accepted as Plutella xylostella (L.)/~Lep: Yponomeutidae (or 

Hyponomeutidae )_/. 

1.1 THE GLOBAL DISTRIBUTION AND IMPORTANCE OF DBM 

Throughout the literature on economic entomology, there are 

many accounts of the importance of DBM. In some countries, such as 

Argentina, Australia, New Zealand and South Africa, its depredations 

were the cause of serious economic losses to cruciferous crops well before 

1930 (Muggeridge, 1930). Since then and until 1939» Robertson (1939) 

noted that although little detailed work appeared to have been done, the 

| moth was recorded as a pest of crucifers in many other parts of the 

world: Tanganyika, Morocco, Chile, Bahamas, British Columbia, Jamaica, 

Montana, Vancouver, Cyprus, Kona, Northern Caucasus, Lower Volga, 

Pulawy and Lubin, Latvia, Poland, Finland, Denmark and Britain. Many 

more localities were subsequently added in later years, viz: Brazil 

(Becker, M., 1981, pers. comm.), Bulgaria (Khristova, 1957)* Egypt 

(Hassanein, 195^)» Hong Kong (Lee, 1968), India (Abraham k Badamanaban, 
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1968), Indonesia (Ankersmit, 1953? Vos, 1953), Malaysia (Henderson, 

1957* Ho, 1965), the Philippines (Capco, I959), Singapore (Chuo, I973) 

and Taiwan (Hsu A Wang, 1971* Chin, 1974). Altogether, up to I972 

(CIE, 1967* Salinas, 1972) at least 128 countries have been listed by 

the Commonwealth Institute of Entomology (Fig. 1.1). 

In general, attacks by DBM vary considerably according to the 

locality. For example, it is particularly serious in most of the 

countries in South and Southeast Asia while only moderately so in several 

other Asian regions. On the other hand, in many parts of Canada, Europe 

and the United States (Muggeridge, 1930; Hardy, 1938; Sutherland, 1966; 

Oatman & Flatner, 1969) it is generally of minor concern. In England, 

only very occasionally were large economic losses involved, resulting 

from mass immigration (Ormerod, I892; Hardy, 1938; French & White, I96O; 

French, 19^5)» In Germany, France and Italy, this insect is not present 

in sufficient numbers to be a serious pest, and in the last-named country 

it is comparatively rare (Muggeridge, I93O). Nevertheless, it is very 

widely distributed, and the true distribution is undoubtedly greater than 

indicated in Fig.1.1. Hardy (1938) believed that it can survive wherever 

Brassica crops are cultivated. 

Although climate alone often controls the spread of a species 

by limiting it to certain areas outside which life is unsupportable, 

in the case of DBM, climatic factors are believed to be chiefly 

temperature and perhaps rain on some occasions (Hardy, 1938). Tolerance 

of the moth is such that it not only can survive in most parts of the world 

but also would multiply rapidly where the temperature is always within the 

moth's developmental threshold (10-40°C). According to Hardy (1938), the 

most favourable conditions (30-35°C) correspond largely to the sub-tropics 

and warmer temperate zones. In the equatorial regions the higher altitude 

is considered more favourable as the maximum lethal temperature is never 

reached altogether. 

In spite of the wide adaptability of DBM, the moth is 

held in check in some regions as mentioned earlier. Marsh (1917), in 
outlining the situation in the United States, states that "DBM is a 

striking example of a potentially serious pest normally held in repres-

sion by parasites .Although it develops with remarkable rapidity 

and is capable of causing extensive damage if unchecked, the DBM is so 

effectively held in repression by parasites that it rarely becomes more 

than a minor pest." The occurrence of such natural control of DBM is, 

however, also recorded in many other places where the moth has remained 

relatively scarce (Huggeridge, 1930; Hardy, 1938; Robertson, 1939* 

Ullyett, 19^7* Kopvillem, I96O). Such records thus suggest that 
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DBM has only become a serious pest in those countries in which 

natural enemies are absent or ineffective. In spite of the apparent 

importance of the natural enemies, there has been little work on these 

agents. Ibis was clearly revealed in an analysis by Salinas (I972), 
wherein most of the published work on DBM between 1947-71 were related 

to chemical, control while studies on its general biology (life-history, 

population dynamics, distribution and host-plant records) ranked second. 

In contrast, papers mentioning natural enemies comprised barely 

with those containing detailed biology and ecology even fewer. As such, 

it was felt that there was need for more comprehensive investigations 

on them. 

Encompassed in the broad objectives of the present studies is 

an attempt to identify some of the major natural enemy agents along with 

their relative contributions, and to determine how these nay be best 

exploited for rational management of DBM. It is also hoped that the 

findings will not only have general interest to similar pest programmes 

elsewhere but may also benefit others by developing basic understanding 

of the utilization of natural enemies. More specifically, however, other 

objectives axe to understand more comprehensively the biological and 

ecological implications of the action of such agents locally, and how 

these may relate to overcoming or minimising the problems presently 

experienced with chemical insecticides. 

It is evident that in many of the countries where DBM 

has posed a serious problem, cheaicals have invariably constituted a 

major control component. For some, the exclusive dependence on these 

toxicants has, apparently, also become unavoidable. Arising inevitably 

out of this are several other associated problems which, under the present 

circumstances, axe perhaps best illustrated by situations in the Cameron 

Highlands in West Malaysia (see 1.2) where the pattern of development of 

problems has been most thoroughly examined. Although the conditions in 

other heavily-infested areas are not exactly similar to that of the present 

case-study, the overall trends in pesticide usage and development as well 

as the problems encountered are similar. Differences are, perhaps in the 

different severity of the problems. In any case, all these have generally 

proved serious enough to demand attention and concern; and to fully 

appreciate the extent and nature of these, the position in the Cameron 

Highlands is dealt with in detail in the immediate following sub-section. 

1.2 STATUS AND ASSOCIATED PROBLEMS OF DBM IN THE 

CAMERON HIGHLANDS 

Although most cruciferous crops have their origins in the 

temperate region, many are now extensively cultivated in tropical areas, 
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largely at the higher altitudes. In Malaysia, these are mainly 

concentrated in the Cameron Highlands at elevations of about 9OO-I53O m. 

Presently, commercial planting in the lowlands is confined to only a 

few small areas, mainly Malacca and Johore, although some expansion is 

expected there largely due to the recent development of heat-tolerant 

cultivars. 

In the Cameron Highlands, although vegetable cultivation 

ranks second to tea in terms of area it is the most important agricultural 

activity, essentially because of its rapid and high economic returns 

(Lim, 1972). Covering an area of about 1,214 ha in 1974, it had an 

annual output exceeding 60,000 tonnes of which at least 60% were crucifers. 
* 6 

The crop values for the years 1964-74 averaged Ringgits 17.5 x 1 0 P® r 

annum. 

Due to fluctuations in market demand which has enormous 

influence on the kinds of vegetables cultivated at any one period, the 

breakdown on the extent of each vegetable type that is planted can never 

be precise. Nevertheless, cabbages /"both Head cabbage (Brassica 

oleracea var. capitata L.) and Chinese cabbage (Brassica campestris 

ssp pekinensis) 7 predominate, constituting nearly 60% in coverage. Of 

these, the Head cabbage is almost double in extent. A more important 

feature, however, is that these crops generally constitute the primary 

commodity and occupy the central activity of the farmers, with the control 

of insect pests their major problem. 

To date, insects feeding on cabbages in Malaysia total not less 

than 31 species (Yunus & Ho ,1970a) with 17 reported from the Cameron 

Highlands (Ooi, 1979a). Most of these have never attained pest status 

while a few are regarded only as incidental pests that are readily 

managed. However, DBM has attained prominence as the most serious pest 

of cruciferous crops, frequently causing extensive damage to both Head 

and Chinese cabbages. Since the affected crops constitute a primary 

produce and a major source of income in the Highlands, such infestations 

by DBM have special significance. Under these conditions, it is 

thus not unexpected that great efforts and attention have been devoted to 

crop protection. In general, production inputs are unusually high, with 

insecticides alone absorbing about 30% of the cost (Lim, 1972). 

In the Cameron Highlands, control of DBM by conventional 

chemical insecticides has so far been the only practice. This unilateral 

approach and over-reliance on chemicals have, however, led to several 

problems, viz: 

* In 1974, 1 U.S. dollar was equivalent to 2.9 Malaysian ringgits. 
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a) Increasing incidence of pesticide poisoning of the farmers: This is 

due mainly to the rampant and unscrupulous use of insecticides (Singh, 

1971; Lin, 1972; Ooi & Sudderuddin, 1978). From I968-7O, an increase 

of accidental poisoning from 5 in 1968 to 10 in I97O was reported 

(Singh, 1971). 

b) Development of insecticide resistance: Field experience dating as far 

back as the mid-l950s first indicated that insecticide resistance nay 

have developed in the DBM. Since then, it has also been repeatedly 

suggested from a number of other observations. However, the problem 

became really apparent when in 1974 an overall analysis of the findings 

and experiences of various relevant sectors associated with DBM 

control (e.g. farmers, pesticide industries and government officials) 

was first attempted (Lim, 1974), and wherein the pesticide history clearly 

illustrated the seriousness and magnitude of the insecticide resistance 

problem. Expanded once by Ooi & Sudderuddin in I978 this compilation and 

analysis is now further amplified and updated in Fig. 1.2 to provide the 

complete history/status of pesticide usage against the moth in the Cameron 

Highlands until early I98O. As can be seen, the diversity of pesticides 

employed to date has been enormous. Furthermore, there has been constant 

need to increase dosages or to change frequently to more potent insecti-

cides. Such a situation is also evident from official recommendations. 

For instance, nicotine was first recommended prior to the war (Milsum & 

Grist, 1941). But after the war, DDT and BHC were introduced and regular-

ly used. By 1957, however, field resistance was evident, leading to 

diazinon and malathion being recommended (Henderson, 1957) • Between 

1956-65, other chemicals proved effective and were introduced, viz, 

endosulfan, endrin, Telodrin and trichlorfon (Ho, 1965). However, 

within a few years, DBM was reported to have become resistant again, 

resulting in Bacillus thuringiensis Berliner (B.t.) and 3 moderately 

effective chemicals (DDVP, Metacil and phenthoate) out of 13 recently 

introduced materials to be recommended (Ho & Ng, 1970). Except for B.t. 

which continues to be used on a limited extent, the others have now been 

replaced by newer insecticides. Among the latter, no less than 15 

insecticides of various groups have since followed a similar sequence of 

usage (increasing dosages and frequency) and ultimate replacement. 

Hie rapid development of insecticide resistance of DBM in the 

Cameron Highlands has been evident for a long time, but field resistance 

was confirmed experimentally and quantified only recently. Assay studies 

R - Registered trade product. 
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FIGURE 1.2 Insecticidal usage against insect pests, mainly Plutella xylostella(L.) 
(Shaded area and break indicate the period and change in usage, respect 

in the Cameron Highlands, Malaysia^/ 
ively)• 

Period (year) 

INSECTICIDE Early ^ w y e a r * ^ 6 5 6 6 6 ? 6 8 6 9 7 Q ? 1 ? 2 7 3 ? 4 7 5 ? 6 7 ? ? 8 ? 9 Early Remarks 

cm 
cm 

Nicotine 

Derris (roteno-
ne) 

DDT 25% 

Dieldrex 15 
(dieldrin) 

Rogor(dimetho-
ate) 

Malathion 80% 

Agrocide (BHC) 

Basudin 60E 
(diazinon) 

Off and on, and in small amount. 
Heavy infestation uncommon. 

Off and on, and in small amount. 
Heavy infestation uncommon. 

Used at 5-8 c.c./gall.Resistance 
suspected by 1956. 

Not recommended on vegetables after 
1956. 

In small amount.Mainly against leaf-
miners. 

In small amount.General use. After 
1968,usage greatly reduced. In 
recent years, used mainly in combi-
nation with other compounds.Resis-
tant factor experimentally confirmed 
to be x2,096 in 1978. 

In small amount. Mainly against 
cutworms. Some field resistance to 

xylostella suspected by 1956. 

In small amount before 1964,5-8 cc/ 
gall.in 1964,10 cc/gall after 1964. 
Recently, used in combinations with 
others• 



FIGURE 1.2 (Continued 1). 

Period (year) 
INSECTICIDE Early Few years 7 7 7 8 v 9 ^ r i y 

1950 before 64 80 
Remarks 

Dipterex 80 SP 
(trichlorphon) 

Telodrin 15 
(isobenzan) 

rx 
Perfekthion 
(dimethoate) 

Wailon 

Suising^ 

Vapona(dich-
lorvos) 

Lannate 
(methomy1) 

Malamac 
(DDT+malathion) 

1964:Commonly used,5-8cc/gall., good 
Plutella control;1965-1966: Used at 
20cc/gall.,poor control at end of 
1966;After 1966:usage greatly reduced* 

Used at 5cc/gall.Very good control. 
Many wild birds died after feeding on 
contaminated worms. In ponds, fish 
killed from washing after spraying. 
At end of 1966,lOcc/gall.used. No 
control. Usage stopped. 

Used at 5-8 cc/gall. Mainly for leaf-
miners. After 1967,usage greatly 
reduced. 
G o o d Plutella control only for a few 
months. 

As above 

In small amount. Mainly against flies. 

Used at less than h oz/gall. Mainly 
against tomato fruit borer, cutworm 
and Plutella.Usage greatly reduced 
after mid-1970. 

i 

General use,at 8cc/gall. Usage greatly 
reduced after 1969. 

SBSSB8 i 



FIGURE 1.2 (Continued 1). 

Period (year) 

INSECTICIDE Early Few years 6 4 6 5 6 6 6 7 6 8 6 9 7 0 7 1 72 73 74 75 76 77 78 79 Remarks 
1950 before 6 4 80 

Tedion 

Stock Bran 

2/ 
"77" Brand-

Chlorox/insec-
ticide^7 

Metacil 
(aminocarb) 

Barusil(qui-
nalphos) 

Phosvel (lep-
tophos) 

Assorted ~, 
insecticides-^ 

Tamaron 50% 
(methamidop-
hos) 

Used at 4-5 cc/gall. Mainly 
against citrus mites. 
G o o d Plutella control. Many cases 
of fainting,vomiting, nose and leg 
swelling. 
As above 

As above 

Initially, used at h oz./gall. with 
good control. No control in 1970. 

Used at 5-8 cc/gall. Good control 
initially. No control in 1970. 

Used at 5-8 cc/gall. Good control 
initially. No control in 1971. 

Usage lasted only for few months. 

Used at 5 cc/gall.initially, good 
control. Increased to 10-18 cc/ 
gall.in 1971. After 1971, used at 
40-50cc/gall.Poor control reported 
in several cases. Recently, used 
in combination with others. Resis-
tant factor experimentally confir-
med to be x6.2 in 1978. 



FIGURE 1.2 (Continued 3) 

INSECTICIDE Early Few years 
1950 before 64 

Period (year) 
Early 

64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79 80 
Remarks 

cm 

Monitor 50% 
(methamidop-
hos) 

Padan 50% 
(cartap) 

Sayuran (bio-
resmethrin) 

Sumicidin-
30EC(fenva-
lerate) 

Tokuthion 50% 
(prothiophos) 

Ambush 80% 
(permethrin) 

Used at 5-8cc/gall.initially. After 
1972,increased to 20cc/gall. No more 
in use in recent years. 

Used at 4-5 gm/litre. Field resistance 
suspected by 1974. Very poor control 
in 1975 and usage greatly reduced. 

Good control reported only initially. 

Used at 5-10 cc/9 litres initially. In 
1978, increased to 15-30 cc/9 litres. 
After 1978, some applied at 35-50 cc/ 
9 litres.Field resistance suspected 
by- 1978/79.Usage greatly reduced by 
mid-1979. Resistant factor experimen-
tally confirmed to be x4.5 in 1978. 

Pattern of usage quite similar to that 
of Sumicidin. After 1979, number of 
farmers using 35-50 cc/9 litres have 
increased rapidly. 

Used at 3-8 cc/9 litres. 

1/ Information compiled from Milsum & Grist (1941), Henderson (1957), Ho (1965), Ho & Ng (1970), Lim (1974), 0oi & 
Sudderuddin (19?8), Sudderuddin & Kok (1978), Qoi (1979a) and field surveys. 

2/ Locally repacked insecticides. 

3/ These include the following chemicals, applied separately or mixed together: Dedevap 50$» Vapdrin, A.l. Insecticide, 
Briothion, Stella Maris, Dizin, Derriphytan, Fusect, Cyclotan, Kadol Insecticide, Lion Brand Insecticide, Cockhead 
Brand, Lion Brand X99, Cado Insecticide, Corona Insecticide, Lion Brand BHC, and Bacillus thuringiensis. 
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by Sudderuddin & Kok (1978) revealed that it was resistant to chemicals 

in all major groups of insecticides, viz, BHC, carbaryl, chlorpyrifosmethyl, 

DDT, dichlorvos, fenvalerate, malathion, methaaidophos, methomyl and 

resmethrin. For malathion, the resistant factor was 2,096 while that for 
methamidophos and fenvalerate 6.2 and 4.5, respectively. Ooi (1979a) 

suggested that the rapid development of resistance is due to the occurrence 

of multiple resistance in the pest emerging mainly as a result of long 

and sequential use of pesticides. 

c) Presence of insecticidal residues on marketed brassicas: This was 

indicated in several instances when fresh leafy brassicas purchased from 

the grocers were noted to produce a high mortality of <DBM larvae 

when served as food (Balasubramaniam, 1974). To a large extent, this is 

mainly due to the failure of farmers to observe a delay before harvesting. 

d) Hazards to other organisms in the ecosystem: Although complete evidence 

is as yet not available on the deleterious effects to other organisms by 

the insecticides used against DBM, this is suggested by the relatively 

much reduced fauna of treated crops. Hot unexpectedly, any beneficial 

species (parasites and predators) that may have existed are also likely to 

be decimated. This could be critical as the pest infestation and its 

stability could well be much dependent on the abundance of these species. 

Among the vertebrates, birds have been found to be common 

victims between 1964-66. During this period when Telodrin 15* was 

used extensively against DBM, numerous wild birds were noted to die 

after feeding on contaminated worms (Lim, 1974). 

e) Spiralling cost in crop production: To a large extent, this is closely 

related to the development of insecticide resistance which ultimately 

leads to increased dosages and more frequent applications of an insecti-

cide in use. 

From the above, it is evident that brassica production in the 

Cameron Highlands is continually facing serious setbacks due to DBM. 

Hie pesticides that have been employed against this pest have been 

enormous in both quantity and variety. In particular, the need to 

I increase the application dosage and frequency, or to change frequently 

j to more powerful pesticides have become a serious problem. Hiese were 

| necessitated essentially by resistance development, although, pesticide 

* adulteration was also believed to play a role. 

The rapid build-up of resistance by DBM appears in-

evitable in the Cameron Highlands. Firstly, the life cycle of the moth 

there is relatively short, averaging only about 27 days (Ho, 1965). 
This yields approximately 13 moth generations per year, and together 

with the continuous presence of cruciferous crops and the extremely high 
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insecticidal pressure, creates excellent opportunity for resistance 

build-up. Such a situation seems the more likely since the moth has 

been found (Sun et al, 1978) to be inherently capable of rapidly 

becoming resistant (only 14 generations to diazinon). Furthermore, 

this resistance build-up will be more rapid if the pest has already 

become resistant to other chemicals of similar or closely-allied 

groupings, a situation apparent in the Cameron Highlands where almost 

every insecticide introduced into the country has been tried. 

Secondly, the Cameron Highlands has been described as an 'ecological 

island' (Corbett k Eagden, 1941) being surrounded by dense tropical 

jungle and isolated from other agricultural areas in the lowlands. It 

is further made up of a number of valleys, each of which is itself an 

isolated agroecosystem in miniature (Plate 1.1). Under such a situation, 

localised immigration of the pest from untreated populations outside 

the area is likely to be small; this is especially so since DBM 

is not indigenous and has no other known hosts in the country besides 

crucifers which are themselves imported. Comins (1977) has suggested 

that without such immigrations, problems with resistance will tend to 

be more severe. 

I Presently, although spraying of insecticides is justified 
j 

| because vegetable production is still profitable, many of the problems 

| are becoming more aggravated. To date, DBM control has largely 

! depended upon reacting quickly to emergency situations as well as on 

calendar spraying. The farmers are resigned to using chemicals and 

| determined to look for newer insecticides to replace less effective ones. 

Many have even resorted to using high concentrations of *•Insecticidal 
! cocktails' (Ooi, 1979a). Besides, the changes of insecticides have 

; become more frequent while the amounts employed are rising rapidly. 

| Undoubtedly, this is a very strong 'pesticide syndrome' (Doutt k Smith, 

I I97I), with development of field resistance to insecticides becoming 
1 more apparent and widespread. A recent survey revealed that notwithstanding 

the regular use of insecticides DBM is still present in fair abundance 

(Ooi k Suideruddin, 1978). It seems clear that the problems encountered 

j in relation to its control are critical and approaching the 'crisis phase' 

i of a pest problem (Sm^th, 1969). In general, the trend of development 

I closely parallels that of the Canete Valley in Peru (Barducci, 1969) 

j prior to the 'disaster phase'. Should the trend of wide and indiscriminate 

use of pesticides persist, it is feared that eventually extensive areas 

of brassicas (especially cabbages) in the Cameron Highlands may go out 

of production. Such an occurrence, in this particular situation, could 

have far-reaching effects mainly because cabbage cultivation has almost 
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PLATE 1.1 

Cabbage cultivation in the Mensum Valley, Cameron Highlands. 
Such terracing and hillside cultivation is quite typical in 
the Cameron Highlands which has been described as an 
"ecological island", being surrounded by dense tropical 
jungle and isolated from other agricultural areas in the 
lowlands. It is further made up of a number of valleys, 
each of which is itself an isolated agroecosystem in miniature. 
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complete dominance in this region (Chye k Loh, 1972). With production 

failure, dire consequences, both economic and social may follow, such as 

those experienced in a parallel situation on cotton in the Lower Bio 

Grande region of Texas and Mexico (Huffaker k Smith, 1973), wherein the 

discharge of farm workers and declined cash flows have also iapoverised 

other associated activities. 

It appears imperative that as a state of crisis in the control 

of DBM in the Cameron Highlands is approached, there is the urgent need 

to drop the dogma of continually searching for more potent chemicals and 

of total dependence on them. Although insecticides will continue to 

remain a powerful and essential tool there, it is highly necessary that 

their use be minimised if a • disaster phase' is to be avoided. This 

clearly demands an improved pest management system that does not rely 

solely on the indiscriminate employment of chemical insecticides. Such 

an approach, which needs to incorporate economic, social and ecological 

considerations, not only would help over a long term period in reducing 

many of the problems associated with the over-use of chemical insecticides 

but also better ensure a more productive and stable crop output in an 

I environment that is both cleaner and less hazardous. A prime strategy is 

to build a broader ecological base that would make possible the integration 

of various pest management techniques. In such an attempt that aims 

towards developing an integrated pest control (IPC) programme, the need 

for some core information which could at least initially serve to form 

the basic guiding framework, can hardly be over-emphasised. 

, Presently., - except for a few investigations largely confined to 

insecticide and antifeedant evaluation (Henderson, 1957; Ho, 1965; Ho k 

NSt 1970j Tan k Sudderuddin, 1978) or their undesirable effects (Lin, 

1972; Singh, 1971> Balasubramaniam, 1974; Lin, 1974; Ooi k Sudderuddin, 

1978; Suideruddin k Kok, 1978), as well as two other recent studies that 

also examined some aspects of its natural enemies (Lim k Ko, 1975? Ooi, 

1979a), much of the fundamental understanding that is critically needed 
to help produce appropriate changes is lacking. Generating such basic 

data has been the major task of the present studies. It is hoped that 

these investigations, even though still somewhat limited with respect 

to the field of coverage, will help stimulate the development of a more 

rational approach in the management of DBM, both in the Cameron Highlands 

and elsewhere. 
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2. GENERAL EXPERIMENTAL CONDITIONS. MATERIALS 

AND METHODS 

Wherever possible, certain standardised, experimental 

conditions were adopted. The basic and common features, according to 

the nature of the studies, were as follows: 

a) Field trials: In the Cameron Highlands, these were laid down in the 

Research Station of the Malaysian Agricultural Research & Development 

Institute (MARDI) under ambient conditions which have the following 

monthly means; temperature - 18.2 C (range = 15.2 - 19.5 C)* 

RH - 88.2% (range - 68.2 - 99.9%), rainfall - 191.9 mm (range - 30.0 -

538.7 mm) and daily sunshine period of 4.5 hrs. As regards planting, 

the cabbage variety Constanta F.l Danish was used while the cultural 

practices closely followed that of the farmers (Appendix 1). In the 

lowlands, where field surveys were also carried out, the general conditions 

were, however, quite different. These were: temperature = 27.3°C (range 

19.6 - 34.8°C) and RH - 8 0 . # (range 47.8 - 98.3*). 

b) Laboratory investigations: These were conducted in MARDI Headquarters 

at Serdang under either normal laboratory conditions or in Conviron 

growth chambers. In the former, the following conditions were maintained; 

temperature 25 ± 3°C, RH 70 - 80% and natural illumination of about 

12/24 hrs. Within the ConvironR, the temperature was 20 1 0.5°C, 

RH 75 ± 5% and light of 8 hrs per 24-hr cycle. 

c) Test insects: For the field trials, natural infestations were normally 

used. However, for most of the laboratory experiments, insects from 

cultures maintained under laboratory conditions were used. DBM 

and A.plutellae cultures were initiated from collections made in mid-

1973 from Mensum Valley, while Diadegma eucerophaga Horstm. (Hym: 

Ichneumonidae) came from Tanah Rata in early I98O. Detailed procedures 

for maintenance of the stock cultures are in Appendix 2. 

d) Experimental enclosures (glass jars, cages, etc.): During the investi-

gations, different types of enclosures were used depending on the studies. 

In most instances, cylindrical glass jars 24 cm x 10 cm diameter and with 

the open top covered with muslin were used (Plate 2.1). Depending on 

the purpose, such jars have been variously referred to in the different 

experimental studies as 'oviposition jars', 'breeding jars', 'host 

pupation jars' and 'parasite cocoon emergence jars'. They differed only 

in their contents. In both the 'oviposition jars' and 'breeding jars', 

fresh leaves of Brassica rapa L. served either for adult oviposition or 

as food for DBM larvae. Throughout each stxxiy, leaves were 

replenished every 3-4 days. They were generally held uprigit by a cotton 

plug in glass vials containing water. Within each jar, water and 1756 
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honey through cotton wicks were also provided for the adults. 'Host 

pupation jars' and 'parasite cocoon emergence jars', were essentially 

the same except that no leaves were provided. 

Where large population of feeding larvae was expected or a large space 

considered necessary, then the larger 'larval developmental cages' were 

normally used. These were 46.5 c a x 61.5 cm x 6l cm and meshed all over 

with copper gauze 40) except the wooden floor, glass top and part of 

the door which was rubber (Plate 2.2). In these cages, leaves of B.rapa 

were replenished in excess every 2 days to ensure an adequate supply of 

fresh leaves for developing larvae. Whew any adults were also expected 

to emerge within the cage, water and 17* honey were also provided. 

Another enclosure commonly employed was the 'larval emergence dish'. This 

consisted essentially of a plastic petri dish with a mesh-covered window 

(5.1 cm diameter) on the cover for ventilation (Plate 2.3). Where 

maintenance of the emerging larvae was expected, fresh B.rapa leaves 

were also provided every days. 

It should be noted that the above constituted only the general 

experimental conditions, materials and methods adopted in the present 

studies. More details are given in the presentation of the respective 

studies. Where certain specific requirements necessitated some further 

adjustments to the above general methodology, these modifications have 

also been clearly specified in the descriptions of the experiment concerned. 
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A breeding jar ( 2 4 cm x 10 cm diameter) used 

as "oviposition ja r " , "host pupation jar" and 

"parasite cocoon emergence jar "having the top 

open end covered with muslin cloth and the 

bottom fitt ing into a gauze metal base 

A "larval developmental cage" ( 46-5 cm x 61-5cmx 61 cm ) 

meshed all over with copper gauze ( & 4 0 ) except the 

wooden floor, glass fop and part of the door which is rubber-

A plastic petri dish having a mesh-covered window ( 5 I cm diameter ) on the cover- This 

also served as a " l a r va l emergence dish"-
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3- INITIAL SEARCH AND SURVEY FOR PARASITES OF 
DBM IN WEST MALAYSIA 

3.1 INTRODUCTION, AND RATIONALE FOR PARASITE SEARCH 

In attempts to widen the ecological base for pest control 

various components may be considered, viz plant resistance, cultural 

techniques, biological control agents, and some other more recent and 

novel techniques. With respect to plant resistance considerable scope 

generally exists for adding restraints on the pests' food supply 

(Painter, 1951j van Emden, 1966), being largely governed by the wide 

range of influences that host plants can have on the population dynamics 

of insects (van Emden k Way, 1973)* F°r some, a small change in the 

plant's condition may be sufficient to exert economic control (van Emden 

k Wearing, I965). In the case of DBM some specific components for 

resistance/susceptibility have been identified: allyl isothiocyanate, 

glucocheirolin, glucoerucin, gluconapin, gluconasturtiin, gluconringiin, 

glucotropaeolin, progoitrin, sinalbin and sinigrin (Thorsteinson, 1960? 

Nayar k Ihorsteinson, I963; van Ended, I9661 Hillyer k Thorsteinson, 
I969). Although differences in varietal resistance of cabbages to the 

moth are now known (Rudder k Brett, I967? Weires & Chiang, 1973? AYRDC, 

1976), under existing conditions in the Cameron Highlands there is little 

possibility of selecting and developing plant resistant materials since 

cabbage flowering cannot be readily induced there. Other approaches 

based largely on newer techniques such as hormonal control (Sato, 1968; 
Chow et al, I97+; Taaaki et al, 1977? Koshihara et al, 1978; Ando et al, . 

1979? Fujiyoshi et al, 1979? Morallo-Rejesus k Tetangco-Fabeliar, 1980; 
Tan, I98I), sterile mating (Bonnemaison, I966; Cook k Hooper, 197^) and 
the use of antifeedants (Findlay, I97O; Ruscoe, 1972? Tan k Sudderuddin, 

1978) have only been of exploratory nature, largely in the laboratory. 

As such, their scopes for practical employment are presently still very 

limited. In the case of cultural management, although Raros (1973) and 

Buranday k Raros (1975) have demonstrated that intercropping of 
cabbages with tomatoes reduced infestations of DBM on cabbages, this 

relationship could not be reproduced consistently, as experienced by 

Phillips (1977), and Kuntha (I98I, pers. comm.) in England, Megallona 
(1977, 1978) in the Philippines, and the Asian Vegetable Research & 

Development Center (Megallona, 1977) in Taiwan. Moreover, this practice 

could not be readily implemented as the choice of crops for cultivation 

during a particular period is normally governed by festive seasons and 

market demands (FAMA, 1974), F o r tomatoes and cabbages, their plantings 

generally do not coincide. Similarly, others such as modified crop 
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rotation would demand drastic changes in some other long-standing 

traditional practices, a situation that is usually difficult to accept. 

For most situations, due consideration given to natural enemies 

in pest control has often been regarded as a sound approach, largely 

because biological control is a natural ecological phenomenon. Potentially, 

biological control when applied successfully to a pest problem can 

provide a relatively permanent, harmonious and economical solution (DeBach, 

1964; Huffaker,1971a> van den Bosch & Messenger, 1973? Simmonds & 

Bennett, 1976). For the DBM in particular, effective host suppression 

have already been reported; in some instances the control achieved was 

impressive (Hardy, 1938; Muggeridge, I93O, I939; Ullyett, 1947; Vos, 
1953? Goodwin, 1979). With such encouragement, and considering the present 

limitations of other control components as well as the acute problems 

arising from the excessive use of insecticides in the Cameron Highlands, 

it thus seemed appropriate that natural enemy agents need to be given 

priority. Such investigations could lead to a more rational integrated 

approach wherein natural control would constitute the core. 

Until recently, no serious attempt has been made to explore the 

potential of natural enemies against DBM in the Cameron Highlands. This 

is due mainly to the persistent and firm adherence to the unsubstantiated 

belief that 'no biological control or parasites could exist there because 

of the intensive and indiscriminate use of insecticides'. Such belief 

was so widespread and pervasive that all efforts were devoted to the uni-

lateral chemical approach, solely guided by the belief that 'no cabbage 

can be produced in the Cameron Highlands without frequent and heavy insec-

ticide application'. Clearly, if any meaningful change towards a more 

rational and ecological outlook is to develop, disproving the above beliefs 

would appear critical and highly desirable. Initially, at least a thorough 

and careful parasite search seemed necessary, especially since parasites 

had never been reported there. Existence of indigenous species could 

justify studies on import and introduction of other parasites if necessary. 

3.2 MATERIALS AND METHODS 

Having recognised the urgent need to check for parasites of DBM 

in the Cameron Highlands, a thorough parasite search was immediately 

initiated in March, 1973. Initially, the survey was conducted in the 

experimental farm of MARDI at Tanah Rata. This was chosen as most of the 

experimental cabbage fields received very much less insecticidal inputs 

than those of the farmers. 

In the initial search, eggs, larvae and pupae of DBM were collec-

ted from transplanted crops (if - 2f months old) in 1/32 - 1/8 ha plots 

distributed over an area of about 4 ha. The daily collections, made over 
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a period of 5 days (August 3 - 7)» were kept separately according to the 

different stages. Eggs were confined in petri dishes (9 cm diameter) 

until hatching or parasite emergence. The larvae were reared on cabbage 

leaves in 'breeding jars' (Plate 2.1) until host pupation or parasite 

emergence. Throughout the studies, adequate food was maintained fresh 

through replenishment every 4 days. Pupae were kept in petri dishes 

(9 cm diameter) until emergence of either parasites or DBM adults. 

In the initial parasite search at Tanah Rata, a parasite was 

found on DBM (see 3.3.I). However, it was not known if the parasite was 

also present elsewhere in the highlands or lowlands where brassicas are 

cultivated under conditions of high insecticidal inputs. An extensive 

survey was therefore made . Such an investigation, it was envisaged, 

would provide some understanding of the field performance of the parasite. 

Determination on its distribution would also indicate how widespread the 

parasite is under farmers' conditions. Such information could indicate 

the potential of the parasite. Furthermore, since the survey would be 

conducted over an extensive area, it might also reveal other possible 

parasite species. 

Seven major cabbage areas at different altitudes and in different 

geographical regions of the Cameron Highlands were selected, viz; Kampong 

Raja (976-1,159 »). Kuala Terla (976-1,159 a), Tringkap (1,007-1,159 a), 

Mensum Valley (1,434-1,525 a), Brinchang (1,433-1.^9 a), Kampong Taman 

Sedia (1,393-1.458 m) and Bertam Valley (976-1,159 m)(Fig.3.l). In the 

lowlands, 3 major cabbage-growing areas in Selangor State were selected. 

These were Sungai Kelambu and Kuala Langat/Tan jong Sepat in the Banting 

District, and Sungai Yu in the Tan jong Karang District. For each assess-

ment, 25 plants in the highlands and 30 plants in the lowlands were taken 

at random for thorough examination of eggs, larvae and pupae of DBM, and 

cocoons of the parasite. As in the earlier parasite search in Tanah Rata, 

the different stages of DBM were kept separately and reared for determina-

tion and assessment of parasitism. Rarasite cocoons were confined in 

petri dishes (9 cm diameter) for observation of parasite adult or hyper-

parasite emergence. 

3.3 RESULTS 

3.3.I Discovery of Apanteles plutellae Kurdj. 

The results obtained (Table 3.1) in the initial parasite search 

at Tanah Rata clearly revealed for the first time that parasites were 

present on DBM in the Cameron Highlands. From the collections of 140 eggs, 

740 larvae and 86 pupae, a total of 265 parasites were obtained. All 
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V«g«tobt« 
producing areas 

BERTAM VALLEY 

FIGURE 3-1 Major vegetable production areas In the Cameron Highlands, Malaysia. 
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Table 3.1 Survey for parasites in the different stages of Flute11a 
xylostella (L.) collected from cabbages in the MARDI 
Research Station (Tanah Rata, Cameron Highlands). 

Immature stages of P.xylostella 

Egg Larva Pupa 

Collected Parasitised Collected Parasitised*Collected Parasitised 

(No.) (No. ) <*) (No.) (No.) (%) (No.) (No. ) (%) 
3.3.73 12 0 0.0 292 86 29.5 8 0 0.0 
4.3 25 0 0.0 114 32 28.1 11 0 0.0 
5.3 63 0 0.0 113 69 61.1 22 0 0.0 
6.3 10 0 0.0 184 41 22.3 14 0 0.0 
7.3 30 0 0.0 37 37 100.0 31 0 0.0 

Total 140 0 0.0 740 265 35.8 86 0 0.0 

* Only one species, Apanteles plutellae Kurdj., was obtained. 

emerged from the larvae. 

The parasitism rates, in general, were observed to vary widely 

in the different batches and ranged from 22.3% to 100% (Table 3.1). The 

average was 35.8%. 

On discovery of the parasites, attempts were then made to 

ascertain the species involved. Specimens sent to the Director, 

Commonwealth Institute of Entomology, London were confirmed as Apanteles 

plutellae Kurdj. (Hym: Braconidae) while those despatched via Dr. K.I. 

Sudderuddin (University of Malaya) to Dr. M. Fitton (British Museum) were 

identified (det. T. Huddleston) as Apanteles ruficrus Haliday (Hym: 

Braconidae). This difference in identification created uncertainty for 

some time since it was possible that: (i) both the parasite species were 

present, (ii) only one species was present, the other being misidentified, 

and (iii) the two names were synonyms. Similar confusion was also encoun-

tered by Ooi (1979a) in subsequent investigations with the same parasite. 

Specimens provided by him to G.E.J. Nixon (British Museum) and W.R.M. Mason 

(Biosystematic Research Institute) were identified as A. plutellae while 

P.M. Marsh (USDA, Beltsville) had them determined as A.ruficrus. Part of 

the reason leading to the identification as A. ruficrus was apparently due 

to the use of Wilkinson's (I928) key and another publication (Wilkinson, 

I929) which synonymized antipoda with ruficrus. However, the uncertainty 

was subsequently clarified through Wilkinson's (1939) revision which 

separates plutellae from ruficrus. He noted that in the former species 

the 4 anterior coxae are almost invariably entirely black and the 3rd 

tergite invariably with much minute punctation. The cocoons are pale 



38 

cream and solitary. In the case of ruficrus the 4 anterior coxae are 

entirely red testaceous and the 3rd tergite has a single transverse row 

of, and occasionally a few other, minute punctures. The cocoons are white 

and more usually gregariously placed. With this clarification and follow-

ing Parrot's (1964) description, all the parasite specimens collected 

from Tanah Rata were closely re-examined, and finally confirmed and 

reported (Lim & Ko, 1975) to belong to only one species, i.e. A.plutellae. 

3.3.2 Occurrence and local distribution of DBM 

Prom the survey results (Tables 3*2 & 3*3)» it was evident that 

there were no parasites on the eggs and pupae of DBM, both in the Cameron 

Highlands and in the surveyed areas of the lowlands. As in Tanah Rata, 

only one species of parasite was obtained from the larvae, viz A.plutellae 

(Tables 3.4 & 3.5). 

The survey also showed that A.plutellae occurred commonly and 

widely in all the major sub-regions of the Cameron Highlands. In the 

lowlands, although only few sites were surveyed, the parasite was found in 

all of them. Cursory observations recently revealed A.plutellae in two 

other areas of the lowlands, Jalan Kebun and Serdang. So, present infor-

mation (Lim & Ko, 1975; Ooi & Sudderuddin, 1978; Tables 3.1, 3.4 & 3.5) 
strongly suggests that the parasite is common and widespread in West 

Malaysia. 

3.3.3 Abundance of A.plutellae 

A. plutellae occurred in significant abundance in most areas 

surveyed, except in the lowlands where parasitism averaged only 12.1%. 

Over the whole of the Cameron Highlands, wide variation was observed in 

parasitism rates, ranging from 0-100%. Within each sub-region the 

variation was less. On average, the highest parasitism occurred in 

Kuala Terla (48.6%) while Kampong Tainan Sedia had the least (12.7%). 

For the remaining sub-regions, 36.$,, 3^-0%, 30.1% and 18.1% were 

obtained in Kampong Raja, Tringkap, Bertam Valley and Mensum Valley, 

respectively. Much higher levels ( 3 1 . t o 57.9^) were however recorded 

for the Brinchang region during 1979* while for the lowlands, only low 

levels were obtained, ranging from 8.8% to 14.0% (Table 3.5). 

The abundance of A.plutellae noted in the survey is very 

encouraging in that the parasite can effect a generally hi^i level of 

parasitism even under heavy insecticidal treatment. It strongly suggests 

the possible development of field tolerance to the chemicals by the 

parasite. Whether this is so, however, requires confirmation. 



Table 3.2 Survival of the eggs and immature stages of Plutella xylostella(L.), and Apanteles plutellae Kurdj. 
cocoons, collected from different localities in the Cameron Highlands (1973-74). 

No. Plutella eqq No. Plutella pupa No. Apanteles cocoon Status of 
1ncprfirl 

Locality Date Collec- Parasi- Hatch- Collec- Parasi .- With adult Collec- With adult With hyper With noth-
ted* tised ed ted* tised emergence ted* emergence parasites ing emer-

emerqinq qinq 

Bertam 22.8.73 40 0 40 15 0 11 23 10 7 6 Spraying irre-
Valley 27.9.73 12 0 12 — - - 53 51 0 2 gular (depen-

15.11.73 15 0 14 — — - 90 46 20 24 ding on infes-
21.12.73 63 0 60 22 0 15 23 23 0 0 tations) but 
30.1.74 23 0 23 28 0 26 8 6 1 1 generally once 
6.3.74 32 0 31 5 0 4 14 3 5 6 a week.Tamaron 

used. 

Kampong 
Raja 

20.9.73 7 0 7 59 0 47 19 10 3 6 
7.11.73 25 0 23 - - — 28 14 8 6 
13.12.73 16 0 16 3 0 3 33 16 9 8 
30.1.74 31 0 31 59 0 53 0 0 0 0 
28.2.74 6 0 6 57 0 45 89 59 10 20 
10.4.74 26 0 24 27 0 19 46 34 5 7 

Sprays mainly 
directed at 
cabbage head 
only.Spraying 
depending on 
infestations, 
but generally 
twice a week. 
Both Tamaron 
and Padan were 
used. 

Kuala 
Terla 

20.9.73 
7.11.73 
13.12.73 
20.2.74 
10.4.74 

12 
22 

63 
81 

12 
21 

63 
78 

47 
30 
15 
59 
35 

45 
20 
10 
50 
30 

40 
98 
26 
91 
61 

37 
35 
11 
57 
48 

0 3 Crops sprayed. 
20 43 very frequently, 
8 7 Insecticide 
14 20 mixtures used, 
g 5 components 

unknown^ 



Table 3.2 (Continued). 

Locality Date 
No. Plutella egg No. Plutella pupa No. Apanteles ; cocoon 

Status of 
insecticide 

Locality Date 
Collec-
ted* 

Parasi-
tised 

Hatch-
ed 

Collec- Parasi 
ted* tised 

- With adult Collec-With adult With hyper With noth-
emergence ted* emergence parasites ing emer-

emerging qing 
Mensum 29.8.73 45 0 40 64 0 45 40 16 20 4 Crops sprayed 

Valley 10.10.73 — — — 17 0 14 41 17 21 3 twice a week Valley 
21.11.73 51 0 47 55 0 36 8 6 1 1 with Monitor. 

9.1.74 13 0 13 40 0 34 31 9 20 2 Mixture of 

19.2.74 9 0 8 159 0 150 24 3 16 5 Tamaron and 

13.3.74 72 0 71 38 0 22 22 3 18 1 Badan also used 
occasionally. 

Tring- 6.9.73 18 0 18 11 0 8 70 50 8 12 Crops sprayed 

kab 17.10.73 47 0 46 20 0 13 12 8 1 3 with Tamaron 
5.12.73 109 0 106 . - — - - - - - or/and Padan 

16.1.74 67 0 60 79 0 65 99 73 9 17 every 4 days. 
13.2.74 — — — 159 0 136 23 17 3 3 
21.3.74 33 0 33 106 0 88 116 56 24 36 

Kampong 17.8.73 — — — 42 0 20 15 8 4 3 
Crops sprayed 
weekly with 

Taman 29.8.73 83 0 81 31 0 25 7 5 0 2 Padan or insec-
Sedia 17.10.73 65 0 65 25 0 18 5 2 2 1 ticide mixtures. 

5.12.73 71 0 70 8 0 8 24 1 11 12 

*Cn 25 sampled plants. 
**methamidophos = (Tamaron, Monitor); cartap = (Padan). 



Table 3.3 Survival of the immature stages of Plutella xylostella (L.) and Apanteles plutellae Kurdj. cocoons, collected 
from different localities in the lowland and the Cameron Highlands (1979-80). 

Locality 
No. Plutella pupa 

D a t e Collected*Parasitieed With adult 
emergence 

A. Plutellae cocoons 

Collected*With adult With hyper- With 
emergence parasites nothing u s a S e 

emerging emerging 

Status of insecticide 

K.Langat/Tg. 
Sepat 29.1.80 
(Banting) 

61 

LOWLAND 

(linjSng 25-6.79 

Karang) 

Sg. Kelambu 0 0 a n 

(Banting) 2 2 ' 1 M 1 1 6 

0 

56 

108 

43 

68 

17 

33 

25 

35 

0 24 12 0 12 

Spraying irregular (depending 
on infestations). Dipel, 
Tamaron and Hostathion used. 

Crops sprayed mainly against 
Hellula Bp. Insecticide mixtu-
res (Decis,Badan,Sumicidin) 
used. Staggered planting clear-
ly evident. 

As above 

CAMERON HIGHLANDS 
Brinchang ^ 
(Town) ' 

0 - - 100 96 4 0 

Brinchang 26.9.79 13 0 12 38 12 4 

(7 miles) 
Brinchang 26.9.79 9 0 6 37 18 17 2 
(45 miles) 

Kuala Terla 4.12.79 15 0 15 22 19 3 0 

(49-50 miles) 

Kg.Raja 5.12.79 47 0 38 22 17 5 0 

(52 miles) 

Frequent spraying with 
Ambush. 

Frequent spraying with 
Ambush. 

Spraying irregular (depending 
on infestations). Dipel and 
Ambush used. 

Frequent spraying with mixtures. 
BHG and Dynafot commonly used. 

Frequent spraying with 
mixtures of Dynafot, Dipel and 
Surecide. 

*On 30 sampled plants. 



Table 3 . 4 . -The fate of Plutella xylostella(L.)I-arvae collected from different localities in the Cameron Highlands. (1973-74). 

Locality Date Total no. of Plutella larvae* 

(a) 
Collected 

(b) 
Pupated 

(c) 
Parasitised 

(d) 
Died of 
other 
factors* * 

CeT 
No. adult 
Plutella 
obtained 
from (b) 

(f) 
No. adult 
parasite 
obtained 
from (c) 

% larval mortality 
due to:-
Parasite Other factors 
c 
( - xlOO) 
a a 

100) 

% pupal mortality 
of m 

Plutella 

%larvae 
reaching 
adult 

(ifSxlOO) (£=.f 

b c 

Parasite , 
stage 

•xlOO) e 

( ^clOO) 
a 

bertam 22.8.73 132 21 58 53 7 39 43.9 40.2 66.7 32.8 5.3 
Valley 27.9.73 273 232 41 0 113 41 15.0 0.0 51.3 0.0 41.4 

15.11.73 210 173 32 5 162 30 15.2 2.4 6.4 6.3 77.1 

21.12.73 120 38 55 27 10 42 45.8 22.5 73.7 23.6 8.3 

30.1.74 186 117 64 5 72 49 34.4 2.7 38.5 23.4 38.7 

6.3.74 108 45 60 3 31 54 55.6 2.8 31.1 10.0 28.7 

Kampong 20.9.73 252 223 • 29 0 76 12 11.5 0.0 65.9 58.6 30.2 

Raja 7.11.73 100 16 60 24 15 58 60.0 24.0 6.3 3.3 15.0 

13.12.73 20 9 9 2 6 5 45.0 10.0 33.3 44.4 30.0 

30.1.74 47 24 19 4 23 15 40.4 8.5 4.2 21.1 48.9 

28.2.74 161 37 110 14 12 84 68.3 8.7 67.6 23.6 7.5 

10.4.74 110 53 25 32 30 20 22.7 29.1 43.4 20.0 27.3 

Kuala 20.9.73 265 115 150 0 34 42 56.6 0.0 70.4 72.0 12.8 

Terla 7.11.73 100 17 9 74 6 7 9.0 74.0 64.7 22.2 6.0 

13.12.73 8 0 8 0 0 5 100.0 Q.O 0.0 37.5 0.0 

28.2.74 131 20 98 13 16 85 74.8 9.9 20.0 13.3 12.2 

10.4.74 120 73 38 9 43 35 31.7 7.5 41.1 7.9 35.8 

Kensum 29.8.73 253 253 0 0 63 0 0.0 0.0 75.1 0.0 24.9 

Valley 10.10.73 359 177 81 101 98 78 22.6 28.1 44.6 3.7 27.3 

21.11.73 230 131 99 0 66 99 43.0 0.0 49.6 0.0 28,7 

9.1.74 427 316 62 49 281 51 14.5 11.5 11,1 17.7 65.8 

19.2.74 141 123 15 3 108 11 10.6 2.1 12.a 26.7 76.6 

13.3.74 155 129 26 0 97 25 16.8 0.0 24.8 3.9 62.6 



Table 3.4 ( Continued ). 

Locality Date Total no. of Plutella larvae * 

(b) (c) (d) _ 
Collected Pupated Para- Died of 

sitised other 
factors** 

(e) (f) 
No.adult No. adult % larval mortality 
Plutella parasite due to:-

obtained obtained 

from (b) from (c) (£xi00) tors 

% pupal mortality of 

nrr 
Parasite Other fac- plutella Parasite 

(—xlOO) (.fcSxlOO) (k^xlOO) 
a b c 

% larvae 
reaching 
adult stage 

(—xlOO) 

Tringkap 6.9.73 30 13 17 0 4 
17.10.73 120 22 45 53 22 
5.12.73 110 30 36 44 10 
16.1.74 110 26 30 54 26 
13.2.74 132 75 20 37 60 
21.3.74 60 16 43 1 12 

17 56.7 0.0 "69.2 0.0 13.3 
21 37.5 44.2 0.0 53.3 18.3 

33 32.7 40.0 66.7 8.3 9.1 

24 27.3 49.1 0.0 20.0 23.6 

8 15.2 28.0 20.0 60.0 45.5 

40 71.7 1.7 25.0 7.0 20.0 

rN 

Kg. 
Taman 
Sedia 

17.8.73 
29.8.73 
17.10.73 
5.12.73 

120 

61 
56 

115 
31 
20 

5 
5 

25 

0 
25 
11 

34 
17 
14 

5 
4 

22 

4.2 
8.2 

44.6 

0.0 
41.0 
19.6 

70.4 
45.2 
30.0 

0.0 
20.0 
12.0 

28.3 
27.9 
25.0 

•On 2.5 sampled plants. 
••Numerous larvae turned blackish. 
•••Numerous pupae covered with whitish fungal mycelia. 

- No collection made. 



Table 3.5. The fate of Plutella xylostella (L .) larvae collected from different localities in the lowland and the 
Cameron Highlands (1979-80). 

Total no of Plutella larvae* 

Locality Date (a) (b) 

( e ) (f) % larval mortality % pupal mortality of:^ larvae 
due to: reaching 

Collec- Pupa- Parasi- Died of P l u t e l l a parasite Parasite Other factors** Plutella*** Parasite a d u l t 
(c) (d) No. adult No. adult 

ted ted tised other obtained obtained c 

factors ••from (b) from (c) ( a x l 0 0 ) 

stage 
(i^xlOO) (^£xl00) (e W Q ) 

a 

LOWLAND 
Sg. Yu 
(Tg.Karang) 

25.6.79 92 38 11 f 3 36 6 12.0 4-6.7 5.3 45-5 39.1 

Sg.Kelambu 
(Banting) 

22.1.80 57 31 5 21 29 3 • 8.8 36.8 6.5 40.0 50.9 

K.Langat/ 
Tg.Sepat 
(Banting) 

29.1.80 100 32 m- & 32 8 14.0 54.0 0.0 42.9 32.0 

CAMERON HIGHLANDS 
Brinchang 
(Town) 

26.9.79 38 4 22 12 4 20 57.9 31.6 0.0 9.1 10.5 

Brinchang 
(7 miles) 

26.9.79 85 11 36 38 9 30 42.4 44.7 18.2 16.7 10.6 

Brinchang 
(45 miles) 

26.9.79 113 36 36 41 27 28 31.9 36.3 25.0 22.2 23.9 

Kuala Terla 4.12.79 483 349 101 33 341 80 20.9 6.8 2.3 20.8 70.6 

Kg.Raja 5.12.79 831 587 158 86 563 119 19.0 10.4 4.1 24.7 67.8 

* On 30 sampled plants. 
•• Numerous larvae turned blackish. 
*** Numerous pupae covered with whitish fungal mycelia. 
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3.3*4 Effect of hyperparasites and other mortality factors 
on A.plutellae 

Survival of A. plutellae was observed to vary greatly among the 

different sub-regions in the Cameron Highlands. As high as 79.6$ adult 

parasite emergence from cocoons was obtained in Brinchang while only 

31.4$ occurred in Kampong Taman Sedia (Table 3.2). Throughout the 

surveyed areas, an average mortality of 39.7$ was recorded, with 21.0$ 

contributed by hyperparasites and the remainder by unknown factors. 

Among the parasites from hosts collected at the larval stage, the total 

mean mortality was 22.8$ (Table 3.4). 

For the survey in the lowlands and Brinchang in 1979-80, 

parasite survival differed notably, averaging 79*6$ in Brinchang and 45.9$ 

in the lowlands (Table 3«3)« Whilst mortality due to hyperparasites 

constituted about 17-3/6 ia Brinchang, it was unimportant (0.?$) in the 

lowlands (Table 3*3)• Evidently, in the lowlands some other factor(s) 

must be responsible for the observed parasite mortality. In the highlands 

the impact of hyperparasites on the performance of the existing parasites 

seems evident from Fig.3-2, wherein a lower percentage parasitism by 

A.plutellae was associated with a higher level of hyperparasitism. 

In the Cameron Hi^ilands, 3 species of hymenopterous hyper-

parasites were reared from the field-collected cocoons of A. plutellae 

although in subsequent studies 5 additional species were recorded by Ooi 

(1979a). The 3 species were Hemiteles sp. (Hym: Ichneumonidae), 

Tetrastich us sp. (Hym: Eulophidae) and Mesochorus sp. (Hym: Ichneumonidae). 

Hemiteles sp. predominated constituting 77.1$ of a total of I92 hyper-

parasites that emerged. The next commonest hyperparasite was Tetrastich us 

hp. (19.3$) while Mesochorus sp. occurred only occasionally. In the 

lowlands, only 1 specimen of Hemiteles sp. was recorded, and was obtained 

from Sungai Yu. 

In general Hemiteles sp. obtained resembles A.plutellae superfi-

cially in size and colour. However, there are differences in the wing 

venation and antennal length. The body of A.plutellae is also more robust. 

Only one adult in all the 3 hyperparasite species emerged from each 

A.plutellae cocoon. The hole made by the emerging hyperparasite is usually 

irregular and differs from that made by A.plutellae which normally pushes 

open a circular lid at the end of a cocoon. 

3.3.5 Relationship of DBM incidence to parasitism and other 
mortality factors 

The survey showed that the incidence of DBM ranged from 3.2 to 

10.4 larvae/plant in most parts of the highlands for the years 1973-74 

(Table 3.4). Among the different sub-regions, Mensum Valley had the 
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10 20 ' 30 40 50 60 

% Hyperparasitization of A.plutellae 

FIGURE 3.2 Relationship between the parasitization of ITutella 
xylostella (L.) by Apanteles plutellae Kurdj. and 
hyperparasitization of the latter by hyperparasites. 
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highest infestation while Kampong Tainan Sedia had the least. In the 

lowlands, the mean incidence recorded during I979-8O did not exceed 

3.3 larvae/plant (Table 3.5) suggesting that DBM was relatively much 
less important there. 

As to the fate of DBM larvae collected in the Cameron Highlands 

it was noted that for many of the localities surveyed relatively few 

became adult: 45.6% in Mensum Valley, 38.4% in Bertam Valley, 27.4% in 

Kampong Taman Sedia, 23.8$ in Tringkap, 23.5% in Kampong Raja, 15.9% 

in Kuala Terla (Table 3.4) and 17.0% in Brinchang (Table 3.5). The 

differences were due in part to the effects of the various mortality 

factors (including pesticides) in the various sub-regions. Excepting 

Tringkap (33*6%) and Brinchang (38.6%), most of the larvae apparently 

succumbed to the parasite since mortality due to other factors was slight 

(9.0% - 15.4%) in general. A substantial further loss occurred at the 

pupal stage, ranging from 26.4% to 60.8% and averaging 41.7% (Table 3*4). 

In the lowlands, the reverse was observed; the pupal mortality being low 

(0-6.5%) while the proportion (32.0% to 50.9%) of larvae reaching the 

adult stage was relatively much higher (Table 3«5)« 

Egg hatch was more than 94% for all the localities surveyed 

(Table 3.2). The lowest was in Mensum Valley (94.2%) while Kampong Taman 

Sedia had the highest (98.6%). 

Emergence from pupae collected directly from the fields was 

also high. With the exception of Kampong Taman Sedia which had only 

67.0% emergence, that for the remaining sub-regions ranged from 80,0% to 

83.3% (Tables 3.2 & 3.3). In general, during 1973-74 this field mortality 

(19.4%) was much lower than that of pupae bred in the laboratory from 

field collected larvae (4l.7%). Perhaps, this was due mainly to the in-

evitable bias towards collecting healthier pupae that had survived through 

the initial developmental phase, including the prepupal stage. 

3.4 DISCUSSION 

The discovery of A. plutellae in the current studies would appear 

to be the first record of a DBM parasite occurring there. This finding is 

of particular significance in that it shattered the unfounded belief of 

•no possibility of parasite occurrence* that had been firmly and persis-

tently adhered to. Since then, many pest control personnel have become 

more readily attuned to considering possible biological control inputs. 

So, conceptually, the unilateral chemical approach has to some extent 

given way to one that is relatively more ecological in outlook. 

It is not known exactly when A.plutellae first gained access 
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to the Cameron Highlands. Ho (I965) specifically mentioned that there 

was no parasite on DBM at that time. It is unlikely that the parasite 

could have escaped detection then since it is now generally obvious. 

Ho & Ng (1970) who then conducted extensive field investigations on the 

moth, again did not report the presence of a parasite. It thus appears 

that A.plutellae must have first spread to the Cameron Highlands during 

the period 1970-73. If this was so, and judging from the widespread 

establishment and high incidence that the parasite has so rapidly attained, 

it would appear that A.plutellae is a highly adaptable and robust species. 

Throughout the investigations it was evident that only 

A.plutellae occurred as a parasite of DBM in the Cameron Highlands. Later 

studies (Ooi k Kelderman, 1977? 0oi» 1979b), however, revealed two other 

parasites; an incidental pupal parasite Tetrastichus ayyari Rohw. 

(Hym: Eulophidae) and an unidentified chalcid ectoparasite of the family 

Eupelmidae. Both were noted to be of little importance and occurred only 

in negligible numbers; only a single individual of the ectoparasite was 

obtained. Apparently, among the naturally-occurring parasites recorded 

there so far, only A.plutellae seems- to be of significance. The pre-

ponderance of this species is perhaps due in part to the lack of other 

more efficient and competitive parasites. 

Over the Cameron Highlands, the level of parasitism by A.plutellae 

averaged 29.6%. Wide variation was recorded for the different sub-

regions, and in general, the population of DBM tended to be lower in 

areas with a higher level of parasitism. For example, in the 1973-7^ 

survey, regions such as Kampong Raja, Kuala Terla, Tringkap, Bertam 

Valley and Kampong Taman Sedia had a DBM population which did not exceed 

6.9 larvae/plant; while, except for Kampong Taman Sedia, the level of 

parasitism ranged from 30.1% to 48.6% (Table 3.6). On the other hand, in 

Mensum Valley, it had 10.4 larvae/plant and the parasitism rate was only 

18.1%. Such a relationship was again evident in the I979 survey where 

Brinchang had a very low level of DBM infestation accompanied by high 

parasitism, and this contrasted strongly with reverse situations in Kampong 

Raja and Kuala Terla (Table 3.6). In I978, Ooi (1979a) also showed a 

somewhat similar relationship. However, when data from the lowlands were 

considered, such a trend was not apparent. Compared to the highlands, 

all the surveyed areas had insignificant numbers of DBM per plant 

(1.9-3.3) with very low parasitism rates that only reached up to 14.0% 

and averaged 12.1% (Table 3-5). Except for this discrepancy which perhaps 

resulted from other factors since the conditions in the lowlands are 

usually very different, the relationship observed in the Cameron Highlands 

mem 



Table 3.6 Changing trends of insecticidal usage, Plutella xylostella(L.) infestations, and the parasitism rates of 
Apanteles plutellae Kurdj. in the various sub-regions of the Cameron Highlands during 1973-79. 

Locality 

No. P.xylostella/ 
plant 

% parasitism Manner of insecticidal usage 

1/ 1/ 
1973-74 1978^ 1979 1973-74 1978-'1979 

"Cocktails" Frequency Amount 

1973-74 I978 l j^ /' 1979 1973-74 1978 
t7w 

3t/w 2t/w lt/w 
1979 1973-74 19 7 8 7 9 " 

L O W High 

Kampong 
Raja 

4.6 27.2 27.7 36.5 23.1 19.0 No 14 Yes 
Very 

frequent 4 10 
Very 

3 frequent 
High 7 11 High 

Kuala Terla 5.0 10.2 16.1 48.6 44.5 20.9 Yes 12 Yes it 3 5 10 " Low 10 7 High 

Tringkap 3.8 4.8 - 34.0 29.2 - Yes 16 - 11 1 14 7 High 11 10 -

Kea Farm/ 
Greencow 

- 1.6 - - 42.4 - - 14 - - 2 0 17 - 12 5 -

Mensum 
Valley 

10.4 8.6 - 18.1 52.9 - Yes 12 -

Very 
frequent 1 12 11 Low 15 4 -

Bertam 
Valley/ 6.9 6.4 - 30.1 36.0 - No 6 - Fre- 2 2 6 Low 7 4 -

Ringlet quently 

Kampong 
Taman Sedia 

3.2 - - 12.7 - - Yes - - Fre-
quently 

- - - High - - -

Brinchang: 

Town - - 1.3 - - 39.5 - - No - - - - Frequently - - - Low 

7 miles - - 2.8 - - 42.4 - - No - - - - Frequently - - - Low 

45 miles - - 3.8 - - 31.9 - - No - - - - ETequently - - Low 

V After Ooi & Sudderuddin, 1978. 
_2/ Number using insecticidal "cocktails" out of 114 farmers surveyed. 
3/ t/w « No.of times(insecticidal application) per weak. 
4/ L o w « Amount of insecticides used ranging from 10-39 ml/9 litres;High Amount ranging from 40-60ml/9 litres. 
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strongly suggests that A.plutellae has been exerting some control over 

DBM. Where the level of parasitism increases, the host larval population 

would tend to decline and be suppressed. However, as with many other 

parasite species (Morrison & Strong, I98O), a negative regression 
(Fig.3.3) was observed for all the sub-regions. This, however, contras-

ted with the positive regression obtained under laboratory conditions 

(see 4.2.1). A tendency towards positive regressions (Table 3.7) was, 

however, also observed when crops were untreated^ although lack of cor-

relation was more common as have been frequently reported for other 

species (Morrison & Strong, I98O). That applied chemicals in the field 

may have an influencing effect is suggested by the contrasting situations 

in these treated and insecticide-free conditions. However, other factors 

are also involved as tendency towards negative regressions was evident even 

in untreated crops when host densities exceeded beyond 6 larvae/plant 

(Fig.3*4), Such a situation where the proportion killed declines with 

increasing host population clearly revealed the parasite's limitation. 

The suppressive effects of A.plutellae is further indicated 

from the changing trend of the DBM population in the Cameron Highlands. 

For example, in both Kampong Raja and Kuala Terla the host larval 

population increased drastically from I973 to I979 (Table 3.6). In 

parallel, there was a sharp drop in parasitism. Likewise, such a 

relationship was noted for Tringkap although the change over the years 

was much less. Unlike these sub-regions, the converse was observed in 

Mensum Valley and Bertam Valley (i.e. increased parasitism correlated with 

decreased DBM population), confirming further the beneficial role of 

A. plutellae. 

In the Cameron Highlands, the differing changes of both the 

host and parasite appear likely to be associated with the extensive insec-

ticidal application in practice there. Parasite decline, for instance, 

was most drastic in areas with greater insecticidal inputs such as Kampong 

Raja and Kuala Terla. Here, the amount used, application frequency, as 

well as the employment of 'insecticidal cocktails' tended to be much 

higher (Ooi, 1979a; Table 3.6). In spite of these, DBM still survived in 

high numbers suggesting insecticide resistance. However, in other sub-

regions such as Mensum Valley and Bertam Valley, insecticidal usage was 

much less (Table 3.6), thereby not only enabling the continual existence 

of the parasite but also allowing it to increase. This, in turn, appeared 

to have led to the lowering of the pest population from 10.4 to 8.6 larvae/ 

"*For details of this investigation see 4.1 



Figure 3-3 Relationship between the density of Plutella xylostella ^ ) and the parasite Apanteles plutellae Kurdj . a t d i f ferent localities 
the Cameron Highlands. (Numbers against the points Indicate the sequence of sampling) • 
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Table 3*7 Regressions between the densities of Plutella xylostella (L.) 
and the levels of parasitism (%) caused by Apanteles plutellae 
Kurdj. over 22 cabbage crops cultivated free of insecticides 
in the Cameron Highlands. 

Host density Regression equations 
(Mean No./plant) Crop No. (% parasitism vs host 

density) 
Statistical analyse si/ 

Less than 6 

More than 6 

1 y = 26.27x - 12.57 t = 5.562, df = 
2 y = -i4.iox + 50.27 t SB 2.074, df = 
3 y = 3.03X + 0.37 t = 3.285, df = 
4 y = -8.66x + 33.77 t = 1.880, df = 
5 y = O.52X + 4.96 t SB 0.350, df = 
6 y « 1.93x + 14.82 t SB 1.662, df = 
7 y = 3.63x + 33.80 t s= 0.799, df = 
8 y = 9-99X - 4.57 t = 5.005, df = 

9 y = 1.15x + 37.44 t SB 0.524, df = 
10 y = 0.28x + 48.64 t SB 0.056, df = 
11 y = 0.57x + 33.02 t = O .158, df = 
12 y = -0.49X + 23.48 t BS 0.193, df = 

13 y = 3.63x + 8.29 t BS 0.802, df = 
.14 y = 2.43x + 39.32 t = 0.190, df = 

15 y = 9.O9X + 1 . 9 6 t = 4.228, df = 
16 y = -9.26X + 63.99 t = 2.232, df = 

17 y = -3.35x + 44.28 t BS 0.626, df = 
18 y = 3.03x + .38.30 t = 1.114, df = 
20 y = -0.35x + 33.85 t =S 0.077, df = 
21 y = 8.45x + 6.48 t BS 1.930, df = 
22 y = 1.72x + 35.74 t — 0.480, df = 

13 y = -2.57x + 34.80 t =3 5.397, df = 
14 y = 0.6lx + 21.48 t = 0.115, df = 

15 y = -5.0x + 84.0 -

16 y = 2.25x + 20.28 t = I.669, df = 

19 y = -11.32x + 224.92 t = 3.743, df = 

10i 
161 
151 
141 
7(ns) 
l6(ns) 

15(**) 
l6(ns 
15(ns! 
8(ns) 
ll(ns) 
4(ns^ 
4(ns( 

6(x*J 
3(ns; 
4(ns 
7( ns| 
8(ns; 

6(ns 
5(ns: 

I K 

3( n s! 

2(ns' 
= Highly significant, ns = Not significant, 

plant in Mensum Valley. In Bertam Valley, the situation was mainly preser-

vation of existing infestations at relatively lower levels as the decline 

was insignificant, From 6.9 to 6.4 larvae/plant (Table 3*6). 

From these findings, it is evident that the extensive and indis-

criminate employment of insecticides are sometimes not only unable to contain 

a pest situation but also may aggravate the problem. Hie former situation, 

under the conditions in the Cameron Highlands, is perhaps largely due to the 

widespread development of insecticide resistance in the pest. Furthermore, 

the eggs and pupae of DBM may also be intrinsically resistant and thus have 

remained little affected by the chemicals as suggested from the hi^i egg 

hatch (96.6%) and high adult emergence (80.6%) from field-collected pupae 

(Table 3.2). The future introduction of possible natural enemies of the 

eggs and pupae should therefore prove a useful supplement for the control 

of DBM. 

In the Cameron Highlands, A.plutellae was surprisingly abundant 

(Table 3.4) in spite of excessive insecticidal usage. Whether this was 



rx 

fc' 
w 
»H 

& 

100 

90 

8 0 -

70-

60 J 

50 

/+0 

30 

20 

10 

0 

a : y - 0 . 2 7 x t - 2 8 . 7 2 ( t 0 . 0 5 

B: y=6.62x+12.l8(to.05 
C: y-3.38xil6.32(t0.05 

1.133,11s), df-126 
2.035, *)» df=*127 
0.6if6,ns), df=47 

"a — • J r * * \ 

• \ d 

• • • • j 
• « • • 

D: y=121.O9-I3.06x(tg#05 - -2.053»ns). 
E: 29.72-0.17*(to.05 - -0.023,ns), df=17 
F: y»25.77-0.17x(t0.05 - -o.023,11s), df=2 
G: y~157.73-7.57*(to.05 - -1.962,11s), df=4 

8 10 11 12 1 3 l 5 15 16 17 18 19 20 21 
* 1 

B D E
 F 

Mean No. Plutella xylostella/plant 

FIGURE J A Regressions between % parasitism by Apanteles plutellae Kurdj. and the abundance of its 

host rPlutella xylostella (L .)J at different density range. 
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partly through the development of a resistant parasite strain or from 

parasites coming in from reservoirs outside the treated crop is not known. 

In any case, a clear understanding into this aspect should prove useful in 

broadening any control strategy that exploits the usefulness of the 

parasite. In relation to the high parasite incidence, for some areas, some 

chemicals employed are perhaps less harmful intrinsically. For example, 

in Brinchang where B.t. (Dipel BT R) and AmbushR were used predominantly 

(Table 3-3)» the parasite incidence was observed to be much hi^ier in spite 

of frequent applications. Further probes into possible selectivity in in-

secticides could prove highly rewarding and should be fully examined. 

Besides being governed by the nature and effects of insecticides, 

parasite abundance is also affected by hyperparasites. This is clearly 

reflected by contrasting situations in the various sub-regions of the Cameron 

Highlands where the average hyperparasitism was about 21.0% (Table 3*2). 

In some of the sub-regions (e.g. Kuala Terla, Tringkap and Brinchang), there 

were fewer hyperparasites (Table 3*3)t in conformity with higher levels of 

parasitism and lower infestations by DBM. However, in Mensura Valley it 

was as high as 57.8$, in which instance, the parasitism rate of A.plutellae 

was as low as 18,1%. To some extent, the higher level of hyperparasitism 

in the Cameron Highlands may be responsible for the increasing use of in-

secticides there. Evidently, the effects of hyperparasites must be consi-

dered when biological control inputs are involved. 

In general, the survey suggests that A.plutellae has contributed 

significantly towards the suppression of DBM. The importance of this is 

all the more significant when it is noted that mortality of the host eggs 

and pupae are negligible. Had A.plutellae been absent, the survival of the 

host would undoubtedly increase tremendously, everything else being equal. 

Presently, perhaps the full potential of the parasite has still not been 

sufficiently exploited, largely because of the hyperparasite activity and 

extensive insecticidal upsets. In any case, the discovery of A.plutellae 

has provided further avenues for the management of DBM in the Cameron 

Highlands. Such possibilities appear hopeful since the parasite can effect 

fairly high parasitism (Lim & Ko, 1975; Tables 3.4 & 3*5)• Furthermore, 

the same parasite species has been well utilized as part of a control 

programme against DBM in Taiwan (Chiu et al, 1974), clearly demonstrating 

both its potential and feasibility. These features thus deserve to be 

further examined in the light of local conditions. 
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4. ASSESSING THE EFFECT OF A.PLUTELLAE IN THE CONTROL OF DBM 

The field survey for parasites of DBM (see 3.3) has indicated 

that A. plutellae can have a suppressing effect on the population of the 

moth. How important the parasite really is and to what extent it is 

beneficial is not exactly known. There is clearly a need to evaluate 

these so that priorities may be assessed in attempts to exploit its 

beneficial role. This seems all the more important since the other 

parasite species were rare (Ooi & Kelderman, 1977; Ooi, 1979b). 

In the assessment, the importance and effect of the parasite 

were evaluated by several means in laboratory and field. Basically, 

these were comparisons of host population development and survival in the 

presence and absence of the parasite. 

4.1 MATERIALS AND METHODS 

In the laboratory studies, the survival of a pair of freshly-

emerged DBM adult and that of its subsequent 2-3 generations were closely 

followed in breeding cages in the presence and absence of A.plutellae. 

For the former, freshly-emerged adult parasites were introduced in a ratio 

of 1 parasite pair to 20 host larvae 7 days after host introduction. This 

was replicated 4 times and followed to the 3rd generation. The treatment 

without the parasite was replicated 3 times and studied up to the 2nd 

generation because beyond this developmental stage the population had 

already become too high and unwieldy for accurate handling. The study 
was conducted under laboratory conditions (see 2b). 

Initially, the pair of freshly-emerged adult moth was confined 

in 'oviposition jars' (Plate 2.1). All the eggs were counted daily and 

transferred with a portion of the leaf to the 'larval emergence dish' 

(Plate 2.3) which was examined daily. Following egg hatching all emerging 

and living larvae were immediately transferred to a wooden 'larval deve-

lopmental cage' (Plate 2.2). In the parasite treatment, the appropriate 

number of A. plutellae adults were also introduced and maintained with 

water and honey (17$). Daily checks were made and whatever host pupae and 

parasite cocoons formed were counted and removed to the 'host pupation jar* 

and 'parasite cocoon emergence jar* respectively (see 2d; Plate 2.1). All 

adult emergences were recorded daily, and following emergence, the host 

adults transferred again to the • oviposition jar' to repeat the whole 

process until completion of the studies. However, for the parasites, the 

adults were transferred to the 'larval developmental cage' instead (Plate 

2.2). 

Among the field assessments, an approach adopted involved 

measuring the changing level of DBM infestations and its rate of parasitism 
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by A.plutellae over a number of overlapping cabbage crops where no insec-

ticide was applied. Along with these were also determined the resulting 

cabbage yields. By complete withdrawal of insecticidal applications, it 

is hoped that the upsetting effects of chemicals suggested earlier in the 

survey (see 3-3) could be removed to allow the parasite to manifest freely 

its impact and potential. 

The studies were conducted over a period of 32 overlapping crops 

of size 28m x 56m during I973-8O at Tanah Rata in the MAEDI Research 

Station. Cabbage crops of the variety Constanta F.l. Danish were located 

side by side and continuously cultivated by staggered planting; each 

subsequent crop following approximately 2 months the immediate preceding 

crop. This made certain that the crop following would be available for 

sampling when the preceding one was ready for harvest, thus also ensuring 

the presence of cabbages at all times. Planting and cultural practices 

closely followed those of the farmers (Appendix 1). 

In the assessment of injury by the pest, the following damage 

index (Seaman et al, 1963? Williams, 1966) was employed: 

(N 0 x 5) + (Ni x 20) + (N 2 x 60) + (N3 x 100) ( 1 ) 
Damage index (%) = ^ 

N 0 + 1 + 2 + 3 

where, Nq = number of plants with score 'O' (i.e. 5% damage and less), 

Ni = number of plants with score *1' (i.e. 20% damage and less, but more 

than 5%), N 2 = number of plants with score
 ,2 I (i.e. 60% damage and less, 

but more than 20%), N3 = number of plants with score 13* (i.e. 100% damage 

and less, but more than 60%), and = total number of plants 

(Plate 4.1). Following such scoring under normal field conditions, a 10% 

damage index would correspond approximately to yield losses (ca 20%) that 

are beginning to become unacceptable, while a 20% damage index may result 

in about 50% yield reduction. During the study, a total of 27 plants were 

taken at random for each assessment. These were subsequently removed for 

detailed examination and population counts of all the larvae and pupae of 

DBM and cocoons of A.plutellae. Whatever hosts and parasites collected 

were then separately confined and reared in breeding jars for survival 

determination. 

Another approach adopted in the field assessment was through a 

chemical exclusion method. Although possessing some limitations it has 

been used fairly effectively for several parasite species (DeBach & 

Bartlett, 1964; DeBach & Huffaker, 1971? van den Bosch & Messenger, 1973). 

This method, unlike insecticidal withdrawal which measured the changes 

that subsequently occurred, compared directly and simultaneously the pest-

parasite position in a natural situation with one where most of the parasite 



PLATE 4.1 

Damage scores of feeding injuries by Plutella xylostella (L.) on cabbages. 
A = Score "0", 5% damage or less; B = Score "1", 20% damage or less, but more than 
5%; C = Score "2", 00% damage or less, but more than 20%; D = Score "3", 100% 
damage or less, but more than 60%. 
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has been selectively eliminated by chemicals. Growth of the host population 

in comparison with that in an untreated check plot provides evidence of 

natural enemy effectiveness (DeBach & Bartlett, 1964). 

For this study, 4 treatments were compared, viz Dipel R, Padan R, 

SevithionR and the untreated control. Dipel R, essentially a biological 

insecticide of B.t. was selectively toxic to DBM but not against the 

parasite A.plutellae (see 8.2). In the case of SevithionR (carbaryl + 

malathion) the reverse situation was true while for PadanR (cartap) it was 

highly toxic to both the host and parasite. Except for DipelR which was 

applied at 2.5 gm/4.5 litre, both PadanR and SevithionR were sprayed at 

0.1* a.i* A total of 8 sprays were made for each chemical, beginning 2 

weeks after transplanting and at weekly intervals. The layout was of 

randomised complete block with 3 replications. For each treatment, the 

plot size was 14.3 ® x 12.2 m and it contained 23 beds which included 2 

outer guard rows. The beds were spaced 0.6 m apart with each bed having 

27 plants including 2 guard row plants at the end. A 0.5 m planting 

distance was used resulting in a total of 525 plants/plot and 1575 plants/ 

treatment. Ihe cabbage variety Constanta F.l Danish was planted while 

fertilizer practices closely followed that of the farmers (Appendix 1). 

In the evaluation of damage, weekly assessment based on 10 random 

plants/replicate (i.e. a total of 30 plants/treatment) were adopted for 

the computation of the damage index (*). Also taken were the populations 

of the larvae and pupae of DBM and cocoons of A.plutellae. These were 

obtained weekly from 10 plants/replicate. 

For the assessment of host larval survival, 20 larvae/collection/ 

replicate were randomly obtained over a total of 9 samplings spread 

throughout the cropping period. The larvae collected were maintained in 

•breeding jars' (Plate 2.1) until adult host or parasite emergence. In 

the studies, survival of the parasite cocoons were also similarly examined. 

This was based on 15 cocoons/collection/replicate which was repeated over 

9 samplings. 

From the chemical exclusion method a rapid build-up of the host 

species was noted in the SevithionR treatment (see 4.2.3). However, this 

could be due to the insecticide stimulating directly the reproduction and 

population growth of the host, or indirectly through a physiological 

effect on the host (van den Bosch & Messenger, 1973)* To date, such 

possibilities of insecticide stimulations have been clearly demonstrated 

in several pest species (Luckey, 1968; Dittrich et al, 1974) and these 

prompted further experiments to verify such effects in SevithionR in order 

to elucidate if the field resurgence could be due to this factor. The 

effects may be exhibited in the form of increased fecundity, longevity 

a.i. = active ingredient. 
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and. other population-determining characteristics. In elucidating whether 

these did occur, 1-month old potted cabbage plants of the variety K-K 

Hybrid Cross were used? one group sprayed with 0.1$ a.i. SevithionR for 

4 consecutive weeks while another acting as 'controls1 were treated 

only with water. Following treatment, each plant was then enclosed over 

in a netted cage of dimension 51 cm x cm x 51 cni* For the determina-

tion of oviposition rate, 3 newly-emerged and mated females of DBM were 

released into the cage 10 days after the last spray treatment. Every 

24 hrs, for the next 5 days, the plant was replaced by another which was 

similarly treated. All eggs deposited on each plant were counted. Through-

out the study, water and 30$ honey was provided as food to the adult insects. 

The experiment was replicated 5 times for both the 'controls' and the 

treated. 

In the determination of developmental period, 100 freshly-laid 

eggs (deposited within the first 24 hours) were isolated; 20 eggs from 

each replicate. These were transferred to 'breeding jars' and on hatching 

were individually reared to the adult stage. For each developmental stage 

the period was also recorded, while the sex of the emerging adults determined. 

Studies on fecundity and longevity of the F^ generation adults were made 

from isolation of 10 individuals from each of the freshly-emerged females 

obtained from the treatment group as well as the 'controls'. These were 

provided daily with 30$ honey water solution fed through a wick, as well 

as, a fresh B.rapa leaf of standard size for oviposition. All eggs depo-

sited daily were recorded until the female died. 

Unlike the above study which attempted to explore possible effect 

of SevithionR indirectly through the host plants, a parallel and separate 

experiment was also conducted to determine the direct effect via the infes-

ting insect. Under the latter situation the overall procedure was in 

general similar to that of the previous study except that instead of the 

plants the 2nd-instar larvae of DBM used were exposed to the insecticide. 

Only those surviving the treatment and completing the life cycle were 

considered. For the 'controls' the larvae were sprayed with water only. 

4.2 RESULTS 

k,2.1 Laboratory studies on the survival of DBM in the absence and 
presence of A.plutellae 

From the partial population curves for generation 1 (Fig. 4.1) 

little difference was observed in the development of eggs and larvae. 

There was, however, evidence that in the presence of A.plutellae the 

pupal and adult populations were lower. Such a situation was also obvious 

from the total population curves of generation 1 (Fig. 4.2). 
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FIGURE 4*1 The partial population curves for the egg,the larva, 
the pupa and the adult of Plutella xylostella in the 
presence and absence of the parasite, Apanteles 
plutellae Kurdj • 



FIGURE 4-2 The total population curves of Plute/la xylostella^ In the presence and absence of the parasite, 
Apanteles plutellae Kurdj. 



62 

In the 2nd generation, the difference was much greater (Fig. 4.1). 

Because of the unequal number of adults attained from the 1st generation, 

a big difference was observed even for the egg stage. This was carried 

through into the subsequent stages resulting in about 43-fold difference 

for the adult stage. Such a distinct difference was clearly reflected 

in the total population curves (Fig. 4.2). 

For generation 3 the study was discontinued in the absence of 

the parasite for reason already given (see 4.1). In the presence of the 

parasite, a peak of 7904 was observed (Fig. 4.1). This approximated that 

for the 2nd generation where the parasite was absent (Figs. 4.1 & 4.2). 

It is of interest that the parasite delayed host build-up by a generation. 

Although the difference in host population build-ups in the 

presence and absence of the parasite was clearly manifested by the partial 

(Fig. 4.1) and total (Fig. 4.2) population curves of the separate host 

generations, this was even more apparent when both generations 1 and 2 

were considered together (Fig. 4.3). With subsequent generations the gap 

can be expected to widen tremendously since the population development in 

the absence of any significant mortality would likely to be exponential. 

Throughout the studies development of the parasite population 

followed the same pattern as that of the host (Figs. 4.3 & 4.4). It 

increased and declined similarly with changes of the host population and 

lagging slightly, suggesting some delayed density-dependence. 

With regard to stage recruitment, the generation histogram 

(Fig. 4.5) reveals little difference within the 1st generation. By genera-

tion 2, in the absence of parasite it increased sharply while it still 

remained low when exposed to the parasite. In the latter situation, egg 

recruitment was, however, noted to rise by the 3rd generation. While the 

larval recruitment also remained high, there was a sharp drop in the pupal 

and adult recruitments that followed, clearly suggesting that A.plutellae 

was fully responsible as it was the only major mortality factor of the lar-

vae present then. Over the 3 generations, the increase in adult recruitment 

approximated about 10 fold, while in the absence of the parasite the in-

crease was 46 fold from the 1st to the 2nd generation. Such a substantial 

effect by A. plutellae demonstrates unquestionably the potential importance 

of this parasite in the suppression of DBM. 

Using life table analysis the suppressive role of A. plutellae 

was particularly evident. In the absence of the parasite, the K-values 

respectively were only 0.08 and 0.17 for the 1st and 2nd generation, with 

larval mortality in both instances negligible (Table 4.1). On the other 

hand, the corresponding K-values were O.92 and O.89, respectively, when 

the parasite was present (Table 4.2). For these, about 50% of the mortality 



FIGURE 4-3 Total population curves ( generations 1 + 2 ) of Plutella xylostella{L) and Its parasite Apanteles plutellae Kurdj • 
Where parasites were present, I 1 2 0 parasite pair /host larvae were Initially Introduced at 7 days from Initial 
host ( I pa i r ) introduction. 
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FIGURE 4-4 Population curves of the parasite Apanteles plutellae Kurdj-
resulting from I pair of freshly-emerged adult Plutella 
xylostella^S) with Introduction of !« 2 0 parasite pa i r /host 
larvae at 7days from Initiation of host pairing • 
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FIGURE 4-5 Generation histogram of Plutella xyfostellaiL) in the 
absence ( A ) and presence (B) of the parasite 
Apanteles plutellae Kurdj . 
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Table 4.1 Population change and age-specific mortality of Plutella 
xylostella in the absence of the parasite, Apantclcs 
plutellae. (From 1 pair of freshly emerged adult 
xylostella initially). 

Genera-
tion 

Line Eggs Larvae Pupae Adults 

1. 

2 . 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

Population 

No. dying_; 
in interval 
% apparent 
mortality 
% successive 
survival 
Fraction 
surviving 

% real morta-' 
lity 

% indispensable 
mortality 

Mortality/ 
survivor ratio 

N 
El 

244 

N „ 
li 
225 

N „ 
pi 
210 

n a i 
205 

19 

7.8 

92.2 

15 

6.7 

93.3 

0.92 x 0.93 x 

7.8 + 6.2 + 

7.0 

0.08 

6.0 

0.07 

5 

2.4 

97.6 

0.98 

2.1 

2.0 

0.02 

Sum: 39 

Product = 0.84 
Survival 

Sum:16.1% 
mortality 

Log population 2.39 2.35 2.32 2.31 

k-value 0.04 + 0.03 + 0.01 Sum: k = 0.08 

1 . Population 13, 596 13 ',112 9 ,514 9,345 

2. No. dying 
in interval 

484 + 3598 + 169 Sum: 4251 

3. % apparent 
mortality 

3.6 27.4 1.8 

4. % successive 
survival 

96.4 72.6 98.2 

II 5 - Fraction 
Surviving 

0.96 x 0.73 X 0.98 Product = 0.69 
survival 

6. % real morta-
lity 

3.6 + 26.5 + 1.2 Sum: 31.3% 
% real morta-
lity 

mortality 
7. % indispensable 

mortality 
2.6 26.0 1.2 

8. Mortality/ 
survivor ratio 0.04 0.38 0.02 

9. Log population 4. 13 4.12 3. 98 3.97 

10. k-value 0.02 + 0.14 + 0.01 Sum:K = 0.17 
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Table 4.2 Population change and age-specific mortality of Plutella 
xylostella in the presence of the parasite, Apanteles 
plutellae. (From 1 pair of freshly-emerged adult _P. 
xylostella initially, with introduction of 1:20 parasite 
pair: host larvae at 7 days from initiation). 

Genera-
tion 

Line Eggs Larvae Pupae Adults 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Population 

.No. dying 
in interval 

% apparent 
mortality 

% successive 
survival 
Fraction 
surviving 

% real 
mortality 

% indispensable 
mortality 

Mortality/ 
survivor ratio 

n e i 

212 

N 
LI 

190 

22 + 

10.4 

89.6 

0.90 x 

N 
PI 

64 

N. 
Al 

26 

126 

66.3 

33.7 

+ 38 Sum: 186 

59.4 

40.6 

0.34 x 0.41 Product=0.13 
survival 

10.4 + 59.4 

1.4 

0.10 

24.1 

0.66 

17.9 Sum:87.7% 

mortality 

17.9 

0.59 

9. 

10. 

Log population 2.33 2.28 1.81 1.41 

k-value. 0.05 0.47 0.40 S u m : K=0.92 

II 

1. Population 

2. N o . dying_ 
in interval 

3. % apparent 
mortality 

4. % successive 
survival 

5. Fraction 
surviving 

6. % real morta-
lity 

7. % indispensable 
mortality 

8 . H
o r t a l i t y / 
survivor ratio 

9. Log population 3.23 

10. k-value 

1694 1355 366 

339 + 989 + 

20.0 73.0 

80.0 27.0 

0.80 x 

219 

147 Sum:1475 

40.2 

59.8 

20.0 + 58.4 + 

3.2 34.9 . 

0.27 x 0.60 Product=0.13 
survival 

8.7 sum:87.1% 
mortality 

0.20 

0.10 
3.13 

0.73 

0.57 
2.56 

8.7 

0.40 

0.22 
2.34 

Sum:K=0.89 
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Table k .2 (Continued). 

Genera-
tion 

Line oggs Larvae Pupae Adults 

III 

1. Population 

N 

El 

14490 

N 

LI 

11077 

n p i 

2527 

Al 

2490 

2. No. dying 
in interval 

3413 + 8450 + 137 Sum:12000 

3. % apparent 
mortality 

23.6 76.3 5.2 

4. % successive 
survival 

76.4 23.7 94.8 

5. Fraction 
surviving 

0.76 X 0.24 X 0.95 Product=0.l7 
survival 

6. % real morta-
lity 

23.6 + 58.3 + 1.0 Sum:82.9% 
mortality 

7. % indispensable 
mortality 

5.3 55.3 0.1 

8. Kortality/ 
survivor ratio 

0.24 0.76 0.05 

9. Log population 4. 16 4 .04 3 .42 3 .40 

10. k-value 0.12 0.62 0.02 
Sllt,:K =0.76 

O r 

0 - 5 

•08 

s 0 

2 3 4 

Log ( n u m b e r of larvae ) 

FIGURE 4-6 T h e mortal i ty relationships of Plutella xylostella(Q in 
the presence ( 0 ) and absence ( • ) of the parasite 
Apanteles plutellae Kurd j . 
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were due to larval parasitism /~k(lst generation) = 0.47, and k (2nd 

generation) = 0.57_J. By the 3rd generation this mortality factor has 

further increased (k = 0.62). The increasing k-value in relation to 

rising host population showed the relationship to be of direct density-

dependence. However, even though it is undercompensating ( 0 < b < l ) , 

the steeper slope (b = 0.55) obtained over that without the parasite 

(b = 0.26) indicated it to be able to strengthen the density-dependent 

relationship thereby tending towards greater stabilization (Fig. 4.6). 

4.2.2 Insecticidal withdrawal and its consequential effects in 
relation to natural infestations of DBM and its parasites 

From Fig. 4.7 there appears to be a drastic change in the infes-

tations of DBM over the years in the Cameron Highlands. Up to 1969, 

untreated plots in insecticidal screening experiments had infestations 

ranging from 14.8 - 21.1 larvae/plant and averaging 18.3 larvae/plant 

(Henderson, 1957? Ho, I965? Ho & Ng, 1970). Whilst the treatment plots 

had negligible infestations (mean = 3.8 larvae/plant) most cabbage crops 

of the farmers in later years (even up to recent times) continued to show 

heavy infestations despite frequent insecticidal applications (Table 3*8). 

For the locality Kampong Raja, as many as 27.2 larvae/plant were obtained. 

In contrast, by 1973 following insecticidal withdrawal in the experimental 

fields, a sharp decline in DBM infestations was observed (Fig. 4.7). With 

the exception of the 19th crop the total population on all the crops 

remained relatively low. This fluctuated about a mean of only 3 < larvae/ 

plant throughout. 

With regard to the parasite, apparently none was present prior 

to 1970 (see 3.4). By 1973, however, for the initial 5 crops the mean 

parasitism rates of A.plutellae ranged from 1.8 - 12.7* with an average 

of 8.1*. Following this, the level of parasitism rose sharply to fluctuate 

at a much higher level of equilibrium (32.8*). This *J-fold increase was 

maintained up to the 32nd crop, apparently being unaffected by the newly 

introduced parasite species D.eucerophaga (Ooi, 1979a)« However, the total 

parasitism rates were observed to continue increasing, reaching as high 

as 70.356 (Fig. 4.7). 

Mortality from other other factors was less stable. In general, 

except for the last few croppings following the introduction of additional 

parasites, the variation was observed to be extremely wide (Fig. 4,7). 

Also, by the 23rd cropping, the total mortality which included fungal 

infection by Entomophthora sphaerosperma (Fres.) (Syphomycetes: 

Entomophthoraceae), bacterial diseases and other unknown factors, had 

declined slightly. Together, all these factors contributed only about 

17.9* of the larval mortality. 
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In terms of cabbage production, the yields obtained were 

observed to be inconsistent. Although there were several crops of rather 

poor yields ( < 1 5 tons/acre), many were comparable to those obtained with 

full insecticidal protection (Fig. 4.7). For at least 5 crops, the 

harvests well exceeded 55 tons/acre. Evidently, satisfactory cabbage 

yields are obtainable even when no chemical insecticides are used at all. 

With regard to the damage index, no distinct relationship with the produc-

tion yields was clearly apparent (Fig. 4.7). Such a situation strongly 

suggests that besides the DBM other adverse factors not recorded in the 

studies were also important and had contributed to final crop yield. 

4.2.3 Chemical exclusion method 

The yield data obtained (Table 4.3) clearly showed that the PadanR 

and Dipel R treatments had significantly (P< 0.05) higher yields than both 

SevithionR treatment and the untreated control. Between PadanR and DipelR, 

although the former had. slightly higher yield, the difference was not 

significant (P>0.05). As for SevithionR the yield was observed to be 

even less (P<0.05), than that of the control, suggesting that insecticidal 

applications need not necessarily always increase the yields of crops. Not 

only was it unable to provide the needed protection of the crop from DBM, 

but it also incurred additional costs in inputs. 

The yield differences observed for the various treatments were 

apparently largely related to successful head formation as well as indivi-

dual plant weight. For the latter, although no significant difference 

existed among the different treatments the ranking in magnitude of the 

mean plant weight closely paralleled that of the overall crop yields, i.e. 

Padan R having the highest followed by Dipel R, the control and SevithionR 

(Table 4.3). In terms of head formation, the treatment DipelR had the 

highest number of heads formed per unit area. Although the weight/plant 

was less than that for PadanR the higher number of head formation apparently 
•p 

compensated to some extent in raising the overall yield in the Dipel" 

treatment (Table 4.3). With treatment SevithionR and the control, signifi-

cantly less heads were formed thus depressing further the overall yields 

for these treatments. 

Assessment of damage by DBM clearly showed that the damage 

inflicted was higher on non-marketable heads, suggesting that reduced crop 

yields are both closely associated and dependent on the extent in infes-

tations by the moth. Within both categories of marketable and non-marketable 

heads, a much lower damage occurred in treatments PadanR and Dipel R 

(Table 4.3). This trend was observed for the assessments throughout the 

cropping period (Fig. 4.8) as well as at harvest (Table 4.3). Also, in 



Table Cabbage yield production and crop damage inflicted by Plutella xylostella (L.) as affected by various 
insecticidal treatments in the Cameron Highlands. 

'rea trnent 
Head formation Mean damaoe index (%) 
Mean no. Marketable 

heads 
I < on-t: a r k e t a b le 

heads 
Total 

Mean weight per marketable Plot yield 
head (Kg) (Kg)** 

Dipel 

fa dan 

devithion 

Control 

439 

429 

330 

368 

83.6 

81.7 

62.9 

70.1 

9.43 

6.80 

13.90 

11.27 

20.77 

13.33 

24.43 

25.73 

14.65 

9.75 

19.90 

16.72 

1.49 

1.59 

1.32 

1.39 

415.6 a 

431.6 a 

290.6 c 

356.2 b 

lsD (0.05) ns 48.2 

•Cut of a potential total of 1575 plants per treatment. 
**Values followed immediately by the same letter are-not significantly different at the 5% level. 
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both PadanR and Dipel R treatments, the number of plants showing high damage 

scores was distinctly less. 

With regard to infestations of DBM, again the PadanR and DipelR 

treatments had much lower levels while that for treatment SevithionR and 

the control were extremely high (Table 4.4). Of the larvae that escaped 

being parasitized by A.plutellae. the percentage numbers entering the pupal 

stage was highest in the control, followed by the treatments SevithionR, 

PadanR and Dipel R . This trend was also noted for the percentage adult 

emergence from the surviving pupae. From these results and the relative 

abundance of the larvae in the field (Table 4.4), it is evident that very 

much higher numbers of larvae reached the adult stage in the SevithionR 

treatment and the control. These were respectively 47.9 a n c* 8,0 times 

that of Padan R. For Dipel R, the number was nearly double that of Padan R, 

although very much less than the others (Table 4.4). 

In general, the pupal population in the field showed a similar 

trend to that of the larvae. This was clearly evident from the population 

development observed in the periodic samplings as well.as the overall total 

(Fig. 4.8). 

In terms of parasitism by A. plutellae, it was observed that both 
15 

the control and Dipel treatment had significantly higher levels of parasite 

attack. The parasitic rate was least in the treatment PadanR while 

SevithionR had moderate level of parasitism (Table 4.5). For parasite 

cocoons collected over the crop, very much higher numbers were obtained 
15 

from the untreated control and the cabbages sprayed with Dipel"; that from 

the latter was approximately 6 times more as compared to those collected 

in the Padan R treatment (Fig. 4.8). Such differential survival and abun-

dance of the parasite among the different treatments not only strongly 

indicate the adverse effects of both ]&danR and SevithionR but also the 

selectivity of Dipel R for the parasite. These differential effects were 

also clearly reflected in the percentage parasite emergence from field-

collected cocoons in which 69.4%, 67.2%, 55.6% and 45.6% were recorded for 

the control, Dipel R, SevithionR and PadanR treatment, respectively. This 

order of parasite emergence was also observed in the case where the cocoons 

resulted from field-collected host larvae (Table 4.5). Basing on these 

and the relative abundance of parasite cocoons in the field, it was evident 

that very much higher numbers of adult parasites occurred and survived 

in the fields sprayed with DipelR and in the untreated control. These were, 

respectively, 7.8 and 6.7 times more than that of PadanR-treated fields 

(Table 4.5). For the SevithionR treatment, it had only about 3.2 times 

as many. 



Table 4.4 Survival and relative abundance of the diamond-back moth, Plutella xylostella (LJ as affected by 
various insecticidal treatments on cabbages in the Cameron Highlands. 

Treat r.cnt 

No. of JP. xylostella larvae Surviving larvae Surviving pupae % larvae initially Field larval popula- Adult ratio 
becoming pupae becoming adults collected becoming tion (over Padan 

adults 
Initially Surviving para-
Collected* sitism No. No. 

No. % 

Ho.per adult equiva- treatment) 
270 lent 
plants per 270 per 

Oipel 540 255 47.22 71 27.84 55 77.46 10.19 400 41 5,448 1.9 

Padan 289 188 65.05 66 35.11 59 89.39 20.42 109 22 2,924 1.0 

Sevithion 540 320 59.26 156 48.75 147 94.23 27.22 3669 1053 139,932 ^7.9 

Control 540 268 49.63 132 49.25 119 90.15 22.04 797 176 23,388 8.0 

were based only on 289 larvae as there were hardly any larvae after Kirch 12, 1975. 

••Potentially, 1 hectare would contain 35,880 cabbage plants. 

Table 4.5 Survival and relative abundance of the diamond-back moth parasite, /ipanteles plutellae Kurdj., as 
affected by various insecticidal treatments on cabbages in the Cameron Highlands. 

Trca tnent 
No. of £ . 

Initially 
Collected* 

xylostella larvae No. (?o) of 
parasite adults 

emerging 

Parasite population in the field 
Adult ratio 
(over Padan 
treatment) 

Parasite shost 
ratio 

Trca tnent 
No. of £ . 

Initially 
Collected* 

Paras 
No. 

itised 
0/ 
<•3 

No. (?o) of 
parasite adults 

emerging 

Cocoon no. per 
270 plants 

adult equivalent 
per 270 per 
plants hectare** 

Adult ratio 
(over Padan 
treatment) 

Parasite shost 
ratio 

Dipel 540 285 52.78 262 (91.93) 143 132 17,541 7.8 3.22 

P a dan 289 101 34.95 73 (72.28) 24 17 2,259 1.0 0.77 

Sevithion 540 220 40.74 180 (81.82) 66 54 7,176 3.2 0.05 

Control 540 272 50.37 261 (95.96) 118 113 15,016 6.7 0.&P 

- w .. • . ~ — —. . • v̂  — w a m i . » / t ' r »• v . » » t. V-L i. u u i . j x ^ — J L . J-VJ J x I -J m j 

data were based enly cn 289 larvae as there were hardly any larvae after Kirch 12, 1975 
••Potentially, 1 hectare would contain 35,080 cabbage plants. 
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The findings also revealed that in a host-parasite system the 

ratio of their respective numbers may be altered in various ways by the 

use of different insecticides. In the case of the EadanR treatment there 

was hardly any significant change in the parasite: host ratio of 0.77 

from the untreated control (0.64). This, to a large extent, was probably 

due to PadanR being equally effective in its destruction of DBM and 

A.plutellae (Table 4.5). With SevithionR, however, because of its selec-

tive kill against the parasite a shift to an extremely small ratio (0.05) 

had resulted, while it was greatly increased (3.22) in favour of the 
• R 

parasite when Dipel n, which had insecticidal property reversed to that of 

Sevithion R, was applied (Table 4.5). Such findings also suggest that the 

correct choice in the chemical to be used could be crucial for any 

effective pest management of DBM. 

4.2.3.1 Development and reproductive biology of DBM as affected by 

SevithionR exposed indirectly through the host plant 

The insecticide SevithionR was observed to have no significant 

(P>0.01) effect on the number of eggs deposited by DBM (Table 4.6). 

Nevertheless, variations occurred as rtumerically the number of eggs laid 

by the moths reared on treated plants was higher in several cases compared 

to the control. 

Several other parameters considered were found to be unaffected; 

these included the developmental period, the sex ratio, as well as the 

longevity and fecundity of the Fq females (Table 4.6). The mean fecundities 

of the control and SevithionR-exposed females were 304 £ 17.6 eggs and 

254 £ 21.3 eggs respectively, and their mean longevities I3.8 £ 1.0 days and 

14.0 £ 1.4 days. Both differences were found to be non-significant at 

P = 0.05. 

4.2.3.2 Development of DBM as affected by direct exposure of the 

larvae to SevithionR 

Measures of the mean fecundity for female DBM of both generations 

Fq and F2 showed that there were no statistical differences between the 

Sevithion^exposed treatment and the unexposed control. For the Fq 

generation females, the mean fecundities were 96.8 £ 11.6 eggs and 

97.7 £ 17.3 eggs for the treated and control respectively, while that for 

the F2 generation females 48.0 £ 17.3 eggs and 54.7 £ 7.8- eggs respectively 

(Table 4.7). Although the mean fecundity obtained was much lower in the 

1st generation, comparisons made for the Fq and F2 generations in treated 

adults gave a non-significant difference. For the controls, the difference 

was, however, significant at the level. 

Studies on the mean longevity also revealed little difference 



77 

T a h k 4,6 keprccuctivc- ch^r ̂ctr-r i .s t i cs of P] utclle y.vlort.c 11-r (I .) 

when indirectly exposed ( + ) to 0.1% a.i. Sevithion A applied 
onto the host plants. In the unexposed (-) control the 
plants received only water spray. 

Parameter n 
Status of I . xylcstella 

Sianificance 
+ - (P » 0.01) 

Mean no. eggs deposited/ 
3 females for the first 
5 davs 

5 305.6 207.0 ns 

Mean developmental period 
(days) 
Egg 100 3.2 3.2 ns 

Larva 100 7.5 7.9 ns 

Puna 100 3.3 3.3 ns 
Total 14.1 14.9 ns 

Total no. adults obtained 
Male 273 215 

Female 276 217 

Total 549 432 

Sex ratio 1 : 1 1 : 1 

F^ generation females Mean+S.E. Mean+S.E. 

Fecundity 10 2 5 4+_21.3 304+17.6 ns 

Longevity (days) 10 14.0+1.4 13.8_+ 1.0 ns 

Table 4.7 .Reproductive characteristics of Plutella xylostella 0-.) when 
directly exposed(+) to 0.1% a.i. Sevithion-^. In the unex-
posed (-) control, the 2na-instar larvae received direct 
spray cf water only. 

Status of P. xvlcstelL 
Parameter 

Significance 
(!=' level) 

F generation: 
Fecundity 10 97+11.6 98^17.3 ns 
Longevity - Kale 10 30.4+1.3 34.2+1.6 ns 

- Female 10 21.0+1.2 14.1+1.3 ns 
Kc.adults obtained 

Kale 125 106 
Female 89 116 
Total 214 222 

Sex ratio 1 : 07 : 1 : 1.1 

F generation: 
2 Fecundity 10 48_+l7.3 55^7.0 ns 

Longevity - Kale 10 22.1+1.0 22.4+0.9 ns 
- Female 10 14.3+1.1 15.0+1.2 ns 
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between the treated females and those of the control. In the Fq generation 

females, the mean longevity were observed to be 21.0 £ 1.2 days for the 

treated and 14.1 £ 1.3 days for the control (Table 4.7). For females of 

F2 generation, the difference was, however, again non-significant, being 

14.3 £ 1*1 days in the treated and 15.0 £ 1.2 days in-the control. 

Similarly, in the case of the males, the mean longevity for both Fq and F2 

generations was found to differ little (Table 4.7). 

In terms of the sex ratio, that for the treated set was found 

to possess more males. This, however, was not significantly different at 

P = 0.05 (Table 4.7). 

4.3 DISCUSSION 

In the laboratory studies on survival of DBM in the presence and 

absence of A.plutellaet the influencing role of its parasite was especially 

evident, in particular the following two features: (i) the immense effect 

it had in reducing numerically the host population, and (ii) the delay 

of an equivalent host population build-up. In the absence of the parasite 

the host population increase was 46 fold from the 1st to the 2nd genera-

tion while it was only about 8.4 times when the parasite was present. This 

approximated to a parasite reduction factor (numerical increase of host 

per generation in the absence of the parasite 7 numerical increase of host 

per generation in the presence of the parasite) of 47.4 for A.plutellae 

when introduced at a ratio of 1 parasite pair to 20 host larvae. 

In spite of the relatively small parasite: host ratio (1:20) 

adopted in the present studies the resulting effect on the two above-

mentioned features was noted to be remarkably substantial. Both these 

features of host population reduction and delay of an equivalent host build-

up could be expected to be even much greater should the parasite: host 

ratio be increased beyond the present value, a condition that has been 

frequently observed under normal field situations. Moreover, these would 

further multiply many folds when the resulting effects at the end of each 

successive generation are accumulated and repeatedly built up into sub-

sequent generations. When the influencing role of both host population 

suppression and delay of an equivalent host build-up further interact and 

exert in combination, the overall effects would inadvertently increase 

still further. Such a situation appears inevitable as both these features 

are interrelated and inter-dependent. Theoretically, with all these 

multiplicities of host-suppressing factors continuously building up upon 

one another it could be expected that the ultimate manifestation of the 

differences in host numbers would be enormous between a situation where 

the parasite occurs freely and one in which the parasite is totally absent. 
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This would especially be so for situations that are considered over a 

substantial period encompassing many host-parasite generations. 

Unlike the above which merely compares directly the population 

development and differences, the life table analysis was also employed 

in the laboratory studies to determine the killing power 'k' of A.plutellae. 

When the parasite was present, the 'k' values for the larval stage in the 

1st and 2nd generation were, respectively, 15*7 and. 4.1 times greater than 

that without, confirming further the suppressive role of the parasite. 

More important, however, is the clear indication that the parasite-caused 

mortality is density-dependent, suggesting it may have some regulatory 

effect on the host population. 

Although the above experimental means of evaluation and analysis 

have helped to verify and confirm on the usefulness of A.plutellae, the 

methods are not free of weaknesses. DeBach & Huffaker (1971) believed that 

periodic census and life-table data do provide much valuable information, 

but considered that such quantitative methods are inadequate in rating the 

regulating or controlling power of natural enemies. They and Legner (19^9) 

emphasised that neither precise laboratory studies nor quantitative field 

studies of parasitization furnish adequate means of evaluating the effect-

iveness of a parasite in host population regulation and control. Along the 

same line, Hassell & Varley (1969) stated; "Laboratory studies can go some 
way to predict which species (among several introduced) may be successful, 

but am introduction provides the only real test". 

Legner, in I969, pointed out that: "The ultimate and probably 
only reliable method for judging a parasite's effectiveness is the reduc-

tion in host equilibrium position following liberation". Such an evaluation 

of the effectiveness by using before and after density comparisons under 

field situation was also attempted in the present studies to help supplement 

the laboratory investigations. As was clearly evident (Fig. 4.7), the 

host equilibrium position was impressively reduced when A. plutellae was 

present. Correspondingly, the percentage parasitism rose sharply to main-

tain at fairly high equilibrium level, indicating with considerable confi-

dence the effectiveness of the control exerted. Although the beneficial 

role exhibited is quite impressive, the impact is not consistent as sugges-

ted by the poor crop yields obtained on a number of occasions. Nonetheless, 

even though the control was only partial in these instances, the equally 

high number of cases in which.- the yields realized were comparable to that 

obtained under full insecticidal protection is of tremendous significance 

in that it has shattered the second belief that 'no cabbage can be produced 

in the Cameron Highlands without frequent and heavy insecticide applications'. 

With this, as with disproving the belief that 'no biological control or 
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parasite could exist because of the intensive and indiscriminate use of 

insecticides', perhaps the firm adherence to the dogma of continually 

searching for more potent chemicals or total dependence on them could be 

increasingly relaxed, paving for easier and more rapid acceptance of an 

ecological outlook as well as a rational development towards the control 

of DBM, particularly in the Cameron Highlands. 

In the consideration of the yields that may be attained, that 

for most of the croppings were closely related to both the extent of DBM 

infestations and its parasite's activity. Prior to I969 the unprotected 
crops generally had high populations of DBM and henced very low yields. 

Subsequently, in the presence of the parasite since 1973 the infestations 

remained relatively low in spite of no insecticidal protection, clearly 

indicating the significant contributions of the parasite. However, it is 

also evident that since the parasitic control exerted was only partial 

further supplementary measures would be necessary. This, perhaps, also 

explains why under farm situations insecticides aire currently still 

commonly and widely applied. 

In general, somewhat similar'conclusions to the above were also 

obtained and confirmed by findings from the chemical exclusion studies, 

wherein a much poorer crop yield resulted through higher infestations of 

DBM due to the selective destruction of its parasite by SevithionR. 

However, the accelerated host increase may well be also due to an altered 

plant physiology such as improved nutrition in the case of phytophagous 

mites (Chaboussou, I965) or hormoligosis (from the Greek: hormo = excite 
and oligo = small quantities) (Locher, 1958; Luckey, 1968; Dittrich 
et al, 1974) wherein Luckey (I968) conceptualized that "subharmful quanti-
ties of any stressing agent will be stimulatory to an (the) organism by 

providing it (with) increased sensitivity to respond to changes in its 

environment and increased efficiency to develop new or better systems to 

fit a suboptimum environment". In the present studies, no significant 

differences were obtained for all the parameters considered (developmental 

period, fecundity, adult longevity and sex ratio) (Table 4.6), showing 

conclusively that hormoligosis (stimulation by small quantities of a 

stressor) nor an improved nutritional basis via an altered physiology of 

the host plant were responsible for the observed effects. With these 

factors ruled out, it thus follows that the resurgence of DBM following 

SevithionR treatment could only be logically attributed to the selective 

removal of A.plutellae; the vast increase obtained furnishing proof of the 

parasite's controlling power and potential. However, that the control 

exerted was only partial is again suggested; largely by the fairly high 

infestation in the untreated control where the parasite's activity was 
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undisturbed, as well as, in the DipelR and PadanR treatments where these 

chemicals assisted as supplementary measures to provide effective control. 

From investigations on the adverse effects of SevithionR on 

A.plutellae (see 8.2) it was noted that the effects, although substantial, 

could not exterminate completely the parasite population. As such, the 

total extent of host increase was not fully expressed in the chemical 

exclusion studies because the parasite was not completely eliminated, and 

so may continue to produce some effect in limiting the DBM. Such a situa-

tion is probably more akin to the case of partial interference, wherein 

was demonstrated in this instant that A. plutellae was responsible for the 

observed lower host level, but the maximum level the host would attain in 

its complete absence remains unknown. 

The effectiveness of A.plutellae was clearly discernable even 

though the insecticidal-check treatment was carried through only one crop 

season. Although quite evident, the resurgence effect was not as specta-

cular as in other parallel studies, such as, the biological control exerted 

by the parasite Aphytis maculicomis (Masi) on the infestation of olive 

scale Pariatoria oleae Colvee. In the latter situation, the infestation 

occurririg under undisturbed parasite activity when compared with the exploded 

infestation characteristic of DDT-caused depression of natural enemy activity 

had ratio of initial to final densities of 100-fold and 1000-fold (DeBach & 

Huffaker, 1971)* Similar studies involving the purple scale Lepidosaohes 

beckii (Newm.) that is parasitized by Aphytis lepidosaphes Compere, and 

the selective check-insecticide endrin, gave an increase in host population 

over a 3~y e ar period from an initial scale density of 174 to 20,615 (DeBach 

& Huffaker, 1971). Such impressive difference is probably also obtainable 

with SevithionR should the period of exposure be greatly extended; this 

being so is strongly supported by the experience of DeBach & Huffaker (1971) 

who noted "that the biological control potential from established enemies 

cannot be accurately evaluated in study plots which have not gone without 

major chemical pesticide treatments for significant periods". 

It is recognized that certain of the methods employed in the 

present studies may have individual shortcomings. As such, the simulta-

neous utilization of the diverse techniques should provide the necessary 

confirmation, each of them serving to confirm others as valid means of 

evaluating the effectiveness of A.plutellae. That the parasite can and 

has contributed significantly to the control of DBM is now firmly establi-

shed by the different evaluating approaches utilized in the current 

studies. With this, answer on the effectiveness of the parasite has now 

become available to clarify for the critics and sceptics who still have 

doubts in accepting the beneficial role of the parasite. Moreover, the 



82 

application of the various test techniques outlined herein would also 

make it easier for those who are sceptical to answer many of their own 

questions with hard evidence. 

Although A. plutellae has a definite role in the management of 

DBM, it is important to recognize that the full impact is often affected 

by several factors, both physical and biological. Among the latter are 

included the parasite's behaviour (foraging, emigration tendency and 

immigration), its hyperparasites (see 3»3»*0» the diseases of the host 

as well as other competitive parasites. Both the latter two aspects will 

be treated in greater details subsequently in Section 7 and Section 9, 

respectively. Presently, however, it suffice merely to note that all these 

factors merit serious and full considerations in determining the contri-

butory potential of A. plutellae and for its successful exploitation in the 

control of DBM. 
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SOKE ASPECTS ON THE BASIC 5I0L0GY OF A.PLUTELLAE 

From the preceding investigations, A.plutellae was noted to be 

both common and widespread, being the only major parasite of DBM on 

cabbages in the Cameron Highlands (see 3.4). It has also been shown 

(see 4.2) to be an important natural parasite there and potentially could 

probably contribute more under a proper programme of environmental manage-

ment. However, for its full exploitation as a controlling agent of the 

host, some information on the basic biology are generally desirable, 

particularly the biology of the mature female which has been regarded 

(Doutt, 1964) as the major determinant of efficiency of the species. 

Presently, although some data are available (Delucchi et al, 1954; Chiu 

& Chien, 1972) these are still limited. In view of this, and because the 

parasite was only recently recorded (Lim & Ko, 1975) here, some relevant 

studies on its basic biology were considered necessary. Factors regarded 

to be important and examined included (i) the life cycle, (ii) host stages 

preferred, (iii) initial parasitism on different host instars, and parasite 

survival, (iv) oviposition and fecundity, (v) sex ratios produced, (vi) food 

requirements, (vii) alternative hosts, and (viii) the influence of temp-

erature and humidity on the parasite's biology and development. It was 

also hoped that these studies would provide greater insights into the 

biological characteristics of the parasite, and hence, the possible biolo-

gical control of its hosts. 

5.1 LIFE STAGES, DESCRIPTIONS AND DEVELOPMENT PERIOD OF THE PARASITE 

Earlier studies on the basic biology of A.plutellae were largely 

confined to brief treatments of its life cycle/stages (Delucchi et al, 

1954; Fan & Ho, I97I; Chiu & Chien, 1972; Ho & Chio, 1972), with notable 

emphasis on identification and taxonomic description of the adult 

(Wilkinson, I928, I929, 1939; Parrots, 1964; Chiu & Chien, 1972). In this 

study, a greater effort was therefore devoted to examining details of its 

life cycle, and particularly the immature stages. In doing so, freshly-

emerged adult A.plutellae obtained from laboratory stocks initiated from 

collections made in the Cameron Highlands in 1973 were first held for 24 

hrs with 30* honey and water in 'breeding jars® for mating (Plate 2.1). 

Each female was then removed and individually confined in a glass vial 

(7.5 cm x 1.5 cm diameter) wherein was introduced singly lst-instar host 

larva. As soon as oviposition had occurred the parasitized larva was 

transferred and maintained on B.rapa leaves in groups of 15 larvae/jar 

(Plate 2.1). For determination of the stage development of the parasite, 

the host larvae were dissected at various intervals (5 hrs, 1,2,3,4,5»6» 
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7 and 8 days) following parasite oviposition. The immature stages were 

closely examined both under fresh conditions as well as stained with lignin 

pink following clearing with 15% KOH and temporary mounting in glycerol 

(A.R. Grade) after subjecting through serial transfers of increasing alcohol 

concentrations (15%, 30%, 75%, 95%, absolute). Daily, measurements were 

made for each stage obtained with the aid of a slide micrometer. 

In determining the developmental period of the different life 

stages, batches of 30 (from an initial stock of 750) parasitized host larvae 

at successive days after parasite oviposition were dissected for thorough 

examination of parasite larval cast skins and the stages present. Pre pupa 

and pupa were studied from dissected parasite cocoons. Some of the para-

site cocoons obtained were also kept until exit of the adults which were 

then reared for observation on adult behavioural activities. Throughout, 

the studies were conducted under laboratory conditions (see 2b). 

5-1-1 Egg 

The hymenopteriform egg of A. plutellae is transparent and cylin-

drical with rounded ends (Plate 5.1.1,A); the narrower caudal end having 

a straight short peduncle typical of the stalked-type eggs of many braconids 

(Hagen, 1964). At the broad end it measures 0.064 £ 0.005 mm at 5 hrs 

after oviposition and its length and peduncle, respectively, O.25I £ 0.016 mm 

and O.O5O £ 0.007 mm (Table 5.1.1). The chorion is transparent, thin, and 

without sculpturing. Twenty-four hours after oviposition, the egg increases 

in size to 0.438 £ 0.022 mm by 0.117 £ 0.006 mm and the peduncle 0.016 £ 

0.003 ram long (Table 5.1.1). 

The egg is normally found free in the haemocoel of the host 

larva, and the embryo developing within the egg (Plate 5-1-
1
* A & B) is 

usually visible through the transparent chorion. More than 1 egg may be 

found in a single host under long exposure of the latter to oviposition, 

or when the host was exposed to several female parasites; however, normally 

only 1 egg can be found per host. During hatching, the lst-instar larva 

usually emerges at the side towards the anterior end of the egg (Plate 

5.1.1, C & D). 

5.1.2 Larva 

It was not certain how many moults the parasite larva underwent 

because, during the life stages study, exuviae and moulting between the 

2nd and 3rd larval instars were sometimes not clearly evident. In general, 

based largely on the developmental forms, it seems that there are 3 larval 

stadia. 

The Ist-instar larva has a transparent body and is of the 



Table 5.1.1 Some physical measurements (mean _+ S« ,E.) of the various life stages of Apanteles plutellae Kurdj. 

Period after Parasite Length Width Head width 
Mandible 

Peduncle Caudal horn Anal vesicle 
oviposition stage n (mm) (mm) (mm) ienqcn a mm/ 

Left Right 
(mm) (mm) (mm) 

5 hours Egg 10 0.251+0.016 0 .064+0, .005 — _ _ 0.050+0.007 - -

1 day Egg 10 0. 438+0.022 0 .117+0 .006 - - - 0.016+0.003 - — 

2 days lst-instar 10 0.451+0.031 0 .100+0 .008 0.170+0.007 0.076+Q.007 0.077+0. 006 0.091+0.014 
larva 

3 days Ist-instar 10 0.697+0.207 0 .200+0 .075 0.173+0.010 0.076+0.005 0.076+0. 004 - 0.115+0.034 

larva 

4 days 2nd-instar 10 1.069+0.104 0 .287+0 .067 0.172+0.010 0.073+0.005 0.074+0. 007 0.066+0.012 0.229+0.014 

larva 
5 days 2nd-instar 10 1.098+0.087 0 .300+0 .019 0.164+0.015 0.074+0.004 0.075+0. 004 - negligible 0.233+0.028 

larva 
6 days 2nd-instar 10 1.535+0.273 0 .393+0 .052 0.166+0.015 0.070+0.004 0.070+0. 006 - absent 0.329+0.045 

larva 
7 days 2nd-instar 10 2.350+0.439 0 .730+0 .134 No distinct 0.076+0.004 0.078+0. 003 - absent 0.446+0.053 

larva head 
8 days 2nd-instar 10 3.230+0.464 1 .024+0 .116 No distinct 0.073+0.006 0.073+0. 006 - absent 0.515+0.056 

larva head 

8-9 days 3rd-instar 10 3.536+0.275 1 .072+0 .049 0.355+0.020 0.188+0.013 0.184+0. ,012 _ — 

larva 

8-15 days Cocoon:M 29 3.33+0.27 
F 33 3.37+0.17 

8-9 days Prepupa 15 2.83±0.16 
9-16 days Pupa 15 2.65_t0.10 

1.29 _+ 0.10 
1.30 + 0.09 
0.91 +. 0.08 
0.69 + 0.06 

10-16 days Emergeceas 
adu}.t: 

M* • 10 
. F 10 

2.56^+0.131 0.77+0.049 0.62^0.038 
2.62+0.161 0.73+0.054 0.63+0.024 

•Measurements not made. 
**M - Male, F « Female. 
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caudate-mandibulate form (Plate 5.1.2, A & B). It was usually found in 

the posterior part of the host's haemocoel, and had not been observed 

attached to the host tissue. It has a large sclerotized head with distinct 

mandibles and labrum (Plate 5.1.2, A & B). The caudal horn (or caudal 

appendage) is prominent and distinctive (Plate 5.1.2, A & B)•which, 

according to Clausen (1940), is a modification of the last abdominal 

segment into a fleshy organ. Ten body segments are clearly evident, with 

short spines present in the last few. Overall, the larva measures 

0.451 1 0.031 mm (excluding the caudal horn) by 0.100 £ 0.008 mm within 

1 day after egg hatch, and 0.697 £ 0.207 mm by 0.200 £ 0.075 mm at 2 days 

(Table 5.1.1). For the length of the caudal horn and head width, these 

are correspondingly O.O9I £ 0.014 mm and 0.170 ± 0.007 mm within 1 day, 

and 0.115 £ 0.034 mm and 0.173 £ 0.010 mm at 2 days, while the left 

mandible length O.O76 £ 0.007 mm and 0.076 £ 0.005 mm, respectively (Table 

5.1.1). 
Occasionally, many lst-instar larvae have been observed to occur 

within a host, but 1-2 was the usual number. Allen (I958) reported some 

species of Apanteles as being cannibalistic in the lst-instar; no canni-

balism was, however, noted here for A.plutellae as with Apanteles 

marginiventris (Cresson) (Boling & Pitre, 1970). A living larva may be 

seen among other dead ones fully intact but shrivelled up. 

The 2nd-instar larva is whitish, semi-transparent and vesiculate 

(Plate 5.1.2, C - G), and differs greatly from the 1st instar. There is 

no visible sclerotised head and the mouthparts 3-lobed (labium and a pair 

of maxillae) (Plate 5.1.2, F). It has a well-segmented and more robust 

body that also gradually becomes opague; the opacity increasing with growth 

and longevity. To a large extent the opacity is due mainly to the deposi-

tion of whitish fatty tissues as well as the increasing ramification and 

greater development of the trachea system. From 7-8 days, some larvae 

may also have a greenish tinge; this perhaps resulted through the accumu-

lation of some chlorophyll material that were transferred over from the 

host's ingested food. 

Although the caudal horn was still present in the larvae at 4-5 

days after oviposition this was inconspicuous (Table 5.1.1); largely being 

masked by the anal vesicle which was very prominent and which also increased 

in size with growth and longevity (Table 5.1.1; Plate 5.1.2, C - G). This 

somewhat spherical vesicle was observed to result from the evaginated 

proctodeum. 

On average, from 4-8 days of oviposition, the 2nd-instar larva 

grew extensively, and had trebled from its initial size. This was especially 
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evident from the daily measurements obtained (Table 5.1.1). 

Hie 3rd-ins tar larva was hymenopteriform, and the moult to 

become this instar occurred just prior to its emergence from the host. 

It tapers anteriorly and is creamy white to yellowish green in colour 

(Plate 5.I . 3 ) . Segmentation is distinct and the body slightly curved 

with pleura of 1st to 7th abdominal segments distinctly convex and the 

anal vesicle absent. During this stage, the spiracles were also distinct-

ly visible. The larva measures 3.536 + 0.275 mm in length and 1.072 + 

0.0^9 mm in width (Table 5.1.1). 

Usually, the parasite emerges from the side of the host larva, 

generally at approximately the abdominal segments (Plate 5*1.3» 

B - D). It takes about | - 1 hr for the larva to emerge fully (Plate 5.1.3, 

C ) , using the same peristaltic-like motion observed by Cushman (I9I8) 

with Apanteles congregatus (Say). Many of these parasites emerged 

completely from the host before beginning to spin the cocoon; if so, the 

larva did not crawl about the plant, but usually began spinning immediately. 

Others began spinning the cocoon as soon as the head and thorax were out 

of the host. 

Following emergence, the exit hole of the larva on the host 

took on a scablike appearance (Plate 5*I*3» C & G). In all cases the 

larva was never observed to feed on the host. 

5.1.3 Cocoon 

The parasite cocoon is spun from white silky thread released 

orally by the matured larva ca 8-9 days after oviposition. It is spindle-

shaped with smoothly rounded ends (Plate 5«1*3» Normally, the para-

site larva was observed to construct a loose lacy and 1-sided cresent-

shaped cocoon, then moved its posterior end into it first (Plate 5*I«3» 

D - F). As with A.marginiventris (Boling & Pitre, 1970), the cocoon was 

shaped by rippling motions of the body, with the parasite often reversing 

its position within the cocoon. After the body was firmly seated in the 

cocoon, the larva began closing the open side of the case. Generally, 

spinning movements were up and down at first, followed by cross spinning 

to enforce the sides. After about 3 hrs (range: 2a - 3 .3 hrs) the para-

site was barely visible through the pupal case (Plate 5»1«3> G) ; however, 

construction of the cocoon was still in progress. 

The newly-spun cocoon of A.plutellae is white, and may be covered 

with loose silken network which began its construction. Althou^i generally 

spun on the undersurface of cabbage leaves in the field, it may also be 

formed on a variety of surfaces under laboratory conditions, such as, 

perspex, mylar polyester film, wooden cages, glass vials, nylon and muslin 



covers, copper gauze and filter paperc, Over all surfaces, the cocoon 

was firmly attached by silken threads and was not easily dislodged except 

with considerable force. As such, its removal from leaf surface by rain 

and wind in nature appears highly unlikely. 

Unlike some other braconid cocoons which may change colour and 

darken to yellow or various shades of brown prior to adult emergence as 

in the case of Meteorus pulchricornis (Wesmael) (Askari et al, 1977), 

that of A.plutellae usually remains white throughout. The adult parasite 

emerges from the cocoon through 1 end where a uniformly round cap ca 1 mm 

in diameter would be cut with the mandibles (Plate 5.1.4). Because of 

the loose outer network of silk on the cocoon, the cap frequently remained 

hinged to the cocoon after emergence. 

On average, the cocoons of A.plutellae measure 3*33 — 0.27 mm 

by 1.29 ± mm for the males, and 3.37 + 0.17 mm and I.30 + 0.09 mm for 

the females (Table 5.1.1). 

5.1.4 Prepupa 

The prepupa which lasts ca 20-30 hrs, has discernable head, 

thorax and abdomen, and segmentation .in the latter is much moire distinct 

than in the 3rd-instar larva (Plate 5.1.4). Anteriorly, the mouthparts 

are quite apparent while the antennae absent. On the head 2 reddish brown 

and oval-shaped eye spots are present dorso-laterally, while between the 

eye spots and situated dorsally near the posterior margin of the head are 

3 kidney-shaped ocelli (reddish brown). In general, the cephalic struc-

tures are more heavily sclerotized and the general body colour light 

yellowish with the ventral whitish. During this stage the appendages and 

wing pads are still absent. The mean length of the prepupa (n = 15) is 

2.83 + 0.16 mm, and the width O.9I + 0.08 mm (Table 5.1.1). 

5.1.5 Pupa 

The pupa, at the stage of 2nd day after cocooning has a distinct 

head, thorax and abdomen. It is bright yellow with 7 visible abdominal 

segments. The eyes have turned deep brown and the head slightly orange 

while the ocelli reddish brown. A pair of yellow 18-segmented antennae is 

present; these being folded ventrally towards the posterior. Legs and wing 

pads which are transparent and yellowish are also clearly evident; the 

latter folded on the sides and pointing posteriorly, but not extending 

beyond the first y of the abdomen. 

On the 3rd day after cocooning, the head, thorax, dorsal and 

ventral surfaces of the abdomen, femur, eyes and ocelli had changed to 

black, while the antennae still remaining yellow althou^i slightly darkish. 

The wing pads were now larger but never extending beyond the mid-abdomen, 



while on the 5th and 6th abdominal segments, a pair of oval-shaped 

spiracles were clearly discernahle. In the females a fully-developed 

ovipositor was also visible. 

By the 4th day after cocooning, the antennae had turned to 

black while the legs, except for some yellow portions, were generally 

brownish black. The wings were fully formed and free, with all other 

adult features also clearly visible (Plate 5.1.4). Attached to its 

abdominal apex may be seen the exuviae of the 3rd~instar larva. At this 

stage, the pupa (n = 15) measures 2.65 + 0.10 mm by O.69 + 0.06 mm 

(Table 5.1.1). 

5.1.6 Adult 

The adult usually emerges by tearing the silky cocoon with its 

well-developed, mandibles (Plate 5.1.4). Usually, the males tend to emerge 

earlier than the females (Fig. 5*l*l)» This appears advantageous as the 

females normally are ready to oviposit shortly after emergence, with or 

without copulation. 

As noted earlier, the adult parasite has been fully described 

elsewhere (Wilkinson, 1928, I929, 1939; Parrots, 1964) and it thus suffice 

to provide here only the following brief characteristics. The adult is 

black in colour and has a pair of light brown mandibles, yellow palpi, 

black or dark brown antennae (18-segmented) and hyaline wings with blackish 

pterostigma and fuscous veins. The light brown legs have black coxae 

except the hind-coxa which is also partially brownish. Both the front 

and middle tarsi; tibia and hind femur are partially black, while the hind 

tarsi almost entirely black. In general, all the legs of the males are 

usually darker than those of the females. On the face, fine punctures 

are clearly evident while the body densely punctated. Although absent in 

the posterior half of the mesopleurum, the propodeum is coarsely and 

densely punctated with a few distinct wrinkles which are more prominent 

in the females. Likewise, the first 2 abdominal tergites are densely and 

coarsely punctated, while that on the others rather fine and scarce, or 

almost lacking. In the female, a distinct ovipositor is also distinguish-

able posteriorly (Plate 5.1.5). 

On average, the males measure 2.56 + 0.131 mm by 0.77 £ 0.049 mm, 

and the females 2.62 + 0.161 mm by 0.73 £ 0.054 mm (Table 5.1.1). 

5.I.7 Developmental period and life cycle 

Under the conditions of the present studies, the average dura-

tions of the individual stages are: egg, more than 1 day, generally just 

slightly less than 2 days; 1st stadium, 1-2 days with most about 1 day; 

2nd stadium, 4-5 days, averaging 3.8 days; 3rd stadium, 1-3 days, averaging 

1.8 days; pre pupa, ca 1 day; and pupa, 3-6 days, averaging 4.5 days (Table 
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3.1.2). For the cocoons, however, great variation was observed; ranging 

from 2-7 days, and averaging 3 days (Fig. 3.1.1). In general, the cocoon 

period for the males is shorten, averaging only 4.7 days while that of the 

females 3.2 days. Some cocoons have developmental period of only 2 days; 

these, however, were entirely males (Fig. 3.1.1). 

The total time required for the completion of a life cycle or 

one generation (from egg to adult emergence) averaged 13 days (Tables 

3.1.1 & 3«1*2). Although the shortest period was 10 days and the longest 

16 days, most individuals, however, emerged together showing a high degree 

of uniformity in the duration of the developmental stages. 

3.2 PREFERENCE OF HOST STAGES BY A.PLUTELLAE 

Initial cursory observations indicated that A.plutellae, like 

many other parasites, exhibits distinct preference not only for certain 

host species but also specific stages of a particular host. A clear 

understanding into this could lend much towards a more efficient manipu-

lation of the parasite, such as, in developing mass rearing technique as 

well as in improving the proper timing for parasite releases should these 

be needed. Besides, it would also enrich understanding of other related 

aspects of the parasite's biology, e.g. successes in parasitism and total 

individuals obtainable when a particular host stage is exposed. 

3.2.1 Preference over the host's eggs, larvae and pupae 

In the field survey in Section 3> the parasite was obtained only 

from field-collected host larvae. To further confirm this and to deter-

mine the actual host stage(s) that the parasite would attack (oviposit) or 

prefer, all the main stages (eggs, larvae and pupae) of DBM were simulta-

neously exposed for 24 hrs to the parasite in either 'larval developmental 

cages' (Plate 2.2) or 'breeding jars' (Plate 2.1). Freshly-emerged and 

mated female parasites were used, and following exposure the different 

host stages were separately maintained and reared for determination of 

successful parasitism. This study was repeated 14 times under laboratory 

conditions (see 2b). 

The results obtained (Table 3.2.1) showed without doubt that 

A.plutellae is strictly an endo-larval parasite. Out of a total of 9321 

eggs and 607 pupae of the host exposed, not one was parasitized, while 

62.1% of the host larvae (2nd + 3rd instars) resulted in full parasite 

development and emergence to the cocooning stage. 

3.2.2 Preference for the different host larval instars 

Previous studies (3-3.1 & 3«2.l) have revealed that the host 

larvae constituted the only stage selected by A.plutellae for oviposition 



Table 5*1»2. Developmental stages and period of Apanteles plutellae Kurdj. reared on Plutella xylostella ( L a t 
25_+3°C and Hi! 70-80%. 

r , -| l - l I N O . O f 
Developmental stage 

the immature stages observed at follow!ng cays from oviposition 
Developmental 
period (day) 

Same day 1 2 3 4 5 6 7 6 9 io a a \2 13 14 Mean Range 

EGG 30 30 _ - - >1 1 < 2 

L/xRV/\: 1st ins tar (L ) 
1 

- 30L a - - 1 1 - 2 

2nd instar!L 2) - lL r*29L 2~ 
- - - 3.8 4 - 5 

- - 30L 2 - - - -

- - 30L - - -

3rd instar(L g) - - - 10L +12L - - 1.8 1 - 3 

FREE'UFA (pp) - - 4L +14L -

+ 12PP 

- 1 1 

FUR* (P) - _ - 21. +16pp- - - - 4.5 3 - 6 

- - - - -

+ 12P 
3 OP -

ADULT 

~~ — — — — — 30P -

- 22P+8A - - -

- _ - - - 11F+19A -

- - - - - 7P+23A-

- - - - - 3 OA 

Exuviae (No.) 0 0 0 29L 
1 

30L„ 30L 30L.+ 1 1 1 
2 

29L +24L 30P * E 
'Kir ) 

A f t ! 

E E E E E 

? = Exuviae could not be found. 

E = By this time all have emerged out of the host. 
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Table 5.2.1 Susceptibility of the different stages of Plutella 
xylostella (L.) to parasitization by Apanteles 
plutellae Kurdj. The different host stages were 
exposed simultaneously. 

Test* female No. and stage of host No.($) parasitized*** 
parasites used exposed 

Eggs Larvae** Pupae Eggs Larvae Pupae 

1 
2 
3 
4 

5 
6 
7 
8 
9 

10 
11 
12 

3 
3 

24 
7 

24 
13 
24 
15 
5 
7 
1 
4 

20 
23 
687 
458 
862 
137 
188 
272 

80 
165 
132 
178 

90 
88 

161 
148 
106 
81 
61 
44 
28 
47 
16 
97 

9 
14 
18 
15 
22 
34 
34 
22 
20 
9 
3 
3 

25(27.8) 
71(80.7) 

107(66.5) 
110(74.3) 
52(49.I; 
26(32.1 
13(21.3! 
20(45.5) 
20(71.4; 
36(76.6 
3(18.8! 
72(74.2) 

0(0) 
0(0) 
0(0) 
0(0; 
0(0 
0(0 
0(0 
0(0! 
0(0; 
0(0 
0(0" 
0(0) 

13 60 4031 613 200 0(0) 434(70.8) 0(0) 
14 89 2288 558 204 0(0) 339(60.8) 0(0) 

Total 279 9521 2138 607 0(0) 1328(62.1) 0(0) 

^Except for tests 13 and 14 which were made in 46.5 cm x 6.15 cm x 61 cm 
cages, all were tested in 24 cm x 10 cm diameter glass cylinders. 

**Largely 2nd and 3rd~lns"t'a'r larvae. 
***Based on successful parasite cocoon formation. 

(Table 5.2.1). Although both 2nd and 3rd instar larvae were 'attacked' 
by the parasite it is uncertain if there was any preference exerted. To 
investigate the ovipositional preference by A.plutellae for the different 
larval stadia of DBM, 3 approaches were employed. All involved exposing 
a leaf of B.rapa containing the host larvae to freshly-emerged and mated 
female parasites in the 'oviposition jar' (Plate 2.1). Immediately follow-
ing exposure the larvae were dissected for egg determination. In the 
first method, various host stadia were exposed separately for 15 mins each, 
and at a host:parasite ratio of 6:3. With the 2nd method, equal numbers 
of each host stadium were mixed together and simultaneously exposed for 
24 hrs. The 3rd method involved exposing for 24 hrs two larval stadia at 
a time. Different combinations of larval ratio (OLa:20Lb, 2La:l8Lb, 
4La:l6Lb, 6La:l4Lb, 8La:12Lb, 10La:10Lb, 12La:8Lb, l4La:6Lb, l8La:2Lb, 20La: 
OLb; La = ath larval stadium and Lb = bth larval stadium), with the 
total larvae of the stadia concerned adding up to 20 were evaluated. In 
the investigations, this test was replicated 4-5 times. 

As with the previous study, the experiments were conducted under 
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the laboratory conditions (see 2b). 
From the findings, it was evident (Tables 5.2.2 & 5.2.3) that 

A.plutellae would parasitize on all larval stadia of DBM, and is unlike 
some other parasites which would totally discriminate against some stages, 
as with A.marginiventris where the 3rd to 5th larval stages of Plathypena 
scabra (F.) (Lep:Noctuidae) were never parasitized (Kunnalaca & Mueller, 
1979)* Although this was so, there was also a clear display of preference. 
In particular, a distinctly higher number of parasitized individuals as 
well as the number of parasite's eggs deposited per female, or per host, 
was noticeable on the 2nd larval instar (Tables 5.2.2 & 5-2.3)• This 
stage also had a higher frequency of 'ovipositional stings' (Table 5.2.2) 
and greater number of individuals containing more than 15 parasite's eggs 
(Table 5.2.3). Eased on these parameters, it was evident that the prefer-
ence was of the following order: 2nd host instar > 3rd host instar > 1st 
host instar > 4th host instar. 

Table 5.2.2 Susceptibility of various host stages to Apanteles plutellae 
Kurdj. ovipositional attack, and rate of successful egg 
deposition. (Host: parasite = 6:3; exposure time = 15 mins). 

Host stage* Renlication 0T1?0 Host parasitized** Ro* eg'gs o - sirion 
frequency No. of Total Per female Ran~e 

First 

Total 

8 
10 
6 

13 

4 
4 
1 
4 

37 13 5^.17 22 

0-13 
0-2 
0 - 2 

1.8 0-3 
Second 

Total 

49 
28 
32 
32 

43 
28 
26 
44 

141 24 100.00 141 

2-14 
3-6 
> 7 
5-10 

11.8 2-14 
Third 1 

2 
3 
4 

Total 

20 
15 
14 
16 

4 

2 
6 

9 
14 
3 
23 

65 17 70.83 49 

0-4 
0-4 
0-2 
1-9 

4.1 0-9 
Fourth 

Total 

23 
3 
7 
7 

40 8 33.33 0.8 

0 - 2 
0 
0 - 1 

0 - 1 

0 - 2 

*The different larval stages were exposed separately. 
**Based on parasite cocoons formed. 



"able 5*2.3.Cvipositional pattern and nun.bt.-i' oi. eggs deposited by npanl <-11 s plutolla" Kurdj.when different larval stages of 
Plutella xylostella (L.) are exposed together. 

Host 

Instar No. 
stage Exposed 

Trial No. of host containing the following number of parasite eggs* 

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

Total Parasi- Mean egg 
Parasite tised host No,/host 
eggs(No.)(No.) % 

Hirst 
10 I 6 2 2 
10 II 2 0 4 0 3 1 
20 III 3 1 0 6 2 2 1 0 1 1 1 1 0 0 0 0 1(16) 

6 
25 
97 

4 
8 

17 
Total 40 11 3 6 6 5 3 1 0 1 1 1 1 0 0 0 0 1(16) 128 29 72.5 4.4 

10 I 2 0 3 2 2 0 1 26 8 

:3 econd 10 II 0 1 0 1 3 0 2 1 0 0 0 0 0 0 0 0 1(16),1(19) 70 10 :3 econd 
20 III 1 1 0 0 2 0 1 2 0 2 0 1 1 0 3 0 1(17),1(19),2(21) ,1(26) ,1(40) 256 19 

Total 40 3 2 3 3 7 0 4 3 0 2 0 1 1 0 3 0 1(16),1(17),2(19) ,2(21) ,1(26),1(40) 352 37 92.5 9.5 

10 I 0 3 2 1 1 1 1 0 1 33 10 

Third 10 II 4 1 0 0 1 1 0 0 0 1 0 0 0 1 0 0 1(16) 48 6 
20 III 3 0 0 3 1 0 1 1 0 0 1 1 2 1 0 1 2(17),2(19),1(20) 191 17 

Total 40 7 4 2 4 3 2 2 1 1 1 1 1 2 2 0 1 1(16),2(17),2(19) ,1(20) 272 33 82.5 8.2 

9 
5 

96 

5 
3 

15 

110 23 57.5 4.8 

10 
Fourth 4° 

20_ 

Total 40 

I 5 2 2 1 
II 7 2 0 1 

III 5 0 1 1 2 2 2 3 0 2 1 0 

17 4 3 3 2 2 2 3 0 2 1 0 1 

•VJhere the number of parasite eggs is more than 15, this is indicated within parenthesis. 
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In the studies involving paired host larval stadia, the prefer-
ence may be graphically displayed as suggested by Murdoch (I969) who 
formally defined the relationship in the form: 

Ne N 
4 = C - , (2) 
Ne N 

where Ne» N<I = the numbers of prey types I and II eaten, N, N'= the numbers 
of prey types I and II initially present, and C = the Index 4 as explained 
by Cock (1978). Although this method, among several others, was developed 
essentially with predator-prey interactions, it is also applicable to the 
host-parasite situation (Cock, 1978). In the preference evaluation invol-
ving Murdoch's C, the ratio of the prey types eaten (or 'attack' Na in 
the case of DBM)was plotted against the ratio at which they were present 
/"i.e. illustrating equation (2)_/. By this method, the constant prefer-
ence will take the form of straight line relationship where a slope of 1 
indicates no preference, a slope > 1 positive preference, and a slope < 
1 negative preference. Thus, preference can be readily detected as a 
deviation from the slope of unity (Murdoch, I969; Cock, 1978) and wherein 
the straight line is fitted through the origin (Snedecor & Cochran, 1967). 

Figure $.2.1 clearly illustrates the preference of A.olutellae 
for the various host larval stages of DBM, and Table 5-2.4 the statistical 
analyses. In computing the latter, values for the combinations 0La:20Lb 
and 20La:0Lb were omitted as these, inadvertently, would either be 0 or CC, 
and being so, would unnecessarily reduce the overall accuracy of the 
analysis. 

From this study it is again evident that the parasite was able 
to 'attack' all the 4 larval stadia exposed, although there was a marked 
preference for the 2nd. Except for the 1st instar, the preference order 
was again confirmed to be similar to that of the other 2 methods, i.e. 2nd 
instar > 3rd instar > 4th instar. As for the 1st instar, no preference 
was exhibited when matched against both 2nd and 3rd instars, althou^i it 
was again noted to be preferred over the 4th instar. This slight discre-
pancy observed with the 1st instar could be due to the many influencing 
factors on preference, much of which are still inadequately understood, 
such as (i) the parasite or host densities, which were unequal for the 
different methods, and (ii) the presence or absence of other host stages 
that also constitute a choice for 'attack'. 
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Figure 5-21 Parasitism of Plutella xylostella ( L ) by Apanteles plutellae Kurdj when two larval host instars were presented-
A» 3rd instar ( N 2 ) a n d I st instar (Ni)- B : 2nd instar(N2) and Istinstar (NO- C» 4 t h lnstar(N2) and Ist Instar 
(NO- D- 3 rd instar (N2) and 2nd instar IN i)- E» 4thlnstar(N2) and 2nd Instar (NO • F« 4 t h instar (N2) and 
3rd Instar (Ni)- NA2 and NAi are the respective number of hosts parasitised or "attacked" 
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Table 5.2.4 Regression analyses to the preference of Apanteles plutellae 
Kurdj. over the different host larval instars of Piutella 
xylostella (L.). 

Instar Prefer- j. 
ence df 0.05 Regression equation sb + SE 

1st = 2nd 44 2.021 y = O.9393X 0.0606 0.1225 
1st = 3rd 39 2.021 y = 1.0464x 0.0705 0.1425 
1st > 4th 31 2.042 y = 0.6504x 0.0908 0.1854 
2nd > 3rd 42 2.021 y = 0.7883x 0.0477 0.0964 
2nd > 4th 43 2.021 y = 0.3721x 0.0629 0.1271 
3rd > 4th 32 2.042 y = 0.4029x 0.0780 0.1593 

5.3 DEVELOPING BIOLOGY OF THE HOST AND THE PARASITE AS AFFECTED BY THE 
INITIAL HOST STAGS IN WHICH PARASITISM OCCURS 

Presently, it is not known how different is the developing 
biology of A.plutellae and its DBM host when parasitism first occurs on 
the different larval stadia of the host. In studies to gather information 
on this aspect, newly-moulted and different larval instars of DBM were 
individually confined with a female parasite in glass vials (7.5 c m x 

2.5 cm diameter) and closely observed to ensure single oviposition per 
larva. Immediately following egg deposition, each parasitized larva was 
separately reared on B.rapa in a 'breeding jar* (Plate 2.1) for detailed 
determination of the developmental time (instar period and life cycle) of 
the host and parasite. For each larval stage considered, 36-59 individuals 
were studied. In a separate series involving 70-110 larvae per stage, 
40 parasitized larvae were dissected daily for determination of the parasite 
developmental stage attained. This study, it is hoped, would further en-
lighten on the influence of host stage over the parasite development. 

Previous investigations have provided evidence that the presence 
of endoparasite larvae may change the development of their hosts. 
Clausen (1954) reported that the endoparasite may cause variations in the 
growing rate of hosts and these may appear in the different ages. For 
instance, although there was no significant difference in larval size, 
there was some delay in the development of the larvae of Spodoptera 
littoralis (Boisduval) (Lep: Noctuidae) when parasitized by Chelonus 
inanitus (L.) (Hym: Braconidae), particularly from the 2nd day until the 
5th (Rechav & Orion, 1975). ' After the 6th day, the development was slow 
and practically stopped on the 9th day, while the weight of the unparasi-
tized larvae increased tenfold. In the present investigations, such an 
effect on development was also observed in DBM when parasitized by 
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A.plutellae. However, the effect was largely evident only when parasitism 
initially occurred on the 3rd and 4th larval instar. For instance, for 
the developmental period from host hatching to parasite emergence (or 
cocooning), there was an increase from 7.969 + 0.244 days to 13.133 + 
O.I65 days as parasite oviposition was delayed from the 1st to the 4th 
host instar (Table 5.3.I). This increase became greater with progressive 
delay in the oviposition, as well as, with progressive advancement of the 
developmental stage. Among these, the main increase occurred in the 
developing stage between the 3rd moulting to parasite cocooning, suggesting 
that this probably acted as the main 'waiting' stage, since contributions 
by the others were relatively minor. It was also evident that host devel-
opment was little affected when the parasite oviposition occurred in the 
1st larval instar. 

In terms of host mortality resulting from parasitism, differences 
were also evident; these depending on which host stages the parasite 
oviposition first occurred (Fig. 5*3«l)» With the exception of the 2nd-
instar stage which had least mortality (16.67$), that of the others showed 
a progressive increase of 33.33$, 43.86$ and 54.29$ for the larvae which 
were oviposited at the 1st, 3rd. and 4th instar stage, respectively. The 
reverse was, however, recorded for success parasitism rates, wherein the 
2nd-instar stage showed the highest of 83.33$ (Fig. 5.3.I). This trend, 
with the exception of the 1st-instar, was similar to that observed in the 
preference studies wherein similar order of preference was again observed: 
2nd instar > 3rd instar > 4th instar (see 5-2). 

As for the various developmental periods of the parasite itself, 
these, appeared to be little affected. For all the larval stages studied, 
except the 1st, the following were generally about equal irrespective of 
when the oviposition took place: egg-larval period, cocoon period, and 
egg-to-adult period (Table 5.3.I). Where oviposition occurred during the 
1st instar stage the overall developmental period tended to be slightly 
longer. That the parasite's developmental period was in general unaffected 
was further evident from another study where parasitized host larvae were 
dissected daily for determination of the developmental stage attained by 
the parasite. From such a study, the developmental periods for the various 
immature stages were observed to differ little irrespective of whether 
parasitism occurred at the 1st, 2nd, 3rd or 4th instar stage (Table 5.3.2). 
The only difference noted relates essentially to the parasite survival, 
wherein a higher mortality occurred as the instar stage initially parasi-
tized became progressively later. This, however, was also evident from 
the previous study (see 5.3» Fig. 5.3.I). 



TABLE 5.3.1. Host-parasite developmental period in unparasitised Plutella xylostella (L.) and when the host was 
oviposited upon during the different larval stages by the parasite Apanteles plutellae Kurdj. 

Host larval stage in which oviposition occurred 

Developmental I IrmA r^ c"! H epH Developmental 
4th-instar 

UJ lUQl Ubl. LADCU 
Characteristics lst-instar 2nd-instar 3rd-instar 4th-instar 

HOST: 
a) Developmental period 

lst-instar 1.596+0.095 1.444+0.084 1.818^0.100 2.000+0.064 2.31+0.0830 

2nd-instar 1.575+0.087 1.657+0.081 1.566^0.069 1.956+0.084 1.57+0.0884 

3rd-instar 1.919+0.085 1.500+0.100 2.078+0.100 1.932+0.082 1.65+0.0984 

From 3rd moult to 
2.781+0.167 4.000+0.150 4.765+0.190 6.917±0.150 2.64+^0.0988* 

cocooning 
From hatching to 7.969+0.244 8.500jh0.164 9.882^+0.188 13.133+0.165 8.25+0.1344** 
parasit© cocooning 

b) Mortality 
No. parasitised 32 30 32 15 — 

No. died prior to 
16 6 25 27 9(20.0%)*** 

parasite cocooning 
16 25 

Total 48 36 57 42 45 

PARASITE: 
a) Developmental period 

Egg-larval 7.625+0.466 7.067+0.150 6.824+0.140 7.000+0.140 — 

Cocoon 3.906^0.094 3.667+0.100 3.938+0.110 3.933+0.120 — 

Egg to adult 11.844JK0.238 10.833^0.190 10.774^0.150 10.929JK0.200 — 

b) No.Female:Male 19 : 13 16 : 14 11 : 21 6 : 9 -

• 4th instar period. 
•• lst-4th instar period. 

••• Prior to reaching the pupal stage. 
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• % Parasitism (Apanteles cocoon formed) 
• % host died prior to parasite cocoonlng 

Sex Ratio : • Male Female 

2nd 3rd 
Host larval stage exposed 

4 th 

Figure 5-3-1 Relationships of host mortality, parasitism rates and 
parasite sex ratios when the (Efferent larval Instars of 
Plutella xylostella ( L ) were oviposited upon by 
Apanteles plutellae Kurdj -
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Table 5»3«2 Development of Apanteles plutellae Kurdj. in relation to 
the stage of host instar1/ at which parasitization 
initially occurs. 

Host instar No. dissected 
initially & examined 
parasitized 

Days after parasitization^/ 

8 

First 
Second-: 

Third 

Fourth 

10 

10 

44 

21 

10EE 10EE/EL 10EL 10LL 10LL 10LL 10LL 2LL,8C IOC 
10EE 10EE/EL 10EL 3EL, 10LL 10LL 10LL 1LL,9C IOC 

7LL 
44EE 44EE/EL 44EL 4lLLf26LL 13LL 4LL, 4C 

3D 18D 31D 40D 
21EE 21EE/EL 21EL 4EL, 9LL, 2LL, ILL, 1C 

10LL,12D 19D 20D 
7D 

1/ Larval host of Flutella xylostella (L.). 
2/ Stage of developing parasite: EE = Egg, EL = Early Larva, LL = Late Larva, 

C = Cocoon, D = Died 

With respect to the emerging parasites, there was noted a pre-
ponderance of males when initial oviposition occurred on the 3rd and 4th 
instar. The respective femalermale ratios were 0.52:1 and 0.67:1 (Table 
5.3.1, Fig. 5.3.I). Where the 1st and 2nd instar were first oviposited 
upon, the ratios were respectively, 1.46:1 and 1.14:1; these evidently 
appeared more favourable. 

5.4 DEVELOPMENTAL BIOLOGY OF A.PLUTELLAE AS AFFECTED BY DIFFERENT 
LEVELS OF TEMPERATURE AND HUMIDITY 

Some of the most important criteria that can be presumed to 
influence a parasite's ability to persist and increase in abundance in 
localities where its host exists are its moisture-tolerance and temperature-
tolerance limits. To a large extent it is also governed by the rapidity 
with which it can develop within these limits. Generally, the wider these 
limits are, the more widespread can be its geographic range. Also, the 
more rapidly it can develop to maturity, the more rapidly can it be expected 
to increase in numbers in relation to its host and to its competitors, all 
other factors being equal. The importance of these parameters in relation 
to biological control and pest management programmes has been well-
reviewed by Messenger (1959, 1970, 1971). For the present bioclimatic 
studies, the aims are thus directed at testing the entire range of temper-
ature and humidity levels that exist in Malaysia, and also how these may 
support the survival of A.plutellae: In essence, the temperature threshold 
and the thermal constant for development were determined, as Messenger 
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(1959» 1970) has shown that these could be useful indicators of an 
insect's potential distribution and abundance. 

5.4-.1 Materials and methods 
Basically, 3 series of experiments were conducted; the 1st and 

2nd to determine the effects of different constant temperatures, and the 
3rd that of different constant level of humidity. For these investigations, 
all the DBM larvae were individually parasitized at the lst-instar stage. 
Immediately following parasitism, each larva was transferred and separately 
maintained on an excised B.rapa leaf overlying a moist filter paper in a 
petri dish. On every 2nd or 3rd day, the leaf was replaced with fresh 
ones. The studies were conducted in programmed Conviron^ growth chambers 
which had variations of temperature and humidity of not more than + 0.5°G 
and + 5$, respectively. A 12-hr light-dark cycle was provided, except 
for the 10°C treatment where there was no lighting. This was necessary 
in order to preserve the temperature and humidity required for this treat-
ment. In any case, the complete absence of light has been found to have 
little or no effect on larval development of DBM (Way ei; al, 1951)* 

For the 1st experimental series, only the incubation period of 
the egg was examined. At each temperature considered (10°C, 15°C, 20°C, 
25°C, 30°C and 35°C), groups of 5 larvae were dissected daily under the 
microscope for determination of egg-hatching. This was continued for 
2 weeks, by which time, all the eggs had hatched. 

In the 2nd series, a total of 30 larvae were studied for each 
constant temperature (10°C, 15°C, 20°C, 25°C, 30°C and 35°c), and the 
relative humidity kept within 70-80$. Examination of the larvae was made 
daily for records of mortality factors and other developmental aspects. 

Procedures for the 3rd series were essentially the same as the 
above except that the variables considered were different ranges of rela-
tive humidities (4-0-50$, 60-70$, 70-80$-and 90-100$) while the tempera-
ture kept constant at 25 + 0.5°c. 

5.4.2 Results 
Within the provided temperature parameters (10-35°C), duration 

of the egg, larval and pupal stages were observed to shorten progressively 
with each additional increment in temperature (Table 5*4-. 1). This was 
true for both the sexes, between which little difference was noted. When 
the developmental period is considered over the range of temperatures, 
there was observed considerable variation. The total developmental period 
at 10°C was about 12.4- times longer than at 35°G. In general, develop-
mental rate increased rapidly with rising temperature until about 25°C 
where development remained relatively constant (Fig. 5*4-. 1). Except for 
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the egg stage, developmental rates for others began to decline at appro-
ximately 28-30°C and beyond, and progressively more thereafter. Upon 
extrapolation of the linear region at medium temperature range (Fig. 
3.4.1, Table 3.4.2) this technique has provided for the establishment of 
the temperature threshold (t) and thermal constant (K); these values 
for A.plutellae obtained in the present studies are, respectively: egg 
(te = 11.2°C, Ke = 41.6? day-°c), larva (tx = 15-5°C, % = 38.82 day-°C), 
pupa (tp = 15-5°C, Kp = 63.16 day-°C) and from oviposition to adult 
emergence (tT = 13.8°C, Kp = I78.37 day-°c). 

Table Mean (+ S.D.) developmental periods (days) and the resultant 
sex ratios of Apanteles plutellae Kurdj. reared at various 
constant temperatures and 70-80% RH. 

Tempera- K e a n ^ ^ ^ developmental period (days) A d u l t s e x 
ture ratio (Female 

( °C) Egg Larva Pupa Oviposition Male) 
to adult 
emergence 

10 11.11 + 0.23 49.12 + 0.24 43.23 + 0.39 103.46 + 0.33 0.86 
15 6.20 + 0.22 21.83 + 0.26 22.17 1 0.34 30.20 + 0.10 0.79 
20 3.73 + 0.16 11.60 + 0.14 11.13 ± 0.21 26.20 + 0.26 1.22 

2.94 + 0.06 6.33 + 0.12 3.89 + 0.08 13.16 + 0.09 0.87 
30 2.18 + 0.04 4.11 + 1.10 4.32 + 0.13 10.61 + 0.07 O.36 
35 1.72 + 0.01 3.28 + O.36 3.38 + 0.13 8.38 + 0.13 0.29 

When the data are replotted on a temperature-time relationship 
(Fig. the curves for all the stages were noted to be clearly that 
of the conventional type (Howe, I967)» and these fitted well the logistic 
equation (Davidson, 1944): 

1+e(a-bX) (3) 
1 k 

where Y = developmental time, X = temperature, and a, b and k are constants, 
No significant deviations from the fitted curves were obtained when they 
were subjected to the test of analysis of variance (Williams, 1939). 
From these curves, it is evident that the points of inflection for the 
egg, larval and pupal periods closely approximate about 23-27°C. Since 
mortality also sharply increased beyond this point (Fig. 3.4.1), it thus 
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FIGURE 5.4.1 Relationships of temperature with the rate of development of the immature stages 
o f Apanteles plutellae Kurdj. and the resultant parasite survival, (t - Temperature 
threshold of the respective parasite stages, K - Degree-days above t required for 
complete development to adult; this is equivalent to the reciprocal of the slope b). 
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Table 5.4.2 Temperature thresholds and thermal constant (degree-days) 
for development of the immature stages of Apanteles 
plutellae Kurdj. 

Developmental Temperature Thermal 
stage Linear equatiori* threshold constant 

( °C) (day-OC) 

Egg y = 0.024x - 0.270 - 11.2 Ke = 41.67 
Larva y = 0.017x - 0.260 tl = 15-5 K1 = 58.82 
Pupa y = 0.0l6x - 0.240 tp = 15.5 Kp = 63.16 
Total** y = 0.006x - 0.078 tip — 13.8 Kip

 = 178.57 

*This refers to the linear portion. 
**From oviposition to adult emergence. 

appears that this would constitute the critical temperature range of the 
parasite. 

In general, maladies caused by disease pathogens accounted for 
most of the recorded mortality. These were responsible for about 80% of 
the total mortality. However, at the temperature extremes (10°C and 35°C)» 
incomplete cocoon formation and failure by the emerging adult to dislodge 
from the cocoon were observed to be the main causes. 

On the effect of different controlled humidities, a high mor-
tality was noted only in the egg-larval stage at 90-100% RH and in the 
pupal stage from 40-70% (Table 5.4.3). The substantial pupal mortality 
at the lower humidity range was probably due to dessication, as suggested 
from dissections of unemerged cocoons, which often revealed the presence 
of dead and well-formed adults that were apparently free of diseases. 
Way et al (I95I) have pointed out that low humidities are most likely to 
affect the insect when the temperature approaches the critical value 
(Wigglesworth, 1945) and the normally efficient water proofing mechanism 
of the insect cuticle begins to fail. This is especially so in the pupae 
since in constrast with feeding larvae they are not capable of replacing 
water lost by transpiration. On the other hand, majority in the egg-larval 
stage were diseased, suggesting that high humidity (90-100%) probably acts 
as predisposing factors for disease development. Disease susceptibility 
of the carrier host to such damp conditions has also been well-borne by 
field findings (Gunn, 1917, Smith, 1931? Kanervo, 1936). However, caution 
should be exercised in the present study when considering the differential 
survival of the parasite since development of the latter is also invariably 
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affected by the reaction of the host to humidities in which they were 
subjected. Even though, when considered in conjunction with the overall 
developmental periods, the relative humidity range of 70-80$ seems most 
favourable; it resulted in maximum survival as well as ensuring suffic-
ient developing time. The latter is generally essential for the develop-
ment of females (see 5»3)» henced the higher female; male ratio obtained 
in this humidity range (Table 5.4.3). The accelerated development in the 
other humidity range, particularly 40-50$, is perhaps largely due to 
stress generated by the adverse moisture condition. 

Table 3A.3 Developmental periods, mortality and sex ratio of Apanteles 
plutellae Kurdj. reared under different controlled humidities 
at 25°C constant temperature. 

Mean (jj S.D.) developmental ~~ 
period (days)I/ Mortality 

Relative Egg + Pupal Oviposition to Sex ratio 
humidity larval adult emerg- Egg + Pupal Total (Female: 

ence larval Male) 
7o) No. $ No. $ No. $ 

40-50 7.11 4.75 11.83 
+ 0.12a + 0.18a + 0.21a 3 10.00 15 55.56 18 60.00 0.71 

60-70 8.96 5.13 14.04 
+ 0.16b + 0.13b + 0.18b 3 10.00 7 25.93 10 33.33 0.67 

70-80 9.27 5.89 15.16 
+ 0.08c + 0.08c + 0.09c 2 6.67 0 0.00 2 6.67 0.87 

90-100 9.81 5.29 14.33 
+ 0.13d + 0.75b + 0.14b 9 30.00 0 0.00 9 30.00 0.40 

different at the 5$ level. Each mean pair was separately compared 
using the t-test for small samples (Bailey, 1959). 

5.4.3 Discussion 
Although parameters such as temperature and humidity are by 

themselves generally insufficient for the accurate assessment of a 
parasite's potentials, they nonetheless are useful in providing relevant 
indications of its survival limits. With A.plutellae, they clearly show 
that the parasite is able to tolerate and survive in rather wide climatic 
conditions, and this to some extent helps to explain its rather cosmo-
politan nature. In West Malaysia, the tolerance limits have well-
exceeded all existing conditions, henced its possible wide occurrence 
locally in both the cooler highlands as well as the warmer lowlands. 
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However, its abundance is evident only in the Cameron Highlands where the 
daily mean temperature of 18.2°C (range = 12.8-23.0°C)* and 88.2$ RH 
(range = 68.2 - 99.9$)* are found to better satisfy the parasite's optimum 
range of conditions (approximately 18-28°C). Within the highland's 
climatic limits, not less than 75$ survival could normally be expected 
(Fig. 5»4.1). On the other hand, extremes in temperature and atmos-
pheric humidity rarely occur, and as such, any threat of massive suppre-
ssion there is unlikely to result directly from these extremes. Whenever 
any decline occurs, the adverse management activities are more usually 
the cause, in particular, the widespread and indiscriminate use of pest-
icides. 

Variation in the sex ratio of progeny is an important factor 
that could alter the level of parasite production, henced parasite efficacy. 
Such variation may result from climatic changes as for the case with the 
parasite Praon palitans Musebeck (Hym: Braconidae), in which extreme temp-
eratures were found to alter its progeny in favour of more males (Messenger 
& Force, 1963). Particularly during the cooler period, this has resulted 
in the parasite becoming ineffective in preventing its aphid host, 
Therioaohis maculata (Buckton) (Homoptera: Aphididae) from increasing to 
plant-damaging levels. In the present investigation, more males are like-
wise produced towards the temperature extremes wherein reduced activity 
of the parasite may result. Probably, this also contributes to its relat-
ive scarcity in most of the cooler temperate region and the hot tropical 
lowlands. In the latter locations, the sharp increase in mortality due to 
the higher day temperatures (mean = 32.64°C, range = 31.2 - 34.8°c) which 
usually exceed the critical survival limit for most individuals (beyond 
28°C) seems a more important factor. 

It is realized that laboratory bioclimatic investigations such 
as the present studies may not faithfully simulate the situations in nature. 
Usually, numerous interacting factors are responsible. For example, con-
stant temperatures have constituted the basis for the experimental results 
in the present investigations, and as such, the developmental rates and 
other statistics calculated from these may not exactly coincide with those 
from the natural fluctuating temperatures of the same mean value. Rela-
tively recent studies by others (Pradhan, 1945; Messenger, 1959, 1969? 
Messenger & Flitters, 1959) have shown that at low and high thermal levels 
the development is respectively accelerated and retarded by fluctuating 
temperatures, while at intermediate thermal levels it proceeds at about 
the same rates as would be expected relative to constant temperature 

*Based on the data for the years 1974-80. 
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exposures. Furthermore, climatic parameters (temperature, humidity, 
illumination, etc.) are generally reacting upon one another and thus only 
to a limited extent can they be considered separately (Way et al, 1951; 
Messenger, I959). Nevertheless, in spite of these limitations, such bio-
climatic inputs have provided much in-depth understanding and insight • 
that have enormous applied significance (Hardy, 1938; Way et al, I95I; 
Messenger, I959, 1969, I97O, I97I5 Messenger & Force, 1963; Force & 
Messenger, 1964a, b, 1965; Campbell et al, 1974; Ashley et al, 1976; 
Johnson et al, 1979)* la some instances, they have even been used success-
fully to predict the time of occurrence of the different developmental 
stages in the field (ito et al, I968; Morris & Fulton, 1970). Furthermore, 
Johnson et al, (1979) were able to develop successfully an apple pest 
management programme for effective control of the spotted tentiform leaf-
miner rLithocolletis blancardella (Fab.) (Lep: Gracillariidae)_7 through 
preservation of its major endoparasite /"Apanteles ornigis Weed (Hym: 
Braconidae)__7 based largely on optimizing insecticidal applications that 
are guided by prediction of adult emergence from degree-day relationships. 
In the light of these, further biodlimatic investigations on A.plutellae 
would seem warranted, and more comprehensive studies may well lead to 
possible improvements on its management as an aid towards the control of 
DBM. However, for the present and basing mainly on the climatic toler-
ance obtained, A.plutellae is seen to be unable to fulfil satisfactorily all 
the climatic niche of its DBM host. The latter is able to breed satis-
factorily at temperatures from 10-40°G, with more than 75% survival being 
readily obtained within the range of 15-30°C (Hardy, 1938). For A.plutellae, 
although the full temperature range was not tested it appears to fall 
within about 9~39°C by extrapolation. While this is only marginally 
narrower than that of DBM, the temperature range enabling survival of 75% 
or more is substantially smaller, being only 18-28°C. At temperatures 
beyond this optimum range but within that of the DEM, the parasite would 
obviously be of great disadvantage when compared with the host. Evidently, 
in any location where such a situation exists, as with the temperate 
region and the lowlands of the tropics, it would be unlikely for A.plutellae 
to constitute an effective biological control agent of DBM. Thus, in 
the attempt to exploit whatever usefulness of the parasite, this consider-
ation should not be overlooked. 

5.5 OVIPOSITION STUDIES OF A.PLUTELLAE 

Oviposition behaviour, pattern, and success rates often .have 
great influence and govern the level of parasitism that may be achieved 
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by a parasite. Occasionally, these may have influence that is far-
reaching, such as the parasitism of P. sea bra by A. margi n i yen t. r i s, where 
multiple ovipositions resulted in death of host larva even though there 
was no parasite emerging (Kunnalaca & Mueller, 1979). In some instances, 
other aspects such as the regulatory potential of the parasite have also 
been made more apparent, as with the studies relating to functional response. 
Presently, much of these information are still lacking with respect to 
A.plutellae 'attacking' DBM. The following studies thus attempt to delve 
into some of these. During the investigations, normal laboratory condi-
tions (see 2b) were maintained, and where possible the 2nd host instar 
stage was used as it has been noted to be most preferred (see 5-2). 

5.5-1 Mating, host searching and oviposition behaviour 
Some female parasites have been observed to mate and oviposit 

within several minutes after emerging, but most were more aggressive when 
held for about 4 hrs prior to exposure to each other and the host. Mating 
occurred with the male approaching the female from the rear, tapping her 
with his antennae, and then moulting her for approximately half a second. 
Both sexes may mate many times freely with other individuals. Females have 
also been observed to often mate after initiating egg laying, and as in 
A.marginiventris (Boling & Pi tre, 1970), no distinct pattern of ovipositing 
could be detected. 

In general, a female parasite would almost immediately settle on 
the leaves of the enclosed brassica when introduced into an 'ovipositing 
jar' (Plate 2.1). It then roamed excitedly all over the leaf surface and 
touched the substrate vigourously with the antennae until encountering a 
host. Upon finding a host, the female would immediately attempt to insert 
an egg and move away from the larva. During oviposition the host was not 
paralysed and the parasite did not feed at the puncture site. 

Frequently, when the parasite came into contact with a host larva, 
the latter would become momentarily agitated and react vigourously by drop-
ping off the leaf to hang on a silk thread. In its continual pursuer of 
the host, the parasite would invariably be in contact with the thread. 
Almost immediately, it would descend along the thread causing the host 
larva to drop further down, whereupon reaching it the parasite would ra-
pidly pounce over the host and oviposit. This 'attack' behaviour was also 
witnessed when the host was crawling or resting on the vertical surface 
of glass jars. As the parasite ran into it, the larva immediately became 
dislodge to a lower position aided by the silk thread which soon provided 
a lead for the parasite. The chances of oviposition occurring by such 
means of 'silk-tracking' was certainly greater than in the case where the 
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host larva remained, still at the bottom of a container. Under the latter 
situation, the parasite may run into the host several times without any 
ovipositing unless the contact stimulated wriggling. 

That some host movements were needed to attract follow-up action 
from the parasite towards successful ovipositions was strongly suggested 
in the above behavioural response. The importance of these movements was 
further indicated from observation on the direct attraction of several 
other female parasites towards a host larva when the latter was actively 
'fighting back' during the process of being oviposited by a female in the 
immediate vicinity. 

5.5'2 Comparative egg deposition by A.plutellae on dead and living 
host larvae 

In this study, a total of 131 oviposition attempts with recovery 
(through dissections) of 129 eggs was observed for 18 female parasites 
that were enclosed for 15 mins with 36 living and 36 dead larvae in 
'oviposition jars' (Plate 2.1). All were, however, found associated with 
the living hosts (Table 5.5.I). That none was recorded for the dead larvae 
was perhaps further evidence to the need of host movements in stimulating 
parasite oviposition as suggested by the observational studies on ovi-
position behaviour (see 5«5«l). 

Table 5.5.1 Frequency of ovipositional attack and egg deposition by 
Apanteles plutellae Kurdj. on dead and living 2nd-instar 
host larvae of Plutella xylostella (L.). (Host:parasite = 
12*: 3; exposure time = 15 minutes). 

Oviposition frequency No. of eggs deposited on 
Replication 

Living hosts Dead hosts Living hosts Dead hosts 

1 8 0 9 0 
2 30 0 26 0 
3 25 0 30 0 
4 11 0 13 0 
5 28 0 28 0 
6 29 0 23 0 

Total 131 0 129 0 

^qual number of living and dead larvae were provided together for each 
test. 
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3*5'3 Relation between ovipositor insertion and the number of 
eggs laid by A.plutellae 

From previous observation (see 5*5*2) it was noted that 131 
oviposition attempts yielded a total of 129 eggs suggesting that probably 
only 1 egg was deposited by one insertion of the parasite's, ovipositor. 
An attempt to confirm this relationship was made with 10 female parasites 
to each of which 10 host larvae were separately provided. Each host 
was dissected after the required number of ovipositor insertions have been 
achieved. As shown in Table 5*5*2» it was evident that normally only 1 
egg was deposited by 1 insertion of the ovipositor. In some instances 
egg deposition was noted to be unsuccessful, while on very few occasions 
2 eggs may, however, also be laid. 

Table 5.5.2 Relationship between the frequency of ovipositor 
insertion by Apanteles plutellae Kurdj. on the 2nd 
larval host instar of ELutella xylostella (L.) and 
the number of eggs deposited. 

Insertion Frequency 
Actual Cumulative 2. 

Female Parasite 
» 6 6 7 

No. of eggs deposited 
10 

1 1 1 1 1 1 1 1 1 2 0 1 
2 3 2 3 1 1 1 1 2 2 2 1 
3 6 3 3 3 1 3 3 3 2 2 3 
4 10 3 4 2 3 5 4 4 3 4 6 
5 15 2 5 2 5 5 7 9 5 5 5 
6 21 4 6 7 7 6 6 6 8 5 6 
7 28 5 7 8 
8 36 11 4 9 
9 4 5 12 9 7 
10 55 10 7 6 

Total 53 22 53 18 51 22 25 22 18 22 ~ 
Mean O.98 1.05 0.98 0.82 0.93 1.05 1.14 1.05 0.82 1.05 

bTotal = 9, Mean = 1 

5.5.4 Effect of multiple oviposition on parasite development and 
host mortality 

As with many other parasites (Shin, 1970; Askari et al, 1977? 
Kunnalaca & Mueller, 1979) multiple oviposition in A.plutellae was 
fairly common, especially when few hosts were offered to a parasite. In 
A.marginiventris (Kunnalaca & Mueller, 1979) the multiple stings 
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were observed to affect both the parasite development and host mortality. 
Whether such a situation also occurred with A. plutellae has not been 
reported. Studies were therefore made to investigate into this, wherein 
DBM larvae were subjected to different extent of multiple oviposition 
and reared on B.rapa leaves until parasite emergence or death of the hosts. 

From the findings it was evident (Table 5.5.3) that excessive 
•stings' or oviposition of an individual host could lead to the latter's 
death. This effect increased rapidly with higher number of ovipositions; 
a 100$ host mortality being effected when the oviposition rate reached 10 
and beyond. Conversely, the parasitism ($) declined proportionately (Table 
5.5.3). 

Table 5*5*3 Effect of multiple oviposition by Apanteles plutellae 
Kurdj. on host mortality and its own development. 

Larvae of Flutella xylostella (L.) 
No. of 
ovipo-
sition 
per host 

Total 
(No.) 

With parasite emergence 
Male Female Male:Female 

ratio 
Total 

Died prior to 
parasite emer-
gence 

(No.) ($) (No.) 0 0 

1 30 13 15 0.87 28 93-3 2 6.7 
2 15 2 9 0.22 11 73.3 4 26.7 
3 15 3 4 0.75 7 4 6.7 8 53.3 
4 15 4 3 1.33 7 46.7 8 53.3 

5 29 3 3 1.00 6 20.7 23 79.3 
7 15 2 1 2.00 3 20.0 12 80.0 

10 15 0 0 - 0 0.0 15 100.0 
15 15 0 0 - 0 0.0 15 100.0 

Presently, it is not clear how the death of the host was brought 
about. Although it first appeared to be due to direct physical injury, 
other causes, particularly biochemical, could not be ruled out. Only more 
detailed investigations, however, could enlighten further on this aspect. 

5.6 FACTORS INFLUENCING THE SEX RATIO OF A.PLUTELLAE 

A balanced ratio of the sexes in the progenies of a parasite is 
generally considered to be critical for any effective regulation of its 
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host population. Where a disproportionate increase of one sex occurs 
over the other, wide fluctuations and instability of the host may 
frequently result. Apparently, the sex ratio may be governed by several 
factors (Gifford & Mann, 196?; Bryan et al, I969; Bryan et al, I971), 
some of which were examined here in relation to A.plutellae. 

Comparative studies of both mated and unmated female parasites 
showed that sex ratio of the progeny of A.plutellae is a function of 
successful mating. As with Microplitis croceipes (Cresson) (Hym: Braco-
nidae) (Bryan et al, I969) and M. demolitor Wilk. (Hym: Braconidae) 
(Hafez, I95l)t it was found to be capable of arrhenotokous parthenogenetic 
reproduction when the female was not fertilized (Table 5.6.1). There was, 
however, no reduction in the overall individuals produced where mating was 
not permitted, as opposed to the situation observed for Apanteles flavipes 
(Cameron) (Hym: Braconidae) (Gifford & Mann, I967). 

Among mated females, the sex ratio was partly dependent on the 
stage of the host larvae initially parasitized (see 5«3)» More females 
were obtained only when parasitism first occurred on the 1st and 2nd host 
instars (Table 5.3.1, Fig. 5.3.I). Such a situation was probably due to 
the longer available period of host suitability which was needed for the 
development of females. For the males, generally a shorter period was 
sufficient (Figs. 5.1.1 & 5.6.1), henced, the higher proportions of males 
when oviposition occurred on both the 3rd- and 4th host instars. 

Another factor that may influence the sex ratio in A. plutellae 
is the number of 'ovipositional attack' that a parasitized larva has 
received. Table 5.5.3 clearly shows that hosts which survived a higher 
number of 'attacks' would tend to produce more male parasites. Perhaps, 
this is due to the available parasite nutrition becoming reduced through 
initial competition, thus enabling any surviving male parasites to complete 
their development more readily as these are generally smaller and probab-
ly requiring less nutrients for maturation. 

Extremes in climatic condition may also influence sex ratio 
in favour of more males as was observed in the study on bioclimatic effects 
(see 5.4). 

Although wide variations in the sex ratios of A.plutellae were 
noted from laboratory investigations, in contrast, this was not normally 
observed in the field. This is evident from the long series of samplings 
of both parasitized host larvae (Table 5.6.2) and parasite cocoons (Table 
5.6.3) made over 3-5 plantings during assessments on the impact of 
A.plutellae (see 4.2.2). A fairly balanced sex ratio was obtained; this 
approximating 1:1 with the females being marginally more. Such a case was 
also found for the sex ratios taken from series of solitary Apanteles (13 
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Table 5-6.1 Resulting progeny of mated and unmated female 
Apanteles plutellae Kurdj. 

Emerging parasite 
adults 
Male Female Ratio 
(M) (F) (M:F) 

1 + 100 38 38.0 26 12 
2 + 100 42 42.0 28 14 
3 + 90 58 64.4 38 20 
4 + 135 65 48.2 40 25 
5 + 88 31 35-2 20 11 
6 + 100 99 99-0 73 26 
7 + 100 86 86.0 44 42 
8 + 100 81 81.0 59 22 
9 + 100 74 74.0 36 38 
10 + 100 82 82.0 55 27 

Total: 10 + 1013 656 64.8 419 237 
Range: 35-2-99-0 1.8: 1 

1 _ 90 44 48.9 44 0 
2 - 90 67 74.4 67 0 
3 - 120 •90 75-0 90 0 
4 - 60 15 25.O 15 0 
5 - 150 30.0 0 
6 - 90 51 56.7 51 0 
7 - 90 34 37-8 34 0 
8 - 90 51 56.7 51 0 
9 - 120 36 30.0 36 0 
10 - 150 82 5^-7 82 0 

Total: 10 _ 1050 515 49.1 515 0 
Range: 25.0-74.4 All males 

*(+) = mated, (-) = unmated 
** Both 1st and 2nd host instars were used. 

species) bred from wild collected larvae, wherein a total of 1176 males 
was recorded against 1172 females (Richards, 1940; Ford, 1943). From 
these, it thus appears that A.plutellae, like all other solitary Apanteles, 
somehow or other, is able to adjust its sex balance to a 1:1 ratio in 
the field. 

5.7 INFLUENCE OF FOODS ON THE SURVIVAL AND REPRODUCTION 
OF A. PLUTELLAE 

Female parasites that are synovigenic require feeding for the 
continuous production of eggs throughout their effective adult life 
(Doutt,. 1964). The needs may, in some species, be supplied by honeydew . 

Female Mating No. host larvae „ , 
No. etatus* exposed** Host parasitized 

No. %• 
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Table 5.7,2 (continued) 

Sex ratio of Apanteles plutellae Kurdj. emerging from host larvae 
(Plutella xylostella(L.)) collected from unsprayed cabbage crops in 
Tanah Rata, Cameron Highlands. 

N o . of A . plutellae 
Date 

Kale Female Total 
Sex ratio Date 

Kale Female Total 
(Kale : Female) 

20.12.78—^ 14 19 33 

27.12 10 9 19 
3.1.79 22 26 48 
10.1 34 37 71 
24.1 17 21 38 
31.1 13 16 29 
14.2 2 4 6 
21.2 6 8 14 

Sub-total 118 140 258 1 : 1.2 

2/ 
7.6.79— 9 11 20 

13.6 4 5 9 
27.6 22 26 48 
4.7. 26 21 47 

11.7 21 19 ' 40 
25.7 8 13 21 
1.8 21 28 49 
8.8 20 23 43 

Sub-total 131 146 277 1 : 1.1 

9.8.79—^ 12 13 25 
16.8 6 7 13 

22.8 5 6 11 
29.8 3 2 5 
12.9 5 7 12 

19.9 4 4 8 

3.10 14 16 30 
10.10 11 12 23 

17.10 20 26 46 

Sub-total 80 93 173 1 : 1.2 

4/ 
2.11.79— 12 18 30 
7.11 17 21 38 

22.11 8 12 20 

28.11 9 10 19 

5.12 8 9 17 

19.12 13 18 31 

16.12 12 15 27 

Sub-total 79 103 182 1 : 1.3 
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Date 
No. of A . plutellae 

Sex ratio 
Male Female Total (Male : Female) 

9.1.80^ 3 3 6 
16.1 15 17 32 
23.1 21 20 41 
6.2 35 38 73 
13.2 17 16 33 
20.2 12 12 24 
5.3 17 19 36 
19.3 8 9 17 

Sub-total 128 134 262 1 : 1.2 

Grand total 536 616 1152 1 : 1.2 

l/i 2 / , 4/ and 5/ «= From 27th, 29th, 30th, 31st and 32nd crop 
respectively. 

or plant nectaries, both of which have been shown to contain free amino 
acids. Currently, there is growing awareness of the essential role of 
these in the longevity and fecundity of insect species, and in recent 
years their importance to entomophagous forms (Braconidae in particular) 
have been indicated by findings of several workers (Wolcott, 1942; Voute, 
1946; Hagen, I95O, 1953; Gyoerfi, 1951, 1962; Kopvillem, I96O; Leius, 
I96O, 1961a, b, I963, 1967; Gulii, 1963; van Emden, 1963a, b; Hsiao & 
Holdaway, 1966; Syme, 1966, 1974, 1975, 1977; Hassan, 1967; Koehler & Kolk, 
I969; Judd, 1970; Esbjerg, 1972; Kevan, 1973). The present studies there-
fore seek to explore the response by A.plutellae to such adult foods. In 
particular, emphasis was devoted to (i) search for natural food sources, 
(ii) determining their effects on adult longevity and fecundity, and 
(iii) identifying and confirming on the components responsible, such as 
floral and extrafloral nectaries. 

5.7.I Longevity, oviposition pattern and reproductive capacity of 
A.plutellae when prevented or given access to honey solution 

In the studies on the influence of foods on survival and repro-
duction of A.plutellae, several related aspects were considered. Initially, 
the longevity, oviposition pattern and reproductive capacity of the para-
site were examined in relation to full access to honey or without, using 
freshly-emerged and mated adults. All the females were individually 
confined within the 'breeding jar* (Plate 2.1) until their death. In all 
cases, water was provided through a wick. For treatments having access to 
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Table 5.7,2 (continued) 
Sex ratio of Apanteles plutellae Kurdj. emerging from parasite cocoons 
collected from unsprayed cabbage crops in Tanah Rata, Cameron Highlands. 

No. of A • plutellae emerging 
Date - — Sex ratio 

Male Female Total (Male : Female) 

1/ 
20.12.78— 1 2 3 
27.12 3 5 8 
3.1.79 2 3 5 
10.1 4 4 8 
24.1 5 7 12 
31.1 8 10 18 
14.2 0 2 2 
21.2 1 3 4 

Sub-total 24 36 60 1 : 1.5 

2/ 
1 0 1 

16.8 0 .0 0 
22.8 0 1 1 
29.8 1 1 2 
12.9 0 0 0 
19.9 1 1 2 
3.10 1 1 . 2 
10.10 3 4 7 
17.10 8 10 18 

Sub-total 15 18 33 1 : 1.2 

2.11.19^ 1 0 1 
7.11 0 1 1 
22.11 3 5 8 
28.11 3 4 7 
5.12 1 2 3 
19.12 8 9 17 
26.12 11 13 24 

Sub-total 27 34 61 1 i 1.3 

Grand total 66 88 154 1 : 1.3 

JL/, 2/ and V = From 27th, 30th and 31st crop respectively. 

honey (30$), the latter was similarly provided. In studies on fecundity 
and pattern of oviposition, 30 2nd-instar DBM larvae were also provided 
daily. This was continued until the female died. Following each exposure, 
all the larvae were immediately dissected to determine the number of 
parasite eggs deposited. Also, upon death of the parasite it was dissected 
for counts of unlaid eggs in the ovaries, oviduct or vagina. 

The developmental process of both matured and immatured eggs in 
the ovaries of female parasites was also investigated. For this study 
freshly-emerged females were immediately separated into 2 groups, the first 
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fed with 30% honey and water and the second water only. Everyday 14 to 
34 females in the 1st group were dissected and the number of matured 
and developing eggs (oocytes) determined under a binocular microscope. 
In the 2nd group 22 to 43 females were dissected daily. In either case 
host larvae were not provided to restrain oviposition. 

For investigation on effect of partial starvation on longevity 
and survival of the parasite, newly-emerged males and females were sepa-
rated into different groups and with-held initially from feeding on honey 
for different periods of 12 hrs, 1, 2 and 3 days, after which honey was 
provided until their death. A total of 213 adults (144- males + 69 females) 
was considered for the 12-hr group, 204 adults (116 males + 88 females) 
for the 1-day group, 184 adults (112 males + 72 females) for the 2-day 
group, and 162 adults (105 males + 57 females) for the 3-^ay group. 

Fig. 5.7.1 presenting the comparative survival of the parasite 
in both the presence and absence of honey food source clearly shows that 
both male and female A.plutellae were able to live longer when there was 
access to honey. The vast difference observed points to the importance 
of food in the survival of A.plutellae. In general, where oviposition 
opportunity was not provided, the mean longevities of females were slight-
ly greater than that of the males. However, the reverse was obtained 
when egg laying by the females occurred (Fig. 5«7«l)» suggesting that ovi-
position activity must have probably demanded substantial energy and could 
shorten the lifespan. 

Access to adult food in the form of honey has also been obser-
ved to affect both the ovipositional pattern and reproductive capacity 
of the parasite. When fed on diluted honey, females deposited a much 
higher mean number of eggs/day/female than those not given honey (Fig. 
5.7.2). However, the mean number of eggs deposited declined gradually 
with female age, until its death. When the percentage eggs deposited per 
day was-considered, it was initially much higher in adults not given honey. 
This was mainly because the females had shorter lifespan, henced reduced 
number of eggs deposited; and being so, the percentage daily egg product-
ion when considered over the reduced total would inevitably be increased. 

Pertaining to oviposition period, this was noted to vary remark-
ably between individuals, being 1 day in the shortest and 16 days in the 
longest for the group given honey. In those not given food it varied 
from 1 day to 5 days. Generally, larger females oviposited a larger num-
ber of eggs daily and had longer oviposition period. Individually, the 
highest number of eggs deposited by a female (n = 39) was 829 eggs, and 
the greatest number deposited in 1 day was I9O eggs. This was recorded 
from only the females given access to honey. For those (n = 40) not 
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Days after emergence 

Figure 5-7-1 Longevity of Apanteles plutellae Kurdj.adults in relation 
to food (honey) and oviposition • 
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given food, the maximum number was 26l eggs, while 125 eggs was the 
highest number deposited per day. In general, the effect of honey on the 
overall egg production of the parasite is better demonstrated in Fig. 5.7.3 
which shows the accumulated number of eggs laid per female plotted against 
time. This affords a direct comparison of the fecundity of the parasite 
under both the absence and availability of food in the form of honey. 
Under the latter situation about 494 eggs were deposited while only 193 
eggs were obtained in the former. Largely, this is attributed to the vast 
difference in lifespans of females in the 2 groups since the total number 
of eggs deposited by A.plutellae was highly dependent on its longevity; 
more will be laid when the lifespan was increased. The relationship has 
a regression equation of y = 35-57* + 3^-99 when females had access to 
honey and y = 49.28x - 25.50 when restrained from food (Fig. 5.7.4). 
Furthermore, since egg deposition was less erratic and less variable for 
females in the presence of honey, the food probably had some stabilizing 
effects, perhaps by way of reducing the time spent in searching for food. 
As with Qrgillus obscurator Nees (Hym: Braconidae) (Syme, 1977), a starved 
A. plutellae is likely to spend more time searching for food than consis-
tently searching and attacking more hosts. 

When the relation between the number of matured eggs deposited 

and those remained in the ovaries of the dead female was examined, it was 

seen that the latter was usually very few (Fig. 5-7.5)- Likewise, the 

number of developing eggs or oocytes was also found to be negligible. 

Such a condition was apparently maintained by the developing eggs being 

continuously transformed into matured eggs which were rapidly released 

through oviposition. This resulted in the percentage number of eggs 

deposited against the estimated total number of ovarian eggs ( = total 

number of eggs deposited plus those remained in the ovaries) to be more 

than 74.4% on average. Because egg-maturing process occurred continu-

ously until eventual death of the female, more eggs could be expected for 

each additional day of survival. Moreover, exploitation of the poten-

tial number of available eggs would increase further since the percentage 

number of eggs deposited against the estimated ovarian eggs was observed 

to rise with female age; these being 34.1%, 59.1%, 7&.5%, 86.5%, 93.7% 
and 94.7% in females living for 2, 3, 4, 5, 6 and 16 days respectively. 

When the same features (i.e. both matured and developing eggs 

in the ovaries) were considered in females that were not allowed to ovi-

posit, it was noted that the fully-developed eggs increased in number to 

about 125 eggs within the first 2 days of adult emergence (Fig. 5-7.6) 
for both starved females and those given honey. This was maintained for 

about 4 days in fed females, until after the 6th day when the number 



Figure 5-7-3 Mean number of eggs (cumulative total ) laid by each female Apanteles plutellae Kurdj- when given water only ( A ) 
or al to provided with honey a t f o o d ( B ) . 
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Figure 5 . 7 . 4 Regression between the longevity of Apanteles plutellae Kurdj. and 
the number of eggs laid by each female. 
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Longevity (days) 

Figure 5-7V5 Egg production capacity in relation to longevity of 
Apante/es plutellae Kurdj. 
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Figure 5-7-6 Comparative egg potential and egg development of 
Apanteles plutellae given water only or together with 
food ( 3 0 % honey ). 
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declined to about 90 eggs, suggesting that oosorption had probably set in. 
It was not known whether there would be further decline had examination 
been made beyond the 7th day of emergence. Developing eggs, on the other 
hand, never increased (Fig. 5.7.6). These remained relatively constant 
for 2 days and then declined, gradually in the fed females but rapidly 
in the unfeds. In the latter, the oocytes degenerated to near completion 
just prior to death of the females which occurred in about 3 days. . This 
was apparently due to lack of nutrients. Where honey was provided, suff-
icient nutrients were available to sustain some developing eggs as well 
as in preventing total oosorption of mature eggs. It appeared that the 
number of matured eggs produced by the 2nd day was probably the limit 
number (about 125 eggs) that might be produced by nutrients preserved at 
the time of emergence. Even if additional nutrients were to become avail-
able as in the case of fed females, this limit number of eggs would still 
not increase further as was evident in the present studies (Fig. 5«7»6). 
Egg production could only be further increased when oviposition also occ-
urred to make way for other developing eggs that were awaiting to mature, 
thereby raising the fecundity of the female (Fig. 5*7.2). 

At the time of emergence, adult females have been observed to 
possess some mature eggs (Fig. 5«7«6) whose development began in the 2-day 
old pupae (Table 5.7.I). Since these were already fully-developed and 
oosorption was only partial (Fig. 5*7.6), it thus explains why females 
were able (Fig. 5.7.2) to deposit some eggs for a few days even if they 
cannot find suitable diet. ̂ Nevertheless, if food continues to be unavail-
able to beyond the 3rd day, adult females would in general die with only 
a relatively small portion of the overall potential eggs deposited. Whether 
adult longevity would regain or still remain adversely affected should food 
then become available after the initial starvation period has never been 
reported. Present studies clearly revealed that longevity could only be 
partially regained (Fig. 5.7.7). By inference, this would also enhance 
reproductive capacity since fecundity in A.plutellae was shown to be closely 
related to longevity (Fig. 5.7.4). In general, regain in longevity was 
greater as "the initial starvation period was reduced. Nevertheless, even 
starvation period of as short as 12 hrs can have adverse effect. 

In all the above feeding studies, the partake of food was noted 
to have a clear association with female reproduction. That it was not 
entirely related to egg production alone was, however, evident from the 
effect it had in increasing longevity of the males (Figs. 5*7.1 & 5.7.7). 
Perhaps through a longer lifespan a greater aid is afforded to favour 
mating so as to ensure the maintenance of a more favourable sex ratio. 
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Table 5.7.1 Mean (+ SE) number of fully-developed and developing eggs 
in the ovaries and reproductive system of the pupae of 
Apanteles plutellae Kurdj. 

Cocoon Fully-developed eggs Developing e ggs Overall 
age (days)* Left Right Total Left Right Total total 

ovary ovary ovary ovary 

1 0 0 0 12.8 13.7 26.5 26.5 
+ 0.17 + 0.19 £ 0.35 £ 0.35 

2 0.2 0.3 0.4 45.8 44.2 89.9 90.4 
+0.06 +0.08 +0.13 + 0.11 + O.98 + 0.19 £ 0.19 

3 27.9 28.9 56.8 38.0 38.9 76.9 133.7 
+ 0.12 + 0.12 t 0.23 + 0.90 + 0.80 + 0.16 + 0.28 

4 32.6 30.3 62.9 31.5 32.1 63.6 126.4 
+ 0.23 + 0.19 + 0.42 + 0.92 ± 0.91 + 0.17 £ 0.39 

developing parasite pupae contained within these cocoons were 
dissected for determination of the developing and fully-developed eggs. 

5.7.2 Effects of various flowers on the longevity of A.plutellae 
Besides the effect of diluted honey, natural food sources were 

also investigated, in particular floral and extrafloral nectaries. Six-
teen species of flowers were examined by enclosing 100 freshly-emerged 
adult A.plutellae (xlO replications with 5 parasite pairs/replicate) to 
each flower source in 'breeding jars' (Plate 2.1) under the laboratory 
conditions (see 2b). Each cut flower stalk was maintained erect in 
plugged glass vial containing water, and was changed daily. Water for 
the parasites was also provided through a wick. As control checks, only 
water was provided in 1 set while 17* honey plus water in another. All 
treatments were examined daily and record, made of any dead parasite. 

The results (Table 5.7.2) clearly show that parasites enclosed 
with most of the flowers lived significantly longer than those provided 
with water only. In a few, either one or both of the sexes were found to 
be unaffected. The findings suggest that most of the flowers tested con-
tained some valuable food and could serve as natural food sources. However, 
when compared to the 'honey' treatment, all these were inferior. Even 
the best flower source (Malastoma malabathricum) was only about half as 
effective as the •honey' treatment. This aay be due to honey containing more 
of the essential nutrients or the physiology .of the flowers adversely 
affected through detachment (see 5.7.6). Nevertheless, in the field their 
presence could still prove useful and desirable, at least as supplements 
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Figure 5- 7-7 Longevity of male and female Apanteles plutellae Kurdj. 
adults in relation to varying initial starvation periods. 
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Table 5,7.2 

Food source 

Mean longevity (_+ SE) of newly-emerged adult -r.panteles 
plutellae ivurj. exposed to various foods. Comparisons of 
paired means 1 i 2 / /and their significancei/relate to that 
of individual flower source as measured against the 
"water" control on "honey" treatment. 

Davs n 
2/ 

Sicnificance— when measured aaainst: 
-

"Water" control "Honey" treatment 
Kalastoma 
malabathricum 

Male 6.14+0.63 
Female 7.88+0.61 

50 
50 

* m 
0 0 

* * 
m 0 

Crotalaria 
striata 

Kale 4.04+0.51 
Female 6.08+0.60 

Crotalaria 
Kale 3.90+0.37 
Female 3.42+0.35 

Cleome 
ruticcsoerma 

Kale 4.52+0.72 
Female 4.58+0.57 

Hibiscus 
rosa-sinensis 

Kale 3.02*0.24 
Female 3.22+0.22 

Innerata 
cylindrica 

Kale 1.60*0.09 
Female 2.00+0.10 

Passiflora 
foetida 

Kale 1.86*0.14 
Female 1.76+0.13 

Antiaonon 
leptoous 

Kale 1.44*0.11 
Female 1.70+0.11 

Wedelia sp. 

Kale 1.26jf0.08 
Female 1.58_+0.10 

Eupatorium 
od era turn 

Kale 1.48_+0.08 
Female 1.46+0.07 

Citrus 
aurantifolia 

Kale 1.20+C.06 
Female 1.36+0.07 

50 
50 

50 
50 

50 
50 

50 
50 

50 
50 

50 
50 

50 
50 

50 
50 

50 
50 

50 
50 

* * 
• * 

» * 
* • 

* » 
• • 

* m 
* • 

ns * * 

• m 

0 * 

ns * * 

ns 

0 0 
0 0 

0 0 
0 0 

0 0 

0 0 

0 0 

0 0 

ns 
ns 

ns 
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Table 5.7,2 (continued) 

Food Source Days 
Sicnilicance when measured 
aoainst * 
"Water"control "Honey treat-

ment 

Male •2.10+0.14 50 • • * • 

Female 2.02+0.17 50 • • » • 

Acacia auriculi-
formis 

Male 2.30+0.18 50 • » • » 

Female 2.40+0.16 50 • • • * 

Mimosa pudica 
Male 1.64+0.09 50 • — 

Female 1.28*0.07 50 ns -

Ioomea reptans 
Male 1.80+0.13 50 • • * * 

Female 2.14^0.23 50 * • * * 

iDomea cairica 
Male 1.86+0.18 50 * • • • 

Female 2.18+0.23 50 • » * * 

Honey ;i7%) 

Male 11.66*0.60 279 • * • — 

Female 12.66*0.62 166 • * 
-

Control(Water alone) 
Male 1.40*0.09 233 - — 

Female 1.32+0.07 83 — _ 

x -x 
1/ Mean difference d = 1 2 between individual flower source and 

n l n 2 

the "water" control, or "honey" treatment. The latter was made 

only for flowers showing significant difference from the "water" 

control in both the sexes. 

* = significant at the 5% level, ** = significant at the 1% level, 
ns = not significant. Against the "water" control a one-tailed 
test was employed, while a two-tailed test was used when measured 
against "honey". 
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along with other non-flower sources such as insect honeydew and leaf 
exudates. Moreover, under natural conditions there is also much greater 
variety of choice, of which some may be substantially better. 

5.7.3 Effects of C.striata and C. rutidosperma on the fecundity 
of A.plutellae 

Although most of the flowers could increase significantly the 
parasite's lifespan, for them to enhance the effectiveness of the parasite 
they must also be able to increase the parasite's ability to attack hosts. 
Tests are thus conducted to ascertain their effect on fecundity or ability 
to oviposit. For the study, flowers of two commonly-occurring plant 
species f Crotalaria striata L. (Plate 5.7.3) an<i Cleome rutidosperma D.G. J 
which had significant influence were used. The check treatments were 
again honey (30%) plus water, and water alone. For determination of the 
eggs deposited, 30 2nd-instar larvae of DBM were provided daily to each 
parasite for 24 hrs, and on removal, immediately dissected for counts of 
the parasite's eggs. Ibis was continued until death of each female. For 
each treatment, females were evaluated. 

Hie comparative data in Table 5.7.3 revealed that of the 2 flo-
wers studied only G.striata resulted in significantly higher production of 
eggs than the 'water' control. Although the total egg production was 
lower than that of the 'honey' treatment, the difference was not signi-
ficant (P>0.01). It was, however, significantly different (t9.05 = 

2.694) from the flower G.rutidosperma, which, although able to increase 
the parasite's longevity (Table 5.7.2), still failed to produce any sig-
nificant effect on its fecundity or ability to oviposit. Of the 2 flo-
wering plants, evidently G.striata is more useful in the environment of 
the parasite. 

5.7.4 Comparative effects of the flowers, flower stalk's axil, 
and leaves of G.striata on the longevity of A.plutellae 

The effects of various parts (flowers, flower stalk's axil and 
leaves) of C.striata on the longevity of the parasite were also evaluated 
and compared. In this study, 30-100 adult parasites (15-5° males + 15-5° 
females) were used for each treatment. A treatment involving the flower 
stalk's axil and the flowers together was also included. As in previous 
studies, the control checks consisted of honey (17%) + water, and water 
alone. 

The results (Table 5.7.4) clearly show that except for the 
flower treatment, other treatments involving flower stalks, flower stalk 
+ flowers, and the leaves were significantly (P< 0.01) better than the 
treatment with water alone, be they for males or females. However, all 
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PLATE 5.7.3 
Crotalaria striata L., a flowering plant evaluated as possible food 
source for the adults of Apanteles plutellae Kurdj. (A. Mature plants, 
B. Infloresence, G. Buds and extrafloral secretions, D. Close-up of a 
secretion droplet from the axil of a flower stalk). 
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TABLE 5.7.3 Mean fecundity (_+ SE) of newly-emerged adult Apanteles 
plutellae Kurdj. exposed to various foods. Comparisons 
of paired means^? 2/and their significance 2/ relate to 
that of individual flower source as measured against the 
"water"control or "honey" treatment. 

Food source No. of eggs n 
Signif icancejV w h e n measured 
aqainst: 
— • 1 H-!" 

"Water"control "Honey treat-
• ment 3/ 

Crotalaria striata- 180.07+33.30 15 • * ns 

3/ 
Cleome rutidosperma— 86.89+ 9.39 9 ns -

Honey (17%) 243.87+27.54 39 • * -

Control (water alone) 71.83^+10.31 40 - -

X — X 
1/ Mean difference d = 1 2 between individual flower source and 

the "water" control, or "honey" treatment. The latter was made only 
for C. striata which showed significant difference from the "water" 
control. 

2J = significant at the 1% level, ns = not significant. Against 
the "water" control a one-tailed test was employed, while a two-tailed 
test was used when measured against "honey". 

3/ According to the two-tailed test C. striata was significantly 
different (t n n t. = 2.694) from C . rutldosperma. 

U • UJ 

the treatments were significantly less than that of honey, except the 
treatment involving females for flower stalk + flowers. Of the remain-
ing treatments, that which contained the flower stalks were noted to be 
generally superior to either the treatment for the leaves or flowers 
alone, suggesting that secretions from flower stalks were quite impor-
tant as a food source to A.plutellae. This was especially so for the 
females whose longevity was increased to almost that of honey treatment, 
particularly when flowers were also provided together. Evidently, all 
the parts when present together, would probably contribute significantly 
towards the survival of the parasite. 

5 . 7 . 5 Extrafloral nectar from flower stalk's axils as food of 
A.plutellae 

Plant nectaries constitute an important food source to parasites 
(Doutt, 1964) and their abundance could have a favourable influence as 
was observed by Allen and Smith (I958) for the braconid Apanteles 
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TABLE 5*7.4 Mean longevity (+_ SE) of newly-emerged adult Apanteles 
plutellae Kurdj. exposed to honey (17%), water and 
various parts of Crotalaria striata L . 

Food source(treatment) 
Longevity 

(days) 

1/ 
Mean difference -and significance— 

MALES 
Treatments: 5 2 4 3 1 

Honey 17% (5) 11.8 - - - -

Flower stalk axils(2) 6.3 5.5** - - -

Flower stalk axils 
+flowers2J (4) 

6.2 5.6** o . i n s - -

3/ 
Flowers- (3) 3.6 8.2** 2.7°* 2 . 6 n S 

-

4/ 
Leaves— (1) 3.1 8.7** 3.2** 3.1** 0 . 5 n S -

Water (6) 1.4 10.4** 4.9** 4.8** 2 . 2 n S 1.7* 

FEMALES 

Treatments: • 5 4 2 1 3 

Honey 17% (5) 13.8 - - - -

Flower stalk axils 
+ flowersi^/(4) 11.9 1.9 n S 

- - -

Flower stalk axils(2) 5.6 8.2** 6.3** - -

4/ 
Leaves— (l) 3.9 9 . 9 * * 8.0** 1 . 7 ^ -

3/ 
Flowers- (3) 3.3 10.5** 8.6** 2 . 3 n S 0 . 6 n S -

Water (6) 1.6 12.2** 10.3** 4.0** 2 . 3 - 1 . 7 n s 

1/ ns = not significant, • = significant at the 5% level, ** = significant 

at the 1% lewel. 

2/ A total of 30 flowers were provided throughout. 

2 / A total of 26 flowers were provided throughout. 

1/ 3 leaves having a total of 9 leaflets were provided throughout 
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medicag-jnis Mues. (Hym: Braconidae). Evaluation of different parts of 
C.striata has also indicated that extrafloral secretions produced by 
leaves and flower stalk's axil could increase longevity of A.plutellae 
(see 7.5.4). To confirm this, secretions of flower stalk's axil (Plate 
5*7*3) were collected and further evaluated-directly as feeds to the 
parasites. These secretions were selected as the droplets were generally 
larger and more easily collected. They were collected with micropipette 
and then diluted with water into concentrations of strength 50$ and 10$. 
Together with undiluted nectaries, these were evaluated against undiluted 
honey and honey diluted to 17$. Also included was a control treatment 
with water alone. The test foods were provided through 'feeding wicks' 
in glass vials to the parasites. As with the 'water control', a 'water' 
wick was also included. Test parasites consisted of both newly-emerged 
males and females. These were evaluated in groups of 10 per treatment 
(5 pairs) and replicated 8 times. 

The study shows conclusively that the secretion was responsible 
for the increased longevity when parasites were enclosed with the flower 
stalk's axil in the earlier study. Among the 3 concentrations evaluated, 
that of 50$ dilution had the maximum effect in both the sexes (Table 5*7*5)* 
In the males, this was almost comparable to 'honey* treatment. However, 
for females the 'honey* treatments were significantly (P<0.0l) superior. 
In either case, the 'water' controls were immensely less, suggesting that 
when detached portions were utilized the smaller differences observed (see 
5.7.6) had been largely due to the lack of cyclic replenishment of the 
nectar. 

5.7.6 Comparative effects of detached and intact leaves of C.striata 
on the longevity of A.plutellae 

One factor not accounted for in previous experiments described 
here was that some flower species have a daily cycle of nectar production 
(Park, 1930). If this was true for any of the species tested, the immed-
iate history of visitation to the flower by insects, relative to its nectar-
production cycle, would be critical. This is especially so with respect 
to the time of picking when the investigations were made. Wykes (1950» 
1951) has shown that either ringing could stop translocation, or nectar 
secretion reduced by defoliation of the shoot. With combination of these 
treatments, nectar production could stop entirely. This may also occur 
when flowers of some plants are picked. However, when the picked flowers 
were kept standing in 15-20$ sugar solution, nectar secretions were main-
tained proportionately (Wykes, 1950, 1950 while longevity and fecundity 
of parasitic test species /"e.g. Hyssopus thymus Girault (Hym: Eulophidae)_7 
increased significantly (Syme, 1975). In determining whether nectar avail-



143 

TYJiL 5.7.5 Mean longevity (+_ SE) of newly emerged adult Apanteles 
plutellae Kurdj. provided with various concentrations 
of honey and flower axil secretions of Crotalaria 
striata as foods.(Nq.insects evaluated per treatment per 
sex = 40). 

Food source • Days Significance* 
(P = 0.01) 

F E I - i A L E 

Flower axil secretion 

(undiluted) 5.78+0.53 c 

Flower axil secretion 

(50%) 8.23+0.69 b 

Flower axil secretion 
(10%) 5.48+0.55 c 

Honey (undiluted) 12.68+1.31 a 

Honey (17%) 11.08^1.20 a 

Control (water alone) 2 . 0 + 0 . 1 1 d 

M A L E 

Flower axil 
(undiluted) 

secretion 
5.65+0.52 c d 

Flower axil 
(50%) 

secretion 
7.35+0.68 b c 

Flower axil 
(10%) 

secretion 
4.28+0.46 d 

Honey (undiluted) S.90+C.98 a b 

Honey (17%) 9.85+1.30 a 

Control (water alone) 1.95+0.12 e 

•Means having the sane alphabets against them are not significantly 
different according to the New Duncan's Multiple Range Test (Snedecor 
& Cochran, I967). 

ability in C.striata could be adversely affected due to separation of 
plant parts, a study was made to compare the effects of detached and 
intact leaves of the plant. Leaves were selected as they were not only 
readily available but had also earlier been found to produce extrafloral 
secretions suitable as insect food (see 5.7.4). In the study, the long-
evity of 50 parasite pairs was considered per treatment. To each repli-
cate of 5 pairs, 8 leaves (detached or intact, and possessing ca 24 leaflets) 
were provided along with a 'water wick'. Again, honey (17$) + water or 
water alone acted as the controls. 

From Table 5-7.6, it is evident that longevity of A.plutellae 
enclosed on both intact and detached leaves was significantly (P<0.01) 
higher than that of 'water' control but less than the 'honey' treatment. 
Eetween both intact and detached leaves, the former was significantly 
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TABLE 5.7 .6 Mean longevity SE) of newly-emerged adult Apanteles 
plutellae Kurdj. when provided with foods in the form of 
honey (17%) and leaves (intact and detached) of 
Crotalaria striata L . Comparisons of paired means and 
their significance^!/ relate to that of individual food 
source as measured against the "water' 
treatment. 

Food source 

control or "honey" 

Days n 
Significano 
against: 

2/ 
when measured 

"Water"control "Honey"treat-
ment 

Detached leaves 
of C.striata— 

Male 

Female 

2.52+0.19 

3.02+0.22 

50 

50 

Intact leaves, , 
of _C. striata— 

Male 

Female 

Honey (17%) 

Male 

Female 

4.72+0.44 

5.32+0.45 

10.48+0.79 

12.30+0.79 

50 

50 

50 

50 

Control(water alone) 

Male 1.58+0.08 

Female 1.82+0.10 

50 

50 

1/ Mean difference d = X —X- between individual food source and the — 1 2 
1 2 7 
K+f2 

sl n 1 n 2 

"water" control, or "honey" treatment. 

2/ •• significant at the 1% level. Against the "water" control a 
one—tailed test was employed, while a two-tailed test was used 
when measured against "honey". 

3/ According to the two-tailed test the intact leaves were signifi-
cantly greater (F< 0.01) than the detached leaves; d (females) = 
4.586 and d (males) = 4.541. 

( P < 0 . 0 1 ) higher, suggesting that production of extrafloral secretions in 

detached leaves was probably more rapidly depleted. With intact leaves 

a higher level appeared to be maintained, probably through further prod-

uction in the daily cycle. 

5.7.7 Survey of insects visiting C.striata 

Since C.striata produces nectar that could enhance longevity 
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(see 5.7.2) and fecundity (see 5.7.3) of A.plutellae under laboratory 
conditions, an investigation was conducted to determine if the plant would 
also attract the parasite and serve as a food source under natural situa-
tion. This was studied in Serdang where potted and naturally grown bushes 
of C.striata were periodically observed for visiting insects. Prior to 
their collection for taxonomic identification, any insect noted would first 
be closely watched on their behaviour, particular the feeding activity. 
Such a study was initiated in 1979 and continued through to September, I98O. 

From Table 5.7.7, it is noted that many arthropod species perio-
dically visited C.striata; the most common among these were Diptera and 
Hymenoptera. Included in the latter was also A.plutellae. This species, 
like many others, moved actively over the plant to feed on the flower 
nectar as well as extrafloral secretions, in particular from flower axils. 
The large number of insects observed feeding on the plant strongly sugges-
ted that C.striata is probably a good food source. Evidently, with sup-
porting evidence obtained from previous studies (see 5-7-2 - 5-7-6), it is 
now clear that G. striata would play an important role in the conservation 
of A.plutellae. 

5.8 ALTERNATIVE HOSTS OF A.PLUTELLAE 

Although development of insecticide-resistant population has 
been suspected to be a contributory factor towards the abundance of A. 
plutellae in the Cameron Highlands, contributions through reservoirs of 
alternative hosts could not be totally discounted. To determine this, a 
series of investigations was conducted, covering a number of aspects. 

5.8.1 Oviposition by A.plutellae on some common Lepidoptera 
In an attempt to identify alternative hosts of A. plutellae 

locally, several lepidopteran species commonly found associated with DBM 
on cabbages were evaluated for possible oviposition by the parasite. 
These included Agrotis ypsilon Rott.(Lep: Noctuidae), Crocidolomia 
binotalis Zell. (Lep: Fyralidae), Hellula undalis F. (Lep: Pyralidae), 
Spodoptera pecten F. (Lep: Noctuidae) and S.litura F. (Lep: Noctuidae). 
The silkworm Bombyx mori L, (Lep: Bombycidae) was also tested for poss-
ible utilization as a mass-rearing medium, while DBM included for compari-
son. 

In the study, early-stage larvae (1st or/and 2nd instar) were 
exposed in groups within 'oviposition jars* (Plate 2.1) to equal numbers 
of male and female parasites for period of either 24 hrs or 48 hrs as 
shown in Table 5.8.1. Immediately following exposure, the larvae were 
dissected for egg counts. 



TABLE 5.7.7 Arthropod species observed visiting the flowering plant, Crotqlaria striata L . at Serdang, 
Malaysia (1979-80). 

Visiting insect 

Name 
Collection Collection 

No. Date 
File No. 

Plant part 
collected from 

Remarks 

\o 

HYMENOPTERA 
Eurytoma sp.(Eurytomidae) 

Macrocentrus sp.(Braconidae) 

Bracon sp. (Braconidae) 

Eurytoma sp.(Eurytomidae) 

Bracon qreeni Ashmead (Braconi-
dae) 

Leptobatopsls indica Cameron 
(Ichneumonidae) 

Camponotus sp.(Formicidae) 
Dlsophyrs?albopilosellus 
Cameron (Braconidae) 
Scelio sp.(Scelionidae) 

Camponotus sp.(Formicidae) 
Pison sp. (Sphecidae) 

Plson sp. (Sphecide) 

Pithitis sp. (Xylocopidae) 

Cdynerus sp.(Lumenidae) 

Plson sp. (Sphecidae) 

Chelonus sp.(Braconidae) 

Apanteles plutellae(Braconidae) 

M 2284 

M 2299 

22.11.79 

17.12.79 

CP.74/01/22 

CP.74/01/29 

Pod 

Pod 

Possibly parasitising Araecerus fasclcu-
latus. 

M 2300 17.12.79 CP.74/01/29 Pod 

M 2301 17.12.79 CP.74/01/29 Pod Possibly oarasitisinq A . fasciculatus. 

M 2345 15.1.80 CP.74/01/26 Pod 

M 2480 27.2.80 CP.74/01/26 Leaf 

M 2484 28.2.80 CP.74/01/26 Leaf 

M 2489 28.2.80 CP.74/01/26 Leaf 

M 2491 28.2.80 CP.74/01/26 Leaf 

M 2501 15.5.80 CP.74/01/26 Leaf 

M 2538 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate. 

M 2550 22.5.80 CP.74/01/26 Flower 

M 2551 22.5.80 CP.74/01/26 Flower 

M 2552 22.5.80 CP.74/01/26 Flower 

M 2553 22.5.80 CP.74/01/26 Leaf 

M 2554 21.5.80 CP.74/01/26 Leaf Observed to feed on exudate-

- 15.1.80 . - Leaf Observed to feed on exudate. 

- 16.1.80 - Leaf Observed to feed on exudate. 

- 25.1.80 - Leaf Observed to feed on exudate. 



TABLE .5.8.4. (continued 5). 

Visiting insect 

Name 
Collection 

No. 
Collection 

Date 

Plant part 
collected from 

Remarks 

File N o . 

COLEOPTERA 
Araecerus fasciculatus(Degeer) 

(Anthribidae) 

Colposcelis signata (Mots.) 
(Eumolpinae) 

Oenopia luteopustulata Muls. 
(Coccinellidae) 

M 2283 

M 2477 

M 2478 

M 2482 

22.11.79 CP.74/01/22 

27.2.80 CP.74/01/26 

27.2.80 CP.74/01/26 

27.2.80 CP.74/01/26 

Pod 

Leaf 

Leaf 

Leaf 

DICTYOPTERA 
Meqamareta sp.(Blattellidae) M 2496 8.5.80 CP.74/01/26 Leaf 

LEPIDOPTERA 
Etiella behri Zell.(Pyralidae) M 2279 19.11.79 CP.74/01/22 Pod 

DIPTERA 
Rlvellia?basilarls(Wiedemann) 

(P1 a ty s t oma t ida e) 
Dacus dorsalis Hendel(Tephri-

tidae) 
Eumerus sp. (Syrphidae) 

Cosmlna bicolor Walker 
(Calliphoridae) 
Chysomya meqacephala Eabricius 

(Calliphoridae) 
Paraqus crenulatus Thomson 

(Syrphidae) 
Cosmina bicolor Walker 

(Calliphoridae) 

M 2479 27.2.80 CP.74/01/26 Leaf 

M 2488 28.2.80 CP.74/01/26 Leaf 

M 2534 20.5.'80 CP.74/01/26 Leaf Observed to feed on exudate. 

M 2535 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate. 

M 2536 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate, 

M 2544 21.5.80 CP.74/01/26 Leaf Observed 
1 

to feed on exudate. 

M 2545 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate. 



TABLE .5.8.4. (continued 5). 

Visiting insect Plant part 
collected 

Remarks 
from 

Name 
Collection 

N o . 
Collection 

Date 
File No. 

Plant part 
collected 

Remarks 
from 

HEMIPTERA 

Aphis craccivora Koch(Aphididae) M 2289 5.12.79 CP.74/01/22 Leaf 

Bemisia tabaci (Genn.)(Aleyrodidae) M 2556 8.5.80 CP.74/01/26 Leaf 

THYSANOPTERA 
Thrip M 2933 20.9.80 CP.74/01/26 Flower 

UNIDENTIFIED SPECIES 
? M 2481 27.2.80 CP.74/01/26 Leaf 

? M2533 20.5.80 CP.74/01/26 Flower Observed feeding on flower axil 
• secretion and flower nectar. 

? M 2539 21.5.80 CP.74/01/26 Leaf 

? M 2540 21.5.80 CP.74/01/26 Leaf 

? M 2541 21.5.80 CP.74/01/26 Leaf 

? M 2542 21.5.80 CP.74/01/26 Leaf 

? M 2546 21.5.80 CP.74/01/26 Leaf Observed feeding on exudate. 

? M 2549 22.5.80 CP.74/01/26 Flower 

Braconidae M 2791 19.8.80 CP.74/01/26 Leaf Observed feeding on exudate. 

Hymenoptera M 2905 10.9.80 CP.74/01/26 Leaf Observed feeding on exudate. 

Hymenoptera M 2906 13.9.80 CP.74/01/26 Leaf Observed feeding on exudate. 

Aranea (Oxyopidae) M 2543 21.5.80 CP.74/01/26 Leaf 
1 
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TABLE 5.8.1. Ovipositional pattern and number of eggs deposited by Apanteles plutellae Kurdj. on the larvae of different 
lepidopteran test species. 

Parasi-
Test species exposed N o . of para- No. of test larvae containing the following number • " ^ised E 9 9 s deposited 

sites used of parasite eggs* 
Name Ins- No. Period Male: Female 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 More No. % To- Mean No. 

tar (Hours) than tal Per- Per Female 
15 host Parasite 

A 9 r o t l s 2nd 50 48 
ypsilon 

2. Bomb^x 6 3 2 4 

mori 

3. Crocido-
lomia 

1st 56 24 

binota 1st & 
lis 2nd 

4. Hellula lst& 
undalis 2nd 

1st & 
!nd 

10 48 

19 48 

10 48 

5 . Plutella 
xylostella 1st 70 24 

6 . Spodop- l s t & 

tera 
litura 

2nd 
41 48 

7. Spodofc: 3 5 

tera 
pecten 

24 

10 : 10 43 0 1 2 2 0 1 0 0 0 0 1 0 0 0 

9 : 9 49 5 3 3 2 1 

8 : 8 35 9 4 1 1 3 2 0 0 0 1 

2 : 2 4 3 0 2 . 1 

8 : 8 10 2 2 1 2 1 1 

4 : 4 1 4 2 2 0 0 0 0 1 

10 : 10 12 21 17 7 2 3 2 0 2 0 1 0 1 Q 1 

8 : 8 25 7 6 2 1 

5 : 5 1 9 11 4 0 0 1 

7 14.0 33 0.7 3.3 

14 22.2 33 0.5 3.7 

21 37.5 61 1.1 7.6 

6 60.0 13 1.3 6.5 

9 47.4 28 1.5 3.5 

9 90.0 22 2.2 5.5 

0 1(24) 58 82.9 187 2.7 18.7 

16 39.0 39 1.0 4.9 

16 45.7 24 0.7 4.8 

•Where the number of parasite eggs is more than 15, this is indicated in the bracket. 
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From Table 5.8.1 all the lepidopteran species exposed were 
observed oviposited upon by A.plutellae. For DBM, the mean number of 
ergs deposited per host or per female parasite was highest, indicating it 
to be most preferred. All the other species, however, appeared to be pot-
entially capable of serving as alternative hosts to A.plutellae. 

5.8.2 Success in parasitism by A.plutellae in some common Lepidoptera 

The previous study revealed that A.plutellae would readily 
oviposit on a number of lepidopteran species. Whether such oviposition 
would eventually result in successful parasitization was investigated. 
The procedure was as described in the previous study, except that para-
sitized hosts were reared until pupation or death, or parasite emergence. 

In the study, parasite emergence was recorded only from A.ypsilon 
and C.binotalis (Table 5-8.2), indicating these to be possible alternative 
hosts. In the latter, out of a total of 135 exposed, only 4 adult para-
sites (3 males + 1 female) were obtained. Also, 2 late-stage larvae which 
died just prior to their pupation, (or parasite emergence?) were found to 
contain the advanced parasite larvae upon dissection. For A.ypsilon, only 
1 male parasite emerged out of a total of 50 hosts exposed. 

In general, except for the above few successful parasitism, most 
of the remaining larvae died within 2-7 days, apparently being adversely 
affected by the parasite's oviposition or stinging. Only for H.undalis 
and S.pecten were there some successful host pupation attained. Evidently, 
significant host mortality could be inflicted by A.plutellae even if full 
parasite development to reach successful emergence may not be achieved. 

5.8.3 Ovipositional preference by A.plutellae between DBM and G.binotalis 
Among the Lepidoptera successfully parasitized by A.plutellae, 

the DBM seemed most preferred (see 3.3 & 5.8.2). To confirm this, a 
preference study was carried out between DBM and C.binotalis, using equa-
tion (2) (Murdoch, 1969; Cock, 1978), and in the same manner earlier em-
ployed for the preference study between the various larval instars of DBM 
(see 5.2.2). However, in this study, only 2nd instar larvae of both test 
species were compared. As before, each of the various combinations of the 
two host larvae were exposed to a pair of freshly emerged parasite for 
24 hrs and then dissected for counts of the total number of eggs deposited. 
The combinations included 2,4,6,8,10,12,14,16 and 18 larvae of G.binotalis 
together with the corresponding number of DBM which made up a total of 20 
larvae for each combination. Each test combination was replicated 4 times. 

Following Murdoch •s (1969) graphical display of preference 
(Fig. 5.8.1) where the ratio of the hosts attacked was plotted against 
the ratio at which they were present (i.e. illustrating equation (2)), 



TABLE 5.8.2 Evaluation of some common lepidopteran larvae as alternate hosts to Apanteles plutellae Kurdj. 
(Exposure period » 48 hours)• 

Test species 
Test Stage and no. 

exposed 
No. of parasites Parasite cocoon .Pupation of test 

used formed species 
No. Date Instar N o . Male : Female No. Days after 

exposure 
N o . Days after 

Mortality before test 
species reaching pupation 

No. %. 

Aqrotis 
ypsilon 

1 6 . 8. 80 2nd 50 10 : 10 1 14 0 50 100, ,0 

Bombyx 1 18. 4. 75 1st 100 8 8 0 0 100 100, ,0 
mori 

18. 1st 

2 • 
** 
CM 4. 75 2nd 80 7 6 0 - 0 - 80 100, • 0 

Crocidolomia 1 15. 10 .79 1st & 2nd 40 10 10 0 — 0 — 40 100, ,0 

binotalis 2 19. 3. 80 1st & 2nd 15 10 10 1 7 0 - 15 100, ,0 

3 20. 3. 80 1st & 2nd 15 10 10 0 - 0 - 15 100 .0 

4 21. 3. 80 1st & 2nd 15 10 10 1 7 0 - 14 93, .0 

5 27. 3. 80 1st 50 10 10 2 8 0 - 50 100 ,0 

Hellula 1 28. 12 .79 1st & 2nd 7 5 5 0 — 0 — 7 100 .0 

undalis 2 10. 1. 80 1st & 2nd 6 5 5 0 - 0 - 6 100 .0 

3 5. 2. 80 1st & 2nd 20 10 10 0 - 3 7 - 8 17 85 .0 

Spodoptera 1 25. 3. 80 2nd 15 10 10 0 - 0 - 15 100 .0 

litura 2 28. 3. 80 1st & 2nd 30 10 10 0 - 0 - 30 100 .0 

Spodoptera 1 11. 1. 75 1st 50 2 3 0 - 21 23 - 26 29 58 .0 

pecten 2 18. 1 . 75 1st 80 7 5 0 - 19 21 - 26 61 76 .3 pecten 
3 23. 1 . 75 1st 100 8 9 0 - 47 19 - 23 53 53 .0 

4 18. 2. 75 1st 30 2 2 0 - 15 21 - 24 15 50 .0 

5 20. 1 . 75 2nd 100 8 9 0 - 42 18 - 22 58 58 .0 

6 21. 1 . 75 2nd 100 8 8 0 - 47 21 - 24 53 53 .0 

7 22. 1 . 75 2nd 100 8 9 0 - 53 20 - 23 47 47 .0 

8 24. 1 . 75 2nd 100 5 8 0 - 46 18 - 24 54 54 .0 

9 28. 1 . 75 3rd 80 5 5 0 - 31 14 - 30 49 61 .3 
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Figure 5 - 81 Parasitism of Crocidolomia b/notalls Zell. and Plutella xylostella ( L ) 
by Apante/es plutellae Kurdj- when the two host larvae of the 2 n d -
instar were presented together. Ca and Pa are the respective 
number of C-binotalis and Pxy/ostella parasitised or "at tacked" 
and C and P t h e respective numbers presented-
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a slope with deviation significantly (b = 0.44, Sb = 0.0735, df = 35, 
P<0.01) different from unity was obtained, showing that A.plutellae 
had distinct preference between the 2 hosts. That DBM was preferred to 
C.binotalis was noted from the negative preference exhibited (y = 0.44llx, 
Fig. 5.8.1) when the ratio of C.binotalis over D3M was used. The prefer-
ence for DBM was also borne out by field data (see 3.3 & 5.8.5) where only 
DBM was found to be parasitized by A.plutellae. 

5.8.4 Effects of ovipositional 'attack1 by A.plutellae on the survival 
of some Lepidoptera commonly found associated with DBM 

Survival of the lepidopteran species evaluated appeared to be 
adversely affected following 'attacks' by A.plutellae. To what extent 
this may actually occur was examined for some species commonly found occu-
rring with DBM, viz; A.ypsilon, C.binotalis, H.undalis and S.litura. In 
the study, survival in a parasitized population was directly compared with 
that of a corresponding unparasitized one, involving a total of 40-90 
individuals per test species. Every parasitized individual was subject to 
2 ovipositional 'attacks' by A.plutellae in order to ensure positive para-
sitism while avoiding excessive stinging which could cause high host mor-
tality (see 5.5.4). 

Table 5.8.3 shows that in all the species evaluated a 100* 
host mortality was inflicted when oviposited upon. With unparasitized 
populations the mortality was significantly lower, being respectively 15.0*, 
30.0*, 40.0* and 42.2* for C.binotalis, S.litura, H.undalis and A.ypsilon. 

5.8.5 Survey for alternative hosts of A.plutellae under natural 
field conditions 

Although C.binotalis and A.ypsilon have been firmly established 
(see 5.8.I to 5.8.2) as possible alternative hosts to A.plutellae in the 
laboratory, it is still not certain if these also constitute as such 
under natural field conditions. To explore into this, as well as, to 
seek for other alternative host species which may exist but so far un-
evaluated, a field survey involving periodic collections of lepidopteran 
larvae for parasite emergence was initiated in 1979 a n d conducted through 
to July, 1980. The collections were made from both cabbage crops and other 
plants found in the vicinity, while the surveyed sites encompassed diff-
erent regions in the Cameron Highlands, as well as, Kg. Kelambu (Banting) 
in the lowlands. During the investigation, whatever lepidopteran larvae 
found were collected along with their food plants and individually reared 
in 'breeding jars' (Plate 2.1) until the adult host themselves or their 
parasites have emerged. To facilitate pupation for some species a. plastic 
vial containing fine sand (ca 1.5cm deep) was also provided. Confirmation 



TABLE 5*8.3. Effects of ovipositional "attack" by Apanteles plutellae Kurdj. on the survival of some lepidopterans 

commonly found associated with Plutella xylostella (L.). 

Test Stage and no. 
exposed 

Test species No. Date Instar No. 

Parasite cocoon 
Treatment* formed 

No. Days after 
exposure 

Adult 

8arasite btained 
No. Sex 

Pupation of 
test species 
No. Days after 

exposure 

Mortality before test 
species reaching pupation 

No. % 

Aqrotis ypsilon 1 8 . 8.. 80 2nd 
2nd 

15 
15 

P 
U 

0 
0 

- 0 
0 

- 0 
9 21 - 23 

15 
6 

100.0 
40.0 

2 16.9 2nd 30 P 4 14 - 15 1 Male 0 - 30 100.0 

2nd 30 U 0 - 0 - 17 20 - 23 13 43.3 

Crocidolomia 
binotalis 

1 4.8 2nd 
2nd 

10 
10 

P 
U 

1 
0 

9 0 
0 

- 0 
8 11 - 12 

10 
2 

100.0 
20.0 

2 22.8 2nd 30 P 4 11 1 Male 0 — 30 100.0 

2nd 30 U • 0 - 0 - 26 11 - 13 4 13.3 

Hellula undalis 1 24.7 2nd 20 P 0 — 0 — 0 — 20 100.0 

2nd 20 u 0 - 0 - 12 20 8 40.0 

Spodoptera 
Litura 

1 5.8 2nd 20 P 0 0 0 _ 20 100.0 Spodoptera 
Litura 

2nd 20 u 0 — 0 - 12 23 - 27 8 40.0 

2 6.8 2nd 10 P 0 — 0 - 0 - 10 100.0 

2nd 10 u 0 - 0 - 9 23 1 10.0 

'P « Host larvae exposed to 2 oviposition "attacks" by A . plutellae; U « Unexposed and unparasitised larvae. 



TABLE 5.8.4. Parasites obtained from Lepidopteran larvae collected from cabbage crops and other plants in their vicinity. 

Lepidopteran larvae collected Emerging parasites 

Species Locality Date Plant 
Total No.emerged N o . 

number as adult parasitised 
Species Type 

Agrotis segetum Schiff.- 0 . j-, 
TT—rz . . v 33rd mile, 
(Lepidop:Noctuidae) 

Aqrotis ypsilon 
,Rott. 
(Lepidop:Noctuidae) 

vo 

Chioridea assulta 
Guen. 
(Lepidop:Noctuidae) 

Ringlet 
(C. Highlands) 

47th mile,Kg. 5.3.80 
Raja(C.Highlands) 

21.5.80 Brassica ole-
racea L . 
(Cruciferae) 
cabbage 

B.oleracea 

Brinchang 
(C. Highlands) 

10.7.80 

Kg. Kelambu 27.2.80 
(Banting) 

47th Mile, 
Kg.Raja 
(C. Highlands) 

Tanah Rata 
(C.Highlands) 

5.3.80 

5.3.80 

Tanah Rata 9.5.80 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

10.7.80 

Bertam Valley 10.7.80 
(C.Highlands) 

B.oleracea 

B.oleracea 

B.oleracea 

B.oleracea 

Brassica 
chinensis L . 

B.oleracea 

B.oleracea 

66 l)Unidentified 
M2 789(Dipteran) 

Endo-larval,grega-
rious . 

2)Ichneumon sp. Endo,larval-pupal, 
(I.D.Gauld det.) solitary. 
(Hymenop JIchne-
umonidae) 

4)Unidentified 
M 2786(Dip : 
Tipulidae) 

Endo-larval, 
solitary, 

l)Litomastix sp. 
(B.R.Subba 
Rao det.) 
(Hymenop *Encyrti-

dae) • 

Endo,larval-pupal 
gregarious 

A m 



Lepidopteran Larvae collected Emerging parasites 

Species Locality Date Plant 
Total No.emerged No.para-
No. as adult sitised 

Species T Y P e 

3)Bessa sp.(K.M. Endo,larval-pupal, 
Harris det.) solitary. 
(Dip:Tachinidae) 

2)Eriborus argen- E n d l a r v a l _ p u p a l , 
tqopilosus Came- s o l i [ 
ron)(Hymenops 
Ichneumonidae) 

cm-

Crocidolomia 42nd&45th Mile, 
binotalls Zell Kg.Raja 
(Lepidop:Pyralidae)(C. Highlands) 

Kg.Kelambu 
(Banting) 

47th Mile, 
Kg.Raja 
(C.Highlands) 

Tanah Rata, 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

27.9.79 B.oleracea 

27.2.80 B.oleracea 

5.3.80 B.oleracea 

5.3.80 B.oleracea 

9.5.80 B.oleracea 

21.5.80 B.oleracea 

4.6.80 B.oleracea 

95 

12 

73 

10 

65 

68 

69 

11 

56 

7 

42 

l)Perlbaea orbata Endo,larval-pupal 
Wiedemann. solitary, 
(Dip:Tachinidae) 

1)E.arqenteopilosus Endo,larval-pupe 
solitary. 

Brinchang 
(C.Highlands) 

Bertam Valley 
(C.Highlands) 

10.7.80 ' B.oleracea 

10.7.80 B.oleracea 



TABLE .5.8.4. (continued 5). 

Lepidopteran larvae collected Emerging parasites 

Species Locality Date Plant 
Total No.emerged No.para- S D e c i e s Type 
No. as adult sitised F 

u , , . „ Kg. Kelambu 
Hellula undalis F . 7 . . 
(LepidopsPyralidae) 3 1 1 n g 

33rd Mile, 
Ringlet 
(C.Highlands) 

Bertam Valley 
(C.Highlands) 

Ochyrotica concur- 4 4 t h M n K 

sa Walk. R . 

ridae) d° P'* t e r° P h°~ (C.Highlands) 

47th Mile, 
Kg.Raja 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

Paplllo helenus L . 
(Lepidop:Papilioni-
dae) 

Plusia chalcites 
Esp. 
(Lepidop:Noctuidae) (C.Highlands) 

44th Mile, 
K g . Raja 
(C.Highlands) 

44th Mile, 
K g . Raja 

27.2.80 

21.5.80 

10.7.80 

25.1.80 

5.3.80 

20.3.80 

1.4.80 

25.1.80 

25.1.80 

B . oleracea 12 

B . chinensis 274 

B . oleracea 

Ipomoea batatas Lam. 10 
Convolvulaceae) 

Polygonum malai-
cum ( Poly gonaceae ) 

P . malaicum 

P . malaicum 

Citrus sp, 

54 

43 

B . oleracea 

12 

30 

10 

21 

19 

e 

28 

19 

28)Apanteles ater Endo-larval, 
gp.(I.D.Gauld det.) solitary. 
(Hymenop:Bra conidae) 

19) A . ater g p . Endo-larval, 
solitary, 

3) A . ater §p. Endo-larval, 
solitary. 

4) Pteromalus 
puparum L . 
(Hymenop s 
Pteromalidae) 

Endo-larval, 
grega;rious • 

l)Euplectrus sp. Endo-larval, 
(Z.Boucek det.) gregarious. 
(Hymenop:Eulop-
hidae). 



TABLE 5.8.4 (continued 3) 

Lepidopteran larvae collected Emerging parasites 

Species Locality Date 
Total No.emerged No.para-

P l a n t
 No. as adult sltised 

Species Type 

Plusia intermixta 44th Mile, 
Warr. Kg. Raja 
(Lepidop:Noctuidae) (C.highlands) 

Psara sp. 47th Mile, 
(Lepidop:Pyraustidae)Kg. Raja 

(C.Highlands) 

Spllosoma sumat-
rana Swinh. 

47th Mile, 
Kg. Raja 

25.1.80 B . oleracea 

5.3.80 Trema orientalist 

Bliime <U r t icacene) 

5.3.80 B . oleracea 
(LepidopsArctiidae) (C.Highlands) 

Spodoptera litura F . 42nd and 45th 

rr • kj i. JJ ^ Mile,Kg.Raja 27.9.79 B. oleracea 
(Lepidop Noctuidae ( c . H i ^ L n d s ) 

4 4 t h M i l e , 2 S > 1 8 0 

Kg. Raja 
(C.Highlands) 

Kg. Kelambu 
(Banting) 

B . oleracea 

27.2.80 B . oleracea 

38 15 

27 

41 10 

. . Endo,larval-pupa 
DCompsilura concinnata 

Meigen•(Dip.Tachinidae) s o i l t a r Y * 

3)Apanteles sp. 
(Hymenop J Braconidae) 

4)Coboldia fuscipes 
Meigen 
(Dip:Scatopsidae) 

2)Unidentified M2466 
(Dipteran) 

Endo-larval, 
gregarious. 

Endo,larval-pupal, 
solitary. 

Endo-larval, 

gregarious. 

47th Mile, 
Kg. Raja 5.3.80 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

B . oleracea 

B . oleracea 

20 

17 

11 

l)Bracon sp. 
(I.D.Gauld det.) 
(Hymenop s Broconidae) 

Endo-larval, 
solitary. 



TABLE .5.8.4. (continued 5). 

Lepidopteran larvae collected Emerging parasites 

Species Locality Date Plant 
Total No.emerged No.para-
No. as adult sitised 

Species Type 

o 
vO 
rH 

Tanah Rata 
(C. Highlands) 

Tanah Rata 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

Tanah Rata 
(C.Highlands) 

Bertam Valley 
(C.Highlands) 

Tiracola plaqia- 4 2 n d 

ta Walk. „ _ . 
( L e p i d o p : N o c t u i - ( c

g - H i g ^ a n d s ) 

Tanah Rata 
(C.Highlands) 

12.4.80 Fragaria versa 
L . 
(strawberry) 
Rosaccae 

16.4.80 F . vesca 

21.4.80 F . \esca 

9.5.80 F . \esca 

21.5.80 F . vesca 

4.6.80 F # vesca 

10.7.80 B. oleracea 

27.9.79 B. oleracea 

21.5.80 B . oleracea 

29 

20 

28 

103 

72 

84 

57 

10 

5 

8 

18 

20 

5 

36 

8 Microplitis sp. Endo-larval,solitary. 
(Hymenop :Braconidae) 

8 8) Microplitis s p . 

5 5) Microplitis sp. 

38 37) Microplitis sp. 

1) Peribaea orbata 
Wiedemann. 
(Dip.Tachnidae) 

15 10) Microplitis sp. 

5) Unidentified M2466 
(Dipteran) 

3) Microplitis sp, 

Endo-larval,solitary # 

Endo-larval,solitary, 

Endo-larval,solitary# 

Endo,larval-pupal, 
solitary. 

Endo-larval,solitary. 

Endo-larval,gregarious 

Endo-larval, solitary. 



TABLE .5.8.4. (continued 5). 

Lepidopteran larvae collected Emerging parasites 

Species Locality Date Plant 
Total No.emerged No.para-
No. as adult sitised 

Species Type 

Venessa cardui L . 44th Mile, 
(Lepidop:Nympha- Kg. Raja 
lidae) (C.Highlands) 

47th Mile, 
Kg. Raja 
(C.Highlands) 

Xanthorhoe 
saturata Gn.• 
(Lepidop sGeomet-
ridae) 

Tanah Rata 
(C. Highlands) 

Tanah Rata 
(C. Highlands) 

25.1.80 Artemisia sp. 22 

(Compositae) 

5.3.80 Artemisia sp. 34 

27.11.79 Camellia thea 12 
L.( xheaceae) 

26.12.79 C . thea 24 

16 

28 

2)Apanteles vltripennis 
Wilkinson. 
(Hymenop:Braconidae) 

4) A . vitrlpennis 

Endo-larval, 
solitary. 

Endo-larval, 
solitary. 

Tanah Rata 
(C. Highlands) 

22.1.80 C. thea 57 5) A . vitrlpennis Endo-larval, 
solitary. 

Tanah Rata 
(C. Highlands) 

25.1.80 C. thea 55 5) A . vitrlpennis Endo-larval, 
solitary. 



were smaller. It might "be expected, therefore, that these related fac-

tors would affect the size of the cephalic skeleton and hence the inappl-

icability of Dyar's law for the developing larvae of A.plutellae as 

observed in the present investigations. 

Among- the different larval stadia of A.plutellae the 2nd was 

rather amorphous. According to Allen (1958), in such an amorphous state 

the great increase in size probably does not require a moult. This was 

strongly supported by Clausen (1940) who reported that this increase in 

size is not uncommon in many parasitic Hymenoptera. Subsequent study by 

Boling & litre (1970) on A.marginiventris also lent firm support to this. 

Although Allen (I958) further suggested that such larval stadium may 

actually be 2 instars, this has never been shown by workers with any 

Apanteles species and it did not appear to be so with A.plutellae. Evi-

dently, only 3 distinct larval instars exist in A.plutellae as have been 

also noted by others (Delucchi et al, 1954; Fan & Ho, 1971; Chiu & Chien, 

1972; Ho & Chio, 1972). 

On host stage preferences it was clearly demonstrated that A. 

plutellae is an endo-larval parasite of DBM and it prefers most the host's 

2nd larval ins tar. This was consistently indicated by the several appro-

aches employed, including the analytical method of Murdoch (I969) and 

Cock (1978). Although the preference index of Lawton et al (1974) which 

uses the Random Predator Equation would prove more yielding (Cock, 1978), 

it however also assumes a more complex variable that is dependent upon 

Ts (=» time available for searching) which itself is dependent upon the 

numbers of each prey type eaten, the handling times (Th) and the search 

efficiencies. But in the current context relating to A.plutellae this 

exploitation model does not appear necessary while that of Murdoch (1969) 

and Cock (1978) appears to suffice. This is because all the basic 

assumptions involving such analytical techniques are generally well-

satisfied. For instance, the prey densities have remained constant 

throughout andL have not gradually become less as with exposures to true 

predators wherein the preys would be either consumed or destroyed. More-

over, since the total exposure period did not exceed 24 hrs all 'attacked' 

larvae would still have an equal chance of being 'reattacked' since none 

of the eggs deposited would have hatched by then (see 5* 1*7) to elicit 

successful host discrimination by the parasite (see 9.3-2.3). As such, 

the 'switch' or exploitation effect would be either absent ot insignificant. 

Otherwise, the exploitation model of Lawton et al (1974) would be necessary 

and more appropriate. 

The ability of A.plutellae to exhibit distinct preference for 

the 2nd larval ins tar of DBM may be due to a variety of reasons. Host 
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palatability, which could constitute an important governing factor among 

predators, is unlikely to be involved here, since the host larva serves 

only as oviposition medium while the adult parasite never exhibits host 

feeding. However, the size of the host 'attacked* may be a contributory 

influence, as with prey sizes which can greatly affect the a' and Th 

values of predators (Thompson, 1975; Hassell et al, I976). Since both 

these parameters have major influence on the outcome of the Random 

Predator Equation which itself is the basis of a highly versatile prefer-

ence index (Lawton et al, 1974), obviously the size of the host could not 

be totally overlooked. With A.plutellae, this is perhaps closely related 

to the violent 'jerking' behaviour of the host when it encounters the 

parasite. For larger hosts, successful oviposition is less likely because 

of more effective 'warding off' of the 'attacking' parasite, hence the 

lower preference for the 3rd and 4th instars. With the smaller 2nd instar 

larvae,they are easily subdued and oviposited upon, thus resulting in the 

highest number of successful 'attacks'. Pertaining to 1st instar, loca-

ting the larvae could perhaps pose a limitation, leading to lower rates 

of 'attacks'. However, behavioural 'warding off' does not appear to be a 

sole governing factor. This is clearly suggested from the unequal deve-

lopmental biology of the parasite when initial oviposition occurred on 

different larval instars. For instance, a 1:1 sex ratio was obtained only 

when parasitism occurred during the 2nd instar stage (see 5»3)» When 

later instars were oviposited upon there were usually less females. This 

is probably related to the shorter developmental biology of the males. 

Being generally smaller, male parasites would require less developmental 

time and adjustment, and can therefore better develop within the later 

host larvae. From these, it appears that achieving a balanced sex ratio 

is also an important factor that governs the differential preference of 

host stages by the parasite. 

Another important factor is the parasite's survival potential. 

For some reasons, a lower mortality was obtained when oviposition occurred 

on the 2nd host instar which offers optimal development to the parasite. 

Conversely, the poorer survival obtained when oviposition occurred in the 

4th instar is similarly related with this stage being least preferred. 

In general, it seems that whatever may be the explanations for 

the relative stage preference, all have a common basis that eventually 

aim to enhance the survival value of the parasite. That this is so is 

evident from the different host and parasite developmental periods which 

have resulted from parasite oviposition at the different host stages. 

When oviposition first occurred in the 1st instar, no difference in host's 

developmental period was observed from that of unparasitized individuals, 



suggesting that the normal life cycle period of the host is sufficient to 

encompass that of the parasite. But when egg deposition occurred over 

the later stages, the overall host developmental period was extended to 

accomodate that of the parasite; this increase was progressively greater 

as the ovipositional stage becomes later. The adjustment is clearly an 

important adaptation of the parasite which somehow is able to delay the 

host's development to suit its own. This seems so as the overall devel-

opmental period of the parasite (egg - adult) was observed to remain 

relatively unaffected throughout. Ecologically, this synchronization has 

relevance to natural field conditions where all stages of host may occur 

together. It is also considered an important attribute of a good control 

agent (van Lenteren, I98O), and for A.plutellae may have contributed to 

its relatively high parasitism rates and widespread occurrence in the 

Cameron Highlands (see 3.3). 

Internal synchronization in development has also been observed 

in some other host-parasite species. While the developing stage between 

the 3rd moult of the host to parasite cocooning acted as the main 'wait-

ing' stage in DBM, that for some may encompass all the larval stages as 

with C.inantius (Rechav <fc Orion, 1975). Yet in others, the developing 

parasites may also serve as the 'waiting' phase as was noted for Chelonus 

texanus Cresson (Hym: Braconidae) (Buttler, 1966) and D.eucerophaga (Ooi, 

I98O). In all these cases the internal synchronization is essentially 

also to enhance the survival of the parasites concerned. 

To date, no comprehensive experimental study has been conducted 

to explain the internal synchrony existing between A.plutellae and DBM. 

For some parasites, internal synchronization may be explained by assuming 

that the parasites interact with the hormonal changes in the host haemo-

lymph (Salt, 1938; Corbet, I968). This has been thorou^ily discussed with 

special reference to Chelonus annulipes Wesmeal. (Hym: Braconidae) by 

Bradley & Arbuthnot (1938). Also, the response of the host to both exter-

nal and internal stimulations is expressed similarly in changes in the 

amount of haemolymph components. Any change, likewise, would create rele-

vant reactions in the host and parasite, thereby permitting appropriate 

adjustment to achieve internal synchronization. 

The successful evolution of behavioural adaptations for host 

detection (and hence successful oviposition) in A.plutellae is undoubtedly 

also responsible for the widespread occurrence of the parasite. Its 

ability to avoid ovipositing on dead hosts evidently constitutes an impor-

tant adaptation to overcome wastage of eggs as well as in reducing hand-

ling time. The importance of host movement in eliciting ovipositional 
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response has perhaps led further to the evolution of the 'silk-tracking* 

behaviour, which proves to be a highly effective method of parasitizing 

an escaping host. This adaptation overcomes the host's escape mechanism 

of strong wriggling and abrupt dropping offi on its silk thread whenever 

roughly handled. In A.plutellae, oviposition 'attack' is necessarily 

rapid, as otherwise, egg deposition may not succeed due to the violent 

jerking and vigorous 'fighting back* of the host. Under such a situation 

the parasite would generally be unable to maintain its hold for sufficient 

duration to ensure egg transfer. Since each ovipositor insertion gener-

ally permits deposition of only one egg, egg-utilization is simultaneously 

economised because superparasitism will not yield more than one parasite 

adult. 

Under laboratory conditions, large numbers of eggs may be readily 

found per host, being largely due to multiple oviposition. Because of 

this, host mortality is greatly increased beyond that based on parasite 

emergence alone, particularly at higfr parasite density where multiple ovi-

position could rise sharply. This has also been reported for A. mar gin i-

ventris (Kunnalaca k Mueller, 1979)* Such a phenomenon has probably 

arisen out of unnatural conditions of .the laboratory since in the field 

extreme high parasite: host ratio normally never exists. This is borne 

out by the fact that larvae of DBM collected from the field usually con-

tain only one developing parasite larva or egg, and never exceeding 3 

(for eggs). Besides, field parasitism of the parasite is also usually 

well below 100$. 

The sex ratio of a parasite population has always constituted 

an important consideration in the assessment of the parasite's usefulness. 

In obligatory thelyotokous species there is no problem associated with 

sex ratio since males are virtually unknown. Similarly, neither is there 

in practical work any concern expressed over the occasional appearance of 

the few exceptional males in deuterotokous species. However, as in other 

arrhenotokous parasites, the variable sex ratios of A.plutellae may cause 

difficulty, particularly in relation to its regulatory capability over 

DBM. Aspects of especial concern are its mass production in insectary 

culture and its colonization. However, the wide fluctuations in sex ratios 

may perhaps be something that arises under laboratory conditions for in 

the field a balanced ratio of 1:1 was generally obtained. This has also 

been found for numerous other species of Apanteles (Ford, 19*K3) • Con-

trariwise, arrhenotoky in species such as A. plutellae may in nature have 

great survival value. Accordingly to White (195*0» it has probably been 

evolved to provide greater adaptability and to allow more flexibility to 

adjust the sex ratio to more variable field situations. If so, arrheno-
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toky in A.plutellae would have tremendous advantage to the parasite, since 

in an ephemeral cabbage environment with widely influencing factors its 

sex ratio can well develop accordingly to the 'best1 requirements of 

reproduction. This could be critical as the occurrence and abundance of 

both crop and host are usually highly variable. . Berhaps, the variable 

sex ratios manifested over the different growth stages in a crop is a 

reflection of the adjustment capability of the parasite. This flexibility 

may have enable A. plutellae to fit into rather diverse environment and 

partly accounts for its current widespread occurrence as well as its rapid 

establishment in release projects (Bennett & Yaseen, 1972; Yaseen, 1974, 

1978). With respect to the latter, it was the only one which became firmly 

established among 2 other exotic parasites (A.vestalis and T.collaris) 

that were released together in Trinidad and the Lesser Antilles. Evident-

ly, these successes with A. plutellae have lent further support to discre-

diting the presumption that colonization of arrhenotokous species is likely 

to suffer failure because of the inconsistent sex ratios (Doutt, 1964). 

In arrhenotokous species a satisfactory sex ratio could best be 

maintained by habits which favour mating soon after emergence. This is 

aided by males having a shorter developmental period and preceding the 

females to the adult stage by 1 or 2 days. Some other factors (Flanders, 

1946) would include the effect of the density of oviposition hosts on: 

(a) differential mortality during development; (b) the premating period 

after emergence; (c) excessive mating; (d) possible difference in ovipo-

sition response before and after mating; (e) the availability of preferred 

oviposition hosts; and (f) the rate of oviposition. Presently, most of 

these aspects are still little understood. Undoubtedly, the problem of 

sex determination is fundamental to sex ratio, and to date, this is not 

as yet fully explained for many species, including A.plutellae. 

From the studies on pattern of egg laying and egg development, 

it was confirmed that A.plutellae is not a •proovigenic* species (Flanders, 

I93O)- where the adult emerges with a complete complement of ripe eggs 

attained entirely from stored nutrients from the larval stage. Rather, 

like most other Hymenoptera (Doutt, 1964) it is 'synovigenie1 (Flanders, 

1950) with egg production being continuous and dependent on adult feeding. 

If adult food is unavailable for an extended period, then the ripe eggs 

still within in the ovarioles are usually absorbed (Flanders, 1942, 19^5)-

According to Doutt (1964), this conservation of reproductive material 

emphasizes the economy of parasitism, and is usually correlated with a 

high searching capacity. Such parasite species with long-lived females 

are generally regarded as effective agents in biological control, mainly 

because they are capable of searching in low host densities and yet con-
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serve their eggs to oviposit in sites (hosts) suitable for development 

of their progeny (Flanders, 1947). In this regard, the effectiveness 

of A.plutellae as a biological control agent could accordingly increase 

if female lifespan can somehow be extended in the field. 

Since A.plutellae does not partake in host feeding, evidently 

the food sources would necessarily be supplied from naturally-occurring 

honeydew or plant nectaries (Doutt, 1964). The former has however not 

been evaluated, while the latter <ound to be potentially useful. Out of 

a total of 16 plant species studied, the floral nectaries from at least 

10 species were found capable of increasing significantly the longevity 

of A. plutellae. The essential role of plant nectaries cannot be over-

emphasized for their usefulness has been well-demonstrated under many 

other situations and on numerous occasions. For instance, Wolcott (1942) 

described how a parasite, Larra americana Saussure, introduced from Brazil 

to Puerto Rico to control the mole cricket (Scapteriscus vicinus Scudder) 

became established only in the presence of two weeds, Borreria verticillata 

and Hyptis atrorubens. These served as nectar supplies for the adult 

wasp and, where they were absent or scarce, the wasps failed to survive. 

In 1946, Voute claimed that a lack of' flowers was fatal to many species 

of ichneumonids, while Gyoerfi in subsequent studies (1951» 1962) dis-

cussed the importance of a well-developed understory in woodlands to serve 

as a reservoir of alternative hosts for parasites of forest pests and as 

a source of food for the adult parasites. He listed Daucus carota L., 

Pastinaca sativa L., Medicago sativa L., and Trifolium pratense L. as 

important food sources. In I96O, Kopvillem found up to 94% of cabbage 

cutworm larvae on a crop were parasitized when umbelliferous flowers were 

established near the crop plants in a ratio of 1:400 . For DBM, the 

proximity between cabbage plants and extensive patches of flowering herbs 

and bushes enabled its parasites to exert a controlling influence much 

earlier than that in situations devoid of flowering plants. Investigations 

by Leius (I96O, 1961a, b , I963, 1967) on the attractiveness of several 

foods to adults of hymenopterous parasites and the effects of some of them 

on longevity and fecundity have clearly revealed that flowers of the fam-

ily Umbelliferae were often preferred. The parasite O.obscurator was noted 

to feed only on flowers of this family, selecting wild parsnip, P.sativa, 

above all others. Pollens were also found to have significant effects on 

fecundity or longevity of some parasitic species but the effect varied 

considerably between the different consumers and different pollens. In 

O.obscurator, the longevity was increased by a factor of 5 when wild 

carrot, D.carota, was also present (Syme, 1966). Because of the immense 

benefits that may be derived, Leius (1967) strongly urged the encourage-
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(1963) suggested planting nectar-producing plants such as Euphorbia villosa 

Waldst. & Kit., E.macroceras F. & M., Ffrstinaca intermedia F. & M., and 

Prunus avium L. as a promising measure to increase the efficiency of para-

sites of the European pine shoot moth, Hhyacionia buoliana (Schiffermueller). 

The value of this was also indicated by studies of van Emden (I963 a, b, 

1964) who found more carnivores in unmanaged hedgerows with abundant flo-

wers than in managed hedgerows or cultivated lands. He also obtained 

much higher trap catches of pa^sites in crops or cultivated land when 

flowers were present. Moreover, catches could be increased by adding 

flowers to the area. In Germany, Hassan (I967) also found hymenopterous 

parasites to visit more frequently flowers within forests. 

In study on the influence of food on fecundity of Chrysopa carnea 

Stephens, Sundby (I967) showed that some pollens were more effective than 

others. On the other hand, by artificially disseminating honey through-

out plantations harbouring R.buoliana, Koehler & Kolk (I969) were able to 

increase the numbers of parasites with some success. Judd (I970), in a 

study of the insects associated with flowering wild carrot, recorded 5 

species of Coccinellidae, 9 of Syrphidae, and 7 of parasitic Hymenoptera 

and Diptera that frequent these blooms. More recently, Esbjerg (1972) 

recommended sowing umbelliferous flowers in pine plantations to promote 

parasite populations, while Kevan (1973)» in a study with parasitic 

Hymenoptera frequenting Arctic flowers, stressed the importance of the 

latter to these insects as a source of sugars for fuel in flight, mating, 

and host finding. Later on, following extensive investigations on the 

effects of natural foods on 3 parasite species (Exeristes comstockii 

Gresson (Hym: Ichneumonidae), H.thymus and O.obscurator) of R.buoliana, 

Syme (1975, 1977) strongly urged the establishment and encouragement of 

flowering plants in pine plantations, particularly the species D.carota, 

Fagopvrum esculentum Moench, Asclepias syriaca L. and Nepeta cataria L. 

These were recommended to be established within the bounds of local weed 

control legislation. 

Evidently, from all the above case studies which together 

constitute a substantial amount of evidence to establish and confirm on 

the essential role of natural adult foods, it seems clear that many of 

the plant species evaluated in the present studies could similarly have 

a strong effect towards promoting the beneficial role of A.plutellae for 

the control of DBM. That these plants could satisfactorily serve as 

possible food sources is well borne out by the frequent observations of 

their attractiveness to the parasite (and also many other insects) under 

natural conditions. In particular., A.plutellae (as well as D.eucerophaga 
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wers of Crotalaria spp. and many other cultivated legumes (e.g. beans 

and green peas) in the Cameron Highlands. 

On a brassica crop, although DBM are usually present, suitable 

host stage or preferred instars may not always be immediately available 

to the parasite which thus has to wait. Without a suitable food supply, 

under such a situation, its expected lifespan of about 3 days could 

result in extremely low frequency of host attack. Moreover, immediate 

access to food upon emergence can be critical to A. plutellae since even 

a mere initial starvation of only 12 hrs could have adverse effect on its 

longevity and survival. In this may perhaps lie the crucial explanation 

between the relatively higher abundance of the parasite in the Cameron 

Highlands as compared to the scarcity in the lowlands. Under conditions 

of the latter, cabbages are generally cultivated on flat and vast open 

land. Where flowering bushes are present, these are usually more distantly 

located. In contrast, the close valley system of the Cameron Highlands 

is relatively much richer in flowering vegetations which are also closer 

to the cultivated crops. This condition evidently allows for more rapid 

and freer movements of A.plutellae between the crops and adult food sources, 

thereby preserving better the parasites. Further improvement may however 

be expected if the food plants are brought still closer to the crops. It 

thus seems worth considering having plant species such as Crotalaria 

either bordering the crops or interspersed as interrows, particularly 

since such habitat management is not too cumbersome for farmers to adopt. 

That Crotalaria might also attract pest species to the cabbage crop is 

unlikely because they both have quite different pest range. 

Regarding alternative hosts of A.plutellae, only a few have so 

far been recorded (Delucchi et al, 195^? Vang et al, 1972; Chiu et al, 

1974; Chiu & Chou, 1976). Even among these, some are noted to be un-

natural hosts while few have actually been confirmed as true hosts through 

proper breeding studies. In general, it seems obvious that A.plutellae 

is oliphagous. Except for DBM, other species that are recorded as alter-

native hosts have not been found infesting brassicas in Malaysia (Yunus k 
Ho, 1970b). Evidently, its range of alternative host species under the 

Malaysian conditions is restricted only to A.ypsilon and C.binotalis, 

both of which are also observed to be poorly exploited by the parasite. 

As such, A.plutellae is almost wholly confined to DBM locally, thus ru-

ling out the possibility that its apparent abundance may be due to regular 

supply from reservoirs in alternative hosts. Besides, because of the 

more equable climate and the ever-presence of DBM in an environment of 

staggered cropping, alternate hosts even if present, will not constitute 
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any importance in manner similar to Swammerdamia lutaria on hawthorn 

wherein the alternate host (S.lutaria) serves to bridge an overwintering 

larval generation of Diadegma fenestralis Grav. which is an important 

parasite of DBM in Britain (van Emden, 1965). 

From the foregoing considerations, it is evident that A.plutellae 

has a number of attributes desirable of a good biological control agent 

(van Lenteren, 1980), viz: (i) host specificity, (ii) great reproductive 

potential (short generation time, high fecundity), (iii) good internal 

synchronization with development of host, (iv) well-adapted to a fairly 

wide range of conditions occupied by the host and (v) is density res-

ponsive to changes in host population. Many of the basic features govern-

ing the latter are, however, still not fully understood and some of these 

/"functional response (a* k Ih) , host discrimination, interference and 
competition^ will examined in Section 9. Nevertheless, it may be 

concluded thus for that A. plutellae is an important parasite of DBM and 

its exploitation in the management of the moth should be given serious 

and full consideration. Ensuring easy access of suitable food sources to 

the parasite should not be overlooked. This ifc because the total number 

of parasite eggs that may be deposited is dependent on its longevity; more 

will be laid when the lifespan is increased. In turn, the latter is gov-

erned by food availability which could increase the reproductive capacity 

of the parasite, and perhaps their abundance and overall effectiveness as 

a biological control agent. In view of such possibilities, any natural 

food sources that could increase the lifespan of A. plutellae should be 

strongly encouraged. 
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6. OCCURRENCE AND SPATIAL DISTRIBUTION OF DBM AND 

A. PLUTELLAE ON THE CABBAGE PLANT AT DIFFERENT ACES 

Like most other insects, the occurrence and spatial distribution 

of DBM over its host plant are not uniform, with certain parts or surfaces 

usually preferred to others. Likewise, the occurrence and distribution 

of its parasite, A.plutellae, may also closely follow it, as it is large-

ly governed by the presence of the host(s). An understanding into these 

features could prove useful, particularly if chemicals are to be used rat-

ionally for efficient moth control while affecting minimally its parasite(s). 

* 
6.1 MATERIALS AND METHODS 

In one of two studies carried out on transplanted crops, the 

oviposition pattern of DBM on potted cabbage plants (variety K-K Cross) at 

3 different ages /~4, 7 and 10 weeks after transplanting (WAT)J7 was 

investigated. At each growth stage, 10 plants were individually enclosed 

with 5 pairs of 2-day old DBM adults in 46.3 cm x 61.3 cm x 6l cm netted 

cages. Three days after, each plant was removed for record of all eggs 

deposited. The egg distribution was classified according to whether the 

eggs were deposited on the upper or lower leaf surface, or on young leaves 

(& shoots), moderately old leaves, or old leaves. Separation of the diff-

erent leaf categories was arbitrarily considered as follows; (i) young 

leaves (& shoots) being those which are tender and yellowish-green, as 

well as, generally in the process of emerging and to a large extent still 

folded; (ii) moderately old leaves being light green in colour, of moder-

ately hardened texture, and are fully opened as well as firmly held up; 

and (iii) old leaves being dark green, well hardened, and the leaves fully 

opened, spread out or drooping. Categorising separately eggs that were 

laid on stems and petioles was not attempted as eggs deposited on these 

parts were negligible. Harcourt (1957) recorded less than 1% of eggs 

laid on these portions. 

In the 2nd study, the occurrence of larvae and pupae of DBM and 

its parasite cocoons were examined. These were made on unsprayed trans-

planted cabbages (variety Constanta F.l Danish) taken at random from a 

0.18-ha planting. The field was sub-divided into 3 lots, from each of 

which was taken 27 plants for DBM and parasite counts at 4-5, 6-7, 9-10 

and 12-13 WAT. Their occurrence was similarly categorised according to 

whether they were on the upper or lower leaf surface, or on young leaves 

(& shoots), moderately old leaves, or old leaves. 

Investigations on the occurrence of DBM, its parasites, and 

other arthropod species within the cabbage heads covered 3 aspects. 
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The first aimed to determine if any of the species could be found within 

the heads, and if so, their respective positions. In this study, freshly 

harvested cabbages ready for marketing were used; 30 heads taken randomly 

from an uns prayed crop in the MAHDI Research Station, and 15 heads from 

a farmer's crop in Tanah Rata where insecticides were applied every 2-3 

days. Beginning from the outermost of each head, all the leaves were 

peeled off individually and examined for the presence of any arthropod 

species. 

The second study also utilized freshly-harvested cabbage heads 

but these were obtained from 3 different localities; 24 heads from an un-

sprayed crop ii^the MAHDI Research Station, while 15 heads and 25 heads, 

respectively, from heavily-sprayed fields of farmers in Brinchang and Kg. 

Raja. These were individually enclosed for 2 weeks under laboratory 

conditions in wooden frame cages (38.1 cm x 38.1 cm x 38.1 cm) overlaid 

with white nylon netting. All arthropods emerging from the heads were 

determined. Subsequently, the cabbage heads from Brinchang and Kg. Raja 

were peeled for determination of the status of those still remaining 

within. This determination constituted the third aspect of investigations 

on the cabbage heads. 

6.2 RESULTS 

6.2.1 Distribution of the eggs of DBM on transplanted 

cabbage plant 

The differential deposition of eggs by DBM between the abaxial 

and adaxial surface of cabbage leaves was distinctly in favour of the 

former only when the plants were young (Table 6.1). At 4 WAT eggs depo-

sited on abaxial surface was 2.4 times that of the adaxial and this 

increased to about 3 folds at 7 WAT. By then, the difference was clearly 

evident and highly significant (t = 4.291, df - 18). However, by 10 WAT 

the difference was insignificant (t = 0.704, df - 18). This was also 

observed when egg population for all the plant ages was pooled (t = 1.657. 

df = 4) (Table 6.1). In general, there is a tendency for eggs to be 

deposited on the abaxial leaf surface as indicated by their consistent 

preponderance there. 

In relation to total egg deposition with respect to leaf age, a 

significantly (P< 0.05) higher number was found on moderately old leaves 

for all the plant stages studied. Between old and young leaves (& shoots) 

there was, however, no significant difference (Table 6.2). 
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Table 6.1 Differential deposition of the eggs of Plutella xylostella (L.) 
on the adaxial and abaxial leaf surfaces of cabbages (variety 
K-K Gross) at different times after transplanting. 

Plant age 
(weeks after 
trans planting) 

Mean number of e ggs/plant^ 

Leaf 
surface: Abaxial Adaxial Mean difference^ 

4 11.6 4.8 *(t-2.396, df=18) 

7 25.9 8.7 ***(t=4.291, df=l8) 

10 21.0. 17.2 ns(t=O.704, df-18) 

Total 
- A , -

195.0 102.3 ns(t-1.657, df=4) 

1/ Replicated 10 times. 

2/ ns - no significant difference, x - significant at 5$ level, 
and -5006 » significant at 0.1$ level. 

Table 6.2 Differential deposition of the eggs of Plutella xylostella (L.) 
on cabbage leaves of different ages. (Cabbage variety 
planted • K-K Cross). 

Mean number of eggs/plant^ 

Plant age „ , „ 
(weeks after Category «T 

transplanting) leaves-' : YL (S) MOL 0L 

4 

7 
10 

0.80 a 
1.80 a 
6.70 a 

11.60 b 
30.00 b 
25.20 b 

4.00 
3.90 
6.30 

a 
a 
a 

All plant ages _ / 
considered together-" 9.10 a 66.80 b 13.80 a 

\f YL (S) - Young leaves shoots) which are tender and yellowish-green. 
These are generally in the process of emerging and to a large extent 
still folded; MOL - Moderately old leaves which are light green, mod-
erately hardened, and fully opened as well as firmly held up; OL " 
Old leaves which are hardened, dark green, and fully opened," spread 
out or drooping. 

2/ Means followed by similar letter for each plant age are not significantly 
different (P - 0.05) based on the Duncan's Multiple Range Test. 

2/ The mean population considered in this group is for a total of 30 plants. 

6.2.2 Occurrence of larvae and pupae of DBM and the cocoons of 

A. plutellae on transplanted cabbage plant 

Since the spatial distributions of immature stages of DBM on 

brassica plant approximate the negative binomial (Harcourt, I96O; Chua & 

Lim, 1977, 1979) and a log (x + 1) transformation found satisfactory 
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(Harcourt, I96O) this was employed in the present analysis. Although 

larval populations recorded on the under surface of leaves were rela-

tively higher in all the plant stages studied (Fig. 6.1) none was 

significantly different (Table 6.3). Of 3248 larvae, 55.9% occurred on 

the adajdal leaf surface. 

Both pupae of DBM and cocoons of A. plutellae were also found 

in greater numbers on the underside. However, differences in populations 

on upper and lower surface were highly significant only for some of the 

plant stages (Table 6.3). With host pupae, 29.3% of 208 was recorded on 

the upper surface, while 7^.2% of 469 parasite cocoons occurred on the 

underside. 

In relation to distribution among the different leaf categories, 

that of A. plutellae cocoons and pupae of DBM showed no significant diff-

erence (Table 6.4). There was, however, a tendency for cocoons to be 

higher on both old and moderately old leaves; the total amounting to 71-6%. 

For larvae and pupae of DBM, the reverse was true (Table 6.4). Of 3248 

larvae and 208 pupae, only 23.2% and 22.1% respectively were on old leaves. 

In both, nearly 40% were on the shoots and young tender leaves. 

6.2.3 Location of DBM and its parasite A.plutellae within 

marketable cabbage heads 

Since previous studies on the occurrence of DBM and its parasites 

on cabbages have exclusively involved transplanted crops, investigations 

were made to clarify their possible presence within the cabbage heads. It 

is hoped that such knowledge could prove useful in the control and better 

understanding on the dispersal ecology of the moth. 

In spite of the rather tight and closed conditions of the cabbage 

heads, both DBM and its parasites were readily located within when the 

leaves were gradually peeled off (Tables 6.5 & 6.6) . Hie stages observed 

have included both larvae and pupae of DBM, and cocoons of the parasite. 

Although most were recorded from the first 15 outer leaves, some were found 

as far in as the 27th leaf. It is probable that they were trapped within 

as the younger leaves on which they had concentrated began to fold over 

one another to become compacted into the head. In unsprayed treatment 

46.7% of the heads had infestations within, while that of sprayed heads 

80%. Evidently, insecticides in the latter could not reach within the 

heads to kill the larvae. 

6.2.4 Insects emerging from harvested and cleaned marketable 
cabbage heads 

Although both DBM and its parasite occurred within the cabbage 

heads (see 6.2.3) » it was not certain as to what would be their fate. 
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FIGURE 6.1 Occurrence and distribution of the larvae and pupae of 
Plutella xylostella (L.) and the cocoons of Apanteles plutellae 
Kurdj. on cabbages at different plant age. (WAT « Weeks after 
transplanting; ULS =» Upper leaf surface, LIS = Lower leaf 
surface; Y = Young leaves/shoots, M = Moderately old leaves, 
0 =* Old leaves). 



Table 6.3 Occurrence of the larvae and pupae of Plutella xylostella (L) and the cocoons of Apanteles plutellae Kurdj. 
on the different leaf surfaces of cabbages (variety Constanta Fl) at different times after transplanting. 

Mean population/27 plants^ 

P.xylostella 

Plant age 

(WAT)^ 

Larvae Pupae A.plutellae Plant age 

(WAT)^ 
Abaxial Adaxial Mean 

difference-^ 
Abaxial Adaxial Mean «/ 

difference-^ 
Abaxial Adaxial Mean «/ 

difference^ 

* - 5 5^.33 57.67 ns(t=lfl90, 
df-4) 

0.00 0.33 y 2.00 5.67 y 

6 - 7 267.33 360.00 ns(t=0.373» 
df-4) 

3.00 15.00 ***(t-26.320, 
df-4) 

11.00 59.67 ***(t«l95.451. 
df-4) 

9 - 1 0 71.00 79.67 ns(t»0.469, 
df-4) 

0.00 1.33 y 0.67 2.00 y 

12 - 13 85.00 107.67 ns(t=1.294, 
df-4) 

17.33 32.33 ***(t»53.766, 
df-4) 

26.67 48.67 ***(t-120.196, 
df-4) 

Total 119.42 151.25 ns(t=0.647, 
df-22) 

5.08 12.25 ns(t-1.086, 
df-22) 

10.08 29.OO ns(t-1.673» 
df-22) 

1/ Replicated 3 times. 

2/ WAT - Weeks after transplanting. 

2/ ns - no significant difference, 9eee = significantly different at 0.1* level, 

4/ Statistical analysis not carried out as the population levels were too low. 
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Table 6.4 Occurrence of the larvae and pupae of Plutella xylostella (L.) 
and the cocoons of Apanteles plutellae Kurdj. on cabbage leaves 
of different ages. (Cabbage variety planted » Constanta 
F.l Danish). 

Plant age 
(weeks after 

transplan- Category of 
t i n g > leaves^/ 

Mean population/27 plants^^S/ 

P.xylostella A.plutellae 
cocoons 

Larvae Pupae 

4 - 5 
YL (S) 

MOL 
OL 

67.67 a 
36.33 ab 
8.00 b 

0.00) 
0.00) 3/ 
0.33) 

1.33 a 
4.00 a 
2.33 a 

6 - 7 

YL (S) 
MOL 
OL 

149.33 a 
280.00 a 
I98.OO a 

3.00 a 
6.00 a 
9.00 a 

9.00 a 
27.00 a 
34.67 a 

9 - 1 0 
YL (S) 

MOL 
OL 

114.67 a 
32.67 b 
3.33 b 

0.00) 
1.00) y 
0.33) 

1.00) 
0.33) 5/ 
1.33) 

12 - 13 
YL (S) 

MOL 
OL 

96.67 a 
54.00 a 
42.00 a 

24.00 a 
20.00 a 
5.67 a 

33.00 a 
27.00 a 
15.33 a 

All plant ages 
considered 
together —7 

YL (S) 
MOL 
OL 

428.33 a 
403.00 a 
251.33 b 

27.00 a 
27.00 a 
15.33 a 

44.33 a 
58.33 a 
53.67 a 

1/ YL (S) » Young leaves (& shoots) which are tender and yellowish-green. 
-These are generally in the process of emerging and to a large extent 
still folded; MOL » Moderately old leaves which are light green, 
moderately hardened, and are fully opened as well as firmly held up; 
OL » Old leaves which are hardened, dark green, and fully opened, 
"spread out or drooping. 

2/ .Replicated 3 times. 

2/ Means followed by similar letter in the same column are not significantly 
different (P = 0.05) based on the Duncan's Multiple Range Test. 

4/ The mean population considered in this group is for a total of 108 plants. 

3/ Statistical analysis not attempted because the population obtained 
was too low. 

Whether they would continue to remain within and die was investigated through 

confinement of the cabbage heads for observation of possible emergence. 

From such a study, it was revealed that both DBM and its parasites (A. 

plutellae and D.eucerophaga) could somehow survive to emerge (Table 6.6). 

The emergence, however, may be of a different nature. In some, the adult 

DBM and parasites would first emerge within and later crawl out of the 

head. Alternatively, larvae of DBM may move out to pupate, and if para-

sitized, the parasites then emerge to pupate. Generally, hy the 12th day 
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Table 6.5 Location of Plutella xylostella (L) and its parasite 

Apanteles plutellae Kurj. within marketable cabbage heads 

obtained from sprayed and unsprayed fields in Tanah Rata, 

Cameron Highlands. 

Leaf No. 1/ No . of P. xylostella and A. plutella! c. 

Within 15 sprayed heads Within 30 unsprayed heads 

L p C L P c 

1 0 1 1 0 3 0 
2 1 1 1 0 1 2 

3 1 0 0 3 0 2 
4 1 0 1 3 1 1 

5 3 0 0 3 0 0 
6 3 0 0 2 0 0 

7 1 0 0 0 0 0 
8 2 1 0 3 0 1 

9 1 1 0 1 0 0 
10 2 0 0 2 0 0 
11 0 0 0 0 1 0 
12 2 0 0 1 0 0 

13 2 0 0 0 1 0 
14 0 0 0 0 0 0 
15 1 0 0 0 0 0 
16 0 0 0 1 0 0 

1? 1 0 0 0 0 0 
18 1 0 0 0 0 0 

19 0 0 0 0 0 0 
20 0 0 0 0 0 0 
21 0 0 0 0 0 0 
22 0 0 0 0 0 0 
23 0 0 0 0 0 0 
24 0 0 0 0 0 0 

25 0 0 0 0 0 0 
26 0 0 0 0 0 0 
27 0 0 0 1 0 0 
28 0 0 0 0 0 0 

29 0 0 0 0 0 0 
30 0 0 0 0 0 0 

31 0 0 0 0 0 0 
32 - 0 0 0 0 0 0 

33 0 0 0 0 0 0 

34 0 0 0 

35 0 0 0 

36 0 0 0 

37 0 0 0 

38 0 0 0 

39 0 0 0 

1/ Beginning from the outermost on a marketable head. 

2/ L, P = Respectively larva and pupa of P. xylostella, C = Cocoon of 
A. plutellae 
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Table 6 . 6 Insects emerging from cabbage heads (cleaned and marketable) purchased from Brinchang -'and Kg. Raja (50th mile), 

and others harvested from MARDI Research Station (Tanah Rata)^/ in the Cameron Highlands. 

Nature of 

emergence 2/ 
Total No. 

of heads 

No. of insects emerging at following days after harvesting 

3 4 5 6 8 10 11 12 13 14 
Total 

A. CABBAGES SPRAYED 
WITH INSECTICIDES 

i. Brinchang 1/ 
n. 
A d 

Others 

• 50th mile, Kg. Raja 1/ 
PI 
AD 
Aa 
Ha 
Others 

15 

25 

4 

4 

i V 

13 

6 
2 

B. UNSPRAYED CABBAGES^ 
PI 
Ap 
Aa 
Hp 
Others 

24 

1/ The pre-harvest cabbages were subjected to regular insecticidal sprays at 2 — 3 days interval with mixtures of chemicals, 
particularly Tamaron and Dipel . 

2/ The cabbage heads were obtained from crops cultivated successively without any insecticidal treatment. 
2j PI = Plutella xylostella larva emerging to the outer leaves to pupate; Ap = P.xylostella emerging as adult; Aa = Apanteles 

flutellae emerging as adult; Ha = Host larvae emerging to outer leaves, followed by emergence of the parasite (A.plutellae) 
larvae; Da = Diadegma eucerophaga emerging as adult; Dp = Host larvae emerging to outer leaves, followed by emergence of 
the parasite D.eucerophaga 

4/ Pipteran adult. 



all would have completely emerged. From one of the heads, however, a 

dipteran adult also emerged on the 14th day. 

When cabbage heads from Kg. Raja were peeled open at the end 

of the observational period, there was found only a dead larva of S.litura 

under the 6th leaf of one of the heads, as well as, a dead adult of DBM 

under the 3rd leaf of another (Table 6.7). 

Table 6.7 Insects species found remaining within the cabbage heads purchased 
from Brinchang and Kg. Raja (50th mile) in the Cameron Hi^ilands. 

Leaf no.-^on which insect species 

Insect species -was found - T o t a l 

L o c a t i o n ^ Brinchang Kg. Raja 

Diadegna eucerophaga: 

Empty pupal case 2nd, 4th, 5th(x2), - 10 
6th, 7th(x2), 9th, 
10th, 12th. 

Dead adult 4th, 5th. - 2 

Dead flea beetle 4th, 5th(x3), 6th(x3), 
7th(x3), 8th(x2), 9th, - 17 
10th, 12th, 13th (x2) 

Flute 11a xylostella: 

Dead larva 2nd(x3), 3rd(x22) , 
12th(x4) - 29 

Dead pupa 9th - 1 

Empty pupal case 6th - 1 

Dead adult 3rd, 4th, 7th, 12th 3rd 4 

Spodoptera litura: 

Dead larva - 6th 1 

1/ The outermost leaf on a head was considered the 1st leaf. When more 
than one specimen were recorded on a particular leaf, the numbers 
are indicated within brackets. 

2/ The total number of cabbages considered for Brinchang was 15 while 
that for Kg. Raja was 25. 

Apparently, only a very small percentage of the insects initially trapped 

within these heads fail to emerge. Although leaves of cabbages generally 

overlay upon one another rather tightly, most of the insects are still 

able to survive and find their exit to the exterior. Perhaps they move 



out as the leaves tighten up. However, in cabbage heads collected from 

Brinchang, substantial numbers of different insect species died within 

(Table 6.7). Some were noted as far in as the 12th leaf. For DBM, most 

were in the larval stage. Although not confirmed from pathogen isolates, 

many were suspected to have succumbed to disease as indicated by their 

watery,foul and disintegrated appearance. This is not unexpected as 

hearted brassica plants can promote conditions which encourage diseases 

(Way et al, I95I). Largely, this occurs through the compact leaves 

holding wet insect faeces in pockets of stagnant air of increased humi-

dity which favours diseases (Gunn, 1917? Smith, 1931 j Way et al, 1951; 

Present studies, Section 5). 

6.3 DISCUSSION 
• 

From investigation on differential oviposition by DBM on cabbages 

it is evident that the abaxial leaf surface received more eggs, amounting 

to 65.6%. This finding, however, does not agree with those of many other 

workers. For example, Marsh (1917)» Muggeridge (1930), Robertson (1939), 

Kanervo (1936), Miles (1924) and Salinas (1972) stated that the eggs are 

laid principally on the lower leaf surface. Only the results of Gunn 

(1917), Harcourt (1957) and Chua & Lim (1977t 1979) support the present 

finding. Although eggs were principally found on the undersides of leaves 

in most of the reports, many of these have either been based on laboratory 

rearing in small enclosures or on limited observations in the field. 

Harcourt (1957) noted that when closely confined the moth does not ovipo-

sit normally. Under such conditions, the moth lays more eggs on the stem 

than in the field, and often lays large numbers on the sides or bottoms 

of containers. Other major factors sire, perhaps, the variety and the age 

of the plants in use during the assessment. The latter, for example, 

resulted in higher numbers being deposited on the upper surface when 

younger stages were used. The proportion laid declined from 70,7% at 4 

WAT and 74.9% at 7 WAT to about 55.0% at 10 WAT (Table 6.1). 

Why more eggs are usually laid on upper leaf surface during 

early growth stages is not clear. Perhaps, the texture in younger leaves 

may have a significant influence. A higher egg deposition on lower sur-

face at later stages (e.g. 10 WAT) could be due to increase in concavi-

ties as more leaves become mature and have better developed veins which 

are more pronounced. That this appears so is in part supported by the 

findings of Gupta & Thorsteinson (1960) and Salinas (1972) who found that 

eggs of DBM were preferentially laid in concavities of leaves and stem, 

and significantly more on a pebbled, grooved or pitted polyethylene sur-

face than on a smooth substrate of the same material. However, this 



182 

factor could not entirely account for the significantly higher number of 

eggs recorded on moderately old leaves. In this case, the greater abun-

dance was also due to a relatively higher number of such leaves (averag-

ing 48.5%). As such, the apparent differences could not be considered 

as reflecting the moth's ovipositional preference. In any case, this 

study does not aim to unravel such differential preferences, but merely 

to determine if any relative differences exist, and if so, how such under-

standing may help towards the proper and more effective use of pesticides. 

Guided by the above finding, it appears that any employment of 

chemical ovicides for the management of DBM should ensure special effort 

in targeting the sprays over moderately old leaves, particularly the upper 

leaf surface in early growth stages. When plants exceed 10 weeks old, 

emphasis for the upper surface is not critical, but getting the chemical 

onto both leaf surfaces would seem desirable. However, since oviposition 

distribution may vary according to Brassica species and variety, caution 

is needed in relating these actions on crops other than the one evaluated. 

For larvae and pupae, the situation is less simple. Although 

more are found on the adaxial surface, substantial numbers are also present 

on the upperside. As such, spraying of both surfaces are still essential. 

However, treatment of older leaves appears unnecessary as these contain 

relatively small numbers of the pest population. Using such spraying 

procedure, it would be possible to destroy at least 77% of the larval po-

pulation while preserving about 34% of the parasite's cocoons, even if 

broad-spectrum insecticides are used. However, with narrower-spectrum 

materials, such 'target treatment* is likely to magnify further in favour 

of the parasite's survival. 

As regard occurrence of DBM and its parasites within cabbage 

heads, the findings have notable implications for the management of the 

moth. Among the adjoining cabbage farms, pest survival within the heads 

between croppings will constitute a contributory factor in initiating and 

maintaining its presence in succeeding crops. A possible source would 

include cabbages retained by farmers for family consumption since these 

are usually uncovered in the homes. However, its relative importance with 

respect to other carry-over factors, such as, left-over crop residues and 

the survival on cruciferous weed hosts (Ullyett, 19^7) is not known. 

Another related aspect concerns their dispersal ecology. Unless 

totally exterminated by systemic insecticides which themselves are un-

desirable for reason of residues, the presence of these insects protected 

within the heads would constitute a reservoir of population. Potentially, 

they could be dispersed far and wide when the cabbage heads containing 

them are distributed via the marketing system. Ho (1965) suggested that 



DBM probably came into Malaysia through importation of cruciferous vege-

tables, either legally or illegally via Thailand in the north or from 

Sumatra to the west, and via Singapore from Taiwan. Practically, this 

can happen since cabbage heads need to be despatched very rapidly to 

avoid deterioration, and normally this occurs well within the emergent 

period (ca 2 weeks) from the time of crop harvest. For DBM, involvement 

of such a dispersal mechanism is probably important only over time since 

the moth could easily migrate over long distances, e.g. from continental 

Europe (Russia) to England and Scotland in 1936 and 1958, respectively 

(Hardy, 1938; French <Sb White, 1960? French, 1965 ; Johnson, I969). Such 

a migrating flight of the moth has also been observed in North America 

(List, 1937). For its parasites, dispersal within cabbage heads is per-

haps even less important. Otherwise, parasite species in the region 

should be rather similar and more common. 

On the other hand, dispersal in cabbage heads may perhaps be 

more important within the country since cabbages are generally more 

actively distributed internally. For example, movements of cabbage heads 

occur from the Cameron Highlands to various parts of the country daily. 

This may possibly account for why A. plutellae has so quickly become 

widespread in West Malaysia. 

In general, it appears that understanding of the occurrence and 

spatial distribution of both DBM and its parasites can be important for 

the management of the moth. These aspects, evidently, merit consideration 

when control guidelines are being developed. 



?. FIELD ABUNDANCE OF DBM IN RELATION TO PLANTING AND 
NATURAL ENVIRONMENTAL FACTORS 

Comprehensive studies on field abundance of DBM in relation to 

influencing factors are generally limited, being largely confined to stu-

dies by Hardy (1938), Ullyett (1947), Vos (1953)» Harcourt (19634,1969), 

Oatman & Platner (I969) and Goodwin (1979). In many places where DBM is 

of concern the knowledge is largely from cursory observation and extended 

field experience. Where some data based on periodic samplings are avail-

able, these were normally not taken continuously for sufficient duration 

to enable the establishment of a meaningful pattern of its occurrence 

should trends exist. This is particularly true in the Cameron Highlands 

where knowledge of its abundance is confined mainly to vague impressions 

associating it with dry and low rainfall periods. Beyond this, except 

for some initial studies by Ooi (1979a), much information on its field 

abundance and the natural governing factors are lacking. The present 

investigations thus aimed to gather such knowledge, particularly on how 

population fluctuations may be affected by crop age, time of planting, 

seasonal changes and naturally-occurring biological control factors. 

7.1 MATERIALS AND METHODS 

Essentially, these studies are detailed analyses of various 

relating factors recorded over 32 continuous overlapping and unsprayed 

crops cultivated between 1973-80. The methodology has been described 

earlier in Section 4. 

7.2 RESULTS AND DISCUSSION 

An initial attempt to understand the population fluctuation of 

DBM in the field was to determine if the build-up is governed by the age 

of infested crop. In this regard, the population development of DBM for 

the first 30 crops were individually plotted against the developmental 

age (days after transplanting) of each crop. From Fig. 7 . 1 , it is evident 

that the population fluctuations is unrelated to the age of infested crop. 

For some crops, a gradual build-up was observed, culminating in a single 

peak at the later age. With a few, infestation was high initially, but 

later declined either sharply or slowly. In yet others, there were two 

distinct peaks; a smaller build-up preceded by a larger one, or vice versa. 

Evidently, even if the age of the crop were to have any influence on the 

population fluctuations of DBM, it would not be an over-riding factor. 

When parasitism rates of A.plutellae are superimposed over the 

fluctuations of DBM over each crop, there was generally an inverse rela-
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20 40 60 80 100 20 40 60 80 100 
Days a f te r transplanting 

FIGURE 7.1 Population development of Plutella xylostella (L.) 
and its parasitization by Apanteles plutellae Kurdj 
in relation to crop age. ( For each cabbage crop 
there was overlapping by a preceding and successive 
planting ). 
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tionship (Fig. 7.1). A high parasitism is almost invariably associated 

with low host population, and vice versa. This general association is 

further indicative of the parasite's suppressive effect, and to some extent, 

its contribution in governing the moth's abundance and population fluc-

tuations. 

Since plant age has little or no influence, the DBM fluctuations 

were further examined in relation to seasonality. Fig. 7.2 shows the 

moth building up in two distinct parts of the year. The first, which is 

generally bigger, usually occurs over a narrower time period between the 

later part of January to April. Although it normally peaks in February, 

the peak may sometimes occur around March, or even as late as May. The 

latter, however, is not usual. In the 2nd build-up, the range of notice-

able occurrence is often much wider, extending from June to October (Fig. 

7=2). Peak occurrence normally is evident in August, though this may 

sometimes be slightly earlier at the end of July or much later in September/ 

October. 

Since the time of yearly build-up is fairly consistent, seasonal 

influence is believed responsible. In particular, rainfall appears a 

strong contributory factor. The long time impression that DBM infestations 

are generally low during periods of higher rainfall is well borne out by 

the present studies, except for the short period between January and August 

in 1977 where the reverse was observed (Fig. 7.2). For temperature and 

relative humidity, no clear pattern in their relationships was evident. 

Analyses showed the correlation to be insignificant (P>0.05) irrespective 

of whether data for the period January-August, 1977 were included (Fig. 

7.3) or omitted (temperature: r - -O.2387, df = 62; RH: r = -O.I865, df « 

62). For rainfall a significant negative correlation (0.01< P<0.02) was, 

however, obtained (Fig. 7.3), when data for the mentioned period were 

excluded. It has a significant slope (P<0.05, t = 2.513, df = 62) and a 

regression equation of y = 4.659 - 0.0057x, suggesting an increase of one 

larva per plant for every 175 51111 reduction in monthly precipitation. Such 

a climatic influence appears critical as the mean population per plant 

(see 4.5) at mean monthly rainfall of I92.OO mm is presently quite close 

to the economic threshold of 37 larvae/10 plants (Jusoh et al, 1981)4 

Especially during the dry spells, this population is likely to increase 

beyond the economic threshold. 

Although rainfall may only occasionally be important (Hardy, 

1938) in some temperate countries (e.g. England), it is evidently of substan-

tial importance in the Cameron Highlands largely because precipitation is 

generally much greater there. During heavy rain (particularly tropical 

rainstorms), drowning of the larvae may constitute the main source of 
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FIGURE 7.2 (Continued 3) . 



FIGURE 7.3 Relationships "between the abundance of Plutella xylostella (L.) on successive and overlapping croppings 
of cabbages (variety Constanta F.l Danish) and some climatic parameters in the Cameron Highlands. 
(Regression analyses when data ( o) between Jan-August, 1977 &re included: Rainfall, b=-0.0034-5, a =4.5573> 
r=-0.1l65 (ns), df=70; Temperature, b=-0.49596, a=12.870, r=-0.11l8 (ns), df=70; RH, b=-0.l487, a=17.009, 
r=-0.1235 (ns), df=70; and when data ( o) excluded: Rainfall, b=-0.0057, a=4,65l9, r=-0.3040 (•* ), df=62, 
regression equation y=4.65l9~0.0057x; Temperature, b=-0.7111, a=l6.3632, r=-0.2387 (ns), df=62; RH, b = 
-0.1468, a=l6.4930, r--0.l865 (ns), df=62). 



mortality. This was also noted by Harcourt (1963k)in Canada. Evidently, 

the status and fluctuations of DBM in the Cameron Highlands are, to some 

extent, reflecting this underlying association with precipitation. When 

the weather is drier, a higher infestation can be expected. This is 

further borne out by the severe DBM outbreak on the 19th crop in 1977 

which had the lowest mean annual rainfall of 168.85 mm. Within the year 

itself, it was also generally drier during the earlier period wherein the 

mean monthly precipitation from January to August was only 140.56 mm. 

Based largely on the rainfall-infestation relationships, the overall clim-

atic conditions would seem highly favourable for substantial build-up of 

the moth, at least for the first half year. However, during this period 

there was also a sudden increase in rainfall (317^ mm) in April. That 

this coincided with the build-up seems contradictory to the general 

infestation-rainfall relationship. Nevertheless, when compared to the 

corresponding wet periods of other years this spell of rain was very brief 

and unable to suppress effectively the build-up. By May which had become 

drier, the infestations had attained outbreak proportions. 

During the outbreak period, the population pattern of A.plutellae 

was also inconsistent with that generally observed at other times. Nor-

mally, fluctuations of the parasite follow closely that of DBM (Fig. 7.2) 

until immediately preceding the outbreak. For instance, from January to 

end of March (1977), the parasite population climbed steadily after that 

of the host (Fig. 7.2). Soon after, and for 1-2 weeks, the host popula-

tion 'crashed' abruptly before regaining rapidly to outbreak proportion 

durlxig the brief period of hi^ier rainfall in April. Hie parasite, however, 

continued to rise well beyond the 'crashing period' of the host into early 

April. Then, responding numerically, it also 'crashed' to negligible 

numbers, by which time the host had recovered to increase sharply. Why 

the host abruptly ' crashed', and why the parasite did not rebuild suffi-

ciently to prevent the eventual outbreak can only be speculative. Several 

factors probably accounted for the latter, viz: (i) during the 'crash' 

host availability was obviously the limiting factor, (ii) following host 

recovery, suppression was ineffective because of asynchrony with preferred 

host stages (see 5.2), and (iii) at high parasite and low host density 

during the 'crash' and initial recovery stage, excessive superparasitism 

resulted in high host mortality (see 5.5»/0 and preponderance of male 

parasites (see 5.6). Together, all these interrelating factors could well 

result in the parasite failing to response sufficiently to cope with the 

numerical increase of the host. 

As regard what might possibly cause the abrupt and near-complete 

•crash' of the host, this can only be speculated from a somewhat parallel 



situation earlier reported by Ullyett (1947) in South Africa wherein the 

DBM upsurge was traced to an epizootic of E.sphaerosperma. In this in-

stant, a sufficiently wet spell provided the favourable conditions that 

triggered off the epizootic which drastically decimated the Plutella 

hosts, whose 'crash* eventually resulted in extensive parasite reduction. 

In the present case, a similar effect of an E.sphaerosperma epizootic 

could not be totally ruled out, particularly since the fungus is also 

commonly present. However, as the incidence of the disease were unfor-

tunately not recorded during the outbreak* its possible association can 

only be extrapolated from records of diseases in comparable studies made 

by Ooi (1979a, I98I) in other cabbage fields in the Cameron Highlands. 

Invariably, in all 3. separate sites (Tanah Rata 1, Tanah Rata 2 and Bertam 

Valley) sampled by him, the DBM population showed a distinct tendency to 

build up during February and March. When disease incidence increased 

considerably (averaging 20-30$), a sharp decline of DBM infestation was 

immediately evident. Although this phenomenon was common, there were 

variations among the sites in the actual time of disease build-up and 

the period such high incidence was maintained. Since the 19th crop in the 

present investigation was also cultivated during the same period it is 

highly probable that the sudden and sharp decline of DBM must have also 

been due to an upsurge of E. sphaerosperma. In the same manner as des-

cribed by Ullyett (1947) in South Africa, this may be responsible for the 

unusual parasite decline and the subsequent DBM outbreak. That similar 

outbreak did not also develop in the other 3 sites although the moth's 

builoup'was unusually higher than at other times, clearly suggests that 

the causal factors involved are not so simply defined as above. Subtle 

variations among the different sites were possibly responsible for the 

different degrees of build-up, e.g. differences in disease inoculum, 

levels of parasite and host density, plant conditions, other cultural 

practices, etc. In addition, the right amount of rain has to be present 

(Ullyett, 1947), i.e. the rainfall should not be exceptionally heavy on 

any one day but well distributed. This requirement is further borne out 

by the numerous occasions when disease incidence was not unusually high 

in spite of very high rainfall and to be closely followed by an increase in 

DBM. Clearly, for an outbreak to erupt, the necessary factors must also 

occur and interact in such a manner that not only are they present in the 

appropriate proportions but also their occurrence suitably timed and co-

inciding. Such well-harmonised conditions no doubt occurred only in the 

19th crop where there was a resultant outbreak. 

Apparently, outbreaks resulting from the chain-reaction des-

cribed above are only rarely encountered when one^ considers that conditions 
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with sufficient rainfall are fairly common in the Cameron Highlands. 

Rather, the tendency is for higher build-up when conditions become drier, 

as was clearly evident from the long records of the present studies. 

Since E. sphaerosperma can provide extensive kill of DBM it may 

also be exploited as a microbial control agent against the moth. However, 

since its 'catastrophic effects' could also induce outbreaks (Ullyett, 

19^7; present studies), there thus appears uncertainties about its use-

fulness. Nevertheless, Kelsey (I966) advocated its use in New Zealand 

as it serves well in keeping DBM low. Although parasites within E# 

sphaerosperma-killed larvae were also destroyed, he still considers that 

on balance the advantages outweigh the disadvantages. In the Cameron 

Highlands, the fungus is also considered (Ooi, 1979a; I98I) an important 

mortality factor which is only sometimes density-dependent (Ullyett, 

1947). There, correlation with host population changes was clearly signi-

ficant /~r - O.595I (P<0.05), df » 10; a = 77.8150, b - 1.7590, t 0 # 0 ^ -

2.34^7 as also with mortality from other diseases /~r - O.59I8 (P<0.05), 

df - 10; a - 80.3682, b « 2.6403, « 2.32*7* However, the correlation 

was insignificant /~r « 0.3182 (P>0.05), df « 10_7 all the diseases 

were considered together. 

Pertaining to weather, Ooi (1979a) found the incidence to be 

independent of rainfall. In the present investigations there was also no 

significant correlation with the major climatic parameters /"rainfall: 

r - 0.0739 (P>0.05), df - 29; RH: r « O.O95 (P>0.05), df = 29_7 except 

temperature /~r - -0.4069 (P<0.05), df - 29; a - 377-7889, b - -19.8135. 

to.05 « 2 . 4 ^ . However, for spore germination in E.sphaerosperma the 

conditions most favourable are darkness, a temperature near 20°C and more 

than-70% RH (Sawyer, 1931). As these conditions are more or less constantly 

available in the Cameron Highlands, a reasonable level of natural infection 

can usually be expected there. Periodic records (Fig. 7.2; Ooi, 1979a. 

I98I), have borne this out, lending further support to the view (Ullyett 

& Schonken, 19*K)) that "in countries with abundant rainfall and high mean 

temperature the fungus forms a permanent member of the population of natu-

ral enemies associated with the host insect". In such a situation, a 

fairly stable 'equilibrium' most likely exists among the biological agents 

that make up the host-disease-parasite complex, and this probably helps 

in dampening any tendency of a large scale epizootic of E.sphaerosperma. 

Nonetheless, in exploiting the destructive potential of the fungus, con-

sideration should be given to the warning of Kelsey (1966) on the possible 

adverse effects on parasites when infection occurred early in the cycle of 

DBM. 



197 

Presently, the relationships between E.sphaerosperma and para-

sites of DBM are still insufficiently known. From the meagre data availa-

ble, there was noted a positive correlation only with D.eucerophaga £~r -

0.6955 (P<0.05), df = 8, a = 7.3410, b - 0.4157, t 0 # 0 5 = 2.74*J. 

Correlation with A.plutellae /~r = -0.0164 (P>0.05), df - 8 j or the two 

parasites together (r - O.2667 (P>0.05), df - 8) was not significant. 

Evidently, more comprehensive research to unravel the complexities involved 

are desirable, so as to enable better exploitation of the fungus. However, 

its employment in manner similar to conventional insecticides using mace-

rated infected-larvae should presently be explored, particularly in un-

infected fields. Thisimight prove beneficial since preliminary studies 

have shown such sprays to be effective substitutes for chemical insect-

icides with production costs greatly reduced (Kelsey, 1966). For the 

Cameron Highlands, it might also prove useful in overcoming the acute 

problems of insecticide resistance besides speeding up development of IPC 

programme for DBM. 

The subject dealt with so far has revealed various mortality 

factors (both climatic and biological) that could influence the population 

pattern of DBM. Morris (1959) suggested that, although many variables may 

contribute to mortality in a population, the main fluctuations are caused 

by only a few, and the measurement of these could provide the key to pre-

dicting the subsequent population development. Moreover, there may often 

be only one factor that is responsible for the majority of the fluctua-

tions in a particular index of population trend (Varley & Gradwell, I96O). 

In such a situation, it must, however, be stressed that 'the key factor1 

accounts only for the main fluctuations in population size and not the 

principal regulating or density-dependent factor(s) (Southwood, 1966). 

To date, ecological analysis to identify the respective role of the diff-

erent factors that may influence population changes of DBM in the Cameron 

Highlands is only limited to a preliminary effort by Ooi (1979a). The 

further treatment attempted here not only amplifies on this, but hopefully, 

will also help towards the development of a more rational and predictive 

basis in the control. 

Normally, the key factor analysis is carried out on a generation 

basis and has the underlying assumptions that similar stages measured in 

each successive and discrete generations are non-overlapping. However, 

for DBM in the Cameron Highlands, such assumptions could never be ful-

filed as the moth breeds rapidly and continuously in the field, resulting 

in population of highly overlapped generations. In spite of this, the 

analysis is still attempted with a view of examining the feasibility of 

applying such a method. As the analysis could not possibly be done on 
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the generation basis , mortalities were therefore examined in relation to 

successive croppings. Under the existing circumstances, this appears most 

appropriate as each crop constitutes a fairly discrete unit with well-

defined beginning and ending. Moreover, since the close succession of 

crops has made it possible for a continuous population to exist, the series 

of estimates made in successive croppings could well provide a meaningful 

population trend from crop to crop. In any case, it should be recognized 

that the key factor analysis attempted here is not similar to the method 

normally understood as that of Varley & Gradwell (I96O, 1963a, b, 1965), 

but rather a modified one. 

Figure 7.4 shows the k-values obtained for the various known 

mortality factors plotted against the successive croppings. From visual 

correlation it is evident that A.plutellae (or parasite as a whole) during 

Period I (prior to the introduction of D. eucerophaga) was never a key 

factor. The major mortality and fluctuations were effected largely by 

others (kp) which were probably made up of diseases and climatic factors. 

During Period 2 when there were further differentiation of the various 

mortalities, a rather different pattern was noticeable. The residual 

mortality (kj.) had now become negligible (Fig. 7.4). As this essentially 

resulted from separating out kp (disease mortality), the latter must have 

been largely responsible for kp being the key factor during Period I. 

That kp had all along been a key factor is also suggested by the high 

visual correlation between k^ and K during the first half of Period 2. 

In the attempt to test for direct density dependence of the 

various ks, the regression for each k against the log numbers (log N^) 

entering the stage on which it acts was determined (Table 7*1) as outlined 

by Southwood (I966) for the method developed by Varley & Gradwell (I96O, 

1963a, b, 1965) and Varley (1963). However, only that for kj. and k R are 

significant; thus density dependence for these may be suspected. But, as 

pointed out by Southwood (I966), the regression cctuld be spurious due to 

sampling errors since the two variables are not independent but actually 

log and log . In view of this, further regressions of the log 

numbers entering the stage (log N t) against the log number of survivors 

(log N t + 1 ) * as well as the reverse (log on log N^), were calculated 

as suggested by Southwood (I966). Since only one (log N^ on log 

and not both the regression coefficients is found to depart significantly 

from 1.0 (Table 7.1)» the density dependence earlier suspected cannot be 

taken as real (Watt, 1964; Southwood, 1966). Thus, based on the regression 

analyses (Table 7.1), it appears that the various ks are not directly 

density dependent. This, however, should be viewed with reservation as 



FIGURE 7.4 Partial key factor analysis for the larvae of Plutella 
xylostella (L.) on successive and overlapping crops of 
cabbages (variety Constanta F.l Danish) in the Cameron 
Highlands. (P.x. = P.xylostella; K = Total mortality; 
k r = Residual mortality; ka, kd, kp, kg ko» kp = 

Mortalities, respectively, due to Apanteles plutellae, 
Diadegma euceroohaga ., total parasitization, Entomophthora 
sphaerosperma, diseases other than E.snhaerosperma, and 
diseases as a whole). 



Table 7.1 Regressions between various k factors against the log density 
at the start of the stage on which it acts for determination 
of density dependence. 

Cropping Regression 
Period 

Jhrameters Equation Significance^/ 

I(Crop 1-20) Log No. larvae entering 
stage against kĝ  due to 
A.plutellae. 

y=0.0317x 
+ 0.0764 

t=0.3765, df=l8(ns) 

Log No. larvae surviving 
k a against k^, due to un-
known factor. 

y=0.3088x 
- 0.0871 

t»1.3107, df=l8(ns) 

II(Crop 21-32) Log No, larvae entering 
stage against kĝ  due to 
A.plutellae. 

y=0.204l 
- 0.0086x t=0.0540, df=10(ns) 

II(Crop 23-32) Log No. larvae surviving 
against k^ due to 

D.eucerophaga. 

y=0.34l3 
- 0.12l4x 

t=0.86l6, df=8(ns) 

Log No. larvae surviving 
k^ against kg due to 
E.sphaerosperma. . 

y=0.176lx 
- 0.1814 

t=1.7933, df*=8(ns) 

Log No. larvae surviving 
kg against k Q due to 
other diseases. 

y=0.1082x 
- 0.0672 t=0.7442, df=8(ns) 

Log No. larvae surviving 
k Q against fcp due to 
unknown factors. 

yas0.6456x 
- 0.8091 

t=3-5259, df=8(«f) 

II(Crop 23-32) Log No. larvae entering 
stage against kp due to 
larval parasites (total). 

y=0.3296 
- 0.0094X 

t=0.0310, df=8(ns) 

Log No. larvae surviving 
kp against kp due to 
diseases (total). 

y=0.3673x 
- 0.3961 

t=1.7796, df=8(ns) 

Log No. larvae surviving 
k D against k R due to 
unknown factors. 

y=2.4647x 
- 3.4701 

t=2.8626, df=8(*) 

II(Crop 23-32) Log No. larvae entering 
stage against Log No. 
surviving kg (& k D). 

y=0.35^x 
+ O.8O9I 

t=3.5259, df=8(**) 

Log No. larvae surviving 
kg (& k D ) against Log No, 
entering stage. 

y=0.8991x 
+ 0.2487 

t=0.2172, df=8(ns) 

l/ ns = not significant, * = significant at 5% level, and see = significant 
at 1% level. 
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the demonstration of density-dependence from census data is presently 

fraught with difficulties, and in particular, failure to detect it in no 

way proves its absence (Southwood, 1966). 

It is noted that following the introduction of D.eucerophaga, 

the overall mortality due to parasite (kp) gradually increased while kp 

parallelly declined. From this, it seems that kp is gradually replacing 

kp as a possible key factor and that parasites as a whole may soon assume 

an added importance. Whether this is truly so, and for how long, can 

only be ascertained through continual collection of such data. In any 

case, much more will still need to be done since the present consideration 

is only a partial, key factor analysis confined strictly to the larval 

stage alone. Unless mortality assessment in other life stages are also 

available to help complete a total key factor analysis, it would not be 

possible to account or predict for the overall fluctuations in population 

size. The need for this is strongly suggested from Harcourt's (1963b) 

findings that adult mortality is the critical or 'key1 factor in the 

population dynamics of DBM, and this has strong predictive value for 

species such as DBM which is multivoltine and whose life-cycle is short. 

Evidently, should additional data and deeper ecological understanding 

prove the present modified method of analysis to be reliably functional, 

perhftps some form of population forecast with respect to DBM outbreaks 

may then be realised. 
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8. INSECTICIDAL USAGE IN THE DBM-PARASITE 
ENVIRONMENT 

As noted in Section 1.2 the control of DBM in the Cameron 

Highlands has been exclusively dependent on chemical insecticides. Other 

possibilities (mainly biological control) have only very recently been 

explored and it is doubtful that any effective substitutes to chemicals 

are likely to become fully available in the immediate future. Even if 

there are alternatives, chemical insecticides would still be required 

when suppressions from the non-chemical methods break down occasionally. 

Moreover, in developing an IPC programme for DBM, it is envisaged that 

chemical insecticides would still constitute a fair proportion of the re-

levant control tactics, at least initially. As such, a better understan-

ding of the effects of chemical insecticides and how they may be judiciously 

employed, is essential. Since possible aspects to be considered are so 

numerous, in the present context only those that appear to have immediate 

relevance are examined. 

8.1 MATERIALS AND METHODS 

The full range of insecticides so far employed against DBM in 

the Cameron Highlands has been enormous (see 1.2, Fig. 1.2). Insecticidal 

mixtures, many locally concocted to make quick returns for pesticide 

salesmen, are unusually common. Often, many of these contained chemicals 

"that are completely ineffective against DBM. In order to understand better 

what insecticidal components can still be employed, a full range of the 

"insecticides presently available locally was screened against the major 

stages (eggs, larvae and pupae) of DBM (Appendix 3). Many of the chemicals 

were also evaluated for possible hazards to the parasite, A.plutellae. 

In the insecticide screening of DBM, test insects from stock 

culture originating from the Mensum Valley in 1977 were used. The larvae 

were evaluated using treated B.rapa leaves as feeding substrate. Plants 

individually grown in polyethylene bags (23 cm x 15 cm diameter) were 

divided into different treatment groups at 3 weeks old and sprayed with 

0.1* a.i. (unless otherwise stated) of the respective test chemicals. On 

the 1st, 3rd, 5th, 10th and 15th day after spraying, an excised leaf from 

each treated group was placed in a glass vial (74 cm x 23 cm diameter) 
t 

containing water and held upright by cotton plug. Twenty 2nd-instar larvae 

were then introduced onto each leaf just prior to confinement within a 

•breeding jar* (Plate 2.1). For the controls, untreated leaves were used. 

Each treatment was replicated 3 times and the larval mortality recorded 

daily until pupation. Throughout, the evaluation was made under laboratory 
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conditions while the sprayed plants maintained in ambient glasshouse con-

ditions. 

In the study on ovicidal effects, approximately 200 1-day old 

eggs which were still adhered to B.rapa leaves were submerged for 1 min 

in 0.1% a.i. solution (unless otherwise stated) of each test chemical. 

Following treatment, the leaves were air-dried and then separately kept 

overlying a moist filter paper in 16 cm x 2 cm glass petri dishes. 

Observations for egg eclosion were made daily, and upon emergence, all the 

larvae transferred onto untreated B.rapa leaves in separate petri dishes 

for daily record of mortality until attainment of the 2nd-instar stage. 

In the controls, the eggs were dipped in water only. 

For evaluations of DBM pupae and A.plutellae cocoons, the indi-

viduals were dipped in the treatment solutions. Again, dipping in water 

constituted the controls. Upon air-dried following treatment, these were 

separately kept in their respective treatment groups in ventilated 'breed-

ing jars'. To sustain the emerging adults, water and 30% honey solution 

were also provided. Everyday, adult emergence of both DBM and A.plutellae 

were recorded along with their subsequent mortality. 

In past investigations on conventional insecticides for DBM 

control in West Malaysia (see 1.2), most were confined to laboratory and 

field screening of their toxicities (Henderson, 1957? Ho, I965; Ho & Ng, 

I97O)- Limited study has also shown that the use of sticker (Tenac - p 

Sticker ) is able to extend their effectiveness for about 7 days (Ho, 1965)• 

More recently, investigations have revealed the optimum spraying interval 

to b^ 8 days in West Malaysia (Jusoh et al, I98I). Although treating at 

16-day interval was still significantly better than the untreated control 

the yield was substantially reduced. With a view towards identifying 

further improvement in insecticidal usage, various treatment methods were 

therefore examined. Comparisons were made among 4 methods of insecticide 

application, viz (i) spraying onto upper and lower leaf surfaces of plants, 

(ii) spraying on young leaves and shoots only, (iii) applying only the 

undersurface of the leaves, and (iv) applying over the top of the plant as 

normally done by farmers. In addition, an untreated control was also in-

cluded. The trial was conducted in the MARDI Research Station at Tanah 

Rata (Cameron Highlands) employing a randomised complete block design con-

sisting of 5 treatments and 3 replications. Each replicate has 30 plants 

arranged in 2 rows of 15 plants/row. Except for the various chemical 

treatment, all planting and agronomic practices were similar to that of 
15 

farmers (Appendix l). The insecticide Hostathion was applied weekly at 

0.1% a.i. Periodically, both DBM and A.plutellae as well as crop damage 

were assessed, while the plot yields determined at harvest. In damage 
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assessment the same method described under 4.1 was employed. 

Although field testings have shown B.t. to provide effective 

kill of DBM (Ho & Ng, 1970, see also 4.2.3), only-a-moderate kill was 

obtained from laboratory screening (see 8.2.2). The latter is probably 

due to mortality assessment being made for only 24 hrs after exposure and 

not continued thereafter. Since B.t. is generally slower than most con-

ventional insecticides, following through with the cumulative mortality 

over a longer period might help to clarify the discrepancy. A study was 

thus made to trace the population development of DBM when given B.rapa 
T) 

leaves sprayed with 0.25 g®/500 ml Dipel . An untreated set constituted 

the control. The study was conducted in 'breeding jars' (Plate 2.1) under 

laboratory conditions, beginning with 300 larvae of each instar and repli-

cated 3 times. Every 24 hrs, all larvae suriviving the exposure were 

recorded and transferred onto fresh leaves from the original stocks. 

Since B.t. is capable of providing effective control of DBM 

(Creighton et al, 1970, 197Z, 1973, 1974; Ho & Ng, I97O; Cadapan & Gabriel, 

1973? Chuo, 1973; Suah & Ellis, 1974; Sudarwohadi & van den Oever, 1974; 

Gruner <fc Delplanque, 1974; Grei^iton & McFadden, 1975; Present Studies, 

Sections 4.2.3 & 8.2.6), further examination was made to gain deeper in-

sight into the chemical's influence on feeding and consumption rate. For 

the study, air-dried leaves sprayed with 0.25 g»/5°0 Dipel R, and un-

treated ones were provided in the form of feeding discs (5 cm diameter) to 

freshly-moulted 2nd-instar larvae of DBM. The experiment was replicated 

5 times with 6 leaf discs to 150 larvae within a 25O ml flask. Every 24 

hrs, the surviving larvae were transferred to fresh set of leaves while 

the dry weight (at 110°c) determined for those fed upon. Correspondingly, 

the dry weight of parallel sets of unfed checks were also determined daily. 

By this means, comparison was made for the amount consumed by both exposed 

and unexposed individuals. 

Previous study (see 4.2.3) Has shown that B.t. does not pose any 

direct hazard to developing parasites within the cocoons. Although it is 

also safe to the adult parasite, evidence is however not available on its 

indirect effect through the developing host larvae. In attempts to explore 

this, DBM larvae parasitized at the lst-instar stage by A. plutellae were 

individually reared in glass vial (75 x 24 mm diameter) on unsprayed 

B.rapa leaves. Upon immediate entry into the 1st, 2nd, 3rd and 4 th-ins tar 

stage, batches of 50 larvae/stage (replicated 3 times) were transferred and 

reared on leaves sprayed with 0.25 Sm/5°° ml Dipel . For the controls 

which ran parallelly, use of the untreated leaves was continued. Through-

out the study conducted tinder laboratory conditions (see 2b) detailed 

records were kept on the resultant progeny. 



The abundance of A.plutellae in spite of heavy insecticidal 

inputs in the Cameron Highlands has prompted the suggestion (Ooi & 

Sudderuddin, 1978) that the parasite may have become resistant. An under-

standing of this is not only useful to explain its present abundance but 

could also provide- the means for possible manipulation with resistant 

parasites. To investigate this, A.plutellae collected from the field in 

the Mensum Valley during January 1978 were compared with laboratory stock 

culture initiated in mid-1973 and bred through to I978 when the test was 

made. Due to continuous breeding in conditions free of insecticidal 

pressure, it is assumed that the laboratory stock might by then be equi-

valent to a susceptible strain. In I98O, further collections were made 

for another evaluation. However, only the responses against malathion 

were compared simultaneously with that produced by the stock culture which 

was about 7 years old then. The others evaluated included lindane, fen-

valerate and methamidophos. 

In the biological assay, only male parasites between 0.5 - 0.8 mg 

(mean wei^it -» 0.717 n " 2160) were used. For those collected at the 

cocoon stage from the field, only the F^ adults were evaluation. As to 

the toxicants, these were of analytical grade (95 - 99.3$ purity) diluted 

in acetone to the appropriate concentrations (w/v). The controls, however, 

consisted of acetone only. Application was made topically with a micro-

capillary tube; 1 ul being delivered dors ally onto the thorax of each 

parasite. However, prior to treatment the parasites were immobilised by 

chilling in a freezer for 5 mins. Every test concentration consisted of 

40 exposed adults, this being replicated 4 times with 10 adults/replicate. 

Immediately following treatment, the parasites were confined in 'breeding 

jars' with water and 30$ honey, and record of mortality was made hourly 

for the first 6 hrs and at 24 hrs. However, only the mortality at 6 hrs 

was considered in the probit analysis since beyond this there was wider 

variation in the control mortality. Moreover, between 5-16 hrs the mor-

tality was relatively constant. 

8.2 RESULTS 

8.2.1 Effects of insecticides on the eggs of DBM 

Of 44 chemicals evaluated, only 6 were found capable of preven-

ting more than 90$ egg hatching (Fig. 8.1). Among these, 3 were pyre thro ids 

(decamethrin, fenvalerate and permethrin), 1 organophosphate (cyanofenphos), 

1 organophosphate mixture (dichlorvos + phenthoate) and 1 carbamate (car-

tap). For 4"other chemicals, moderate egg mortality ranging from 25-74$ 

was obtained. From these, it is evident that eggs of DBM are generally 
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resistant to insecticides. This was also found in earlier investigation 

by Ho (I965) and field survey in the current studies (see 3.3.5). In 

general, the pyrethroids (except for resmethrin) are superior as ovicides. 

Although egg hatching was not prevented by most of the test 

chemicals, mortality of the resultant larvae was considerable in nearly 

half of the insecticides, largely among the organophosphates (Fig. 8.2). 

Except for methiocarb (carbamate), resmethrin (pyrethroid) and chlordi-

meform (formamidine) which effected 100$ kill, mortality for most non-

organophosphates was, in general, less. It thus appears that, althou^i 

many organophosphates were poor ovicides, they nevertheless could compen-

sate by effecting a hi^ier kill over the young larvae that emerged. 

8.2.2 Effects of insecticides on the larvae of DBM 

Unlike the ovicidal evaluation, more of the chemicals were 

found to perform better as larvicides (Fig. 8.3). Of 39 insecticides 

screened, 16 produced at least 90$ larval mortality. The pyrethroids 

were consistently superior while the degree in effectiveness of others 

varied considerably. 

In general, chemicals which exhibited high initial toxicity also 

tended to have a longer residual toxicity (Fig. 8.4). For a few, this 

was however not so, e.g. resmethrin. Among those that may be included in 

the former category were: fenthion, phosmet, profenophos and triazophos 

among the organophosphates, lindane among the organochlorines, cartap 

and methiocarb among the carbamates, decamethrin, fenvalerate and per-

methrin among the pyrethroids, and cyhexatin among the organo-tins. 

8.2.3 Effects of insecticides on the pupae of DBM 

The effects of insecticides on adult emergence from treated 

pupae were similar to that for eggs. Generally, pupal survival was little 

affected (Fig. 8.5) as was also noted from the field survey (see 3.3.5). 

The highly effective insecticides capable of causing more than 90$ pupal 

mortality were 2 organophosphates (chlorfenvinphos and methidathion) and 

the 4 pyrethroids (decamethrin, fenvalerate, permethrin and resmethrin). 

When longevity of the emerged adultfe was considered for a 

period of up to 7 days, it was observed that with the exception of cartap 

there was little difference between the treated and untreated. For cartap, 

the cumulative adult mortality reached 100$ within 1 day after emergence 

while that of the control increased only gradually and never exceeded 

It is evident from the study that DBM pupae, like the eggs (see 

8.2.1), are generally resistant to most insecticides. Unless the more 

potent ones sure employed, in most situations the pupae will survive the 
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Days after treatment 

Figure 8.4 (Cont inued I ) . Residual toxicity of various insecticides to the 2 n d instar 
larvae of Plutella xylostella(L), 
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chemical treatment. 

8.2.4 Effects of insecticides on the cocoons of A.plutellae 

In this study, no distinct pattern was observed between para-

site emergence from chemically-exposed cocoons and the major insecticide 

groupings. Where sufficient numbers of chemicals in each group were 

evaluated, both hazardous and relatively safe toxicants were found (Fig. 

8.6). In some treatments, although parasite emergence was little affected, 

survival of adult parasites was, however, greatly reduced relative to that 

of the unexposed controls (Fig. 8.7). Over a period of 1-week some 

suffered mortality as high as 100%, e.g. with chlorpyrifosmethyl, dichlorvos, 

dimethoate, phosmet, prothiophos and tetrachlorvinphos among the organo-

phosphates, endosulfan among the organochlorines, and decametrin among the 

pyrethroids. In general, the overall findings appear encouraging in that 

specificity does occur among some of the chemicals. An example may be 

seen in fenvalerate which was highly toxic to DBM (Fig. 8.3) but seems 

relatively safe to A.plutellae (Fig. 8.6). 

8.2.5 Evaluation of different spraying methods in the control 
of DBM 

Among the various treatments evaluated, spraying made on both 

surfaces of the leaves was found to provide the highest yield while that 

of the untreated control the least (Table 8.1). Except for treatment in-

volving spray on the upper surface only, all others had significantly 

(P<0,05) higher yields than the control. However, the yield difference 

for treatment following farmers' practice and that of the untreated plots 

was only marginally insignificant. In the control the yield was at least 

29.72% less. 

In general, it is clear (Table 8.1) that the method of applica-

tion currently adopted by most farmers is not completely satisfactory. 

To some extent, the poor control of DBM on some occasions is probably due 

to this and not entirely to resistance development. Evidently, the need 

for improvement on the existing control method should receive serious 

consideration. 

8.2.6 Survival of DBM as affected by exposure of the different 
larval instars to B. thuringiensis 

Fig. 8.8 shows the initial kill of DBM by B.jt. as generally slow. 

For most of the larval stages exposed, not more than 60% mortality was 

effected within 24 hrs. However, when the mortality was cumulated, it 

was evident that larval survival could be severely affected. Except for 

larvae exposed at the 4th instar, all others suffered complete mortality. 
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Figure 8-7 Cumulative mortality of adult Apanteles plutellae Kurdj . 
following emergence from cocoons that were treated with 
various Insecticides. 
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Figure 8*7 ( Continued I ) . Cumulative morta l i ty of adulf Apanteles plutellae 
Kurdj. following emergence f rom cocoons that were treated 
with various Insecticides-
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DAYS A F T E R E M E R G E N C E 

Figure 8:7 I Continued 2 ) . Cumulative mortality of adult Apanteles plutellae 
Kurdj. following emergence from cocoons that were treated 
with various Insecticides. 
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Fl f lur . 8-7 (Continued 3 ).Cumulative mortality of a d u l t ^ r t t o p / ^ / t o 
Kurdj . following emergence from cocoons tha t were treated 
with various Insecticides-



Table 8.1 Effects of Kj.pj brent sp~?y sing methods —' :>n the infestati ous i.-j' .. 'lib:.! '.a xylostej la [L.J arie the re sib b n t 

callage yields. 

[L.J arie the 

Me :?n number/15 Sc impled plants/tre atment-^ 
Marketable heads/; let-' Method of 

ajipli cation xylostella. 
A. plutellae 
cocoons 

Plant damage 
index (%) 2/ 

Marketable heads/; let-' 

Larvae Pupae Total 

A. plutellae 
cocoons 

Plant damage 
index (%) 2/ No. Yield ( kg) 

Cver both surfaces 
of leaves 113 10 123 16 5-50 81 156.7a-

On young leaves & 
shoots only 126 11 140 28 6.50 73 . 143.7a 

On undersurfa.ee only 135 5 137 19 7-46 70 139.5a 

On uppersurfa.ee only 
(Normal farmers' 
practice) 

137 12 149 15 7.26 68 126.2ab 

Untreated, control I98 11 209 15 8.20 62 88.71 

1/ The insecticide used was Hostathion^ applied weekly at 0.1% a..i. 

zj Based on 4 samplings made on 29.6.77, 13.7-77, 27.7.77 and 10.8.77. Each sample consisted of 5 plants taken at random fro 
each of the 3 replicates in each treatment. 

?/ Eased on 6 visual scorings m a d r o n 21.7-77, 27.7.77, 3-8-77, 10.8.77, 18.8.77 and. 23.8.77- Each scoring was made 
on 45 sampled plants treatment, with 15 plants from each of the 3 replicates. 

4/ Each treatment plot consisted of 3 replications (beds), with each bed having 30 plants. 

£ Yields followed by the sa.me letter are not significantly different at the 5% level according to the 
Duncan's Multiple Range Test. 
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2 3 * 5 
Days after treatment 

FIGURE 8.8 Survival of Plutella xylostella (L.) when exposed 
to Bacillus thuringiensis Berlinger (0.25 & 7 5 C 9 ml 
Di a - ) at the 4 iffercnt larval •tages. 
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Although some pupation occurred from among the 3rd-instar exposure, none 

of the resultant pupae produced live adult;. Only in the 4th-instar expo-

sure was there a small proportion of adults obtained (Fig. 8.8). When 

compared to the corresponding unexposed larvae pupation was observed to 

occur earlier in the exposed individuals, suggesting the latter to be 

under stress. Perhaps through less intake of B.t. because of faster 

development and reduced leaf consumption induced by the pathogen such 

larvae were able to complete their development up to the adult stage. 

In general, the findings have confirmed that although B.t. is 

slow to act against DBM, it is still highly effective as a controlling 

agent. That this is so is also well borne out by its good field perfor-

mance. 

8.2.7 Effect of B.thuringiensis on leaf consumption by DBM 

The comparative study on leaf consumption between DBM exposed 

to B.t. and unexposed individuals has clearly shown that exposed larvae 

not only suffered extensive mortality but also fed less prior to their 

death. For instance, the amount of B.rapa leaves consumed by an exposed 

2nd-ins tar larva was, respectively, O.O96 mg, 0.232 mg, O.6O9 mg and 

0.732 mg by the end of the 24th, 48th, 72nd and 96th hr after exposure, 

as opposed to the corresponding consumptions of 1.012 mg, 0.500 mg, 1.118 

mg and 2.402 mg in the unexposed individual. The overall difference be-

tween the unexposed (5.032 mg) and the exposed individual (1.669 mg) was 

about 3 fold. Given sufficient larval infestation, this difference in 

consumption would probably account for considerable portion of the vast 

difference in crop damage often observed between treated and unsprayed 

crops. Evidently, even though live larvae may still be present for some 
•p 

period after Dipel treatment, considerable protection from feeding damage 

has already been afforded by the applied chemical since feeding by the 

exposed larvae would have already been reduced substantially. 

8.2.8 Effect of B. thuringiensis on parasitized larvae of DBM 

Results of this investigation showed that out of 600 parasitized 

larvae of DBM, only 3-3% produced adult A.plutellae when the hosts were 

exposed to B.t.(Table 8.2). However, from unexposed larvae, as high as 

70% emergence was obtained showing that the bacteria have an adverse 

effect on the parasite. Apparently, much of the mortality of the para-

site probably resulted from starvation due to premature death of the host 

larvae. This is further indicated by the fact that should sufficient 

food be available for the developing parasites to reach the cocooning 

stage, further mortality observed thereon differed little between those 



Table 8.2 Development and survival of Apanteles plutellae Kurdj. from parasitized hosts,^Plutella xylostella (L.)7 
the latter are exposed to Bacillus thurlngiensis Berlinger (O.25 gm/500ml Dipelfl) at the different ' 
instar stages. 

Developmental stage(s) attained 
by A.plutellae and survivors 

Cocoons Adults 

(No.) Q6) (No.) ($) 

FIRST - 150 140 93.3 131 87.3 

+ 150 0 0.0 0 0.0 

70.7 101 67,3-
0.0 0 0.0 

THIRD - 150 139 92.7 122 81.3 

+ 150 10 6.7 0 0.0 

FOURTH — 150 118 78.7 105 70.0 

+ 150 51 34.0 20 13.3 

TOTAL - 600 503 83.8 459 76.5 

+ 600 61 10.2 20 3.3 

., . . a. Treatment: unexposed 

l ® x p ? s e V ° 4. ni -.R Individuals B.thurlngienais to Dipel ^ 

SECOND - 150 106 rx + 150 0 
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of the control (mean 7*3%) and. the exposed individuals (mean 6.9*). In 

any case, it seems clear that with the exception of parasitized larvae 

which have already attained the 4th-instar stage, any exposure of all 

other larval stages to B.t. may prove disastrous to the parasite. Prom 

a practical standpoint, targeting the application of B.t. with respect 

to safeguarding parasites still developing within the hosts is likelyr 

to prove difficult. 

8.2.9 Development of insecticide resistance in A.plutellae 

Among the 4 insecticides evaluated for possible resistance 

development, only slight changes in the LD^q values were obtained for 
the different populations of A. plutellae examined during 1973-80 (Fig. 

8.9). With the organochlorine lindane, the resistance ratio (RR) was 

2.4 fold in I98O, while RRs of 2.9 and 2.7 were obtained for the pyrethroid 

fenvalerate, during I978 and I98O respectively. In spite of the small 

ratios, the LD^q values were found to be significantly different based on 
the non-overlap of the 95* confidence limits. In the case of fenvalerate, 

the difference between that for 1978 and I98O was, however, not signifi-

cant. 

As regard the 2 organophosphates, some differences were, however, 

observed between malathion and methamidophos. In the former insecticide, 

there was hardly any change at all in the LD^q values and the difference 
was insignificant, suggesting that no resistance whatsoever had developed 

between 1973 to I98O. With methamidophos, a progressive increase in the 

RR values was distinctly apparent; these being 2.7 for the population 

collected in I978 and 3.9 for those obtained in I98O. The LD^ 0 values for 

both these comparisons were clearly significant. Although that between 

1978 and I98O was insignificant, it was, however, only marginally so. 

Should the present trend persist, this difference could be expected to 

become significant after some period. 

From the findings, it is evident that the development of insecti-

cide resistance by A.plutellae, if any, is very limited for all the 3 major 

groups of insecticides so far considered. 

8.3 DISCUSSION 

In the toxicity screening of insecticides, it was evident that 

various combinations of toxic responses may be evoked by the different 

chemicals in both DBM and its A.plutellae parasite (Table 8.3). Although 

categorization of the responses is invariably arbitrary, it nevertheless 

constitutes a useful guide towards more appropriate decisions on their 

employment. Insecticides that are completely ineffective would become 
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LD 
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FIGURE 8.9 Dosage-mortality regressions for different field populations of 
male Apanteles plutellae Kurdj. in relation to different insecticide 
(I. Lindane, II. Malathion, III. Methamidophos and IY. Fenvalerate) 

RR =* Resistance ratio. 
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FIGURE 8.9 (Continued). 



Table b.3 Relutive effectiveness ol various insecticides to the aiTTeront btageb ol Plutella xylostella (L.) and their relutive 
hazards to lib parabite Apan telcs plutellae Kurdj. 

Chemical 
insecticide 

Toxicity to P.xyloatella On treated pupae 

On treated eggs* Overall effective- On treated leaves 
Hatching Emerged ness of egg control)1 exposed to larvae 

(a) 
larvae 

(b) (a+V) 

exp< 
t 'A a1 

hrs* 
Persistence^ (e) 

Relative over- Toxicity to Relative 
Adult Emerged all effective- A.plutellae on over-
emergence* adults^ ness of pupal treated cocoons all 

Mortality Emerged hazard 
in para- para- % to (f) 

controly 

g = (e+f) 
site emer- sites A para-
gence* site" 

(h) (i) J=(h ti) 

I.OHGANOPHOSPHATES 

CM 
CM 

cyanofenphos VH H Good M S VL C Poor VL C Safe 
chlorfenvinpho6 VL VH Good L S VH Good VL C Safe 
chlorpyrifos VL M Moderate VL S VL C Poor VH - Very harm 
chlorg^rifos-metbyl VL H Good L S - •9 - VH a -ful ' 
diazinon VL VH Good M S VL C Poor VH - V.harmful 
dichlorvo6 VL H Good _ _ - - - VH a V.harmful 
dicrotophos VL L Poor VL s VL c Poor VL b M.harmful 
dimethoate VL VL Poor M s VL c Poor VL a V.harmful 
dimethyl vinghos VL VH Good - - - - - - - -

fenthion VL VL Poor H Lg VL c Poor VH - , -
isofenphos VL VH Good - - - - - - -

malathion VL L Poor VL S VL c Poor VH - -

methamidophos VL H Good H s VL c Poor VL C Safe 
methidathion VL VH Good VU s VH - Good H C M.harmful 

monocrotophos VL H Good VL s VL c Poor L c Safe 
phenthoate VL VH Good VH Md - - - M c M.harmful 
phosmet VL H Good H Md VL c Poor L b M.harmful 
phosphamidon VL M Moderate VL S VL c Poor VL c Safe 
profenoghos - - - H Md - - - - - -

prothiophos VL VH Good VL S VL c Poor L b M.harmful 
quinalphos VL L Poor L S M c Moderate VH c V.harmful 
tetrachlorvinphos - - - - - - - - VH a V.harmful 
triazophos B M Moderate VH Lg M c Moderate VL c Safe 
trichlorfon VL L Poor VL S VL c Poor VL c Safe 

11.ORGANOCHLORINES 
dieldrin VL M Moderate L s VL c Poor M b M.harmful 
endosulfan VL L Poor L s VL c Poor M a V.harmful 
endrin VL VH Good M Md VL c Poor VL c Safe 
lindane VL H Good VH S VL c Poor VH - V.harmful 

III.CARBAMATES 
aminocarb VL L Poor - _ _ _ 
BPMC VL VL Poor - _ _ _ 
carbaryl VL L Poor VL S VL c Poo r VL b M.harmful 
cartap VH - Good VH Md VL a Good VH V.harmful 
methiocarb VL VH Good VH Lg L C Poor VL c Safe 
me thorny1 L VL Poor H S VL C Poor L c Safe 
girimicarb - - - VL S - - - - Safe 

IV.PYRETHROIDS 
ddcamethrin VH - Good VH S VH c Good L b M.harmful 
fenvalerate VH - Good VH Lg VU - Good VL c Safe 
permethrin VH - Good VH Lg VH - Good VH V.harmful 
resmethrin VL VH _Good VH Md VH z Good VU — _z_. _ Vzharmful 

v* jir>kf 



Table 8.3 (Continued l). 

Chemical 
insecticide 

T o x i c i t o P.xylOBtella _ On treated pupae 

On treated eggs* Overall effect- On treated leaves Adult Emerged 
Hatching Emerged iveneBs of egg exposed to larvae emergence*adults\ 

controly At 2>t Persistencep . \ / f\ 
hrs* ' ' 

larvae 
(a) (b) c = (a+b) 

Relative over-
all effective-
ness of pupal 

controly 

g = (e+f) 

Toxicity to 
A.plutellae on 
treated cocoons 
Mortality Emerged 
in para- para-
site emer- sites^ 
gence* 00 (i) 

Relative 
overall 
hazard to 
parasite^ 

J=(h+i) 

V.BIOLOGICAL AGENTS 
B. thurlngiensi8 VL VL Poor M S VL C Poor VL c Safe 
Granulosis virus VL VL Poor - - VL C Poor VL c Safe 

VI.GROWTH REGULANT 
diflubenzuron VL VL Poor VL S VL C Poor 

VII.MIXTURES 
carberyl+malathionVL L Poor VL S VL C Poor VH - V.harmful 
dichlorvos + 

phenthoate VH H . Good VH Md VL C Poor VH - V.harmful 
carbar^l + lindane VL VL Poor - - - - _-

VIII.ORGANO-TIN 
cyhexatin_ - - - _H_ _Lg_ - - - VL c Safe 

IX.FORMAMIDINES 
00 amitraz H VL Good VL S VL Poor VL b M.harmful 

chlordimef orm VL VH Good _ _ _ _ _ VH - V. harmful 

* VH=Very high (90$ mortality and above), H=High (70$ mortality and above, but less than 90$), M=Moderate (50$ mortality and above but 
less than 7 0 $ ) , L=Low (30$ mortality and above but less than 50$), and VL=Very low (less than 30$ mortality). 

P Lg=Long (Effecting more than 70$ mortality for more than 7 days), Md=Medium (Effecting more than 70$ mortality for more than 3 days 
but less than 7 days), and S=Short (Effecting more than 70$ mortality for less than 3 days). 

\ a=Difference in cumulative mortality from untreated control at 7 days after emergence > 60$, b=Difference greater than 30$ but less 
60$, and c=Difference less than 30$. 

y Good=Possessing high toxicity (70$ mortality and above) with respect to either hatching or on the subsequent survival of the hatched 
larvae up to the 2nd-instar stage, Moderate=Toxicity exhibited ranged from 50$ mortality and above, but less than 70$, and Poor=Toxicity 
exhibited less than 50$ mortality. 

6 Safe=Mortality in parasite emergence less than 50$ or difference in cumulative mortality from untreated control at 7 days after emergence 
< 3 0 $ , Moderately harmful = Parasite emergence mortality more than 50$ but less than 70$, and difference in cumulative mortality, from 

control is more than 30$ but less than 60$, and Very harmful = Parasite emergence mortality more than 70$ and difference in cumulative 
mortality from control is more than 60$. 

I 
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immediately evident, as with Group Ih in Table 8.4. Moreover, specificity 
in relation to individual or combinations of different host stages is also 
apparent (Table 8.4, Groups Ia-g). Pertaining to insecticides capable of 
providing simultaneous and effective control against all immature stages 
of DBM these are limited, being restricted to those in Group Ig. This 
has special significance since the different life stages of DBM in the 
Cameron Highlands are usually present together, and such a situation gene-
rally demands the use of 'wide-spectrum' chemicals. That insecticides of 
such a nature are so few (Group Ig), as well as not always adequately 
available or properly utilized, probably also accounts for many of the 
failures in control of DBM. 

From Table 8.4 there appears a fairly wide choice of chemicals 
for use against DBM, particularly when those possessing stage specificity 
are also considered and employed in conjunction with peak occurrence of a 
stage, of which the nature is now partially known from the stage distri-
bution studies in Section 6.2. However, when considered from an IPC 
viewpoint in which insecticides that are less harmful to parasites would 
be most desirable, the available choice is restrictive, and is limited 
essentially to the following: cyanofenphos, chlorfenvinphos, methamidophos, 
monocrotophos, phosphamidon, triazophos and trichlorfon among the organo-
phosphates, endrin among the organochlorines, methiocarb and methomyl among 
the carbamates, fenvalerate among the pyrethroids, B.t. and granulosis 
virus among the biological insecticides, and cyhexatin among the organo-
tins (Table 8.3). A few other chemicals have, however, moderately harmful 
effects, viz dicrotophos, methidathion, phenthoate, phosmet, prothiophos, 
dieldrin, carbaryl, decamethrin and amitraz. Although all these appear 
preferable to many others that have extreme toxicity to the parasite (Table 
8.3), not all can provide effective DBM control. Those found capable of 
satisfying both these requirements are thus further reduced to chemicals 
in Groups II & 111 (Table 8.4). Among these, fenvalerate appears the best 
choice, being highly effective against all the immature stages of DBM 
while relatively safe to A.plutellae (Tables 8.3 & 8.4). However, in 
those valleys where significant resistance development to DBM has been 
confirmed (Sudderuddin & Kok, 1978), its status needs to be further re-
viewed. 

In general, the chemicals in the present investigations have 
been evaluated at dosages closely following that of commercial recommenda-
tions and farm use. It is well recognized that for many, the concentrations 
far exceed minimum effective dose and the excessive use is largely due to 
the 'play safe' factor. Further tests to identify lower concentrations 
would clearly be desirable if unwarranted excess in application of the 



Table 8.4 Grouping of insecticides in relation to their effectiveness against the different stage(s) of Flutella xylostella 
(L.) and their hazards on its parasite, Apanteles plutellae Kurdj. 

Stage(s) of Eggs Larvae Pupae Eggs + Eggs + Larvae + Eggs + larvae + pupa 
P. xylostella larvae pupae pupae 

Response: + + + + + + + -
+ = effective 
- = ineffective 

Grouping based on the relative toxicity to P.xylostella only 

GROUP: 

(Effective-
ness good) 

la lb Ic Id 

amitraz cartap cartap cartap cartap 
cartap cyhexatin chlorfenvin- decamethrin chlorfenvin-

phos phos 
chlordimeform decamethrin decamethrin dichlorvos + decamethrin 

phenthoate 
chlorfenvin- dichlorvos + fenvalerate fenvalerate fenvalerate 
phos phenthoate 

chlorpyrif os- fenthion methidathion lindane methidathion 
methyl 
cyanofenphos fenvalerate permethrin methamidophos permethrin 
decamethrin lindane resmethrin methidathion resraethrin 
diazinon methamidophos methiocarb 
dichlorvos methidathion permethrin 
dichlorvos + methiocarb phenthoate 
phenthoate 

dimethyl- methomyl phosmet 
yinphos 
endrin permethrin resmethrin 
fenvalerate phenthoate 
isofenphos phosmet 
lindane profenophos 
methamidophos resmethrin 
methidathion triazophos 
methiocarb 

If IS 
cartap cartap 
decamethrin decamethrin 

fenvalerate fenvalerate 

methidathion methidath-
ion 

permethrin permethrin 

Ih 
carbaryl 
carbary + 
malathion 
dicroto-
phos 

difluben-
zuron 

endosulfan 

resmethrin resmethrin malathion 
trichlorfon 



Table 8.4 (Continued l). 

Stage(s) of 
P.xylostella 
Response : 
+ = effective 
- = ineffective 

Eggs Larvae 

+ 

Pupae 

+ 

Eggs + 
larvae 

Eggs + 
Pupae 

Larvae + 
pupae + 

Eggs + larvae + pupa 

Grouping based on the relative toxicity to P. xylostella only 
GROUP: 
(Effective-
ness good) 

(Effectiveness 
moderate) 

la 
monocrotophos 
permethrin 
phenthoate 
phosmet 
prothiophos 
resmethrin 
chlorpyrifos 
dieldrin 
phosphamidon 
triazophos 

lb Ic Id Ie If Ig 

B.t* 
cyanofenphos 
diazinon 
dimethoate 
endrin 

triazophos 
quinaiphos 

cyanofenphos 
diazinon 
endrin 

triazophos triazophos 

Regrouping of Group Ia-g above with exclusions of insecticides found very harmful to A. plutellae 
GROUP: 
(Effective-
ness good) 

Ila 
amitraz 

chlorfenvin-
phos 
cyanofenphos 
decamethrin 
dimethyl-
vinphos 
endrin 
fenvalerate 

lib 
cyhexatin 

decamethrin 

lie 
chlorfenvinT 
phos 

decamethrin 

I Id 
decaraethrin 

fenvalerate 

H e Ilf 
chlorfenvin- decamethrin 
phos 

decamethrin fenvalerate 

H g 
decamethrin 

Ih 

fenthion fenvalerate methamidophos fenvalerate 
fenvalerate methidathion methidathion methidathion 
methamidophos methiocarb 

fenvalerate 

methidathion methidathion 

methidathion 
methiocarb 

phenthoate 
phosmet 



Table 8.4 (Continued. 2). 

Regrouping of Group Ia-g above with exclusions of insecticides found very harmful to A.plutellae 

GROUP: I l a 
(Effective- isofenphos 
ness good) methamidophos 

methidathion 
methiocarb 
monocrotophos 
phenthoate 
phosmet 
prothiophos 

(Effectiveness dieldrin 
moderate) phosphamidon 

triazophos 

lib 

methomyl 
phenthoate 
phosmet 
profenophos 
triazophos 

B.t? 
endrin 

lie lid H e Ilf lie 

triazophos cyanofenphos triazophos 
endrin 

triazophos 

Regrouping of Group Ila-g above with exclusions of insecticides found moderately harmful to A.plutellae 

GROUP: 

(Effective-
ness good) 

(Effectiveness 
moderate) 

Ilia 

chlorfenvin-
phos 

cyanophenphos 
dimethyl-
vinphos 

endrin 
fenvalerate 
isofenphos 
methamidophos 
methiocarb 
monocrotophos 
phosphamidon 
triazophos 

I lib 

cyhexatin 

fenthion 
fenvalerate 

methamidophos 
methiocarb 
methomyl 
profenophos 
triazophos 

£.t* 
endrin 

IIIc I H d I H e I H f 

chlorfenvin- fenvalerate chlorfenvin- fenvalerate 
phos phos 

fenvalerate methamidophos fenvalerate 
methiocarb 

I H g 

fenvalerate 

triazophos cyanophenphos 
endrin < 

triazophos triazophos 

* B.thuringiensis 
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toxicants is to be avoided or minimised. The scope of achieving this seems 

not unrealistic when one considers that pyrethroids are often effective 

at extremely low concentrations (Elliott, 1976). Moreover, at sub-lethal 

dosages some may cause •irritancy1 as was recently found (K.H.Tan, I98I, 

pers. comm.) for cypermethrin and permethrin on Pieris brassicae. When 

the temperature declines to below 20°C an exposed larva would show 

•irritancy' whereupon it stops feeding, wriggles vigourously and regur-

gitates before falling off the plant. Upon recovery when the temperature 

rises above the 'irritancy1 threshold' feeding is resumed by the larva 

after ascending the plant. However, the overall consumption is greatly 

reduced with the developmental period lengthened and the resultant pupa 

and adult much smaller. Should this phenomenon also occur in IBM, the 

practical implications with respect to its integrated control development 

can be far-reaching. Not only can lower rates of chemicals be utilized 

with attendent reduction in chemical selection pressure but also feeding 

damage to the crop reduced. Besides, the longer availability of host 

larval stages provides for better chance of parasite survival. In the 

Cameron Highlands, the 'irritancy' effect could prove critical since the 

temperature is well below 20°C most of the time. However, the benefits 

envisaged should also be carefully weighed against any possible forced 

dispersal of the affected larvae that might elicit more rapid resistance 

development to the pyrethroid itself. 

In some instances, upon removal or reduction of the selection 

pressure by insecticides, susceptibility has been regained in resistant 

arthropods (Brown, I958; Brown & Pal, 1971). Such 'reversion' has also 

been suggested in the present case with DBM where methamidophos and methomyl, 

earlier noted to be resistant (Fig. 1.2, Sudderuddin & Kok, 1978), are 

now found capable of effecting acceptable kill (Fig. 8.3). On the other 

hand, malathion which had resistant factor of 2,096 (Sudderuddin & Kok, 

1978), has remained highly resistant (Fig. 8.3). These observations 

correspond well with the contention of Croft (I98O) that 'reversion' from 

a high resistance level is normally rare, while it is more common if sele-

ction is discontinued during the initial phase of resistance development 

or before multiple resistance mechanisms are involved. Since new insect-

icides for replacement of resistant ones (Fig. 1.2) are becoming less 

readily available, efforts should be devoted to seeking additional 'rever-

sions' so that re-use for some can be considered. The rotational use of 

appropriate chemicals with due consideration to minimising resistance 

development should also be examined. 

Since the intensive use of chemicals appears likely to continue 

for some period, an important countermeasure for resistance would include 
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systematic checking on the development of resistance based on standard 
susceptibility tests. Such testing, as suggested by Brown (I958), will 
ensure that the use of a chemical be extended until such time as the tests 
make it evident that a control failure will result. This would eliminate 
the practical danger of control failure due to unsuspected resistance 
(Brown & Pal, I971) and allow replacement by another before the selection 
pressure has firmly established the resistant condition. 

In the Cameron Highlands, insecticides which showed signs of 
becoming resistant over a fairly wide area will generally be withdrawn 
from the market as soon as a new and more effective chemical becomes 
available. But some of the chemicals withdrawn could still be used effec-
tively in some of the localities, suggesting that resistance development 
was not uniform for the different regions. For example, DBM found resis-
tant to methomyl in the Mensum Valley during mid-1970 was still susceptible 
to the same chemical in Kampong Raja. In 1978, a parallel situation was 
again noted with fenvalerate. Field resistance was evident in Kea Farm 
and the Mensum Valley, while in Brinchang DBM remained relatively suscep-
tible. Even from only these two cases which are probably under-representation 
of the actual situation, it is evident that the various agricultural 
valleys are subtlely dissimilar in their DBM make-up; hence, their control 
strategies involving insecticides should be considered separately accor-
ding to each valley ecosystem. Unfortunately, considering the Cameron 
Highlands as a whole is currently the general practice, and quite obviously 
needs to be reviewed. As regards the different pattern of resistance 
development observed in the different valleys it merely constitutes further 
evidence in support of the view (see 1.2) that there is little movement 
of DBM from one valley to another. That little immigration occurs is also 
indicated by the extremely rapid build-up of resistance often encountered 
within each valley itself. 

From comparative studies on different methods of insecticidal 
spraying it is evident that more effective control of DBM can be effected 
through improved means of chemical application. Largely, this is due to 
higher capability of these methods in getting the chemicals onto areas 
where most of the pest individuals normally concentrate, i.e. young leaves 
and shoots, and on the undersurface (see also 6.2). Although spraying 
over both upper and lower surfaces is superior in terms of control effi-
ciency, this procedure will not be readily adopted because of frequent 
need to invert the spray lance to get at the undersurface of every leaf. 
Likewise, treating only the underside would also face similar difficulty. 
In contrast, although thorough spraying of young leaves and shoots is 
not the most effective, it is however most practical and will more readily 
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be adopted. By this means less chemical is generally needed yet achieving 
better control than the average farmers. Moreover, this is acceptable 
economically and preferred ecologically because less chemical is applied 
while hazards to parasites greatly reduced due to concentration of the 
latter on moderately old leaves (see 6.2). As such, it would seem 
desizable to encourage farmers to pay particular attention in ensuring 
more thorough spraying of the young leaves and shoots. Such a tactic 
would constitute an important step towards the development of IPC against 
DBM. However, since targeting chemicals onto the undersurface of leaves could 
also produce significant improvement, the possible employment of the electro-
dyne system (Coffee, 1980a, b) which has the unique feature of 'electric-
field wrap-around*, should also be seriously explored. With such a 
system the extra effort of inverting the spray lance is not required. 

B.t. has consistently been found capable of controlling DBM under 
varied conditions in Canada (Cass, I963), the Caribbeans (Suah & Ellis, 
1974; Gruner & Delplanque, 1974), Finland (Rautapaa, I967), Indonesia 
(Sudarwohadi & van den Oever, 1974), Malaysia (Ho & Ng, 1970), Mexico / 
(Carillo, 1971), New Zealand (Helson, I96O), the Philippines (Cadapan & 
Gabriel, 1973), Singapore (Chuo, 1973), USA (Creighton et al, 1970; 
Creighton et al, 1973, 1974; Creighton et al, 1972; Creighton & McFadden, 
1975), and the USSR (Adashkevich, 1966; Shchepetilnikova et al, 1968; 
Zurabova, 1972). Essentially, the insecticidal activity is largely due 
to (i) a crystalline delta endotoxin produced by the bacteria, and 
(ii) the bacteria spores. Initially, it was thought that the ingestion 
of the spores led to a bacterial population in the gut which eventually 
caused disease, followed by death of the insect. More recent knowledge 
(Luthy, 1973), however, indicates that the high gut pH and digestive 
enzymes of susceptible insects (pH 9.0+) cause dissolution of the cryst-
alline endotoxin into toxic components which then block the enzyme system 
that protects the larva*s gut from its own digestive juices. Following 
damage of the gut wall, the bacterial spores then invade the insect 
haemocoel through the perforated gut walls and produce a septicemia which 
kills the insect. This whole process is noted to govern the time inter-
val between ingestion of the bacteria and the death of insect, and this 
period can vary from one to several days, with the caterpillar not resu-
ming feeding at all (Luthy, 1973). In the present case with DBM 4 days 
appear to be needed to ensure maximum kill while feeding was not completely 
curtailed though drastically reduced (see 8.2.7). 

Pertaining to natural enemy safety, B.t. is not totally selective 
in favour of the primary parasite, A.plutellae. Although relatively safer 
than most conventional chemical insecticides, it still could inflict 



substantial parasite mortality when the parasitized hosts were exposed to 
B.t. prior to the developing parasites attaining the cocoon stage. Since 
parasite mortality is largely a result of starvation, other endo-larval 
parasites (e.g. D. eucerophaga) could similarly be affected. Nevertheless, 
B.t. is still advantageous over other chemical insecticides. 

In the Cameron Highlands and many other localities, the inabi-
lity of B.t. to effect a quick kill has been a major drawback to its ready 
acceptance and wide adoption by farmers. Incompatibility with some other 
pesticides (Heimpel, 1967; Sutter et al, 1971; Hamilton & Attia, 1977) in 
spray tank mixing can also render it ineffective, thereby further aggra-
vating its acceptability. The latter factor is believed to have significant 
influence since spray mixing is a very common practice in the Cameron 
Highlands (Ooi & Sudderuddin, 1978). Evidently, further research to mini-
mise such incompatibility problem is desirable. 

Concerning resistance development in A.plutellae, although 
changes in LD^q values were generally small, some differences could still 
be detected in the developmental trends shown by the different chemicals. 
These differences are probably related to their historical usage or that 
of other closely-allied chemicals in the field. Lindane, for instance, 
was once widely employed against DBM in the Cameron Highlands but now only 
moderately used to control other pests,e.g. flea beetles in the nurseries 
and in poisoned baits against A.ypsilon. Evidently, the reduction in 
selection pressure for lindane over the years is not likely to generate a 
high RR, hence only a value of 2.4. With malathion the selection pressure 
is however even more reduced. Except for possible induction through cross-
resistance, any direct inducement from malathion usage is expected to be 
negligible since it is now no longer in use on the cabbage crops. Moreover, 
even its employment on other miscellaneous crops (beans, ornamentals, peas, 
etc) has been drastically reduced and is nothing comparable to that applied 
earlier on brassicas. As such, it is not unexpected that resistance deve-
lopment by A.plutellae to malathion was not evident. Another possible 
explanation may closely relate to the extremely high level of resistance 
recorded for malathion to its host (Sudderuddin & Kok, 1978). With a 
2,096 fold resistance, the host must, evidently, possess some highly effec-
tive means of detoxifying the insecticide. Although the actual pathway 
has not been determined, it is not unreasonable to assume that the proces-
ses involved have rather complex relationships with an internal parasite 
as reported by Tamashiro k Sherman (1955)» Lingappa et al (1972) and Croft 
(1977a). In such a situation, toxicant transfer from the external is. 
mediated through the physiology of the host. The survival of a resistant 

host may result in a •chemotherapeutic' effect (Croft, 1977a) wherein the 



endo-parasite is killed and the pest freed from its enemy. This is 
however not so with A. plutellae since parasitized host larvae surviving 
heavy doses of malathion have "been observed to produce viable parasites. 
Moreover, the 'chemotherapeutic' effect is mostly found among relatively 
large lepidopteran hosts (Taylor, 1954 j Thurston & Fox, 1972). In 
contrast, the survival of a resistant host may detoxify a pesticide 
(Croft, 1977a) resulting in a non-toxic environment for the endo-parasite. 
With A.plutellae, such a situation not only has afforded protection for 
its eggs and larvae from any external malathion, but also would remove the 
selection pressure for resistance development to the chemical. As such, 
the failure to find any resistance with malathion is thus not unexpected. 

Methamidophos, however, -has a slightly different pattern of 
development. Like the others, it is also reflected by its field usage. 
Once extensively used against both DBM and A.ypsilon, it has in recent 
years been employed as spray mixtures against only the latter species on 
brassicas. ftiis is mainly because DBM has become resistant to it (RR ® 
6.2, Sudderuddin & Kok, 1978) while control of the cutworm is still 
satisfactory. As such, due to the continuous presence of methamidophos 
in the environment, it is thus not unexpected to find a steady and progre-
ssive increase in the RR values. Within about 3 years from I978-8O, the 
LD^q increased by nearly f̂ 0*11 22.5 PPm "to 33.3 ppm. This higher 
rate of increase is perhaps also due to a greater selection pressure that 
is conferred through the host's lower level of resistance. Such a case 
with methamidophos has provided further evidence in support of the conten-
tion of Croft & Morse (1979) that resistance has always appeared in 
natural enemies of pest^ which first acquired resistance, but in crops on 
which the chemical continues in use for control of another pest. With 
this, indications are thus beginning to emerge among which natural enemies 
one mi^it expect resistance to be developed most readily. 

Fenvalerate, a pyrethroid introduced in early 1976 for the cont-
rol of DBM has a RR value of 2.9 by 1978. Although the slight decline to 
2.7 in I98O may not be significant, it could, however, be indicative of 
the reduced selection pressure resulting from the drastic fall in use of 
fenvalerate by 1979. Whether the RR would decline further or otherwise 
increase is likely to be governed by possible occurrence of cross-resistance 
that may be conferred through heavy use of more recently introduced pyre-
throids, such as, permethrin and decamethrin. 

In all the chemicals examined, it is evident that the parasite 
has consistently a lower RR value than its host (Sudderuddin & Kok, 1978; 
Present studies, 8.2.9), indicating higher susceptibility. This conforms 
well to the general findings by Croft & Brown (1975) a survey on res-
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ponses of arthropod natural enemies to insecticides. The factors known 
to influence the rate at which resistance is acquired and the degree to 
which it is maintained in an arthropod population are numerous. In 1977, 
Georghiou & Taylor listed 21 major ones affecting pests grouped into 
categories of genetic, biological and operational factors. Hie latter 
are essentially those under the control of an operator or pest manager. 
In addition, two major hypotheses (Croft & Brown, 1975) have also emerged 
to account for the differential frequency of resistance which was 281 
among agricultural arthropod pests (FAO, 1977) versus 9 among their ento-
mophagous enemies (Croft, 1977b). The first relates to the density 
dependency of natural enemies upon their host for survival and multiplica-
tion following an insecticide application. More specifically, even though 
the chemical may similarly select out resistant genotypes of both groups, 
usually their differential multiplication following treatment would result 
in very different courses of development with respect to resistance selec-
tion. Whereas the pest usually has an unlimited food supply available on 
which to reproduce, the beneficial insect must survive the treatment and 
find its prey or host which is generally scarce. More usually, the selec-
ted natural enemies would fail and die from starvation or do not reproduce. 
Where they are highly mobile, they may also migrate out of the sprayed 
area, there to interbreed with another population resulting in the resis-
tance factor becoming diluted or eventually lost (Huffaker, 1971b; Croft, 
1972; Georghiou, 1972; Newsom, 1974; Croft & Brown, 1975). More recent 
study by Morse (1978) who studied resistance development to azinphosmethyl 
in susceptible strains of the predaceous mite Amblyseius fallacis Garman 
and its prey Tetranychus urticae Koch, has provided further support to 
this hypothesis. His data, in a critical analysis by Croft (I98O), have 
confirmed indirectly that different food levels following selection by 
insecticides may be a significant factor limiting the development of 
predator resistance as compared to prey. 

The second hypothesis to explain the discrepancy between pest 
and natural enemies in relation to resistance development relates to 
possible differences between each group in their ability to detoxify 
conventional pesticides. Accordingly, the increase in susceptibility and 
reduced ability to acquire resistance to pesticides (measured by concen-
tration levels) as generally witnessed in pests, predators and parasites 
(Croft & Brown, 1975) sure basically due to their retention, respectively, 
of a higher, intermediate and lower oxidative detoxification potential 
which, correspondingly, are governed by their phytophagous, mixed, and 
entomophagous habit. In the foremost, the higher and generalised toler-
ance is believed to be due to adjustment by natural selection to detoxify 
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secondary compounds produced by plants such as alkaloids, rotenoids and 
cyanides, etc. (Krieger et ad, 1971) while the specialized parasite has 
become limited in its adaptation to these chemical stresses, and the 
predators taking an intermediate position. 

It has been pointed out by Croft & Morse (1979) that no single 
explanation among the two hypothesis is likely to provide the complete 
answer to the differences observed among the 3 arthropod groups. More 
probably, both are in some way complementary, with each requiring to fill 
in partially on the other where limitations exist. Furthermore, drawing 
from the situation of A.plutellae and in particular the case of malathion, 
another possible explanation may involve 'shielding by a highly resistant 
host'. This, however, is relevant only to endo-parasites and specifically 
to the stages within the host. With this is clarified further the questions 
of differential responses of hosts and parasites to pesticides that have 
been asked since synthetic organic products were first introduced. Hope-
fully, additional research in the future will provide further answers which 
could allow much more to be done in terms of pesticide management based 
on natural enemy selectivity and effective chemical pest control. 
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9* THE ESTABLISHMENT, EFFECTS AND RELATIVE IMPORTANCE 
OF THE IMPORTED PARASITES 

9.1 INTRODUCTION 

Although A.plutellae can contribute substantially towards the 
suppression of DBM in the Cameron Highlands (see Sections 3 4), it is 
unable to maintain the host adequately at subeconomic levels on many 
occasions because of certain self-limiting characteristics (e.g. excessive 
superparasitisra and multiple oviposition which can reduce progeny survival) 
or other extrinsic factors (e.g. the absence of natural foods and indis-
criminate use of insecticides). While the latter extreneous influence 
might be overcome or reduced through proper environmental management, the 
intrinsic limitations are much less amenable and possibly not feasible in 
practice. As such, and because of the notable successes achieved with 
other parasites (Muggeridge, I93O, 1939? Hardy 1938; Ullyett, 1947? Vos, 1953? 
Goodwin, 1979), several species were considered for introduction with the 
object of supplementing the existing contribution of A.plutellae. 

Between 1975-77 and under the FAO/UNDP Technical Aid Programme, 
several shipments of the following parasites were imported (Ooi, 1979a)' 
Macromalon orientale (Hym: Ichneumonidae), Tetrastich us sokolowskii Kurdj. 
(Hym: Eulophidae), T.collaris (Hym: Ichneumonidae) and D.eucerophaga. 
Only the last two species have become firmly established. During 1977 
they were consistently recovered only from uns prayed, overlapping cabbage 
crops specially prepared to help in their initial establishment at the 
MARDI Research Station in Tanah Rata (Ooi, 1979a). 

Following parasite establishment, several research objectives 
have become relevant. An initial interest concerned their possible spread 
from the establishment site to major cabbage farms in the Cameron Highlands. 
With D. eucerophaga, other studies were also made since it occurred more 
abundantly and its beneficial effect was relatively more apparent. Moreover, 
being also a larval endo-parasite, its possible competition and effects on 
the •endemic* A.plutellae merited closer investigation. These were attemp-
ted to assess its role relative to A.plutellae in the control of DBM. 

9.2 MATERIALS-AND METHODS 

In the survey of occurrence and spread of the parasites, periodic 
visits were made to various cabbage farms to collect both larvae and pupae 
of DBM as well as cocoons of D.eucerophaga. Collected pupae and cocoons 
were kept for adult emergence while the larvae either dissected or reared 
to adult emergence for confirmation of parasitism. In dissections, the 
presence of D. eucerophaga was considered positive when either the parasite 



egg or the developing larva was obtained. 
The interaction and competition between A.plutellae and D.eucero-

phaga, and the subsequent effects on their relative contributions, were 
investigated in a series of studies in the ConvironR (see 2b). Initially, 
3 experiments were designed to determine the competitive ability of the 
two parasites in locating and successfully ovipositing in the host larvae 
over a fixed period of time. Second in star host larvae were used and 
parasites 2 days old. In the 1st experiment, each host larva was confined 
with 2 female A.plutellae in a 'breeding jar* (Plate 2.1) for different 
periods (0.5» If 2, 4, 6, 16, 24 and 36 hrs), with each exposure time 
replicated 15 times. All the larvae were then dissected for egg counts 
immediately following exposure. With the 2nd and 3rd experiments the 
procedure was similar except that instead of confining with A. plutellae, 
the parasites involved were, respectively, D.eucerophaga alone and both 
parasite species together. 

Quantitative studies on comptetitive host searching were also 
conducted; in particular the functional response and the determination of 
Th (handling time) and a' (attack coefficient or attack rate) values for 
both parasites. Along with other known attributes it was hoped that these 
biological characteristics (Hi and a') would help indicate their relative 
usefulness. For the investigations, 2nd-instar host larvae at different 
densities (5, 10, 30, 50, 100 , 200 and 300 for D. eucerophaga and 5, 10, 
20, 30, 40, 50, 100, 200 and 250 for A.plutellae) were, respectively, p 
provided for 24 hrs on a leaf of B.rapa (ca 180 cm ) to each 2-day old 
mated female parasite within a 'breeding jar' (Plate 2.1) arena, lhe par-
asites were given access to water and 10$ honey, and each density repli-
cated 4-5 times. Immediately following exposures, all the host larvae 
were dissected for parasite egg counts. 

From previous studies of this experimental series D.eucerophaga 
was found to detect hosts faster and parasitize them more successfully 
than A .plutellae (see 9.3.2.1 & 9.3.2.2). However, this need not necess-
arily be advantageous unless also accompanied by discrimination needed to 
avoid excessive superparasitism. Among solitary parasites, the ability to 
distinguish and avoid a parasitized host has particular adaptive signi-
ficance. One with a perfect discrimination and restraint would avoid 
wastage of eggs, and through non-random selection of the hosts, is able to 
parasitize more host individuals. Under competitive situations with other 
species, such discriminatory capacity might often prove critical in govern-
ing its superiority, as might perhaps be so with D.eucerophaga which is 
endowed with this faculty (Lloyd, 1940). "Whether A. plutellae can exhibit 
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similar discriminatory ability, both intra- and inter-specific, was not 
certain. To explore these possibilities, four experiments were conducted. 
The first two (A & B) were designed to examine the intra-specific dis-
criminatory ability of A.plutellae; A being replicated 6 times and B 10 
times. All the parasites used were 3 days old and the test hosts were 
2nd-instar stage which had been subjected first to single parasite ovi-
position. For the 2nd oviposition exposure (24 hrs) using 2 parasite 
females/host, a 24-hr lapse from 1st exposure was allowed in experiment A; 
while that for B was 4 days. Under these conditions, all the host larvae 
would contain parasite larvae in experiment B but eggs in A during the 
2nd exposure, since egg-hatching in A.plutellae would normally require 
ca 3 days (Table 9.1). Following the 2nd exposure, the larvae were dis-
sected for egg counts; this was made immediately in experiment B and 24 
hrs later in A. By this means, all the eggs deposited during the 2nd 
oviposition can be readily distinguished as they would still remain un-
hatched, unlike those from the 1st oviposition exposure. 

For the 3rd ( c ) and 4th (D) experiments the studies were on 
inter-specific discrimination to determine (i) whether females of each 
species (A.plutellae and D.eucerophaga) are able to distinguish between 
unparasitized hosts and those parasitized by the other, and (ii) the degree 
of host discrimination at different intervals after parasitism by the 
other parasite. In experiment C, 20 host larvae at the 2nd-instar stage 
were first individually exposed to single oviposition by a 2-day old 
A.plutellae. At varying periods after this (0, 24, 48, 72, 96 and 120 hrs) 
different treatment groups with 20 larvae each were separately exposed to 
10 mated females of D.eucerophaga for 24 hrs within a 'breeding jar'. For 
the controls, healthy hosts unparasitized by A.plutellae were used. All 
the host larvae, immediately following the treatment exposures, were dis-
sected for parasite egg and larval counts. In experiment D, the overall 
procedure was similar except that oviposition by D.eucerophaga preceded 
that of A.plutellae. 

In two other studies, the above experiments C and D were extended 
to determine the occurrence of inter-specific competition between the two 
parasite species by rearing the parasitized hosts in 'breeding jars' to 
adult emergence. The studies basically aimed to elucidate whether any 
one of the species is intrinsically superior to the other when oviposition 
of both species in the same host occurs at different time intervals. In 
general, the procedures were similar to that of experiments G and D except 
that only one 'attack-', per host was permitted in the ovipositional exposure 
by the 2nd parasite and an additional treatment interval of 144 hrs between 
ovipositions was included. For the studies, the number of replicates was 
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Table 9.1 Egg incubation periods of Apanteles plutellae Kurdj. and 
Diadegma eucerophaga Horstm. at 20 + 3°G and RH 75-85%. 

Iferasite Period 
species after 

oviposi-
tion 
(hrs) 

Stage of parasite upon dissection^7 Egg hatching^/ 

Rep: 1 2 3 4 5 6 7 8 9 10 
(No.) 00 

24 E E E E E E E E E E 0 0.0 
36 E - E - E E E E E E 0 0.0 

A. 
plutellae 

48 E E E E E E - E E E 0 0.0 A. 
plutellae 50 

52 
E 
L 

L 
E 

E 
L 

E 
L 

E 
E 

E 
E 

L 
L 

E E 
E 

E 
L 

2 
5 

20.0 
55.6 & L E L L L L E - - L 6 75.0 

56 L L L L L - L L L L 9 100.0 

24 E E E E E _ E E E E 0 0.0 
36 E E - E E E E E E E 0 0.0 

D.eucero-
phaga 

42 E E E F, F, E E _ E E 0 0.0 D.eucero-
phaga 44 L E L L E E E L 4 50.0 D.eucero-
phaga 46 L L L - - L E L L L 7 87.5 

48 L — L L L L L — L L 8 100.0 

1/ E = Egg, L = Larva, - = unparasitized 
2/ Mean incubation period: A.plutellae = 54.00 hrs, D.eucerophaga = 46.42 hrs. 

also increased to 30. 

9.3 RESULTS 

9.3.I Dispersal and colonization by D.eucerophaga and T.collaris 
Among the 7 localities surveyed for the occurrence of the imported 

parasites, D.eucerophaga was confirmed in 5 farming areas (Tanah Rata, Kg. 
Taman Sedia, Brinchang, Mensum Valley and Kea Farm) while T.collaris in 
Tanah Rata, Brinchang and Kea Farm (Table 9.2). Particularly with D.eucer-
ophaga, a general trend was apparent with respect to distances from the 
initial site of establishment (Tanah Rata) and the following features: 
(i) first occurrence reported on the parasite, (ii) consistency of its 
presence and (iii) levels of parasitism. In both (ii) and (iii) they tended 
to decrease with distance away from Tanah Rata while for (i) it progressively 
became later (Table 9.3, Fig. 3.1). For T.collaris, such a relationship 
was however not apparent. In any case, the survey findings clearly showed 
that not only were D.eucerophaga and T.collaris found commonly at Tanah 
Rata but they had also gradually spread out over long distances to several 
other localities to become established there. On the other hand, the fail-
ure to find T.sokolowskii which was also released (Ooi, I979a) has further 



Table 9*2 Recoveries of the imported, parasites Dladegma eucerophaga Horstm. and Thyraeella collaris 
Gray, from Plutella xylostella (L.) in the Cameron Highlands. 

No. plant sampled/No. P.xylostella larvae collected/No. (*) parasitized by D.eucerophaga-v 

(No. of D.eucerophaga emerging from field collected cocoons/No. of 
T.collaris emerged from field collected host pupae) 

Date Locality TR KTS B MY KF R KR 

23.5.79 
13.7.79 
19.7.79 
24.9.79 

26.9.70 

4.10.79 

8.10.79 
16.11.79 
4.1.80 

10.1.80 
9.4.80 

11.4.80 
15.4.80 

18.4.80 
2.5.80 

12.5.80 

84/28/11(39.3) 

305/41/0(0) 
(59/0) 

21 

107/^8/0(0) 

238/10/0(0) 
(0/1) 

205/162/3 (̂21.0) 
328/105/0(0) 

150/21/0(0) 

21(87/0)(0) 

1 6 7 ^ 1 0 ( 1 7 . 5 ) 
144/6/1(16.7) 

66/25/0(0) 19^/13^0(0) 900/0(0) 

142/36/0(0 

212/186/0(0) 212/19/0(0) 

472/45/0(0) 

240/111/0(0) 

125/62/0(0) 

158/70/0(0) 

185/71/0(0) 
96/45/0(0) 



Table 9.2 (Continued l). 

Date Locality & TR KTS B MY KF R KR 

26.5.80 
31.5.80 

105/25/0(0) 
3^/^/0(0) 

(0/1) 

159/25/0(0) -

16.6.80 
17.6.80 
25.6.8O 
26.6.80 
17.7.80 
18.7.80 

57/13/1(7.7) - . . . 
168/47/0(0) 190/12/4(33.3) 162/33/0(0) 

- - - - 250/99/0(0) 
255/133/31(23.3) 

130/6^38(60.3) 18J/41/J(22.0) 134/27/0(0) 

143/60/0(0) 

101/76/0(0) 

23.7.80 
29.7.8O 
1.10.80 
8.10.80 
30.10.80 

- - 286/70/0(0) 

108/32/8(50.0) - -
104/17/4(23.5) 149/25/4(16.0) 117/24/^(12.5) -

98/35/0(0) 

150/5/0(0) 

m m % 

3i.lO.8O 386/31/2(6.5) - 67/49/0(0) 

1/ Confirmed by dissections for the immature stages or from breeding until emergence of the adult parasites. 
2/ TR - Tanah Rata, KTS - Kampong Taman Sedia, B « Brinchang, MV " Mensum Yalley, KF - Kea Farm, R - Ringlet 

and KR « Kampong Raja. 

'-If 5 «4<-' 
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confirmed, the unsuccessful establishment of this species. 

Table 9.3 Some features of parasitization in relation to the spread 
and colonization of Diadegma eucerophaga Horstm. and 
Thyraeella collaris Grav. in the Cameron Highlands. 

Localities and their relative distance away from 
ferasite species 

TfR KTS < B < M V < K F < R < K R 

DIADEGMA EUCEROPHAGA 
First occurrence 
observed (date) 13.7.79 18.7-79 13-7.79 10.1.80 31.5.8O None None 
% Frequency of 
finding the 
parasite 87.5 40.0 100.0 42.9 10.0 0.0 0.0 
% parasitism 16.8 20.0 17.7 1.4 0.4 0.0 0.0 

THYRAEELLA COLLARIS 
First occurrence 
observed (date) 15.4.80 None 9.4.80 None 31.10.80 None None 
% Frequency of 
finding the 
parasite 12.5 0.0 28.6 0.0 10.0 0.0 0.0 

1/ TR = Tanah Rata, KTS = Kampong Taman Sedia, B = Brinchang, MV = Mensum 
Valley, KF = Kea Farm, R « Ringlet and KR = Kampong Raja. 

2/ Point of parasite release and initial establishment. 

9.3.2 Competition and interaction between A.plutellae and D.eucerophaga 

9.3.2.1 Competitive ability of A.plutellae and D.eucerpphaga in 

locating-and, successfully ovipositing on hosts in 

relation to exposure time 

When DBM larvae were separately exposed for varying periods to 

A. plutellae and D. eucerophaga the numbers of successful parasitisms in-

creased with exposure time for both species (Table 9.4). However, in the 

former no parasitism occurred until after the first hour, while, in con-

trast, D.eucerophaga parasitized at least 33$ of the exposed larvae within 
> 

the first half hour. This also occurred when both the species were exposed 

together (Table 9.4). The finding clearly indicates that D.eucerophaga is 

able to detect its host within a much shorter time while the higher level 



Table 9.4 Competitive ability ol biadegum euceroKiaga Gray, tuui Apautelss pluioi.iim iuu.qj. xn 
locating and successfully ovipoeiting on larvae of Plutella xvloatella (L.) with 
relation to different periods of exposure. 

Host exposure 1/ 

Condition 

% host parasitized byt 

Period 
(hrs) plutellae 

D. 
eucerophaga 

% host superparasitieed 

ty' ,, 

Total 
A. 
plutellae 

D. 
eucerophaga 

% host multiparasitized 
by A . plutellae and 
D. eucerophaga 

total egg 
deposition bvi 
a: S/D. 2] 

plutellae .eucerophaga 

0.5 0.0 0.0 0.0 0 
1 0.0 0.0 0.0 0 

To A. 
plutellae 
alone 

2 6.7 6.7 0.0 1 
To A. 
plutellae 
alone 

4 
6 

13.3 
20.0 

13.3 
20.0 

6.7 
o.o 

5 
3 

To A. 
plutellae 
alone 

16 33.3 33.3 13.3 7 
24 20.0 20.0 *13.3 -

7)20.0 (6.7) -

10 

36 40.0 (16.7) 40.0(16. 
*13.3 -

7)20.0 (6.7) - 40 (8.3)* -

To D. 
eucerophaga 
alone 

0.5 - 33.3 33.3 6.7 - - 7 
1 - 20.0 20.0 6.7 - - 7 
2 - 46.7 46.7 ' 26.7 - - 16 
4 - 73.3 73.3 20.0 - - 16 
6 - 53.3 53.3 26.7 - - 13 

16 73.3 73.3 33.3 - - 20 
24 - 93.3 93.3 66.7 - - 34 
36 - 80.0(59,1) 80.0(59.1) - 40.0 (28.4) - - 22(16.9)* 

0.5 0 53.3 53.3 0.0 26.7 0.0 0 12 
1 0 60.0 60.0 0.0 40.0 0.0 0 18 
2 13.3 66.7 80.0 0.0 53.3 13.3 2 21 
4 0 80.0 80.0 0.0 53.3 0.0 0 30 
6 6.7 73.3 80.0 0.0 60.0 6.7 1 25 

16 6.7 60.0 66.7 0.0 26.7 6.7 1 16 
24 13.3 73.3 86.7 0.0 46.7 13.3 2 
36 40.0 (10.0)* 26.7(61.7) 66.7(71.7) 6.7 (0.8/ * 0.0 (38.3)* 0.0 (5.0) 7(1.6)* 4(19.4)* 

Both A. 
plutellae & 
D. 
eucerophaga 
present 
together 

1/ No. of hosts per exposure time « 15. 

2/ No. of ovipositing females per exposure time " 30, 

* This indicate mean value. 
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of parasitism (59.1% alone and 6l.7% when mixed) generally displayed by 
this species suggests it is functionally more efficient. 

Superparasitism was distinctly higher (28.4%) in D.eucerophaga 
(l&ble 9.4). This increased to 38.3% when it was exposed together with 
A.plutellae which exhibited an inverse situation,i.e. from 6.7% to 0.8%. 
On the other hand, multiparasitism involving the two parasites was con-
trastingly low (5.0%). For A.plutellae, the reduction in patesitism-.Tate 
from 16.7% when alone to 10.0% in mixed exposures suggests that D.euce-
rophaga has a tendency to deter A.plutellae from attacking hosts. That 
these are hosts largely taken by D.eucerophaga was indicated by the low 
level of multiparasitism. Such deterrance may at first seem disadvantageous, 
apparently in suppressing A.plutellae. However, overall parasitism for 
mixed parasite species was much higher, averaging 71.7% against 59.2% and 
16.7%, respectively, in the case with D.eucerophaga and A.plutellae alone 
(Table 9-*0« Since parasitism rate of D.eucerophaga was little affected 
(from 59«1% to 61.7%), the overall parasitism increase in mixed exposures 
was probably achieved through A. plutellae being forced to seek out those 
hosts not already taken by D.eucerophaga. Under varied field conditions, 
such a behavioural response may represent subtle differences in the niches 
of the two parasites, whereby through their combined activities a much 
fuller range of the host'.s habitat may be covered. From a control view-
point these species would appear complementary, paradoxically arising 
through their competition. 

9.3«2.2 The functional response of A.plutellae and D.eucerophaga 
Many factors can influence the searching efficiency of a parasite, 

e.g. climate, alternative hosts, competitors, density and distribution of 
hosts and parasites.. However, in a •homogenous' environment as in the 
present investigation, it is essentially determined by the functional 
response (Solomon, 1969) which is the change in numbers of prey attacked 
in a fixed period of time by a single predator (parasitoid being a special-
ized predator) when the initial prey density is changed. This response may 
be expressed by the Random Parasite Equation (Royama, 1971; Rogers, 1972): 

— f̂ ipp _ 
N A - N £l - exp ( x +~aVTh N ) ^ W 

Where NA
 38 number of hosts attacked, P = number of 

parasites, 
N = host density, T = Total exposure time, 
a' = search efficiency or attack rate and 
Th = handling time. 

In sensus strictus, A.plutellae is a parasitoid. 
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In the present case with A.plutellae the basic assumptions of 
the equation are generally well-satisfied, i.e. each host has equal pro-
bability of being encountered by the parasite, and each parasitized host 
may also be equally re-encountered. Hie latter is so since eggs in 
parasitized hosts would not have hatched in the study to elicit discri-
mination by the parasite (Table 9.1). With D.eucerophaga the second 
assumption is, however, not so fully satisfied as some discrimination exists 
for parasitized hosts even when only eggs are within it (Lloyd, 1940). 

The parameters a' and Th in equation (4) could be readily estima-
ted by^rearranging into a form suitable for linear regression analysis as 
follows (Rogers, 1972): 

Th N 1 
1/lnS = - -^p a, ^ (5) 

N - NA 
where S( proportion of hosts surviving) = — j 

Thus, in the experiment where T = 1 .and P = 1, the equation (5) would 
become: 

l/lnS - - Th N - — ^ 

By regressing l/lnS against the host density (N), the slope of the line can 
be used to estimate Th and the intercept the a' value. Analysis of the 
data obtained (Table 9.5) shows the regression equations for both the para-
site species to be as follows: 

l/lnS = 1.23 - 0.0115N (for A.plutellae) (7) 
1/lnS = 0.53 - 0.0092N (for D.eucerophaga) (8) 

It is evident from these search parameters that D.eucerophaga has a much 
higher a' (1.887 days""1) and lower Th (0.0092 days) than A.plutellae (a1 = 
0.813 days"1, Th = 0.0115 days). 

In the functional response, the number of attacks per parasite 
shows a decelerating increase to an upper asymptote in both species 
(Fig. 9.1), giving rise to Holling's 'type II' response (Holling, 1959^). 
Also, a good fit of the data was obtained (A.plutellae: F = 104.03? 
df = 1, 7; PC0.01; D.eucerophaga: F « 22.66; df = 1, 5; P<0.0l). In 
general, their response is similar to that commonly observed among insect 
parasites and invertebrate predators. 



Table 9.5 Ovipositional attack of Apanteles plutellae Kurdj. and 
Diadegma eucerophaga Horstm. in relation to varying 
host densities of Piute11a xylostella (L.) 

No. of host larvae attacked 

Host A.plutellae D. eucerophaga 
density 

(N) Rep: 1 2 3 4 5 Mean 1 2 3 4 5 Mean 

5 5 5 2 3 1 3.20 3 5 2 5 4 3.80 
10 8 8 3 1 4 4.80 7 8 8 9 7 7.80 
20 16 18 4 12 2 10.40 - - - — _ 
30 16 26 23 17 24 21.20 18 25 27 23 26 23.80 
40 27 10 5 13 32 17.40 - - - - - -

50 18 24 17 19 21 19.80 15 34 15 32 35 26.20 
100 14 12 32 34 24 23.20 60 59 57 56 53 57.00 
200 54 77 69 40 39 55-80 92 63 76 85 - 79.00 
250 44 52 67 58 - 55.25 - - - - . 

300 - - - - - - 91 89 39 72 - 72.75 

9.3.2.3 Intra- and inter-specific discriminatory faculties of 
A.plutellae and D.eucerophaga 
Both experiments A and B on intra-specific discrimination showed 

that not all host larvae initially exposed to the 1st oviposition were 
successfully parasitized. This is evident from the absence of eggs or 
larvae in some of them (Tables 9.6 and 9.7). Where this happened the 
egg counts from these individuals along with their respective controls 
were excluded in the analyses. 

Table 9.6 shows that, although the mean number of eggs deposited 
on *unparasitized* control larvae was relatively higher than those where 
parasite eggs were already present, the difference was not significant 
(P>0.05). On average, the latter had. 1.16 eggs/host while that of the 
control had 2.58 eggs/host. This small difference suggests that A.plutellae 
is unable to discriminate host larvae that contain the parasite eggs. The 
results of experiment B, however, were different. In this case, only 0.94 
eggs/host were recorded for those which initially had parasite larvae 
within as opposed to 2.20 eggs/host in the controls (Table 9.7), and the 
difference was highly significant (P<0.01). It thus appears that A.plut-
ellae is able to distinguish hosts only when parasite larvae are present 
within. However, the discrimination is only partial (imperfect) since 
many hosts containing parasite larvae were also superparasitized. 



FIGURE 9.1 The functional response of Apanteles plutellae Kurdj. and 
Diadegma eucerophaga Horstm. on the. host Plutella xylostella (L.) 
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in Table 9.6 Oviposition. of Apanteles plutellae Kurdj. 
relation to the presence (+) and absence (-) of its 
own eggs within Plutella xylostella (L.) hosts (2nd-
instar) which were reexposed to the parasite. 

Replic-
ate 

Condi- No. of parasite egg(s) and larva(e) No. of No. of eggs 
tion 
of 
hosts Host 

larva 
Serial 
No 

per host 

I 2 3 4 5 6 7 8 9 I O 

host 
used u. 

deposited 

Total Mean host 

+ 1/ PL 
PE 
EE 

1 0 1 1 0 1 1 1 1 
2 1 0 2 0 5 2 0 3 
3 0 2 5 0 0 3 1 3 

1 
0 
0 

14 

17 
1.75 

2.13 

II 
PL 
PE 
PE 

1 1 1 1 1 1 0 0 0 
3 1 3 0 0 2 2 3 3 

4 8 4 12 7 9 0 0 0 
9 

44 

1.50 

7.33 

III 
PL 
EE 
PE 

0 1 0 1 1 1 0 1 1 
0 3 1 1 0 3 4 1 5 

0 1 0 1 3 . 3 1 0 2 

0 
4 13 

10 

2.17 

1.67 

IV 

PL 
PE 
PS 

1 0 1 1 0 1 1 1 0 0 
1 0 1 1 0 1 1 1 0 0 
0 2 1 0 0 0 2 1 0 0 

0 

4 

0.00 

0.67 

PL 
PE 
PE 

1 1 1 1 1 1 1 1 0 0 
2 0 2 0 0 1 0 2 1 0 
3 2 1 2 2 1 3 2 0 0 

6 

16 

0.75 

2.00 

VI 
PL 
PE 
PE 

1 1 1 1 1 1 1 1 1 0 
3 0 2 0 1 0 0 1 0 0 

0 0 1 7 3 1 0 3 0 0 

7 

15 

0.78 

1.67 

Total + IE 
IE 

43 
43 

49 
106 

1.16 
2.58 

1/ PE = Parasite egg(s), PL = Parasite Larva(e). 
2/ Host larvae which did not contain any parasite larva(e) upon dissections 

were excluded from the analysis. 

On inter-specific discrimination in A.plutellae and D.eucerophaga, 
analyses using the AN0VA showed that although a lower mean number of eggs 
per host was generally deposited on hosts having immature stages of the 
other parasite species as compared to the controls (Tables 9.8 & 9-9)» the 
difference was still not significant (F = 0.84, P>0.05 for A.plutellae 
and F = 1.88, P>0.05 for D.eucerophaga). The mean number of eggs per host 
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Table 9.7 Oviposition of Apanteles plutellae Kurdj. in relation to 
the pjrfe&ence (+) and absence (—) of its own larvae within 
Plutella xylostella (L.) hosts (2nd-instar) which were 
reexposed to the parasite. 

Repli- Condit-
cate ion of 

hosts -

No. of parasite egg(s) and 
larva(e) per host 

Host 
larva 
Serial 

No. of 
hosts 
cons id-

No. of eggs 
deposited 

,2/ eredTotal Mean host -1 

NO: 1 2 3 4 5 6 7 8 9 1 0 

+ Y H „ 
IE: 

1 
0 

1 
3 

1 
0 

0 
0 

l 
1 

1 
1 

1 
0 

1 
2 

1 
1 

1 
0 9 8 O . 8 9 

I 
- PE: 1 1 3 0 1 2 0 1 2 2 9 13 1.44 

II 
+ PL: 

PE: 
1 
1 

1 
1 

1 
2 

1 
0 

l 
2 

1 
2 

1 
1 

1 
1 

1 
0 

1 
2 10 12 1.20 

II 
- PE: 0 6 4 0 3 5 2 0 2 1 10 23 2.30 

III + PL: 
PE: 

0 
1 

1 
1 

1 
1 

1 
0 

l 
1 

1 
2 

1 
1 

1 
1 

0 
0 

1 
1 8 8 1 . 0 0 

- PE: 2 1 1 1 3 0 0 1 1 2 8 9 1.13 

IV + PL: 
PE: 

1 
2 

0 
0 

1 
0 

0 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
1 8 3 0.38 

- PE: 2 5 4 1 4 5 5 7 6 2 8 35 4.38 

Y + PL: 
EE: 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
0 

1 
1 

1 
1 

1 
3 

1 
0 10 5 0.50 

- PE: 4 2 2 1 8 3 1 1 2 3 10 27 2.70 

VI + PL: 
PE: 

1 
1 

0 
0 

2 
2 

0 
0 

1 
1 

0 
0 

0 
0 

1 
1 

0 
0 

0 
0 4 5 1.25 

- IE: 5 1 2 2 2 2 2 2 1 1 4 1 1 2.75 

VII + P L : 
IE: 

4 
0 

0 
0 

1 
4 

1 
2 

1 
1 

1 
1 

l 
l 

1 
0 

1 
0 

1 
1 9 10 1.11 

- PE: 2 1 1 3 1 2 0 2 1 2 9 14 1.56 

VIII + P L : 
PE: 

1 
1 

1 
2 

1 
0 

1 
0 

1 
1 

1 
1 

1 
2 

1 
1 

1 
1 

1 
0 10 9 0.80 

- IE: 1 5 1 2 1 2 0 4 1 2 10 19 1.90 

IX + PL: 
PE: 

1 
0 

1 
0 

1 
2 

1 
1 

1 
2 

1 
2 

1 
1 

1 
1 

1 
0 

1 
1 

10 10 1.00 

- PE: 6 1 2 2 5 3 2 1 1 1 10 24 2.40 

X + PL: 
PE: 

1 
1 

0 
2 

0 
1 

1 
1 

1 
2 

1 
1 

1 
1 

1 
3 

1 
1 

0 
2 7 10 1.43 

- PE: 2 1 4 1 2 0 3 2 2 1 7 12 1.71 

TOTAL 
+ PE: 

PE: 00
 0

0 80 
187 

0.94 
2.20 

U PE - Parasite egg(s), PL = Parasite larva(e). 2/ Dissected host larvae 
containing no parasite larva(e) were excluded from the analysis. 



Table 9.8 Oviposition of Apanteles plutellae Kurdj. in relation to. the presence (+) 
and absence(-) of the immature stages of Diadegma eucerophaga Horstm. within the 
host larvae of Plutella xylostella (L.). 

Exposure sequence 
and interval(hrs) 
in between 1/ 

Condition of 
hosts 

No. of hosts 
considered 2/ 

No, of eggs deposited 

Total Mean/host Mean difference 2/ 

Hosts superparasitized 
by A. plutellae 

(No.) ($) 

D-O-A + 19 113 5*95 16 84.21 

A - 19 149 7.84 t - l.l46(ns) 17 89.47 

D-24-A + 20 98 4.90 
t - 0.210(lis) 

15 75.00 
A - 20 102 5.10 t - 0.210(lis) 16 80.00 

D-48-A + 17 38 2.24 10 58.82 
A - 17 50 2.94 t - 1.176(ns) 13 76.47 

D-72-A + 15 41 2.73 9 60.00 
A - 15 53 3.53 t - 0.75**(ns) 10 66.67 

D-96-A + 16 9 0.56 2 12.50 
A - 16 19 1.19 t - 1.817(ns) 5 31.25 

D-120-A + 16 8 0.50 2 12.5 
A — 16 12 0.75 t - 0.969(ns) 3 18.75 

Total + 103 
103 

307 
385 

2.98 

3.7** 
F - 0.84(ns) 5** 

64 
52.43 
62.14 

1/ A - A. plutellae, D - D . eucerophaga and the number indicates the time period between exposures to 
the two parasites. " 

2/ Host larvae which did not contain any immature stages of D, eucerophaga upon dissections were 
excluded from the analysis. ~~ 

3/ ns - not significant. 



Table 9.9 Ovipositloo.of Diadegma eucerophaga Horstm.in relation to the presence(+) 
and absence(-) of the immature Btages of Apanteles plutellae Kurdj. within the 
hoot larvae of Plutella xylostella (L.). 

Exposure sequence 
and interval(hrs) 
in between 1/ 

Condition of 
hosts 

No. of hosts 
oonsidered 2/ 

Total 

No. of eggs deposited 

Mean/host Mean difference 2/ 

Hosts superparasitized 
by D.eucerophaga 

(No.) (JO 

A-O-D + 19 30 1.58 
t - 1.309(08) 

10 52.63 
D - 19 <+3 2.26 t - 1.309(08) 10 52.63 

A-24-D + 16 28 1.75 9 56.25 
D - 16 24 1.50 t - 0.647(ns) 7 43.75 

A-48-D + 20 53 2.65 
t - 0.4l9(ns) 

16 80.00 

D - 20 50 2.50 t - 0.4l9(ns) 15 75.00 

A-72-D + 20 39 l.?5 13 65.OO 
D - 20 48 2.40 t - 1.097(ns) 13 65.OO 

A-96-D + 17 17 1.00 4 23.53 
D - 17 31 1.82 t - 3.355(**) 11 64.71 

A-120-D + 17 12 0.71 2 11.77 
D - 17 18 1.06 t - 1.335(ns) 4 23.53 

Total + 109 
109 

179 
214 

1.64 
1.96 

F - 1.88(ns) 54 
60 

49.54 
55.06 

1/ A * A. plutellae, D « D. eucerophaga and the number indicates the time period between exposures to the 
two parasites. 

2/ Host larvae which did not contain any immature stages of A. plutellae upon dissections were excluded from 
the analysis. 

2/ ns - not significant, significant at 1% level. 
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for the former species were 2.98 and 3.74 when immature stages of the other 
parasite were present and absent, respectively (Table 9.8). For D.eucero-
phaga, these were, respectively, 1.64 and I.96 eggs/host (Table 9.9). 
When the various treatments of different sequence intervals were analysed 
separately using the t-test, a similar situation was also obtained. None 
of the treatments were significantly different with the exception of the 
treatment A.plutellae-96 hrs-D.eucerophaga (Tables 9.8 & 9.9). It thus 
appears that both A.plutellae and D.eucerophaga do not possess any inter-
specific discriminatory ability. This was unexpected, since preliminary 
studies by Lloyd (1940) suggested that D.eucerophaga (Angitia ceroohaga) 
is able to distinguish between unparasitized hosts and those containing the 
immature stages of A.nlutellae, and vice versa. Moreover, it was demon-
strated (see above) that A.plutellae does possess some power of discrimina-
tion between unparasitized and parasitized hosts. Further analyses with 
the ANOVA were thus made to compare all the different sequence intervals 
within the treatment and within the control series. In such analyses for 
both the species, differences in the mean number of eggs laid were highly 
significant (F values for A.plutellae treatment = 13.21, A.plutellae 
control = 12.16, D.eucerophaga treatment = 7»57> and D.eucerophaga control = 
4.16), indicating that the time interval between first parasitism and sub-
sequent exposure is important in determining the number of eggs that may be 
deposited. 

In general, the number of eggs oviposited showed a tendency to 
decrease with progressive increase in the time interval between exposures 
(Tables 9.8 & 9.9). This is probably governed by the advancing age of the 
host larvae, as indicated by a similar trend in the control series where 
the age of the hosts was the only variable. For A.plutellae, other studies 
(see 3.2.2) have also shown this stage preference to be a consistent and 
strong feature. Although less obvious, a similar trend existed in D.euce-
rophaga (Table 9.9), contrasting with Lloyd*s (1940) observation that 
this parasite would 'attack* all stages of DBM with equal facility. 
Probably, host stage preference has influenced greatly the expression of 
the discriminatory ability of the parasites. That this is so is suggested 
by the generally higher egg deposition observed for the respective controls 
when compared to the corresponding parasitized ones, particularly on hosts 
of the more advanced age. Another factor is probably the relatively 
higher parasite: host ratio (1:2) and exposure period used in the present 
investigations as compared to that of Lloyd (1940). Avoidance of super-
parasitism tends to break down- in high parasite :host ratio (Venkatraman, 
1964) or when the parasite has been deprived of a host for a long period 
during which a large supply of eggs would have matured. The latter condi-
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tion cannot be the cause in the present investigations since only 2-day 
old parasites were used. Moreover, that high parasite:host ratio was a 
contributory cause is further suggested by the greater superparasitism 
obtained when compared to that of the intra-specific discrimination study 
with A.plutellae where a lower ratio of 1:5 w a s employed (Tables 9.6 & 
9.7). As such, other studies with smaller ratios would seem desirable in 
order to confirm the conclusions suggested from the present experiments. 

9.3'2.4 Inter-specific competition and subsequent survival between 
A.plutellae and D.eucerophaga 
In multiparasitism invariably only one parasite adult would 

emerge from a single host, as with superparasitism (see 5*1.2). Dissections 
made 48 hrs after sequential oviposition by parasites of both or the same 
species showed that elimination of competitors generally occurs when they 
are still in the egg or 1st larval stage, and the eventual survivor is the 
lst-hatched larva. This was suggested by the rapid deterioration often 
encountered with either the eggs or the lst-instar larvae when these were 
deposited after a previous oviposition. Death of such eggs or larvae were 
often accompanied by shrinking and distinctive browning. Advanced stages 
of supernumeraries were almost never obtained. Where this was observed it 
was isolated and probably was due to some delay in the elimination mechanisms. 

It is evident from Table 9.10 (ii) that when D. eucerophaga had 
first access to the host the resultant survivors were overwhelmingly D.euce-
rophaga , irrespective of the time interval before the subsequent oviposi-
tion by A.plutellae. The few adults obtained for the latter species could 
have emerged from hosts that were initially devoid of D.eucerophaga since 
ovipositional 'attack' need not necessarily always result in successful 
egg deposition (Lloyd, 1940). These data /"Table 9.10(ii)_7 clearly revea-
led that D.eucerophaga is intrinsically superior to A.plutellae when the 
former had first access to the host. Such a condition was still maintained 
up to the time interval of ca 24 hrs when A. plutellae had first access to 
the hosts /"Table 9.10(i)J7. However, after this interval, A.plutellae 
was observed to be superior as evidenced by its relatively higher level of 
adult emergence. The few adults obtained of D.eucerophaga was probably 
due to hosts initially devoid of A.plutellae (see also 5.5*3). 

For sequence intervals of 120 hrs and beyond there was no 
evidence of the 2nd parasite in the host /"Table 9.10 (i & ii)_7 irres-
pective of the parasite sequence. Although the explanation for this is 
not certain it may be reasoned that there is more complete elimination of 
the 2nd parasite, or there is greater ovipositional restraint exercised by 
the 2nd parasite adult which lays no egg even when 'stinging' was observed. 
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9.4 DISCUSSION 

Following the initial release and establishment at Tanah Rata 
both D.eucerophaga and T.collaris were observed to have gradually spread 
out to colonize new areas. As the pattern of spread is not radial but in 
a single direction and somewhat linear, dispersal by wind is indicated. 
This seems all the more probable since direction of the spread coincides 
with that of the South-West monsoon wind. Under such a strong wind, 
colonization along the wind path should have been nearly instantaneous 
rather than in progressive stages from the initial source and over an 
extended period. However, should wind dispersal be largely responsible, 
it probably occurred during periods of subdued wind conditions whereby the 
observed progressive spread can take place. Since evidence of their capa-
bility of being air-borne over long distances is not available, this mode 
of dispersal is a matter of speculation until confirmed, perhaps by aerial 
trap studies. 

The progressive nature of colonization suggests that the parasites 
may have spread through limited dispersal moving from one farming valley 
to the next. Although the parasites are reasonably active and fairly strong 
fliers, it is still difficult to envisage how, by their own flight effort, 
they could traverse the dense vegetation of primary forest which separates 
the different agricultural valleys. A possible route would be along man-
made openings such as roads and pathways. 

The third alternative may be man-assisted by way of commerce 
through the cabbage heads (see also 6.2.3 & 6.2.4). 

In any case, whichever may be the dispersal mechanism, it is 
envisaged that the parasites will eventually spread further to colonize 
all the cabbage areas in the Cameron Highlands. Judging by their impressive 
colonizing capacity, they are likely to become firmly established and con-
stitute a permanent feature in the parasite complex of DBM. 

Concerning its relationship with A.plutellae, some form of 
competition evidently exists since all hosts multi-parasitized by these 
two species will eventually yield only one adult parasite. Whichever species 
would finally emerge is largely governed by the relative rate of parasite 
development within the host. The present experimental evidence and that of 
Lloyd (1940) show that the species which can attain the larval stage before 
the eggs of the other have hatched will kill its competitor and emerge as 
survivor. 

Since A.plutellae requires relatively more time to detect a host 
than D.euceroohaga, under situations where both parasite species enter a 
host environment simultaneously the latter should emerge functionally more 



efficient. Moreover, over a fixed period of time it could detect and 

parasitize a relatively greater number of hosts, as indicated by the higher 

a* and lower Th values. Not only is D.eucerophaga endowed with such adap-

tive advantage but it has also a shorter (46.4 hrs) incubation period than 

A.plutellae (54.0 hrs). The difference in incubation has much similarity 

with the case of multiparas it ism in Ephestia by the solitary endo-parasites 

Nemeritis (Devorgilla) canescens and Diadegma chrysostichus wherein the 

latter was victor in two thirds of the encounters largely because of the 

rather longer incubation period of the former (Fisher, I96I). Evidently, 

all these features are critical in maintaining the superiority of D.eucer-

ophaga within the A.plutellae-D.eucerophaga complex, wherein the parasite 

with higher fecundity and rate of egg laying, and which first attacks the 

host and hatches earlier would tend to be the eventual victor in the con-

test competition. As with many hymenopterans, the survivor apparently 

suppresses the rival(s) physiologically since no sign of physical combat 

(e.g. injury marks) between supernumerary larvae was observed in the course 

of dissection. 

Although D.eucerophaga is•undoubtedly a more efficient competitor 

within the confines of the experimental conditions, due caution must be 

observed in the attempt to apply such laboratory reactions to the natural 

environment. This is because the measured parameters on foraging behaviour 

may be modified in the natural environment by a number of factors. Among 

these, Ullyett (1943, 1947) has identified for Diadegma sp. the degree of 

parasitism already present, the host/parasite ratio and non-random search. 

Central to the latter is the notion of prey 'patch 1, a term variously 

interpreted (Viens, 1976) but can be adequately defined as a spatial unit 

of the predator's foraging area as perceived by the predator itself (Hassell, 

1978). Such a patch could elicit patch specific behaviour causing preda-

tor aggregative responses or non-random search, leading to longer time spent 

in patches of highest encounter with prey. Various arrestant stimuli 

responsible for this are known and have been thoroughly discussed by Waage 

(1977) who.lists 4 different mechanisms, i.e. fixed number, fixed time, 
fixed searching time, and fixed rate mechanisms. Among these, the last is 

likely to be a more efficient mechanism (Hassell, I978). From optimal 

foraging model (Cook & Hubbard, 1977), parameters that are crucial in in-

fluencing patch-time allocation have been identified as the transit time 

(between patches) vand those of the random predator equation (a', Th, T). 

With increasing transit time when average prey densities are low, stability 

will also increase arising from a density dependent effect whereby the nett 

a' increases with rising prey density (Murdoch & Oaten, 1975? Murdoch, 1977; 

Hassell, 1978). Under field conditions where prey populations are clumped 
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(Harcourt, I96O; Chua & Lim, I977, 1979), the a* values determined for 
both A.plutellae and D.eucerophaga under more homogenous conditions of 
the laboratory will tend to be higher and be of greater significance. 

For some of the measured parameters there can be little doubt that 
the behaviour is identical in laboratory and field (Lloyd, 1940), as for. 
example, the ability to discriminate between parasitized and unparasitized 
hosts. However, the extent to which this selective faculty determines the 
incidence of superparasitism and multiparas it ism for a given set of field 
conditions cannot be accurately established. In any case, from the present 
investigations and that of Lloyd (1940), Ullyett (1943) and Venkatraman 
(1964) the following features are now apparent: (i) The ability to dis-
criminate between parasitized and unparasitized hosts by A.plutellae and 
D.eucerophaga is both intra- and inter-specific. In the former species, 
the discrimination is only displayed when the parasitized hosts contain the 
larval stages and is unlike D.eucerophaga which can also avoid parasitized 
hosts containing eggs (Lloyd, 1940). However, this discrimination is only 
limited, with the imperfect restraint breaking down at low host density, 
or at higher parasite: host ratio resulting in superparasitism (Venkatraman, 
1964). (ii) Discrimination ability is apparently not simple, but is more 
complexly related to other biological conditions which may include host: 
parasite ratio, host age, parasite maturity, etc. The interactions among 
these, coupled with any inherent imperfection in discrimination or oviposi-
tional restraint, would inadvertently lead to different degree and variable 
expression of discrimination in the parasites. 

A programme for the introduction of entomophagous insects to aid 
or complement existing pest control is often confronted with problems of 
multiparasitism. Occurrence of such a phenomenon has resulted in serious 
disagreements between biological control exponents from different schools. 
The idea that two parasites competing in the same individual host may 
result in less destruction of the hosts than by one alone was advanced by 
Bsmberton & Willard (I9I8) and Tumbull & Chant (I96I). Based on studies 
with the Mediterranean fruit fly Ceratitis capitata (Wied), Pemberton & 
Willard concluded that Opius humilis Silv acting alone would have caused 
greater mortality of the host than the mortality actually occurring from 
a complex of introduced fruit fly parasites. On the other hand, Smith 
(I929) analysed the problem of multiparasitism as presented by Pemberton & 
Willard (1918) and refuted their claims by showing that multiparasitism 
will never result in a lesser total mortality of the host than would have 
occurred if one or the other parasitic species had been acting alone. 
Also, from inductive population models developed from studies of parasite 
performance in laboratory and field, Hassell & Varley (I969) provided 



further support for multiple introduction, as expressed in their 'parasite 

quest* theory. Examined in more detail recently, May & Hassell (I98I) 
concluded "that the practice of multiple parasitoid introductions, and the 

use of parasitoids with high searching efficiency and a marked ability to 

seek out patches of high host density, are sound strategies for maximising 

the depression in the host equilibrium populations and for ensuring that 

they remain locally stable". Although this is borne out by many successful 

cases (Doutt & DeBach, 1964), it is also recognised that in the great maj-

ority of classical biological control (DeBach, 1974) a single or two natu-

ral enemy species is usually of overwhelmingly importance (Huffaker & 

Kennett, 1966). Moreover, additional natural enemy species in some instances 

can dislocate efficient biological control (Taylor, 1937; Pimentel, I98O). 
It thus appears that generalised ecological principle concerning natural 

enemy introduction and performance is likely to face many exceptions. 

Evidently, each case has to be determined individually. For DBM, the over-

all parasitism was increased by the introduction of D.eucerophaga (see 9*3« 

2.1) and 4.2.2). 

Smith (I929) pointed out that the behaviour of competing para-
sites may differ in two ways; first, intrinsically and second, extrinsically. 

Parasites which are intrinsically superior survive better in competition 

within the hosts. Imported species with such superiority would more read-

ily become established, when all other factors are equal. Such parasites 

would gradually assume a dominant position within the parasite complex, 

generally maintaining a higher average population level in the new habitat. 

With D.eucerophaga, this was apparent in Australia (Venkatraman, 1964; 

Goodwin, 1979), Indonesia (Vos, 1953) and New Zealand (Robertson, 1939). 

It is also dominant in some other countries where it exists naturally (Hardy, 

1938; Slabospitskii; I98O). Evidently, D.eucerophaga seems to be ext-

rinsically superior generally. 

At present, the spread and establishment of D.euceronhaga over 

the Cameron Highlands clearly indicate its adaptability to the habitat. 

How it will match against the 'endemic' A.plutellae is however still un-

certain. Although it is both intrinsically and extrinsically better, no 

decline of parasitism by A.plutellae was observed in the field. On average, 

the latter is still hi^ier than that of D.eucerophaga. Dissections of 

larvae and records of emergence from parasite cocoons collected in the 

field have confirmed that A.plutellae still predominates in all the loc-

alities. That D.eucerophaga has not overtaken A.plutellae may possibly 

be due to an ichneumonid hyperparasite, Diatora lissonata (Viereck) which 

may cause as much as 38% mortality while averaging 13.6%. Generally, 
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Table 9.10 Parasitization success and adult emergence of Apanteles 
plutellae Kurdj. and Diadegma eucerophaga Horstm, from 
Plutella xylostella (L.) hosts in relation to different 
time intervals between exposure sequence. 

Parasites emerging as adults 
Exposure sequence 
and interval _ , A.plutellae D.eucerophaga 
(hrs) in between-" (No.) (No.) 00 

(i) A.ELUTELLAE HAYING FIRST ACCESS TO HOSTS: 
A-O-D 6 23.08 20 76.92 
A-24-D 15 78.95 4 21.05 
A-48-D 19 95.00 1 5.00 
A-72-D 18 75.00 6 25.00 
A-96-D 20 74.07 7 25.93 
A-120-D 19 100.00 0 0.0 
A-144-D 22 100.00 0 0.0 

(ii) D.EUCEROPHAGA HAVING FIRST ACCESS TO HOSTS: 
D-O-A 3 10.71 25 89.29 
D-24-A 3 13.64 19 86.36 
D-48-A 6 25.00 18 75.00 
D-72-A 5 18.52 22 81.48 
D-96-A 4 • 14.29 24 85.71 
D-120-A 0 0.0 22 100.00 
D-144-A 0 0.0 23 100.00 

1/ A = A.plutellae, D = D.eucerophaga, and the number indicates the time 
period between exposures to the two parasites. 

where D.eucerophaga has successfully controlled DBM, there was either no 
mention of hyperparasites (Vos, 1953)> hyperparasitism was inadequate 
to limit the parasite (Robertson, 1948; Goodwin, 1979). Besides, the lower 
level of D.eucerophaga may be because it is still in the first period of 
establishment wherein it is increasing only gradually prior to reaching a 
higher and more stable population in the new habitat. Whether this is so 
can only be confirmed later through continuing studies. 

Thompson (1939) has stated that in a pest's parasite complex, 
superparasitism is generally more frequent than muliiparasitism and this 
excess is usually attributed to the differential effects of environments on 
the distributions of parasites. For A.plutellae in the field, a hi^ier 
level of superparasitism (5.9$) than multiparasitism (0.37$) with D.euce-
rophaga was also recorded (Table 9.11). But an inverse situation occurred 
in the competition studies probably arising from unnatural conditions of 
the laboratory. However, for D.eucerophaga superparasitism was 7.7 fold 
that of multiparasitism (Table 9.4). Generally, the greater superparasitism 
than multiparasitism indicates that each species tends to inhibit its own 



2 6 3 

growth more than that of the other species and hence intra-specific effects 
outweigh inter-specific ones. Theoretically, only this situation allows 
for possible attainment of a stable equilibrium point and coexistence 
between the species concerned (Hassell, 1976). However, since superpara-
sitism in both A.plutellae and D.eucerophaga tends to be greater at lower 
host densities, inter-specific competition between them would necessary 
be more prevalent when hosts are more abundant; this gradually giving way 
as the population declines so that intra-specific competition then assumes 
greater importance to allow for coexistence. 

Table 9.11 Field parasitism of Plutella xylostella (L.) larvae in 
three localities of the Cameron Highlands. 

Locality Date Larvae of P. 
xylostella. 
dissected ' — 

No. of parasitized 
hosts containing: Others 

A.jd. alone D.e. A.jd. & 
alone D.e. 

together 

(No.) Parasite No. 
within: 1 2 3 1 each 

LPP Station 
(Brinchang) 

8.5.80 72 30 0 0 17 0 0 

MARDI Research 
Station (Tanah 
Rata) 

9.5.80 148 56 6 1 20 0 1 ? 

Mensum Valley IO.5.8O 50 27 9 0 3 1 0 

"A.t>. = Apanteles plutellae, D.e_. = D.eucerophaga 

? = unknown 

According to Utida (1957), when several species of parasites 
attack a common host, the exploitation patterns and abilities of the para-
sites must be different to allow coexistence. For A.plutellae and D.eu-
cerophaga , differences exist in their search efficiency, as well as the 
range and preferred host stages, suggesting them to be not ecological 
homologues (i.e. having equal exploitation abilities). There is therefore 
no good reason to believe that the introduced species would displace the 
other as was feared initially in some quarters prior to introduction. 
More probably, their activities are complementary? with A.plutellae assis-
ting more effectively at higher host densities because of its high repro-
ductive capacity, and D.eucerophaga at low host populations because of 
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its better search ability. 
In general, the introduction of D.eucerophaga has resulted in a 

higher parasitism compared to that previously effected by A.plutellae alone 
(Fig. 4.7, Table 9.4). This is probably due to D.eucerophaga 'interfering1 
with A.plutellae causing it to seek out more efficiently the remaining 
unparasitized hosts. According to Hassell (1978), such interference, be it 
intra- or inter-specific, is potentially a powerful stablilizing mechanism 
in population interactions. It has the selective advantage of increasing 
the likelihood of dispersal by the parasites from areas where the prey 
are already or are likely to become heavily exploited. Also, it increases 
the chance of the dispersing species to further locate less-exploited areas 
of prey (Hassell, 1976). This adynamic balance between aggregation and in-
terference acts to leave an optimum number of the two parasite species 
within a given area (Hassell, I976). In particular, this will assume espe-
cial importance for A.plutellae which, possessing relatively less discri-
minatory ability, would otherwise tend to be attracted to areas of hosts 
irrespective of whether or not the hosts are parasitized. From a control 
viewpoint the optimum number attained by the two parasite species should 
be at such level whereby the host population can be suppressed and main-
tained at subeconomic levels. Whether this will be so in the current 
situation is not yet evident. Only continual monitoring until the new 
natural equilibrium between the altered parasite complex and the host is 
attained will the control effect become known. Should the suppressing 
effect be still insufficient then introductions of additional parasitic 
species may need to be considered. 
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10. GENERAL DISCUSSION 

The research approach adopted in the present investigations has 
largely aimed at covering various aspects of the interaction between DBM 
and its hymenopterous parasites. In this general discussion, no further 
detailed treatment of each aspect will be attempted, but only to examine 
their interrelationships and consider how such an understanding may be 
utilized in pest management of the moth. 

Until the recent establishment of D.eucerophaga and T.collaris, 
only A.plutellae occurred in significant numbers on DBM infesting brassicas 
in the Cameron Highlands. Although its suppresive effect over the host is 
quite considerable, it is unable to maintain consistently the host popula-
tions at sub-economic levels. Largely, this is attributable to indiscrimi-
nate and widespread employment of chemical insecticides. However, this is 
not entirely so since in untreated crops the suppressive effect was also 
not consistently adequate. Although the adverse effects of hyperparasites 
cannot be completely discounted under such a situation, the intrinsic self-
limiting characteristics of the parasite are also partly held responsible. 
In this regard, the poor discriminatory ability of the parasite for un-
parasitized hosts amidst parasitized ones is important as this, inevitably, 
would increase superparasitism which can progressively limit the effects 
of the parasite as the parasite :host ratio rises beyond certain level. 
However, the inadequate host suppression under the natural conditions cannot 
be attributed entirely to superparasitism or any other single factor; rather 
this is the nett expression of all the parasite's biological characteristics 
which govern its foraging efficiency as well as adverse influence of extra-
neous factors. Some important biological determinants will evidently 
relate to its growth rate, relatively low a' and high Th. 

Notwithstanding the present inadequacy of the parasite in exer-
ting complete control, from the applied standpoint, it is important to 
know whether the nett effect of the parasite on the host is density-
dependent. Also of significance is whether it can contribute to population 
stability. In this regard, the positive regression obtained for % para-
sitism by A.plutellae for host densities less than 6 larvae/plant suggests 
the relationship to be directly density-dependent. This, however, is 
undercompensating (b = 0.273) at very low host density. At sli^itly higher 
density range, it then becomes overcompensating (b = 6.62), while with 
further increase to density of 4-6 larvae/plant an intermediate and more 
stable condition (b = 3.38) is obtained. Beyond this, the regression tends 
to shift to one that is negative, indicating the parasite's effect to 
become more limited. The precise reasons for this limitation are not fully 
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known; however, it is probable that there is an upper limit to the number 
of attacks that can be made per parasite. Similar functional responses 
were observed by Miller (1959, I960) for insect parasites of the spruce 
budwoifo, Holling (1959a) for mammalian predators of the European pine 
sawfly, and Harcourt (1963b) for Diadegma insularis (Cresson) of DBM. This 
phenomenon has been interpreted by Watt (1959) as a built-in mechanism 
that prevents natural enemies from annihilating the hosts, their food. 

In the Cameron Highlands, a fairly stable host population (ca 
4.5 larvae/plant) was observed in unsprayed fields at levels approximating 
that of the regression shift suggesting this level is at present the na-
tural host equilibrium and probably largely maintained by the parasite. 
Relating this to the economic threshold of 3.7 larvae/plant for DBM (Jusoh 
et al, I98I), it is evident that A.plutellae may have only marginally 
failed to keep the host population at sub-economic levels. However, this 
marginal difference is necessarily only crudely approximate because of 
the •unavoidably-large1 limits of error in determining economic injury 
levels (Way, 1973, 1977b) and the inconstancy inherent in economic thresh-
olds. Notwithstanding this, the close proximity of the natural equilibrium 
to the threshold has made it likely that on some occasions the host popu-
lations may be forced by the normal fluctuations in the equilibrium dynamics 
to well below the threshold. Occasions such as these have probably accoun-
ted for the harvests of several crops with acceptable yields in spite of no 
insecticidal protection. On the other hand, contrasting situations have 
often occurred in the cabbage farms where in spite of heavy insecticidal 
inputs, poor crops due to higher DBM infestations with attendant scarcity 
of parasites were obtained. Largely, this resulted through selective 
elimination of the parasite species, especially during periods when the 
insecticides have been rendered ineffective by insecticide resistance in 
the host. In general, it is evident that even though A.plutellae is in-
capable of providing a full control, its beneficial effects are nevertheless 
sufficiently substantial to merit exploitation and should not be disregarded. 
Conservation of this parasite is thus desirable. 

In conserving natural enemies by environmental manipulations that 
aim to increase their effectiveness', many possibilities are available 
(DeBach & Hagen, 1964; van den Bosch & Telford, 1964). However, for 
A.plutellae in the Cameron Hi^ilands there appear to be limited options. 
Present information indicates that these are supplementary food for the 
adult parasites and more judicious use of chemical insecticides. Since the 
former option of providing adult foods through suitable nectar-bearing 
plants has been considered in some detail (see 5.7), it suffices here to 
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state that the scope of maintaining (and perhaps raising) the present 
overall parasite's effectiveness by this means appears promising. Moreover, 
other advantages may be envisaged. In particular, ensuring the presence 
of such plants in the crop's immediate vicinity would encourage the adult 
parasite to take advantage of them as resting sites and refuges • in the 
process of food searching. This may be important since under normal field 
conditions the parasites were often observed to rest (besides feeding) on 
Crotalaria plants which are located some distance (ca 90 m) from the near-
est cabbage crop. Evidently, having the plants very close to the crop 
could detract the parasite from leaving cultivated areas where the host 
larvae are. On the other hand, parasites may be attracted into the crop 
from outside. For example, when nectar-bearing plants were grown nearby 
the cabbage crop in Ukraine (USSR), parasites were attracted there to 
attack up to 86% of the lepidopterous larvae and increasing the yield by 
6-7% (Gamaga, 1975). By encouraging parasites to congregate and take 
refuge on flowering plants between host searching would also help in 
sheltering them from undue exposures to pesticide-contaminated crops. Being 
so, it has the double advantage of maintaining a parasite reservoir within 
the infested area while keeping this reservoir fairly safe from harmful 
pesticides that may still be needed. Conditions such as these could be 
significant in restraining the initial multiplication of the pest as was 
recorded in the Moscow region (Kopvillem, I96O) where 70-90% of DBM were 
destroyed by its parasites (chiefly D.fenestralis) on cabbages close to 
extensive patches of flowering herbs and bushes. Where fields were devoid 
of flowering plants or having none of the latter in their immediate neigh-
bourhood, the controlling influence was greatly delayed. The close proximity 
of flowering plants will also make available possible food sources for 
rapid access by newly emerging parasites. This could prove critical in 
determining their subsequent period of survival as was found with A.plutellae 
(see 5.7.I). However, all the advantages mentioned can only be expected 
if the source plants themselves are not sprayed with chemicals. Otherwise, 
direct toxicity or hazards which may occur from intake of the contaminated 
food (Croft, 1977a) may nullify the potential of such food-refuge plants, 
unless the beneficial species .themselves are highly resistant to chemicals 
which is evidently not so with A.plutellae. In this regard, C.striata has 
proved highly suitable being a non-economic crop and needing no chemical 
protection. It flowers regularly, is hardy, fast-growing and does not 
harbour any potential pests of cabbage. The only limitation is that it 
cannot fully enhance the parasite's potential longevity (see 5.7.2) and 
fecundity (see 5.7.3). 
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In the natural environment, there probably are other plant species 
that may serve better than C.striata. Efforts should thus be made to 
determine these. On the other hand economic crops might prove more desi-
rable practically. Such possibilities with economic plants are suggested 
by the frequent visits of A.plutellae and several other hymenopterous 
species (including D.eucerophaga) to flowering peas and beans whenever 
these are cultivated near the cabbage crops. That arthropod species asso-
ciated with these plants were not parasitized by A.plutellae or D.eucerophaga 
would suggest that their presence is largely due to reasons other than 
host searching. Since highest number of parasites are usually observed 
during peak flowering, food finding is strongly indicated. However, 
unlike plants like G.striata, the use of economic species cannot always 
assure safety to parasites as such crops often warrant chemical treatment. 
Moreover, in seeking the use of multiple cropping system to increase the 
impact of beneficial insects van Emden (1976) has cautioned that "with the 
advent of hand-held ultra-low-volume application equipment used with 
special formulations for the tropics, the envisaged benefits may not be 
realized if spraying is escalated, leaving no entomological reason for 
retaining multiple cropping". Often, such a system of cultivating more 
than one crop will be based largely on economic criteria wherein the deve-
lopment is such as to balance certain components against others through 
the process of optimization. Otherwise, where inclusion of a crop is aimed 
mainly to provide appropriate flowers attractive to the parasites, then 
it is likely to limit the choice of crops to an extent that is uneconomic 
within the overall strategy of multiple cropping (van Emden, 1976). But 
many factors can influence a farmer's choice of crops and cropping pattern, 
and where a serious pest is regularly abundant (as in the case of DBM) 
with mixed culture regarded as a potentially valuable control measure, 
then opportunities clearly exist for some emphasis on such an approach 
(Perrin, 1977). 

At present, A.plutellae is abundant and common in the Cameron 
Highlands in spite of heavy application of insecticides. That substan-
tial development of insecticide resistance was not found in the parasite 
would suggest its predominance being maintained through other means. Also, 
the apparent absence of good alternative hosts discounts the possibility 
of replenishment from reservoirs of such hosts, which in many instances 
(van den Bosch & Telford, 1964) are important in favouring greater para-
sitism. On the other hand, since applications of insecticides by farmers 
are not entirely satisfactory, it seems likely that some parasites have 
been spared in unkilled hosts. Besides, protection within the cabbage 
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heads at later stages also affords survival advantage. Furthermore, substantial 

survival may also be envisaged from adult parasites moving between a cabbage 

field and the surrounding unsprayed vegetation in search of hosts and food. 

General observations confirming that the parasite devotes much of its time out-

side the crop suggest this to be of especial importance. Though some may sur-

vive among those which move between cabbage plots that have different spray 

timings, this is likely to be limited because of the close spraying schedule. 

Moreover, with achievement of better pesticide coverage through improved spray 

technology, the chance for parasite survival will be reduced even further should 

the present trend of intensive spraying continue. Under such a condition, food-

refuge plants that are free of pesticides will constitute a major parasite rese-

rvoir, particularly when hosts are also present. Besides, such manipulation to 

conserve nearby parasite reservoirs have the added advantage that they permit the 

use of otherwise relatively non-selective toxicants when less disruptive materials 

are not available (Bartlett, 1964), a condition that is not uncommon in the Cam-

eron Highlands. In any case, such an approach is seen to be quite promising 

according to Hagen (1976) who concluded that "...methods of manipulating insects 

through their food relationships are worth pursuing, for they are more selective 

and less ecologically disruptive to agriculture, garden and forest ecosystem than 

many of the methods we employ today". 

Although the above considerations relate essentially to A.plutellae, 

they are also applicable to other parasites where the adults require nectar 

feeding. This applies to D. eucerophaga whose requirement for food has been con-

firmed by laboratory investigations (Ooi, I98O) and is further suggested by 

frequent visits to flowering plants observed in the present studies. Evidently, 

the benefits that may be derived by suitable food-refuge plants are likely to 

extend well beyond that for A.plutellae alone. 

At present, other than food-refuge plants, the judicious use of chem-

ical pesticides would constitute an important strategy in parasite conservation 

under conditions in the Cameron Highlands. In such consideration, due regard 

needs to be given to exploiting the intrinsic selectivity and specificity of 

the various chemicals in relation to their manner of field usage, and also the 

spatial distribution of both the host and parasite. However, intrinsic selec-

tivity seems rather limited whereas a more realistic aim lies in learning how 

to use relatively broad spectrum insecticides in ways which make them selective 

(Way, 1977b). 
Firstly^ it needs to be appreciated that most of the available 

insecticides are ineffective as ovicides and pupicides of DBM. Also, as 

insecticidal effect on adults was not investigated and is little understood, 

only the larval stage may be considered. Under condition in the Cameron 

Highlands, the close overlapping of DBM stages dictates the need of chem-
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icals that are effective against the different life stages in order to 
assure satisfactory control. Otherwise, repeated and frequent applications 
would be needed. However, insecticides with such wide range of activity 
are generally few. Besides, for conservation of the parasite such a 
chemical must further satisfy safety of the beneficial species. In the 
case of A.plutellae this is made particularly difficult by the parasite 
cocoons being located in positions which are only partially isolated from 
the main stages of DBM. Evidently, chemicals needing to satisfy all these 
requirements will be difficult to find. From the present investigations, 
only fenvalerate (out of 48 insecticides evaluated) is able to satisfy 
these needs. Another promising candidate is the recently discovered SIR 
8514 which is 2-chloro-N-/~/~/~4-(trifluoroinethoxy) phenyl_7amino_7 
carbonyl_7 benzamide with the suggested common name, triflumuron (Ham-
mann & Sirrenberg, I98O). This chemical differs essentially from class-
ical insecticides by its specific mechanism of action, i.e. interfering 
with chitin synthesis. Although such chitin synthesis inhibitors are 
gaining significance in pest control, not all can provide satisfactory 
protection of the crop as with diflubenzuron against DBM. SIR 8514, 
however, has exceptional toxicological properties. Selective activity 
which favourably spares beneficial insects is also evident (Hammann & 
Sirrenberg, I98O). It acts mainly as a stomach poison and is not systemic-
However, it displays long-lasting residual activity even under increased 
light intensity and rainfall. Besides, it shows a positive temperature 
coefficient and features very good plant tolerance. To date, SIR 8514 
has provided effective control against DBM in the laboratory (Hammann & 
Sirrenberg, I98O) and field (Schmidt & Dorntlein, I98O). Moreover, it is 
also able to control most other major lepidopterous pests of brassicas, 
and as such, could well reduce the use of mixed chemical treatment in the 
Cameron Highlands thereby allowing for more precise management of the 
situation there. Undoubtedly, the availability of this material is po-
tentially of tremendous value. However, in spite of the difficulty of 
finding such a chemical, there is still the constraint of resistance 
development. For example in Taiwan, most field strains of DBM had deve-
loped resistance to the 4 major synthetic pyrethroids: permethrin, 
cypermethrin, decamethrin, and fenvalerate (Liu et al, 1981) • The latter 
was used for only 4 years, whereas the others were introduced only recently. 
Resistance to these compounds was high in general, ranging from ca 80 -
700 fold (Liu et al, I98I). In the Cameron Highlands, signs of resistance 
build-up to fenvalerate (RR = 4.5) are already evident in less than 2 
years (Sudderuddin & Kok, 1978). Evidently, control strategy with limited 
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objectives to a chemical pesticide is not only unrealistic but impractical, 

as it is most unlikely to sustain over time. Alternative or complementary 

strategies that could ensure longer-term stability would clearly be desi-

rable . 

Since the eggs and pupae of DBM are now known to be largely 

unaffected by most insecticides, possible exploits with available biolo-

gical agents could be attempted instead; for the pupae an introduced 

parasite (T.collaris) has recently become established. By adopting this 

kind of strategy, based on complementary controls, the scope of chemicals 

could be more effectively exploited. In particular, more attention could 

be devoted to safeguarding the two larval parasites that are already 

contributing important mortality. However, in doing so, minimising the 

adverse effects on the parasites of the pupa (and egg parasites when 

established) by the applied larvicides would have to be given due consi-

deration. To some extent this may be overcome for egg parasites if the 

chemicals can be carefully directed onto the undersurface of the young 

leaves (& shoots) and moderately old leaves only. By this means, con-

siderable protection can also be afforded to A.plutellae cocoons which are 

predominantly present on the old and moderately old leaves. Eecause of 

the rather similar distribution (spatially) of both the larvae and pupae 

of DBM over the plant, safeguarding any pupa parasite by differential 

placement of insecticides will be more difficult. However, some safety 

may be afforded if the host pupae can provide adequate protection to the 

developing parasites within, or if physiologically selective larvicides 

(e.g. chitin inhibitors, B.t.) are used. Whichever may be the case these 

will need further investigation, particularly if the pupal parasites are 

found to be important. 

Besides the judicious use of larvicides as given above, other 

possibilities of ecological selectivity as outlined by Bartlett (1964) as 

a means of natural enemy protection need also be considered. Although 

many of these have been observed to aid natural enemies substantially for 

other pests and on other crops, such as, 'skip', 'spot* or 'strip' treat-

ments (Dowden, 1952; DeBach & Landi, 1959; Bartlett, 1964), reduced dosage 

(Kichelbacher, 1954; Stern et al, 1959), and the selective timing of 

treatments (Steiner, 1938; DeBach, 1947i Michelbacher & Middlekauff, 1950; 

Bartlett & Otega, 1952) particularly with short persistent materials 

(Ullyett, 1947; Allen, I958), their effectiveness against DBM in the Came-

ron Highlands has yet to be investigated. Such studies need also be 

extended to cover the relative safety to parasites of various pesticide 

formulations and different types of application. At this time when several 

parasite species are already in existence there (and perhaps more when 
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others are later introduced) it becomes imperative for these aspects to 
be looked at. Moreover, these features are also emphasised here in order 
to stimulate more exact and discriminating investigations on chemical 
insecticides which are still much needed. 

An important larvicide with good promise in relation to the above 
criteria is B.t. Although there are hazards to A.plutellae through host 
starvation its overall advantages, on balance, are believed to outweigh 
the limitations, as with most other pathogens (Bailey, 1971). In parti-
cular, the chief advantages are its relatively hi^i degree of specificity 
with each strain of B.t. (Burgerjon & Martouret, 1971) thereby affording 
little danger to many non-target beneficial insects (Bailey, I971), man 
and other vertebrates (Heimpel, 1971)? its easy application, similar to 
conventional pesticides (Hall, 1964); its compatibility with many chemical 
insecticides (Benz, 1971) and other insect pathogens (Krieg, 1971) to the 
degree that they may be used concurrently and, in some instances, syner-
gistically (Benz, I97I; Krieg, 1971; Creighton & McFadden, 1974, 1975)? 
the lack of indisputable records of resistance (Burges, 1971); and its 
competitive cost with chemical insecticides to users under many situations 
(Falcon, 1971). Largely.due to these desirable features, B.t. has been 
extensively used on a wide range of vegetable and field crops, orchards, 
forest, shade and ornamental plants, as well as experimentally investigated 
against insects of stored products and of medical importance (Burges & 
Hussey, 1971). Emerging from these have been many successes, leading 
Falcon (1971) to conclude in his appraisal that "B.t. is one of the few 
available 'broad spectrum', yet selective and ecologically safe, insect 
control agents". As such, it thus seems that greater efforts should be 
concentrated on exploiting and incorporating B.t. as an integral component 
in DBM control, particularly since the moth is hi^ily susceptible to it. 

The field use of other pathogens associated with DBM (Sawyer, 
1931; Ullyett & Schonken, 1940; Kelsey, I966; Asayama & Osaki, 1970; 
Vail et al, 1972) cannot at present be suggested mainly due to insufficient 
information. However, since it is "....anticipated that microbial control 
will play a useful — and extremely safe — part in integrated control, 

(Burges & Hussey, 1971), investigations into these agents need to 
be pursued, particularly on environmental effects. In particular, E. 
sphaerosperma and the granulosis virus warrant consideration. 

Much of the above account has centred on the parasite A.plutellae. 
However, since both D.eucerophaga and T.collaris are now permanently part 
of the parasite complex they cannot be disregarded. More detailed studies 
will thus be needed to identify their relative roles in the newly-established 
parasite complex so that they can be properly exploited in practical 
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management of DBM. This would also apply to any other parasites that may 
"be introduced. 

At present the impacts of D.eucerophaga and T.collaris on DBM 
are still not adequately known. However, they are expected to become 
more abundant. In general, they seem to be useful especially when gauged 
by experiences where these species, among a few others, have usually been 
found to dominate the parasite complex of DBM and are generally considered 
of importance in the control of the moth (Kanervo, I936; Hardy, I938; 
Robertson, I939; Ullyett, 1947; Todd, 1959; Kopvillem, I96O; Goodwin, 1979)-
For the specific situation in the Cameron Highlands, the impact of T.collaris, 
if significant, should not interfere with existing control since no other 
pupal parasites occur there while insecticides are generally ineffective 
against the pupae. Similarly, with D.eucerophaga it is likely to com-
plement the contributions of A.plutellae. Therefore, it is anticipated 
that the eventual outcome of the establishment of these two species can 
only be favourable although the extent of the benefit cannot be predicted. 
Should the overall effects of the natural enemies prove successful in 
maintaining the DBM population at sub-economic levels, then, many of the 
existing problems associated with the widespread use of insecticides can be 
expected to decline rapidly. Otherwise, introductions of other parasite 
species would appear desirable besides continuing with efforts to conserve 
the existing ones. 

In considering the possible utilization of other parasites, many 
species have been recorded on DBM to date. Forty-eight species were 
catalogued by Thompson (1946) while Goodwin (1979) stated that there are 
more than 90. However, not all the natural enemies are effective. Frequently, 
only a few predominate. Even among these, most appear to be unable to 
exert full control over their host individually under natural conditions, 
besides differing in their degree of control. Thus, their potentials as 
biological control agents vary, often depending not only on their direct 
relationships with their host(s).but also on the interrelationships among 
themselves and the environment. In view of these, it is often difficult 
to assess accurately the potential of each individual agent. Nevertheless, 
some approximation of the potential of the agents and to what extent they 
may be exploited, if at all, is essential for a control programme aiming 
at the optimum utilization of such agents. Appendix 4 provides the details 
in such an attempt to identify and delimit the potential for those DBM 
parasites commonly reported, based on an extensive review of the relevant, 
literature. Such a basis in parasite assessment is however made with some 
reservation since parasite that is scarce in one country may be good if 
introduced to another, perhaps because of less hyperparasites or it fits 
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better into a niche in the new country. Notwithstanding this limitation, 

a useful assessment can still be obtained on the relative potentials of 

the different parasite species. 

From the review, it is evident that most of the recorded para-
site species are of limited or of no potential use in the control of DBM. 
These include numerous species which are only rarely recorded, as well as 
species which, although widespread, can never rise to dominate the parasite 
complex and whose abundance is consistently low (Appendix 4). 

In general, the egg parasites seem to contribute little, with 

species being restricted to the genera Trichogramma and Trichogrammatoidea 

(Appendix 4). Since chemical ovicides are largely unavailable, these 

egg parasites may however be exploited to increase the overall host mor-

tality accumulated over the different developmental stages. 

Larval parasites have the greatest control potential. Among 

these, the major ones in order of decreasing importance, belong largely 

to the genera Diadegma, Apanteles and Microplitis. Although more detailed 

assessments of these species and how they might be employed are given in 

Appendix-4, it seems that, except for D.eucerophaga and possibly 

D.fenestralis none appears capable of exerting full control by itself. 

Utilization of even the more promising ones /~Apanteles halfordi Ullyett, 

Apanteles ippeus Nixon, A.plutellae, A.ruficrus, Apanteles sicarius Marsh, 

Diadegma armillata Grav., D.insularis, Diadegma neocerophaga Horstm., and 

Microplitis plutellae (Meus.)_7 would thus be restricted to exploiting only 

their contributions in combination with others. This is similar for the 

more important pupal parasites which, although effecting only moderate 

levels of parasitism, are nevertheless considered beneficial and desirable. 

Among these however, only the following would appear to be potentially 

useful: Diadromus plutellae (Ashmead), Diadromus subtilicomis Grav., 

Tetrastichus sokolowskii Kurdj. and T.collaris (Appendix 4). 
From the above considerations it is evident that much scope still 

exists for increasing the overall parasitic activity in the Cameron High-

lands through further introductions, because a number of potentially useful 

species are today still not present there. Also, the scope for depressing 

further the DBM infestation to sub-economic levels through these agents 

appears hopeful, particularly since the mean host density is at present 

only marginally above the economic threshold. 

At present, in spite of the enormous demand for insecticides 
against DBM as a key pest there, abysmally little is known 
about how "to use such chemicals sensibly in the context of the 
local.peasant farmer economics (Norton, 1975). Customarily, field 
recommendations for control include a margin of overdosage as noted from 
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farmer surveys (Ooi & Sudderuddin, 1978). In view of this, as a first 
step towards reducing production costs and decreasing insecticide inputs 
the current practices of prophylactic treatment with chemical insecticides 
2-3 times per week (Ooi & Sudderuddin, 1978) could "be changed to once in 
7-10 days as this has been found to be optimal and is more, or as effective 
(Jusoh et al, I98I). By modifying spray frequency alone, the number of 
applications per crop can be greatly reduced and the quantity reduced by 
more than half. A second improvement is to apply sprays only at the young 
leaves (& shoots) of the cabbage plants. Although this does not provide 
a maximum crop output, it is however still superior to present farmer 
practices (see 8.2.5). Such a step would undoubtedly reduce overall chem-
ical inputs further. Following substantial insecticidal reduction through 
both these means it can be envisaged that the existing levels of parasitism 
under farmers' conditions should rise, since it has been demonstrated (see 
4.2.2 & 4.2.3) that such parasitic activities can be severely suppressed 
by certain chemicals. With resultant increased control by the biological 
agents the indiscriminate reliance of chemicals should gradually diminish 
thereby further encouraging contributions from natural enemies. 

It should be well-recognized that even though the above elements 
for reducing the use of insecticides against the DBM have become available, 
they may still not be immediately adopted. Numerous constraints can con-
tribute to this, in particular the farmers' perceptions, beliefs and their 
reliance for advice on the chemical industry which has long dominated pest 
control in the Cameron Highlands where the pesticide salesman have prac-
tically replaced the traditional farmers' dependence on government advisory 
extension (Lim et al, I98I). Much of these constraints are linked to the 
fact that the method of pest control is essentially farm-centred wherein 
the dynamic impact of control strategies on the pest population which 
extend beyond the farm do not have a significant influence in decision-
making (Southwood & Norton, 1973). More often, the high revenue returned 
from pest control inputs may not be due to yield increase, but to increase 
in 'quality' and so price. As in many other cases (Southwood & Norton, 
1973)» these quality effects are no more than 'cosmetic' effects and because 
of the uncertainties associated with the population dynamics of the pest, 
chemical controls are often applied as an insurance premium. 

As mentioned earlier, field use of insecticides is often excess-
ive, and as such, will adversely affect parasites. Eventual determination 
of lower dosages that could still effect the desired kill could provide 
another improvement. Such relatively simple dosage adjustments could 
further reduce the adverse effects of insecticidal treatment by either 
preserving parasite reservoirs, or by permitting earlier parasite re-entry 
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after extermination. 
In further integrated developments towards a less chemical 

approach, microbial agents should be introduced in parallel, particularly 
B.t. which has advantages of selectivity. Cultural methods should also 
be considered, in particular, making available appropriate food/shelter 
plants for parasites. Specifically, this may entail having C.striata or 
a suitable system of multiple cropping (van Emden, 1976). Also, where 
normal crop staggering prevails it should be maintained; otherwise stag-
gering needs to be instituted. 

Ultimately, when DBM is mostly controlled biologically and 
farmers made appreciative of the usefulness of parasites as well as the 
undesirability of calendar treatment, the implementation of 'spraying only 
when needed' (with emphasis on safeguarding the parasites) could be in-
stituted through a surveillance system. Developing better methods of 
outbreak prediction coupled with an 'early warning system' that could 
eliminate insurance spraying will certainly help much in overcoming unnec-
essary chemical applications (Southwood & Norton, 1973). Also, additional 
research will be needed to identify, pest-yield and control cost-revenue 
relationships, from which can be provided a rational basis for developing 
strategies of IPC and could eliminate the application of control measures 
for populations that are within the range where the crops can compensate 
while still below the pest-tolerance level of the market (Southwood & 
Norton, 1973). Although such relationships are already available to some 
extent (Jusoh et al, I98I), the present threshold is still inadequate as 
parasites have not been taken into account. Refinement of this would be 
necessary as improvements to the moth's management programme are being 
incorporated. By such step-by-step improvement a full programme towards 
IPC may hopefully be developed. 

Although the steps above are outlined specifically for the 
Cameron Highlands, the strategies involved are generally applicable else-
where where somewhat similar problems exist. Most relevant are situations 
in other Southeast Asian countries, the Carribeans and perhaps the South 
Americas.* Except for South Africa (Wahl, 1916; Gunn, I9I7; Ullyett, 1943, 
1947), many countries in Africa may also be applicable although the situa-
tions are not so fully known because of scanty and limited published 
information, e.g. Egypt (Hassanein, 1958), Ghana (Gupta, 1971), Kenya 
(Anderson, 1922; Giesquiere, 1939; van Emden, 1942; de Pury, 1968), 
Malawi (Smee, 1942), Tanzania (Morstatt, 1913*, t>, 1914; Ritchie, 1932; 

*Situations in South America appear so largely from impressions gained in 
discussion with Dr. M. Becker who is currently working on DBM in Brazil. 
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Harris, 1934; de Pury, I968; Eberhard, 1978), Uganda (Hargreaves, 1924; 
de Pury, I968), Zimbabwe (jack, I936, 1942) and Zaire (Ghesquiere, I939). 
When closely compared most of these areas which are continuously plagued 
with difficult DBM problems have some common features. In particular, 
associated parasitic species are absent or scarce (Table 10.l). Furthermore, 
the total level of parasitism is generally low, usually not exceeding 
36$. However, as total parasitism rises the mean host density tends to 
be further depressed, finally becoming negligible under situations of 
complete biological control when parasitism rates of more than 70$ are 
normal while levels exceeding 80$ are not uncommon (Table 10.1). In para-
llel, there is an increase in species diversity; situations with hi^ier 
total parasitism frequently having a greater number of parasite species 
(Table 10.l). In view of this and also because many of the parasites by 
themselves are limited in ability to check the host population, biological 
control objectives and effort against DBM should concentrate and aim at 
combining their effects to attain a high overall parasitism. However, 
this should be viewed with some reservation since it is not relevant and 
applicable to all parasites of DBM but likely to be only meaningful in 
practice for the crucially important ones as will be made clearer later in 
the discussion. Except within each parasite's limit potential (which un-
fortunately is still not known for many) the attempt to achieve very high 
parasitism by any one particular species should not be looked upon as 
feasible. Great abundance of various parasites at the same time is unnece-
ssary as each is eventually limited by its own capacity for host finding. 
Moreover, a great diversity of natural enemy complex is not necessarily 
desirable in pest management (Way, 1977a-) a.nd in some instances can be 
harmful (Taylor, 1937; Varley, I959; Turnbull & Chant, I96I; Watt, 1968; 
Zwolfer, 1963; Way, 1976; Pimentel, I98O; May et al, I98I). 

For practical management, various parasite species may be en-
couraged to act concurrently or in sequence; the latter, however, is 
considered more effective since high parasitism of the different species 
usually occurs at different times over the crop and at different stages of 
the pest. A good knowledge on the sequence or pattern of parasite succession 
is thus essential. Efforts should therefore be devoted to this, especially 
to identify the period of natural enemy 'vacumm' or scarcity, and where 
possible to introduce or encourage appropriate parasites to fill or supple-
ment the •vacumm'. 

Although Table 10.1 shows that DBM abundance is generally less 
when its parasite diversity is higher, the few exceptional situations have 
notable implications. Specifically, in Leeward Islands (Lesser Antilles) 
five parasite species were unable to provide any significant DBM suppression 



TAILI 10 . 1 Infestation atatus of Fiutalia ayloetella ( L . ) in ralation to ita In.act para . i t . complex. 

00 £S-CM 

Statua of f . xylo . te l ls Normal w a n boat density Locality 

No. of 

speclaa Dominant apaciaa 

Inaact paraalta complex 

Total paraaitiaa 
lnformatloa touree 

catecort i •. 
(a) Barely a problem; pre-

dominantly under control. 

( b ) Occasionally a problem 

vhen natural control 

ia disrupted (eaaentially 

by abiotic factors) . 

Very low 4 almost entiraly) 

absent. ) 

ca 11 .6 larvae/plant 

1 3 . 3 larra. /plant 

6 . 2 larrae/plant 

Mean lareae * pupae/plant ) 

- 1 . 6 - 1 2 . 8 , averaging 5 . 3 / ) 

plant. ) 

) ) 
Very low 4 almost entirely 

absent. 

Abundance of P . xyloatella 

markedly reduced to in-

significant level following 

introduction of parasites . 

Less than 1 . 5 ; 4 . 0 larvae/ 

plant. 

Merer reached economic 

level , (normally 1-5 per 

20 plants) . 

1 . 4 larvae * pupae/plant . 

0 . 3 larvae * pupae/plant ) 

(1972-73) ) 

1 . 0 larvae • pupae/plant ) 

(1973) ) 

1 . 5 larvae • pupae/plant ) 

(1973-74) ) 

3 . 1 larvae • pupae /pi ant ) 

(1974) ) 

Low 4 generally veil control-

led naturally. 

Incidence generally low 

Population uiually low ) 

However build-ups to ) 

economic importance occur ) 

vhen there are unuaually ) 

vara 4 dry conditions. ) 

0 . 6 larvae * pupae/plant ) 

(1971-72) ) 

2 . 4 larvae * pupae/plant ) 

(1972-73) ) 

1 . 1 larvae • pupae/plant ) 

(1973-74) )__ 

1 .1a of Tbanet (UK) 

• 4 S of England (UK) 

Transvaal (S . Africa) 

Transvaal (g . Africa) 

Pretoria (S . Africa) 

Patjet (Indooeala) 

Segunung-Fanjaueujan 4 

Cwiung Putri (Indonesia) 

Cunung Putri (Indonaala) 

Middle Java 

Moscow Region (USSR) 

a/ 1/ 
17 

Many parts of Australia 

S . Ukraine (USSR) 

Columbia (USA) 

Meat Java (Indonesia) 

Victoria (Auatralia) 

(Krasnodar (USSR) (1960-63) ) a / 

(Byelorussia (USSR) (1964-70)) 

(Maritime Region (USSR) ) 

(1973-76)) 

Main crucifer-groving areas 2 

of North Island (New 

Zealand) . 

Bavkesbury Valley 6 

(Auatralia) 

Diadtgma eucerophaga I Piadegma feoe.trails 

b. eucarophaga * D. faneatralu 

Dladagma app. 

Diadegma app. 

Diadegma app. 

More than BOX (1935) ) 

Mora than 90X (1935) ) 

Hardy, 1 W 

Parasites reaponalbl. for ca 701 of boat mortality (1938-39) m i y . t t > lehooken, 1940; Ullyett, 19*7 

More than 5 8 . 3 1 . ~~ Ullyett, 19*3 

P. eueerophagt 

T>. aucerophaga 

P. eucarophaga 

15. aucerophaga 

P. feneatralia 1 Piadroauia 

subtilicornia 

P. eucerophaga, Thyraeella 

collaria * Apantelea 

plutellae . 

Mean parasitism-34X, inert.slog to mora then 50X at later 

stage 4 sometimes attaining a . high aa 72X. 

77.6X ) 

80-96X (eve. 861 1952 end) ) 

) 

84-96X (ave. 892 , 19S2end) ) 

40-601 ) 

More than 801 . 

Heavy parasitism 

Diadegaa app. (mainly P. feneatralia). 14.2-97.3X(1960-65) ) 

These caused more than 50Z host mortality 66.4-78.11(1963-65) ) 

Remainder cauaed largely by P. aubtilicomia 4 Apantelea epp. ) 

Piadegma gluteilae , Tetraatichua Bigh parasitism rates. 

sokolovxkit 4 Hrcroplitia plutellae. 

P . eucerophaga 

-5" e u c * r ° p h a g a , T_. collaria 

4 Diadegma rapi . 

P. feneatralia 4 Apantelea ruficrua 

eucerophaga 4 Piadromua ap. 

P. eucerophaga 4 T . 

collaria 

P. eucerophaga, T . 

collaria 4-Apanteles 

lppeua 

Up to 73X (1973) 

491 (1972-74) 

49-66X 

Up to 901 

48 . 61 (lOOt on many inatancea). At high host density 

periods control is aided largely by Entomophthora 

aphaeroapetma. 

73X (1971-74) 

Ullyatt, 1947 

Voa. 1953 

Kopvillem, 1960 

Vilaon, 1960 

Adaabkavich, 1966 

Earker, 1971 

van den Oevcr, 1973 

Goodwin. 1979 

Molseeva, 1975 

Slabospit skit, 1980 

Todd, 1959 

B n i l t o o , 1978a, b. 

cattoort 11; 
Natural control part ial | 

sporadic build-ups requiring 

control by limltad supplement 

of chemical insecticides . 

PBM occurring only in fa ir 

numbers yearly. 

Lutjebroek (Holland) P . aucarophaga Mora than 55X Lloyd, 1940 
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Statu, of r . xylostella Normal mean hoat deualty Locality 

On 
CM 

No. of 

species 

Intact paratiti coaplex 

Dominant apcclaa Total parasitism 

Inform.tion 

Aourca 

Normally held at relatively low Merlvale (Canada) 

lavela with aporadlc build-ups. 

Attaining economic levels law Tork (USA) 

occaaiooally. 

6 . 6 larvae/plant ( 1 % 0 ) ) Aylmar (Canada) 

) 
1 . 5 larva*/plant (1961) ) 

1 . 6-3 .6 per plant , averaging 2.A 

1 . 1 8 larvae * pupae/plant (1963,teat 1 ) ) 

1 . 1 6 larvae * pupae/plant (1963,teat 2 ) ) 

0 . 1 1 larvae * pupae/plant (1966,teat 1 ) ) 

0 . 0 9 larvae • pupae/plant (1966,teat 2 ) ) 

0 . 1 * larvae * pupae/plant (1967,teat 1 ) ) 

0 . 2 5 larvae • pupae/plant (1967,teat 2 ) ) 

0 . 0 4 larvae * pupae/plant (1967,teat 3 ) ) 

S . California (USA) 

Charlaaton, S .C . (USA) 

0 . 6 8 larvae • pupae/plant (1968) 

Infeatatiooi built up to moderate 

levels occasionally. 

0 . 3 7 larvae+pupae/plant (Spring 1969 

Expt. 1 ) . 

0 . 7 6 larvae*pupae/plant (Spring 1970 

Expt. 3 ) . 

0 . 3 2 larvae+pupae/plant (Fall 1970 

Expt. 4) 

0 . 0 3 larvae+pupae/plent (Spring, 

Teat 1) 

0 . 1 2 larvae*pupae/plant (Spring, 

Teat 2) 

Infeatationa built up to Moderate 

levels occaaiooally. 

) 

12 

>2 
bf 

NA 

0 . 5 9 larvae/plant 

0 . 6 0 larvae/plant 

0 . 4 7 larvaa/plant ) 

0 . 4 4 larvae/plant ) 

0 . 2 2 larvae*pupae (Spring. 1969) 

0 . 5 7 larvae*pupae (Spring 1970) 

0 . 1 9 larvae+pupac (Fall 1970) 

0 . 2 9 larvae+pupae (Spring 1973,Teat 1) ) 

0 . 3 7 larvaeapupae (Spring 1973,Teat 2 ) ) 

Leai than 1 . 4 larvaeapupee/plant. 

S . E . (^icenaland (Auat. ) 

Clemaoo On!v. Truck 

Expt . Stn. (USA) 

Clems on Univ. Truck 

Expt. Stn. (USA) 

Saakatchcvan (Canada) 

St . Paul , Minnesota (USA) 

Rosemount, Minnesota 

(USA) 

Clemsoo Univ. Truck 

Expt. Stn. (USA) 

Clemaoo Univ. Truck 

Expt. Stn. (USA) 

Baatinga (USA) 

b / 

b / 

bf 

2 

pluta fa, 

inaularia 4 Diadroaus 

Diadegaa app. 4OT (1957) 

55X (1958) 

Harcourt, 1960. 1963a,b. 

Plaeotal, 1961 

Caas, 1963 

29 .51 (In cooler 1st half yaar) 

D. Inaularia A Diadegaa plutellae 40 .41 (in warmer last half year) Oatman A Flatner, 1969 

CTaightoa et a l , 1970 

D. eucerophaga ca 322 

(D. inaularia (in 2nd hoat gen.) (681 ( in lit boat gen.) ) 

(M. plutellae (in 1st boat gen.) (411 ( in 2ad boat gen.) ) 

Diadegma plptellae 43 .21 

12 .91 

4 . 6 1 

57 . 61 

16 .71 

9 . 4 2 

(1968) 

(1969) 

(1970) 

(1968) 

(1969) 

(1970) 

D. insularia A T . aokolovakii 421 

Tarrow, 1970 

Craighton et a l , 1972 

Creighton et a l , 1973 

Putnam, 1973 

Veires A Chiang, 1973 

Crcighton, et a^ , 1974 

Craighton A McFaddeo, 1975 

Ru A Workman, 1979 

CATE00RT 111 

(a) Continuously a 

problea requiring 

regular and heavy 

insecticidal control 

in spite of the 

presence of 

paraalta (e ) . 

Heavy infeatationa with severe attacks, 

especially in the drier parts. In 

many caaea it alaoat completely 

destroyed tbe foliage with consequent 

lota of crops. 

In aany locelitiea of 

Nev Zealand, especially 

Canterbury A northern 

Otago. 

Diadegna ap. (near Diadeg^aa 

lateralis) 

Muggerldge, 1930 





TABLE 10.1 (Continued 3 ) . 

Itatut of JP. xyiottella Normal ma an boat denaity Locality 
No. of 

specita 
Dominant tpeelaa 

Inaact faraaitt complex 
Informalion 

In variout localities of ) 

the Cameron Highland*, ) 

Malaysia. ) 

4 . 6 1arva*apupaa/piant (1973-74) Kampong Kaja ) 1 A . plutella* 
36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

Br*tent studies 2 7 . 7 1 arvat*pupa« /plant (1979) Kampong Kaja ) 
A . plutella* 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

Br*tent studies 

5 . 0 larvaeapupae/plant (1 973-74) Kuala Tarla ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

16 .1 larvaeapupa*/plant (1979) Kuala Terla ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

3 . 8 larvaeapupae/plant (1973-74) Trlngkap ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

10 .4 larvaeapupae/plant (1973-74) Mensun Valley ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

6 . 9 larvaeapupae/plant (1973-74) Bert am Valley ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

3 . 2 larvaeapupa*/plant (1973-74) Kampong Taman Sedia ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

1 . 3 larvaeapupae/plant (1979) Brinchang Tovn ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

2 . 8 larvaeapupae/plant (1979) 7th Mile Brinchang ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 
3 . 8 larvaeapupae/plant (1979) 45th Mile Brinchang ) 

36 .52 ) 

19 .02 ) 

48 . 62 ) 

20 .92 ) 

34 .02 ) 

18 .12 ) 

30 . 12 ) 

12 .72 ) 

39 .52 ) 

42 . 42 ) 

31 .92 ) 

CATEOORT 111: 

(b) Continuoualy a 

problem requiring 

regular and heavy 

inaecticidal control. 

No paraaite reported 

present. 

4 . 4 larvae/plant (1950) 

1 6 . 2 larvae/plant (1951-52) 

2 1 . 1 larvae/plant . 

17 . 1 larvae/plant (Expt. 1) 

1 4 . 8 larvae/plant (Expt. 2) 

2 3 . 8 - 6 1 2 . 0 larvae/plant 

(ave. 2 8 0 . 9 5 larvae/plant) 

2 0 . 1 larvae/plant (Expt. 1) 

High population! throughout the 

year in the lov-lying plains. 

Impoeeible to produce cehhege 

vithout etriet chemical control 

measure* during hot seasons. 

Populstion levels high and causing 

severe crop damage if unprotected 

v i t h chemical applications 

(approx. 2-3 times/week). 

0 . 3 6 larvae/plant (Trans.Mar 76) 

3 . 7 larvae/plant (Trans.Apr 76) 

9 1 . 0 larvae/plant (Trans.Dec 75) 

3 . 7 larvae/plant (Trans.Eeb 76) 

6 8 . 2 larvae/plant (Trans.Jan 76) 

8 0 . 8 larvae/plant (Trans.Jan 76) 

Patjet (Indonesia) ) 

Leabamg (Indonesia) ) 

Cameron Highlands (Halayaia) 

( Cameron Highlands (Malaysia) ) 

Bagulo (Philippines) 

Cameron Highlands (Malaysia) 0 

Jamaica 0 

West Sumatra (Indonesia) 

AVRDC (Taivan) 

Ankersalt, 1953 

Henderson, 1957 

Ho, 1965 

Sanchex et U , 1968 

Bo 6 Bg, 1970 

Suah * E l l i s , 1974 

Sudarmohadi et al , 1976 

AVKDC (1976) 

a / Complex of several species suggested. 

Exact numbers not indicated hut several species reported from other ecological 

~ studies 

NA - Not available. 



282 

(Bennett Sc Yaseen, 1972; Yaseen, 1974) while full control was achieved in 
Java (Indonesia) by D.eucerophaga alone (Vos, 1953). Evidently, such a 

situation does not bear out the dogma that increasing diversity increases 

stability and in general lessens pest outbreaks/damage (Elton, 1958; 

Pimentel, I96I; Rudd, 1964; Odum, 1971); a dogma which was seriously queried 

in mid 1960s (Way, 1966) and wherein was subsequently pointed out that 

diversity and stability may not necessarily be causally related (van Emden 

& Williams, 1974; Murdoch, 1975). Also, in practice increasing diversity 

can sometimes increase rather than decrease pest problems (Southwood & Way, 

1970; Way, 1977a). With DBM the increase is unlikely to be due largely to 

this reason but rather the absence of some crucially important parasite 

species. This is suggested by the consistent involvement, together or 

separately, of the same few species (specifically D.eucerophaga and 

D.fenestralis) in all but one of the cases where full biological control is 

achieved (Table 10.l). With the exception in Columbia (USA) where the moth 

is held in check by Diadegma plutellae, M. plutellae and T.sokolowskii 

(Barker, 1971), DBM still poses some problems where D.eucerophaga or D. 

fenestrails is absent. The situation is however most serious, with the 

pest continuously requiring regular and heavy insecticidal control, when 

other Diadegma spp. (except D. sp. (near lateralis) and perhaps Diadegma 

plutellae) are also absent. Otherwise, partial control may still be 

obtainable, with limited supplements of chemical insecticides (Table 10.l). 

From such evidence, it thus appears that effective control of DBM by para-

sites needs only depend on a few important agents. This parallels most 

successes in biological control (DeBach, 1974) where a single or only very 

few natural enemy species have usually proved to be overwhelmingly important 

(Huffaker & Kennett, 1966). The essence, as summed up by Way (1976) is: 

"success in biological control is not associated with simple increase in 

diversity but it depends primarily on a few crucially important functional 

links". It is the quality of diversity and not the amount that really 

matters (Way, 1979), the right kind being fundamental to insect pest control 

(Way, 1976). For some pests, however, very small amounts of the right 

diversity may be adequate (Way, I966). The failure to recognize this is 

perhaps largely responsible for most of the unsuccessful control of DBM 

where attempts at introductions have been only with relatively less impor-

tant parasites and have not included the crucial species (largely Diadegma 

spp., particularly D.eucerophaga and D.fenestralis) (Wilson, I96O; Bennett 

& Yaseen, 1972; Yaseen, 1974, 1978; Nagarkatti, 1975)• In some instances, 

the poor parasite choice is also unfortunately governed by mere convenience 

(Nagarkatti, 1975; Ooi, 1979a) which, relative to the quality of parasite 

species, should not have taken priority. In particular, recognizing and 
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ensuring the involvement of these key species is crucial, for failing to 

do so could lead to much effort and expense being devoted to other bio-

logical agents that inherently are unable to effect satisfactory control. 

That parasites play a dominant role in the population dynamics 

of DBM is evident from the present studies as well as in most other 

accounts of DBM. However, Harcourt (1963b), on the basis of his life 

tables from studies at Merivale (Canada), suggested that "the value of 

the biological control method for P.xylostella must seriously be questioned". 

His conclusion that parasites are relatively unimportant is inevitable 

since the parasite complex involved in his studies in Canada did not include 

the seemingly more important species. Although D.insularia was present,by it-

self it cannot effect full control except when consistently in combination with 

other appropriate species. D.eucerophaga or D.fenestralis if present, 

could have resulted in conclusion, contrary to what he derived from his life 

table analysis. Moreover, in support of his contention that parasites are 

in general unimportant, Harcourt (1963b) also cited that the biological 

control approach for DBM has not eliminated the need for chemical control 

in New Zealand (Robertson, 1948) and Australia (Wilson, 1960). Evidently, 

too high expectation of the parasites' role is unrealistic, as upsets 

(both biotic and abiotic) needing insecticidal supplements could occasion-

ally occur, as in situations where the moth is predominantly under natural 

control (Category I, Table 10.l). Furthermore, although attainment of full 

biological suppression is the prime objective, effecting a substantial 

decline of pest level from partial biological control such that programme 

of IK2 with attendant reduction of chemical usage can be initiated has often 

been also considered important (Ooi, 1979a)* From these considerations, 

Harcourt's (1963b) contention would appear untenable; more so when the 

limited examples on which he based his conclusion are further re-examined 

and compared with a wider and more comprehensive range of situations as in 

Table 10.1. 

To date, many areas are still continuously plagued by DBM and 

emerging out of the present studies is strong evidence that this is due to 

the lack of crucially important parasites. Unless the relevant key species 

are made a part of the host-parasite complex these problems are likely to 

persist, largely because such species constitute the few key-links that 

are usually present in the food-web interactions of a pest (Way, 1976). 

Learning how to exploit fully these key-links in ways which are compatible 

with local farm practice (Way, 1966) evidently holds the. key to containing 

the DBM problem. In this regard the current experimental studies with 

A.plutellae have provided much of the required information for some of 

these links. For the other parasites, the links for a few species have 
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been made clearer from the overview which also provides the basis for 

much of the suggestions on how best these could be exploited. Nevertheless, 

additional information is still needed to help define more precise methods 

of exploitation. In general, much of this would aim towards maximizing by 

any means possible the effects of biological control which has been con-

sidered of fundamental importance (Simmonds St Bennett, 1976). 

To date, some other important key-links that have been esta-

blished are adult food sources through flowers (Kopvillem, I96O j Garnaga, 

1975), and crop continuity (staggering) and cruciferous host weeds to main-

tain host-parasite equilibrium (Ullyett, 1947). Those which are potentially 

promising have included appropriate multiple cropping systems, in which 

the right choice and sequence of crops is particularly crucial (van Emden, 

1976). Beyond these, except for a few materials, the links with the wide 

array of microbial agents and conventional chemical insecticides are still 

less clearly defined, largely because of inadequate investigations on the 

former (Burges St Hussey, 1971) and. conflicting reports on the latter 

(Ullyett, 1947; Vos, 1953; Todd, 1959? Kopvillem, I96O; Adashkevicfa, 1966; 

Bennett, 1974? Kumar, 1974; Yaseen, 1974; Sudarwohadi et al, 1974; Hamilton 

St Attia, 1977; Hamilton, 1978a, b; Ooi St Sudderuddin, 1978; Present studies). 

However, since chemical insecticides are in general detrimental to para-

sitic arthropods, their exploitation needs only be considered when absolutely 

necessary, essentially adding on well-thought-out sparing use of chemicals 

to obtain the degree of control required (Simaonds St Bennett, 1976). 

In conclusion, it must be highlighted that the biological control 

effects of parasites on DBM can be enormous. Those which potentially can 

provide full control, however, are probably restricted to a few crucially 

important species. Having them as the basic control component is imperative 

for it is only through such a basis that an improved and more rational 

programme of DBM management can be developed; and wherein brassicas every-

where could be grown with either no or far fewer applications of insect-

icides, this being largely achieved through the combined contributions of 

parasites, cultural practices, microbial agents and perhaps only to a limi-

ted extent the judicious use of chemical insecticides. Although inclusion 

of the key parasite species may not guarantee complete biological control, 

marked improvements in overall pest situations can invariably be expected, 

as exemplified by the examples given in Table 10.1. On the other hand, in 

most known situations, abandoning these crucial parasites will make brassica 

cultivation continue to be drenched in ever-increasing amounts of chemicals; 

and probably when such materials run out economically, the cultivation 

would then cease in many areas. These conclusions seem inevitable as all 
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known cases of successful DBM control have been obtained only when the 

basic control component constitutes either parasites or chemical 

insecticides. All other potentially useful approaches have yet to be 

demonstrated as being practically effective under large-area farm 

situations. 
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S U M M A R Y 

The status of Diamond-Back Moth (DBM), Hlutella xylostella (L.) 

was reviewed, and wherein it was noted to be widely distributed and a 

serious pest in many countries. In some countries, it is however effect-

ively suppressed by parasites. In the Cameron Highlands in West Malaysia, it 

is a key pest of cabbages with chemical insecticides constituting the 

only control measure, largely because of the firm and widespread adherence 

in the unquestioned beliefs that (l) no parasites/biological control can 

exist there because of intensive use of chemicals and (2) cabbages in the 

Cameron Highlands cannot be grown without insecticidal protection. 

Consequently, numerous problems have resulted, viz: 

(1) development of insecticide resistance in the pest, (2) increase in 

incidence of chemical poisoning of farmers, (3) presence of chemical 

residues on marketed produce, (*f) hazards to wildlife and (5) rapid rise 

in cost of crop production. These have led to the need and rationale for 

examining its biological control. 

Since no parasite of DBM in the Cameron Highlands had been re-

ported previously, a parasite search was initiated there, leading to the 

discovery of an endo-larval parasite, Apanteles plutellae Kurdj. Further 

surveys showed it to be widespread and abundant, averaging 29.6 - 3 

In the lowlands only 12.1% was obtained. Hyperparasites (chiefly 

Hemiteles sp.) were important in the highlands, causing about 21% parasite 

mortality. In general, the surveys suggest that A.plutellae is the only 

important parasite of DBM there and is probably contributing substantially 

to DBM suppression. 

Three experimental studies were conducted to assess its impact 

on DBM. Basically, these were based on comparison of host population 

development and survival both in the presence and absence of the parasite. 

The studies included (l) a laboratory experiment, (2) a field assessment 

comparing DBM infestation and its parasitism by A. plutellae prior to and 

after the parasite's access into the Cameron Highlands, and (3) a chemical 

exclusion method. Emerging out of these investigations are the following 

findingss 

(1) The parasite can delay a similar host build-up by a generation. 

(2) The parasite can cause significant host suppression; the k-values for 

generation I, II & III being respectively, 0.4?, 0.57 and 0.62. 

(3) Host suppression by the parasite is only partial and not consistently 

adequate• 

(4) The impact of the parasite is substantial and can cause significant 

yield increase. 
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(5) Insecticides against DBM need not always result in crop improvement. 

(6) Upsurge of DBM in the Cameron Highlands is partly because of the 

indiscriminate use of chemical insecticides. 

(7) Chemical protection is not always necessary to obtain satisfactory 

crop yields. 

(8) Although A.plutellae is unable to effect full biological control of DBM, 

its beneficial effect is nevertheless important and merits exploitation. 

(9) Most important, both the unquestioned beliefs have been shattered. 

Upon establishment of the parasite's importance detailed in-

vestigations were made on its basic biology and ecology in relation to the 

host; these aimed to provide insights on how the parasite might be made 

more effective. The major findings obtained are: 

(1) The parasite has 3 larval instars, the 1st of caudate-mandibulate 

form, the 2nd vesiculate and the 3rd hymenopteriform. Irrespective of 

the number of eggs deposited, only 1 larva will emerge from each parasitized 

host. Just prior to host pupation the 3rd-instar larva will emerge to spin 

a white cocoon from which the adult emerges by cutting an opening at one 

end. Developmental periods of the parasite are: egg = 1-2 days, larva = 

6-7 days, cocoon (pupa) = 4-5 days, and total life cycle - 13 days. 

(2) In studies on host stage preference, 3 methods were used. The 1st 

method involved exposing separately different host instars for 15 ains each, 

while in the 2nd method equal numbers of each host instar were exposed 

together. For the 3rd method, it involved exposing for 24 hrs two larval 

instars at a time. The findings clearly showed the parasite's preference 

to be: 2 n d > 3 r d > 1st>4th larval instar. 

(3) Irrespective of host larval instars which the parasite initially 
1 attacked', the developmental period of the parasite was relatively constant, 

being approximately 9 days. However, as initial oviposition with respect 

to the host stage became later, the developmental period of the host was 

progressively lengthened. Also, there was increased host mortality. 

(4) On parasite development under different temperature and RH conditions 

duration, of the egg, larval and pupal stages were observed to shorten 

progressively with each additional increment in temperature. For the 

different stages the temperature threshold (t) and thermal constant (K) 

are: egg (t e = 11.2°C, K - 41.67 day-°C), larva (t x = 15.5°C, K - 58.82 

day-°c), pupa (tp - 15.5°C, K = 63.16 day-°C) and from oviposition to 

adult emergence (t T - 13.8°C, K - 178.57 day-°C). With RH, the range of 

70-80* seems most favourable, resulting in greatest parasite survival 

(93.33*) as well as a higher number of female parasites. 
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(5) Concerning parasite oviposition, only 1 egg was usually deposited per 

ovipositor insertion. Dead hosts were, however, never oviposited upon. 

When multiparasitisn occurred, excessive 'stings' may kill the host. This 

effect increased rapidly for higher number of ovipositions with a 100% 

host mortality occurring for 10 ovipositions and beyond. 

(6) Reproduction in the parasite is arrhenotokus with a 1:1 sex ratio 

normally present in the field. Under laboratory conditions, more males 

were obtained when (a) the host stage initially parasitized was later, 

(b) the number of • ovipositional attack' per host was increased, and 

(c) when the parasite was reared under extreme climatic conditions. 

(7) The parasite is also synovigenic, with mean longevity increased from 

3 days to 14 days and mean fecundity from I93 eggs to 494 eggs when female 

parasites were prevented and given access to honey (30^). Even an initial 

starvation of only 12 hrs could adversely affect its longevity and survival. 

(8) The possibility of flowering plants serving as food sources was also 

investigated. Of 16 flowering species commonly found in the farming area, 

many were capable of increasing the parasite's longevity. With Crotalaria 

striata L., the mean fecundity was also increased significantly (P<0.01) 

to 180.1 eggs when compared to the 'water' control (71.8 eggs). Other 

extrafloral nectaries capable of increasing the parasite's longevity were 

those of the leaves and flower stalk's axils. Survey of insects visiting 

C.striata further confirmed the usefulness of this flowering plant to 

A. plutellae. 

(9) In laboratory studies involving different lepidopterous species only 

Crocidolomia binotalis Zell and Hellula undalis F. seemed able to serve as 

possible alternative hosts. However, in the field, except for DBM a wide 

range of lepidopterous larvae collected from cabbages and other plants in 

the vicinity did not yield any A.plutellae, suggesting the parasite to be 

host specific. 

From the above considerations, A.plutellae is observed to have 

a number of desirable attributes viz: (l) host specificity, (2) great re-

productive potential (short generation time, high fecundity), (3) good 

internal synchronization with host development, (4) well-adapted to fairly 

wide range of conditions occupied by host and (5) is density responsive 

to changes in host population. 

The spatial distribution of both DBM and A. plutellae on the 

cabbage plant at different ages was also investigated with the view to . 

help in guiding inseciicidal applications. In general, more eggs (65.6%) 
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of DBM were laid on the abaxial leaf surface and on the young and moderately 

old leaves. For the larvae and pupae, although more occurred on the under-

surface there were still substantial numbers on the abaxial side. Cocoons 

of A.plutellae, however, predominate in the adaxial surface while there was 

little difference in the distribution on the different categories of leaves. 

Both DBM and its parasites (including the recently introduced 

species Diadegma eucerophaga Horstm.) were also found to occur within the 

cabbage heads. Many emerged alive in spite of the tight overlapping of 

the leaves; this usually occurred within 14 days after harvest. Such occu-

rrence, evidently, has relevance to the moth's dispersal ecology and its 

effective control by chemical insecticides. 

Studies on the field abundance of DBM over 32 overlapping and 

unsprayed cabbage crops revealed that its population fluctuations are not 

related to plant age but seasonal factors. Among the main climatic para-

meters (rainfall, temperature & RH), only rainfall had significant corre-

lation with high DBM infestations occurring during the drier period. In 

a partial key factor analysis, mortality from parasites (kp) was observed 

to increase gradually following the introduction of D.eucerophaga while 

that due to diseases (kp) declined, indicating that parasites may soon 

assume greater importance. The total parasitism of 1.8 - 12.7$ for the 

first 5 crops increased to about 70.3$ "by the 32nd crop. 

Since control of DBM in the Cameron Hi^ilands was exclusively 

dependent on chemical insecticides, it was considered necessary to invest-

igate further into this aspect particularly to obtain relevant information 

that could help in their judicious employment. From laboratory screening 

of 48 insecticides, most were found ineffective as ovicides and pupicides 

of DBM. As such, possible exploitation with biological control agents 

against the eggs and pupae need to be attempted. With the larvae, most of 

the chemicals were effective. However, only fenvalerate was able to also 

satisfy the safety requirements for A.plutellae. In general intrinsic 

selectivity seemed rather limited and a more realistic aim would be to 

use relatively broad spectrum insecticides in ways which make them selective. 

In this regard, by directing the chemicals onto the undersurface of young 

leaves (& shoots) would afford considerable protection to A.plutellae 

cocoons which predominate on the old and moderately old leaves. Such 

treatment could also increase yield over that of the farmers' practice as 

well as more easily adopted at the farm level. 

Among biological insecticides, Bacillus thuringiensis Berlinger 

(B.t.) was found effective and showed good promise for integration with 

other control tactics of DBM. Although there are hazards to A.plutellae 
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through host starvation, on balance, its overall advantages outweigh the 

limitations. Under field conditions, more parasites are spared and yield 

significantly increased. Other microbial agents which also showed possible 

utilization and warrant consideration are Entomophthora sphaerosperma (Fres.) 

and the granulosis virus. 

Four insecticides were evaluated for possible resistance deve-

lopment to A.plutellae. Resistance ratios of 2.4, 2.7, O.99 and 3.9 were 

respectively obtained for lindane, fenvalerate, malathion and methamidophos. 

In general, development of insecticide resistance by the parasite is very 

limited, suggesting that abundance of A.plutellae in the Cameron Highlands 

is largely maintained through other means. Survival in flowering plants 

outside the crops is considered a likely possibility. 

An appraisal was also made of the current status of the imported 

parasites /"*D.eucerophaga and Thyraeella collaris (Grav.\J that were 

recently established in West Malaysia, particularly the role of D.eucerophaga , 

relative to that of A. plutellae. In survey of their presence in the Cameron 

Highlands, both were found to have gradually spread out from the establish-

ment site to several localities. 

On competition between A.plutellae and D.eucerophaga, the latter 

was superior. It can locate hosts faster and parasitize more over a fixed 

period, and has a hi^ier a 1 (1.887 day" 1) and lower Th (O.OO92 days) than 

A.plutellae (a1 = 0.813 day" 1, Th - 0.0115 days). In both, the functional 

response is of Holling's 'type II". 

The ability to discriminate between parasitized and unparasitized 

hosts by A.plutellae and D.eucerophaga is both intra- and inter-specific. 

Discrimination in the former was displayed only when the parasitized hosts 

contained parasite larvae and is unlike D.eucerophaga which could also 

avoid parasitized hosts containing eggs. In both, discrimination was how-

ever limited, with the imperfect restraint breaking down at low host density 

or at hi^ier parasite: host ratio, resulting in superparasitism. 

Generally, the species which can attain the larval stage before 

the eggs of the other have hatched would kill its competitor and emerge 

the survivor. However, as superparasitism usually exceeded multiparasitism 

each species will tend to inhibit its own growth more than that of the 

other, thus allowing for co-existence. Also, since D.eucerophaga can com-

plement the activity of A. plutellae its introduction is likely to prove 

favourable. Should host suppression be still inadequate, introductions of 

other parasites would be desirable besides continuing with efforts to 

conserve the existing ones. 

In considering possible utilization of other parasites, numerous 

species are noted to exist on DBM. However, from an extensive review, not 
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all are found to be effective. On the contrary, the key ones are restric-

ted to only a few species. These belong largely to the genera Diadegma, 

Apanteles and Microplitis for the larval parasites. Except for D.eucero-

phaga and possibly Diadegna fenestralis, none appears capable of exerting 

full control by itself. 

To date, many countries are still continuously plagued by DBM 

and there is strong evidence from the present studies that this is due to 

the lack of crucially important parasites. Unless the relevant key species 

are made a part of the host-parasite complex these problems are likely to 

persist. Having the key species as the basic control component is impera-

tive for it is only through such a basis that an improved and more rational 

programme of DBM management can be developed; and wherein brassicas could 

be grown with either no or fewer applications of insecticides, this being 

largely achieved through the combined contributions of parasites, cultural 

practices, microbial agents and perhaps only to a limited extent the judi-

cious use of chemical insecticides. Although inclusion of the key parasite 

species may not guarantee complete biological control, marked improvements 

in overall pest situations can invariable be expected. Abandoning these 

crucial parasites will make brassica cultivation continue to be drenched 

in ever-increasing amounts of chemicals. These conclusions seem inevitable 

as all known cases of successful DBM control have been obtained only when 

the basic control component constitutes either parasites or chemical in-

secticides. 



292 

ACKNOWLEDGEMENTS 

I wish to express my sincere gratitude to Professor M.J. Way 

for his kind encouragement and general advice during the course of the 

studies, and for his critical guidance in the preparation of this thesis. 

My deep thanks also go to him for extending me the use of the Field 

Station facilities. 

While conducting my research and preparing the thesis, I have 

"been aided by many friends and colleagues in Malaysia and the staff at 

Imperial College — too numerous to be mentioned individually. To all of 

them I would like to express my sincere thanks. In particular, I wish 

to specially thank i 

U.B. Cheah, Md. Bani, A. Sivapragasam and C.L. Tan for permitting me 

to use some relevant portions of our joint studies which are still 

unpublished. The materials concerned are respectively; insecticide 

resistance development in Apanteles plutellae Kurdj. in Section 8, 

influence of natural food sources to A.plutellae in Section 5» studies 

on the relative importance of imported parasites in Section 9, and the 

occurrence of Plutella xylostella (L.) and its parasites within cabbage 

heads in Section 6 , 

Dr. C.S. Lee and Dr. M.C. Crawley for statistical aid, 

Dr. J.K. Waage for useful advice and discussion in the overall pre pa-

ration of the thesis, 

Professor M.P. Hassell for useful advice and discussion relating to 

the aspects of key-factor analysis in Section 7 and the studies on 

imported parasites in Section 9, 

Dr. D.J. Galley for useful advice and discussion relating to insecti-

cide resistance development in Apanteles plutellae Kurdj. in Section 8, 

P.A.C. Ooi and K.L. Heong for many miscellaneous and invaluable aids, 

H.F. Chan for assistance in the photographic materials, and 

Md. Hannifah for assistance in the preparation of some of the figures. 

My research has been supported by MAHDI, and in this regard I wish 

to thank the Director-General for kindly granting me study leave and a 

scholarship. In particular, I am thankful to Dr. Hashim Wahab for his 

continuous interest, encouragement and support. 

Finally, I am grateful to my wife, Jennie Lim, whose unfailing 

support and patience helped me tremendously during my preoccupation with 

ay studies, and also for typing the thesis. 



ABERCROKBIE, W.F. (I936). Studies on cell number and the progression fkctor 

In the growth of Japanese beetle larvae (Poplllia japonlca Newman). 

J. Morph. 91-112. 

ABRAHAM, E.V. k PADMANABAN, M.D. (I968). Bionomics and control of the 

diamond-back moth, Plutella macullpennls Curtis. Indian J. agrlc. 

3cl. 38, 51>519. 
ADASHKEVICH, B. (1966). The effects of chemical and microbiological 

treatments on the parasites of the diamond-back moth. Zool. Zh. 

45, 1040-1046. 

ALLEN, H.W. k SMITH, R.F, (1958). Some factors Influencing the efficiency 

of Apanteles aedlcaginls Muesebeck (Hymenoptera1 Braconidae) as a 

parasite of the alfafa caterpillar. Collas phllodlce eurytheme 

Boisduval. Hllgardia. 28, 1-42. 

ALIEN, W.N. (1958). The biology of Apanteles medlcaginls Mueaebeck 

(Hymenoptera« Braconidae). Hllgardia, 22, 515-541. 

ANDERSON, T.J. (1922). Annual Report of the Division of Entomology, Kabete, 

for the year ending 31st March 1921. Kenya Colony Dept. Agric. 

Ann. Rep.. 1920-21, Nairobi, 75>79. Z " ^ 11» 20-21(1923)_7. 

AMDO, T., KOSHIHARA, T. , YAMADA, H., MANH, Y.H., TAKAHASHI, N. k TAMAKI, Y. 
(1979)« Electroantennogram activities of sex pheromone analogues 

and their synergistic effect on field attraction in the diamondback 

moth. Appl. Ent. k Zool. 14, 362-364. 
ANKERSHIT, G.W, (1953). EDT-resistance in Plutella macullpennls (Curt.) 

(Lap.) in Java. Bull, ent. Res. 44, 421-425. 

ASAYAMA, T. * OSAJCC, N. (I9?0). A granulosis of the diamond-back moth, 

Plutella xylostella. J. Invert. Path, lj, 284-286. 

ASHIEY, T.R., CREAKY, P.D. k CHAMBERS, D.L. (1976). Adult emergence in 

Blosteres (Oplua) longjcaudatiis and Anaatrepha euspensa in relation 

to the temperature and moisture concentration of the pupation medium. 

Florida Ent. 52» 391"396. 

ASIAN VEGETABLE RESEARCH k DEVELOPMENT CENTER. (1976). Entomology. AVRDC 

Chinese Cabbage Report 1976. pp. 26-37. AVRDC, Taipei. 

A3KARI, A., MERTIN3, J.W. k COPIED, H.C. (1977). Developmental biology and 

immature mtages of Heteorua pulchricornls in the laboratory. 

Annals Entomol. Soc, Amer. 22» 655-659. 

BAILEY, L. (1971). The safety of pest-insect pathogens for beneficial 

species. Microbial Control of Insects and Mites. (Ed. by H.D. Burgee 

k N.W. Husaey), ppJtyl-JQS. Academic Press, London k N. York. 

baiur, m.t.j. 
l)ni. Press., Lond. 200pp. 

BALASUBRAMANIAM, A. (1974). Pesticide pollution. Bull. Public Health Soc. 

8, 27-32. 

BARDUCCI, T.B. (I969). Ecological consequences of pesticides used for the 

control of cotton insects in CaHete Valley, Peru. The Careless 

Technology1 Ecology and International Development. (Ed. by M.T. Farva 

A J.P. Milton), pp.423-438. Conservation Found, k Center for Biol. 
Nat. Syst. (Washington Univ.), Warrenton (1973. Tom Stacey Ltd, 

London). 

BARTLETT, B.R. (1964). Integration of chemical and biological control. 

Biological Control of Insect Pests k Weeds (Ed. by P. DeBach), 
pp.489-511. Chapman k Hall Ltd., London. 

BARTLETT, B.R. k ORTEGA, J.C. (1952). Relation between natural enemies and 

DDT-induced increases in frosted scale and other pests of walnuts. 

J. Econ. Entomol. 45, 783-785. 

BENNETT, F.D. (1974). Biological control of insect pests of horticultural 

crops. Presented ati Carrlbean Crop Protect. Symp. (April 8-11), 

St. Augustine, Trinidad. 8pp. (mimeographed). 

BENNETT, F.D. k YASEEN, M. (1972). Parasite introductions for the biological 

control of three insect pests in the Lesser Antilles and British 

Honduras. PANS. 18, 468-474. 

BENZ, G. (1971). Synergism of micro-organisms and chemical insecticides. 

Microbial Control of Insects and Mites. (Ed. by H.D. Burges k N.W. 
Hussey), pp.327-355. Academic Press, London k N. York. 

BOLING, J.C. k PI THE, H.N. (1970). Life history of Apantelea marginiventrls 

with descriptions of immature stages. J. Kansas Entomol. Soc. 43. 

465-470. 

B0NNEMAIH30N, L. (I966). Ess&ls dee substances chimiosterilisantes. II. 

Action sin: divers lepidopteres. (Test of chemoateril&ats. II. Effect 

on various Lepidoptera). Phytlat. Ihytopharm. 15. 79~92. (in French), 
van den BOSCH, R. k MESSENGER, P.S, (1973). Biological Control. Intext Press, 

Inc., New York. 

van den BOSCH, R. k TELFORD, A.D. (1964). Environmental modification and 

biological control. Biological Control of Insect Peats k Weeds (Ed. 

by P. DeBach), pp. 459-488, Chapman k Hall Ltd., London. 

BRADLEY, J.D. (I966). Some changes in the nomenclature of British Lepldoptara. 

Part 4. Entomologist's Qmz. If, 213-235. 

BRADLEY, W.G. k ARBUTHHOT, K.D. (1938). The relation of host physiology to 

development of the braconld parasite Chelonua annullpea Weameal. 

Annals Entomol. Soc. Amer. 31, 359-365. 

IO vO M) 



J3, Geneva.. 2<K)pp. 

BROWN, A.V.A. A PAL, R. (1971). Insecticide Resistance In Arthropods. WHO 

Mono. Ser. 3®» Geneva, 491pp. 

BRYAN, D.E., JACKSON, C.G. A PATANA, R. (I969). Laboratory stulles of 

Micro pi Itis crocelpea, a braconid. paxaalta of Hellothla spp. J. Econ. 

Entoaol. 62, 1141-1144. 

BRYAN, D.E., JACKSON, C.G., PATANA, R. A NEEMANN, E.G. (1971). Field oage 

and laboratory studies with Bracon klrkpatrickl, a parasite of the 

pink bollwora. J. Econ. Entomol. 64, 1236-1241. 

BURUNDAY, R.P. A RAR08, R.S. (1975). Effects of cabbage-tomato intercropping 

on the incidence and oviposition of the diaaondback soth, Plutella 

xylostella (L.). Phlllpp. Ent. 2 , 369-374. 

BUROERJON, A. A MARTOURET, D. (1971). Determination and significance of the 

host spectrum of Bacillus thurlngjenaia. Microbial Control of insects 

and Mites. (Ed. by H.D. Burgea A N.W. Husaey), pp.305~325. Academic 

Press, London A N. York. 

BUBffiS, H.D. (1971). Possibilities of pest resistance to microbial control 

agents. Microbial Control of insects and Mites.(Ed. by H.D. Burgea 

A N.W. Husaey), pp.445-457. Academic Press, London A N. York. 

BUROES, H.D. A HUSSEY, N.W. (1971). Microbial Control of Insects and Hi tea. 

Academic Press, London A N. York. 

B U T T L E G . D . (I966). Development of the beet armyvorm and its parasite 

Chelonus texanus in relation to temperature. J. Econ. Entoaol. 59, 

1324-1327. 

CADAPAN, E.P. A GABRIEL, B.P. (1973). Field evaluation of Dipel in comparison 

with other commercial Bacillus thurlngjensis and chemical insecticides 

against Plutella xylostella (L.) and other Insect pests of cabbage. 

Rilllpp. Ent. 2, 297^305. 

CAMPBELL, A., FRAZEH, B.D., GILBERT, N., GUTIERREZ, A.P. A MACKAIER, M. (1974). 

Temperature requirements of some aphids and their parasites. J, appl. 

Ecol. 11, 231-238. 

CAPCO, 3.R. (1959). A list of plant pests of the Philippines, with epeclal 

reference to field crope, fruit trees and vegetables. Phlllpp. J. 

Agric. 22, 1-80. /~RAE 42, 552.7-

CARILLO, 3.J.L. (1971). Testa with Thuric Id a (Bacillus thurlngjensls) 

against cabbage caterpillars in Chapingo, Mexico. Agric. Technics 

en Mexico. 3, 58-7O. 

CASS, L.M. (I963). Control of caterpillars on late cabbage in the Ottawa 

Valley, I96O-I96I. (Ed. by D.G, Petereon A W.C. Allan), Prop. Entomol. 

Soc. Ont. 22» 

e u i t e dee t r a i t e m e n t s poa t - l c ldea . Re la tAona a v e c \ « a \*\£n.oa«men 
r e s i s t a n c e a c q u i s e . B o l l . Zoo l . a g r i c . B a c h l c o l t . S I I y . 2» 143-184. 

CHACKO, M.J. (I968). Hacroaalon ap., a parasite of Plutella macullpennle 

(Curtis) in Assam (India). Commonw. Inat. Biol. Control. Tech. 

Bull. 10. 97-102. 

CHERIAN, M.C. A BASHEER, M. (1939). Tetrastichua sokolowskil Kurdj. (Family-

Eulophldae) a larval parasite of Plutella macullpennls in South India. 

Proc. Indian Acad. Sci. 9(B). 87-98. 

CHERIAN, M.C. A SUB RAMAN I AM, C.K. (1940). Tetraatichua ayyari Rohw. - A pupal 

parasite of some moth-borers in South India. Indian J. Snt. 2, 75"77« 

CHIN, T. (1974). Studies on seasonal appearance of diamond back moth in 

relation to environmental factors. Taiwan agric. Quarterly. 10. 81-84. 

(In Chinese, with English summary). 

CHIU, S.C. A CHXEN, C.C. (1972). Observations on Apanteles plutellae Kurdjuaov, 

a larval parasite of diamond-back moth (Flutella xylostella Linaeus). 

PI. Prot. Bull. 14, 145-152. (In Chinese, with English summary). 

CHIU, S.C., CHIEN, C.C., CHOU, K.C., CHANG, L.C. A CHIU, S.C. (1974). Mass 

production and field liberation of a larval parasite (Apanteles 

plutellae) of the diamond-back moth. J. Taiwan Agric. Res. 23, 48-59. 

(In Chinese, with English summary). 

CHIU, S.C. A CHOU, L.Y. (1976). Hyaenopterous parasltoids of Spodoptera litura 

Fab. J. Agr. Res, of China. 2$, 227-241. 

CHOW, Y.S., CHIU, S.C. A CHIEN, C.C. (1974). Demonstration of a sex pheromone 

of the diamond back moth (Lepidoptera j Plutellidae). Annals Entomol. 

Soc. Amer. 67, 510-512. 

CHUA, T.H. A Lim, B.H. (1977). Effect of interplant distance on the distri-

bution pattern of diamondback moth, Plutella xylostella (L.) among 

hoet plants. Hal. Appl. Biol. 6, I9-23. 

CHUA, T.H. A Lim, B.H. (1979). Distribution pattern of diamond back-moth, 

Plutella xylostella (L.) (Lepidopterai Plutellidae) on choy-eum plants. 

Zelt. fQr angewandte Entomologie. 88, I7O-I75. 

CHUO, S.K. (1973). A screening experiment to test the efficacy of four 

insecticides against diamond-back moth, Plutella maculipennis Curtis 

and cabbage webworm, Hellula undalls F. Singapore J. Prl. Ind. 1, 

64-74. 

CHUO, S.K. (1975). A preliminary study of two Ichneumon wasps for the control 

of Plutella xylostella Curtla (Lepidoptera). Singapore J. Prl. Ind. 

2 , 142-146. 

CHYE, K.O. A LOH, W.Y. (1972). The cabbage Industry In West Malaysia — an 

economic study. Rev. Agric. Econ, Malaysia, 15-28. 



C.I.E. (1967). Distribution naps of peatai Plutalla xyloatella (L.) 

(macullpennls Curt.) Common*. Inst. Ent. (CAB), Seria A, Map No. 32, 

PP. 3. 

CLAUSEN, C.P. (19*K>). Entomophagoua inaecta. McGraw-Hill Book Co., Inc., 

New York. 686pp. 

CLAUSEN, C.P. (195*0. lb® egg-larval host relationship among the parasitic 

Hymenoptera. Bull. Lab. Zool. Gen. Agric. Fortici. 22, II9-I33. 

COCK, M.J.H. (1978). The assessment of preference. J. Animal Ecol. 4£, 

805-816. 
COFFEE, R.A. (1980a). Electrodyn&aic spraying. Spraying aysteas for the 

1980a (Ed. by J.O. Walker), pp.95-107. British Crop Protect. Council, 

Mono. 24. 

COFFEE, R.A. (1980b). Eleetrodynamlc crop spraying. Outlook on Agric. 10, 

350-356. 
COHINS, H.N. (1977). Tbe development of insecticide resistance in the 

presence of migration. J. theor. Biol. 64, 177-197. 

COOK, I.H. A HOOPER, G.H.S. (197**). Chemosterilization of Plutella maculipennis 

Curtis (Lepidoptera1 Plutellldae) by exposure to residues of metepa. 

J. Aust. Ent. Soc. V), 241-243. 

COOK, R.M. A HUBBARD, 3.F. (1977). Adaptive searching strategies in insect 

parasites. J. Anim. Ecol. 46, H5-I25. 

CORBET, A.S. (I968). The influence of Ephestla kuehnlella on the development 

of its parasite Nemeritis canescens. J. Exp. Biol. 48 , 291-304. 

CORBETT, G.H. A PAGEEN, H.T. (1941). A review of some recent entomological 

investigations and observations. Malayan agric. J. 29 . 347-375. 

CREIGHTON, C.S. A HcFADEEN, T.L. (1974). Complementary actions of low rates 

of Bacillus thuringiensls and chlordimeform hydrochloride for control 

of caterpillars on cole crops. J. Econ. Bntomol. 67, 102-104. 

CHEICHTOM, C.S. A McFADDEN, T.L. (1975). Cabbage caterpillars» Efficacy of 

chlordimeform and Bacillus thuringienaia in spray mixtures and com-

parative efficacy of several chemical and B.thuringienaia formulations. 

J. Econ. Entomol. 68, 57-60. 

CREICHTON, C.S., McFADDEH, T.L. A BELL, J.Y. (1970). Pathogens and chemicals 

tested against caterpillars on cabbage. UBDA, Prod. Res. Reptr. 114. 

10pp. 

C REICH TOM, C.S., McFADDEH, T.L. A ClflHBERT, R.B. (1973)- Control of the 

cabbage looper, Trlchoplusia ni, and of two associated caterpillar 

species on cabbage with Bacillus thuringiensls and chemical insecticides. 

J. Ceorgia Entomol. Soc. 8, 131-136. 

CREIGHTON, G.S., McFADDEH, T.L. A CUTHBERT, R.B. (1974). Chemical insecticides 

Fi.eld evaluation for control of cabbage caterpillars. USDA, 5pp. 

C REICH TON, C.S., McFADDEN, T.L., CUTHBERT, R.B. A OKSACER, J.A. (1972). 

Control of four species of caterpillars on cabbage with Bacillus 

thuringienaia var. aleatl, I969-7O. J. Econ. Entomol. 6$, 1399-1402. 

CROFT, B.A. (1972). Resistant natural enemies in pest management systems. 

Span, 15. 19-21. 

CROFT, B.A. (1977a). Susceptibility surveillance to pesticides among arthropod 

natural enemies 1 modes of uptake and basic responses. J. Plant Pis. A 

Protect. 84, 140-157. 

CROFT, B.A. (1977b). Resistance in arthropod predators and parasites. 

Pesticide Management and Insecticide Resistance. (Ed. by D.L. Watson 

A A.W.A. Brown) Acad. Press, New York. 

CROFT, B.A. (I96O). Natural enemy resistance to pesticide^1 documentation, 

characterization, theory and application. 47PP« (mimeographed). 

CROFT, B.A. A BROWN, A.W.A. (1975). Responses of arthropod natural enemies 

to insecticides. Annual Rev. Ent. 20, 285-335. 

CROFT, B.A. A MORSE, J.G. (1979). Research advances on pesticide resistance 

in natural enemies. Entomophaga, 24, 3~H« 

CURTIS, J. (1832). British entomology, 2 , plate 420. 

CURTIS, J. (1883). Farm Insects, pp. 85-87. 

CIBHMAN, R.A. (I9I8). Notes in the cocoon spinning habits of two species of 

braconids. Proc. Entomol. Soc. Wash. 20, 133-136. 

DAVIDSON, J. (I9*t4). On the relationship between temperature and rate of 

development of insects at constant temperatures. J, anlm. Ecol. 13, 

26-38. 
DeBACH, P. (1947). Predators, DDT, and cltrua red mite populations. J, Econ. 

Entomol. 40, 598. 

DeBACH, P. (1964). Biological control of insect pests and weeds. Chapman A 

Hall Ltd., London. 

DeBACH, P. (1974). Biological control by natural enemies. Cambridge Univ. 

Press, London/N. York. 323pp. 

DeBACH, P. A BARTLETT, B.R. (1964). Methods of colonization, recovery and 

evaluation. Biological Control of Insect Paste and Weeds (Ed. by 

P. DeBach), pp. 402-426. Chapman A Hall Ltd., London. 

DeBACH, P. A HA (EN, K.S. (1964). Manipulation of entomophagous species. 

Biological Control of Insect Pests A Weeds (Ed. by P. DeBach), pp.429-

458. Chapman A Hall Ltd., London. 

DeBACH, P. A HUFFAXER, C.B. (1971). Experimental techniques for evaluation of 
pff^rtlvenfon of natirral enemies. Biological Control (Ed. by C.B. 



DeBACH, P. 4 LANDI, J. (l959). Integrating chemical, biological control by 

atrip treatment. California Cltrograph. 324, 345-347. 352. 

DELUCCHI, V., TADIC, M. 4 BOGAVAC, M. (19.^0 • D' rflevage en maaae de Apantelea 

plutallae Kurdj. (Hym., Braconldae) et de Angltla tlblalla Cr&v. 

(Hym., Ichneumonidae), paraaitea endophagea da Plutella macullpennle 

Curt. * et notea blologiques aur cea paraaitea. PI. Prot.. Belgrade 

21, 20-41. (Summary In Croatian). /~RAE 43, Ser A, ftirt 9, (1955)_7 

DITTRICH, V., STHKEBERT, P. 4 BATHE, P.A. (197*0. An old caee reopenedi mite 

stimulation by Insecticide reaidues. Envlr. Entomol. ̂  534-540. 

DOUTT, R.L. (1964). Biological characterlatica of entomophagoua adulta. 

Biological control of inaect peata and needs. (Ed. by P. DeBach), 

pp.145-167. Chapman 4 Hall Ltd., London. 

DOUTT, R.L. 4 DeBACH, P. (1964). Some biological control concepts and questions. 

Biological control of Inaect peata and weeds. (Ed. by P. DeBach), 

pp.118-142. Chapman 4 Hall Ltd., London. 

DOUTT, R.L. 4 SMITH, R.P. (1971). The pesticide syndrome — diagnosis and 

suggested prophylaxis. Biological Control (Ed. by C.B. Huffaker), pp. 

3-I5. Plenum Press, N.Y. 4 London. 

DOWIEN, P.B. (1952). The importance of coordinating applied control and 

natural control of foreet insects. J. Econ. Entomol. 45. 481-483. 

DYAR, H.G. (I89O). The number of molta of Lepidopteroue larvae. Psyche, j , 

420-422. 

EBERHARD, B. (1978). Crop pests In Tanzania and their control. Yerlag Paul 

Parey, Berlin 4 Hamburg. 142pp. 

ELLIOTT, M. (1976). Future use of natural and synthetic pyre thro Ida. The 

Future for Insecticides 1 Needs and Prospects. (Ed. by R.L. Me teal f A 

J.J. Mckelvey Jr.), pp.l6>193. John Wiley 4 Sons, N. York/London/ 

Sydney/Toronto. 

ELTON, C.S. (1958). The Ecology of Invasions by Animals and Plants. Methuen, 

London. 181pp. 

van EMDEN, F.I. (1942). A Tschinld parasite on Plutella nacullpennia Curt. 

Bull, ent. Res. 33, 22>225. /~RAE 31, 156(19^3)_7 

van EMDEN, H.F. (1963a). A preliminary study of inaect numbers In field and 

hedgerow. Ent. Mon. Mag. 98 (1962), 255-259. 

van EMDEN, H.F. (1963b). Observations on the effect of flowers on the acti-

vity of parasitic Hymenoptera. Ent. Mon. Mag. ̂ 8 (1962), 265-270. 

van EMDEN, H.F. (1964). The Importance of adjacent uncultivated land in 

relation to crop pest insects. Ill**1 Intematl. Congr, Ent. (London). 

577. 

van EMDEN, H.F. (I965). The role of uncultivated land in the biology of 

crop peats and beneficial insects. Scl. Hort. 12, 121-136. 

Scl. Hort. 18, 91-102. 

van EMDEN, H.F. (I976). Insect-pest management in multiple cropping systems 

— a strategy. Multiple Cropping (Ed. by R.I. Papendick, P.A. Sanchez 

4 G.B. Triplet), pp.325-343. Amer. Soc. Agron., Spec. Publ. 27, 

Madison. 

van EMDEN, H.F. 4 WAY, M.J. (1973). Hoet plants in the population dynamics 

of insects. Insect/Plant Relationships. Symp. R. Ent. Soc. Lond., No.6 

(Ed. by H.F. van Emden) pp. 181-100. Bl&ckwell Sci. Pub., London. 

van EMDEN, H.F. 4 WEARING, C.H. (1965). The role of the host plant in delay-

ing economic damage levels In crops. Annals appl, Biol. 56. 323-324. 

van EMDEN, H.F. 4 WILLIAK3, G.F. (1974). Insect stability and diversity in 

agro-ecosystems. Annual Rev. Ent. 19 , 455-475* 

ESBJERG, P. (1972). Danske snyltehvepee og-fluer fra fyrrevikleren, Hhyaclonla 

buollana Schlff. (Lepid., Tortricidae). Entomol. Medd. 40, 9-20. 

FALCON, L.A. (1971). Use of bacteria for microbial control of Insects. 

Microbial Control of Insects and Mites. (Ed. by H.D. Burges 4 N.W. 

Hussey), pp. 67-95. Academic Press, London 4 N. York. 

FAMA. (1974). A survey report of English cabbage production and marketing. 

Cameron Highlands. Lembaga Ftemasaran Pertanian Persekutuan. 30 pp. 

FAN, S.H. 4 HO, K.K. (1971). A preliminary study on the life history, rearing 

method of Apantelea plutellae Kurdj. and the effects of different in-

secticides to it. PI. Prot. Bull. 13, I56-I6I. (In Chinese, with 

English summary). 

FA0.(l977). Pest resistance to pesticides and crop loss assessment, lat. FAQ 

Panel of Experts, FAQ Plant Prod. 4 Protect., paper 6, 42pp. 

FIND LAY, J.B.R. (I970). The use of antlfeedants for the control of bollworm 

on cotton and diamond-back moth larvae of cabbage. Fhytophylactlca, 

2, 57-58. 

FISHER, R. 0.(1961). A study in insect multiparas it ism. II. The mechanisms and 

control of competition for the host. J. exp. Biol. 40t 531-540. 

FLANDERS, 3.E. (1942). Ooaorption and ovulation in relation to oviposition in 

the parasitic Hymenoptera. Annals Ent. Soc. Amer. 35* 251-266. 

FLANDERS, S.E. (19^5). Uhiparentalism in the Hymenoptera and its relation to 

polyploidy. Science. 100. I68-I69. 

FLANDERS, S.E. (1946). The role of the spermatophore in the mass propagation 

of Hacrocentrua ancyllvorua. J. Econ. Entomol. 38, 323-327. 

FLANDERS, S.E. (1947). Elements of host discovery exemplified by parasitic 

Hymenoptera. Ecology. 28, 299-309. 

FLANDERS, S.E. (1950). Regulation of ovulation and egg disposal in the parasitic 

Hymenoptera. Can, Ent. 82, 134-140. 



time, and longevity of three hymenopteroua parasites of T h e r i o a p h i s 

aaculata, reared at various constant teaperatures. Annals Bntoaol. 

Soc. Aaer. 405+13. 

FORCE, D.C. 4 MESSENGER, P.S. (1964b). Fecundity, reproductive rates, and 

innate capacity for increase of three parasites of Therloaphls aaculata 

(Buckton)! Ecology. 4$, 706-715. 

FORCE, D.C. 4 fCSSEHCER, P.S. (1965). laboratory studies on coapetition among 

three parasites of the spotted alfalfa aphid Therloaphla aaculata 

(Buckton). Ecolgy. 46, 853-859. 

FORD, R.L.E. (1943). On collecting and rearing parasitic Hymenoptera with 

special reference to the genua Apantelea (Hya. Br&conidae). Proc. R. 

Ent. Soc. Lond. A(18). 89-9^ 

FRENCH, R.A. (1965). Long range dispersal of insects in relation to synoptic 

meteorology. Proc. XII Int. Congr. Ent. (London, 1964), 419. 

FRENCH, R.A, 4 WHITE, J.H. (I96O). The Diamond-back Moth outbreak of 1958. 

El. Path. 2 , 77-64. 

FUJIYC6HI, N., MIYASHITA, K. 4 KAWASAKI, K. (1979). Mating inhibition in the 

diaaondback aoth, Plutella xyloatella (L.) (Lepidopterat Flutellidae) 

with its synthetic sex pheroaone. Jap. J. Appl. Ent, 4 Zool. 23. 

235-239. 

GARNAGA, H.G. (1975). Integrated control of cabbage pests. Zashchlta Raatenll 

No. 7, 24 (In Russian), /"RAE £4 , 2029 (19?6)_7. 

CE0RGHI0U, G.P. (1972). The evolution of resistance to pesticides. Annual 

Rev. Ecol. Syst. J, 133-168. 

CE0RCHI0U, G.P. 4 TAYLOR, C.E. (1977). Pesticide resistance as an evolutionary 

phenomenon. Proc. 4th Int. Congr. Ent. 759-785. 

CHESQU3EHE, J. (1939). La teigne des cruciferea au Congo Beige. Bull. Cere. 

Zool. Congol, 16, 61-66. /"RAE 28 , 437-^38 (1940)_7. 

GIFFORD, J.R. 4 MANN, G.A. (1967).' Biology, rearing, and a trial release of 

Apantelea flavlpea in the Florida Everglades to control the sugarcane 

borer. J. Econ. Entoaol. 60, 44-47, 

GOODWIN, S. (1979). Changes in numbers in the paraaitoid coaplex associated 

with the diamond-back moth, Plutella xylostella (L.) (Lepidoptera), 

in Victoria. Aust. J. Zool. 2£, 96I-989. 

GRUNER, L. 4 DELPLABQUE, A. (1974). Soae results and prospects of the use of 

the heat stable toxin of Bacillus thuringlensls Berliner on entomolo-

gical pests of horticultural crops. Paper presented ati Caribbean 

Crops Protection 3ymp.> April 8-llf 19741 St. Augustine. 11pp. 

pine shoot aoth (Eve tri a buollana Schlff.) in pine stands on the nor-

thern slopes of the Central Caucasus. (Trans1. from Russian) Zool. 

Zh. 42 , 1414-1415. 

GUNK, D. (1917). The small cabbage moth (Plutella. maculipennla. Curtis). 

Bull. Dept. Agr. 3. Afr. 8, 1-10. 

GUPTA, J.C. (1971). Okra, a new host of diamond-back moth. FAQ Plant Protect. 

Bull. 89-90. 

GUPTA, P.D. 4 THORSTEINSON, A.J. (1960). Food plant relationships of the 

diamond-back moth (Plutella waculipennla (Curt.)). II. Sensory regulation 

of oviposition of tha adult female. Ent. exp. appl. 3 0 5 ~ 3 K 

GYQBRFI, J. (I95I). Die Schlupfwespen und der Unterwuchs des Waldes. Z. Angew. 

Entomol. 21» 32-47. 

GYCERFT, J. (1962). Der Einfluss der Waldpflanzen auf die Vermehrung der 

Schlupfwespen. Anz, Schaedlingskd. 35 . 20-22. 

HAFEZ, M. (1951). Notes on the introduction and biology of Hicroplltls deaolltor 

Wilk. (Hymenopterat Braconldaa). Bull, Soc. Fouad l e r Entomol. 35* 

107-121. 

HAOEN, K.S. (1950). Fecundity of Chrysopa californica as affected by synthe-

tic foods. J. Econ. Entoaol. 4}, 101-104. vo 

HAGEN, K.S. (1953). A pre mating period in certain species of the genus Oplua 

(Hymenoptera 1 Braconidae). Proc. Hawaiian Ent. Soc. 15. 115-116. 

HAGEN, K.S. (1964). Developmental stages of parasites. Biological control of 

insect peata and weeda. (Ed. by P. DeBach), pp. 168-246. Chapman 4 Hall 

Ltd., Lond. 

HAGEN, K.S. (I976). Role of nutrition in insect management. Proc. Tall Timbers 

Conf. on Ecol, Anim. Contr. by Habitat Management. No. 6. pp.221-261. 

HALL, I.M. (1964). Use of micro-organisms in biological control. Biological 

control of insect pests 4 weeds (fid. by P. DeBach), pp.610-628 

Chapman 4 Hall Ltd., London. 

HAMILTON, J.T. (1978a). Seasonal abundance of Pieris rapae (L.), Plutella 

xylostella (L.) and their diseases and parasites, 13PP« (mimeographed). 

HAMILTON, J.T. (1978b). Ecological studies for integrated control in cabbages. 

2pp. (mimeographed). 

HAMILTON, J.T. 4 ATTIA, F.I, (1977). Effects of mixtures of Bacillus 

thurlngienala and pesticides on Plutella xylostella and the parasite 

Thyraeella collaris. J. Econ. Entomol. £0, 146-148. 

HAMMANK, I. 4 SIRHENBERG, W. (1960). Laboratory evaluation of SIR 8514, a 

new chitin synthesis inhibitor of the benzoyls ted urea class. 

Pflanzenschutz-Nachrlchten Bayer. 21* 1"34. 

HARCOURT, D.G. 1957. Biology of the diaaondback moth, Plutella aacullpennla 
(Curt.) (Lepidoptera» Flutellidae), in Eastern Ontario. II. Life-



tilmtoj-y. M w r i a u r « wid to am* x w j a t l o i u l i l j i a . c*xi. E n t . 09. 

UARCOUBT, D.G. (1960).Distribution of tho immature stages of the dlamondback 
moth, Plutella macullpennla (Curt.)(Lepidopterai Plutellidae) , on 

cabbage. Can. Ent. 92, 517-521. 

HARCOURT, D.G. (1963a). Biology of cabbage caterpillars in Eaatern Ontario. 

Proc. Entomol. Soc. Ont. 93 (1962) (Ed. by D.G. Peterson 4 W.C. Allan) 

pp. 61-75. Eat. Soc. Can. 

HARCOURT, D.G. (1963b). Major aortality factors in the population dynamics of 

the Diamondback Moth, Plutella macullpennls (Curt.)(Lepidoptera 1 

Plutellidae). Population Dynamics of Agricultural and Forest Insect 

Pests (Ed. by E.J. LeRoux), pp.55-66. Mem. Ent. Soo. Can. No. 32. 

HARCOURT, D.G. (1969). The development and use of life-tables in the study 

of natural insect populations. Annual Rev. Ent. 14, 175-196. 

HARDY, J.E. (1938). Plutella nacullpennla. Curt., its natural and biological 

control in England. Bull, ent. Res. 29, 343-372. 

HARGHEAVES, H. (1924). Annual Report of the Government Entomologist. Uganda 1 

Ann. Rept. Dept. Agrlc. (1923), Entebbe. 15-21. /~RAE 12, 469-471 

(1924)7. 

HARRIS, W.Y. (1934). Report of the Acting Entomologist, I933. Rep. Dept. 

Agrlc. Tanganyika (1933). Dar-ee-Salaam. 69-75. /~RAE 22, 626-627 

(1934)7-
HASSAN, E . (I967). Itatersuchungen ueber die Bedeutung der Kraut- und 

Strauchachicht als Nahrungsquelle fuer Imagines entomophager Hymenop-

teran. Z.Angew. Entomol. 60, 238-265. 

HASSANEIM, M.H. (I958). Biological studies on the diamond-back moth, Plutella 

macullpennls Curtis (Lepidopteraj Plutellidae). Bull. Soc. ent. Egypt. 

42. 325-337. 

HASSELL, M.P. (1976). The dynamics of competition and predatlon. Studies in 

Biology, No. 72, Edward Arnold Ltd., Lond. 

HASSELL, N.P. (1978). The dynamics of arthropod predator-prey systems. 

Princeton Uhi. Press, Princeton. . 

HASSELL, M.P., LAWTQN, J.H. 4 BEDDINGION, J.R. (1976). The components of 

arthropod predation. I. The prey death rate. J. Anlm. Ecology. 45, 

135-164. 

HASSELL, M.P. 4 YARIEY, G.C. (I969). New inductive population model for 

insect parasites and its bearing on biological control. Nature. 

222, 1133-U37 

HE IN PEL, A.M. (1967). A critical review of Bacillus thurlngiensU var. 

thurlngienals Berliner and other cryatalllferoua bacteria. Annual 

Rev. Ent. 12, 287-322. 

HEXMFEL, A.M. ( 1 9 7 a ) . a a r . t y o r l n u o t i k t h o g u i a t o r a m 
Microbial Control of Insects and Mites. (Ed. by H.D, Burges 4 N.W. 

Huaaey), pp. 469-489. Academic Press, London 4 N. York. 

KELSON, G.A.H. (I960). Bacillus thurlnglensla Berl. as a potential means of 

control of cabbage white butterfly (Pieris rapae L.), diamond-back 

moth (Plutella macullpennie (Curt.))and some other Lepidoptera. N.Z.J. 

agrlc. Rea. 2» 1009-1014. 

HENDERSON, M. (1957). Insecticidal control of the diamond-back moth (Plutella 

macullpennla Curt.) on cabbage at Cameron Highlands. Malayan agrlc. J. 

40, 275-279. 

HILLYER, R.J. 4 THORSTEINSON, A.J. (I969). The influence of the host plant 

or males on ovarian development or oviposition in the diamond-back 

moth Plutella macullpennls (Curt.). Can. J. Zool. 47, 805-816. 

HO, K.K. 4 CHIO, H. (1972). Studies on the parasitism of Apanteles plutellae 

Kurdj. bred from rice moth, Corcyra cephalonica Staint. Memoirs Coll. 

Agr., Natl. Taiwan Univ. l^j 47-57. (In Chinese, with English summary). 

HO, T.H. (1965). The life-history and control of the diamond-back moth in 

Malaya. Mlns. agrlc. 4 Co-operatives. Bull. 118. 26pp. 

HO, T.H. 4 NG, K.Y. (1970). Bacillus thurlngienais Berliner for the control 

of diamond-back moth in West Malaysia. Malaysian agrlc. J. 47, 313-322. 

HOLLING, C.S. (1959a). The components of predation as revealed by a study of 

snail-mammal predation of the European pine sawfly. Can. Ent. 91, 

293-320. 

HOLLING, C.S. (1959b). Some characteristics of simple types of predation 

and parasitism. Can. Ent. 21. 385-398. 

HOWE, R.W. (1967). Temperature effects on embryonic development in insects. 

Annual Rev. Ent. 12, 15-42. 

HSIAO, T.H. 4 HOLDAWAY, F.G. (I966). Seasonal history and host synchronization 

of Lydella grlsescens (Dipteral Tachinidae) in Minnesota. Annals 

Entonol. Soc. Amer. 22» 125-133* 

HSU, S.J. 4 WANG, J.H. (1971). Effects of photo period and temperature on the 

development of the diamond-back moth, Plutella xyloatella L. and the 

parasitism of the braconid, Apanteles plutellae Kurd. NTU Phytopath. 

4 Ent. 1, 3-36. (In Chineee, with English summary). 

HUFFAKER, C.B. (1971m). Biological Control. Plenum Press, H. York 4 London. 

HUFFAKER, C.B. (1971b). The ecology of pesticide interference with insect 

populations. Agricultural chemicals — harmony or discord for food. 

people and the environment. (Ed. by J.E. Swift), pp.151. Univ. Calif. 

Div. Agric. Sci. Publ. 

HUFFAKER, C.B. 4 KENNETT, C.E. (1966). Biological control of Parlatorla oleae 

(Colve'e) by the compensatory action of two introduced parasites. 



fteat Management In tho 21st Century, pp. 49-72. Idaho Reeearch Foun-

dation Moscow, Idaho. 

ifo, Y.. MIYASHITA, K. A YAMADA, H. (1968). Biology of HvPhantrla cunea 

Drury In Japan. V. Effects of temperature on development of immature 

atagea. Appl. ent. Zool. 2 , 163-175. 

JACK, R.W. (1936). Annual Report of the Division of Entomology for the year 

ended 31st December, 1935. (Agricultural). Hhod. Agric. J. 33 . 329-

335- Z"RAE 519-520 (1936X7. 

JACK, R.W. (1942). Report of the Division of Entomology for the year 1941. 

Salisbury. S. Rhod.. 19 pp. /~RAE 21* 86-87 (1943 ) J . 
JOHNSON, C.G. (1969). Migration and Dispersal of Insects by Flight. Methuen 

A Co. Ltd., London. 763PP. 

JOHNSON, E.F., TROTTER, R. A LAING, J.E. (1979). Degree-day relationships to 

the development of Lithocolletla blancardella (Lepidopterat Gracillariidae) 

and its parasite Apantelea ornlgia (Hymenoptera1 Braconidae). Can. Ent. 

Ill, 1177-1184. 

JTJDD, W.W. (I97O). Insects assooiatad with flowering wild carrot, Daucua 

carota L., in Southern Ontario. Proc. Entomol. Soc. Ont. 100, 176-

181. 
JUS OH, M., HEONG, K.L. A LIN, G.S. (I98I). Assessment of cabbage losses 

inflicted by the diamond-back moth. 12pp. (mimeographed). 

KANEHVO, V. (1936). Tho diamond back moth (Plutella macullpennls Curt.) aa 

a peat of cruciferous plants in Finland. Valt. Maatalouak. Julk. 86. 

1-86. (In Finnish, with English summary). 

KELSEY, J.M. (1966). Entomophthora sphaerosperma (Pres.) and Plutella 

maculjpennlq (Curtis) control. N.2. Ent. 2, 47-49. 

KEY AN, P.G. (I973). Parasitoid wasps as flower visitors in the Canadian high 

Arctic. Anz. Schaedlingakd. 46, > 7 . 

KHRISTOVA, E. (1957). Plutella nacullpennis Curt, and its control. Nauchnl. 

Trud. Mlniat. Zemedel. 1, 239-255 (In Bulgarian, with English summary). 

KDEHLER, W. A KOLK, A. (1969). Observations on the possibility of increasing 

the effectiveness of parasitio insects by feeding their imago stages. 

(In Polish, English summary). Pr. Inst. Badaw. Lean, No, y ^ h S ) * 141-

153. 

KOPVILLEM, Kh. G. (1959). Parasites of the cabbage and diamond-back moths. 

Zaahchlta Rast. ot Vredlt. 1 Bolezn. 2. 36-37. 

KOPVILLEM, Kh. G. (I960). Parasites of the cabbage moth (Barmthra braaslcas 

L.) and the diamond-back moth (Plutalla maculipennis Curt.) in the 

Moscow region. Entomologlcheskoe Obozrenie, 39, 806-818. 

KOSHIHARA, T., YAMADA, H., TAKAKI, Y. A ANDO, T. (1978). Field attractiveness 
of the synthetic sex-pherosone of the diamondback aoth, Plutella 

K R I E G , A . ( I 9 7 I ) . I n t e r a c t i o n s b e t w e e n p a t h o g e n s . M i c r o b i a l c o n t r o l o f I n n a c t a 

and Mites. (Ed. by H.D. B urge a A N.W. Hussey), pp.459-468. Academio 

Press, London A N. York. 

KRIEGER, R.I., JEENY, P.P. A WILKINSON, C.F. (1971). Detoxification enzymes 

in the guts of caterpillars t an evolutionary answer to plant defences? 

Science 172>579-581. 

KUMAR, V. (1974). Chemical and integrated control of Diamond Back Moth, 

Plutella xyloatella (L.) in Barbados, W.I. Presented ati Carrlbean 

Crop Protect. Symp. (April 8-11). St, Augustine. Trinidad. 7pp. 

(nimeographed). 

KUNNALACA, S. A MUELLER, A.J. (1979). A. laboratory study of Apantelea 

narginiventri8. a parasite of green cloverworn. Environ. Entomol, 8 , 

365-368. 

LAW TON, J.H., BEDDINGTON, J.R. A BONSER, R. (1974). Switching in invertebrate 

predators. Ecological Stability. (Ed. by M.B. Usher A M.H. Williamaon), 

pp. 141-158. Chapman A Hall, London. 

LEE, H.Y. (1968). Diamond back moth (Plutella xyloatella (L.)) and its 

control in Hong Kong. Agric. Sci. H.K. 1, 22-28. 

IEGNER, E.F. (1969). Diatrlbution pattern of hoata and parasitization by 

Spalangia droeophilae (Hymenoptera 1 Pteromalidae). Can. Ent. 101, 

551-557. 

IEIUS, K. (I96O). Attractiveness of different foods and flowers to the adults 

of some hymenopterous parasites. Can. Ent. 92 , 369-376. 

LEIU3, K. (1961a). Influence of food on fecundity and longevity of adults 

of Itoplectla conqulaltor (Say) (Hynenoptsra1 Ichneumonidae). Can. Ent. 

22. 771-780. 

LEI US, K. (1961b). Influence of various foods on fecundity and longevity of 

adults of Scambus buollanae (Htg.) (Hymenopterat Ichneumonidae). 

Can. Ent. £2. 1079-1084. 

LEIUS, K. (I963). Effects of pollen on fecundity and longevity of adult 

Scambus buollanae (Htg.) (Hymenopterat Ichneumonidae). Can, Ent. 95. 

202-207. 

LEIU3, K. (I967). Food sources and preferences of adults of a parasite, 

Scambus buollanae (Hym 1 Ichn.), and their consequences. Can. Ent. 99. 
865-871. 

van LENTEREN, J.C. (I98O). Evaluation of control capabilities of natural 

enemieat does art havs to becoms science? Netherlands J. zool. 30. 

369-381. 

LIM, G.S. (1974). Integrated pest control in the developing countries of 

Asia. Environment and Development (Ed. by D.M. Dworkln), pp.47-76. 

SCOPE Mis. Publ., Indianapolis. 



control in Malaysia. Conference on future trends of Integrated Peat 

Management (Bellagio, 30 Hay-4 June, 1980). pp.61-66. I0BC Special 

issue. COPR, London. 

LIM, G.S. 4 KD, W.W. (1975). Apentelea plutellae KurdJ., & newly recorded 

parasite of Plutella xyloatella (L.) In Malaysia. HARDI Res. Bull. 3 , 

94-95. 
LIM, K.P. (I972). Vegetables production in Caseron Highlands — an economic 

study. The Malayan Agriculturist, 10, 14-23. 

LINGAPPA, S.S., STARKS, K.J. 4 EIKENBARY, R.D. (1972). Insecticidal effect 

on Lysiphlebus testacelpes. a parasite of the greenbug, at all three 

developmental stages. Environ. Ent. 1, 520-521. 

LINNAEUS, C. (1758). Systems naturae. Ed. 10, 1. Holmiae. 

LINNAEUS, C. (1761). Fauna Suecica. Ed. 2 , 359. Stockholmiae. 

LINNAEIB, C. (1767). Systems naturae. Ed. 12, 1, 89O. Holniae. 

LIST, G.M. (1937). Possible migration of diamond back moth. J. Econ. Entomol. 

30, 676. 

LIU, M.Y., TZENG, Y.J. 4 SUN, C.N. (I98I). Diamondback Moth resistance to 

several synthetic pyrethroids. J. Econ. Entomol. 2ft» 393-396. 

LLOYD, D.G. (1940). Host selection by Hymenopterous parasites of the moth 

Plutella nacullpennla. Proc. Roy. Soc. Lond. B 128. 451-484. 

LLOYD, D.C. (1942). Further experiments on host selection by hymenopteroua 

parasites of the moth, Plutella macullpennls Curtis. Rev. Can. Biol. 

I, 633-645. 
LOCHER, F.J. (I958). Der Einflusa von Dichlordiphenyl-trichlormethylmethan 

(DDT) auf einige Tetranychiden (Acari, Tetronychldae). Z. Angew. 

Zool. 4^. 210-248. 

LUCKEY, T.D. (1968). Insecticide hormoligosis. J, Econ. Entomol. 6l, 7-12. 

LUIHY, P. (1973). Self-digestion of the gut epithelium a possible explana-

tion for the mode of action of the endotoxin of Bacillus tharingiensis 

J. IMvert. Path. 22, 139-140. 

MANJUNATH, T.M. (1972). Biological Studies on Trichograamatoidea armigera 

Nagaraja, a new dimorphic egg parasite of Heliothis armigera (Hubner) 
in India. Entomophaga. 131-147. 

MARSH, H.O. (1917). Life history of Plutella macullpennls, the diamond-back 

moth. J. agric. Res. 10, 1-10, 

MAY, R.M. 4 HASSELL, M.P. (I98I). The dynamics of multiparasitoid-hoet 

interactions. Amer. Nat. 117. 234-261. 

MAY, R.M., HASSELL, M.P., ANDERSON, R.M. 4 TONKYN, D.W. (I98I). Deneity 

dependence in host-parasitoid models. J. Anlm, Ecol. 50, 855-865. 

HEGALLONA, E.D. (1977). Studies for the control of insect pests of cruci-
i .<•< (I 1 • • Pintail Tlpn «rn.-1 

MBGALLONA, E.D. (I978). Studies for the control of Insect pests of cruci-

ferous vegetables with emphasis on Plutella xyloatella Linn. Annual 

Reptr. (1977-78). UPLB-PCARR 207.. 39 pp. 

MESSENCER, P.S. (1959). Bioclimatlc studies with insects. Annual Rev. Ent. 

4, 183-206. 

MESSENGER, P.S. (I969). Biocliaatic studies of the aphid parasite Praon 

exaoletum. 2. Thermal llmita to development and effects of temperature 

on rate of development and occurrence of diapause. Annals Entomol. 

Soc. Amer. 62, 1026-1031. 

MESSENGER, P.S. (1970). Biocliaatic Inputs to biological control and pest 

management programs. Concepts of pest management. (Ed. by R.L. Rabb 

4 F.E. Guthrie), pp. 84-99. M.C. State Univ., Raleigh. 

MESSENGER, P.S. (1971). Climatic limitations to biological control. Proc. Tall 

Timbers Conf. on Ecol. Anim. Control by H&hltat Management (Feb.25-

27, 1971). pp.97-114. 

MESSENGER, P.S. 4 FLITTERS, N.E. (1959). Effect of variable temperature 

environments on egg development of three species of fruit flies. 

Annals Entomol. Soc. Amer. 52, 191-204. 

MESSENGER, P. S. 4 FORCE, D.C. (1963). An experimental host-parasite system: 

Therioaphis maculata (Buckton) - Parson pa 11 tans Muesbbesk (Homopterai 

Aphididae - Hymenoptera 1 Braconidae). Ecology. 44 , 532-540. 

MEYRICK, E . (1885). Description of New Zealand Mlcro-Lepidoptera. Trans, N.Z, 

Inst. 18, 177. 

MICKELBACKER, A.E. (1954). Natural control of insect pests. J. Econ. Entomol. 

42, 192-194. 

MICHELBACHER, A.E. 4 MIDDLEKAUFF, V.W. (1950). Control of the melon aphid in 

northern California. J. Econ. Entomol. 43, 444-447. 

MILES, H.W. (1924). The diamondback moth, Plutella maculipennls. Ann. Rept. 

Klrton Agr. Inat. (1923). 45-48. 

MILLER, C.A. (1959). The interaction of the spruce budworn, Choriatoneura 

fumiferana (Clem.) and the parasite Apantelea funlferanae Vier. Can. 

Ent. 21, 457-477. 

MILLER, C.A. (I96O). The interaction of the spruce budworm, Choristoneura 

fumiferana (Clem.) and the parasite Glypta fumiferanaa (Yier.). 

Can. Ent. 22. 839-850. 

MUSUM, J.N. 4 GRIST, D.H. (1941). legetable gardening in Malaya. Malayan 

Ranting Manual (3), pp. 206, Dept. of Agric., S.S. 4 F.M.S., Kuala 

Lumpur. 

H0I3EEVA, T.3. (1975). Natural regulators of the numbers of pests of cabbage. 

Zaahchlta Raatcnll No. 6, 23-24. (In Russian). /~RAE 64, 1881-1882 
( ' 7 

U) o o 



301 

«H 
CN 

2 



AT* bo&» Aosta and j a u a a l t * * th rous t i j w r l o d l o » 1 * u h . B l o l o r t o a l 
Control. (Bd. by C.B. Huffaker), pp. 365-376. Plenum Proa a, N. York 

k London. 

PARROTS, A.W. (1964). Soma oommou apaoiea of Apanteloa occurring in Mow 

Zealand with a catalogue of Australian and Hew Zealand a pool as of the 

genus Apantelee Foe rater. Trans. R. Soc. H.Z. 4, I83-I94. 

FEKBERTQH, GJE. k WTLLAHD, H.F. (I9I8). Interrelations of fruitfly parasites 

in Hawaii. J. agrlc. Res. 12, 285-295. 

PERRIH, R.M. (1977)* P»8t management in Multiple cropping systeaa. Agro-

Ecoeysteea. 2j 93"118. 

FHALAK, V.R. (1970). A note on Diadagma varuna Gupta (Hywenoptera 1 Ichneu-

monidae), a parasite of Pintails xyloetella. (Linn&aua) (Lepidopterai 

Plutollidae) at Kalinpong (Veat Bengal). Curr. 3ci. 22» 375-376. 

HIILLIP3, M.L. (1977). Soae effects of intercropping bruaaels sprouts and 

tomatoes on infeatationa of Plutella macullpennia (Curt.) and 

Aleyrodes brmaalcae (Wlfc.). Unpublished H.So. theois, University 

of London. 

PIMENTEL, D. (1961). Natural control of caterpillar populations on oole crops. 

J. Econ. Entoeol. ̂ 4, 889-892. 

F1HEHTEL, D. (I98O). Environmental risks associated with biological controls. 

Environmental Protection and Biological Forms of Control of Pest 

Organisms. (Bd. by B. Lundholm k H. Stackerud), pp. 11-24. Ecol, Bull. 

31. Swedish Hat. Soi. Res. Council, Stockholm. 

PHADHAN, S. (1945)« Insect population studies. II. Bate of insect develop-

ment under variable temperature of the field. Proc. Natl. Inst. Sci. 

India. 11, 74-80. 

dePURY, J.M.3. (1968). Crop Peata of East Africa. Oxford I M v . Press, 

Hairobi, Lusaka k Addis Ababa. 227pp. 
PUIHAH, L.G. (I968). Experiments in the quantitative relations between 

Diadegma inaularia (Hymenoptera 1 Ichneuaonidas) and Hicroplitla 

plutellae (Hymenoptera 1 Braconidae) with their host Plutella macull-

pennls (Lepidopterai Plutellidae). Can. Ent. 100, 11-16, 

PUIHAH, L.G. (1973). Effects of the larval paraaltes Dladegma inaularia and 

ftlcroplltla plutellae on the abundanoe of the diaaondbaok aoth in 

Saskatchewan rape and mustard crops. Can. J. Plant 8ol, 911-914. 

RAROS, R.S. (1973)* Prospects and problems of integrated pest oontrol in 

multiple cropping. IRBI Study Seminar. August 4. 1973, 16 pp. 

(mimeographed). 

RAUTAPAA, J. (1967)* Votes on the toxloity of a commercial preparation of 

Bacillus thuringjenela yar. thuringienaie Berlinger on some 

LepidopUra and Tmnthradinidae larvae. Annie. Aarlo. Fenn. 5 , 

im in' 

Chelonua lnanltua. Annals Entoaol. Sop. Am. 68, 457-462. 

RICHARDS, O.K. (1940). The biology of the Small White Butterfly (Plerls rapes), 

with epeolal reference to the factors controlling its abundanoe. 

J. anlm. Eool.
 2

65. 

RICHARDS, O.W. (1949). The relation between measurements of the successive 

instars of insects. Prop. R. ent, Soc. Lond. (a). 24. 8-10. 

RITCHIE, A.H. (193
2
). Report of the Entomologist, 1931. Ann. Rep. Dept. 

Agrio. Tanganyika Terr. (1931). Dar-es-Salaam. 83-86. /~RAE 21, 

106-107 (1933)_7« 

ROBERTSCN, P.L. (1939). Diamond-back moth investigation in Hew Zealand. 

H.Z. J. Sol, k Tech. 20, 330-364. 
ROBERTSON, P.L. (1948). Eupteromalua sp. as a hyperparaslte 1 some indication 

of its influence on the establishment of Angitia cerophaga in Hew 

Zealand. H.Z. J. Scl. k Tech. 2£, 257-265. 
ROESEL, A.J. (1746). Der Monatlich-Her&usgegebenen. Inscotep-Belustingung. 

I, plate 10. 

ROGERS, D.J. (I972). Random search and insect population models. J. anlm. 

Ecol. 41, 369-383. 

ROYAMA, T. (1971). A comparative study of models for predation and. parasitism. 

Res, Popul. Ecol.(Suppl.l), I-9I. 

RU, H. k WORKMAN, R.B. (1979). Seasonal abundanoe and parasites of the imported 

cabbage worm, diamondback moth, and cabbage webwora in northeast 

Florida. Florida Ent. 62, 7-8. 

RUDD, R.L. (1964). PBatioidea and the Living Landscape. Faber k Faber, London. 
320 PP. 

RUDDER, J.D. A BRETT, C.H. (1967). Resistance of commercial cruciferoue 

varieties to larvae of the diaaondbaok moth in the Coastal Plain of 

North Carolina. J. Boon. Entomol. 60, 1272-1275. 

RUSCQE, C.H.E. (1972). Growth disruption effects of an insect sntifeedsnt. 

Nature Hew Biol. 236. 152-160, 

SALINAS, P.J. (1972). Studies on the ecology and behaviour of the larvae of 

Plutella xyloetella (Linnaeus) (Lepidopjerat Plutellidae), Ubpublished 

Ph. D. thesis, London University, 

SALT, G. (1938). Experimental studies in insect parasitism. VI. Hoat suita-

bility. Bull, ent. Ree. 2£, 223-246. 

SANCHEZ, F.F., ESGUBRRA, H.M., CALORA, F.B. k BARROGA, S.F. (I968). Field 

evaluation of the granular soil systemic insecticide cyolane and 

foliar sprays of Amblthion, Aooothioo and Fhosdrin against Plutella 

xylostella Linn, and other inseot pests of cabbage, Phlljpp^ int. 

1, 161-170. 



303 



I ^ ^ ^ ^ ^ ^ 
STUB, P.O. (1973). Hi* «m»ota of tlouorm on ttM l o n « « r l t y w l ftoundlty o f 

two native parasites ot the European Pine Shoot Moth in Ontario. 

Envir. Entosol. 4, 337-

SYtfi, P.D. (1977). Observations on the longevity and fecundity of Orgilus 

obecurator (Hymenoptera 1 Braconidae) and the effects of oertain foods 

on longevity. Can. Ent. 109. 995-1000. 

TAMAKI, Y., KAWASAKI, K., YAMADA, H., KOSHIHARA, T., OSAKI, N., ANDO, T., 

YC6HIDA, S. 4 XAX3N0HANA, H. (1977). (2)-ll-hexadecenal and («)-

11-hexadecenyl acetate t sex pheromone cosponents of the diamondback 

aoth (Lepidoptera 1 Plutellidae). Appl. Ent. 4 Zool. 12 , 208-210. 

TAMASHIRO, M. 4 SHERMAN, M. (1955). Direct and latent toxicity of inseoti-

oides to oriental fruit fly larvae and their internal parasites. 

J. Econ. Entoaol. 48, 75-79. 

TAN, K.HV (I96I). A laboratory study of insect growth horaone against the Diamond 

Back Moth, Plutella xyloatella (Plutellidae) larvae. Malaysian appl. 

Biol. 10, 57-62. 

TAN, M.T. 4 SUDDERUDDIN, K.I. (1978). Effects of a noes tree (Azadlrachta 

lndlca) extracts on diamond-back aoth (Plutella xyloatolla L.). 

Malaysian appl. Biol. 2» 1"9» 

TAYLOR, E.A. (1954). Parasitizatlon of the salt marsh caterpillar in Arizona. 

J. Econ. Ehtomol. 47. 525-530. 

TAYLOR, T.H.C. (1937). The Biological Control of an Insect in Fi ll» an 

Account of the Coconut Leaf-mining Beetle and its Paraalte Complex. 

Imperial Institute of Entomology, London, 239 pp. 

THOMPSON, D.J. (1975). Towards s predator-prey model incorporating age-

structure t The effects of predator and prey size on the predation 

of Daphnia magna by Ischura elegana. J. ania. Ecol. 44, 907-916. 

THOMPSON, V.R. (1939). Biological control and the theories of the interactions 

of populations. Parasitology. 21, 299-388. 

THOMPSON, V.R. (19^6). A catalogue of the parasites and predators of insect 

pests. Section l t part 8, 386-523. Imperial Parasite Service, 

Belleville, Canada. C.I.B., London. 

TH0R3TBINS0H, A.J. (1960). Hoet • election in phytophagous insects. Annual 

Rev. Ent. 2 . 193-218. 

THURSTON, R. 4 FOX, P. M. (1972). Inhibition by nicotine of emergence of 

Apsnteleq congregatus from its host, the tobacco horaworm. Annals. Ent. 

Soc, Aaer. 6$, 547-55°• 

TIKAR, D.T. 4 THAKARB, K-R. (I96I). Bionomics, biology, and immature stages 

of an Ichneumon id, Horogenea fenemtralia Holmgren, s parasite of 

Cram Caterpillar. Indian J, Ent. 22, 116-124. 

mtim I T O 
crops in the North Island — evaluation of data, 1955-58 seasons. 

N. Z. J. Agrio. Res. 2, 6l>-622. 

TURHBULL, A.L. 4 CHANT, D.A. (I961). The practice and theory of biologioal 

control of Insects in Canada. Can. J. Zool. 39. 697-753. 

ULLYETT, C.C. (1943). Some aspects of parasitism in field populations of 

Plutella maculipennis Curt. J. Ent. Soc. 3. Africa, 6, 65-80. 

ULLYETT, G.C. (1947). Mortality factors in populations of Plutella maculi-

pennis Curtis (Tineidae 1 Lop.), and their relation to the problem of 

control. Entomol. Mem., Dept. Agrio. 4 Forestry, Union 3. Africa, 

2, 77-202. 
ULLYETT, G.C. 4 SCHOHKEN, D.B. (1940). A fungus disease of Flute 11a sacull-

pennls Curt, in South Africa, with notes on the use of entomogenous 

fungi in insect control. Union of 3. Africa. Dept. Agr. 4 FOreetrr. 

3ci. Bull. 218. 1-24. 

UTTDA, 3. (1957). Population fluctuation, an experimental and theorsotical 

approach. Proc. Cold Spring Harbour Symp. Quant. Biol. 22, I39-I5I. 

YATL, P.Y., HUNTER, D.K. 4 JAY, D.L. (1972). Nuclear polyhedroeis of the 

Diamondback Moth, Plutella xyloatella. J. invert. Path. 20, 

216-217. 

VARLEY, G.C. (1959). The biologioal control of agricultural pests. J. Roy. ©J 

Soc. Arts. London. 107. 475-490. 

YARLEY, Q.C. (1963). The interpretation of change and stability in insect 

populations. Proc. R. ent. 3oo. Lond. C 27, 52-57. 

YARIEY, G.C. 4 GRADWELL, G.R. (I96O). Key factors in population studies. 

J. anim. Ecol. 2£, 399-401. 

YARIEY, G.C. 4 GRADWELL, G.R. (1963a). The interpretation of insect population 

changes. Proc. Ceylon Aaaoo. Adv. Set. 18 (D). 142-156. 

YARIEY, G.C. 4 CHAD WELL, G.R. (1963b). Fredatory insects as density dependent 

Mortality fact ore. Proc. XYI int. zoo. Congr. 1, 240. 

YARIEY, G.C. 4 GRADWELL, G.R. (1965). Interpreting winter moth population 

changes. Prop. XII int. Congr. Ent. 377-378. 

VENKATRAMAI, T.V. (1964). Experimental studies in superp&rasitisa and multipa-

rasitism in Hero genes oerophsgs (Gray.) and Hymenoboemins rap\ (Cam.), 

the larval parasites of Plutella maculipennis (Curt.). Indian J. Ent. 

26. 1-32. 

YOS, H.G.C.A.A. (1953). Introduction in Indonesia of Angitls cerortvaga Gray., 

a parasite of Plutella aaoulipennls Curt. Contr, Gen, agrlo, Res. 

3tn. 124, 1-32. 

YOUTE, A.D. (1946). Toegepasts antomologie sa varrljking of verarming der 

fauna. Tijdachr. Plantsnzlaktsn. 52, 150-157. 



ft wtoniHiifrir iii1iPirn*fff'frimTi - f l - W ^ f f l f t ^ ^ 
M4GT. JT.K. (3-977)•goftorlouruJ mmpootm of I n t n « p « x — l t o i a , 

Nemarltla capoacens (Gray.). Ub publish ad lb. D. thesis, Uhi varsity 

of London. 

VAHL, R.O. (1916). Notes on sons couon insect pests of the vegetable garden. 

Union 3. Africa. Dept. Agrlo.. Pretoria. No. 14. pp. 19-24. /"RAE 2. 
35 (1917 )_7-

HALS IN CHAM, L. A DURRAHT, J.H. (1897). The diamond-back aothi Plutella 

cruclfbrarum, Z. (1843), a synonym of Ceraatoma maculipennls. Crt. 

(1832). Ent. Hon. Msg. 33, 173-175-

VAN, M.T.K. (1970). The bionomics and control of the diaaondbaok moth 

Plutella xyloatella L. (P. maculjpennla Curt.) (Lep. Plutellidae) 

in Sarawak (Malaysian Borneo). Sarawak Museum J. 18, 377-398. 

VANG, C.L., CHXO, H., A HO, K.K. (1972). The comparative study of parasitic 

potential of the Braconid waap (Apantelea plutellae Kurdj.) to the 

diamond-back moth (Plutella xyloetella L.) and rice moth (Corcyra 

cephalonlca Staint). Plant Protect. Bull,, Taiwan, 14, 125-128 /"in 

Chinese, with English summary_7. 

WATT, K.E.F. (1959). A mathematical model for the effect of deneitiea of 

attacked and attacking species 

on the number attacked. Can. Ent. 

21, 129-144. 
WATT, K.E.F. (1964). Density dependence in population fluctuations. Can. Ent. 

26, 1147-1148. 

WATT, K.E.F. (I968). Ecology and Resource Management. McGraw Hill, H. York. 

450 pp. 

WAY, H.J. (1966). The natural environment and integrated methods of pest 

control. J. appl. Ecol. 2 (Suppl.), 29-32. 

WAY, M.J. (1973). Objectives, methods and soope of integrated control. 

Insects 1 Studies In Population Management (Ed. by P.W. Osier, L.R. 

Clark, D.J. Anderson A H.A. Nix), pp. 1-17. Ecol. Soc. Auetr. 

(Memoirs l), Canberra. 

VAX, M.J. (1976). Diversity and stability concepts in relation to tropical 

insect pest management. Entomology and the Nigerian Economy. (Ed. by 

A. Youdeowoi), pp. 68-93. Ent. Soo. of Nigeria. Occasional Publication. 

VAX, M.J. (1977a). Pest and disease status in nixed stand vs. monocultures 1 

the relevance of ecosystem stability. Origins of Pest. Parasite, 

Disease and Weed Problems. (Ed. by J.H. Cherrett A G.R. Sagar), pp. 

127-138. Blackmail Scientific Publications, Oxford. 

VAX, H.J. (1977b). Integrated control — practical realities. Outlook on 

Agriculture. 2» 127-135. 

HAY, H.J. (1979). Significance of diversity in agroeoosysteme. IX Intemtl. 

Congr. Plant Protect. (5-11 Aug.). 9-12. 

leaf-eating insects for use aa test subjects in the study of insecti-

cides. Bull, ent. Res. 42, 331-355. 

WE IRES, R.W. A CHIANG, H.C. (1973). Integrated control prospects of major 

oabbage insect peats in Minnesota — based on the faunimtio, host 

varietal, and trophic relationships. Agrio. Expt. Sin. (Uaiv. Minn T), 

Tech. Bull. 291. PP. 1-42. 

WHITE, M.J.D. (1954). Animal cytology and evolution. 2nd Ed. Cambridge lioi. 

Press, Cambridge. 454 pp. 

WHITEHEAD, C.F. (1694). Board of Agriculture and Fleheries. 4th Ed., I9O5. 

Leaflet 22. 

WIEN3, J.A. (1976). Population responses to patchy environments. Annual Rev. 

Ecol. Syst. Z» 81-120. 

WIGGLESWORIH, Y.B. (1945). Transpiration through the cutiole of Insects. 

J. exp. Biol. 21, 97-114. 

WILKINSON, D.S. (I928). A revision of the Indo-Australian species of the genus 

Apenteles (Hym. Brecon.) - Part I and n . Bull, ent. Res. 19, 79-105, 

109-146. 

VILKXN3QN, D.S. (1929). New parasitic Hymenoptera and notes on other species. 

Bull, ent. Res. 20. 102-114. 

WILKINSON, D.S. (1939). On two species of Apanteles (Hym. Bracon.) not 

previously recognised from the Western Paleartio Region. Bull, ent. 

Res. 30, 77-84. 

WILLIAMS, E.J. (1959). Regression Analysis. Wiley, N. York. 214 pp. 

WILLIAMS, P.H. (1966). A system for the determination of races of Plaamodlophora 

braaalcae that infect oabbage and rutabaga. Fhytopathology. 56, 624-626. 

WILSON, F. (1960). A review of the biological oontrol of insects and weeds 

in Australia and Australian New Guinea. Jechnjcal Communications Ho.l.. 

CTBQ. Commonwealth Inst. Bio. Control, Ottawa. 102 pp. 

WOLCOTT, G.H. (1942). The requirements of parasites for more than hosts. 

Science (Wash. D.C.). 317~318. 

WYXES, G.R. (1950). Nectar secretion researches. Auat. Beekeep. Jj2, 67-68. 

VYKES, G.R. (1951). Some aspects of neotar secretion. Int. Beekeep. Congr. 

14, Pap.l. 1-4. 

YARROW, W.H.T. (1970). Parasites of Plutella xvlostella (L.) in South-Eastern 

Queensland, al. J. agrio. A Anls. Sci. 2It 321-324. 

YASEEN, M. (1974). Biology, seasonal incidenos and parasites of Plutella 

xyloetella L. in Trinidad and the introduction of exotic parasites 

into the Lesser Antilles. Crop Protection in the Caribbean. (Ed. by 

C.W.D. Brathwaite, H.H. Bielps A F.D. Bennett), pp. 237-244. Univ. 

Vest Indies, Trinidad. 



306 

YASEEN, M. (1978). The establishment of two parasites of the diamond-back 
moth Plutella xylostella (Lep: Plutellidae) in Trinidad, W.I. 
Entomophaga, 23, 111-114-. 

YUNUS, A. & HO, T.H. (1970a). A list of food plants of insects and other 
animals in West Malaysia (1920-1970). Div. of Agric., Mins. Agric. 
Malaysia, (mimeographed). 

YUNUS, A. & HO, T.H. (1970b). Host- parasite/predator list (1920-1970). 
Div. of Agric., Mins. Agric. Malaysia, (mimeographed). 

ZELIER, 0. (184-3). Ueber Phalaena Tin, xylostella Lin. Stett. Ent. Zeit. 
281-283. 

ZURAB0VA, E.R. (1972). Use of a complex of crystalliferous bacilli as a 
means of increasing the efficiency of bio-preparations. Proc. XIII 
Internatl. Congr. Ent., Moscow, 116-117. 

ZW0LFER, H. (1963). The structure of the parasite complexes of some 
Lepidoptera. A. angew. Ent. 51» 34-6-357. 



farmers la the Cameron Highlands. (These practices do 
not include the insecticid&l usage which may vary from 
one locality to another, being largely governed by 
developmenta of insecticide reaistance). 

SEEDSi Treated with Captan8 fungicide before aowing. 

NURSERY: Total number of cabbage seedlings - 13,000 - 15,000. 

Fertilisers - I.36 kg(3 lbs) Triple Super Phosphate (TSP), 
and 4.08 kg(9 lbs) NPK (Nitrophoska BlueH). 

Protection against Clubroot disease - Calomel^ at 4.5 gm/gall. 
or O.ljC solution. 

TRANSPLANTED FIELDS 1 Size of raised bed - O.9I a x 12,19 • (3 ft x 40 ft). 

No. of plants/bed - 27 (including 2 guard row plants 
at the enda). 

Planting distance - 0.46 a (1.5 ft) apart. 

Lining of beds - 1.81 kg (4 lbs)/bed. 

Fertilizerst In transplanting hole, 14.18 gm oz) 
ground magnesium limestone (GHL), 
14.18 gm (i oz) TSP and 56.70 gm (2 oz) 
poultry manure. At 3 weeks after 
transplanting, each plant waa further 
provided with inorganic (0.1-0.3 kg 
NPK blue) fertilizera or organic manure 
(1.5 Kg, MalaneajR + GML). 

Appendix 2. Procedures for the rearing and maintenance of the DBM, 
Plutella xyloatella (L.), and ite paraaitea, Apantelea 
plutellae Kurdj. and Dladegaa eucerothaga Horstm. 

a) DIAMOND-BACK MOTH J In the mass breeding of the DBM, a series of 'larval 

developmental cages' (Plate 2.2) waa used. The first in the series was 

designated for oviposition, wherein, as many as I5-25 pairs of adult 

P.xylostella of various ages were maintained with water and 17% honey 

solution. Everyday, a bunch of 5-6 fresh leaves of B.rapa waa enclosed 

for 24 hra within the cage for oviposition, following which, each bunch 

was removed to another cage to await larval emergence. Upon ecloaions of 

the eggs, excess supply of leaves to the developing larvae waa ensured 

through regular replenishment every 2 days. This waa continued until 

pupation had occurred, whereupon all the pupae obtained from each cage 

were transferred to a 'host pupation Jar' to await emergence of the adults. 

The rearing cycle waa then repeated, beginning with some of the resultant 

adults obtained. 

From the above rearing method, as many aa 3,000 larvae may be 

readily obtained per cage with more than 18,000 larvae from each rearing 

aeries which may involve 7-9 batches of ovipositlonal exposure. Moreover, 

laid eggs, the age for any brood of eggs, larvae, pupae and adults that 

were obtained can be approximately known. 

b) A.PLlfTELLAE 1 Like the DBM, a serial transfer technique was used for 

the rearing of A.plutellae. In this instant, a Beries of 'breeding Jars' 

(Plate 1.1) was used instead, with the first being designated for ovi-

position. Daily, about 200 2nd-instar host larvae were exposed to 10 

mated female parasites for 24 hrs. The parasitized larvae, following 

exposure, were then removed to another 'breeding Jar* and reared to 

parasite cocooning on B.rapa leaves. Whatever parasite cocoons spun each 

day were collected and kept together in a 'parasite cocoon emergence Jar', 

and whereupon any adults that emerged were again separated out daily. 

From some of these adults the rearing cycle was again repeated to obtain 

the subsequent parasite generation. 

On average, this method of rearing would yield about 1,000 adult 

parasites (male»female ratio - 1.2) from each rearing series which would 

involve 6-8 sets of ovipositional exposure. Whenever more parasites 

were needed, parallel rearing series were run to increase the production 

accordingly. 

c) D.EUCBROPHAGA t This was similarly carried out as for A.plutellae. 

except that only 6 mated females were enclosed in the 'ovipositional Jar' 

instead. Under the conditions set up, about 700 adult parasites (male 1 

female ratio - 1.6) may be obtained from each rearing series which would 

encompass 6-8 sets of ovipositional exposure. 
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Afynrtlx J. iMactlcldaa avxliaitad vfainat Hutalla xyloatalis (LJ and ita paraalta, Apants lss plutallaa turdj, 
T r a d a N a m 4 S t a g a t of P . . 5 t a g . of A . 

r o n a u l a t i o n * ' x y l o s t a l l a t a a t a d - ' P l u t s l l s a taatad-*^ 
group QmoIcaI H a a s 

O r g a n c * « p h . t . . ^ ^ S T 
0-(4-cyanophanyl) 0-athyi 

phanyl phoaphonothloata Suracida VP EC E L P C 

cMorfanvinphoa 

(BSIl 130) 

2-chloro-l-l 2,4- dichlor*-

phanyl)-wlnyl diathyl phosphata 
Birlana 24 EC E I P C 

chlorpyrDoa 

(AMSI^BSI(ISO) 
6,0-diathyl 0-(3,5,6-trlchloro-

2-ovrldlnvl) Dhosohorothioata 
Duraban 75 EC E L P c 

chlorpyrifo*-

M t h y l 

(BaiiisoiAxsi) 

0,0-di»athyl 0-3,5,6-trlchloro-

2—pyridyl phoaphorothioata 
Douco 214 EC E L C 

rtlailrmn 

(ftSI(CSAjXSO) 
0,0—diathyl 0-/6-Mthyl-2-

(1-MthylathylT—A-pyrlaidlnyl^ 

phoaphorothloata 

Diatinon 60 EC 

Baaudin 60 E E 

L P 
c 

dicfUorvoa 

<BS7|ISO|£SA) 
2,2-dichloroathanyl d lMthyl 

Dhoaphata 
Nogoa SO EC C c 

dlcrotophoa 

(BSIjISO) 
3- k C 1 m thylaaOw)-1- m thyl-3-

oxo-l-prooanyl dlMthyl 

phosphata 

Bidrln 24 EC 

Carblcron 50 EC, F 

L P 

c 

dlMthoata 

(BSI|ESA|ISO 

0 ,O-dlMthyl S-/2—(Mthylaaino)— 

2-oxoaChy^/phosphorodithioata 
Roxion 40% EC 

Parfakthion 40EC E 

T " P c 

4 1 m thy 1 vinphos* J-chl oro-1-(2,4—dlchlorophany1)* . 

"fm^ado 50 UP vinyl d lMthyl phoa-
Rangadd 50 UP E 

fanthion 

(BSIj ISO) 

0 ,0—dlMthyl 0-/~J-«*thyl-4-

( aathy 1 thio) phanyj7ph<uphoro thioa ta 

Lsbsycld 50 EC E L P c 

l a of anphoa 

( B S U ISC) 

1-Mthylathyl /~athoxy£~( l-

Mthylathyl )-aaino/phoaphino-

tnioyl7oxy7b«nzoata 
Oftanol 50 EC E 

aalathion 
(BSI iCSA;£SA|ISO) 

diathyl / " (dlMthoxyphoaphlhothloyl) 
this / butanadloata "halathlon 60% EC E L P c 

Mthassldophoa 

IBSIi ISO) 

0,S—diawthyl phosphor sail-

dothloata 
Taaaron 50EC E I P c 

Mthidathlon 

(BSI| ISO) 

S - £ ( 5 - m thoxy-2-oxo-l ,3 ,4-

thlodiaaol-3 (2H) -y 1) u thyl7 

0 ,0-diMthyl phoaphorodi-

thioata 

Supraclda 40 EC E L P c 

aonocrotophoa 

(BSI| LSO) 

(E)-diMthyl 1-Mthyl-l-

(mthy1-aaino)-3-oxo-1-

propanyl phosphata 

Axodrin 60EC C L P c 

phanthoata 

tasii iso) 
athyl (diMthojryphot-

phlnothloyl) thio7banxanaa-

catata 

Elaan 50%CC E L c 

phMMt 
(asztcsA|Zso) 

(i,3-dihydro-1,3-dioxo-

2H-laoindol-2-yl) a« thylTo,0-

diaathyl phoaphorodithloata 
Zmidan 50 UP E L P c 

phoaphaaidon 

<BSI|ISO) 

2-chl oro-3- (dina thy laavino) -

t-Mthyl-3-ox^l-propanyl 

d lMthyl phoaphata 

OiMCron lOOSOf E L P c 

profanophoa 

IBSI) 

0-(4-broae-2-chlorophanyl) 

0—athyl S-propyl 

phoaphorothioata 

Salacron 400EC L 

prothlophoa* 0-(2,4-dichlorophenyl) 0-* 

athyl - 5-propyl phoa-

phorodithloate 

Tokuthlon. 50EC E L P c 
quinaiphos 

(BSI ; U O ) 

0,0—diathyl 0-2-quinoxalinyl 

phosphorothioata 
Bayruail 25EC E L P c 

t a tr a chl orv liw 

phoa (BSI ) ISO) 

2-cftloro-1-(2,4,5-trichloro-

phanyl) athanyl d lMthyl 

phosphata 

Cardona 501EP c 

trlaaophoa 

(BSI ( ISO) 

0,0—diathyl 0-11-phanyl-h-

1,2,4-triasol-3-yl} 

phosphorothioata 
Hoatathion 40%£C E L P c 

trichlorfon 

(ISO) 

d i M t h y l (2,2,2-trichloro-l-

hydroxyathyl)phoaphonata 
01ptarax9S SP E I. P c 

Organochlorlnaa dialdr in 

(BSI| CSA| 

ISO) 

(1 a * , 2P , 2 a « , 3/i, 6p, 6sk , 7p, 

7asc)-3,4,S,6,9,9-haxachloro-

la ,2 ,2a ,3 ,6 ,6a ,7 ,7a-octahy-

dro-2,3<3,6-diMthanonaphth 
, J-d/oxir sna 

Oialdrax 15 EC E L P c 

andoaulfan 

(BSI|C3A|ESA|XS0) 

6 ,7 ,8 ,9 ,10 ,10—haxachloro-1,5 , 

- Sa,6,9,9a—haxahydro-6,9— 

aathano-2,4,3-banxodlnxa-

thlapln 3-oxida 

Thlodan 35 EC E L P c 

andrln 

(BSl|CSA|CSA|ISO) 

(1 a « , 2 p , 2 a p , 3 « , f * , 6 a f ,7p , 

7a« )-3,4 ,5 ,6 ,9 ,9-ha*achloro-

la , 2 , 2a , 3 , 6 , 6a , 7 , 7a ,octahy-

dro-2,713,6-diaiathanonaphth 

/ "2 ,3-67oxirana 

Paadrin 20 EC E L P c 

llndana 

(CSA) 5,6-haxachlorocyclo-haxana 

Agrocid* 26UP 

BMC 6-5 UP 

E I 
P c 
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Group Common Naata-^ 
Chemical Name . . Trade Naee 4 stage of P . . . 

(CAS nr-«ndatur«-/) formulatlood/ xyloatalla teated-
Stage of A . , . 

flutellae"teated^ 

Carbaawtes aminocarb 
(ESI|ISO) 

4—(dimethylaxvinoJ—3—methyl— 

phenyl methylcarbamate 
Matacil 75% M> E 

BPMC 

(JMAF) 

2-( l-e*thylpropyl)phenyl 

methylcarbemata 
Beycarb SOEC E 

carbaryl 

t BS11ISO) 

1-naphthalanyl methylcarbe-

mate 

Savin 85 WP 
Sevlmol-3 EC E 

I 
L 

P 

P C 
cortop 

(ESI| ISO) 

S , S ' -/J-ldl.ethylaminol-

1 , 3 ,-propanediy ijdicarba-

mothloate 

Padan 50% SP E L P C 

methiocarb 3,S-dlmethyl-4-(methyl thio)-

phenyl mrthvlc.rbimate 
Leeurol 50wP E L P C 

methomyl methyl N-//I methylumino) 

(ESI 1ES.. 1LZJ |KaF J ) carbonyl/oxy/ethanlmido-

thloata 
Lanrute SP E L P c 

plrlmicarb 

(ESIjISC) 

2-(dl»ethylamino>-Sl6-

dlmethyl-4-pyrimidlnyl 

dim*thylcarbamate 
Plrimor EC L 

Pyrathroids decern*thrln* (S) — x-cyano—m-phanoaybeny 1* 

(IR,3R)-3-(2,2-dlmethyl-

cyclopropane carboxvlate 
Dec!a 2 .5 EC E L P c 

fenvdlcratc* •c-cyano-3-phenoxybenryl 

lsopropyl—4' -chlorophenyl-

acetate 
Sumlcidln 30cC E L P C 

permethrin 

(BSI| ISC) 

(3-phenoxyphenyl)«*thyl-

S-(S,2-dlchloroethenyl)-2, 

2-dlmethyl-cyclopropene-

earboxylata 

nmbush 1OX EC E L P c 

reamethrin 

(asij isc) 

dlB*thyl-3-(2-methyl-l-

propenyl)-cyelo proponecar-

boxylata 

Bioreimcthrln 5 EC 

Sayuron 20 EC 

E L 

F 
c 

biological 

agents 

Bacillus thuring-

lanxia 

Ulpal fcrT up 

bactoapeina 500 

IUAK/mq E 

L P c 

Oranuloala virus - E L P c 
Orowth 

regulant 
dlflubcnzuron* 

h-f £ (4-chlorophenyl) 

amino/ -carbony 1/-2,6-

dif luorol-vnTamlda 

Dlmllin 25 UP E L P c 

c a r U r y l (B3I| ISO) 1-n.phth.l .nyl mathylcarba- s # y l t h l o n J 0 E C 

• i t ! 

atalathlon diethyl̂" ( dletethoxyphoe-<B3I(C3A|ESA|130) phlnothloyl) -thio/bub _ d l u t t 
dicnlorvoa 
(B5I|ISO) 

• 

phenthoate 

(B3I | 150) 

2,2—dichloroathanyl dimethyl 

phosphate * 

athyl K-/~(dimathaxyph0apMrY0-

thloyl)-thio7benz«neecetate 

Elaan Torta S0*EC 

carbaryl 

(BSI|IS0) 

lindane 

(ESA) 

1-nephthalenyl methylcarba-

mate * 

1 , 2 , 3 , 4 , 5 , 6 hexachlorocyclo-

haxana 

•>evldol(6i6)WP 

Organo-tlna cyhaxatln 

(BSIiISO) 

emltras 

(ESI | ISO) 

trlcyclohexylhydroxystannate Pllctran MP 

N'-(2,4-di»ethylphenyl)-*-

/ " / " ( 2,4—d ime thyl phenyl) Asdtras 20 EC l»ar«7-HBat)Tyl7-J*-wthylinatha-
nlmtnaadde 

N ,-(4-chloro-2-«ethylphenyl)- Galacron 50EC 

N'.N'-dimethylmethanimidamide Preyiylene 3XEC 

3panone 50EC 

Forma ml dines 

chl ordinal ora (BSX(ISO) 
1 / SSI - British Standard! Institution I AX3I - Asarlean National Standard! Inatltutai C3A - Canadian Standards Association! 

ESA - Entomological Sociaty of Aaarlcai EZJ - Japanaaa Soolaty of Appllad Entoeology and Zoology| ISO - International 

Standard! Organisation! HAFJ - Ministry of Agricultura A Forestry, Japan. ^ " p r o a i ( l ) Wlavesser, K . J . 1 976 . Paatlclda 

Index. (Fifth Edition) . Entosologlcal Sociaty of Aaarlos, Collage Park, Maryland, ( 11 ) Martin, H k Worthing, C . R . 1977. 

Pesticide Manual (Fifth Edition) . British Crop Protaction Council, England. 7 . 2 / CAS - Chealoal Abstracts Service. 

L Froai ( i ) Kiaveaaar, K . J . 1 9 7 6 , ( 11 ) Martin, H. k Worthing, C .R . 1 9 7 7 J . fj EC - Esulslflable coneenti»tei SCV - Sol-

ubla eoncentrata In water (- Aqueoim eoncantrata) | SP - Soluble povdar, KP - Kattable powder. Jj/ I - Eggi L - Larva| 

p - pupa. ^ J 0 " Cocoona of A. plutallaa. and at - Froa manufacturers• technical bulletins. 
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Appendix k Plaid performanoe, potentials u d iuumM u o r a r of arploltin* th* rmxealtas of tha Diamond-Back Moth, Plutalla 
xrloetalla ( L . ) . 

Parasite spader™^ Plaid parasitism Limitations. 1/Ad.Yaatager̂  Potential A auggeatsd manner 

of aaployeent 

ecc PARASITES « 

Trlcho-renra braalllanala (Aaha, 

Trlchograaaa mlnutua Riley 

Trl cho gramma pratloeum Riley 

Trlchorrumma ap. 

Trl chogrsaaatoldsa aralger* 
)lagmra> 

) negligible In Leaser 
Antillsa (St. Xitts A 
St. Lucia)(Yaseen,1978), 

In Que*asland( Australia),^ 
I t waa reoordad to parasitise] 
eggs of DBK only In tha 
laboratory^ Vila on, I96O1 
Yarrow, I970). 

3.9% during I96U la 
South*rn California, ISA 
(Oataaa k Plataar, I969). 

negligible la Laaaar 
Antlllaa (St. Xltta k St. 
Luoia)(Bennett k Yaeeen,1972|] 
Taaaaa,l97*l). Tha apaolaa la 
probably T.braalllanala. 

la India this apedss was 
found oapabla of parasitising] 
OBM undar laboratory oondi-
tions (Hanjmath, 1972): 

In ganaral, atlll vary 
llttla la known on tha 
agg paraaitaa of DBM. 

To data,only a faw egg paraalta 
apaclaa of SBM ara raoordad and 
thalr field performance notad to ba 
generally poor (Oataaa k Platn*r,l969I 
Sannatt k Taaaaa,19721Yaaaan,19?<i,1978) 
la riaw of thalr Inability to axart 
full oontrol ovar tha hoat, attaapt to 
utlllaa thaa aa a aola controlling 
agsnt ahould navar ba anoourmgad. 
Howavar, thay nay ba arploltad only to 
tha axtant of affaotlng aoaa boat 
raduotlon which aay ba iaportaat In 
incraaalng tha ovarall hoat aortallty 
whan ouaulatad ovar tha dlffarant 
developmental atagaa. In ganaral, tha 
agg paraaitaa caaaot ba axpactad to 
provida -satisfactory contribution to 
DBM auppraaalon. 

In tha oaaa of T.alnutux k T.aralrrre 
avaluatlon of their fiald performance 
ahould howavar ba furthar ooaaldarad. 

L A R V A L PARASITES 1 

Antroc**alua ap. 

A'un tales aclculatua (Aaha.) 

A pan t* alblPennTa laaa 

Apan tales fullrlnoaua Vata. 

Apan tales halfordl ULlystt 

Apantaiaa lppoua Mixoo 

^rantalaa lasvjgmtua group 

Apaatalaa llmbatua Marmh 

Apantaiaa plutallaa Kurdj, 

Sara la Victoria,Auatralla. MA 

negligible la Laaaar Antlllaa. MA 

Kara la Moaoov Region, USSR. MA 

Rara la Moaoow Raglon, USSR. MA 

Coaparatlvaly aaall auabara MA 

but ooeurrlng throughout tha 

yaar la Pretoria, S.Afrloa. 

Of minor laportaaoa (Coodwla.1979). 

(Iaaaan,1978). 

(Kopvillea,l959, 

1*0). 
• " • 

Of aoa* laportaaoa but aavar aaauaaa 

a major plana la tha paraalta oomplax 

(Ullyett,197*0 • Unauitabla aa a aola 

blologloal oontrol agant aad to ba 

ancouragad only aa a aupplaaanting 

eoaponant. 

10* during 1971-7*+ In 
Hawkaabury Vallay, Auat.) 
(Hamilton,1978b). 

Magliglbla la 3J£. 
Queensland, Auat. 

(Yarrow,1970). 

Unabla to axsrt full oontrol 
in unuaually warm k dry oondl-
tlona during lata Spring A 
Autuao (Hamilton ,1978b). 

Z .Sf together with othar 

Apant*lea app. during 1972-

74 la Victoria, Aumt. 

Bara la Mosoow Raglon, 
USSR. 

6 . 9 * la Lutjabroak, ) 
HoUaad (Lloyd, 19<*0). ) 

10.8-ld.3C lh Varailia) 

District .Tumoany 

(Daluoohi,at al ,195» ) . 

Responsible for a 

subataatlal portion of 

tha ovarall haavy para-) 

altiam by aavaral 

paxaalta apadaa la 

many parts of Auatralia) 

(Vila00,I96O). 

Total paraaltiam of 

58.St along with D. 

tucaro phage £ Dladegma 

naocarophaga In Sllwood) 

Park, UX (Saliaaa,1972).) 

Magllglbla la Laaaar ) 

Antlllaa (Antigua, ) 

MA 

Distribution widespread. Keaa 

rata of paraaitisa la invaraaly 

ralatad to highar hoot daoalty 

(approx. > 6 larvaa/plant) ( Pra aant 

studies). Its maxiata maaa aooo-

paraaitlam raraly axoaada 5 0 * , 

largaly ohaokad by aalf-llaiting 

charaotarlatioa, auoh aa, ralat-

ivaly lowar aaarohlng afflolancy 

k poor discriminating ability 

that raaulta in auparparaaitlaa. 

Can 00—axlat with D.auoero phage 

though ltaalf may ba ohaokad 

tube tantieUy.Ullyett(19*0,19*47) 

haa polatad out that tha ooour-

ranoa of Pladagma A Apantalaa la 

nagativaly corrals tad with tha 

lattar inoraaaing only i f 

Dladsgma daollaaa, although 

It oooatltutaa on* of tha major 
apadaa alongaida Dladaama sucero'haga 
A Thrraaalla oollarla which together 
affaotad an avaraga of T3% paraaltlam 
(Hamilton,1978b). Howavar, It la 
uoadtabla aa a sols blologloal control 
agant A la to bo aaoouragod only aa a 
aupplaaanting oompooant. 

Of soma baaaflt only vary ecoaalonal-
ly whan it rises la numbers (Goodwin, 
1979)* Centrally mimportaat A cannot 
ba exploited aa a aola controlling 
agaat. 

Of lnalgnifloaat laportaaoa 
(Kopvlllam, I959, I96O). 

Though aa If-11*1 tad, role played la 
of algnifloaaoe (Preaant studies) A 
is generally oonaidered to ba of 
a od a rata iaportaaoa (Lloyd, 19<40| 
Daluochl al , 19^4| Chin, 197*+1 Kumar, 
197*+1 Lis A Xo,1975lOol A Kaldtraaa, 
1977lYamaaa,l978|Ooi A 3uddaruldln,l978j 
Praaant atudlaa).Among tha dlffarant 
A rantales app. peasant, A.Plutallaa 
usually pradomlnataa. Howavar, unabla 
to axart full oontrol by ltaalf(Xuaar, 
197*41Lla A Xo,1975iOol A Suddaruddln, 
1978 tYaaaan,19781O01,1979a1Praaant 
studies).Thus, utilising it aa a aola 
oontrolllng agant should not ba aa-
oouregod.Instead, ahould strive for 
pa 145-50* paraaltlam only 1 furthar 
oontrol to ba supplemented by others 
(biological agents, ohsmioala, etc . ) . 
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Appeodlx 4 (Continued 1 ) . 

•peeiwV Plaid paraaitiaa Limitations/AdvantegeaS/ Potential A suggested u i n e r 
of employment 

Barbados, Domini oa, Hontesrrst 

leria It 8t.Luola)(Bennett A 

Yaaaan,19721Yamsan,1974,1976), 

27* la Taiwan (Chin,1974). 

k0-60% during 1972 la 

Barbados (Kumar,1974). 

35 .8* during 1973 is 
Caaeron Xlghlaoda, Malaysia 
( U a A 10 .1973). 

36.3<,4e.6|C,34.05C,18.UC, 
30.UC.A12.75C during 1973-74 
Xanpong Baja, Xuala Tsrla, 
Tringkap, Manaua Valley,Bartaa 
Yallsy k Kaapong Tmaaa Bodla 
respectively In tho Cameron 
Highlands, Malaysia (Prosont 
studies). 

3 3 . * during 1976 In tha 
Caserne Highlands, Malaysia 
(Ooi A Xslderman, 1977). 

Increasing froa 5.I5C (July 
1976) to 55.9% (Jtme 1977). * 
from 3.CK to 26.6* during 1977 

oooaalonally Apantelse oaa inermaao 
without tho usual doormaao of 
Dladorma whon Tetrastichus app. 
art also notably present,In any 
oaao, tho overall perasltisa 
attainad la normally nuoh hlghar 
than whan althar anyona of thaa 
ooourrlng alooo (Lloyd,lp^OiPreaent 
atudlaa .It la ganarally tho naxt 
Important larval parmalta to 
Djadegna a pp. (Delucohi rj. a l . 1 9 ^ ) 
k oould rapidly lnoraaao In number* 

to supplement tha aotlvlty of D. . _ 
auoorophasa whan tho lattor declines plutallao tdian thoy occur together 
(Lloyd,1940lUllyatt,1543,1947) 

for aupplamantatlos by blologleal 
agents, priority oonaidoratloa 
should bo givan to P.euoa ro phage 
aa thoy oaa oo-exlat aa wall so . . 
tholr aotlvltlaa arm oftoa 
complementary (Lloyd,1940iPrssaet 
studies).However, in vlaw of tho 
negative correlation rolatlomahlp 
betwsan Dladsgaa £ Apantoloa with 
tha formar oooatltutlng tha mala 
dato raining oompomont (Ullyett ,1943, 
2947), priority oonaldoratloo should 
bo given to D.euosTQthagm ovar A. 

Oftoa ooours oommonly among 2* 
sucsroPhage k T.oollarl* to prorldm 
substantial k aigaiflcan't SDK 
control. 

That this should bo so la also 
elaarly orldont from tho fact that 
tallica A. plutollaoQCtaar.1974 iLla * 
to ,1973Tooi k Sudderuddin ,1978 IYamearn, 
197QI -Ool,1979ai Present studies), 

Although A.Plutallao oaa tolormto D.auoero phage eaa possibly asort 
" ' ioloria rathar wlda range of cliaatio 

conditions, toaporaturaa botwaon 
18-2fi°C art notad to particularly 

In Axmaguom, Trlaidad(Yeseen,1978)). favour its activity (Otln, 
23.1K,44.5<,29.2^,42.4* , 

52.95* A 36.05c during 1978 In 
Lam pong Ha ̂ a, turn Is Torln, 
tringfcsp, Koa yarm/CrmsBooir, 
Mtnnua Yallay k Rlnglit reepec-
tlvoly in tha Cansron Highlands^ 
Malaysia (Ooi k Suddoruddln,l978).) 

19.0)C,20.95C,39.3L42.1* k 
31.95C during 1979 is Kan pong 
Ha3a, Kuala Tarla, Brinohang 
Town, 7th ails Brinchang k 45th 
alia Brinahaag rsspaotlvaly in 
tha Canaron Highlands, Malaysia 
(haaaot atudlaa). 

Praaant atudlaa). Contributions, 

bowovar, may bo partially offset 

by hyparpazaaltoa, aany apaoiaa of 

which havo boon rocordod (Doluochl 

•t al,l9y*iTaaaan,l978|Ool,1979a| 

Praaant atudlaa). 

Apantolas rufjeru* Hal. 

Apantalaa aloarlua Harsh 

A pantolas vaatalja Mai. 

Conparativaly aaall nuabora 

but oocurring throughout tha 

yoaz In Pretoria, a.Afrloa. 

O.65C In I A a England (Hardy, 

1938). 

Bars in Movaoow Raglan,USSR. 

Highly apoolflo with no 
alternative hosts (Hardy,1938). 
Beoauso of this feature. Hardy 
(1938) oonaidorod it to toava 
good potential in areas with 
oontlnuous availability of hosts 

HA 

full biolorloal control by ltoslf 

(Hardy ,19381 Ullyett,194?iVoe ,1933). 
In oaaoa where other parasites are 
already providing substantial but 
inadequate oontrol, A.plutallao oould 
bo introduoad to help furthsr 
aupplamont thalr aotiYltlaa. Yhia 
oould pro*a crltloal aa it in often 
noted to bo respooalble for a sub-
stantial portion of the overall 
parasitise (Daluodii at al,1954| 
Wile00,I96O). In Australia, such 
eoabin ad t hoary overall parasitism 
had lod to marked reduction in 
abundanoo of DBM following tho paras-
ite introductions (Wlleon,l960). as 
a oooeequenoe, in reoent yaara 
oabbagaa A oauliflowera in S.Xustra-
11a can ba grown without insecticide* 
while only very restricted use of 
ohenloala are needed In some other 
areas (Wilson,I96O). 

Sinoe A.plutellae la lass efficient 
at' temperatures outside tha range 
of 18-Zfi°C (Chin,19741 Present studies), 
utilisation' of this parasite In 
areas with such conditions should 
not bo given ma3or onphasla. In 
particular, it la unlikely to appear 
favourable in the teaperate regions 
A tho hot tropical lowlands. This 
should be reoognised aires general 
ollmatlo limits are usually perva-
sive A override aany other subsi-
diary lnfluenoes (e.g. food sources, 
etc.) within a looality. On the 
other hand, in areas within the 
limits of these favourable lamp, 
araturae special consideration 
should bo givan to exploit fully 
the potential contribution of this 
a pedes . 

Of some importance but nevmr 
assumes a major place in the parasite 
complex (Ullyatt, 1947). Itoauitable 
aa a tola biologioal oontrol agent A 
to bo anoouragad only aa a aupplemem. 
ting ooapooent. 

Aa suggested by Hardy(1933), Its 
potential should ba explored in tho 
Tropins where its parasitic activity 
may rise auoh higher with the con-
tinuous availability of DBM. 

Of minor inportanoe (Xopvillea, 

1939.1960). 
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FuulK apeeleal/ Limitation/Ad van tag* e ^ field pmraaltlma Mentlal A suggested M m r 
of employment 

Apanteles ep ( a t f group) 

ABSnteloa «p (glomSTetua 

«r«up) 

Arantslse op. 

Ai»nW*« 

A pan teles spp. 

Apan teles app. 

<VethT»srla thrta (Walk.) 

Brechyesria ajdalca Hlgr. 
Brechrmsrt* app. 

Campoletls ap. 

Oialoid ap. 

Chslonua rltchlsl Wlfcea. 

Pladsgma armillata Qrav. 

negligible in Lesser Antilles 

(Laaward A Windward Islands) (Yeseen,l974). 

negligible in Laaaar Antillee(Yaseen,l978). 

negligible numbers which eventually 

dlaappaarad within few aootha of Dltdogma 

sucsrophage introduction Into Pmtjet araa, 

Indonesim (Vos,1953)• 
Total paraaitiaa affoctod together with 

Plmdogma app. (predominantly Disdegmq 
fsnsetralla) A Dladroaus subtilloornla -14.i-977jal(l960—63) 66.4-78.̂(196V45) 
in 3.Ukraine, USSR (Adaahkavich,l966). 

Hegligibl* in all tha araaa of Laaaar 
AnttUaa(Bannatt A Taaesn,l972iYaaien,1974). 

Invariably unoomaon (0.08X) in Trinidad 
(Bannatt A Teaean,1972lYaaeen,l974). 

negligible in Australia (Hawkssbury Vallav 
A S.K.Quaanaland)(Yarrow,1970iKaailton,1778a). 

Rar« in Vlotaria, Auatralla (Goodwin,1779}• 

Rara in Harivala, Canada (Haroourt,1960). 

Bora in Hawkaabury Valley, Auatralia 
(Kaailton, 1978a). 

Only occasionally found in Pretoria, 
S.Afrioa (Ullyett,194?). 

Together with D.feneetralle offaotod 885C 
paraaitiaa in tha Hoaoow Region,US3R(Xopvillea, 
1959.1960), Of tha two apooiaa, p.fsnsstralia 
M A dotlfiiati 

MX 

MX 
MX 

Of minor inportanco (Yaaoon,l974l 

" ' • (Yaaoon.1978) 

" • • (Voa,1953). 

taly of nodorata inportaaoo aa 
noat of tha paraaltlo aotivity la 
eauaod by Pi ad agas app,(Adaahkevich 

Of minor laportaaca (Bennett A 

Yaaaon, 1972 lYaaoon, 197*0 • 

Of minor importaaoo(Yarrow, 

17701Hamilton,1978a). 

Of minor inportaaea(Goodwin, 

1979). 

Of minor laportaaea(H*roourt, 1960). 
Of minor importmnoo(Haalltoa, 

1978a). 
Of minor lmportaaoa(Ullyatt, 

19*»7). 

Only of nodarmta importmaoa ma 

moat of tho pmraaltio moilrlty lm 

eauaod by D.feneetrella (Kopvlllam, 

1959.1960). 

PI adages suae ro phage Kormta. Largaly together with D. 
fonoatralla affaotad 80X A aora 
than 90% raapaotlvaly in tha 
lala of Thanot A H.A6. England, 
UK during I935 (Hardy,1938). 

Effaotad 34.6* togothor with 
P.fanaotralla in Lutjebroek, 
Holland(LlhyI,1940). Of tha two 
apaoiaa, p.suosTophage wma aora 
oomaon. 

9-65*. 12-ASjf A > i 0X during 

Distribution widespread A 
normally ooourrihg in high 
abwdaaoa whan pressnt(Hardy, 
I9381 Robortaon, 
l9&8iVoa,1953iD»luoohi el, 1 9 5 0 . 

It uaualiy dominates in a parmalta 
ooaplax, bolag highly ooapstitlva 
against othara whila abla to 00-
oxlat with thaa (Lloyd,1940|Preaent 
studies).Being aotlva for aoat parts 
of tha yaar aa wall aa oapabla of 
attacking all larval atagaa quits 
affleisatly D.sucorophaga la thus 
abla to offset high host mortality 
Thlm la 'also onhanoad 
by Its ralatlvoly good 
searching affloianoy A tha ability 
to saok out wparesitissd hosts 

1937-38 roapootlvaly in Cawthron, (Lloyd, 191*01. Ooi, I98O1 
Town araa A Richmond of Haw 
to aland (Robertson,1948). 

?2-82jt(moan - 77.6jt)during 
1951-52 in Petjet arsa.lndonaaia 
(Yoa,1953). 

moan-660 during I952 
and in Sogunung— fan jaweujeji A 

Present studies), oopooially at 
higher hoot donolty (Ooodwia,19?9). 

That Piodogma opp. are 00 
00maonly maoooimtod with PBK in 
many parte of the world bee auggeet 
-ed that tho Plutslla-Diadsgma 

. . . . 00mpier im of prime importance to 
Cunung Petri, Indooeeia(Voe,l953).the Piadsgms jareaitee(H*rdy,1938). 

8^-96*(neao-69^) during 1952 This appeara so sinoa in no other 
end in (hnung Petri, Indoneela hoet-paraelte oomplex are they able 
(Yoe,l953). to raise their populations to au<* 

40-60* in Middle Java, Indone- high level. In tha oeaa of P. 
aia (Tom ,1953). suosro Phage tha parasite wma 

57.9-78.OX in Verailie Piatriot, o<xisidared(Yoa,l953) to be hlgh-
Tusoany (Psluoohi at al, 1954). ly 'specialised' on P.xvloetslla on 

Mean parasitise- ,5<(with whiah it la abla to reach very high 
100* on many oooaeione) in tha population level in apita of tha 
main cruolfer-growing areas of pre eon cm of na&y other alternative 
Worth Island. , Hew Zealand (Todd, bosta (Hardy,19381*00,1953). Beeldes 
1959). even though numerous byparpmzmaitaa 

In view of tha numerous advan-
tageous feeturee found aeeociated 
with D.sucsro phage. the paraaite 
ie generally oonaldered to be 
potentially a highly efTeotive 
pazaeite of DBM, A tgwler actual 
field oonditlone hae been widely 
fouDd to contribute substantially 
towards its suppresaion(Hardy, 
1938|Uoyd,19(*0|. 
Robertabn, 1948» Yea, 19531 . 
Pelucchi at al, 195*iTodd,19591 

.Wilson; I9S01 - Tonka traman, 19641 
Yarrow,1970 tflal 1 nee ,1972 iven den 
Oever,19731Hamilton,1978b1 Goodwin 

1979).On some oooaeione, It 
predominate! among eeveral other 
paraaita species to exert oompleta 
blologioal oontrol(Hardy,19381 
Ullyett,1947IVileon,I96O). By 
Itaelf alone, It is also oetable 
of achieving full oontrol (Voe, 
1953)* As ouch, mlike most other 
parasitee of P.xyloetella it may 
be utilised as a sole controlling 
agent, . particularly in areas 
with equable climatic oooditlon 
(e.g. Tropica), and where in 
its ability to attack all 
larval stages of tha host 
oaa be aaximolly exploited 
in relation to tha continuous 
presence A overlapping generations 
of the host.Particularly in the 
abeenoe of other adverse features 
(e.g. hyparparaaltaa, extensive 
insecticide applications, etc. ) , 

such conditions may possibly 
acoovxjt for the attainment of 
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Append!** (Continued 3 ) . 
• pecimml/ Field parasitism Limitations/Advantage J J Potential k suggested manner 

of saploraent 

Responsible for A major portion 
of the overall heavy parasitica by 
several parasite epaolss la asmr 
parts of Australia (Wilson, 19&>). 

Mesa psrasltisa rising ttom 9 % 
during Xov.1952 to slaost 
during March 1933 in Coulhurn, 
Australia ( Yanks tr«juui,196*). 

Mean psrasltlss 2$% during I966-
67 In 3 X.Queansland, Australia. In 
1967, parasitise la consistently 
above 50% (Yarrow ,1970). 

Attaining parasitise of up to 
73C In Weet Jeve, Indonesia (van 

den Oever,l973)> 
6** during 1771-7* la Hewkeabury 

Valley, Auatralie(Haad.lton, 1978b). 
Total parasitise of 5 8 . w i t h 

p .suesrochars as en laportant 
ooepooent is Sllwood Park,UK 
(Sailnee,1772). 

1 7 . * * . * 9 . M . 3 0 . W k 39 .9* 
respectively during 1972-73• 1973. 
1973-7* * 197* Victoria, Australia 
(Goodwin,1979). 

era reoordad, these era observed 
to have no significant edvarsa 
affect on it (Hardy,19361 
Robertson,19*81 Vos, 19531 
Deluochi #1 si,I95*1Todd,1959I 
Isrrow,19701Goodwin,I979), 

Another advantageous feature 
of D.auearophage is that Its 
population developeent is 
generally vell-ejmohronited with 
that of the host (Goodwin,1979). 
Moreover, It la also better sbls 
to avoid sultipla perseltlsa 
than other apaolaa within the 
parsaita eoeplax, such as, A. 
>lutallea k T-ooUsrls(Lloyd. 

full blologloal oontrol within 2 
years of Its Introduction In 
Indooeals (Vos,1953). 

Based largely upon its general 
good performance over a wide area as 
well as the highly desirable feature 
of a closely-knit Plutella-Dlad area 
ocmplex pointed out by Hardy (1938). 
D.eucerophaga (end/or other Djadegaa 
spp.. particularly p.fanaatralls) 
should be given serious consideration 
for introduction Into areas where 
other existing paresitaa era not 
providing adequate oontrol. Sons such 
looalltles would include the 
Carribeans, last and Southeast 

A D1 adsqu, yapj(Vankatrasaa. Asia' vhere the 
1964). present dominant parsaita species In 

Among the limitations la the exiatenoe consists largely of 
slight lag In population develop- Apantales spp. which, by themselves, 
sent In relation to that of tha will not 'be able to exart full 
host during winter In A us trails oontrol. Further supplement by D. 
(Goodwin,1979). Also, during aucsro Phage would olearly be daslra-
tsusually vers k dry ocndltlons bla as parsaita ooeplax involving 
in lata Spring k Autumn, It is these species together with T.colls-
unable to exert full host oontrol jIb have provided quits satiafact-
(Hsailton ,1978b). Under such cry oontrol in sany instance a(Hardy, 

situations whare axtrema high host I9361 Bobertson, 19*8i 
density nay occur, aids fros other Deluechl at al,l95*iTodd,l959» 

parsaita apsoiss (sap. T.oollarla) Wilson,1930iIerrow,l970iSallnea, 
k tha microbial agent Entoeorhthora 1972|Haailton,1978biGoodwin,1979)-
aphaaroapsrma are coca id .red 

desirable (Todd,l959). 

Dladeems fanaatralla Holmgren Largely'together with D.auceTOphage 
effected Bojt k sore than rsspsotivoly 
In tha Isla of Thanst k H,k S.England.UX 
during 1933 (Hardy,1938). 

Effaotad 3*.6* together with 0. 
suoerophage In LutJabroak, Holland" 
(Lloyd,19*0). Of tha two apaolaa, P. 
eueerorhaga was aore ooaaon. 

Total paraaltiss about 80£ with D. 
fa oa a trail a dominating in tha Moscow Region, USSR (Kopvilles,I96O). 

Such aituations also olaarly 
demonstrate that having a greater 
number of appropriate parsaita 
apaolaa would tend to have added, 
advantage. In Australia, such com-
bined heavy parasitise following 
introductions has lad to Barked 
raduotloo in host abundanoe1 for 
many areas In tha south,cabbages k 
oaullflowars oan now be cultivated 
without any lnaectieldas against 
P.xyloatalla while in soma looelities 
tha chemical a used era very 
restricted (Wlleon, I96O). 

Although full biological oontrol 
can normally be achieved, it should 
be realised that tha oontrol may 
sometimes only be partial under 
extreme climatic conditions, especial-
ly during unusually warm k dry 
conditions (Hamilton,1978b1Coodwin, 
1979)• Under such situations tha 
supplemental oontrol me aa urea employ-
ed should avoid increasing further 
any hesarda to ths parasite complex. 
Use of appropriate ohamloal insecti-
cides selectively or aicroblal agents 
such as B.t.or S.aThaaroapares would 
thus appear prs?erebls so aa to 
enooursge restoration to full biologi-
oal oontrol aa aooo as possible. 

In maintaining k oonmarvlng what-
ever blologloal oontrol that may 
exlat, the provision of adult food 
sources k ahaIters by way of appro-
priata flowering plants in ths immed-
iate riolnity of tha crop la also to 
be anoouraged. 

Although information pertaining to this specie* 
are relatively much lass than that of D.aucerothaws, ita 
field perfaraanoe la observed cos para bYe to that of tha 
latter. Probably such of ths features noted for the 
latter apeoisa would also appear applicable to D. 
fenestralls In general. It thus suffice therefore to 
eaphaalae that P.feneatralia could be exploited as a 
sola controlling agent and its manner of utilisation 
very much parallels that of p.suesrophage. 
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Parasite epeciee^ n»ld parasitism lijdtatlons/MvantjLgee jr Potential A suggested nanner 
of employment 

To father with D. armlllata 
effected 880 pareeltien in the 
Mosoow Region,U3SR(Xopvillea, 
1939,1960). Of the two species, 
]>. feneatrella wae doainant. 

Total pareeitisa affeotod to-
gether with P.aubtllloomla. 
Apantelee spp. and other Diadegma 
epp.-l1*.2-97.30(1960-65) and 66.+-
78.1je(196>63)in 3 , Ukraine,U«8R 
(Maahkevich.1966). Among the speolea, 
D. feneatrelia van doainant. 
~ 19.80 during I96O in Kagpur, 
India (Tikar A lhakare, 1961). 

plade.rm Inaularlt(Craaaon) To 30 th or withDlairomua plutallaa 

affa«jtod about 520 paraeitian(Karcourt, 
I96O) while itself averaging 320 
(Karcourt,1963a, b) la Merivale. Canada. 

170 k 25> aean paraaitiam la I96I-
70 for the lat k 2nd generation of host 
larvae respectively in Saskatchewan, 
Canada (Putnaa,1973). 

Together with other species such aa 
plutellae, Dladrowua erythroatonua 

~ las the following 
parasitica rata* ware obtained 

In Southern CJ0.1fomla,U3A-35.20(1963-65), 
60. ytf July-Sept,1963-63), 2fl. O0(Jan-her, 
1963-o5l30.9X(Afrtl-June,1963-65) k 33*60 
(Oot-Dao, 1963-65)(Oataan k Platner,1969). 

3 2 * d u r i n g 1974-75 la Hastings,ISA 
(*u A W o r k m a n , I979). 

Djadagma Plutallaa, D1 
kVlcroplltla pluTella 
total mean paraaltlaa 

It conatltutaa the 
principal apeciaa in the 
parasite coaplax non-
ally found in Canada 
and the USA(Harcourt, 
I96O,I963.a, biPutnaa, 
1968,1973lOataan k 
Platner,1969iRu k Work-
man,1979) .Although 
generally regarded to 
be tsportent k having 
cloaa synchronisation of 
pert-lite-host relation-
ship With only a little 
lag occasionally (Cataen 
k Platnar ,1969) ,lt la 
still wabla to axsrt 
satisfactory oontrol by 
ltaaIf .However. It can 

Slnoe the parasite la un-
able to exert adequate host 
suppression, avoid using it 
aa a sole biologioal control 
agent. Rather, it should be 
used In oonjimctlon with 
others. When eaployed to-
gether with g . plutellae 
It has been noted 
that one of each species 
operating aaoog the ease lot 
of larval hosts would pro-
duce sore total progeny than 
two of the same species 
(Putnam,I968). Moreover, 

additional Individual of the 
saae species teoda to reduoa 
the total paraaltlaa Indi-
cating aalf-llaltstlon. 

oo-exlat wall with othars,Evidently, with such parasites 

a better strategy would be to 
enoourage mixture of the 
species rather than attempting 
to boost a single species with 
total effort. 

Of a In or Importance. 

particularly with 
H.plutellae and with 
each supplementing the 
activity of the other, 
thereby increasing the. 

parasitic activity considerably to 
provide substantial oontrol (Putnaa, 
1968). nevertheless, cheeloal 
supplementation la aoeetlaes atlll 
needed (Ru k Workman, I979). 

*Dladegma sp (near 75C la lew Zealand (Muggeridge, Parasites Incapable of appreciable 
lateralis Crav.) 1930). increase vxider conditions (ablotio) 

Combined paraaltiaa with favourable to DIM, e.g. following a 
Dladroaus sp. in various parts of hot Summer. The reverse is however 
Rew Zealand (Robertson,1939)1 found true suggesting poor synchrony 
Walrarmpail.50(1935) host larvae. (Robertson, 1939). 

O.80(1935)°n host pupaa. 
Hanawatui 4.31(1935-36) on host larvae. 

0.30(1935-37) on hoot pupaa. 
TSranakl 1 0.10(1936) en host pupae. 
Hawke'm Bay k ManawatuiO.40(1936) on 

host pupae. 
Hawks'a BaytO.6*(1936-37) on hoat larvae. 

9.30(1936-37) on host pupae. 
Cantarb\B7126.9^(1937) on hoat larvae. 

22.00(1937) on hoat pupae. 
Diadegma neocerophaga Total parasitise of 58.80 effected XA 

Horata. together with p.eucero Phage k A.plutellae 
(Salinas, 1972). 

For details on total paraaitlaa Uiable to effeot oonalatant rate Since the findings are 
rates In Southern California, USA of attack (Veiraa k Chiang, 1973). oonfllctlng (Oataan k Plainer, 
•as *D.lnaularls(0a+—*i A Platner, Although Oataan k Platner(1969) 19691¥«Ires k Oilang,1973) as 
1969)*. oonaidared It to be well-synchronised well aa the relevant ln-

Of aoderate Importance. 

Pladegma plutellae 
Vlereck. 

1969)" 
Combined paramltlmm with with the hoat, the reveres vma 

Djadromui plutellae In two Iocs- found by Vtirea A Chlang(l973) who 
litlea of Hlnnaaota, UBA lnconals- concluded that it is wabla to 
tant(Volrea A Chlang,1973). Between afford maxiaua protection. 
the two speciea, Diadegma plutallaa 
warn doainant. At St. Paul, respectively 
43 .20 , 12.90 4 4 . 60 during I968, I969 

formation inadequate, the real 
potential of the parasite 
oannot be accurately assessed. 
At this juncture, therefore 
llttlo suggestion can be aade 
aa to its manner of utilisation, 



315 

Appendix 4 (Continued 5 ) . 

Pare*Its speoli field parasitism Llaltationa/Ad vantage*^ Potential A suggested Banner 
of aaployaent 

Pled eras rani 
(Cambridge) 

l̂ladegaa vanna 
Cupta 

Dlsdegaa app. 

"Pladroaua 
srrthroatoaua 
(Caaaron) 

Mtcrobrt^on 
h* be tor Say. 

Macrosalon 
oriental* 

Xerrich 

Bl9ropUt;a 
plutallaa (Haua.) 

Spllophalcla 

(Aahmaad) 

A 1970. At Rosaaount, respectively 
J7 .6* , 16.7* * 9 . 4 * during 1968,1969 A 
1970. 

In tha presence (introduction) of 
D.suesrophage it daollnsd from about 
24* ( 1952) to negligible marten (1953) 
In Ooulburn, M.S.V.(Venkatraaan,1964). 
This also ooourred In Ylotorlai21.1*, 
1 . 2 * , 2 .1* A 0 .0* respectively In 1972/73. 
1973, 1973/74 * 1974 (Goodwin, 1979). 

1.3* In Kaliapon, V.Bengal (Fhalak, 
1970). 

Mean paraaitiaa - 58.3* (range -
54-68*) In Transvaal, 8.Africa 
(Ullyett, 1943). 

Mean paraaitiaa generally between 
34* A 5 0 * though soaetlaas attaining 
aa high aa 72* in Pretoria, 3.Africa 
(Ullyett, 1947). 

36* A 52* rsapeotlvely during 1957 
A 1958 in M.Tork, USA (Plnental,196l). 

for dataila on total paraaltlam 
rates in Southern California, USA aaa 
-D.lnaularla (Oataan A PUtner, I969)". 

Rare In tha Moscow Raglon, USSR 

(Kopvlllso, 1960). 
Rare In Pretoria, S.Africa 

(Ullyett, 1947). 
lot a ore than 5 - 6 * in Pretoria, 

S.Africa (Ullyett, 1947). 

Solnolla ap. 

Stlctoplathua sp. 

Tmchlnid ap. (prob-

ably Cadurcla 

plutallaa 

ran Eadan) 

Together with p.varuna A ^.collarla 
effected a total paraaltlaa of 15.3* 
in Kaliapong, V.Bengal (lhaUk,1970). 

1 . 3 * . 4 . 3 * A 2 .1* reapactlvely 
during 1954, I955 A 1956 in Marirala, 
Canada (Harcourt, I96O). 

Averaging 1C* in Marl vale, Canada 
(Maroourt, 1963a,b). 

51* A 16* raspaetively on the let 
A 2nd generation hoat larvae during 
1961-70 la Saskatchewan, Canada 
(Putnam, 1973). 

for detailed total paraaitiaa 
rates In Southern California, USA see 
-P.lpaularls (Oataan A Platnar, I969)" 

negligible In Laaaer Antilles 
(Leeward Islands) (Bennett A Yeaeen, 
1972| Taaeen, 1974). 

Total paxaaltlaa of 0.08* and 
6 .53* together with Apantolaa app. 
fToa hoat larvae and pupae respect-
ively in Trinidad (Yasean, 1974). 

Negligible in Leaser Antilles 

(lassen, 1978). 
Rare in Viotoria, Australia 

(Ooodwin, 1979). 

e m m * 
Rare in Pretoria, S. Africa 

(Ullyett, 1947). 

Little ability to avoid 

aultlpla paraaitiaa (Lloyd, 

1940). 

MA 

MA 

Not usually a parseIts of 
DBM, but ssssntlally that on 
stored lnaeota. It noraally 
attacks larvas within ros-
trlotsd spaoss between folded 
leaves of tha 'heart* forming 
atags (Ullyatt, 1947). 

In aoas parasite complex, 
this spsclss tends to predomi-
nate. However, tha total 
parasitise attained is still 
low (Rialak,1970), perhaps 
largely because of suparpmx*-
sltlsa which la common in 
Hacroaalon app.(Chacko,1968). 

Can co-exlat wall with 
D.lnaularla to affect a sub-
stantial and higher overall 
paraaitiaa (Putnam,1968,1973). 

fbrsaitlaa level low, incoo-
alatant, and nay ba totally 
absent for certain periods. It 
soaatlase also acta aa hyper-
paraalta (Bennett A Yasssn, 
1972l lessen, 1978). 

exoept to urge for more inten-
sive Investigations on it , 
especially tha assessment of its 
potential. 

Though able to Increase the 
overall parasitism in a parasite 
coaplsx, the contribution la 
generally minor (Lloyd, 1940t 
Ooodwin, 1979). 

It la only an ocoeaional 
parasite of DBM and la of no Imp-
ortance (Fhalak,1970). 

Of considerable importance and 
dominating in the parasite 
ooaplax (Plsentsl, I96I). 

Mot a dominating species in 
tha parasite ooaplax and la pro-
bably of llttla importance(Oataan 
A PUtnar, I969). 

Of alnor laportanee (Xopvlllea, 
1960). 

Of minor importance (Ullyett, 
1947). 

Of limited urns against DBM 
(Ullyett, 1947). 

May ba utilised to s Halted 
extant to auppleaaat tha activi-
ties of other parasite apsclas. 

It la considered of soas 
Importance in Canada(Harcourt, 
1960, 1963a,b| Putnam,1968,1973) 
but of no significance in USA 
(Oataan A Plainer, I969). Ubable 
to prorldi affective control by 
Itself and should not ba used aa 
a sole controlling agent. Its 
potential has to be exploited la 
ooablnatlon with other speclaa 
with which It oan co-exlat, 
particularly D.lnaularla. 

Of llaited~value for tha 
oontrol -of DBM. 

MA 

MA 

MA 

Of ainor importance (Coodwin, 

1979); • 

Of ainor laportanoe (van Eaden 

1942| Ullyett, 1947). 
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huraalte apecieel/ Field parasitism Lialtationa/Advantagee^/ Potential A suggested manner 

of employment 

Tetrsetlchus sp. Population leval very low but 

oonatantly present (Ullyett, 1947 ) . 

Tor reasons s t i l l unknown, 

its pxeaenoo la able to lncroaae 

the level of Apantelee without 

the decline usually associated 

with Dladegma (Ullyett , 1 9 4 7 ) . 

Apparently of l ittle lmpor-

tanoe although lte potential 

role with respect to Apantalea 

increase is yet to bo inves-

tigated. 

P U P A L P A R A S I T E S • 

Dledroaue piutellee (Aahaeedy 

Pladroaua 

eubtlllcomle Crev, 

Djadroaua ep. 

Dlbrachye cavue (wxteTT 
Euptsroaalxm 
vlrldtecene (Welsh) 

Ceils tenellua 

( S a y . ) . 

Recorded at mean levels of 1 6 . 2 * 

(Kareourt, 1960) and 21* (Haroourt, 

1963a, b) in he r ivals , Canada. 

Qanerally low. Tor details on 

total paraaitiaa rata* in I 

Southern California, ISA see 

"P .inaularle (Osteon A Platner, 

1 969 ) " . 

Abundanoe low to aodarats (Xop-

vil las , 1959) and oould readily 

oauae 30-60* aortality of tha host 

wider laboratory conditions 

(Kopvlllea, I96O) . 

Total parasitism affaoted 

together with Dladagma app, 

and Apantelee epp. - 14 .2-97.3* 

(1960-65) and 66 .4-78 .1* (1963-65) 

in 3 .Ukraine , IBSR (AdaahJcevich, 

1966) . 

Generally low. Tor da tails on 

coeblned parasitise in various parts 

of Raw Zealand, ass 'Dladcgma ap. 

(oaar lateralis Gray.) (Robertson, 

1 9 3 9 ) " . 

Rare in Herivala, Canada 

(Haroourt, 1 9 6 0 ) . 

Habrocrtua ap. 
(near ihycldla 

Ashe. ) Itoplactls peculator Fab. 
Phaeogenso ap. 

Spilochslcle 
alblfronaTwalah) 

Stoaatocersa ap. 

Tatrastichtm arvarl Hohw." 

fetraatlchus aokolowakll XurdJ. 

Thrrasalla collar!* 

qrav. 

Rare In Marlvale, Canada 

(Harcourt, I 9 6O ) . 

Showed good ability to avoid 

hosts already parasitised by D. 

Ineularl* (Haroourt, I 9 6O ) . ~~ 

Pound oapable of avoiding 

T.collarla and its preeance 

would not adversely affaot the 

U t t e r speolts (Lloyd, 1 942 ) . 

Inoapabla of appreciable in-

crease under conditions (abiotlo) son, 1939) . 

favourable to DSN. 

Considered a principal pupal 

parasite (Karcourt, I96O) te be 

used aa supplement to others, 

particularly P . ln»uiarla . 

Considered to bo fairly ispor-

tent (Kopvilloa, I96O1 

Adashksvloh, I 9 6 6 ) . Though not 

a doeinant opaclaa, its contri-

bution was substantial. Since 

i t does not adversely affect 

T .collarl* (Lloyd, 1942) It 

oould be introduced to suppleaent 

the latter when dealrabla. This 

would lnoluda areas having no 

pupal Mortality or when other 

parasitic activity la negligible. 

Of minor iaportance (Robert-

Rare in he ri vala , Canada 

(Harcourt, I 9 6O ) . 

U s e than 0 . 1 * in England,UX 

(Hardy, 1938) . 

Rare In Herivala, Canada 

(Haroourt, I 9 6O ) . 

. negligible in Pretoria, S .Afrioa 

(Ullyett , 1947) . 

1 . 3 * in the Cameron Highlands, 

MaUymla and not rooordsd on CRM 

in the field elsewhere (Cherlan A 

Subramaniam, 1940| Ooi A XeUerean , 

. 2-68 .5* (sva .45 .5X) in India 

(Cherlan A Basheer, 1939) . 

Rare in herivals, Canada (Haroourt, 

1960). 
Oane rally low in Leaser Antilles 

(Antigua, Leeward Ia lands, Montserrat, 

Ravi* A St . Kitta) (Bennett A Taaeen, 

19721 Taseen, 1974) though soaetieea 

abundant and causing sore than 80* 

mortality of DBM pupae (Bennett, 1974) . 

10* during I974-75 in Hastings, USA 

(Ru A Workmen, 1979) . 

Lees than 0 . 1 * in England, UX 

(Hardy, 1938 ) . 

1 3 . 6 * in Lutjebroek, Holland 

(Lloyd, 1 940 ) . 

Leas than 2 * in Verellla 

District , Tuscany (Delucchi et a l , 

1954 ) . 

1 . 1 * in th* main crucifar-growing 
areas of Worth Island, Raw Zealand 

( Ibdd, 1939 ) . 

RA 

RA 

Although it parasitises DBM, 

it alio acts as a hyperparaaite 

to D.inaularla (Harcourt,I96O) . 

RA 

Believed to be an lnol-

d*ntal parasite of DBM. 

Can co-exist with another 

pupal parasite P.aubtlllcornle 

and la not adversely affected 

by i t (Lloyd, 1 942 ) . 

Of minor importance (Haroourt, 

1960). 

Of minor importance (Haroourt, 

I96O) and beoause it 1* alao a 

hyperparaaita its introduction 

should be avoided. 

Of minor importance (Harcourt, 

1960 ) . 

Of a in or importance (Hardy, 

1938 ) . 
m m m • 

Of ainor lBport*nc* (Harcourt, 1960). 
• Of ainor laportanoe (Ullyett , 19̂7). Of ainor iaportance (Ooi a 
Kaldaraan, 1977 ) . 

To be utilised only in combina-

tion with other apeclo*. In such 

a manner, substantial control may 

bo more readily obtained as was 

reoontly noted in Zambia (Tmeeen, 

I 9 7 8 ) whore a combination of tho 

nowly-eotabllshod A .plutellae A 

T.collarla . along with tho anionic 

T.aokolowakll. provided aa 8C£ 

reduction in 

Although occurring at relm-° 

tively low lovelm in general, i t 

la conaidared an iaportant para-

site largely beoatme of its con-

stant lnvolvoaont in parasite 

complexes that have provided effe-

ctive suppression of DBH (Lloyd, 

19401 Delucchi et ml, 195"+1 Todd, 

1939iHll*on, I 9Z0 ) . Its ability 

to oo-exlst with moat of the 
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Thyraeella sp. 

f 
Effect heavy overall parasitism 

together with D.eucerophaga & A. 
lutellae in many parts of Australia 
Wilson, 1960). 

Together with M.orientale & D.varuna 
effected 15*5% total parasitism in 
Kalimpong, W.Bengal (Fhalak, 1970). 

24% during 1971-74 in Hawkesbury 
Valley, Australia (Hamilton, 1978b). 

7.63^, 4.41%, 3.82% and 5.61% 
respectively during 1972-73. 1973. 
1973-74 and 1974 in Victoria, Australia 
(Goodwin, 1979). 

Negligible in Pretoria, S.Africa 
(Ullyett, 1947). 

NA 

species in such parasite com-
plexes (Lloyd, 1940, I942) has 
perhaps enabled it to provide 
the effective supplementation. 
Utilization of the species should 
thus aim to exploit fully this 
supplementary feature, in parti-
cular to enhance the pupal 
mortality. Attempt to use it as 
a sole controlling agent should 
be avoided. 

Of minor importance (Ullyett, 
1947). 

OTHER MISCELLANEOUS : These include numerous species that are only incidentally recorded as parasites of DBM. The identifica-
SPP. tion of some are doubtful, requiring further examination and clarification, while others are suspected 

to be hyper parasites. Moreover, the host species in some instances are unconfirmed. In general, the 
parasitism rates are usually low and the reported cases few and isolated, with little information avail-
able. As regard their potentials and suggested manner of utilization, little can be said at present 
except to note that further detailed studies are required before any recommendations can be made. 

l/ Names recognized by the Commonwealth Institute of Entomology (C.I.E.), London as on 17.12.81 unless otherwise qualified; 
names marked with an asterisk are not in the record of C.I.E. and could have been invalid or misidentified species, while 
the following were still maintained by C.I.E. although recently (July) revised (Mason, I98I) in "Memoire de la Society 
entomologique du Canada /"c.I.E. Ref: BNA 2aJ " t A.aciculatus to Rhygopliti3 aciculatus Mason, A.laevigatus to 
Dollchogenidea laevlgatus Mason, A.plutellae to Cotesia plutellae Mason and A.sicarlus to Dollchogenidea sicarius Mason. 

2/ NA - Information not available. 


