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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 hoast; 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 (IFC), was given
emphasis. In this context, the use of microblal 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. These were considered along with investigations
into the effects of a wide range of insecticides on DEM as well as
their hazards to the parasite, in order to identify the usefulness
and limitations of the varlious toxlcants.

An appraisal was also made of the current status of the
imported parasites / Diadegma eucerophaga Horstm. and Thyraeella
collaris (Grav.) / 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 discwssed. In particular, emphasis is laid on
exploiting the effects and potentials of the parasites and their
employment in an IFC 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 (1930) and Harcourt
(19632). 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,
Linnasus (1758, 1761, 1767) described it under the name FPhalaena Tinea
xylostella,

Since 1837, the moth was also commonly referred to under the
name of Cerostoma xylostella (Curtis, 1883) in apite 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 (1885) pointed out that Curtis had previously described
it under the name maculipennis. This was subsequently confirmed by
Whitehead (189%) and Walsingham & Durrant (1897), and Flutella
maculipennis Curt. was then widely adopted for more than 70 years umntil
Bradley (1966) proposed that the specific name xylostella should replace
that of maculipennis since the former is valld 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) 7,

1.1 THE GLOBAL DISTRIBUTION AND IMPFORTANCE 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 depredatlons
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 peat 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 Britaim. Many
more localities were subsequently added in later years, viz: Brazil
(Becker, M., 1981, pers. comm,), Bulgaria (Khristova, 1957), Egypt
(Hlasaneln, 1958), Hong Kong (Lee, 1968), India (Abraham & Padamanaban,
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1968), Indonesia (Ankersmit, 1953; Vos, 1953), Malaysia (Henderson,
19573 Ho, 1965), the Philippines (Capco, 1959), Singapore (Chuo, 1973)
and Taiwan (Hsu & Wang, 1971; Chin, 1974). Altogether, up to 1972
(CIE, 19673 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 Asla while only moderately so in several
other Asian regions., On the other hand, in many parts of Canada, Eurcvpe
and the United States (Muggeridge, 1930; Hardy, 1938; Sutherland, 1966;
Oatman & Platner, 1969) it is generally of minor concern. In England,
only very occasionally were large eccnomic losses involved, resulting
from mass immigration (Ormerod, 1892; Hardy, 1938; French & White, 1960;
French, 1965). In Germany, France and Italy, this insect is not present
in sufficlient numbers to be a serious pest, and in the last-named cowtry
it is comparatively rare (Muggeridge, 1930). Nevertheless, it is very
widely distributed, and the true distribution i1s undoubtedly greater than
indicated in Fig.1.1l. Hardy (1938) believed that it can survive wherever
Brassica crops are cultivated. |

Although climate alone often controls the spread of a speciles
by limiting it to certain areas outside which 1life 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 alsc 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 (30-3500) correspond largely to the sub-tropics
and warmer temperate zones, In the equatorial reglons 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. Marsk (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 umchecked, the DBM is so
effectively held in repression by parasites that it rarely hecomes more
than a minor pest.” The occurrence of such natural control of DBM is,
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however, also recorded in many other places where the moth has remained

relatively scarce (Muwggeridge, 1930; Hardy, 1938; Robertson, 1939;
Ullyett, 1947; Kopvillem, 1960). Such records thus suggest that




Lt e MR AT R L s e T 1 it

Map No. 32 (revised)

- —_— . — D _-1
COMMONWEALTLL INSTITUTE OF ENTOMOLOGY ) T |
SO e est: Plutella vylostella(LY(maculipennisCurt )i
DISTRIBUTION MAPS OIF PLESTS ) (L)( ! )

(Lep,, Plutelidac) (Dimend-buck Muaih)

Serics A (Agricultural), Map No, 32 (revised). December 1967, L . »
_ , o . : Host Plants: Cultivated and wild Crociferue ably Brassic .
Published ut:—506 Queen’s Gate, London, S.W.7. : o wits: Cultivated and wild Craciferue, notably Brassica spp

8T

S, v
M | I
|
o i

LI | P L ' T B | I | i L]

. R e i — —
- fr—— & et -

|
i
|

. . H -

O Conunonwealth Agricubiucal Bureaux, l%?FIGURE 1.1 World distribution of Plutella xylos.tella’ (L')' (The known limits of -
: distribution are the inner edges of the black lines on the map. A
broken line is where the limit is not exactly known. C.I.E. has also
advised (Salinas. 197?) that chad. in Central Africa, should be included).




S Y B TR R R A B0 M b iy e AT bl 0w+ L1 S il et et i s ¢ T T DI et T GARe e v w0t - e Lt S,

19
DEM has only become a serious pest in those countries in which
natural enemiea are absent or ineffective. In spite of the apparent
importance of the natural enemies, there has been little work on these
agents. This was clearly revealed in an analysis by Salinas (1972),
wherein most of the published work on DBM between 1947=71 were related
to chemical control while studies on its general biolegy (1life-history,
population dynamics, distribution and host-plant records) ranked second.
In contrast, papers mentioning natural enemies comprised barely 23%,
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 contridbutions, and to determine how these may 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 tasic understanding
of the utilization of natural enemies, More specifically, however, other
objectives are to understand more comprehensively the biological and
ecological implications of the action of such agents locally, and how
these nay relate to overcoming or minirising the problems presently
experienced with chemical insecticldes,

It is evident that in many of the countries where DBM
has posed a serious problem, chemicals have invariably constituted a
ma jor 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, are perhaps best illustrated by situations in the Camercn
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 probiems 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 FROBLEMS OF DEM IN THE
CAMERON HIGHLANDS

Although most cruciferous crope 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 900-1530 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 returms
(1im, 1972). Covering an area of about 1,214 ha in 1974, it had an
amual output exceeding 60,000 tonnes of which at least 60% were crucifers.
The crop values for the years 196474 averaged *hinggits 17.5 x 106 per
annum,

Due to fluctuations in market demand which has enormous
influence on the kinds of vegetables cultivated at any ome 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) / 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, DBEM 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 gemeral, 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 sc 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 poiscning of the farmers: This is
due mainly to the rampant and unacrupulous use of insecticides (Singh,
1971; Lim, 1972; Ool & Sudderuddin, 1978). From 1968-70, an increase

of accidental poisoning from 5 in 1968 to 10 in 1970 was reported

(Singh, 1971).

b) Development of insecticide resistance: Field experience dating as far
back as the mid-1950s first indicated that insecticide resistance may
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 whea 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 insectlicide resistance
problem. Expanded once by Ooi & Sudderuddin in 1978 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 1980. 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. 3Such 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, DBEM 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 extént, 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.

The rapid development of insecticide resistance of DEM in the
Cameron Highlands has been evident for a long time, but field resistance
was confirmed experimentally and quantified only recently. Assay studies

R = Reglistered trade product.




FIGURE 1.2 Insecticidal usage against insect pests, mainly Plutella xylostella(L,) in the Cameron Highlands, Malaysia-l‘/.
(Shaded area and break indicate the period and change in usage, respec ivelyl.

Period (year)

INSECTICIDE Early Few years Early = Remarks
1550° beforve gh 64 65 66 67 68 69 70 7172 73 74 75 76 77 78 79 " o
Nicotine [ Off and on, and in small amount.
Heavy infestation uncommon.
Derris (rotenc- [} Off and on, and in small amount.
ne) Heavy infestation uncommon.
DDT 25% - —_—— Used at 5-8 c.c./gall.Resistance
_ 7 suspected by 1956.
Dieldrex 15 ——--— Not recommended on vegetables after
(dieldrin)} 1956.
(] .
©  Rogorldimetho- - [" croll amount.Mainly against leaf-
ate) miners.

Malathion 80% - R SR (@ croll amount.Ceneral 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.

Agrocide (BHCL -~ R, | S2LL 1ount; Hainly againe:

cutworms. Some fileld resistance to
P. xylostella suspected by 1956.

Basudin 60F Bl e iy
(diazinon)

gall.in 1964,10 cc/gall after .1964.
Recently, used in combinations with
others.




FIGURE1l.2 (Continued 1),

Period (year)

INSECTICIDE Early Few years Early
1950 before 64 64 65 66 67 68 69 70 71 72 73 74 75 76 771 78 79 80 Remarks
Dipterex 80 SP : ] 1964:Commonly used,5=8cc/gall., good
(trichlorphon) Plutella control;1965-1966t Used at

20cc/gall,. ,poor control at end of
1966;After 1966:usage greatly reduced.

Telodrin 15 . Used at S5cc/gall.Very good control.
(1sobenzan) _

Many wild birds dled after feeding on
contaminated worms. In ponds, fish
killed from washing after spraying.
At end of 1966,10cc/gall.used. No
control. Usage stopped.

perfekthion S EE——— TR o S
(dimethoate) _

miners. After 1967,usage greatly

23

reduced.
wailongg/ ‘ e Good Plutella control only for a few
months.
2/
Suising= | ] As above
; Vapona{dich- _____ In small amount. Mainly against flies,
lorvos)
Lannate Used at less than X% oz/gall. Mainly
(methomyl) _- against tomato fruit borer, cutworm
and Plutella.Usage greatly reduced
after mid-1970.
Malamac
(DDT+malathion) I AN Goreral use,at 8cc/gall. Usage greatly
reduced . after 1969.
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FIGURE 1.2 (Continued 2),

INSECTICIDE Early Few years

Period (year)

1950 before &4

64 65 66 67 68 69 70 71 72 73 74 75 16 1T 18 19 Early

80O

Remarks

Tedion

Stock Brandg/
nwqgn Brandg/

Chloroi/insec-
ticide~

Metacil
(aminocarb)

Barusil(qui-

nalphos)

Phosvel (lep-
tophos)

Assorted
insecticidesé/

Tamaron 50%
(methamidop-
hos)

Used at 4-5 cc/gall. Mainly
agalnst ciltrus mites.

Good Plutella control. Many cases
of fainting,vomiting, nose and leg
swelling.

As above

As ébove

Initially, used at % 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 fox 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,
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FIGURE 1.2 (Continued 3),

INSECTICIDE

Period (year)

Early Few years
1950 before &4

barly
64 65 66 67 68 69 70 71 72 73 74 75 76 77 18 79 80

Remarks

Monitor 50%
{(methamidop-
hos)

Padan 50%
(cartap)

Sayuran {bio-
resmethrin)

Sumicidin
30EC{ fenva=-
lerate)

Tokuthion 50%
(prothiophos)

. Ambush 80%

{permethrin)

Used at 5-Bcc/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 c¢/9 litres initially. In
1978, increased to 15-30 cc/9 litres.
After 1978, some applied at 35-50 cc/
9 litres.Fleld 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), Ooi &
Sudderuddin (1978), Sudderuddin & Kok (1978), Ooi (1979a) and field surveys.

2/ Locally repacked insecticides.

2/ 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 insecticldes, viz, BHC, carbaryl, chlorpyrifosmethyl,
DDT, dichlorvos, fenvalerate, malathion, methamidophos, methomyl and
resmethrin, For malathion, the resistant factor was 2,096 while that for
methanidophos and fenvalerate 6.2 and 4.5, respectively. 0Ooi (19792)
suggested that the rapid development of resistance is due io the occurrence
of multiple resistance in the pest emerging mainly as a result of long
and sequentlal use of pesticides,
c) Presence of insecticidal residues on marketed brassicas: This was
indicated in several instanees when fresh leafy brassicas purchased from
the grocers were noted to produce a high mortality of IBEM larvae
vhen 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
ruch reduced fauna of treated crops. Not unexpectedly, any beneficial '
species (parasites and predators) that may have existed are also likely to
be decimated. This could be c¢riticzl as the pest infestation apd its
stability could well be much dependent on the abundance of these species.
Among the vertebrates, birds have been found tc 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 applicatlons of an insecti-

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

Camercon Highlands is continually facing serious setbacks duve to DEM.
The pesticides that have been employed against this pest have been
enormous in both quantity and variety. In particular, the need to
increase the application dosage and frequency, or to change frequently
to more powerful pesticides have become a serlous problem. These 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 1life cycle of the moth
there is relatively short, averaging only about 27 days (Ho, 1965).

T™is 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 & Pagden, 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 1is 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.

: Presently, although spraying of insecticides is justified

'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

icalendar spraying. The farmers are resigned to using chemicals and

5 determined to look for newer insecticlides to replace less effective ones.

| Many have even resorted to using high concentrations of *insecticidal

‘ cocktails' (Ooi, 19792). Besides, the changes of insecticides have

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

_Undoubtedly, this is a very strong ‘pesticide syndrome' (Doutt & Smith,

£1971), with development of field resistance to insecticides becoming

Enore apparent and widespread, A recent survey revealed that notwithstanding
the regular use of insecticides DBM is still present in fair abundance
{0oi & Sudderuddin, 1978). It seems clear that the problems encountered
in relation to its control are critical and approaching the *crisis phase’
of a pest problem (Smith, 1969). In general, the trend of development

' closely parallels that of the Cafiete Valley in Peru (Barducci, 1969)

i prior to the ‘disaster phase'. Should the trerd 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 & Loh, 1972). With production
Jf‘a.ilure, dire consequences, both economic and sociel may follow, such as
those experienced in a parallel situation on cotton in the Lower Rio
Grande region of Texas and Mexico (Huffaker & Smith, 1973), wherein the
discharge of farm workers and declined cash flows have also impoverised
other assoclated activities.

I{ appears limperative 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
remaln a powerful and esasential 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
environment that is both cleaner and less hazardous, A prime strategy is
to build a broader ecological base that would make possible the integratlion

T R e DR A T S -

of various pest management techniques, In such an attempt that aims
towards developing an integrated pest control (IPC) rrogramme, 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 &
Ng, 1970; Tan & Sudderuddin, 1978) or their undesirable effects (Lim,
1972; Singh, 1971; Balasubramaniam, 1974; Lim, 1974; Ooi & Sudderuddin,
19783 Sudderuddin & Kok, 1978), as well as two other recent studies that
also examined some aspects of its natural ememies (Lim & 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 & more
rational approéch 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%),
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 useﬁ 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 = 2?.3°C (range
19.6 - 34.8°C) and RE = 80.5% (range 47.8 - 98.3%).
b) Laboratory investigations: These were conducted in MARDI Headguarters
at Serdang under either normal laboratory conditions or in (.‘.onvironR
growth chambers. In the former, the fbllowing conditions were maintained;
temperature 25 * 3°C, RH 70 - 80% and nmatural illumination of about
12/24 hrs. Within the ConyironR, the temperature was 20 + 0,5%,
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 1980, 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 2% cm x 10 cm diameter and with
the open top covered with muslin were used (Flate 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 rapg L. served either for adult oviposition or

as food for DBM larvae. Throughout each stuly, leaves wers
replenished every 3-4 days. They were generally held upright by a cotton

plug in glass vials containing water. Within each jar, water and 17%
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honey through cotton wicke were also provided for the adults., ‘Host
pupation jars' and 'parasite cocoon emergence jars', were essentially
the same except that no leaves were provided.

¥here 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 cm x 61.5 ca x 61 cm and meshed all over
with copper gauze (£ 40) except the wooden floor, glass top and part of
the door which was rubber (Flate 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, Where 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 (FPlate 2.3). Where
maintenance of the emerging larvae was expected, fresh B.rapa leaves

were algo provided every 3-4 days.
It should be noted that the above constituted only the general

experimental conditions, materials and methods adopted in the present
studies, More detalls are given in the presentation of the respective
studies. Where certain specific requirements necessitated some further

ad justments to the above general methodology, these modifications have

also been clearly specified in the descriptions of the experiment concerned.
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PLATE 2.2 Fas

p 4 LP .t Ly &
A breeding jar (24 cm x IO cm diameter) used A "larval developmental cage' (465 cm x 61-5cmx 6l cm )
as "oviposition jar",''host pupation jar" and meshed all over with copper gauze { #* 40) except the
"parasite cocoon emergence jar " having the 10p  wooden floor, glass top and part of the door which is rubber-

open end covered with muslin cloth and the

bottom fitting into a gauze metal base-
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PLATE2.3 e 7 .

A aosric ‘p'e'rri dish having a mesh -covered window (5-1 cm diameter ) on the cover. This

also served as a ''larval 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, 1951: van Emden, 1966), being largely govermed by the wide
range of influences that host plants can have on the population dynamics
of insects (van Emden & Way, 1973). For some, a small change in the
plant's condition may be sufficient to exert economic control (van Emden
& Wearing, 1965). In the case of DBM some specific components for
resistance/susceptibility have been identified: allyl isothiocyanate,
glucocheirolin, glucoerucin, gluconapin, glucopasturtiin, gluconringiin,
glucotropaeolin, progoitrin, sinalbin and sinigrin (Thorsteinson, 1960;
Nayar & Thorsteinson, 1963; van Emden, 19663 Hillyer & Thorsteinson,
1969). Although differences in varietal resistance of cabbages to the
moth are now known (Rudder & Brett, 1967; Weires & Chiang, 1973; AVRIC,
1976), under existing conditions in the Cameron Highlands there is little
possibility of selecting and developing plant resistant materials since
cabbage flowering cannot be readlly induced there., Other approaches
based largely on newer techniques such as hormonal control (Sato, 1968;
Chow et al, 1974; Tamaki et al, 1977; Koshihara et al, 1978; Ando et al,
1979; Fujiyoshi et al, 1979; Morallo-Re jesus & Tetangco-Fabellar, 19803
Tan, 1981), sterile mating (Bonnemaison, 1966; Cook & Hooper, 1974) and
the use of antifeedants (Findlay, 1970; Ruscoe, 1972; Tan & Sudderuddin,
1978) have only been of exploratory nature, largely in the laboratory.
As such, their scopes for practical employment are presently still very
1imited. In the case of cultural management, although Raros (1973) and
Buranday & Raros (1975) have demonstrated that intercropping of
cabbages with tomatoes reduced infestations of DBEM on cabbages, this
relationship could not be reproduced consistently, as experienced by
Phillips (1977), and Kuntha (1961, pers. comm.) in England, Megallona
(1977, 1978) in the Pnilippines, and the Aslan 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}. For 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 moat 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. Fotentially,
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, 1930, 1939; Ullyett, 1947; Yos,
19533 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 thue 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 DEM 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 umni-
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. Existsnce 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
jnitiated 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 insectlicidal inputs
than those of the farmers.

ITn the initial search, eggs, larvae and pupae of DBM were collec-
ted from transplanted crops (1} - 24 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 3.3.1). However, it was not known if the parasite was
algo 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
geograrphical regions of the Cameron Highlands were selected, viz: Xampong
Raja (976-1,159 =), Kuala Terla (976-1,159 m), Tringkap (1,007-1,159 =),
Mensum Valley (1,434-1,525 m), Brinchang (1,433-1,489 m), Kampong Taman
Sedia (1,393-1,458 m) and Bertam Valley (976-1,159 m)(Fig.3.1). 1In the
lowlands, 3 major cabbage-growing areas in Selangor State were selected.
These were Sungai Kelambu and Kuala Langat/Tanjong Sepat in the Banting
District, and Sungai Yu in the Tanjong 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 DEM were kept separately and reared for determina-
tion and assessment of parasitism. Parasite cocoons were confined in
petri dishes (9 cm diameter) for observation of parasite adult or hyper-

parasite emergence.

3.3 RESULTS
3.3.1 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,

7240 larvae and 86 pupae, a total of 265 parasites were obtained. All
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Table 3.1 Survey for parasites in the different stages of Plutella
xylostella (L.) collected from cabbages in the MARDI
Research Station (Tanah Rata, Cameron Highlands).

Immature stages of P.xylostella
Date Egg Larva Pupa

Collected Parasitised Collected Parasitised*Collected Parasitised

(No.) (No.) (%) (Ko.) “(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 k1 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 o 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.
Sudderuvddin (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 (19792) in sﬁbsequent 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.rufierus was apparently due
to the use of Wilkinson's (1928) key and another publication (Wilkinson,
1929) 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
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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

From 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
rarasitism 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 Taman Sedia had the least (12.7%).
For the remaining sub-regions, 36.5%, 34.0%, 30.1% and 18.1% were
obtained in Kampong Raja, Tringkap, Bertam Valley and Mensum Valley,
respectively. Much higher levels (31.9% to 57.9%) were however recorded
for the Brinchang region during 1979, while for the lowlands, only low
1evels 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 high 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 2,2

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

No. Plutella e . Status of
qg No. Plutella pupa No. Apanteles cocoon insecticide
Locality Date Collec— Parasi~ Hatch- Cocllec~ Parasi-~ With adult Collec- ¥With adult With hyper With noth- usage®*
ted* tised ed ted* tised emergence ted*® emergence  parasites ing emer-
emerging qing
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-
15.1%.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 B 6 1 1 generally once
6.3.74 32 0 31 5 0 4 14 3 5 6 a week.,Tamaron
used,
Kampong 20,9.73 7 0 7 59 0 47 19 10 3 6 Sprays mainly
Raja T2a11.73 25 0 23 - - - 28 14 8 6 directed at
13.12.73 16 0 16 3 0 3 33 16 9 8 cabbage head
30.1.74 31 0 31 59 0 53 0 0 0 0 only.Spraying
28.2.74 6 0 6 57 0 45 B9 59 10 20 depending on
10.4.74 26 0 24 27 0 19 46 34 5 7 infestations,
but generally
twice a week.
Both Tamaron
and Padan were
used.
Kuala 20.%.73 12 0 12 47 0 45 40 37 0 3 Crops sprayed.
Terla 711,73 22 0 21 30 0 20 S8 35 20 43 very frequently.
13.12,73 - - - 15 0 10 26 11 8 7 Insecticide
28.2.74 63 0 b3 59 0 50 91 57 14 20 mixtures used,
10.4.74 81 0 78 35 0 30 61 48 , 8 5 ‘component s
unknown.
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Table 3.2 (Continued}.

No. Plutella eg No. Plutella pupa No. Apantel Status of
. g . pup « Apanteles cocoon insecticide
Locality Date usage**
Collec~ Parasi- Hatch- Collec- Farasi- With adult Collec~With adult With hyper With noth-
ted* tised ed ted* tised emergence ted® emergence parasites ing emer-
emerging ging
Mensum 29.8.73 45 o 40 64 0 45 40 16 20 4 Crops sprayed .
Valley 10,10, 73 - - - 17 0 14 41 17 21 3 twice a week
21.11.73 51 0 47 55 0 36 8 6 1 1 with Monitor.
9.1.74 13 0 13 40 0 34 n 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 B 1 3 with Tamaron i
Q 5.12.73 109 0 106 - - - - - - - or/and Padan ?
16.1.74 67 0 60 79 0 65 59 73 9 17 every 4 fays.
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 - - - @ o 20 15 : 4 D ey en
Taman 29.8.73 83 0 81 31 0 25 7 5 0 2 Podan on Insece
Sedla 17.10.73 65 0 65 25 0 18 5 2 2 1 ticide mixtures
5.12.73 71 o 70 B 0 8 24 1 11 12 *

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

No. Plutella pupa

A.Flutellae cocoons

Locality Date Tollected*Parasitised WITh adult CollectedWith adultl With hyper— With  soovus of insecticlde
emnergence emergence parasites nothing g :
emerging energing ;
LOWLAND Spr?i;ngtiiiegu%ar ggepinding
Sg. Yu on estations). pel,
(Tanju?g 25:6.79 61 56 43 17 1 25 Tamaron and Hostathion used.
Karang
%%&niila?bu 22.1.80 116 108 68 33 0 35 Crops sprayed mainly against
ne Hellula sp. Insecticide mixtu-
res (Decls,Padan,Sumicidin) ..
used. Staggered planting clear-
ly evident.
K.Langat/Tg.
Sepat 29.1,80 0 0 24 12 0 12 As above
(Banting) )
CA?ERgN HIGHLANDS Frequent sprayling with
?;ogﬁ)ang 26.9.79 0 - 100 9% b Ambush.
Brinchang 26.9.79 13 12 H 38 12 b Frequent spraying with
(7 miles) Ambush.
. Brinchang 26.9.79 9 6 37 18 17 2 Spraying irregular (depending
45 miles on infestations), Dipel and
(45 niles) Ambush used
Kuala Terla 4.12.79 15 15 22 19 3 0 Frequent spraying with mixtures.
(49-50 miles) BHC and Dynafot commonly used,
ith
Kg.Raja 5.12.79 L7 38 22 17 5 0 Frequent spraying w
(52 miles) mixtures of Dynafot, Dipel and

Surecide.

#On 30 sampled plants,




Table 3.4. -The fate of Plutella xylostella(l.jlarvae collected from different localities in the Cameron Highlands. (1973-74),

. . Lel (£f)
Locality Date Total no. of Plutella larvae® No. adult No. adult % larval mortality % pupal mortality %larvae
(a) (b) (c) (@) Elutella parasite due to:- of reaching

A . - L] 'y . d
Collected Pupated Parasitised Died of obtained gptajned Parasite Otner factors Plutella Parasite adult

other from (b} from (c) ,c d b-e.,. c-f tage
factors** (; *x100) (E x 100) ( b 100)( c 1(‘100)( -s'x‘lOO)

3:;;2? 22.8.73 132 21 58 53 7 39 43.9 40,2 66.7  32.8 5.3
27.9.73 273 232 41 0 113 a1 15.0 0.0 §1.3 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 8.5 23.4 38,7

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

Kempong  20.9.73 252 o3 29 0 76 12 11.5 0.0 65.9  5B8.6  30.2
Raja 7.11.73 100 16 60 24 15 sg 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 0.0 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 15 31.7 7.5 41.1 7.9 35.8

Nensum  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 12.2  26.7 76.6

13.3.74 155 129 26 0 97 25 . 16.8 0.0 24.8 3.9 62,6

B A




Table J.4 ( Continued ),

{e) (f)

Locality Date Total no. of Plutella larvae * No.adult No. adult % larval mortality ¢ pupal mortality of % larvae

(a) (b) {c) (d) Flutella parasite due tol- reaching
Collected Pupated Para- 5 Diﬁd of obtal?e? obtal?e? Parasite Other fac— Plutella Parasite ?Zult stage
sitised other from (b) from (c tors | - =x100)
factors**® (-X1OO) 100)(E—EK100)(b'e 100) a
Tringkap 6.9.73 30 13 17 0 4 17 56.7 0.0 ‘69,2 0.0 13,3
17.10.73 120 22 45 53 22 21 37.5 44.2 0.0 53.3 18.3
5.12.73 110 30 36 44 10 33 32.7 40.0 66.7 8.3 9.1
16.1.74 110 26 30 54 26 24 27.3 49.1 0.0 20.0 23.6
13.2.74 132 75 20 37 60 8 15.2 28.0 20.0 60.0 45.5
17.8.73 - - - - - - - - - - -
Kg. 29.8,73 120 115 5 0 34 5 4.2 0.0 70.4 0.0 28.3
o Taman 17.10.73 61 31 5 25 © 17 4 B8.2 41.0 45,2 20.0 27.9
Sedia 5.12.73 56 20 25 11 14 22 44.6 19.6 0.0 12.0 25.0

*Un 25 sampled plants.

ssNumerous larvae turned blackish.

*s+Numerous pupae covered with whitish fungal mycelia.
- No collection made,
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Table 3.5. The fate of Plutella xylostellaUuJ larvae collected from different localitles in the lowland and the
Cameron Highlands (1979-80).

Total no of Plutella larvae® (e) (£) % larval mortality % pupal mortality of:% 13;135
Locality Date (a) (b) (c) (d) No. adult No. adult Sue to: :Z:;t "
Collec— Pupa- Parasi- Died of PlUtillg paraiite Parasite Other factors®**® Plutella*** Parasite stage
ted ted tised other ©btalned obtained [ d b-e c-f
factorfg‘ from (b} from (c) (30('100) (gx'lOO) (—b—x100) (-—-—C x100) (_g_x.loo)
LOWLAND
5g. Yu a5 11 h6.7 3 ' 39.1
(Tq.Karang) 25.6.79 92 38 143 36 6 12.0 S. b5, 5
Sg.Kelambu . 36.8 50.9
(Banting) 22.1.80 57 31 5 21 29 3 8.8 6.5 40.0
K.Langat/
Tg.Sepat - 29.1.80 100 32 4 s 32 8 14.0 54.0 0.0 b2,9  32.0
(Banting)
CAMERON HIGHLANDS
Brinchang .0 4 99 38 4 22 12 4 20 57.9 31.6 0.0 9.1 10.5
(Town)
Brinchang 5. g 79 g5 11 36 18 9 30 42.4 44.7 18.2 16.7 10.6
(7 mlles)
Brinchang = . o 99 113 36 36 41 27 28 31.9 36.3 25.0 22.2 23.9
{45 miles)
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,
¢** Numerocus 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% in Brinchang, it was unimportant (0.7%) 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
seens evident from Fig.3.2, wherein a lower percentage parasitism by
A.plutellae was associated with a higﬁer level of hyperparasitisr.

In the Cameron Highlands, 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 Ool
(1979a). The 3 species were Hemiteles sp. (Hym: Ichneumonidae},
Tetrastichus sp. (Hym: Eulophidae) and Mesochorus sp. (Hym: Ichneumonidae).
Hemiteles sp. predominated constituting 77.1% of a total of 192 hyper-
parasites that emerged. The next commonest hyperparasite was Tetrastichus
sp. (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 Hermiteles 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
opeﬁ a circular 1id 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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highest infestation while Xampong Taman Sedia had the least. In the
lowlands, the mean incidence recorded during 1979-80 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 larvee 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-regiomns. 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 subatantial 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 propertion (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 (41.7%). 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.
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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 appreoach has to some extent
given way to one that is relatively more ecological in outloock.

It is not known exmctly when A.plutellae first gained access
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to the Cameron Highlands. Ho (1965} specifically mentioned that there
Was no parasite on DBM at that time, It is unlikely that the parasite
cauld 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 & Kelderman, 1977; Ooi, 1979b), however, revealed two other
parasites; an incidental pupal parasite Tetrastichus ayyarl Rohw.
(Hym: Eulophidae) and an unidentified chalcid ectoparasite of the family
Eupelmidae, Both were noted to be of little importance and occcurred 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.plutellze
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 1973-74
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 1979 survey where
Brinchaﬁg 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 1978, Ooi (197%a) 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




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

No. F,xylostella/
plant

Locality 1/ 1/ "Cocktails" Frequency Amount
1973-74 1978~ 1979 1973-74 1978~ 1979 ——

% parasitism Manner of insecticidal usage

4
1973274 197627 1979 1973-74 1978 .Y 1979 1973-7a 1978221979
t/w 2t/w 1t/w Low High
Very Very
H H
Kgg‘j’z’“g 4.6  27.2 27.7 36.5 23.1 19.0 No 14 Yes frequent 4 10 3 frequent 19h 7 11 High
Kuala Terla 5.0 10.2 16.1 48.6 44.5 20.9 Yes 12 Yes " 3 5 10 " Low 10 7 High
Tringkap 3.8 4.8 - 34.0 29.2 - Yes 16 - " 1 14 7 - High 11 10 =
Kea Farm/ 1.6 - - 42,4 - - 14 - - 2 o 17 - - 12 5 -
o Greencow
= ’ Ver
Mensum « Y
valley 10.4 8.6 -  18.1 52.9 - Yes 12 - frequent 1 12 11 - Low 15 4 =~
Bertam
Valley/ 6.9 6.4 - 30.1 36.0 - No 6 -~ Ffre- 2 2 6 - Low 7 4 -
Ringlet quently
Kampong
. - - - - - - Fre~ - - - - High - - -
Taman Sedia 3.2 12.7 Yes re g
quently
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 - - - - Frequently - - - Low

1/ After Ooi & Sudderuddin, 15978.

2/ Number using insecticidal "cocktails™ out of 114 farmers surveyed.

3/ t/w = No.,of times(insecticidal application) per weak.

4/ Yow = 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, 1980), 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 untreatedf although lack of cor-
relation was more common as have been frequently reported for other
species (Morrison & Strong, 1980). That applied chemicals in the field
nay 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 DEM population in the Cameron Highlands.
For example, in both Kampong Raja and Kuala Teria the host larval
population increased drastically from 1973 to 1979 (Table 3.6). 1In
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 amoumnt 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/

*¥por details of this investigation see 4.1
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Figure 3.3 Relationship between the density of Plutella xylosrellalL-) and the parasite Apanf&las pluteliae Kurd]- at different focalities In
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Table 3.7 Regressions-between the densities of Plutella xylostella (L.)
and the levels of parasitism (%) caused by Apanteles plutellae
Kurd j, over 22 cabbage crops cultivated free of insecticides
in the Cameron Highlands.

Host density Regression equations
- (Mean No./plant) Crop No. (% parasitism vs host Statistical analysesl/
density)
Less than 6 1 y = 26,27x - 12.57 t = 5.562, df = 6(%x)
2 y = =14,10x + 50,27 t = 2,074, df = 10(ns;
3 ¥y = 3.03x + 0.37 t = 3,285, df = 16(3e¢
4 y = -8.66x + 33.77 t = 1.880, df = lj(nsg
5 y = 0.52x + 4.96 t = 0.350, df = l4(ns
6 y = 1.93x + 14.82 t = 1.662, df = 7(ns)
7 y = 3.63x + 33.80 t = 0,799, df = 16(ns)
8 Yy = 9.99%x - 4,57 t = 5.005, df = 15(m*
9 y = 1.15x + 37.44 t = 0.524, 4f = légns
10 y = 0.28x + 48.64 t = 0,056, df = 15(ns
11 ¥y = 0.57x + 33.02 t = 0.158, df = 8(ns)
12 y = =0.49x + 23,48 t = 0.193, 4df = 11(ns)
13 ¥y = 3.63x + 8.29 t = 0.802, df = kgns
b y = 2.43x + 39.32 t = 0.190, df = 4(ns
15 y = 9.09x + 1.96 t = 4,228, af = 6(==
16 ¥y = -9.26x + 63.99 t = 2.232, &f = 3(ns
17 y = ~3.35x + 44,28 t = 0.626, df = 4(ns
18 y = 3.03x + 38.30 t = 1.114, 4f = ?Ens
20 y = -0.35x + 33.85 t = 0.077, df = 8(ns
21 y = 8.45x + 6.48 t=1.930, df = 6(ns§
22 y = 1.72x + 35.74 t = 0.480, 4f = 5(n
More than 6 13 y = -2.57x + 34,80 t = 5,397, df = 1(ns g
14 y = 0,61x + 21.48 t = 0.115, af = 3(ns
15 y = -5.0x + 84,0 -
16 y = 2.25x + 20.28 t = 1.669, af = E sg
19 y = ~11.32x + 224.92 t = 3.743, d4f = 2(ns

l/*%A= Highly significant, ns = Not significant.

plant in Mensum Valley. In Bertam Valley, the situation was mainly presexr-
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. The 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 1little affected by the chemicals as suggested from the high egg
hateh (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 DEM.
In the Cameron Highlands, A.plutellae was surprisingly abundant

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




A: y=0.27x+~28.72§‘t0_05 = 1,133,ns), df=126 D: y=121.09-13.06x{tg, 05 = -2.053,ns), df=17
B: y=6.62x+12.18(tp 05 = 2.035, %), df=127 E: y=29.72-0.17x(tg,05 = ~0.023,ns), df=17
C: y=3.38x+16.32(tp, 05 = 0.646,ns), df=47 F: y=25.77-0.17x(t0,05 = =0.023,ns), df=2

G: y=157.73-7.57x(t0.05 = -1.962,ns), df=h
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FIGURE 3.4 Regressions between % parasitism by Apanteles plutellae Kurdj. and the abundance of its
nost / Plutella xylostella (L.)_/ 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
rarasite. 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 BTR) and AmbushR were used predominantly
(Table 3.3), the parasite incidence was observed to be much higher 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), in conformity with higher levels of
parasitism and lower infestations by DBM, However, in Mensum 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). PFurthermore,
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 FLUTELLAE 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 so0 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 ahbsence of the parasite,

4,1 MATERIALS AND METHODS
In the laboratory studiés, 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 stuwdy
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; FPlate 2.1). A1l
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 (FPlate

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 1973-80 at Tanah Rata in the MARDI Research
Station. (abbage 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, PFPlanting 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:

(Ko x 5) + (N3 .x 20) + (N x 60) + (N3 x 100) (1)
No+1+2+ 3

Damage index (%) =

where, Ng = number of plants with score *0' (i.e. 5% damage and less),

Ni = number of plants with score '1* (i.e. 20% damage and less, but more
than %), No = number of plants with score *2' (i.e. 60X damage and less,
but more than 20%), Ng = number of plants with score '3’ (i.e. 100% damage
and less, but more than 60%), and Npy14p43 = 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
DEM 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 & natural situation with one where most of the parasite
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PLATE 4.1

Damage scrores of feeding injuries by Plutella xylostella (L.) on cabbages.

A = Score "0'", 5% damage or less;
5%; C = Score "2", (0% damage or
damage or less, but more than 60%.

B = Score "1", 20% damage or less, but more than
less, but more than 20%; D = Score "3", 100%
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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 DipelR, PadanR,
Sevithion® and the untreated control. DipelR, essentially a biological
insecticide of B.i. was selectively toxic to DBM but not against the
parasite A.plutellae (see 8.2). In the case of Sevithion® (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 gn/4.5 litre, both PadanR and SevithionP 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 m 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/plct and 1575 plants/
treatment, The cabbage variety Constanta F.1 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 alsc similarly examined.

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

9rsamplihgs. _
From the chemical exclusion method a rapid build~up of the host
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species was noted in the SevithionF 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 physiclogical
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 iq 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, l-month old potted cabbage plants of the variety K-K
Hybrid Cross were used; one group sprayed with 0.1% a.i. Sevithionfl for

4 consecutive weeks while another acting as 'controls' were treated

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

in a netted cage of dimension 51 cm x 51 cm x 51 em. 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-iaid
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 Fj 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.

IRy
i

et R R R e A

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

4,2.1 Laboratory studies on the survival of DBM in the absence and
rresence 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 gemeration 1 (Fig. 4.2).
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In the 2nd generation, the difference was much greater (Fig. 4.1).
Because of the unequal number of adults attained from the lst generation,

a blg difference was observed even for the egg stage. This was carried
through into the subsequent stages resuliing 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). 1In the presence of the
parasite, a peak of 7904 was observed (Fig. %.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 gemeration. 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 preéént 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 DBHM.

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 0.92 and 0.89, respectively, when

the parasite was present (Table %,2). For these, about 50% of the mortality
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Table 4.1 Population change and age-specific reortality of Flutella
xylostella in the absence of the parasite, Apant<lcec
plutellae.(From 1 pair of freshly ermerged aduit .

xylostella initially).

Genera- Line Eggs Larvae Pupae  Adults

tion
Neq Npq Noq Na1
1. Fopulation 244 225 210 205
- N - i .
2. No. dying, 19 + 15 + 5 Sum: 39
in interval
3. % apparent
mortality 7-8 6.7 2.4
4. % su§cesslve 99,2 93.13 97.6
survival
5. Fraction
T 0.92 x 0.93 x 0.98 Product = 0,84
I surviving .
Survival
o -
6. ;iieal morta 7.8 + 6.2 + 2.1 Sum: 16. 1%
Y mortality
7. % indispensable 7.0 6.0 2.0
mortality
8. Mortality/ 0.08 .  0.07 0.02
survivor ratioc
3. Log population 2.3% 2.35 2.32 2.31
10, k=value 0.04 + 0.03 + 0.01 Sum: ¥ = 0,08

1. Fopulation 13,596 13,112 9,514 9,345

2. No. dying

N 484 + 3588 + 169 Sum: 4251
in interval

3. % apparent

mortality 3.6 27.4 1.8
or .
4. % su?ce551ve 96. 4 7.6 98.2
survival
17 > Fraction 0.96 x 0.73 x 0.98 Product = 0.69
Surviving .
survival
6. ?.Eeal mor ta- 3.6 + 26.5 + 1.2 Sum: 31.3%
Y mortality
7. % indispensable 2.6 26.0 1.2
mortality :
8. Mortality/
surviver ratio 0.04 0.38 Q.02
9. Log population 4.13 4.12 3.98 3.97

10. k=value .02 + 0.14 + 0.01 Sum: X = 0.17




Table 4.2 FEopulation change and age-specific mertality of Flutella
xvlcstella in the presence of the parasite, Apanteles
plutellae.(From 1 pair of freshly-emerged adult P.
xxlostella initially, with introduction of 1:20 paras*te
pair: host larvae at 7 days from initiation).

3 Genera=- . .
B ) Line Eggs Larvae Pupae Adults
g tion -

El L1 P1 NAi
1. Population 212 150 64 26

2., No. dying

., 22 + 126 + 38 Sum: 186
in interval

3. % apparent
mortality 10.4 66.3 59.4

4, % successive
survival

5. Fraction
surviving

6. % real
mortality

89.6 33.7 40.6

0.90 % 0.34 x 0.41 Product=0.13
survival

10.4  + 59.4 + 17.9  Sum:&87.7%

mortality

7. % indispensable
mortality

1.4 24.1 17.9

8. Mortality/
survivor ratio

%. Log population 2.33 2.28 1.81 1.41
10. k=value. 0.C5 0.47 0.40 Sum: K=0.92
1. Population 1694 1355 366 219

0.10 .66 0.5%
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2. Ne. dying

.. 339 + S8% + 147 Sum: 1475
in interval

3. % apparent
: . 73.0 .
mortality 20.0 40.2

4, % successive
survival

5. Fraction
surviving

80.0 27.0 59.8

1T

0.80 x 0.27 x 0.60 Product=0.13
survival

20.0 + 58.4 + 8,7 Sum:B7.1%
mortality

6. % real morta-
lity

i ST R S T s g AT

% indispensable 3.2 34.9 . 8.7
mortallity

8. Mortality/ 0.20 - 0.73 0.40
survivor ratio

9. Log populatien 3.23 3.13 2.56 2.34
10, k=value 0.10 Q.57 0.22
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cion Line gas arvae upae dults
. 3 N
Neq Neq Npq A1
1. Population 14450 11077 2627 2490
No. in
2. No. dyirg 3413 + 8450 + 137 Sum: 12000
in interval
3. % apparent
mortality 23.6 763 5.2
4. % su?c9551ve 76.4 53,7 c4.8
survival
1IL 5. Fraction 0.76 x 0.24 x 0.95 Froduct=0.17
surviving )
survival
6. ?.ieal morta-~ 23.6 + 58.3 + 1.0  SumiB2.9%
LY mortality
7. % indispensable 5.3 55,3 0.1
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9. Log population 4.16 4.04 3.42 3.40
10. k- 0.12  0.62 0.02
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FIGURE 4-6 The mortality relationships of Plutelia xylostella(l} in

the presence (O) and absence (@) of the parasite
Apanteles plurellae Kurdj.
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were due to larval parasitism / k(1st generation) = 0.47, and k (2rd
generation) = 0.52;7. 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<1l),
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 DEM 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, 1965; 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 3.6).
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 (Figz. 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 3.1 larvae/
plant throughoﬁt.

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 4-fold increase was
maintained up to the 32nd crop, apparently being unaffected by the newly
introduced parasite species D.eucerophaga (0oi, 1979a)., However, the total
parasitism rates were observed to continue increasing, reaching as high
as 70.3% (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:
Entomorhthoraceae), 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 (< 15 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 distinet 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® treatments had significantly (P< 0.05) higher yields than both
Sevithion® 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 Sevithion® 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. Kot
only was it wmable to provide the needed protection of the crop from IBM,
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
meéh plant weight closely paralleled that of the overall crop yields, i.e.
PadanR having the highest followed by DipelR, 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 Padan® the higher number of head formation apparently
compensated to some extent in raising the overall yield in the DipelR
treatment (Table 4.3). With treatment Sevithion® and the control, signifi-
cantly less heads were formed thus depressing further the overall yields
for these treatments.

Assessment of damage by DBEM 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 Padan® and Di_pelR
(Tzble 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




insecticidal treatnents in the Camercon Highlands.

Talie 4.3 Cabbage yield production and crop damage inflicted by Plutella_Ellostella(L.)as affected by various

lHead formation lcan camace index (%) . .
T e ht 3 ak :
reatment Mean no. % harketable Lon-rarketulle Total fan wolght'pcr marketallc Flot yffld
heads heads head (!‘-g) (Kg)
Cipel 439 £3.6 9.43 20.77 14.65 1.49 415.6 a
tadan 429 81.7 6.80 13.33 9.75% 1.59 431,6 a
Sevithion 330 G2.9 13.90 24.43 19.90 1.32 290.6 ¢
Control 368 70.1 11.27 25.73 16.72 1.39 356£.2 b
1.0 (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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FIGURE 4.8 Field development of Plutella xylostella (L.}, its parasite
Apanteles plutellae Kurdj., and the crop damage inflicted
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both Padan® and DipelR treatments, the number of plants showing high damage
scores was distinctly less.

With regard to infestations of DBM, again the PadanR and DipeiR
treatments had much lower levels while that for treatment SevithionB 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,
Padan® and DipelR . 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 Sevithion®
treatment and the control. These were respectively 47.9 and 8.0 times
that of Padan®, For DipelR, the number was nearly double that of PadanB,

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.plutellaze, it was observed that both
the control and DipelR 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
from the untreated control and the cabbages sprayed with DipelR; that from
the latter was approximately 6 times more as compared to those collected
in the PadanF treatment (FMig. 4.8). Such differential survival and abun-
dance of the parasite among the different treatments not only strongly
indicate the adverse effects of both PadanR and Sevithion® but also the
selectivity of Dipel® 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, DipelR, Sevithion® and Padan® 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(L.] as affected by
various insecticidal treatments on cabbages ln the Cameron Highlands.

No. of F. xylostella larvae Surviving larvae Surviving pupae % larvae initially Field larval popula- Adult ratio

r—— = - becowing pupae  Lecoming adults collected becoming ticn {(over Padan
Treatrment Initially OSurviving para- . - :
C s ‘ adults Ho.per ndult equiva- treatment)
Collected® sitism No. % lo. %
M < 270 lent
e ' plants per 270 per
plants hectare**
Dipel 5410 255 47,22 71 27,84 55 77.46 10.19 4100 41 5,448 1.9
Fadan 289 188 65.05 66 35.11 59 89.39 20.42 109 22 2,824 1.0
Sevithion 540 320 59,26 156 48.75 147 94.23 27.22 3869 1053 139,932 h7.9
Control 540 268 49,63 132 49,25 119 90,15 272.04 797 176 23,388 8.0

*Prom © samplings of 20 larvae/sampling/replicate between February 19-april 16, 1975. In the Fadan treatrient, the data
were based only on 289 larvae as there were hardly any larvae after iarch 12, 1975,

**Potentially, 1 hectare would contain 35,880 cabbage plants.

Table 4.5 Survival and relative abundance of the diamond-back moth parasite, npanteles plutellae Kurdj., as
affected by various insecticidal treatrents on cabbages in the Cameron llighlands,

Mo. of F. xylostella larvae No.(%) of arasite population in the field Adult rati Parasite shost
Treatnent —— - — parasite adults Cocoon no. per adult eaquivalent ; fa o rasi ?' oS

Initially FParasitised (over Fadan ratio

Collected® lo. % emerging 270 plants per 270 per treatment)

’ ' > plants hectare®*

Cipel 540 285 52.78 262 (91.93) 143 132 17,541 7.8 3.22
Fadan 289 101 34,95 73 (72,28) 24 17 2,259 1.0 0.77
sevithion 540 220 40,74 180 (21.82) 66 ‘54 7,176 3.2 0.05
Control 540 272 50.37 261 (95.96) 118 113 15,016 6.7 0.64

*rrom 9 samplings of 20 larvae/sampling/replicate bebween Felruary 1Y-april 16, 1975. In the Padan treatment, the
data were based cnly cn 289 larvae as there were hardly any larvae after larch 12, 1975.
**Potentially, 1 hectare would contain 35,880 cabbage plants.




76

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 Padan® 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 Padan® being equally effective in its destruction of DBM and
A.plutellae (Table 4,5), With Sevithion®, 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
parasite when DipelR, which had imsecticidal property reversed to that of
Sevithionl, 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 DEM as affected by

Sevithionf exposed indirectly through the host plant

The insecticide Sevithion 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 numerically 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 F) females (Table 4.6). The mean fecundities
of the control and SevithionR-exposed females were 304 T 17.6 eggs and
254 * 21.3 eges respectively, and their mean longevities 13.8 X 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

F1 and F, showed that there were no statistical differences between the
SevithionR-exposed,treatment and the unexposed control. For the Fy
generation females, the mean fecundities were 96.8 L 11.6 eges and

97.7 £ 17,3 eggs for the treated and control respectively, while that for
the F, generation females 48,0 X 17.3 eggs and 4.7 L 7,8 eggs.respectively
(Table &4,7). Although the mean fecundity obtained was much lower in the

1st generation, comparisons made for the Fj and F, generations in treated

adults gave a non-significant difference. For the controls, the difference

was, however, significant at the 5% level.

Studies on the mean longevity also revealed little difference
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Tuble 4.6 reprefuctive cheracteristics of Plutelle sdecetcil (1)
vhen indirectly expeced (+) to 0.1 2.i. Sevithicon™ arplied
onte the host plantc. ln the unexposed (=) centrel the
plants received only water spray.

Status of t. xylestella . . _.
- Significance

Parameter n
+ - (P = 0.01)

liean no. eqqgs deposited/
3 females for the first 5 305.6 207.0 ns
5 davs
lean developrentzal period
(days)
Eagg 100 3.2 3.2 ns
Larva 10C 7.5 7.9 ns
Funa 100 3.3 2.3 ns
Total 14.1 14.9 ns
Total nc. adults cohtained

rhale 273 215

Female 276 217

Total 549 432

Sex ratio ' 1:1 1: 1
Fy gereration fermzles Fean+3.L, hean+5.E.

Fecundity 10 254+421.3 304+17.6 ns

Longevity (days) 1C 14.0+1.4 13.8+ 1.0 ns

Tarle 4,7 keproductive characteristics of Plutella xviostella (L,) when
directly exposed(+) to 0.1% a.i. Sevithien®. In the unex-—
pesed (=) contrel, ihe 2nd-instar larvae received direct
sprav cf water only.

Status of I'. xylestells

Farameter n S1gnificance
+ - (13 level)
' generation:
Fecundity 10 27+11.6 ©E+17.3 ns
Loncevity ~ lale 10 3C.4+1.3 34.2+1.6 ns
- Yemale 10 21.0+1.2 14.1+1.32 ns
Kce.adults cottained
tale 125 106
Female g<S 11€
Total 214 222
Sex ratio 1 07 1 1.1
F. generation:
Fecundity 10 4+17.3 55+7.8 ns
Loncevity - lale 10 22.1+1.0 22.4+C.% ns

- Female 10 14.3+71.1 15.C*1.2 ns
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between the treated females and those of the control. In the Fy generation
females, the mean longevity were observed to be 21.0 X 1.2 days for the
treated and 1%4.1 ¥ 1.3 days for the control (Table 4.7). For females of
Fp generation, the difference was, however, again non-significant, being
14.3 X 1.1 days in the treated and 15.0 T 1.2 days in. the control.
Similarly, in the case of the males, the mean longevity for both F; and Fp
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.plutellae, the influencing role of its parasite was especially
evident, in particular the following two features: (1) 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 pepulation 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 3 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
featiures 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 valus, 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 generationms.

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 informaticn,
but considered that such quantitative methods are inadequate in rating the
regulating or controlling power of natural enemies, They and Legner (1969)
emphasised that neither precise laboratory studies nor quantitative field
studies of parasitization furmish adequate means of evaluating the effect-
iveness of a parasite in host population regulation and ccntrol. 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 an introduction provides the only real test"”,

Legner, in 1969, 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 indiseriminate use of
insecticides*, perhaps the firm adherence to the dogmz 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 DEM
infestations and its parasite's activity. Prior to 1969 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 are 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 Sevithionf,
However, the accelerated host increase may well be alsp due to an altered
plant physiology such as improved nutrition in the case of phytophagous
mites (Chaboussou, 1965) or hormoligosis (from the Greek: hormo = excite
and oligo = small quantities) (Locher, 1958; Luckey, 1968; Dittrich
et al, 1974) wherein Luckey (1968) 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 furmishing proof of the
parasite's controlling power and potential. However, that the control
exerted was only partial is zgain 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 DipelH and Padan® treatments where these
chericals assisted as supplementary measures to provide effective control.

From investigations on the adverse effects of SevithionP 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 maculicornis (Masi) on the infestation of olive

scale Parlatoria oleae Colvee. In the latter situation, the infestation
occurring 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 Lepidosaches
beckii (Newm.) that is parasitized by Aphytis lepidosarhes Compere, and

the selective check-insecticide endrin, gave an increase in host population

over a 3-year period from an initial scale density of 174 to 20,615 (DeBach
& Huffaker, 1971), Such impressive difference is rrobably also obtainable
with Sevithion® should the period of exposure be greatly extended; this
being so is sirongly 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
ma jor chémical pesticide treatments for significant periods",

It is recognized that certzin of the methods employed in the
rresent studies may have individual shortecomings. As such, the simulta-
neous utilization of the diverse technigues should provide the necessary
confirmation, each of them serving to confirm others as valid nreans of
eveluating 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
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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 rhysical and biological. Among the latter are
included the parasite's behaviour (foraging, emigration tendency and
immigration), its hyperparasites (see 3.3.4), and 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.




¢3

5. SOME ASFECTS ON THE BASIC EBICLOGY 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 generzlly 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, 195%; 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 1life 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 hosté, 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 PERICD 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,
195%4; Fan & Ho, 1971; Chiu & Chien, 1972; Ho & Chio, 1972), with notable
emphasis on identification and taxonomic description of the adult
(Wilkinson, 1928, 1929, 1939; Parrots, 1964; Chiu & Chien, 1972). In this
study, a greater effort was therefore devoted to examining details of its
1ife 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 (Flate 2.1).
Each female was then removed and individually confined in a glass vial
(7.5 em 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 varisus intervals (5 hrs, 1,2,3,4,5,6,
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7 and B 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%, 7%, 95%, absolute). Daily, measurements were
made for each stage obtained with the aid of a slide micrometer.

In determining the developmental pericd 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. Prepupa
and pupa were studied from dissected paraslite 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-itype eggs of many braconids
(Hagen, 1964). At the broad end it measures 0.064 T 0.005 mm at 5 hrs
after oviposition and its length and peduncle, respectively, 0.251 T 0.016 mm
and 0.050 X 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 mm 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 (Flate 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 ovipositionm,
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 (Flate

5.1.1, C & D).
5.1.2 larva

I+ 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 imstars were sometimes not clearly evident. 1In general,
based largely on the developmental forms, it seems that there are 3 larval

stadia.
The lst-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.

M
Pericd after Parasite Length width Head width andible Feduncle Caudal horn Anal vesicle
oviposition stage n (mm} {mm) {mm) length (mm) (mm) (mem) (mm)
Left Right
S lwours 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 1st-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 1st=-instar 10 0,6%740.207 0,200+0.075 0,1734+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+40.019 0.16440.015 0.074+40.004 0.075+0.004 - negligible 0.23340.028
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  2.35040.439 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 ©.188+0.013 0.184+0.012 - - -
L larva
B-15 days Cocoon:M ® 29 3, 33+0.27 1.29 + 0.10 - - - - - -
. F 33 3.,3740.17 1.30 + 0.09 - - - - - -
8-9 days Prepupa 15  2.8310.16 0.91 + 0.08 * - - - - -
9-16 days Pupa 15 2.65+0.10 0.69 + 0.06 . . . - - -
10-16 days Emergeceas
adult:
Mee 10  2.56+0.131 0.77+0.049 0.62+0.038 . - - -
. F 10 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 usvally 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 £ 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 0.091 i.0,014 me and 0.170 £ 0,007 mm within 1 day,
and 0.115% 0,034 mm and 0.173 £ 0,010 mn at 2 days, while the left

mandible length 0.076 £ 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 usuzl number. Allen (1958) 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
marziniventris (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 lst 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 develorment 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; Piate 5.1.2, C ~ G). This
somewhat svherical vesicle was observed to result from the evaginated
rroctodeun,

On average, from 4-8 days of oviposition, the Znd-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).

The 3rd-instar larva was hymenopteriform, ana 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 5.1.2). Segmentation is distinct and the body slightly curved
Wwith pleura of lst 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 T 0.275 mm in length and 1.072 *
0,046 mm in width (Table 5.1.1).

Usually, the parasite emerges from the side of the host larva,
generally at approximately the 3rd-4th 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 (1918)
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 5.1.3, C & G). In all cases the

larva was never observed to feed on the host.

5.1.7 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
shapéd_with smoothly rounded ends (Plate 5.1.3, H). Normally, the para-
site larva was observed to construct a loose lacy and l-sided cresent-
shaped cocoon, then moved its posterior end into it first (Plate 5.1.3,
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: 2.4 - 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 cococn of A.plutellae is white, and may be covered
with loose silken network which began its construction. Although generally
soun on the undersurface of cabbage leaves in the field, it may also be
formed on a variety of surfaces under laﬁoratory conditions, such as,

perspex, mylar polyester film, wooden cages, glass vials, nylon and muslin
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covers, copper gauze and filter paperz. COver 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 cogoon after emergence.

On average, the cocoons of A,plutellae measure 3.33 X 0.27 mm
by 1.29 + 0.10 mm for the males, and 3.37 + 0.17 mm and 1.30 + 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 more distinct
than in the 3rd-instar larva (Flate 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 cerhalic struc-
tures are more heavily sclerotized and the general body colour lignt
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 0.91 + 0.08 mn (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 tﬁe posterior. Legs and wing
pads which are transparent and yellowish are alsc clearly evident; the
1atfer folded on the sides and pointing posteriorly, but not extending
beyond the first § 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 although slightly darkish,

The wing pads were now larger but never extending beyond the mid-atdomen,




vhile on the 5th and 6th abdominal segrents, a rair of oval-chaped
spiracles were clearly discernable, 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 0.69 + 0.06 mm
(Table 5.1.1).

5.1.6 Aduit

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. 5.1.1). This appears advantageous as the
Temales normally are ready to oviposit shortly after emergence, with or
without copulation.

As noted earlier, the zdult parasite has been fully descrited
elsewhere {Wilkinson, 1928, 1929, 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 pertially black, while the hind
tarsi almost entirély black. In general, all the legs of the males are
usually darker than those of the females. On the face, fine punctures
are ciéarly 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
coarself‘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 + 0.0% mm (Table 5.1.1).

5.1.7 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 Jjust
slightly less than 2 days; lst 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; prepupa, ca 1 day; and pupa, 3-6 days, averaging 4.5 days (Table




5.1.2). For the cocoons, however, great variation was observed; ranging
from 2-7 days, and averaging 5 days (Fig. 5.1.1). In general, the cocoon
reriod for the males is shorter, averaging only 4.7 days while that of the
females 5.2 days. Some cocoons have developmental period of only 2 days;
these, however, were entirely males (Fig. 5.1.1).

The total time required for the completion of a 1life cycle or
one generation (from egg to adult emergence) averaged 13 days (Tables
5.1.1 & 5.1.2). 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.

5.2 PREFERENCE OF HOST STAGES BY A.FLUTELLAE

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.

£.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 D3M 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
nated 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 (Teble 5.2.1) showed without doubt that
A.plutellae 1is strictly an endo-larval parasite. Out of a total of 9521
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.

5.2.2 Preference for the different host larval instars
Previous studies (3.3.1 & 5.2.1) have revealed that the host

larvae constifuted the only stage selected by A.plutellae for oviposition




Table 5.1.2. Developmental stages anc period of ipanteles plutellac kurdj. rearcd on Blutella xvlostella(L,) at
2543°C and RrH 70-80%.

i - . - V. . Developmental
Developmental stage No. of the immature stages obuserved at followiay cays from oviposition period (day)
Same day 1 2 3 4 5 6 7 B S 10 11 12 13 14 Mean kange
=GG 30 30 - - - - - g - - - - - - - 1 1< 2
LaRVazilst instar(Li) - - 30L4q - - - - - - - - - - - - 1 1 =2
- ;
2nd 1nstar§L2) - - - 1L1+29L2~ - - - - - - - - - - 3.8 4 -5 i
- - - - BOL2 - - - - - - - - - - l
e ;
3rd instar(LS) - - - - - - 18L2+12L3 - - - - - - - - 1.8 1-3 ;
PrzblUEa (pp) - - - - - - - 4L +14L - - - - - - - 1 1
+€2pp
5. FLEs (F) - - - - - - - .3+16pp- - - - - - 4.5 3 -6
+12P
- - - - - - - - - 30pP - - - - -
- - - - - - - - - - 30p - - - e
ADULT - - - - - - - - - - — 22FP+8BA - - -
- - - - - - - - - - - - 11E+1%A = =
- - - - - - - - - - - - - TP4+23A-
- - - - - - - - - - - - - - 30A
‘txuviae (No.) 0 0 0 2L, 30L, 30L,30L.+ por i24n30uk £ E E E E E
121, _IL,‘&%,. ;A{ﬁ )
’ 2 ;(Ll ?)
? = Lxuviae could not be found.
£ = 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* Fated female No. and staze of host No,(%) parasitized™X
parasites used exposed .
Eggs Larvae®* Pupae Eggs Larvae Pupae

1 3 20 90 9 0{0 25(27.8) o(o;

2 3 23 88 14 0(0) 71(80.7) o(0

3 24 687 161 18 0(0 10?(66.5; 0(0)
4 7 458 148 15 0(0) 110(74.3) 0(0
5 24 862 106 22 0(0) 52(49.1) o(0
6 13 137 81 s ogo 26 32.1% ogo
7 24 188 61 W 0(0) 13(21.3) 0(0
8 15 272 Ly 22 0(o 20(4s.5) o(0
9 5 80 28 20 0(0) 20(71.4) o(o
10 7 165 L7 9 o§o§ 36{?6.65 oéoé
11 1 132 16 3 0(0 3(18.8) 0(0
12 iy 178 97 3 0(0) 72(74.2) 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 em x 6.15 cm x 61 cm
cages, all were tested in 24 om x 10 cm diameter glass cylinders.

¥*Targely 2nd and 3rd-instar larvae.
**¥pased 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. 1In 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:18Lb,
41a:16Lb, 6La:14Lb, 8La:12Lb, 10La:10Lb, 12L2:8Lb, 14La:6Lb, 18La: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




the laboratory conditions (s=e 2b),

From the findingc, 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 stazes,

as with A.marginiventris where the 3rd to 5th larval stages of Plathypena

scabra (F.) (Lep:Noctuidaes) 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 individuvals zs
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 2 higher freguency of ‘ovipositional stings' (Table 5.2.2)
and greater number of individuzls containing more than 15 parasite's eges
(Table 5.2.3). 2ased on these parameters, it was evident that the prefer-
ence was of the following order: 2nd host instar » 3rd host instar 3 1Ist

host instar > 4th host instar.

Table 5.2.2 Susceptibility of various host stages tc Apanteles plutellae
Kurdj. ovipositionzl attack, and rate of successful egg
deposition, (Host: parasite = 6:3; exposure time = 15 mins).

Host stage® Replication gzifg; Fost parasitized®* NQ: of esgs dewosited
frequency No, y Total Per female Ranre
First 1 8 4 6 0-13
2 10 4 5 0-2
3 6 1 2 -2
N 13 k& 9 c-2
Total 37 13 .17 22 1.8 0-3
Second 1 Lo 6 43 2-1k
2 28 6 28 - 3-£
3 32 6 26 3-7
L 3z 6 L 5-10
Total 141 24 100,00 141 11.8 2-14
Third 1 20 b g c-4
2 15 5 1k o-L
3 14 2 3 0-2
L 16 6 23 1-9
Total 65 17 70.83 Lg 4,1 ©-9
Fourth 1 23 2 3 0-2
2 3 0 0 0
3 7 1 1 0-1
4 7 5 5 0-1
Total 40 8 33.33 g 0.8 c-2

*The different larval stages were exposed separately.
¥¥pased on parasite cocoons formed.
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able 5.2.3.Cvipositional pattern and nunber ol egqgs depositoed by apanteles plutel lae Furdj.when different larval stagesof
Flutella xylostella (L.} are exposed together.

Host

Trial HNo. of host containing the fcllowing number of parasite eqgs* Total Parasi- Mean egg
Ins . No. P 51 ie e o
nstar No © 9123456780910 11 12 13 14 15 arasite tised host No./host
»tage Expesed eggs(Ho.)(No.) %
10 I 622 6 4
irst 10 I1 204031 25 8
20 III 31062210111 1 0 0 0 0 1(16) .97 17
Total 40 113665310111 1 0 0 0 0 1(16) 128 29  72.5 4.4
10 I 2032201 26 8
Second 10 11 01013021000 ¢ 0 0 0 0 1(16),1(19) . 70 10
20 I1I 11002012020 1 1 0 3 0 1017),1(19),2(21),1(26),1(40) 256 19
Total 40 32337043020 1 1 0 3 01(16),1817),2(19),2(21),1(26),1(40) 352 37 92.5 9.5
< 10 I 0321111041 33 10
i Third 10 I 41001100010 0 0 1 0 0 1(16) 48 6
20 ITI 30031011001 1 2 1 0 12(17,2(19),1(20) 191 17
Total 40 742432211 1 2 2 0 1 1(16),2(17),2(19),1(20) 272 33 82,5 B.2
10, I 5221 9 5
20 IIL 50112223021 0 1 96 15
Total 40 174332223021 0 1 110 23 57.5 4.8

*Vihere the number of parasite eggs is more than 15, this is indicated within parenthesis.

e A
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In the studies involving paired host larval stadia, the prefer-
ence ray be grarhically displayed as susgested by Murdoch (1959) who
formally defined the relationship in the form:

Ne N :
— =C (2)
Ng N

where Ng, N; = the numbers of prey types I and II eaten, N, N'= the numbers
of vrey 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 sitwation (Cock, 1978). In the preference evaluation invol-
ving Murdoch's C, the ratio of the prey types eaten (or ‘attack® N in
the case of DBM)was plotted against the ratio at which they were present
[/ i.e. illustrating equation (2) 7. 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 (Murdcch, 1969; Cock, 1978) and vherein
the straight line is fitted through the origin (Snedecor & Cochran, 1967).
Figure 5.2.1 clearly illustrates the preference ¢f A.plutellae
for the variouns host larval stages of DBM, and Table 5.2.4 the statistical
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analyses. In computing the latter, values for the combinations 0La:20Lb
and 20La:0Lb were omitted as these, inadvertently, would either be O or €S,
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 lst instar, the preference order
wvae again confirmed to be similar to that of the other 2 rmethods, i.e. 2nd
instar > 3rd instar > 4th instar. As for the 1lst instar, no preference
was exhihited when matched against both 2nd and 3rd instars, although it
was again noted to be preferred over the 4th instar. Tnis 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,

EE N e

o hrer
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such aé_(i)'thé parésite 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 52| Parasitism of Plurelia xylostella(L..) by Apanteles plutellae Kurdj- when two larval host instars were presented.
A 3rd instar (N2) and | st instar (N1)- B : 2nd instar (N2} and Ist instar (N1} C: 4 th Instar{N2) and Ist Instar
(N1)- D: 3rdinstar (N2) and 2nd instar (N1)- E' 4thinstar{N2) and 2nd instar(N1}- F+ 4thinstar (N2) and
3rd Instar (N1} NA2 and NA1 are the respective number of hosts parasitised or “attacked"
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Tatle 5.2.4 Regression analyses to the preference of Apanteles plutellae
Kuard j. over the different hont larval instars of Plutella
xvlostella (L.).

Instar Prefer-

ence af t0.05 Regression equation Sy + SE
1st = 2nd 44 2,021 y = 0.9393x 0.0606 0.1225
1st = 3rd 39 2.021 y = 1.0464x 0.0705 0.1425
1st > 4th 31 2.042 y = 0,6504x 0.0008 0.18%4
2nd > 3rd Lz 2,021 y = 0.7883x 0.0477 0.0564
2nd > 4th 43 2.021 y = 0.3721x 0.0629 0.1271
Ird > 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 STAGE 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 DEM were
individually confined with a female parasite in glass vials (7.5 cm 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 individuzls
were studied. 1In 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 endopérasite larvae may change the development of their hosts.
élausen (1954) reported that the endoparasite may cause variations in the
growing rate of hosts and these may appear in the different ages. For
jinstance, although there was no significant difference in larval size,
there was some delay in the development of the larvae of Spodovtera
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. 1In the present investigations, such an

effect on development was also observed in DBM vwhen 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 +
0.165 days as parasite oviposition was delayed from the lst to the 4th
host instar (Table 5.3.1). 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. 5.3.1). 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 1lst, 3rd and 4th instar stage, resvectively. The
reverse was, however, recorded for success parasitism rates, wherein the
2nd-instar stage showed the highest of 83.33% (Fig. 5.3.1). This trend,
with the exception of the lst-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 5.3.1). 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 1little irrespective of whether
parasitism occurred at the lst, 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-

tiged became progressively later. This, however, was also evident from

the previous study (see 5.3, Fig. 5.3.1).



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

Develeopmental Unparasitised
Characteristics 1st-instar 2nd-instar 3rd-~instar 4th-instar
HOST $
a) Developmental period
1st-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+40.082 1.65+0.0984
From 3rd moult to 2,781+0.167 4.000404.150 4.765+0.190 6.917+0.150 2.64+0.0988%
cocooning - - - - -
From hatching to
L] . . . - - - . . - 3 >
rUO: bacasite cocooning 7.969+0.244 8.500+0.164 9,882+0.188 13.133+0.165 8.25+0.1344
b) Mortality
No. parasitised 32 30 32 15 -
No. died prior to 16 6 25 27 9(20.0%)*"
parasite cocooning
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 11.844+0.238 10.833+0.190 10.774+0.150 10.929+0,200 -
b) No.Female:Male 19 : 13 16 : 14 11 5 21 6 : 9 -

* 4th instar pericd.
** 4ist-4th instar perilced,
*** Prior to reaching the pupal stage.
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Figure s5.3.1 Relationships of host mortality, parasitism rates and

parasite sex ratios when the different larval instars of

Plutslia 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 instarl/ at which parasitization
initially occurs.

Host instar No. dissected Days after parasitizationg/
initially & examined
parasitized 1 2 3 4 5 6 7 8 9
First 10 10EE lOEE/EL 10EL. 10LL 10LL 10LL 10LL 2LL,8C 10C
Second - 10 10EE 10EE/EL 10EL 3EL, 10LL 10LL 10LL 1LL,9C 10C
7LL
Third 44 LYEE L4EE/EL 44EL L1LL,26LL 13LL 4LL, 4C
3D 18D 31D 40D
Fourth 21 21EE 21BE/EL 21EL 4EL, 9LL, 2LL, 1LL, 1C
10LL,12D0 19D 20D
7D

1/ Larval host of Plutella xylostella (L.).

g/ 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 female:male ratios were 0.52:1 and 0.67:1 (Table
5.3.1, Fig. 5.3.1). Where the 1st and 2nd instar were first oviposited
upon, the ratios were respectively, 1.46:1 and 1.14:1; these evidently

apreared 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-
tolerancerlimits. 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 lst 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%
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 t{reat-
ment. In any case, the complete absence of light has been found to have
little or no effect on larval development of DBM (Way et al, 1951).

For the 1st experimental series, only the incubation period of
the egg was examined. At each temperature considered (10°%, 15°c, 20°c,
2500, 3000 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°%, 20°c, 25°C, 30°C and 35°¢), and the
relative humidity kept within 70-80%. Examination of the larvae was made
daily for records of mortzlity 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 (40-50%, 60~70%, 70-80% and 90-100%) while the tempera-
ture kept constant at 25 + 0.5°,

5.4.2 Results 7
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°C. In general, develop-
mental rafe increased rapidly with rising temperature until about 25°C

where development remained relatively constant (Fig. 5.4.1). Except for




Yy 109

the egg stage, develormental 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.
5.4.1, Table 5.4.2) 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 = 41.67 day-°c), larva (t; = 15.5%, ¥; = 58.82 day-°C),
pupa (tp 15.5%, Kp = 63.16 day-°C) and from oviposition to adult
emergence (tq = 13.8°C, Kq = 178.57 day-%c),

Table 5.4.1 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~-
- Mean (+ developmenta Adult sex
ture ¢ s.0.) Lomnental period (days) ratio (Female:
( °c) Egg Larva Pupa Oviposition Male) :
~ to adult
emergence

10 11,11 + 0.23 49.12 + 0.24 43,23 + 0.59 103.46 + 0.53 0.86
15 6.20 + 0.22 21.83 + 0.26 22.17 + 0.3% 50.20 + 0.10 0.79
1 20 3.75+ 0.16 11.60 + 0.14 11.15 + 0.21 26.20 + 0.26 1.22
& | 25 2.9%+ 0,06 6.33+ 0.12 5.89 + 0.08 15,16 + 0.09 0.87
30  2.18 + 0.04 4,11 + 1.10 4.32 + 0.13 10.61 + 0.07 0.36

35 1.72+ 0,01 3.28+ 0.36 3.38 + 0.13 8.38 + 0.13 0.29

I+ |+ |+

1+
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+
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When the data are replotted on a temperature-time relationship
(Fig. 5.4.1) the curves for all the stages were noted to be clearly that
of the conventional type (Howe, 1967), and these fitted well the logistic
equation (Davidson, 1944):

1+e(z'bx) (3)

vhere 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, 1959).

From these curves, it is evident that the points of inflection for the

egg, larval and pupzl periods closely approximate about 25-2?00. Since
mortality also sharply increased beyond this point (Fig. 5.4.1), it thus
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of 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).




111

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 equation® threshold constant

( °c) (day-°cC)
Egg y = 0.024x - 0,270 te = 11.2 Ko = 41.67
Larva y = 0.017x ~ 0.260 t; = 15.5 K = 58.82
Pupa y = 0.016x - 0,240 t, = 15.5 K = 63.16
Tota1*¥® y = 0.006x - 0,078 tp = 13.8 Kp = 178.57

*Mis refers to the linear pertion.
*From oviposition to adult emergence,

appears that this would constitute the critical temperature range of the
parasite,
In general, maladies caused by disease pathogené 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
2t 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 (1951) 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 5.4.3 Developmental periods, mortality and sex ratio of Apanteles
plutellae Kurdj. reared under different controlled humidities

at 25°C constant temperature.

Mean (+ S.D.) develgpmental

ii f? period (days)l Mortality
Relative Egg + Pupal Oviposition to Sex ratio
N humidity 1larval adult emerg- Egg + Pupal Total (Female:
i ence larval Male)
. (%) No. % No. % No. %
40-50 7,11 4,75 11.83
+ 0.12a + 0.18a + 0.2la 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
R 70-80 9.27 5,80 15.16
+ 0.08¢ + 0.08¢c + 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 O 0.00 ¢ 130.00 0.4%0

1/Means followed by the same letter in each column are not significantly
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 Malaysida, 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,
Therioavhis 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 individuvals (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 reggnt 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.



114

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, 1959), 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, 1951;
Messenger, 1959, 1969, 1970, 1971; Messenger & Force, 1963: Force &
Messenger, 1964a, b, 1965; Campbell et al, 1974; Ashley et al, 1976;
Johnson et al, 1979). In 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, 1968; 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 / Lithocolletis blancardella (Fab.) (lep: Gracillariidae) 7 through
preservation of its major endoparasite [“Avanteles 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 bio¢limatic 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 secen 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°C, with more than 75% survival being
re2dily 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
nazrrower 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 mlikely 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.FLUTELLAE

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.scabra by A.marginiventris, 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, tavping 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 & Pitre, 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 vigowrously with the antennze 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 pursué¢ 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 encleosed 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 5.5.1). 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 observaticnal studies on ovi-

position behaviour (see 5.5.1).

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:pzrasite =
12¥: 3; exvosure time = 15 minutes).

Oviposition frequency No. of eggs deposited on
Replication

Living hosts Dead hosts Living hosts Dead hosts

1 8 0 g 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

*Equal number of living and dead larvae were provided together for each
test.
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5.5.3 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. 1In scme 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 Z2nd
larval host instar of Plutella xylostella (L.) and
the number of eggs deposited.

Insertion Frequency Female Parasite i
Actual Cumulative 1 5 3 I 5 6 7 8 9 10
No. of eggs deposited
1 1 1 1 1 1 1l 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 b 2 3 5 4 L 3 4 6
5 15 2 5 2 5 5 7 9 5 5 5
6 21 L 6 7 7 6 6 6 8 5 6
7 28 5 7 8
8 36 11 4 9
9 b5 12 9 7
10 55 10 7 6
Total 53 22 53 18 - 51 22 25 22
Mean 0.98 1.05 0.08 0.82 0.93 1,05 1.14 1.05 0. 82 1. 03E

®rotal = ¢, 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 &.plutellée.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 ovipesition 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).

Tatle 5.5.3 Effect of multiple oviposition by Apanteles plutellae
Kurdj. on host mortality and its own development.

Larvae of Plutella xylostella (L.)

No. of " "
. : s Died prior to
gzt?z; Total With parasite emergence avasite emer-
per host (No.) Male Female Malz;iigale Total gence
(No.) (%) (No.) (%)
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 L6.7 8 53.3
L 15 L 3 1.33 7 46,7 8 53.3
5 29 3 3 1.00 6 20.7 23 76.3
7 15 2 1 2.00 3 20.0 12 80.0
10 15 0 0 - 0 0.0 15 100.0
13 15 8] 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 ﬁarasite is

generally considered to be critical for any effective regulation of its
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host population. Where a disproporticnate increase of one s¢x occurs
over the other, wide fluctuations and instablility of the host may
frequently result. Apparently, the sex ratio may be governed by several
factors (Gifford & Mann, 1967; Bryan et al, 1969; Bryan et al, 1971),
some of which were examined here in relatjon to A.plutellae.

Comparative studies of both mated and unmated female parasites
showed that sex ratio of the progeny of A.plutellae is a funetion of
successful mating. As with Microplitis croceipes (Cresson) (Hym: Braco-
nidae) (Bryan et al, 1969) and M. demolitor Wilk. (Hym: Braconidae)
(Hafez, 1951), 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, 1967).

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 2Znd host
instars (Table 5.3.1, Fig. 5.3.1). 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 periocd 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 & 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 protab-
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 bicclimatic effects
(see 5.4).

Although wide variations in the sex ratios of A.plutellae were
noted from laboratory investigétions, 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 ratiocs taken from series of solitary Avanteles (13
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Table 5.5.1 Resulting progeny of mated and unmated female
Apanteles plutellae Kurdj.

Emerging parasite

Female Mating No, host larvae
Host parasitized 2dults

No. - =etatus®  exposed**
Na. % Male Female Ratio
(M)  (F) (M:F)
1 + 100 38 38.0 26 12
2 + 100 L2 42,0 28 14
3 + %0 58 .4 38 20
4 + 135 65 48.2 Lo 25
3 + 88 31 35.2 20 11
6 + 100 99 99.0 73 26
7 + 100 86 86.0 Ll 42
8 + 100 81 81.0 59 22
9 + 100 7 4.0 36 38
10 + 100 82 82.0 55 27
Total: 10 + 1013 656 4.8 419 237 _
Range: 35.2-93.0 1.8: 1
1 - g0 L4 48.9 s 0
2 - 90 67 yoR 67 0
3 - 120 90 75.0 90 0
b - 60 15 25.0 15 0
5 - 150 s 30.0 45 0
6 - g0 51 56.7 51 0
7 - 90 34 37.8 4 0
8 - 90 51 56.7 =1 0
9 - 120 36 30.0 36 0
10 - 150 82 4.7 82 0
Total: 10 =~ 1050 515 49.1 515 0
Range: 25.0-74.4 A1l males

®(+) = mated, (-) = unmated

¥* 35th 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 b2lance to a 1:1 ratio in
the field.
5,7 INFLUENCE OF FOODS ON THE SURVIVAL AND REPRODUCTION
OF A.FLUTELLAE
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 .
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Table 5.6.2
B, T ——

Sex ratio of Apanteles plutellae Rurdj. emerging from host larvae
(Plutella xylostella(L.)) collected from unsprayed cabbage crops in
Tanah Rata, Cameron Hichlands,

No. of A. plutellae

Date . Sex ratio
Male Female Total (Male : Female)
20.‘12.7&1/ 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 2%
14,2 2 4 6
21.2 6 8 14
Sub=total 118 140 258 1: 1.2
7.6.793/ 9 11 20
13.6 4 5 9
27.6 22 26 48
4.7 26 21 47
11.7 21 1% 40
25.7 8 13 21
1.8 21 28 49
8.2 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 45
Sub-total 80 93 173 13 1.2
_2.11.793/ 12 18 30
7.11 17 21 38
22.11 B 12 20
28.11 9 10 19
5.12 8 S 17
12.12 13 18 31
16.12 12 15 27

Sub-total 79 103 182 _ 113 1.3
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Table 5.6.2 (continued)

Date No. of A. plutellae Sex ratié
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 13 1.2

i, 2/y 3/y 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,
1646; Hagen, 1950, 1953; Gyoerfi, 1951, 1%62; Kopvillem, 1960; Leius,
1960, 1961a, b, 1963, 1967; Gulii, 1963; van Emden, 1963a, b; Hsiao &
Holdaway, 1966; Syme, 1966, 1974, 1975, 1977; Hassan, 1967; Koehler & Kolk,
1969; 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,
(1i) determining their effects on adult longevity and fecundity, and

(iii) identifying and confirming on the components responsible, such as

floral and extrafloral nectaries.

5.7.1 Longevity, oviposition pattern and rerroductive 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 reiation 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 5.6.3

Sex ratic of Apanteles pilutellae 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)
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3.1.79
10.1
24.1
1.1
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Sub-total 27 34 61 1 3 1.3

Grand total 66 Bg 154 1 : 1.3

1/, 2/ and 3/ = 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 1lst 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 onllongevity
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 + 60 females)
was considered for the 1l2-hr group, 204 adults (116 males + 88 females)
for the l-day group, 184 adults (112 males + 72 females) for the 2-day
group, and 162 adults (105 males + 57 females) for the 3-day group.

Fig. 5.7.1 presenting the comparative survival of the parasite
in both the presence and absence of honey food source clearly showa 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 é,nlutellée. 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. 5.7.1), 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 190 eggs. This was recorded

from only the females given access to honey. For those (n = 40) not
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given food, the maximum number was 261 eggs, while 125 eggs was the
highest number deposited per day. 1In general, the effect of honey on the
overall egg Dproduction of the parasite is better demonstrated in Fig. 5.7.3
which shows the accumulated number of eggs laid per female plotted asainst
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 depositéd 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 = 35.57x + 34.99 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 Orgillus 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 egss 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 alse found to be negligible.
Such a condition was apparently maintained hy the develoving 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-
cusly 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 W.1%, 59.1%, 78.5%, 86.5%, 93.7%
and o4.7% in females living for 2, 3, 4, 5, 6 and 16 days respectively,
Wwhen 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
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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 rreventing total ocosorption 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
0ld pupae (Table 5.7.1). 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
Whether

a relatively small portion of the overall potential eggs deposited.
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).
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

By inference, this would also enhance

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) nunber of fully-developed and developing eggs
in the ovaries and reproductive system of the pupae of
Apanteles plutellae Kurdj.

Cocoon Fully-develored egzs Developing eggs Overall
o *
age (days)® popy Right  Total  Left  Right  Totar tot8l
oOvVary oOvVary 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 2 83.9 90.4
+0.06 +0.08  +0.13 + 0.11 + 0.98 + 0.19 + 0.19
3 27.9 28.9 56.8 38,0 38.9 76.9 133.7
+0.12 + 0,12 + 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 + 0.1  + 0,42 + 0.92 + 0.91 + 0.17 + 0.39

*he developing varasite pupae contained within these cocoons were
dissected for determination of the developing and fully-developed eggs.

5.7.2 Effects of various flcwers on the longevity of A.plutellae

Besides the effect of diluted honey, natural food sources were
glso investigated, in particular floral and extraflorazl nectaries. Six~
teen species of flowers were examined by enclosing 100 freshly-emerged
adult A,plutellae (x10 replications with 5 parasite pairs/replicate) to
each flower source in 'breeding jars' (Flate 2.1) under the laboratory
conditions (see 2b)., FEach 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 fcod sources. However,
when compared to the 'honey' itreatment, all these were inferior. Even
the best flower source (Malastoma malabathricum) was only about half as
Tnis may be due to honey contzining more

effective as the *honey' treatrment.
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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Honey + water provided throughout (A )

Initial starvation period: 12 hours (B) y—y o'
o | day (C)
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. Figure 5-7-7Longevity of male and female Apanteles pitelioe Kurdj.
adults in relation to varying initiai starvation periods .
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Table 5,7.2 DMean longevity (+ SE) of newly-emerged adult ~panteles
plutellze rurj. exposed to various focds. Compzrisons of
paired means};g_and their significanceéfrelate to that
of individual flower source as measured against the

"water" control on "honey" treatment.

. ag: 2/
Sicnificance~ when measured against:

Focd source Days n
"Water" control "Honey" treatment
ralastoma )
malabathricum
Fale 6.14+0.63 50 bl i
Female 7.88+0.61 50 *e e
Crotalaria
striata
Male 4.04+0.31 50 - .o
Ferale 6.08+0.60 50 .. »e
Crotalaria
fiale 3.90+40.37 50 s .o
Female 3.42+0.35 5C b .-
Clecme
rutidcsperma
hale 4,52+0.72 50 e b
Female 4.58+0.57 50 .o ..
Hibiscus
rocsa—-sinensis
Male 3.0240.24 S0 .o .o
Female 3.22+G.22 50 . .o
Incerata
cylindrica
Fale 1.60+£C.09 S0 ns -
Female 2.00+0.10 50 .- -
Passiflora
foetida
Male 1.86+£0.14 50 b i
Female 1.76£0.13 50 .. e
Antiaconon
leptopus
Iale 1.44+0.11 50 ns -
Female 1.701001‘1 50 bdhs -
Wedelia sp.
Male 1.26+0.08 50 ns -
Female 1.58+C.10 S0 . -
Lupatorium
oderatum
lale 1.48+0.08 50 ns -
Female 1.46+0.07 50 ns -
Citrus
avrantifolia
Fale 1.20+C.06 S0 . -
Female 1.36+0.07 50 ns -
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Tarle 5,7.2 (cortinued)

Sicnificance when reasured

Food Source Lays n . .
acainst:
"Water'control "Honey treat-
ment

Aceratum conyzcides

lale 2.10+0.14 50 g .

Female 2,02+0.17 50 . .
Acacia auriculi-
formis

ale 2.30+0.18 50 .. »e

Femele 2.40+0.16 50 . .
himosa pudica

Fale 1.64+0.09 50 - -

Female 1.2840.07 S0 ns -
Ipomea rentans

I':ale 1.8010.13 50 bl il

Female 2.14+0.23 50 » i
Ipomea cairica

lale 1.86+0.18 50 b ..

Female 2.18+0.23 50 b s
Honey (17%)

Male 11.66+£0.60 279 . b -

Ferale 12.66x0.62 16€ . -
Centrol(Water zlone)

hale 1.40£0.09 233 - -

Female 1.32+0.07 g3 - -
1/ Fean difference d = *17*2  petween individual flecwer source and

P12
"y M

the "water" control, or "honey'" treatment. The latter was maae
i 2 .- Ll P ™
only for flcwers showing significant difference from the "water

ceontrel in both the sexes.

2/ * = significant at the 5% level, ** = significant at the 1% level,
ns = not significant. Against the "water" control a one-talled
test was employed, while a two-tailed test was used when measured
acainst "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 / Crotalaria striata L. (Plate 5.7.3) and Cleome rutidosperma D.C. /
which had significant influence were used. The check treatments were
again honey (30%) rlus water, and water alone. For determination of the
eggs deposited, 30 Z2nd~instar larvae of DBM were provided daily to each
rarasite for 24 hrs, and on removal, immediately dissected for counts of

the parasite's eggs. This was continued until death of each female. For
each treatment, 9-40 females were evaluated.

The comparative data in Table 5.7.3 revealed that of the 2 flo-
wers studied only C.striata resulted in significantly higher preduction of
eges 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 (t0.05 =
\ 2,694) from the flower C.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 C.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 C.striata on the longevity of A,plutellae

The effects of various parts (flowers, flower stalk's axil and
1eaﬁes) of C.striata on the longevity of the parasite were also evaluated
and compared. In this study, 30-100 adult parasi{és (15-50 males + 15~50
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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FLATE 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, C. 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. expcsed to varicus foods. Compariscons

of paired meansliZ/and their significance?/ relate to
that of individual flower source as measured against the
"water"control or "honey" treatment.

Significanceg/when measured

against: .
Food source No. of eggs N ‘"water"control "Honey treat-—
. ment
Crotalaria striataz/ 180.07+23,30 15 .o ns
3
Cleome rutidosperma—/ 86.85+ 59.39 g ns -
Honey (17%) 243.87+27.54 39 . -
Control(water alone) 71.83+10.31 40 - -

X o
2/ Mean difference d = "1 x2 between individual flower scource and

the "water" ccntrol, or "honey" treatment. The latter was made only
for C. striata which shewed sigrificant difference from the "water"
control.

2/ ** = significant at the 1% level, ns = not significant. Against
the "water" control a cne-tailed test was employed, while a two—tailed
test was used when measured against "hcney".

3/ According to the two-tailed test C. striata was significantly

different (to 05 = 2.694) froem C. rutidosperma.

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 treatiment,

particularly when flowers were also provided together. Evidently, all
the parts when present together, would probably contribute significantly

i
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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 (1958) for the braconid Apanteles
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TABLL 5.7.4 Fean longevity (+ SE} of newly-emerged acult Apanteles
plutellae XKurdj. expcsed to honey (17%), water and
variocus parts of Crotalaria striata L.

Food source(treatment) Lo?g:;igy Mean difference rand significancel/
MALES
Treatments: 5 2 4 3 1
Honey 17% (5) 11.8 - - - - -

,f Flower stalk axils(2) 6.3 S.5%% - - - -

* Pow syt ap wee oft L - -
Flowers> (3) 3.6 g.2es  2.7°° 2.6 - -
LeavesY (1) 3.1 870  2.2%% 3.1%* 0.5°° -
Water (6) 1.4 10.4%*  4.9°* 4.8+ 2,27°% 1.7+
FEFALES
Treatments: < 5 4 2 1 3
Honey 17% (5) 13.8 - - - - -
Flower stalk axils

+ flowers2/(4) 11.9 1.9"% - - - -

Flower stalk axils{(2) 5.6 B.2** 6£.3** - - -
Leaves (1) 3.9 9.9** 8.0°* 1.7T° - -
FlowersY (3) 3.3 10.57% 8.6°* 2.3°° 0.6 -
Water (&) 1.6 12.2%% 10.3%* 4.0°* 2.3vc 1.7°°

1/ ns = not significant, * = significant at the 5% level, ** = significant
at the 1% lewel.

2/ A total of 30 flowers were provided throughout.
3/ A total of 26 flowers were provided throughout.

4/ 3 leaves having a total of 9 leaflets were provided throuchout.
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medicaginis Mues. (Hym: Braconidae). Evaluation of different parts of
C.siriata 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
rarasites. 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%. Alsc 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« 0.0l1) 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, 1951) while longevity and fecundity
of parasitic test species [‘e.g. Hyssovus thymus Girault (Hym: Eulophidae);7

increased significantly (Syme, 1975). In determining whether nectar avail-
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1

TaBLi 5.7.5 lMean longevity (+ SE) of newly emerged adult ipznteles
plutellae hurdj. provided with various cencentrations
of honey and flower axil secretions of Crctalaria
striata as foods.(KNg.insects evaluated per treatrent per
sex = 40).

1

Fcod source . Days Sicnificance*
(P = 0.0j.)
FErALE
Flower axil secretion
(undiluted) 5.78+0.53 c
Flcower axil secretion
(50%) 8.23+0.69 b
Flower axil secretion
{(10%) 5.48+40.55 c
Honey (undiluted) 12.68+1.31 a
Honey (17%) 11.08+1.20 a
Control (water alone) 2.0 + 0.11 d
MALE '
rlower axil secretion
{undiluted) 5.65+G.52 cd
Flower axil secretion )
(50%) 7.35+C.68 b e
Flower axil secreticn
(10%) 4,28+0.46 d
Honay (undiluted) £.90+C.98 ab
Foney {(17%) 2.85+1.30 a
Control (water alcne) 1.95+0.12 e

*Ileans having the same alphzbets against them are net sicnificantly
different according to the New Duncan's MNultiple Range Test (Snedecor
& Cochran, 1967).

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

l 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)
A 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.

d Beiween 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 2/

Crotalarla striata L, Comparisons of paired means-*— and
their signlflcanc /’relate to that of individual food

source as measured agalnst the "water"” control or “honey"

treatment.
. 2/
. Significance~ when measured
Food source Days
against:
"Water'control "Honey"treat-
ment
Detached leag s
of C.strlata—
Male 2.52+0.19 50 s bl
Female 3.02+40.22 50 .o b
Intact 1eave53/
of _C_:_. striata—
Male 4.72+0.44 50 b e
Female 5.32+40.45 50 v e
Honey (17%)
Male 10.48+0.79 . 50 .. -
Female 12.3040.79 50 g -
Control{water alone)
Male 1.58+0.08 50 - -
- - t
1/ Mean difference 4 = Kz between individual food source and the
12
n n2

"water" contreol, or "honey" treatment.

2/ ** significant at the 1% level. Against the "water" control a
cne-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<0.01) 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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(sce 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 a2 study was initiated in 1979 and continued through to September, 1980.
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~
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porting evidence obtained from previous studies (see 5.7.2 - 5.7.6), it is
now clear that C.striata would play an important role in the conservation

of A.plutellae.

5.8 ALTERNATIVE HOSTS OF A.PLUTELLAE

Although development of insecticide-resistant populatidn has
been suspected to be a contributory factor towards the abundance of A.
plutellae in the Cameron Highlands, contributions through reserveirs 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 Ovivosition 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 Aerotis 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 (1lst 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, Crotalaria striata L. at Serdang,
' Malaysia (1979-80),

Visiting insect

Plant part Remarks
‘ Collection Collection collected from
Name File No.

Noe Date

HYMENOPTERA

Eurytoma sp.(Eurytomidae) M 2284 22.11.79 Cp.74/01/22 Pod Possibly parasitising Araecerus fascicu-

latus.

Macrocentrus sp.(Braconidae) M 2299 17.12.79 CP.74/01/29 Pod

Bracon sp. (Braconidae) M 2300 17.12.79 CP.74/01/29 Pod

Eurytoma sp.(Eurytomddae) M 2301 17.12.79 CP.74/01/29 Pod Possibly parasitising A, fasciculatus,

Bracon greeni Ashmead (Braconi~ M 2345 15.1.80 CP.74/01/26 Pod

dae)
o  Leptobatopsis Indica Cameron -, 4, 27.2.80  CP.74/01/26 Leaf
= (Ichneumonidae! .

Camponotus sp.(Formicidae) M 2484 28.2.80 CP.74/01/26 Leaf

Disophyrs?albopillosellus

Camoron (Braconidae) M 2489 28,2.80 CP.74/01/26 Leaf

Scelio sp.{(Scelicnidae) M 2491 28.2.80 CP.74/01/26 Leaf

Camponotus sp.(Formicidae) M 2501 15.5,80 CP.74/01/26 Leaf

Pison sp. (Sphecidae) M 2538 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate.

Pison sp. (Sphecide) M 2550 22.5.80 CP.74/01/26 Flower

Pithitis sp. (Xylocopidae) M 2551 22.5.80 CP.74/01/26 Flower

Cdynerus sp.{bumenidae) M 2552 22.5.80 CP.74/01/26 Flower

Pison sp. (Sphecidae) M 2553 22.5.80 CP,74/01/26 Leaf _ '

Chelonus sp.{(Braconidae) M 2554 21.5.80 CP.74/01/26 Leaf Observed to feed on exudate.

Apanteles plutellae(Braconidae) - 15.1.80 - Leaf Cbhserved to feed on exudate.
- 16.1.80 - Leaf Observed to feed on exudate.
- 25.1.80 - Leaf OCbserved to feed on exudate.




147

TABLE 5.7.7 (continued 1).

Visiting insect Plant part
ollected from Remarks
Collection Collectlon . ¢ ec
Name File No.
No. Date
CCLEOPTERA
Araecerus fasciculatus(Degeer) M 2283 22.11.79 CP.74/01/22 Pod
(Anthribidae)
C
olposcelis signata (Mots.) M 2477 27.2.80  CP,74/01/26 Leaf
(Eumolpinae)
QOenopia luteopustulata Muls,
(Coccinellidas) M 2478 27.2.80 CP.74/01/26 Leaf
LQggitarigg b rmaqi?gg Jacoby M 2482 27.2.80 CP.74/01/26 Leaf
alticinae
DICTYOPTERA
Megamareta 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
DIFTERA
Rivellia?basilaris{(Wiedemann)
(Platystomatidae) | M 2479 27.2.80 Cp.74/01/26 Leaf
D H T -
agus d°rsaiizae§“del( ePhrl= 'y 5488 28.2.80  CP.74/01/26 Leaf
Eumerus sp. (Syrphidae) M 2534 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate,
Cosmina bicolor Walker
N - - - L
(Calliphoridae) 1 2535 20.5.80 CP.74/01/26 Leaf Observed to feed on exudate
Chysomya megacephala Fabricius M 2536 20.5.80 Cr.74/01/26 Leaf Observed to feed on exudate,
(Calliphoridae)
P
aragus crenulatus Thomson M 2544 21.5.80  CP.74/01/26 Leaf  Observed to feed on exudate.
(Syrphidae) 7
Cosmina bicolor Walker
(Calliphoridae) M a545 20.5.80 CP,74/01/26 Leaf Observed to feed on exudate,
."-'1_ b
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TABLE 5.7.7 (continued 2).

Visiting insect Plant part Remarks
collected from
Collection Collection
Name File No.
No. Date
HEMIPTERA
Aphis craccivora Koch(Aphididae) M 2289 5.12,79 CP.74/01/22 Leaf
Bemisla tabaci (Genn.)(Aleyrodidae) M 2556 8.5.80 CP.74/01/26 Leaf
THYSANCPTERA
Thrip M 2933 20.9.80 CP.74/01/26 Flowver
UNIDENTIFIED SPECIES
2 M 2481 27.,2.80 CP.74/01/26 Leaf )
? M2533 20.5.80 CpP,74/01/26 Flower Observed feeding on flower axll
: 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
Braconldae 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 183.9.80 CP,74/01/26 Leaf Observed feeding on exudate,
Aranea (Oxyopidae) M 2543 21.5.80 CP.74/01/26 Leaf
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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.

Test specles exposed No. of para- No. of test larvae containing the following number .~ iiﬁ:gi_ Eggs deposited
sites used of parasite eqgs®
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
1. Agrotis 2nd 50 48 10: 10 43 0 1 2 2 0 1 0 0 0 0 1 0 O O 7 44.0 33 0.7 3.3
xEsilon
2'%2%—?-3 1st 63 24 9: 9 49 5 3 3 2 1 14 22.2 33 0.5 3.7
3'%‘&"9:151: 56 24 B8: B 35 9 4 1 1 3 2 0 0 0 1 21 37.5 61 1.1 7.6
binota  1st &, ,q 2: 2 4 3 0 2.1 6 60.0 13 1.3 6.5
1is 2nd
4. Hellula 1st& ., g 8: 8 10 2 2 1 2 1 1 9 47.4 28 1.5 3.5
undalis 2nd
;‘51;&10 48 4: 4 1 4 2 2 000 0 1 9 90.0 22 2.2 5.5
5. Plutella
xylostella 1st 70 24 10: 10 122117 7 2 3 2 0 2 0 1 0 1 © 1 0 1(24) 58 82.9 187 2.7 18.7
6. Spodop- 1st &
tera 41 48 8t B 25 7 6 2 1 16 39.0 39 1.0 4.9
=82 opa
litura
.S
Tt;f:gdﬁf’: 1st 35 24 5: 5 1911 4 0 0 1 16 45.7 24 0.7 4.8
Eecten

*Where the number of parasite eggs 1s more than 15, this is indicated in the bracket.




From Table 5.8.1 2ll the leridopieran species exnosed were

otserved oviposiied upon by A.pluiellsze, For [xM, the rean number of

eccs deposited per host or per female parasite was highest, indicating it
to be most preferred. All the other spvecies, however, appeared to be pot-
entially capable of serving as alternmative 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 alternmative
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 varasite emergence?) were found to
contain the advanced parasite larvae upon dissection. For A.vpsilon, 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 C.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, oﬁly 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

ol hrs and then dissected for counts of the total number of eggs deposited.
The combinations inclwded 2,4,6,8,10,12,14,16 and 18 larvae of C.binotalis
together with the corresponding mumber 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)),
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TABLE 5.8.2 Evaluation of some common [epldopteran larvae as alternate hosts to Apanteles plutellae Kurdj.
(Exposure period = 48 hours).

Test {e. Test  Stage and no. No. of parasites Parasite cocoon .Pupation of test Mortality before test
est specles exposed used formed species species reaching pupation
No. Date Instar No. Male : Female No. Days after No. Days after No. %.
exposure exposure
Agrotls 1 6.8.80 2nd 50 10 10 1 14 0 - 50 100,0
ypsilon
ombyx 1 18.4.75 1st 100 8 = 8 0 - 0 - 100 100.0
mor ‘
- 2 24,4.75 2nd 80 7 3 6 O - 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 O - 0 - 15 100.0
4 21.3.80 1st & 2nd 15 0 . 10 1 7 0 - 14 93.0
5 27.3.80 1st 50 10 10 2 8 0 - 50 100.0
Hellula 128.12.79 1st & 2nd 7 5 : 5 0 - 0 - 7 100,0
undalis 2 10,1,80 st & 2nd 6 s 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 O - 0 - 15 100.0
litura 2 28.3.80 1st & 2nd 30 10 @ 10 0 - 0 - a0 100.0
Spodoptera 1 11.1.75 1st 50 2 3 0 - 21 23 - 26 29 58.0
pecten 2 18.1.75 1ist 80 7 5 o - 19 21 - 26 61 76.3
3 23.1.75 1st 100 8 9 0 - 47 19 = 23 53 53.0
4 18.2.75 1st 30 2 P 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 a8 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

AR e e S e



90 ~

152

P xylostella » C. binotalis s

Sy = 0-0735 s

Figure 5-8-}

» -
-
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._J

© —

Parasitism of Crocidolomia binoralis Zell. and Plutelic xylostelia (\.-}
by Apanteles plurelice Kurdj. when the two host larvae of the 2nd-
instar were presented together. Ca and Pa are the respective
number of C.binotals and Paxylostella parasitised or " attacked 'y
and C and P the respective numbers presented.

g [3]
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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 = 0.4411x,
Fig. 5.8.1) when the ratio of C.binotalis over DBM 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 ‘*attack' by A.plutellae on the survival
of some Lepidovtera commonly found associated with DBHM

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, suwrvival in a parasitized population was directly commared with
that of a corresponding unparasitized one, involving a total of 4C-90
individuals per test species. Every parasitized individual was subject to
2 ovipositicnal 'attacks® by A.plutellae in order to ensure positive para-
sitism while avoiding excessive stingiﬁg which could cause high host mocr-
tality (see 5.5.4).

Tatle 5.8.3 shows that in all the species evaluated a 100%
host mortality was inflicted when ovipesited 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.yrsilon have been firmly established
(see 5.8.1 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 invelving periodic collections of lepidopteran
larvae for pzrasite emergence was initiated in 1979 and 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 thelr

To facilitate pupation for some species a plastic

parasites have emerged.
vial containing fine sand (gg 1.5¢cm 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.),
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Test 552885339 no. 7  Farasite cocoon Agﬁﬁgite Pupation of Mortality before test
Test species No, Date Instar No, ~redtment’formed btained —o3t specles species reaching pupation
No. Days after Y. gex O+ Uays after No . X
exposure exposure

Agrotis ypsilon 1 B8.8.80 2nd 15 P 0 - 0 - 0 - 15 100.0
2nd 15 u H) - o - 9 21 - 23 6 40.0

2 16.9 2nd 30 P 4 14 - 15 1 Male 0 - 30 100.0

2nd 30 U ) - ) - 17 20 - 23 ’ 13 43,3

giggigﬁ:’“a 1 4.8 2nd 10 P 1 9 0o - 0 - 10 100,0
————r—ri 2nd 10 U 0 - 0 - 8 11 - 12 2 20,0
2 22.8 2nd 30 P 4 11 1 Male O - 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 - ] - 12 20 8 _ 40.0

-R—L—-i iz::ater"’ 1 5.8 2nd 20 P 0 - o - 0 - 20 100.0
—n 2nd 20 U 0 - 0 - 12 23 - 27 8 40,0
2 6.8 2nd 10 P W) - o - 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.
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TABLE 5.8.4. Parasites obtained from Lepidopteran larvae collected from cabbage crops and other plants in their vicinity,

Lepidopteran larvae collected Emerging parasites
Total No.emerged No,
T
Species Locality Date Flant number as adult parasitised Species ' ype
Agrotis segetum Schiff.
(Lepidop:Noctuidae) gi;:lztle’ 21.5.80 PBrassica ole- 2 2 0 - -
racea L. '
o H ——
(C. Highlands) (Cruciferae)
cabbage
Agrotis ypsilon 47th mile,Kg. 5.3.80 B.oleracea 3 1 0 _ _
,Rott. Raja(c.Highlands)
(Lepidop:Noctuidae) .
inchang  )10.7.80  B.oleracea 66 8 6 1)Unidentified  Endo-larval,grega-
« g s ‘ M2789(Dipteran) rious,.
O 2)XIchneumon sp. Endo,larval-pupal,
u\ (I.D.Gauld det.) solitary,
(Hymenop:Ichne-
umonidae)
4)Unidentified Endo-larval,
M 2786(Dip solitary,
Tipulidae) '
Chloridea assulta ?g' i:iaTbu 27.2.80 B.oleracea 4 2 0 - -
Guen. an 9
(Lepidop:Noctuidae) 47th Mile, 5.3.80 B.oleracea 1 0 0 - -
Kg.Raja
{(C. Highlands)
1)Litomastix sp. Endo,larval-pupal
T S ROas LA '
anah Rata 5.3.80 B.oleracea 9 2 1 (B.R.8ubba gregarious
(C.Highlands) i
Rao det.)
(Hymenop:Encyrti-
dae).
Tanah Rata 9.5.80 Brassica 3 3 0 - -
(C.Highlands) chinensis L.
Tanah Rata
(C.Highlands) 0+7-80  B.oleracea 4 3 0 - -
Bertam Valley 10.7.80  B.oleracea 3 2 0 - -

(C.Highlands
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TABLE 5.8.4 (continued 1),

Lepidopteran Larvae collected

Emerging parasites

Total

No,emerged No.para;

»

5
Specles Locality Date Flant No. as adult pecies Type
Crocidolomia 42nd&45th Mile, 3)Bessa sp.{K.M. Endo,larval-pupal,
binotalils Zell Kg.Raja 27.9.79 B.oleracea 95 69 Harris det.) solitary.
(Lepidop:Pyralidael){(C, Highlands) (Dip:Tachinidae)
2}Eriborus argen=
E -
teopilosus(Came- ndo,larval-pupal,
: solitary.
ron) (Hymenop3
Ichneumonidae)
Kg.Kelambu 27.2.80 B.oleracea 12 11 - - -
(Banting)
47th Mile, -
Kg.Raja 5.3.80 B.oleracea 1 0 - -
(C,Highlands)
Tanah Rata,
(C.Highlands) 5.3.80 B.oleracea 73 56
fgng: E?:ids) 9.5.80 B.oleracea 10 7 1)Peribaea orbata Endo,larval=-pupal
<9 Wiedemann. solitary,
(Dip:Tachinidae)
Tanah Rata
21.5.80 B.oleracea 65 42 1)E.argenteopilosus Endo,larval—pup:
(C.Highlands) ——_— =
solitary,
Tanah Rata
(C.Highlands) 4.6.80 B.oleracea 68 8 - -
Brinchang
(C.Highlands) 10.7.80 ° B.oleracea 6 5 - -
Bertam Valley
(C.Highlands) 10.7.80 B.oleracea 4 2 -
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TABLE 5.8.4 {continued 2).

Lepidopteran larvae collected

Emerging parasites
Tetal No.emerged HNo.para- P
Specles Locality Date Plant No. as adult sitised Specles Type
K
Hellula undalis F. “Jr S12mod 27.2.80 B. oleracea 12 12 0 - -
(Lepidop:Pyralidae) d
33rd Mile,
Ringlet 21.5.80 B. chinensis 274 30 0 - -
(C.Highlands)
Bertam Valley N -
(C.Highlands) 10.7.80 B. oleracea 3 2 o
Ochyrotica concur-—
sa Walk. ;:;2 Mile,Kg.  55.1.80 Ipomoea  batatas Lam. 10 10 e - -
P
(Lepidop:Pteropho=- (C.Highlands) (Convolvulaceae)
ridae)
:7tgaﬂile, 5.3.80 Pol{gzgumoﬁzl:;;) 54 21 28 28)Apanteles ater Endo-larval,
g+Raj &= ygenac gp.(I.D.Gauld det.} solitary.
(C.Highlands) .
(Hymenop:Braconidae)
Tanah Rata 20.3.80 F. malaicum 43 19 19 19) A. ater gp. Endo-larval,
(C.Highlands) — —_— a
solitary,
Tanah Rata
(C.Highlands) 1.4.80 P. malaicum 9 6 3 3) A, ater 4p. Endo-larval,
solitary,
Papilio helenus L,
(Lepidop:Papilioni- ddth Mile, 25.1.80 Citrus sp. 5 1 4 4} Pteromalus
dae) Kg. Raja —_— omarum L. Endo-larval,
(C.Highlands} EURALYT gregarious.
(Hymenop?
_ Pteromalidae}
M
Eigsia chalcites :;thRa;:e' 25.1.80 B. oleracea 2 1 1 1)Euplectrus sp. Endo-larval,
(Lepidop:Noctuidae) (C,Highlands) (z.Boucek det.) gregarious.

(Hymenop: Eulop=-
hidae ) .
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TABLE 5.8.4 (continued 3),

Lepidopteran larvae collected Emerqging parasites
Total No.emerged No,para-
Species Locality Date Plant No. as adulg si;ised Species Type
E -
Flusia intermixta 44th Mile, 25.1.80 B. oleracea 4 3 1 1)Compsilura concinnata ndo,larval-pupa
varrc. Kg. Rala - Welgen.(Dip.Tachinldae) S°olitarye
(LepldopiNoctuidae) (C.Highlands) Helgen.
Psara sp. 47th Mile,
(Lepldop:Pyraustidae)Kg. Raja 5.3.80 Trema orientalis, 38 15 0 - -
(c.Highlands) Blume{Urticacene)
Spllosoma sumat- 47th Mile,
rana Swinh, Kg. Raja 5.3.80 B. oleracea 6 Y 3 3)Apanteles sp. Endo-larval,
(Lepidop:Arctiidae) (C.,Highlands) (Hymenop:Braconidae) gregarious.
Spodoptera litura F. 42nd and 45th
- - - f
(Lepidop:Noctuidae) Mile,Kg.Raja 27.9.79 B, oleracea 27 6 '6 4)Coboldia fuscipes Endo, larval-pupal
(C.Highlands) ?eige“ solita
DipiScatopsidae) £Y.
2)Unidentified M246 Endo-larval,
(Dipteran) ' gregarious.
M
:4th ile, 25.1.80 B. oleracea 4 1 0 - -
g. Raja —
(C.Highlands)
Kg. Kelambu .
(Banting) 27.2.80 ° B. oleracea 41 10 0 - -
47th Mile,
Kg. Raja 5.3.80 B, oleracea 20 11 0 - -
(C.Highlands)
T
(gnﬁ?gﬁiﬁids) 5.3.80 B, oleracea 17 5 1 1)Bracon sp. Endo-larval,

(I.D.Gauld det.)
(Hymenop:Broconidae)

solitary,

TR AT TSIV 10 G O ek
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TABLE 5.8.4 (continued 4).

Leplidopteran larvae collected

Emerqging parasites

Loéality

Total No.emerged No.para-

(C.Highlands)

T
Species Date Flant No. as adult sitised Specles | ype
Tanah Rata
(c. Highlands) 12.4.80 Eragaria Yerss g9 10 8 8) Microplitis sp. Endo-larval,solitary,
(Strawbecry) (Hymenop*Braconidae)
Rosaccae
Tanah Rata
[ Bt ] - M - E had 1it
(C.Highlands) 16.4.80 F. vesca 20 5 8 8) Microplitis sp ndo-larval,solitary,
Tanah Rata
e ke . [ ] E d "1 1. lit
(c.Highlands) 21.4.80 F.wsca 28 8 5 5) Microplitis sp ndo-larval,sclitary,
Tanah Rata :
«d. Fa. M . Endo-1 1,s0lit
(C.Highlands) 9.5.80 F,.wsca 103 18 38 37) Microplitis sp ndo-larval,s ary,
1)} Peribaea orbata
Wiedemann. Endo,larval-pupal,
(Dip.Tachnidae) solitary,
Tanah Rata
+5. F, M p . Endo-larval,solitary,
(C.Highlands) 21.,5.80 F. vesca 72 20 15 10) Microplitis sp ndo-la R xy.
5) Unidentified M2466 Endo-larval ,gregarious
(Dipteran)
Tanah Rata )
«Ce F- M . - 1lit "
(C.Highlands) 4.6.80 F, vesca 84 5 3 3) Microplitis sp Endo-larval, solitary
Bertam Valley
(C.Highlands) 10.7.80 B. oleracea 57 36 0
Tiracola plagla-
ta Valk. 42nd klle,
- Kg. Raja 27.9.79 B. oleracea 1 1 0 - -
(LepidoP:Noctui—(c Highlands) -
dae) it
Tanah Rata 21.5.80 B, oleracea 1 1 0 - -
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TABLE 5.8.4. (continued 5},

Lepidopteran larvae collected

Emerqging parasites

Total No,emerged No,para-

T
Species Locality Date Plant No. as adult sitised Specles Type
Venessa cardui L. 44th Mile,
(Lepidop:Nympha- Kg. Raja 25.1.80 Artemisia sp. 22 16 0 - -
lidae) (C.Highlands) (Compositae)
47th Mile,
Kg. Raja 5.3.80 Artemisia sp. 34 28 0 - -
(C.Highlands)
Xanthorhce Tanah Rata
saturata Gn.- (C. Highlands) 27.11.79 Camfllia thea 12 0 2 2}Apanteles vitripennis Endo-larval,
{Lepidop:Geomet- L.{‘heaceae) Wilkinson. solita
ridae) (Hymenop: Braconi.dae) Y.
Tanah Rata = 5¢ 45,79  C. the 24 1 4 4) A. vitripenni Endo-larval
(C. Highlands) e =+ h%2 Se Yorropenrns ’
solitary.
Tanah Rata
(C. Highlands) 22.1.80 €. thea 57 1 5 5) A. vitripennis Endo-larval,
solitary.
Tanah Rata
(C. Highlands) 25.1.80 C. thea 55 0 5 5) A. vitripennis Endo-larval,
solitary.
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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 & Pitre (1970) on A.marginiventris also lent firm support to this.
Although Allen (1958) further suggested that such larval stadium may
actually be 2 imstars, fhis 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,
19723 Ho & Chio, 1972).

On host stage preferences 1t was clearly demonstrated that A.
plutellae is an endo-larval parasite of DBM and it prefers most the host's
2nd larval instar. This was consistently indicated by the several appro-
aches employed, including the analytical method of Murdoch (1969) 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 alsc 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 @) 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 in#olving such analytical techniques are generally well-
satisfied. For instance, the prey densities have remained constant
throughout and.have not gradually become less as with exposures to true
predators wherein the preys would be either cohsumed or destroyed. More-
ovér, 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
H successful host discrimination by the parasite (see 9.3.2.3). 4s such,
the 'switch® or exploitation effect would be either absent or insignificant,
Otherwise, the exploitation model of Lawton et al (197%) would be necessary

A i

and more appropriate.
The ability of A.plutellae to exhibit distinct preference for

the 2nd larval instar of DEM 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, 1976). Since both
these parameters have major influence on the outcomé 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
rarasite. For larger hosts, successful oviposition is less likely because
of more effective 'warding off' of the 'attackjpg' 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 umequal deve-
lopmental biology of the parasite when initial oviposition occurred on
different larval instars. For instance, a 1:l sex ratic 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
Eﬁ 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
L4th 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

T T

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.

¥hen oviposition first occurred in the lst instar, no difference in host's
developmental period was observed from that of umparasitized individuals,
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suggesting that the normal 1ife 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 wnaffected 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, 1$80), 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 & 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,
1980). 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
tc 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, 1968). This has been thoroughly 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
ad justment 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 off 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 gerperally be unable to maintain its hold for sufficient
duration to ensure egg transfer. Since each ovipositor insertion gener-
ally rermits 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 high parasite density where multiple ovi-
position could rise sharply. This has also been reported for A.margini-
ventris (Kunnalaca &'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 borme
out by the fact that larvae of DBEM 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 umknown., 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, 1943). Con~
trariwise, arrhenotoky in species such as A.plutellae may in nature have
great survival value. Accordingly to White (195%), 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 'best' requirements of
reproduction. This could be critical as the occurrenmce and abundance of
both crop and host are usually highly variable. . Perhaps, 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 (Bemnett & 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,
1950):whére 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 *synovigenic' (Flanders,
1950) with egg production being continuous and dépendent on adult feeding.
If adult food is unavailable for an extended period, then the ripe eggs
atill within in the ovarioles are usually absorbed (Flanders, 1942, 1945).
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 genérally 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-cccurring

honeydew or plant nectaries (Doutt, 1964). The former has however not

been evaluated, while the latter found to be potentially useful. Out of

a total of 16 plant species studied, the floral nectaries from at least

10 specles 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, Volite 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 llsted Daucus carota L.,
Pastinaca sativa L., Medicago sativa L., and Trifolium pratense L. as
important food sources. In 1960, 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
eariier than that in situations devoid of flowering plants. Investigations
by Leius (1960, 196la, b, 1963, 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 paré.site QO.obscurator was noted
to feed only on flowers of this fa.mily, 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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ment of food sources in areas where releases are contemplated. Gulii
(1963) suggested planting nectar-producing plants such as Euphorbia villosa
Waldst. & Kit., E.macroceras F. & M., Pastinaca intermedia F. & M., and
Priunus avium L. as a promising measure to increase the efficiency of para-
sites of the European pine shoot moth, Fhyacionia buoliana (Schiffermueller).
The value of this was also indicated by studies of van Emden (1963 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 par@.sites in erops or cultivated land when
flowers were present. Moreover, catches could be increased by adding
flowers to the area. In Germany, Hassan (1967) also found hymenopterous
parasites to visit more frequently flowers within forests.,

In study on the influence of food on fecundity of Chrysopa carmea
Stephens, Sundby (1967) showed that some pollens were more effective than
others. On the other hand, by artificially disseminating hbney through-
out plantations harbouring R.buoliana, Koehler & Kolk (1969) were able to
increase the numbers of parasites with some success, Judd (1970), 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
Cresson (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,
Fagopyrum esculentum Moench, Asclepias syriaca L. and Nepeta cataria L.
These were recommended to be established within the bounds of local weed
control legisiatiom. L

Evidently, from all the above case studies which together
constitute 2 substantizl 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.eucerothaga



and T.collaris), have often been found wandering actively among the flo-
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 starvatiag of only 12 hrs could have adverse effect on its
longevity and survival. In this may perhaps lie the crucial explansation
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 culiivated crops. This condition evidently allows for more rapid
and freer movements of A.plutellae between the crope and adult food sources,
thereby preéerving 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 alternmative hosts of A.plutellae, only a few have sco
far been recorded (Delucchi et al, 1954; Wang 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
5 proper treeding studies. In gemeral, it seems obvious that A.plutellae
is oliihagous. Except for DBM, other species that are recorded as alter-
native hosts have not been found infesting brassicas in Malaysia (Yunus &
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 DEM loeally, 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 DEM 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 Enden, 1965).

From the foregoing considerations, it is evident that A.plutellae
has a mmber 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 popﬁlation. Many of the basic features govern-
ing the latter are, however, still not fully understood and some of these
[ functional response (a' & Th), host discrimination, interference and
conpetition;7 will be examined in Section 9. Nevertheless, it may be
concluded thus far that A.plutellae is an important parasite of DEM 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 15 because the total number
‘of parasite eggs that may be deposited is dependent on its longevity; more
will be laid Hhen 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 encourzged.
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6. OCCURRENCE AND SPATIAL DISTRIBUTION OF DEM AND
A.FLUTELLAE ON THE CABBAGE FLANT AT DIFFERENT AGES

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 alsc 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-
fonally for efficient moth control while affecting minimally its parasite(s).

3
6.1 MATERTALS 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)_/ was
investigated. At each growth stage, 10 plants were individually enclosed
with 5 pairs of 2-day old DBM adults in 46.5 cm x 61.5 cm x 61 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
eges 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 o0ld 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 petibles 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

jits 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 45, 6-7, 9-10

and 12-13 WAT. Their occurrence was similarly categorised according to
whether %hey 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 unsprayed crop in the MARDI 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 ims the MARDI 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 BRESULTS

6.2.1 Distribution of the eggs of DEM 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-
sifed on abaxial surface was 2.4 times that of the adaxial and this
increased to about 3 folds at 7 WAT. 3By 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,
af = 4) (Table 6.1). In general, there is a tendency for eggs to be
deposited on the abaxial leaf surface as indicated by their comsistent

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 Cross) at different times after transplanting.

Mean number of eggs/p}antfl-/

Plant age
(weeks after Leaf 2
transplanting) surface: Abaxial Adaxial Mean difference-/
4 11.6 4.8 *(t=2.396, df=18)
7 - 25.9 8.7 WK (t=ls, 291, df=18)
10 21.0. 17.2 ns(t=0.704, df=18)
Total . 195.0 102.3 ns(t=1.657, df=l)

1/ Replicated 10 times.

2/ ns = no significant difference, * = significant at 5% level,
and seee = significant at 0.1% level.

Table 6.2 Differential deposition of the egss of Plutella xylostella (L.)
on cabbage leaves of different ages. (Cabbage variety

planted = K-K Cross),

Mean number of eggs/pla.nty

Flant age

(weeks after Ca.tegorylof

transplanting) leaves—/ 3 YL (8) MOL OL
4 0.80 a 11.60 b 4,00 a
? 1.80 a 30.00 b 3.90 a
10 _ 6.70 a 25.20 b 6.30 a

All plant ages '

conslidered toEetherl/ 9.10 a 66.80 b 13.80 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, mod-

erately hardened, and fully opened as well as firmly held up; OL =
- 0ld 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.

3/ The mean population considered in this group is for a total of 30 plants.

4

6.2.2 Oceuwrrence of larvae and pupae of DBK and the cocoons of
A.plutellae on transplanted cabbage plant

Since the spatial distributions of jmmature stages of DBM on
brassica plant approximate the negative binomial (Harcourt, 19603 Chua &
Lim, 1977, 1979) and a log (x + 1) transformation found satisfactory
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(Harcourt, 1960) 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 adaxial 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 74.2% 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 hqped 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). The stages observed
have inclided 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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Table 6.3 Occurrence of the larvae and pupas of Plutella xylostella (L) and the cocoons of Apanteles plutellae Kurd}].
on the different leaf surfaces of cabbages (variety Constanta F1) at different times after transplanting.

Mean population/27 plantsll

P.xylostella
Plant_;ge Larvae Pupae A.plutellae
2 .
(“AT) Abaxial Adaxial Mean 3/ Abaxial Adaxial Mean Abaxial Adaxial Mean 3/
difference -differenc difference
bk -5 .33 57.67 ns(t=1.§90, 0,00 0.33 4/ 2,00 5.67 L/
6 ~7 267.33 360,00 ns(4=0,373, 3.00  15.00  ®%(t=26,920, 11.00  59.67  **(4=195.451,
df=it) df=4) | ar=k)
N 9 ~ 10 71.00 79.67  na(t=0.469, 0.00 1.33 L/ 0.67 2.00 L/
— af=l) . _
12 - 13 85.00  107.67 ns(t=1.294, 17.33  32.33  ¥(4=53,766, 26.67  u48.67 ¥*(t=120.196,
df=lt) af=lt) df=4)
Total 119.42 - 151.25 ns(t=0.647, 5.08  12.25  ns(t=1.086, 10.08  29.00  ns(t=1.673,
df=22) df=22) df=22)

1/ Replicated 3 times,

2/ WAT = Weeks after transplanting.

3/ ns = no significant difference, ssac = aignificantly different at 0.1% level,
L4/ 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.1 Danish).
Plant age Mean population/27 plants?ed
(weeks after
transplan- Category of P.xylostella A.plutellae
ting) leaves-]-'/ cocoons
Larvae Pupae
YL (S) 67.67 a 0.00 1.33 a
b -5 MOL 36.33 ab 0.00) 5/ 4,00 a
oL 8.00 b 0.33 2.33 a
YL (8) 149.33 a 3. 00 a 9.00 a
67 MOL 280.00 a 6.0 27.00 a
oL 198.00 a 9.0 0 .67 a
YL (S) 114,67 a 0.00 1.00
9 =10 MOL 32.67 b 1.00) 5/ 0.33) 5/
oL 3.33 b 0.33 1.33
YL (8) 96.67 a 24.00 a 33.00 a
12 - 13 MOL 4,00 a 20.00 a 27.00 a
oL 42.00 a 5.67 a 15.33 a
All plant ages YL (S) 428.33 a 27.00 a 44,33 a
considered 4/ MOL 403.00 a 27.00 a 58.33 a
together oL 251.33 b 15.33 a 53.67 a

_/ YL (S) = Young leaves (& shoots) which are tender and yellowish-green.
fThese 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 = 01d leaves which are hardened, dark green, and fully opened,
spread out or drooping.

2/ Replicated 3 times.

3/ 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.

5/ 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 cbservation of possible emergence.

From such a stuldy, 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 -
nead. Alternstively, larvae of DEM may move out to pupate, and if para-

sitized, the parasites then emerge to pupate. Generally, by the 12th day



178

Table 6.5 ZLocation of “lutella xylostella (1) and iis parasite

Apanteles vlutellae 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. plutellae
5 . Within 15 swrayed heads Within 30 unsprayed heads
& 3
. L P C L P C
1 0 1 1 0 3 0
2 1 1 1 0 1 2
v | 3 1 0 0 3 0 2
b 1 0 1 3 1 1
5 3 0 0 3 0 0
6 3 0 0 2 0 0
W 7 1 0 0 C 0 0
i 8 2 2 0 3 0 1
o 1 1 0 1 0 0
10 2 0 0 2 0 0
11 0 0 0 0 1 0
i 12 2 0 0 1 0 0
, & 13 2 0 0 0 1 ol
T 14 0 0 o 0 0 0
B 15 1 0 0 0 0 0
16 0 0 0 1 0 0
8 17 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
E 21 0 0 0 0 0 0
22 0 0 0 0 0 0
23 0 0 0 0 0 0
2l 0 0 0 0 o 0
28 25 0 Q 0 0 0 0
27 0 0 0 1 0 0
ol | 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 o 0 0 0 0 0
t 33 0 0 0 0 0 0
= o 0 0 0
fg; 32 0 0 0
0 0 0
& %7 0 0 0
5 39 0 0 0

1/ Beginning from the outermost on a marketable head.

2/ L, P = Respectively larva and pupa of F. xylostella, C = Cocoon of
B - A. plutellae
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Table 6.6 Insects emerging from cabbage heads (cleaned and marketable) purchased from Brinchang 1/and Kg. liaja (50th milex{
and others harvested from MARDI Research Station (Tanah Rata)g/ in the Cameron Highlands.
Sature of ‘ Total No. No., of insects emerging at following days after harvesting Total
energence 2/ of heads 1 2 3 1} 5 6 7 8 g 10 11 12 13 14
Y. CAEBAGES SPRAYED
IITH INSECTICIDES
i. ©Princhang 1/ 15
| - 2 4 - - 4 2 - 1 - - - - - 13
Lo - - - - - - - = - - - - - - -
Le - - - - - 2 1 - - - - 3 - - 6
;\ [) - - - - - - 2 - e - - - -~ - 2
Clhors - - - - - - - - - - - - - - -
ii. £0th mile, Kg. Raje 1/ 25 :
"1 - - - ly - - 2 - - - - 1 - - 7
Ap - - - - - - - - 2 - -1 - - 3
Aa - - - - - - 2 - 1 - - 1 - - b
Ha, - - - 2 - - 1 - 1 - - - - oy I
Others - - - - - - - - - - = - - l“/ 1
B. UNSPRAYED CABBAGESY 24
Pl - - b4 - 6 2 - 1 - - 1 1 - - 15
Ap - - 1 - - - - - - - - 2 - - 3
2a - - - - 1 - - 1 - - - - - - 2
Hp - - - - 12 - - - - - - - 3
Others - - - - - - - - - - - - - - -
i? The vre-harvest cabbﬁges were sHbjected to regular insecticidal sprays at 2 - 3 days interval with mixtures of chemicals,
rarticularly Tamaron and Dipel ,
:/ The cabbage heads were obtained from crops cultivated successively without any insecticidal treatment.
=

It

Pl = Plutella xylostella larva emerging to

lutellae emerging as adult; Ha
lzrvae; Da = Diadegma eucerorvhaga

the parasite D.eucerorhara
Tipteran adult.

the outer leaves to pupate; Ap = P,xylostella emerging as adult; Aa = Apanteles

Host larvae emerging to ocuter leaves, followed by emergence of the parasite (A.Elutellae)
emerging as adult; Dp = Host larvae emerging to outer leaves, followed by emergence of




all would have completely emerged. From one of the heads, however, a
diprteran adult also emerged on the l4th 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 Highlands.

Leaf no.y on which insect speciles

1/ The outermost leaf on a head was considered the lst leaf. When more
than one specimen were recorded on a particular leaf, the numbers
axe indicated within brackets.

2/ The total number of cabbages comsidered for Brinchang was 15 while
that for Kg. Raja was 25.

o Insect species Cooc-owas - found - Total
: Location.-gf Brinchang Kg. Raja
Diadegma eucerophaga:

Empty pupal case 2nd, 4th, 5th(x2), - 10
6th, 7th(x2), 9th,

g 10th, 12th.

Dead adult bth, S5th. - 2
Dead flea beetle 4th, 5th(x3), 6th(x3),

7th(x3), 8th(x2), 9th, - 17
g ] 10th, 12th, 13th(x2)

] Plutella xylostella:

e

FR Dead larva 2nd(x3), 3rd(x22),

i E 12th(x%) - 29
ig Dead pupa 9th - 1
Empty pupal case 6th - 1
i 3 Dead adult 3rd, 4th, 7th, 12th 3rd I
?

% ey Spodoptera litura:

Dead larva - 6th 1
!

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, 1951). 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; Way et al, 1951;
Present studies, Section 5).

6.3 DISCUSSION

*

From investigation on differential oviposition by DBEM 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 (1977, 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 are, 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
dre more pronounced. That this appears so is in part supported by the
findings of Gupta & Thorsteinson (1960) ard Salinas (1972) who found that
eggs of DBM were preferentially laid in concavities of leaves and stem,
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and significantly more on a pebbled, grooved or pitted polyethylene sur-

face than on a smooth substrate of the same material. However, this
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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 situvation 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
rrocedure, 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-spectrim
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, 1947) 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
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DBEM 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
avold 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, 19383 French & White, 1960; French, 1965 ; Johnson, 1969). 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.




7. FIELD ABUNDANCE OF DEM 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 (1963¢q196§).
Oatman & Platner (1969) and Goodwin (1979). In many places where DEM is
of concern the knowledge is largely from cursory observation and extended
Tield experience. Where some data based on pericdic samplings are avail-
able, these were normally not taken continuocusly 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
vwhere 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 or how
population fluctuations may be affected by crop age, time of planting,
seasonal changes and naturally-occurring biological control factors.
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7.1 MATERTALS AND METHODS

Essentially, these studies are detailed analyses of various
relating factors recorded over 32 continuous overlapping and umsprayed
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 itransplanting) 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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tionship (Fig. 7.1). A high parasitism is almost invariably associated
with low host population, and vice versa. This géneral association is
further indicative of the parasite's suppressive effect, and to some extent,
its contribution in governing the moth's abundance and population fiuc~
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 betweén the
later part of January to April. Although it normally peaks in February,
the preak 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 Septemberf

‘.»Q(ZG,_;.;,-::_}‘;;,‘ geee el Y

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 = -0.2387, df = 62; RH: r = -0.1865, 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
rogression equation of y = 4,659 - 0.0057x, suggesting an increase of one
1srva per plant for every 175 mm reduction in monthly precipitation., Such
T a climatlc influence appears critical as the mean population per plant
(see 4.5) at mean monthly rainfall of 192.00 mm is presently quite close
to the economic threshold of 37 larvae/10 plants (Jusoh et al, 1981).
Especially during the dry spells, this population is likely to increase
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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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mortality, This was also noted by Harcourt (1963b)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 (317.4 mm) ix_i Aprril. 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 genmerally 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 (197?), 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
duri:z the brief period of higher rainfall in April. The 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 outhreak 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 demsity
during the 'crash' and initial recovery stage, excessive superparasitism
resulted in high host mortality (see 5.5.4) and preponderance of male
pai'asites (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
tcrash®' of the host, this can only be speculated from a somewhat parallel




situation earlier reported by Ullyett (1947) in South Africa wherein the
DEM upsurge was traced to an epizootic of E.sphaerosperma., In this in-
stant, a sufficiently wet apell provided the favourable conditions that
trigeered off the epizootic which drastically decimated the Flutella
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 Oci (1979a, 1981) in other cabbage fields in the Cameron Highlands.
Invariably, in all 3 separate sites (Tanazh 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 (avefaging 20-30%), a sharp decline of DEM 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 DEM 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,barasite decline and the subsequent DBM outbreak. That similar
outbreak did not also develop in the other 3 sites although the moth's

© builzeupTwas 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
rractices, etc. In addition, the right amount of rainrhas to be present
(Ullyett, 1947), i.e. the rainfall should not be exceptionally heavy on
any one.ﬁay but well distributed. This reqﬁirement is further borne out
by the numerous occasions when disease incidence was not unusually high
in spite of very high rainfall and to be closelj 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-
jnciding. 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 uhen.onq,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,
1947; present studies), there thus appears umcertainties about its use-
fulness. Nevertheless, Kelsey (1966) 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; 1981) an important
mortality factor which is only sometimes density-dependent (Ullyett,
1947). There, correlation with host population changes was clearly signi-
ficant [Tf = 0.5951 (P¢0.05), 4f = 10; a = 77.8150, b = 1.7590, t0.05 =
2.3/ as also with mortality from other diseases / r = 0.5918 (P 0.05),
df = iO: a = 80,3682, b = 2,6403, tg_05 = 2.3257;‘ However, the correlation
was insignificant / r = 0.3182 (P>0.05), df = 10_/ when 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 = 0.095 (P>0.05), df = 29_/ except
temperature / r = -0.4069 (P<£0.05), df = 29; a ~ 377.7889, b = -19,8135,
.t3;35 = 2.%37. 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
awailable in the Cameron Highlands, a reasonable level of natural infection
can usually be expected there. Periodic records (Fig. 7.2 Oci, 1979a,
1981), have borne this out, lending further support to the view (Ullyett
‘& Schonken, 1940) 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 ﬁaxning of Kelsey {1966) on the possible
adverse effects on parasites when infection occurred early in the cycle of

DBM.
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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 [ff =
0.6955 (P<0.05), daf = 8, a = 7.3410, b = 0.4157, to.05 = 2.7 7.
Correlation with A.plutellae / r = -0.0164 (P>0.05), df = 8 / or the two
parasites together (r = 0.2667 (P>0.05), df = 8) was not significant.
Evidently, more comprehensive research to unravel the complexities involved
are desirable, so as to enazble 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. This.might prove beneficial since preliminary studies
have shown such sprays to be effective substitutes for chemical insect-
jcides with production costs greatly reduced (Kelsey, 1966). For the
Caneron Highlands, it might also prove useful in overcoming the acute
problems of insecticide resistance besides speeding up development of IFC

programme for DBM,

The subject dealt with so far has revealed various mortality
factors {both climatic and b1010gicgl) that could influence the population
pattern of DBM. Morris (1959) suggested that, although many variables may
contribute to mortality in a pqpulation, 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, 1960).
In such a situation, it must, however, be stressed that *the key factor®
accounts only for the main fluctuations in population slize and not the
principal regulating or density-dependent factor(s) (Southwood, 1966).

To date, ecological analysis to identify the respective role of the 4iff-
erent factors that may influence population changes of DBM in the Cameron
 Highlands is only limited to a preliminary effort by Ooi (197%a). The
fizther 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 assumptlons that similar stages measured in
each successive and discrete generations are non-ove:lapping. However,
for DBM in the Cameron Highlands, such assumptions could never be ful-
filed as the moth breeds rapidly and continuocusly in the field, resulting
in bopﬁlation 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 (1960, 1963a, b, 1965),
but rather a medified 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 (kr) 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 (k.) had now become negligible (Fig. 7.4). As this essentially
resulted from separating out kD'(disease mortality), the latter must have
been largely responsible for k, being the key factor during Period I.

Thﬁt kp had all alohg been a key factor is also suggested by the high
visual correlation between kp and X 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 Nt)
entering the stage on which it acts was determined (Table 7.1) as outlined
by Southwood (1966) for the method developed by Varley & Gradwell (1960,
1963a, b, 1965) and Varley (1963). However, only that for k. and ky are
significant; thus density dependence for these may be suspected. But, as
pointed out by Southwood (1966), the regression could be spurious due to
sampliﬁg errors since the two variables are not independent but actually
log Ny and log Niyy . In view of this, further regressions of the log
numbers entering the stage (1og Nt) against the log number of survivors
(log Nt+1)' as well as the reverse (log Ni,; on log N,), were calculated
as suggested by Southwood (1966). Since only one (log Ny on log Nitq)
and not both the regression coefficients is found to depart significantly
from 1.0 (Table 7.1), the density dependence earlier suépected 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
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FIGURE 7.4 Partial key factor analysis for the larvae of Flutella
xylostella (L.) on successive and overlapping crops of
cabbtages {variety Constanta F.1 Danish) in the Cameron
Highlands. (P.x. = P.xylostella; K = Total mertality;
ky = Residual mortality; ka, kd, kp, Ke, ko» kp =
Hortalities, respectively, due to Apanteles plutellae,
Diadegma eucerovhaza ., total parasitization, Entomcphthora
sthaerosverna, diseases other than E.sphaerosperms, 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.

ko (& kp) against Log No.
entering stage.

+ 0.2487

Cropping Regression

Period Parameters Equation Significa.ncel/

I{Crop 1-20) Log No. larvae entering y=0.0317x t=0.3765, df=18(ns)
stage against k, due to + 0.0764
A.plutellae,
Log No. larvae surviving y=0,3088x t=1.3107, df=18(ns)
k, against k. due to wn- - 0,0871
Imown factor.

1I(Crop 21-32) Log No. larvae entering y=0.2041
stage against k, due to - 0,0086x t=0.0540, df=10(ns)
A.plutellae.

II{Crop 23-32) Log No. larvae surviving y=0.3%13 t=0.8616, af=8(ns)
ky against ky due to - 0.1214x
D.eucerophaga.
Log No. larvae surviving y=0.1761x t=1.7933, df=8(ns)
kg against k, due to - 0.1814
E.sphasrospernma.
Log No. larvae surviving y=0.1082x
k, against k, due to - 0.0672 t=0.7442, df=8(ns)
o%her diseases.
Log No. larvae surviving y=0.6456x t=3.5259, df=8(sx)
k, against k. due to - 0.8091
unknown factors.

. II{Crop 23-32) Log No. larvae entering ¥=0.3296 t=0.0310, df=8(ns)

stage against kp due to - 0.00%4x
larval parasites (total).
Log No. larvae surviving y=0.3673x t=1.7796, df=8(ns)
kp against kp due to - 0.3961
diseases (total).
Log No. larvae surviving y=2.4647x  t=2.8626, df=8(x)
ky against kp due to - 3.4701
unknown factors.

I1I(Crop 23-32) Log No. larvae entering  y=0.3544x t=3.5259, df=8(sx)
stage against Log No. + 0.8091
surviving ko (& kp).
Log No. larvae surviving y=0,8991x t=0.2172, df=8(ns)

1/ ns =

at 1% level.

not significant, % =

significant at 5% level, and 3@ = significant
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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.eucerophagam,
the overall mortality due to perasite (kp) gradually increased while ky
rarallelly declined. From this, it seems that kp is gradually replacing
kp as a possible key factor and that parasiteé 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 oflsuch data. In any
caSe, much more will still need to be done since the present conslideration
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 coﬁplete a total key factor analysis, it would not be
pbssible to acéount or predict for %he overall fluctuations in population
size.. The need for this is strongly suggested from Harcourt's (1963b)
findings that adult mortality is the critical or 'key' factor in the
population dynamics of DBM, and this has strong predictive value for
species such as DBM which is multivoltine and whose 1life-cycle is short.
Evidently, should additional data and deeper ecological understanding
prove the present modified method of analysis to be rellably functional,
perhaps some form of population forecast with respect to DBM outbreaks

may then be realised,




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 biologiéal 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
whén suppressions from the non-chemical methods break down occasionally.
Moreover, in developing an IFC 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 DBEM in
the Cameron Highlands has been enormous (see 1.2, Fig., 1.2). Insecticidal
mixtures, many locally concocted to make quick returns for pesticide
sélesmen, are unusually common. Often, many of these contained chemicals
that are completely ineffective against DEM. 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
‘Wwere also evaluated for poséible hazards to the parasite, A.plutellae.

In the insecticide screening of DBM, test insects from stock
 culture originating from the Mensum Valley in 1977 weré used. The larvae

were evaluated using treated B.rapa leaves as feeding substrate. Flants

individﬁally grown in polyethylene bags (23 cm x 15 cm diameter) were
divided into different treatment groﬁps at 3 weeks ©0ld 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 cnm diameter)
conta;ning 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.;). 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




conditions while the sprayed plants maintained in ambient glasshouse con-
ditions.

In the study on ovicidal effects, approximately 200 l-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 léaves 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 alr-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 DEM
control in West Malaysia (see 1.2), most were confined to laboratory and
field screening of their toxicities (Henderson, 1957; Ho, 1965; Ho & Ng,
1970). Limited study has also shown that the use of sticker (Tenac
Stické}ﬁ) 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, 1981). Although treating at
16-day interval was still significantly better than the untreated control
the vield 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

~ azplication, 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
farmers (Appendix 1). The insecticide Hostathion® was applied weekly at

0.1% a.i. Periodically, both DBM and A.plutellae as well as crop damage

were aésessed, while the plot ylelds 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-
veniional 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
leaves sprayed with 0.25 gm/500 ml Dipel®. An untreated set constituted
the control., The study was conducted in 'breeding jars' (Flate 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 DEM
(Creighton et al, 1970, 1972, 1973, 1974%; Ho & Ng, 1970; Cadapan & Gabriel,
1973; Chuo, 1973; Suah & Ellis, 1974; Sudarwohadi & van den Oever, 1974;
Gruner & Delplanque, 1974; Creighton & McFadden, 1975; FPresent Studies,
Sections 4.2.3 & 8.2.6), further examination was made to gain deeper in-
gight into the chemical's influence on feeding and consumption rate. For
the study, air-dried leaves sprayed with 0.25 gm/500 ml. DipelR, and un-
treated ones were provided in the form of feeding discs (5 cm diameter) to
freshly—moulted'2nd-instar larvae of DBM. The experlment was replicated
5 times with 6 leaf dises to 150 larvae within a 250 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 vnexposed individuals. : ) '

Previous study (see 4.2.3) has shown that B.t. does not pose any
direc{khazard to developing parasites within the cocoons. Although it is
also safe to the adult parasite, evideﬁce 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 mm x 24 mm diameter) on unsprayed
B.rapa leaves. Upon immediate entry into the 1st, 2nd, 3rd and 4th-instar
stage, batches of 50 larvae/stage (replicated 3 times) wefe transferred and
reared on leaves sprayed with 0.25 gn/500 ml Dipel®. For the controls
which ran parallelly, use of the untreated leaves was continued. Through-
out the study conducted under 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 1978 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 1980, further collections wére made
for another evaluation., However, only the responses against malathion
were compared simultaneously with that produced by the stock culture which
wag 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 weight = 0.717 mg, n = 2160) were used, For those collected at the
cocoon stage from the field, only the Fy adults were evaluation. As to
the toxicants, these were of analytical grade (95 - 99.5% 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 dorsally onto the thorax of each
rarasite. 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
3ars' 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

. #as 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
B.2.1 Effects of inseéticides 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 pyrethroids
(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 (1965) 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, lafgely 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, although
many organorhosphates were poor ovicides, they nevertheless could compen-
sate by effecting a higher 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. Tne 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 organorphosphates, lindane among the organochlorines, cartap
and methiccarb 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 swurvey (see 3.3.5).
The highly effective insecticides capable of causing more than 90% pupal
mortalify were 2 organophosphates (chlorfenvinphos and methidathion) and
the 4 pyrethroids (decamethrin, fenvalerate, permethrin and resmethrin).

When longevity of the emerged adults . 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 30%.
It is evident from the study that DBEM pupae, like the eggs (see

8.2.1), are generally resistant to most insecticides. Unless the more

potent ones are employed, in most situations the pupae will survive the
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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.?). Over a period of l-week some
suffered mortality as high as 100%, e.g. with chlorpyrifosmethyl, dichlorves,
dimethoate, phosmet, prothlophos and tetrachlorvinphos among the organo-
vhosphates, 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. 1In 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.t. 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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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-instar larva was, respectively, 0.096 mg, 0.232 mg, 0.609 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
ng 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
period after DipelR treatment, considerable profection 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
0% 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
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Table 8.2 Development and survival of Apanteles plutellae Kurdj. from parasitized hostsj [ 1Ii'lutella. xylostella (L.)],
N ?

the latter are exposed to Bacillus thuringiensis Berlinger (0.25 gm/ 500ml Dipel®™) at the different
Instar stages.

Developmental stage(s) attained
by A.plutellae and survivors

Host stage when Treatment: unexposed

firast exposed to (=), or exposed (+) Test Cocoons Adulta
B.thuringlensis to DipelR Individuals
= : (No.) (No.) (%) (No.) (%)
FIRST - 150 140 93.3 131 87.3
+ 150 0 0.0 0 0.0
SECOND - 150 106 70.7 101 67.3,
+ 150 0 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 L4509 76.5
+ 600 61 10.2 20 3.3
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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.i. may prove disasirous to the parasite. From
& practical standpoint, targeting the application of B.t. with respect
to safeguarding parasites still developing within the hosts is likely:
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 LDsp 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‘1980, while RRs of 2.9 and 2.7 were obtained for the pyrethroid
fenvalerate, during 1978 and 1980 respectively. In spite of the small
ratios, the LDgp 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 1980 was, however, not signifi-~

cant.
As regaxd the 2 organophosphates, some differences were, however,

observed between malathion and methamidophos. In the former insecticide,
there was haxdiy any change at all in the LD50 values and the difference
was insignificant, suggesting that no resistance whatsoever had developed
between 1973 to 1980, With methamidophos, a progressive increase in the
RR values was distinctly apparent; these being 2.7 for the population
collected in 1978 and 3.9 for those obtained in 1980. The LD50 values for
both these comparisons were clearly significant. Although that between
1978 and 1980 was insignificant, it was, however, only marginally so.
Should the present trend persist, this difference could be expected {o
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 comsidered.

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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FIGURE 8.9 Dosage-mortality regressions for different field populations of
male Avanteles plutellae Kurdj. in relation to different insecticide
(I. Lindane, II. Malathion, III. Methamidophos and IV. Fenvalerate)

ﬁR = Resistance ratio.
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FIGURE 8.9-(Cont1nued).




Table 5,3 KHelutive effectivenvss of various inseclicides Lo the aifferont stages of Plutells xylostella {L.) and thelr relative
hazarde Luv fls parssite Apantelces pluiellae Kurdj.
Chemical =  ~memmmmc—aa- Toxicity to P.xylostells ___ ____ _________ On_trented pupae kelative over- Toxieity to Relative
insecticide On treated egegs® Overall effective -an I;;;I;; leaves Adult bmerged ull effective- A.plutullac on over-
Hatching Emeﬁéed noss of e eelive= ¥ %0 larvae Swergence® adulis® news of pupal ireaied cocgons all
gg contrvly__exposed to 16 controly Mortalily Emerged hazard
larvae AL 24 Persistencep {e) (1) in para- pare- . Lo
(a) (b) e = (a+h) bra* g = {esf) site emer- sitesM para-
gence* site
(n) (i)  J=(h+i)
I1.0HRGANOPHOSPHATES
cyanofenphos VH H Good M 5 YL c Foor YL c Safe
chlorfenvinphos YL YH Good L S VH - Good VL [H Safe
chlorpyrifos VL M Moderate VL s VL C Poor VH - Yery harm;
__ghlorpyrifos-methyl VL ____ Mo Good Lo S T E e vH a__-fub
diazinon YL Vi Good M s YL C Poor VH - ¥.harmful
dichlorvos VL H Good - - - - - VH a V.harmful
dierotophos VL L Poor VL 5 YL c Poor VL b M.harmful
dimethoate YL VL Poor M 5 YL C Poor YL a V.harmful
_.gdimethyl vinphos_ __ ___ Yu_____ Yi__ . Good T e SO . A e T T
fenihion Vi VL Poor H Lg YL C Poor ¥H - -
isofenphos VL YH Good - - - - - - - -
malathion VL L Poor VL S VL c Poor VH - -
methamidophos VL H Good H s VL C Poor YL C Safe
__pethidathion _ ______ o yu____. Good ve__ S Tl Good __________ - S ¢__M.haroful
monocyotophos VL H Good VL 5 VL C Poor L c Safe
[ phenthoate YL YH Good VH Md - - - M ¢ M.harmful
gf phosmet VL H Good H Md YL C Poor L b M.harmful
phosphamidon YL M Moderate VL s VL C Poor YL c Safe
__profenophos __ - o T oL H o ___ Md T D -
prothiophos YL VH Good YL s VL Cc Poor L b M.harmful
quinalphos VL L Poor L 5 M C Moderate VH ¢ V.harmful
tetrachlorvinphos - - - - - - - - VH a V.harmful
triazophos H M Moderate Vi Lg M C Moderate VL [ Safe
._trichlorfon ___ ______ LU L Poor _________ Yo __ . S VL . C . Poor ___________ v . c____Sefe
1I.0RGANOCHLORINES
dieldrin VL M Moderate L S YL C Poor M b M.harmful
endosulfan YL L Poor L S YL c Poor M a V.harmful
endrin YL VH Good M Md YL C Poar VL c Safe
_.lindape VL ____ . Good __________ b __ . S . Yo C Poor ___ ... VB ____. =__Y.barmful
I11,CARBAMATES
aminocarb VL L Poor - - - - - _ _ _
BPMC VL VL Foor - - - - - - _ -
carbaryl VL L Poor VL 5 VYL c Poor VL b M.harmful
cartap VH - Good VH Md VL a Good VH - VY.harmful
methiocarb VL VH Good VH Lg L c Poor VL c .S&Ie
IIN.Z tl.lOl!lyl L YL Poor H S YL C Poor L ¢ Safe
..pirimicarb - i T VL S - - - - - .
IV.PYRETHROIDS T e e
o . o W Woooc oo R
permetihrin VH s _ Good L ¢ Safe
resmethrin vi V.barnful
VH V.harmful




Table 8.3 {Continued 1),

Chemical Toxicity to P.xylostella On treated pupac Helalive over- Toxlcity to Helative
---------------- - T e— e e - f - . 1
insecticide On treated epgs* Overall effect- On ireated leaves Adult Emerged gitseoiec;ﬂvf %r i:tzlizsogﬁs g;:;:g t
Hatching Emerged lvenecss of egg exposed Lo larvae emergencefadulish pupa =2 :
controly Mortalily Emerged parasite
larvae controly At 24 Persiatencep le) (f) in para- para-
(a) (b) ¢ = (a+b) hra* E = (e+£) site emer- pites? J=(h*1)
gence®
(n) (1)
¥.BIOLOGICAL AGENTS
B.thuringiensis VL YL Poor M 5 VL c Poor VL c Safe
__.Sranulosis virus VL _____ o . Poor TR VL. € Poor _________. L4 T sefe ________
V1.GROWTH REGULANT
____8iflubenzuron _____ VL Voo Poor ________ Voo S VL. C o Poor____________ TP
V11.MIXTURES
carbaryl+malethionVL L Poor VL s VL c Poor VH - V.barmful
dichlorves + N
phenthoate YH H. Good Vi Md VL C Poor VH - Y.harmful
_____ carbaryls¢lindane VL ____ VL _____Poor - = s T T T
ViiIl,ORGANO-TIN
—___Cyhexatin _____ - - Tl H__ O S S =S Yo safe ________
IX.FORMAMIDINES )
a amitraz H Vi, Good VL 5 VL - Poor Vi, b M.harmful
Ri chlordimeform VL VH Good - - - - - VH - V.harmful

* VH=Very high (90% mortality and above), H=High (70% mortality and ebove, but less than 99%}, M=Moderate {50% mortality and above but
less than 70%}, L=Low (30% mortality and above but less than 50%), and VL=Very low (less than 30% mortality).

f Lg=Long (Effecting more than 70% mortality for more than 7 days), Md=Medium (Effecting more than 70% mortelity for more then 3 days
but less than 7 days), &nd S=Shori {Effecting more than 70% mortality for less than 3 days).

A a=Difference in cumulative mortality from unireated control at 7 deys after emergence » b0%, b=Difference greater than 30% but less
60%, and c=Difference less than 30%.

¥ Good=Possessing high toxicity (70% mortality and above) with respect to either batching er 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.

& Safe=Mortality ip parasite emergence less than 50% or difference in cumulative mortality from untreated control at 7 days after emergence
£ 30%, 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%, .
f
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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 2 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. :

'Fronm 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 IFC
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: cyandfenphos. chlorfenvinrhos, methamidorphos,
monocrotorthos, 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 dicrotorhos, 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 & III‘(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
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Table 8.4 Grouping of insecticides in relation to their effectiveness against the different stage(s) of Plutella xylostella
(L.) and their hazards on its parasite, Apanteles plutellae Kurdj.

Stage(s) of
P.xylostella
Response:

+
1

effective
ineffective

Eggs

+

GROUP:

(Effective-
ness good)

Ia

amitraz
cartap

chlordimeform

chlorfenvin-
phos
chlorpyrifos-
methyl
cyanofenphos
decamethrin
diazinon
dichlorvos
dichlorvos +
phenthoate
dimethyl-
vinphos
endrin
fenvalerate
isofenphos
lindane
methamidorthos
methidathion
methiocarb

Larvae

+

Eggs +
larvae

+

Grouping based on the relative toxicity to P.xylostella only

Ib

cartap
cyhexatin

decamethrin

dichlorvos +
rhenthoate
fenthion

fenvalerate
lindane
methamidophos
methidathion
methiocard

methomyl

permethrin
prhenthoate
phosmet
prrofenophos
resmethrin
triazophos

chlorfenvin-
decamethrin
fenvalerate
methidathion

permethrin
resmethrin

Id

cartap
decamethrin

dichlorvos +
vhenthoate
fenvalerate

lindane

me thamidophos
methidathion
methiocard
permethrin
phenthoate

phosmet

resmethrin

Eggs + Larvae + Eggs + larvae + pupa
pupae pupae
+ + + -

Ie if Ig Ih
cartap cartap cartap - carbaryl
chlorfenvin~ decamethrin decamethrin carbary +

phos malathlion
decamethrin fenvalerate fenvalerate dicroto-

phos
fenvalerate methidathion methidath- difluben-
ion zuron

methidathion permethrin permethrin endosulfan
permethrin resmethrin resmethrin malathion
resmethrin trichlorfon




Table 8.4 (Continued 1).

Stage(s) of Eggs Larvae Pupae Eggs + Egas + larvae + Eggs + larvae + pupa
P.xylostella larvae Pupae pupae
Response : + + + + + + + -
+ = effective '
- = ineffective
Grouping based on the relative toxicity to P.xylostella only
GROUP: . Ia Ib Ic Id Te If Ig Ih
{(Effective- monocrotophos
ness good) permethrin
phenthoate
phosmet
prothiophos
—~ resmethrin
o (Effectiveness chlorpyrifos gtﬁf triazophos cyanofenphos triazophos triazophos
moderate) dieldrin cyanofenphos quinalphos diazinon
phosphamidon diazinon endrin
triazophos dimethoate
endrin

iy ———— - - -

Regrouping of Group Ia-g above with exclusions of insecticides found very harmful to A.plutellae

GROUP: . ITa IIb IIc IId ITe IIf IIg
(Effective~ amitraz cyhexatin chlorfenvin~ - decamethrin chlorfenvin- decamethrin decamethrin
ness good) rhos phos

chlorfenvin- decamethrin decamethrin fenvalerate decamethrin fenvalerate fenvalerate +

phos

cyancfenphos  fenthion fenvalerate  methamidophos fenvalerate methidathion methidathion

decamethrin fenvalerate methidathion methidathion methidathion ‘

dimethyl- methamidophos methiocarb

vinphos

endrin methidathion phenthoate

fenvalerate methiocarb phosmet




Table 8.4 (Continued 2),

e i

‘ Regrouping of Group Ia-g above with exclusions of insecticlides found very harmful to A.plutellae

GROUP: Ila ITb 1Ic I1d ITe 1If IIg
- (Effective- isofenphos methomyl

ness good) methamidophos phenthoate

methidathion phosmet

methiocarb profenophos

monocrotophos triazophos

phenthoate

phosmet

prothiothos
(Effectiveness dieldrin g.gf triazophos cyanofenphos +trlazophos triazophos
moderate) phosphamidon  endrin endrin

triazophos

Regrouping of Group IIa-g above with exclusions of insecticlides found moderately harmful to A.plutellae

GROUP 1 I1la I1Ib IITc 1114 IIle IIIf IIIg
(Effective- chlorfenvin- cyhexatin chlorfenvin~ fenvalerate chlorfenvin- fenvalerate fenvalerate
ness good) phos ' : phos _ phos

cyanophenphos fenthion fenvalerate methamidophos fenvalerate

dimethyl- fenvalerate methlocarb

vinphos

endrin methamidophos

fenvalerate methlocarb

isofenphos methomyl

methamidophos profenophos

methiocarb triazophos

monocrotophos
(Effectiveness phosphamidon g,;f triazophos cyanophenphos triazophos triazophos
moderate) triazorphos endrin endrin -

g._f = B.thuringiensis
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toxicants is to be avoided or minimised. The scope of achieving this seems
not unrealistic when ocne considers that pyrethroids are often effective
at extremely low concentrations (Elliott, 1976). Moreover, at sub-lethal
dosages some may cause ‘'irritancy' as was recently found (X.H.Tan, 1981,
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 'irritancy’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 DBM, 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. 1In the
Cameron Highlands, the ‘irritancy’ effect could prove critical since the
tenperature 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 jinstances, upon removal or reduction of the selection
pressure by insecticides, susceptibility has been regained in resistant
arthropods (Brown, 1958; Brown & Pal, 1971). Such ‘reversion* has also
been suggested in thé 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
corresﬁbnd well with the contention of Croft (1980) 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 feplacement 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 resisfance would include
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systematic checking on the development of resistance based on standard
susceptibility tests. Such testing, as suggested by Brown (1958), will
ensure that the use of a chemical be extended until such time as the tests
rake it evident that a control failure will result. This would eliminate
the practical danger of control failure due to unsuspected resistance
(Brovn & Pal, 1971) 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 {0 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 &all,ey itself. '

From comparative studies on different methods of insecticidal
sprayiﬂé-it is evident that more effective control of DBM can be effected
through improved means of chemical épplication. 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 srraying 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

desirable torencourage farmeré 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 1npr0véient, 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, 1963), the Caribbeans (Suah & Ellis,
1974; Gruner & Delplangue, 1974), Finland (Rautapaa, 1967), Indonesia
(Sudarwohadi & van den Oever, 1974), Malaysia (Ho & Ng, 1970), Mexico ‘
(Carillo, 1971), New Zealand (Helson, 1960), the Philippines (Cadapan &
Gabriel, 1973), Singapore (Chuo, 1973), USA (Creighton et al, 1970;
Creighton et al, 1973, 1974; Creighton et al, 1972; Creighton & Mc¢Fadden,
1975), and the USSR (Adashkevich, 1966; Shchepetilnikova et al, 1968;
Zurabova, 1972). Essentially, the insecticidal activity is largely due
te (1) a crystalline delta endotoxin produced by the bacteria, and
(i1) 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 julces. Following
damage'of the gut'wall, the bacterial spofes then invade the insect
haemocoel through the perforated gut walls and produce 2 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.i. is not totally selective

in favour of the primary paxésite. A.plutellae. Although relatively safer
than most conventional chemical insecticides, it still could inflict
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substantial parasite mortality when the parasitized hosts were exposed to
B.t. prior to the developing parasites attaining the cocoon stage.
parasite mortality is largely a result of starvation, other endo-larval

Since
parasites (e.g. Q,euceroggaga) could similarly be affected. Nevertheiess,
B.t. is still advantageous over other chemical insecticides.

In the Cameron Highlands and many other localities, the inabi-
1ity of B.t. to effect a quick kill has been a major drawback to its ready
acceptance and wide adoption by farmers.

spray tank mixing can also render it ineffective, thereby further aggra-
vating its acceptability.

Incompatibility with some other
pesticides (Heimpel, 1967; Sutter et al, 1971; Hamilton & Attia, 1977) in
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 LD50 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

high RR, hence only a value of 2.4, With malathion the selection pressure
is however even more reduced.

selection pressure for lindane over the years is not likely to geherate a
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.

earlier on brassicas,

Moreover,
even its employment on other miscellaneous crops (beans, ornamentals, peas,
etc) has been drastically reduced and is nothing comparable to that applied

As such, it is not unexpected that resistance deve-
lopment-by A.plutellae to malathion was not evident.

explanation may closely relate to the extremely high level of resistance

Another possible
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 & Sherman (1955), Lingappa et al (1972) and Croft
(1977a). 1In such a situation, toxicant transfer from the external is.
mediated through the rhysiology of the host,

The survival of a resistant
host may result in a *chemotherapeutic’ effect (Croft, 1977a) wherein the
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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 amdng relatively
large lepidopteran hosts (Taylor, 1954 ; Thurston & Fox, 1972). 1In
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 failuwre 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 employéd as spray mixtures against only the latter species on
brassicas., This 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 1978-80, the
LD5O increased by nearly 50%, from 22.5 ppm to 33.3 ppm. This higher
rate of increase is perhaps alsc 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 pestg 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 might 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 1980 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 fecently 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.719?8:
Present studies, 8.2.9), indicating higher susceptibility. This conforms
well to the general findings by Croft & Brown (1975) in 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. The latter
are essentially those under the control of an operafor 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 cﬁemical 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 foed 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,
19723 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 (1980), 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

ana 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 acguire resistance to pesticides (measured by concen-

_ tration levels) as generally witnessed in pests, predators and parasites
(Croft & Brown, 1975) are 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 al, 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.



240

9. THE ESTABLISHMENT, EFFECTS AND HELATIVE TIMPORTANCE
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 charécteristics (e.g. excessive
superparasitism 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, 1930, 1939; Hardy 1938; Ullyett, 1947; Vos, 1953;
Goodwin, 1976), 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), Tetrastichus 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 unsprayed, 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 MATERTALS -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.eucerorhaga was considered positive when either the parasite
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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 Conviron® (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 instar host larvae were used and
parasites 2 days old, In the 1lst experiment, each host larva was confined
with 2 female A.plutellae in a ‘breeding jar' (Flate 2.1) for different
periods (0.5, 1, 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 thet 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 (Th 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.eucerothaga and 5, 10,
20, 30, 40, 50, 100, 200 and 250 for g.Elutellae) were, respectively,
provided for 24 hrs on a leaf of B.rapa (ca 180 cmz) to each 2-day old
mated female parasite within a 'breeding jar' (Plate 2.1) arena. The 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.eucerorhaga
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 parésites, the ability to
distinguish and avoid a parasitized host has particular adaptive signi~
ficance. Ome 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 possibliities, 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. A1l 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 expoéu:r:e 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 Z2-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 wnparasitized by A.plutellae were used. All
the host larvae, immediately following the treatment exposures, were dis-
sected for parasité egz and larval counts. In experiment D, the overall
procedure was similar except that oviposition by D.sucerophaga 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 .A 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 C and D except
that only one 'attack' per host was permii:.ted in the ovipositional exposure
by the 2nd parasite and an additional treatment interval of 144 hrs beiween

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°C and RH 75=85%.

Parasite ' Period Stage of parasite upon dissectiony Egg hatchingg'r
species after :

oviposi-

tion Rep: 1 2 3 4 5 6§ 7 8 9 10
(hrs) (No.) (%)
24 E EEETZETETETETE E 0 0.0
36 E - E - E EEZETE E 0 0.0
A 48 E EEEETE-EZE E 0 0.0
& 50 E L EEZETETLTETE E 2 20.0
lutellae 3 L ELLEETL-E L 5 55.6
L L ELLLULE - - L 6 75.0
- 56 L LLLL-L25L L L 9 100.0
24 E EE EE -EETE BE 0 0.0
36 E E - EEEZEZETE E 0 0.0
42 E E EEZEETZE - E E 0 0.0
D.eucero- L ELLEES-ZEIL =~ 4 50.0
Phaga 46 L LL - - L EL L L 7 87.5
48 L - L LLLVL -1L L 8 100.0

1/ E = Egg, L = larva, - = wnparasitized
2/ Mean incubation period: A.plutellae = 54,00 hrs, D.eucerovhaga = 46.42 hrs.

also increased to 30.

9.3 HESULTS

9.3.1 Dispersal and colonization by D.euceroprhaga 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-
omgga_‘,'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 dista.née 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 findjings 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 g.sokolowskii_ which was also released (Ooi, 197%a) has further




Table 9.2 Recoveries of the imported parasites Diadegma eucercphaga Horstm, and Thyraeella collaris
Grav. from Flutella xylostella (L.) in the Cameron Highlands.

No. plant sampled/No., P.xylostella larvae collected/No., (%) parasitized by _lz.euceromg._ggy

(No. of D.eucerophaga emerging from field collected cocoons/No. of
T.collaris emerged from field collected host pupae)

Date  Locality 2/ TR KTS B MY KF R KR
23.5.79 - - - - 328/105/0(0) - 240/111/0(0)
13.7.79 84/28/11(39.3) - 205/162/3%(21.0) - - - -
353.7.;9 " - - - 150/21/0(0) - -
.9.79 305/41/0(0) - - - - - -
| 59/0
26.9.70 220/44/0(0 ~ - - - - -
(%705
% 4.10.79 - - 214/35/0(0 - - - 125/62/0(0)
87/0 :
8.10.79 - - 158/70/0(0) -
16.11.79 - - ' - - 193/5;/0503 - -
4,1.80 60/14/2(14.3) - - - 142/36/0(0 - -
(2/0)
10.1.80 - - - 144/6/1(26.7) - - -
9.4.80 - 107/58/0(0) 16 10(17. - - - -
0
11.4.80 ' - - - 212/186/0(0)  212/19/0(0) - -
15.4.80 238/10/0(0 - - - - - -
o/1 .
18.4.80 - - - - k72/45/0(0) - 96/45/0(0)
2.5.80 ~ - ‘ 185/71/0(0) -

12.5.80 - 66/25/0(0) 193/13/0(0 1/0(0 - - -
317o§ %2705




Table 9.2 (Continued 1),
2/
Date  Locality TR KTS B MY KF R KR

105/25/0(0) = ot 159/25/0(0)
0/1

. 16.6.80 57/13/1(7.7) - - - - -
17.6.80 - 168/47/0(0) 190/12/4(33.3) 162/33/0(0) - -
25.6.80 - - 143/60/0(0)
26.6.80 250/99/0(0) -
17.7.80 255/133/31(23 3) - - 101/76/0(0)

18.7.80 8(60.3) 184 41 22,0 134/2?/0(0) - -
‘%&fl)"“ '(3270% ~

23.7.80 - - - . 98/35/0(0)

29.7.80 - - - 286/70/0(0) -

1.10.80 - - - - - 150/5/0(0)

8.10.80 108/32/8(50.0) - -

30,10.80 - 104/17/4(23 5) 149[25/&(16 0) 117/24/3(12 5) - -
(2/0) (1/0) (3/0)

11.10,80 - - - - 386/31/2(6.5) - 67/49/0(0)

26-5080 ’ - “'
31.5.80 - -
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y 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 Valley, KF = Kea Farm, R = Ringlet

and KR = Kampong Raja.
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confirmed the unsuccessful establishment of this species,

Table 9.3 Some features of parasitization in reiation to the spread
and colonization of Diadegma eucerophaga Horstm. and
Thyraeella collaris Grav. in the Cameron Highlands.

Localities and their relative distance away from TRl/

Parasite species 3
TR*/ KIS < B £ MV < KF < R < KR

DIADEGMA EUCEROPHAGA

First occurrence
observed (date) 13.7.79 18.7.79 13.7.79 10.1.80 31.5.80 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

}/ TR = Tanah Rata, KTS = Kampong Taman Sedia, B = Brinchang, MV = Mensum
Valley, KFF = 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.eucerovhaga in
) locatingTénd}suéééséfully ovipositing on hosts in

relation to exposure time

When DBM larvae wWwere separately expoéed 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 bpth the species were'exposed
together (Table 9.4). The finding clearly indicates that Q.euéero is
able to detect its host within a much shorter time while the higher level



Table 9.4 Competitive abllity of Lladegui suceropuyyd Urav. i Apanteles plutvllat nuiuge Lu
locating and successfully ovipositing on larvae of Flutella xylostella (L.) with
relation to different periods of exposure.

Host exposurs y___ % host parasitized by: : % host superparasiticed % host multiperasitized fotal egg
by _ by A. plutellae and deposition by:
Condition Period A, D, A D. D, eucerophaga A, 2/D. 2
(hrs)  plutellae eucerophags Total plutellae eucerophaga plutellas eucerophazs
0.5 0.0 - " 0.0 0.0 - - 0 -
1 0.0 - 0.0 0.0 - - 0 -
To A 12; 6.7 - 6.7 g.o - - 1 -
i 13.3 - 13.3 N - - 5 -
Putellse ¢ 20,0 - 20,0 0.0 - - 3 -
16 33.3 - 33.3 13.3 - - 7 -
24 20.0 - 20,0 13.3 - - 10 -
36 4.0 (16.7)* - h0.0(16.73‘2o.o (6.7)* - - 40 (8.3)* -
. 0.5 - 33.3 33.2 - 6.7 - - 7
3 1 - 20.0 20.0 - 6.7 - - 7
To D. 2 - 46.7 46.7 - - 26.7 - - 16
eucerophaga U4 - 73.3 73.3 - 20.0 - - 16
alone 6 - 53,3 53.3 - 26.7 - - 13
- T : .3
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
Both A 1 0 22'0 é0.0 0.0 40.0 0.0 0 18
=2 2 13-3 -7 . 8000 0.0 53.3 1303 2 21
Rlutellss & Lg 0 80.0 80.0 0.0 28'3 0.0 0 30
= .7 73.3 80.0 0.0 .0 .7 1 25
g‘—:ﬁf“—“ﬂ 1& 6.7 60.0 32.7 0.0 ﬁg.'z 6.7 1 16
2 13.3 73.3 7 0.0 7 13.3 2 29
together 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)"

1/ Ko. of hosts per exposure time = 15,
2/ = No. of ovipositing females per exposure time =. 30,
X Tis indtcates noan value,
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of parasitism (59.1% alone and 61.7% when mixed) generally displayed by
this species suggests it is functionally more efficient.

Superparasitism was distinctly higher (28.4%) in D.eucerophaga |
(Table 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 paresitism rate
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%, respective;y, in the case with D.eucerophaga and A.plutellae alone
(Table 9.4), 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.eucerovhaga. Under varied field conditions,
such a behavioural response may represent subtle differences in the niches
6f 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
thirough 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,
2,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 periocd of time by a single predator (parasitoid"'E being 2 special-
jzed rredator) when the initial prey density is changed. This response may
be expressed by the Random Parasite Equation (Royama, 1971; Rogers, 1972):

NA=N[1-exp(—i%%)J (4)

Where Ny = number of hosts attacked, P = number of
' parasites,

= host density, T = Total exposure time,
= search efficiency or attack rate and

N
al
T™h = 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., The latter-is eo since eggs in
pa.rasitized 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~

/fe:ib\yrearranging into a form suitable for linear regression analysis as
/" follows (Rogers, 1972): '

|
/

Ih N 1 |
1/InS= = TP ?-:l TP (5)
N - Ny
where S(proportion of hosts surviving) = 5

Thus, in the experiment where T = 1 .and P = 1, the equation (5) would
becone :

! (6)

al

1/InS = - Th N -
By regressing 1/InS against the host density (N), the slope of the line can
be used to estimate Th and the intercept the a' value. H&Analysis of the
data vbtained (Table 9.5) shows the regression equations for both the para-

site species to be as follows:

o 1/InS = 1.23 - 0.0115N (for A.plutellae) (7)
1/InS = 0.53 - 0.0092N (for D.eucerophaga) (8)

It is evident from these search parameters that D.eucerophaga has a much
higher &' (1.887 days ™) and lower Th (0.0092 days) than A.plutellae (a' =
0.813 days™t, Th = 0,0115 days).

In the functional response, the number of attacks per parasite
shows a deccelerating increase to an upper asymptote in both species
(Fig. 9.1), giving rise to Holling's 'type II' response (Holling, 1959b).
Also, a good fit of the data was obtained (A.plutellae: F = 104.03;
df = 1, 7; P<0,01; D.euceropvhaga: F = 22,66; df = 1, 5; P<0.01). In

general, thelr response 1s similar to that commonly observed among insect

parasites and invertebrate predators.
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Table 9.5 Ovipositional attack of Apanteles plutellae Kurdj., and
Diadegma eucerophaga Horstm. in relation to varying
host densities of Plutella xylostella (L.)

No. of host larvae attacked

Host A.plutellae ‘ D.eucerophaga

density

(¥) Rep: 1 2 3 4 5 Mean 1 2 3 L 5 Mean
5 5 5 2 3 1 3,20 3 5 2 5 4 3,8
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
4o 27 10 5 13 32 17.40 - - - - - -
50 18 24 17 19 21 19.80 15 3% 15 32 35 26,20
100 14 12 32 3% 24 23,20 60 59 57 56 53 57.00
200 s 77 69 40 39 55,80 92 63 76 85 - 79.00
250 W 52 67 58 - 55.25 - - - - - -
300 -, - = - - - 91 83 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 'unparésitized' 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 0.4

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

However, the discrimination is only partial (imperfect) since

within.
many hosts containing parasite larvae were also superparasitized.




251

100

Parasitized hosts (N9

-

a Th
o— 0 A, plutellae 0-813 0-0115 days
o———e D. eucerophaga 1-887 0-0092 days

L ) . 1 ] ) ) 3 y | . L ) ) }

100 . 200 300
Host density .

FIGURE 9.1 The functional response of Apanteles plutellae Kurdj, and
Diadegma eucerophaga Horstm, on the host FPlutella xylostella (L)
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Table 9.6 Oviposition of Apanteles plutellae Kurdj. in
relation to the Presence (+) and absence (-) of its
own eggs within Plutella xylostella (L.) hosts (2nd-
instar) which were reexposed to the parasite.

Replic~ Condi- No. of parasite egg(s) and larva(e) No. of No. of eggs

ate tion ' per host hostg/ deposited
of uSEd -1
hosts Host Total Mean host
larva
Serial
No: 12 345 6 7 8 9 10
1/ PL: 101101111 1
. + PE: 2 1 0 205203 o & W L7
- PE: 3 2 500313 0 8 17  2.13
PL: 111111000 0
II * m: 313002233 0 °© 9 150
- PE ; 5 8 4127 9 0 0 0 O 6 4 7.33
PL: 010111011 0
1T * m: 031103415 4 6 B 2l7
- B : 1 13.3 102 1 6 10  1.67
FL: 101101110 0
v + B: 101101110 o © o 0.00
- ®: 021000210 0 6 b 0.67
PL: 111111110 O
v + : 202001021 o 8 6 0.7
- ooF 321221320 0 8 16 200
. PL: 111111111 0 |
- + PE: 30 2 01 010 o 9 7 0.78
- PE: 0 01731030 0 9 15 1.67
+ R 43  L4g 1.16
Total  _ TR : 43 106  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 ANOVA 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
thé presence (+) and absence (-) of its own larvae within
Plutella xylostella (L.) hosts (2nd-instar) which were
reexposed to the parasite.

Repli- Condit-  No. of parasite egg(s) and No. of  No. of eggs
cate ion of larva(e) per host hosts deposited
hosts consid-
Host 2/ -1
larva ered: Total Mean host
Serial _ _
No: 1 23 4 56 78 9 10
. Yp: 111 011 11 11 8 0.8
E: 030 011 0210 °? -89
I - PE: 1 13 012 0122 9 13 1.44
FL: 111 111 1111
+
- m: 112 022 110 2 10 12 1.20
- PE: O 6 4 0 3 5 2 0 2 1 10 23 2.30
PL: 0 11 111 1101
111 + PE: 1 11 012 1101 8 8 1.00
- E: 2 11 130 112 8 9 1.13
PL: 101 011 1111
v + PE: 2 00 000 00071 @8 3 0.38
- E: 2 54 145 597 62 8 35 4.38
: 111 111 1111
v + m: 000 000 1113 ¢ 10 5 0.X
- : 4 22 1813 1123 10 27 2.70
PL: 102 010 010 0
VI + PE: 1 02 010 0100 ¢ 5 1.25
- B: 512 222 2211 & 1 2.75
: 401 111 1111
vII + B: 00L4 211 1001 9 10 11
- m: 211 3 1 0212 9 1 1.56
B : 111 111 1111
virt T B: 120 011 2110 10 9 0.80
- I 51 212 0412 10 19 1.90
PL: 111 111 1111
IX + m: 0032 1232 1101 ¥ 10 1.00
- FE: 6 1 2 53 2111 10 24 2.40
M: 100 111 1110
X + : 121 121 1312 7 10 L4
- FE: 2 1 &4 0 3221 7 12 1.71
+ PE: ' 85 80 0.9%
Total T ; 8z 187 2.20

1/ Pg = 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 Flutella xylostella (L.).

Exposure sequence Condition of No. of hosts No. of eggs deposited Hosts superparasitized

iaﬂdbigzgza% hrs) hosts considered 2/ Total Mean/host Mean difference Y by 4. plutellss
(No.) (%)
D-0-A + 19 113 5.95 16 84,21
A - 19 149 7.54 £ = 1.146(ns} 17 89.47
D-244-A + 20 98 4,90 | 15 75.00
A - 20 ' 102 5.10 t = 0.210(ns) 16 80.00
D-48-A + 17 38 2,24 0 58.82
A - 17 50 2.94 t = 1.176(ns) 13 76.47
D-72-A + 15 41 2.73 9 60,00
1, A - 15 53 3.53 t = 0,7%(ns) 10 66.67
N D-96-A + 16 9. 0.56 2 12,50
A - 16 19 1.19 t = 1.817(us) 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 + 103 307 2.98 ' - 54 52,43
- 103 385 3,74 F = 0.84(ns) 6k 62.1%
1/ A= A, plutellae, D = D, eucerorhaga and the number indicates the time period between exposures to
the two parasites, '
Host larvae which did not contain any lmmature stages of D, eucerophaga upon dissections were

excluded from the analysis,
3/ os = not significant.




Table 9.9 Oviposition of Diadegma eucerophaga Horstm,in relation to the presence(+)

and absence(-) of the immature stages of Apanteles plutellae Kurdj. within the
hoat larvae of Plutella xylostella (L.).

Exposure sequence Conditlon of No, of hosts No, of egas deposited Hosts superpqrasitized
ﬁdbﬁ:zgﬁ hrs) hosts oonsidered 2/ Total Mean/host Meen difference 3/ by D.eucerophags
(No.) (%)
A-0-D + 19 30 1.58 10 52.63
D - 19 43 2.26 t = 1.309(ns) 10 52,63
A-24~-D + 16 28 1.75 9 56.25
D - 16 24 1.50 t = 0.647(ns) 4 43,75
A-48-D + 20 53 2.65 - 16 80.00
D - 20 50 2.50 t = 0.419(ns) 15 75.00
A-72-D + 20 39 l.zg 13 65,00
D - 20 48 2. t = 1.097(ns) 13 65,00
A-96-D + 17 17 - 1.00 L 23.53
D - 17 31 1.82 t = 3.3550ex) 11 &+.71
A-120-D + 17 12 0.71 2 11.77
D - 17 18 1,06 t = 1.335(ns) 4 23.53
Total + 109 179 1.64 F = 1,88(ns) Lo ho, g4
- 109 210 1.96 - 60 55.
1/ A = A. plutellas, D = D, eucerorhaga  and the number indicates the time period between exposures to the

two parasites,

2/ Host larvae which did not contaln any immature stages of A. plutellae upon dissections were excluded from
the analyais.

3/ ns = not significant, #x 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 1.96 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.eucerovhaga (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 rreliminary
studies by Lloyd (1940) suggested that D.eucerophaga (Angitia cerovhaga)

is able to distinguish between unparasitized hosts and those containing the

immature stages of A,plutellae, 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 thg mean number of eggs laid were highly
significant (F values for é.giutellae treatment = 13.21, A.plutellae

control = 12.16, D.eucerovthaga treatment = 7.57, and D.eucerophaga contirol
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 gereral, the number of eggs oviposited showed a tendency to
decrease with progressive increase in the time interval beiween exposures
(Tables 9.8 & 9.9). This is probably governed by the advancing age of the
host larvae, as indicated by 2 similar trend in the control series where
the age of the hosts was the only variable. For A.plutellae, other studies
(see 5.2.2) have also shown this stage preference to be a consistent and
strohg 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 pavasites. 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
jnvestigations as compared to that of Lloyd (1940). Avoidance of super-
parasitism tends to break down in high parasiteshost 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 invegtigations since only Z2-day
old parasites were used, Moreover, that high parasite:host ratio was a
contributory cause 1is 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 was 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 1lst 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.eucerorhasa 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)_/ 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) 7. 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 5.5.2).

For seqguence intervals of 120 hrs and beyond there was no
evidence of the 2nd parasite in the host / Table 9.10 (i & ii) / irres-
rective 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.eucerophasa and T.collaris were observed to have graduvally spread
out to colonize new areas. As the pattern of spread ié 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 stirong 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 yegetation 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 ﬁermanent feature in the parasite complex of DEM.

Concerning its relationship with A.plutellae, some form of
competition evidently exists since all hoéts 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 2 host
than D.eucerovhaga, under situations where both parasite species enter a

———— el
host environment simultaneously the latter should emerge functionally more
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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 peried than
A.plutellae (54.0 hrs). The difference in incubation has much similarity
with the case of multiparasitism in Evhestia 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, 1961)., Evidently,
all these features are critical in maintaining the superiority of D.eucer-
ovhaga within the  A.plutellae-D.eucerovhaga 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 dissectioen. ]

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', a2 term variously
interpreted (Wiens, 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.1lists 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, 1978). 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) and 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, 1960; Chua & Lim, 1977, 1979), the a' values determined for
both A.plutellae and D.eucerovhaza 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 beiween parasitized and unparasitized
hosts. However, the extent to which this selective faculty determines the
incidence of superparasitism and multiparasitism 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.eucerorhaga 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.eucerophasa 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
Pemberton & Willard (1918) and Turnbull & Chant (1961). 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
(1929) 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 (1969) provided
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further support for multiple introduction, as expressed in their ‘parasite
quest' theory. Examined in more detail recently, May & Hassell (1981)
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 maximizing
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, 1$80).
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 (1929) 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; Slabospitskil; 1980). Evidently, D.eucerophaga seems to be ext-
rinsically superior generally.

At present, the spread and establishment of D.eucerophaga 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. Om average,
the latter is still higher 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 ichnewmonid hyperparasite, Diatora lissonata (Viereck) which
may cause as much as 38% mortality while averaging 13.6%. Generally,
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Table §.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

g;goizi:riz%uence_ A.plutellae D.eucerophaga
. 1

(hrs) in betwee (No.) (%) (No.) )
(i) A.PLUTELLAE HAVING FIRST ACCESS TO HOSTS:

A-0-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-0-A 3 10.71 25 89.29

D-2U—~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 L 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.eucerovhaga, and the number indicates the time
period between exposures to the two parasites.

where D.eucerorthaga has successfully controlled DBM, there was either no
mention of hyperparasites (Vos, 1953), or hyperparasitism was inadequate
to limit the parasite (Robertson, 1948; Goodwin, 1979). Besides, the lower
level of D.eucerovhaga 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 higher
level of superparasitism (5.9%) than multiparasitism (0.37%) with D.euce-
rovhasa was also recorded (Table 9.11). Buti an inverse situation occurred
in the competifion 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
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growth more than that of the other species and hence intra-specific effects
outweigh inter-specific ones. Theoretically, only this situvation allows

for possible attainment of a stable equilibrium point and coexistence

between the species concerned (Hassell, 1976). However, since superpara-
sitism in both é.plutéllae 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 graduzliy 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. No. of parasitized
xvlostel La. hosts con'!:c'tzi.n:i.x'zg:J"E Others
dissected - '
A.p. alone D.e. A.p. &
alone D.e,
together

(No,) Parasite No.
within: 1 2 3 1 1 each 1

LFP Station 8.5.80 72 30 0 0 17 0 0
(Brinchang)

MARDI Research

Station (Tanah 9.5.80 148 5 6 1 20 0 17
Rata)

Mensum Valley 10.5.80 50 27 9 0 3 1 0

*5,2. = Apanteles plutellae, D.e. = D.eucerophaza

? = 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-
cerophasza, 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.eucerophagg at low host populations because of
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its better search ability.

In general, the introduction of D.eucerorhaga 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 Q,Bucéroghagg ‘interfering'
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:dynamic balance between aggregation and in-
terference acts to leave an optimum number of the iwo parasite species
within a given area (Hassell, 1976). In particular, this will assume espe-
cial importance for A.plutellae which, possessing relatively less discri-
minatory ability, would otherwise tend to be atitracted 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
détailed 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, Llargely, 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 biclogical 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, itris 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 pbsitive 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 slightly 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, 1960) for insect parasites of the spruce
budworh, Holling (1959a) for mammalian predators of the European pine
sawfly, and Harcourt (1963b) for Diadegma insularis (Cresson) of DBM. This
rhenomenon 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 (Jusch
et al, 1981), 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-large' 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 dymamics
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. ILargely, this resulted through seleciive
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 effectivenesé, many possibilities are available
(DeBach & Hagen, 1964; van den Bosch & Telford, 1964). However, for
A.plutellae in the Cameron Highlands there appear to be limited optiomns.
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 foeds 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 preseﬁce

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% (Girnaga, 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, 1960) where 70-90% of DBM were
destroyed by its parasites (chiefly g.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 foumd with A.plutellae
(see 5.7.1). However, all the advantages mentioned can only be expected

if the source‘plants themselves are not svrayed with chemiéals. 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
vrotection, 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 Q.euceronhaga) to flowering peas and beans whenever
these are cultivated near the cabbage crops. That arthroped 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 C.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 rezson 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 checice 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 clearlj exist for some emphasis on such an approach
(Perrin, 1977). :
At present, A.plutellae is abundant and common inrthe Cameron

Highlands in spite of heavy applicétion 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 goad 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-éurvival 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 somé 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 pestididgs will constitute a2 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 (0oi, 1980) 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 sjecificity 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 appreeiated 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 1ittle 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-/ / / i—-(triflucromethoxy) phenyl_/amino /
carbony;;7 benzamide with the suggested common name, triflumuron (Ham-
mann & Sirrenberg, 1980). This chemical differs essentially from class-
ical insecticides by its specific mechanism of action, i.e. interfering
Wwith 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 DBHM. SIR 8514,
however, has exceptional toxicologiéal properties. Selective activity
which favourably spares beneficial insects is also evident (Hammann &
Sirrenberg, 1980). 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. 3Besides, 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, 1980) and field (Schmidt & DSrntlein, 1980). 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 fhe 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, 1981). 1In 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
chemicalé can be carefully directed onto the undersurface of the young
leaves (& shoots) and moderately old leaves only. ZEy this means, con-
siderable protection can also be afforded to A.plutellae cocoons which are
Tredominantly present on the old and moderately old leaves, RBecause 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 subétantially for
other pests and on other crops, such as, 'skip', ‘'spoi' or 'sirip' treat-
ments (Dowden, 1952; DeBach & Landi, 1959 Bartlett, 1964), reduced dosage
(Michelbacher, 1954; Stern et al, 1959), and the selective timing of
treatments (Steiner, 1938; DeBach, 1947; Michelbacher & Middlekauff, 1950;
Bartlett & Otega, 1952) particularly with short persistent materials
(Ullyett, 1947; Allen, 1958), 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 high degree of specificity
with each strain of B.t. (Burgerjon & Martouret, 1971) thereby affording
little danger to many non-target beneficial insects (Bailey, 1971), 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, 1971; 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, 19?1). largely .due to thesé desirable features, B.it. 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 (19?1) 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 centrol, particularly since the moth is highly susceptible to it.

The field use of other pathogens associated with DBM (Sawyer,
1931; Ullyett & Schonken, 1940; Xelsey, 1966; Asayama & Osaki, 1970;

Vail et al, 1972) cannot at present be suggested mainly due to insufficient
information. However, since it is “....énticipated that microbial control
will play a useful - and extremely safe —— part in integrated control,
vesers.” {(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.eucerovhaga 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 exvected 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, 1936; Hardy, 1938;
Robertson, 1939; Ullyett, 1947; Todd, 1959; Kopvillem, 1960; Coodwin, 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
rupal parasites occur there while insecticides are generally ineffective
against the pupae. Similarly, with‘g.eucerophagg 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 DEM population at sub-economic levels, then, many of the
exiating 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.
iiterature. 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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betier 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 thé 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 &),

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 wunavailable, 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 [T&panteles halfordi Ullyett,
Apanteles ippeus Nixon, A.plutellae, A.ruficrus, Apanteles sicarius Marsh,
Diadegma armillata Grav., D.insularis, Diadegma neocerophaga Horstm., and
Microplitis plutellae (Meus)_? 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 subtilicornis Grav.,
Tetrastichus sokolowskii Kurdj. and T.collaris (Appendix Ly.

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: iz 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, 1981). 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
h.2.2 & 4.2.3) that such parasitic activities can be severely suppressed
by certain chemicals. With resultant increased control by the bioclogical
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. KNumerous 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 govermment advisory
extension (Lim et al, 1981). 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 treatiment 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 systen. Devéloping better methods of
outbreak predictibn coupled with an 'early warning system' that could
eliminate insurance spraying will certainly help much in overcoming imnec-
essary chemical applications (Southwood & Norton, 1973). Alse, 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 measuxres
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, 1981), the present threshold is still inadequate as
parasites have not bteen taken inte 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, 1917; 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
jnformation, e.g. Egypt (Hassanein, 1958), Chana (Gupta, 1971), Kenya
(anderson, 1922; Ghesquiére, 1939; van Emden, 19%42; de Pury, 1968),
Malawi (Smee, 1942), Tanzania (Morstatt, 1913a, b, 191%; 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, 1968; Eberhard, 1978), Uganda (Hargreaves, 1924;

de Pury, 1968), Zimbabwe (Jack, 1936, 1942) and Zaire (Ghesquigre, 1939).
When closely compared most of these areas which are continuously plagued
with difficult DBM problems have some common features. Tn particular,
associated parasitic species are absent or scarce (Table 10.1). 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-
1llel, there is an increase in species diversity; situations with higher
total parasitism frequently having a greater number of parasite species
(Table 10.1). 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
rractice for the crucially important ones as will be made clearer later in
the discussion. Except within each parasite's 1limit 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, 19772) and in some instances can be
harmful (Taylor, 1937; Varley, 1959; Turnbull & Chant, 1961; Watt, 1968;
Zwolfer, 1963; Way, 1976; Pimentel, 1980; May et al, 1981).

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 battern 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 implicationé. Specifically, in Leeward Islands (Lesser Antilles)

‘five parasite species were unable to provide any significant DBM suppression
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Fo. of Inpect parasita complen
Status of ?. xylostalls Formal wean host danaity locality spacion Towlaant sprcies Toial parasitian 1nformatlon foures
CATFCORY 1:
{2} Marely s problew; pre- Yery lov & slmost entirely) 1ele of Thamet (UIX) '3 Diadegma nucarophags 3 Diedegmu fenestralin More then BOY (1935} ) Bardy, 171
demlnantly under eomtrol. sbasnt, W i S of Englend {UX) & E wucarophsge & [ fenestzalin Mora than 901 {193%) )
ca 11,6 larvae/plant Transvasl (%, Africa) af Blade app. Tarasites respousible for ca 701 of bast mortality (1938-39) :::Tlt! ll:::ool!n. 1940; Wilyeee, 1947
T3.3 larvae/plant Tranavasl (E. Afrlca) rii Flade app. More thao 38,21, yert, e
6.2 larvae/plant Pretoris (5. Africa} 17 DuE-E_. wpp. Mean parasitivw=341, Yncresning to mote then SOT at later Dllyeter, 1%
stage & sometiwes attaining a» bigh an 771,
Mean larvae + pupaefplent ) Fatjer (Indonesia) 1 D. sucerophags 17,61 You, 1933
= 1,6 ~12.8, avaraging 3.3/) Sepmung-Panjawulan & 1 b. eucerophaga 80-96% (ave., BSI 1951 end) )
plant. ) Cuvmg Putyi (Indonesia) )
) Comung Putr! (Indopesia} 1 D. eucerophags B4-96T (ave, 891, 1952end) )
} Middle Java 1 :E -uf.!roEFn!. 0601 b]
Very lov & almost entirely Moscow Region (USSH) [} b. feneatralis & Diadromus #ore thay BOX, Ropvillen, 1960
sbpeat. subtilicornis
Xylostells Wilson, 1360
Abundance of P. xylostells Many parts of Anatralia 7 D, eucerophaga, Thyraeella Heary paranitism
wmarkedly reduced to im- colTaris & Apanteles
significent level following plutelTae.
introduction of parasites,
Adashhevich, 1966
Lesy than 1.5:4.0 larvae/ S. Ukraine {USSR) >4 Ciade app. (mainly . feneatralin}, 14.2-97.31(1960-65) ]
plant, These caveed more than 50T hont wortality 66.4-78, 12(1963-65) ]
Rewainder caused largely by D. subtilicornis § Apanteles app. )
Fever reached economic Columbia (USA) i ] Diadepma Elutellu, Tetrastichus Kigh psrasitiss Tates. Parker, 1%71
levels (Bormally 1-5 per wokolovshil  Microplitis pluteilae,
10 planta).
1.4 larvae + pupae/plant. West Java {Indonesia} 1 D. eucerophags Tp to 731 (1913} wan den Owver, 1973
0.3 larvae # pupatfplant } Yictoria {Auatralia) 9 D. eucerophage, T. tollaris 491 (1972-74) Coadvin, 1979
{1972-73} } 4 Dl.dtml X-Ei.
1.0 larvae + pupaefplant ) .
{1973) )
1.5 larvae * pupaefplant )
{1973-24) H
3.1 larvae + pupaefplant )
{1974) H
T
Low 4 generally well eontrol~ (Krasnodar (USS5R) (1960-63) ) o/ D. fenestralls 4 Apenteles ruficrus A3-66X Holseeve, 1973
lad naturally. (ByeloTussia (USSR) (1964-70)) ~
(Marivime Region (USSR) H D. eucerophags 4 Disdrowus ap. Up to %0X Siabowspitakil, 1780
{1973-76) )
(b} Occasiouslly a problew Incidence generally low Main erveffer—growing areas 2 D. ¢ucerophaga & T. 486X (100T on many inataoces). At bigh host decrity Todd, 1959
when patural ecomtral of North Taland (New colTaris periods conmtrol is sided largely by RBntomophthora
is distupted {esnentially Zealand}. sphaerosperma,
by abiotie factors), 1978a, b.
Population arually lov ) Havkesbury Valley 6 D, eucerophaga, T. 31 Q1971-78) Bemiltoo, .
Hoverer buiid—ups to ) (Australia} colTarie G-ﬁrml:ltu
economic importance oceur ) Ippeuas
vhen there sre unusually )
warm L dry conditions. }
0.6 larvae + pupaefplant )
(197172} )
2.& Jarvar ¢ pupae/fplant )
(1972-70) )
1.1 larvee + pupae/plent )
{1973-14) ) -
CATECORY 11;
Watural control partlaly bW eccurring only In fair Lut Jebroek {Holland) A D. sucerophaga Hors then 331

sporadic build-upe requizing
control by limited supplemint
of chemical Insecticides.

nushers yearly.

Lloyd, 1340
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Ro. of Iopact parssite complex Ioformatiom
Status of P. xylostells Hormal mean host denmsity Locality

- spacies Powinant epecies Total parasitisom Bouree
Formslly beld at telatively low Merivale (Canpda) 12 MM!E: insularis 4 Diadrom:s £a 521 Harcourt, 1960, 1%Ja,b.
lavela vith aperadic bulld—ups, plutellae
Attaining ecomomic levels Maw York (USA) >1 Disdegma app- 401 (1957} Plmental, 1961
occasfonally, 357 (1938)
6.6 larvme/plant (1%60) ) Aylmar (Cansds} .‘.f = - Cora, 1563

1.5 larvse/plant {1561} }

29.51 {In esoler lst half yesr)
1.6-3.6 per plant, sveraging 2.4 1, California (USA) 5 D. inmlaris & Disdepwa plutellse 40.41 (in warmer last half year) Oatman & Platuer, 1969

1.18 larvae + pupae/plant (1963 ,test 1)} Charleston, 5.C. {USA) L1 - - Craighton et 21, 1370
1.16 larvae + pupae/plant {1963 ,test 7))
¢.11 larvae + pupae/plant {1266 ,test 1)}
©.09 larvae # pupae/plant (1966, test 2))

-+

-

.

-

0.14 larvae + pupaefplamt (1967,test 1)}

©.25 larvae + pupse/plant (1967,tewr 2)}

0.04 larvie + pupae/plant {1967,test 1))

0.68 larvae + pupse/plent {1968) ]

Infeststicos built up to moderate 5.E. Queensland (Aust.) 5 D. eucerophaga o 311 Tarrov, 1970

levels occasionally. .

0.32 larvaespupae /plant (Spring 1969 Clemsoo Univ, Truck bf = - Craighton et a1, 1912

Txpt, 1), ) Pxpt. Sto. {USA}
0.76 larvaespupaefplant (Spring 1970)

Expr, 3}. )
0.32 larvaetpupse fplant (Fall 1370 )
Expt. &) )
0.03 larvae+pupse/plmt (Spring, ) Clemson Daiv. Truck L - . - Creighton et 81, 1973
Test 1) )] Expk. Stn. (SA)
0,12 larvaetpupaefplant (Spring, ) R
O Teat 1) )
o~ Infestations built to moderate Saakatchevan (Canada} 2 (D. inaularis {in Zod hoat gen.) (681 {in Llat host gen.} ) Putamm, 1973
o~ levels Mulimllly'.’p (E. !Iut:”-! (in 1st host gen.) (411 (inr 2nd host gen,) )
HA 3 S$t, Paul, Hirmesota (OSA) )
0.59 Latvae/plant ) ) 2 Tiadegna piptellae 43,21 (1968) ] Veires & Chimg, 1973
0.60 larvae/plant ) ) 12.91  (1969) )
. } 4.6 (1970) )
HA Rosemount, Minnesots ) 57.6%  (1968) b
.47 larvaafplent ) (UsA) } 16.71  (1969) h)
0,44 larvaefplant ) ) 9.42 (1970} b]
0.22 larvartpupse (Spriog.1%9) ) Clewson Doy, Truck 1Y - - Creightoa, et al, 1974
0.57 larvaetpupae (Spring 1970) ) Expt. Stn. (I75A) = —_
0.1% larvaetpupse {Fall 1770) }
0.29 larvae+pupae (Spring 1973,Test 1)) Clemson Uoiv. Truck 1 Y3 - - Creighton & McFadden, 1975
0.37 larvaetpupae (Spring 197),Test 2}) Expt. Stn. (USA) =
Less than 1.4 larvsespupasfplant. Bastioga (USA) 1 D. fosularia & T. sokolowekil A2 Ru & Vorkman, 1979
CATEGORT 11T
(a) Contisucusly a Henvy infeatatjons with severe attstks, In many localities of 1 Diade up. (near Disdepma 71 Moggeridge, 1970
problea requiring aspecially io the drier parts. 1In New Tealand, sapecially Tateralis)
regular end heavy many casea it alwont completely Canterbury & Northern
i forecticidal control destroyed the follage with consequent Otago,
{n wplte of the loss of crops.

prasence of
parasite(s).
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Mo, of lhasct parasite cowplex Information
Status of F. xyloatells Worws]l maan host denslcy tocallty spaciar Towloant speclas Totsl parasiiion Sourca
rrior to Introductions of Localitien [n Waw 2eslund } 2 Dindegna ep, {near Pladsgma lutaralfe) §.52 (on hoat larvae) )} Rodertsen, 1939
D, sucerophaga. 7. collaris Manswety (1933-36) } 0.3 (on hoet pupse} )
i a7 plutelTar there weré often (1933-31) 3 0.62 {m hoat larvas) )
latge nusbers of DEM. Also, the Navha'e Bay (1%36-131) )] 9.31 (on hoet pupse) )
erops were oflan severely (1936-37) ) 0.421 (on bost pupec) )
sestreyed. Rohe’s Bay § Matavaty ! 26.91 {on host larvae) ;
(1936} ) - on
Rt < ) OL6sT (om rant popeey )
Taranak] :1936; )] 1.481 (ot host lervae) )
Veirarapa (1913} } 0,797 {on host pupas) )}
(1935} )
Infestations comson Weat Bengal 3 Macromalen orientale & T. collaria 15.5% Thalsk, 1970
Righ infestations with extensive Saravak  (Malsysla) 1 A. plutellae . ‘:n? :w (:It!l:bg)k at Wan, 1970
d Lo L) gimning of ou al
5-.“ . wiy reach 81,71 6-7 weeks later
Infestations often capable of { Arear In Leswer Antilles: . il
3 A1l specins negligible Megligible Betmett § Yaseen, 1972
cowpletely dentroying the crops, { Aneigus 2:1 g All .::Iu nv:li:iblz m:li:ibl!; 40601 Bennatt ‘& Tasees, 19*1:!1;-".19”-
: orbede 2:1 (ALl wpecies negligible Negligible; ) Bemett 3 Tuseen, 1972;Tassen, 1974
( Leevard Tslands 1:5  ( Al] wpacies negligible Kegligible; )
{ Hontacrrat 31 ( AlD species megligible Begligitle: )
{ Mevin 2;1  ( All wpecles negligible T Wegligibie; )
( St. Xites 3;2  { All speciex megligible Fegligible; )
{ s:: Lucia 3;1  { ALl species negligible Wegligible; )
{ Windvard Islands 2 { ALl species negligidble Wegligible: } 'hum,bl!?l -
€.6% larvae/plant Centrel Expt, Stn., UPCA 1 Disdegmn plutellase Megligible :::n::]lw;:n: C:,;:tl. 973;
{Philippines) 4
2.} larvaetpupse/plant. Normally, Sembrvang Tield Frpt. Stu. t Apanteles rp. low Ctwo, 1973, 1975
damape ie conmiderable and {Singupore)
ungcceptsble without extennive -
chemical protectiou.
Infestations high if wnprotected Taiwan 1 A. plutallae 27 Chin, 1%74
with chemicals,
187,08 individuals/man-hr (1970-71)) Trinidad 2 Spilochaleis hirtifermors 6.611 Taseen, 1974
83.6 {ipdividuals/man-hr {1971-72))
KA Cimeron Rightands {(Malaysia) 1 A. plutellse 35.82 Lim & Xo, 1975
16,4 Isrvsespupatiplant. Cameron Righlands {Malayris) 2 A- plutellae 15,91 Gol & Relderman, 1977
In varicus localities of }
the Cemerco Highlends }
Maleysia {1978): ) ) .
27.2 larvaetpupaefplant Kampong Raja ) 1 A. plutellae 3.11 ) 0o, & Sudderoddin, 1978
10.2 1srveespupae/plant Tuala Terls ) .51 )
4.8 Yarvaetpupae/plant Tringhap ) 9.7 )
1.6 larvaetpupse/plant Kea Farm/Grerncow ) LEELE I
B.6 larveespupae/plant Mensum Valley ) 5.1 )
.4 larvar+pupae/plant Ringlet ) .01 )




YARE 10.1 (Contipued 1),

Ko. of
Ktatus of P, xylostells Norms) masn host denafty Localley apreles Inssct paranite towplex
Bowinant speclen Toral parsslives ::::::‘”“"
In varfows Jocalitles of )
the Cameren Righlande, }
Malayala. )
4,6 larvsestpupns/plant (1973-T4) Tanpong lale } 1 A, plutella
27.7 1arveetpupas/plamt (1979) Rampong Wals } 4- plutellse 1“-51 ) Prasent atudien
5.0 larvaetpupae/plent (1973-75) Kuals Terls } ‘:-60' )
16,1 larvaespupsefplamt {1979) Kuala Terla } 61 )
3.8 larveetpupae/plent (1973-74) Tringkap } 0.91 )
10.4 larvaespupse/plant {19774} Henaum Valley ) :‘:';’: H
6.9 lerveetpupae/plant (1973-74) Bertem Valley } 300 ;
3.2 larvaespupsefplent (1973-74) Kampong Taman Sedia } 11-71 )
1.3 larvsetpupae/plent (1979) Brinchang Town ) ”'” )
2.8 larvaetpupas/plant (1979} 7th Mile ¥rinchang } u'"
3.8 larvastpupae/plant (1979) &5th Mile Brinchang ) JI.H ;
CATEGORY 1X1: &.& larvae/plaot (1350) Patjet (lndm!lif) ) o - - akecwmit, 1953
{b) Comtioucusly a 16.2 larvaefplant (1951-52} Leabsang (1adonesia} }
problew requiring
regular and heavy 21.) larvee/plant. {umeron Highlands (Halsysla) 1] -
ipaecticidal eontrol. = Rendernon, 1957
Ko parasite reported 17.1 larvae/plant (Expt. 1} ( Camerou Highlands (Malayaia) ) 0 -
present. 14,8 larvae/plant {Expt. 2} 4 ) - Ho, 1963
23,8-612.0 larvae/plant 2aguie [(Philippines) o -
(ave. 280.95 l.lhl:.fpln‘ll) Sanche: et al, 1968
20.1 larvae/plant {Expt. 1) Cameron Bighlands (Maluysis) ° - 2o & rg, 1970
.
High populwtions tbroughout the Jemaica o -
y!Er in the lov-lyiog :'Iainl. Suah ¥ Ellis, 1974
Impossible to produce cabbage
8 without strict chemical eontrol
o measures durisg bot seasoms,
Population levels high and cewsing Vent Sumatra {Indopesia) o - ,
aevere crop damage Lf wmprotected Sudarwobadi et a1, 1974
with chemical spplications
(approx. 2-3 timea/week).
o -

0.36 larvae/plant
3.7 lervarfplant (Trans Apr 76)

(Trane . Mar 76)

AVEDC (Taiwan)

AVRDC {1976)

}
}
91,0 larvae/plant (Trens.Dee 75) )
3.7 larvae/plent {Trans.Yeb 76) }
66.2 larvse/plant (Trmom.Jan 76} )
80.8 lervae/plant (Trans.Jan 76) }
al Cowplex of neversl apecies suggested,
B/ Exsct mmbers oot indicated but stveral apecies reported from other scological

RA

atudies
= Kot available.
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(Bennett & 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;
Pi{mentel, 1961; 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, 197%; 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 reasor but rather the absencelof 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 10,1). With the exception in Columbia (USA) where the moth
is held in check by Diadegma plutellae, M.plutellae and T.sokolowskil
(Parker, 1971), DBM still poses some problems where D.eucerorhaga or D.
fenestralis 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 10.1).
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:
nsuccess in biological control is not associated with simple increase in
diversity but it depends primarily on a few crucizlly 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, 1966). The failure to recognize this is
perhaps largely responsible for most of the unsuccessful control of DBM
vhere attempts at introductions have been only with relatively less impor-
tant parasites and have not included the crucial species (largely Diadegma
8DPp., particularly D.eucerophaga and g.fenest:alis) (Wilson, 1960; 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 s0 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 wmimportant is inevitable

since the parasite complex involved in his studies in Canada did not include

the seemingly more important species, Although D.insularis was present,by it-

self it cannot effect full control except when consistently in combination with

other appropriate species. D.eucerophaga or D.fepestralis if present,

could have resulted in conclusionucontrary to what hé 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 DEM has not eliminated the need for chemical control

in New Zealand (Robertson, 1948) and Australia (Wilsomn, 1960). Evidently,

too high expectation of the parasites' role is unrealistic, as upsets

(both biotic and abiotic) needing insecticidal supplements could occaéion-

ally occur, as in situations where the moth 1s predominantly under natural

control (Category I, Table 10,1). Furthermore, although attainment of full

biological suppression is the prime objective, effecting a substantial

decline of pest level from partial biological ¢ontrol such that programme

of IIC 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

1imited examples on which he based his conclusion are further re-examined

and conﬁared 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 wusually 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 faim 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 & Bennett, 1976).

To date, some other important key-links that have been esta-
blished are adult food sources through flowers (Kopvillem, 1960; Garnaga,
1975), and crop continulty (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 agenis and conventional chemical imsecticides are still
less clearly defined, largely because of inadequate investigations on the
former (Burges & Hussey, 1971) and conflicting reports on the latter
(Ullyett, 1947; Vos, 1953; Todd, 1959; Kopvillem, 1960; Adashkevich, 1966;
Bennett, 1974; Kwmar, 1974; Yaseen, 1974; Sudarwohadi et al, 1974; Hamilton
& Attia, 1977; Hamilton, 1978a, b; Ooi & Sudderuddin, 1978; Present studies).
Hovwever, 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 (Simmonds & 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 limj-
ted extent the judicious use of chemical insecticides. Although inclusjon
of the key parasite species may not guarantee complete biological control,
marked inprdvements 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 sjituations, abandoning these crucial parasites will make brassica
cultivation continuve to be drenched in ever-increasing amounts of chemicals;
and probably when such materials xun 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

sitvations.
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SUMMARY

The status of Diamond-Back Moth (DBM), Plutella 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 (1) 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, (4) 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 - 35.8%. |
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 (1) 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 i
findings: i
(1) The parasite can delay a similar host build-up by a generation.

(2) T™he parasite can cause significant host suppression; the k-values for
generation I, II & III being respectively, 0.47, 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 umable to effect full biological control of DBN,

its beneficial effect is nevertheless important and merits exploitation.
(9) Most important, both the wmguestioned 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 night 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 1life 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 mins 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: 2nd >3rd>1st>4th larval instar, '

(3) Irrespective of host larval instars which the parasite initially
‘attacked', the developmental period of the parasite was relatively constant,
being approximately O days. However, as initial oviposition with respect

to the host stage became later, the developmental period of the host was
rrogressively lengthened. Also, there was increased host mortality.

(4) On parasite development under different temperature and RH conditions
duration. of the egg, larval amd 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 (te = 11.2°%C, K = 41,67 day-°¢), larva (ty = 15.5°C, K = 58,82
day-°c), pupa (tp = 15.5°C, K = 63.16 day-"C) and from oviposition to
adult emergence (tp = 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.
¥hen multiparasitism occurred, excessive 'stings' may kill the host. This
effect increased r2pidly 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 fleld. 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 conditionms.

(7) T™e parasite is also synovigenic, with mean longevity increased from

3 days to 14 days and mean fecundity from 193 eggs to 494 egge 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 1oﬁgevity 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 ¥. seemed able to serve as
possible altermative hosts. However, in the field, except for DBM a wide
range of lepidoptercus larvae collected from cabbages and other plants in
the vicinity did not yield any A.plutellae, suggesting the parasite to be
host speéific.

From the above considerations, A.plutellae is observed to have
a mumber of desirable attributes viz: (1) 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 insecticidal applications. In gemeral, more eggs (65.6%)
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of DBM were laid on the abaxial leaf surface and on the young and roderately
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
1ittle difference in the distribution on the different categories of leaves.

Both DBM and its parasites (including the recently introduced
species Diadegma eucerorphaga Horstm.) were also foumd 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 Ly 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. 1In
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 crope increased to about 70.3% by the 32nd crop.

Since control of DBM in the Cameron Highlands was exclusively
dependent on chemical insecticides, it was considered necessary to invesi-
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, pessible 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, 0.99 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.) / that were
recently established in West Malaysia, particularly the role of D.eucerophaze .
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 higher a' (1.887 day >) and lower Th (0.0092 days) than
A.plutellae (a' = 0.813 day-l, 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 Hhen the parasitized hosts
contained parasite larvae and is wnlike 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 higher 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 Diadegma fenestralis, none appears capable of exerting
full control by itself.

To date, many countries are still continuwously plagued by DEM
and there 1s 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
speéies may not guarantee complete blological control, marked improvements
in overall pest situations can invariable be expected. Abandoning these
crucial parésites will make brassica cultivation continue to be drenched
in ever-increasing amounts of chemicals. These conclusions seem inevitable
as all known éases of successful IDBM control have been obtained only when
the basic control component constitutes either parasites or chemical in-

secticides.
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farmers in the Cameron Highlands. (:ma practicen do
not include the insecticldal usags which may vary from
one locality to another, bveing largely governed by
developments of insecticlde resistance),

SEEDS: Treated with Captan’ funglcide before sowing,
NURSERY : Total number of cabbage seedlinga = 13,000 - 15,000,

Fertilizers = 1,35 kg(3 1ba) Triple Super Phoaphate (TSP},
and 4.08 kg(9 1be) NPK (Mitrophoska BlueR).

Protection agalnst Clutwoot disease = CalomelR at 4.5 gufgall.
or 0.1% sclution.

TRANSFLANTED FIELIS: Size of raised bed = 0.91 m x 12,19 m (3 ft x 40 ft).

No. of plants/bed = 27 (including 2 guard row plants
at the ends).

Planting distance = 0.4 m (1.5 ft} apart.

Lining of beds = 1,81 kg (4 1bs)/bed.

Fertilizers: In transplanting hole, 14,18 ga ({ og)
ground magnesium limestone (Qil),
14,18 gn (+ oz) TSP and 56.70 g (2 oz)
poultry manure, At 3 weeks after
tranaplanting, each plant was further
provided with inorganic (0.1-0.3 kg
NEK blue) fertilizera or organic manure
(1.5 kg, MalamealR + @),

Appendix 2. Procedures for the rearing and maintenance of the DBM,
Plutella xylostella (L.}, and its parasites, Apanteles
plutellae Kurdj. and Diadegma sucerophaga Horsim,

a) DIAMOND-BACK MOTH: In the mass breeding of the DBM, a series of 'larval
developuental cagea' (FPlate 2.2) was used. The Tirast in the series was
denignated for oviposition, wherelm, as many as 15-25 pai;-n of adult
P.xylostella of various ages were maintained with water and 17% honey
solution, Everydsy, a tunch of 5-6 fresh leaves of B.rapa was enclosed
for 24 hrs uithirla the cage for oviposition, following which, each bunch
was remcved to another cage to await larval emergence, Upon eclosions of
the sggs, excesa supply of leaves to the developing larvae was ensured
through regulir iepleninh-ant every 2 days, Thls was continued untll
pupation had occurred, whereupon all the pupae obtained from each cage
were tranaferved to & 'host pupation jar* to await emergence of the adults.
The rearing cycle was then repeated, beginning with aome of the resultant
adults obtained,

From the above rearing method, as many as 3,000 larvae may be
readlly obtained i:-er cage with more than 18,000 larvae from each rearing
gerles which may involve 7-9 batches of ovipositional exposure. Horeover,

any trood of eggs, larvae, pupan and adults tmt
were obtained can be approximately known.

laid egga, the age for

b} A.FLUTELLAE: Like the DBM, a serial tranafer technigus was used for
the rearing of A.plutellas. In this inatant, a series of 'breeding jarst
(Plate 1.1) was used instead, with the first being designated for ovi-
poeition. Daily, about 200 2pd-instar host larvas 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 cocoona apun each
day were collected and kept together in a *rarasite cocoon emergence jar',
and whereupon any adults that emexrged were again separated out daily.
From some of these adulta the rearing cycle was again repeated to obtaln
the subsequent parasite generationm.

On average, this method of rearing would yleld about 1,000 adult
parasites (male:female ratio = 1.2) from each rearing series which would
involve 6B sets of o\dpotisitioml exposure, Whenover more parasitesa
were needed, parailel rearing serles were run to increase the production
accordingly.

c) D.EUCEROPHAGA: This was almilarly carried out as for A.plitellas,
except that only & mated femalem were enclosed in the *ovipositional jar*®
inatead. Under the conditions set up, about 700 adult parasites (male;:
femzale ratio = 1.6) may be obtained from each rearving serles which would
encomnpass 5-8 sets of ovipositiona) exposure.
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careyl TpntIaml M s stbise T
* (e, 3P, a5, 18-
{:_‘:;"‘ 1.2.3.&.2.5 hcncrﬁmcyclo-
hexans .
Organo=tins eyhaxatin tricyclohaxylhydroxystannate Plictran Wp L
1BSTTSC)
Forsamidines amitras N'al2 ) 4—dizethyl phenyllada
(BaY | I50) £ /712, 4~dinathyl pheryl} Amitraz 20 £ |3 L » c
Ao femathyl/ ety lratha~
niminamida
chlordizefors N*'al{d—chloro-Zenethylphenyil= Galecron SOEC E
(RSIjxsa) N* N'rdimethylmethanimidamide Frethylana FEEC c
Spanone SOLC 3

1/ BSI = Britiah Standayds Institution; AMSI = Ameriean Mational Standarda Inatitute) CSA = Canadian Standards Amsociation)
ESa = Entomelogical Socisty of Americay EZJ = Japuness Soolety of Applisd Entomology and Zoologys IS0 = Intarmational
Standards Organization; WAF) = Minlstry of Agriculture & Porestyy, Japan. /[ Fromi{i) Viawesser, ¥.J. 1976. Fusticide
Indsxz, (Fifth Edition), EIntomological Scclety of Amsrios, Collsge Park, Maryland, (i1} Mertin, H & Worthing, C.A. 1977.
Peaticids Manual {Mfth Iditien). Sritish Crop Pretestion Counell, land, 7. 2/ CAS = Chamicval Abatracis Sarvice.

Froms(1) Viaweaser, ¥.J. 1976, (4%1) martin, K. & vorthing, C.R. 39777, EC = Daulaifiable concentrata; SCV = Sols
ubla concestrata in watar (= Aquecws concentrwte); SP = Soluble powder, WP = Usttabls powder. Uf K = Kggi L = Larvas
p = pupa, 5/ = Cogoons of A.plutslles, and m = Fron mepufectigers' technical ullstina,
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Appandlx 4 Field perforsance, potentialas and suggested aanner of sxplolting the Jarsaitas of the Diamcnd-Bick Moth, Flutella

Xylestella {L.}.

Pureaits lp-cilly Tleld paraaitima

u.lihuon-/;\d.muguy Potantial & suggested manser

of seployment

ECLS PARASITYS:

Jricherraera brasilisnsis {kshe,)
- Antillea (3t. Xitts &

8t. Lucia)(Yaseen,1978)

Irichopraass miputim Rilsy

Usxligidbla in Leewer

In Queenaland( Austraiy

In general, still very
1little ia known on the
} ogg paraaites of DBN.
L}y

+

it was recordad to parssitisze

eggs of DEX cnly in the

Yo

laborstory(¥Wilson, 1560,
Yarrow, 1970},
Irichoxramas Pretlceun Riley .9% during 1964 fn
Bouthern California, 134
(Catsan & Flatner, 1945
Irichegrunas ap. Xogligitle in Lesser

Antillien (St. Xitts & Bt.
Lucia)(2ennett & Yameen,1972)

Yasser, g74), The epeoi

Probably T.bresilienais

In Indis this epeciss
fouwd cafubls of parusi

Irichograanatolden arwligers
Fagare ja

e la
"uan
tising

DEM wnder laboratory eondi-

tions (Manjunath, 1972)

H

To dats,only & few egy parwaite
atecive of BN are rwcordsd and
thelr fisld PerfoTsance notsd to be
generally poor {Oatsan & Platner,19591
Bannatt & Yisean,1972)Yassen,ioph,1976)
In view of their lnability to exert
full control ever ths host, attespt to
utilise them as 2 sole sontrolling
agmt ehould pever be en d,
Hewsvar, they may be sxploitad only to
the extent of sffsating soms host
redustion which may be lsportant in
increasing the everdll hoat martality
when suaulaied ovar the different
developmental atagen. In penersl, the
sgg paraaites cannst e sxpected to
movids matisfactory contribution to
DEM suppreaaion. R

In ths ocaae of T.ainutus & T.arelrers
evaluaiica of thelr field performanca

LARYAL PARASITEN

introcephalim op, Mars in victoria,Australia, A
dranteies sefeulatue {Aaha,} Fogiizitils in Lesssr Antilles. LT3
M"_'E‘_Ei" n[mEn_z;Is Hoen Rare in Momoow Aeglon, VB3R, XA
Apantslen fuliginocsus Yets, Rare in Mosoow Negion, USSR, NA
A&uin palfapdl Ullystt Comparutively small nuabery .13

but cosurring throughout the
year i8 Pretoria, 8.Africa.

10K during 1971-% in
Hawkoabury Yalley, Aust.
(Haailtan,i578b).

Xegligibla in 3.X,
Quesnsland, Aust.
(Yarrow,1970).

Apangeles iypous Nixn

2.5 togathar with other
Arantalse spp. during 1972-
in yictoria, Aust.

Apanteles laevlsatus group.

Apantueles lisbtatus Mersh Bare in Womoow Region,

US3R.
Apanteles plutellas Kurd), 6.9% ln Lut jehrowk, }
Holland sum.xm}.
10.8-18.7% in Yerwilia)
Matrigt,Timcany
(Delucahl, s} wl,1554).

Reaponsible for a
subatantisl portion of
the oversll heavy pare-
sitiem by esveral
partalts wpacles in
many parta of Auatralia
{vilson,1960).

Total parsaitias of
5,85 along with D,
sugerothars & Dieds
heoce £1n Silwoed
Ak, (X ihﬂm".}.ﬂ!).)

Nogligible in Lesser

Antilles(Artdgua,

Unable to exert full comtrel
in unusually wars & dry eondl-

tions during lata Apring &
Artunn {Haailtod, 19780},

NA

istritution wideapzread, Mean

rats of Marasitiss le inverwely
related to highar host decalty
(approx, > 6 larvas/plant)(Frese

studies), Its maximm wean mopo=

persaltiza rarely szcesda 50X,

largely ahecked Ty eslf-limiting
charsgteriatios, such as, relat~
ively lowsr seavehing offisiency

& poor discriminating ‘ablliity

that reaulta in euperparsaitlas.
Can oo-exist with D.sucercphags

though itaelf may be cheaked

substantially,Ul1yett{1543,1047)
has pointsd cut that the cocur-

ysnos of Diddexma & Apanteles is

negativaly correlatad with the
Latier incressing only if
Disdesna declines, although

Coodwln, 1979} .
Yoanen,1578),
Kopvillew 1955,
19660

COf alnor laportance
. - .

should hewever be furthsr considersd,

Of soms izmportance but never assusss
a major place in the parasite oomplex
(Ulyett, 1974}, Uoauitable aa & soke
blologioal vontrul agent and to be
speouraged ooly as & eupplesanting
eompanent.

It m:;.lf.uun ons of the majer
apacien ongelids A i sucsTorh
S Prreella sl larls e e e
effeoted an averags of 72X Imraalitisa
(Hamilton ,15780). However, it ia
unsuitable as & scls bloleglcal coatrel
agant & 13 15 be sncouriged occly ae &
supplenanting component.

Of some becefit only very occaaiocnal-
1y when i%t rises in pusbers {(Coodwin,
1975} Ganerully wnlaportant & cacnot
be exploited aa & sole contrelling
agent,

Of ineignificant importancs |
(Xopvillem, 1959, 1960).

Though aalf-limited, role pPlayed ia
of aignifiocance (Present studles) &
is generally ccmaldered 1o be of
mcderats laportamcs (Lieyd,1540)
Deluqend of al, 19 Chin, 1976 Kuear,
194 Lin & Xo,1975)001 & Xeldsrman,
1977 1Yasean,1978)001 & Suddaradidin,lg78;
Pressnt ntudles).inong the differsnt
Apanteles app. Fxesent, 4.plutelias
us fredoninatas, Howsver, unable
to emert full oontzrol by ltaelr(Xumhr,
174 lin & Xo,1575 1001 & Sudderuddin,
1978 ;Yasesn, 19781001 ,157%a | Presant
studles) . Thus, utilising it as a aola
oontrolling agest should pot bte en=
oouraged.Inatsad, ahould strive for
g4 455K parssitiam snlyy further
sontrol 1o be supplesentad by others
(biclogical agents, chemicals, sto.).

nt




Appandix 4 {Contiousd 1}.

Puraits apecivabl Fiald parsatities

Li.l.lhtiana/.u\rutlgny

Potential & suggestisd manner
st _saployment

Barbados, Dominica, Montsarrat,
Nevis & 8t,Luolis)(Benoatt &
Yasssn, 1572 Yasseus,157%,1978),

27% ia Talwan (Chin,l97%).

Lo~80% during 1972 in
Jarbadoa {fumar,19%+),

35. 8¢ during 147) in the
Craaron Highlands, Malaysia
{Lis & Ko,1975).

6. 8%, 48, 66,04 ,0%,18.1X,
30 1%,212.78 duriag 197~

pong Baja, Xuala Terla,
muhp, Nensum Yallay,lazrtan
Yalley & YanPoag Tuman Sedia
realectively 1n the Casaxon
Highlasds, Nalaysis {Frwnent
studies).

35. % during 1975 in the
Caneroa Nighlands, Malaysis
(Dol & nmmu. 1977)
19;?)“ %0 '”1‘9'(5"')‘”*

to 55. une N
from 3,68 to 26,68 duxing

occcaaionally Aranislss can inarsass
withoyt tha usual dmarssne of
Disdagma when fi&mqgm sPp.

ars aimo notably jressst,in apy
case, the overull parssitiss
attained 1s persally much higher
than whan aither anyons of them
soowrring aloos {Lloyd,1940tPFresent
studise It ia pn-nn, uu pext
{mporiant larval pmrea

Diadagma 3PP, (D-luuhl 3 ﬂ.19j~l)
4 oould rapidly increaas in Rumbers
to -upyh-nt the astivity of D.
suce whan the latter declinas

oy, 1540 Ui Lyett , 1963,1047),
Oftsn ¢oqurs oomacnly hscag D.
“’"EES & T.goll to provids
sudetantial & w Tican? DRX
contrel.

Although A.plutslles can toleruis
rather vida rengs of a tia
conditions, teaperitures betwsan
18-28°2 are notsd te particular

977
x, Trinldaa(Yeasen,1978)). faverr ita setivity (ohin,l

in Amngue

23.1%, 44, 5.29 2%,02.0%,
2.9% & 35.0% during 1978 in
Liapong Raja, Kuala Terla,
Tringikap, Kea Farm/Gresncor,
Menmm ¥Yallsy & Ringlet respsc-
tiyely in the Cassrcn Highlands
Malaysin {Ooi & Sudderuddin,lq78),)

19.0%,20,9%,7%9. X, 42,4% &
N.9% during 1979 in Kaapong
Raje, Kaals Terla, BErin
Town, 7th mils Xrinchang & 45th
ails Rrischang respectively in
ths Camercp Highlands, J'Ahnu
{Pressnt studisa).

Apuntalss puflcpus Mal,
trt soowrring thraughout the
gear in Pretoris, B.ifrlea.

Pressnt stuliss}), Cnntr&mtinnn,
howsvsr, say be partislly offaest
Yy hypsrparasites, sany apsciss ef
which havs been recordsd (Deluochl
ot 81,1954 Tasusn, 1578)00k, 157581
Tressnt atudisa),

Coaparantively sasll suabers XA

Apantsles sioariua Marsh 1933;5‘ ie ¥ & 3 Dnglacd (Hardy, Highly specifio with no

Apaniteles yestalls Nal.

altersative hosta {Hardy,)738).
Pacauwms of this featurs, Harmy
{1538) <onaidersd it to bave
good potantial in aress with

Jer supplesentation by biolegical
agents, priority censiderwmticn
should be given to D,suce
sa thay can oo~axist aa wel
thelr aotivitiss are uﬂ-l
conplensotary (Lloyd,1940)Fressat
studise) dowrer, LB view of the
negative oorrelatice relaticmahip
tetwssn Disdexsa & Apantajee with
the former oomatitit the salp
dateruining ocaponent (Ullyett, 1943,
19‘&7). Fricrity considsTation whould
ts glven to D.suceropham over i,
plutallae when they ocour iogethar,

1lss (Ximaz, 1574 11in &

.1975|Do & 3udderuddin, 1970 Yaseen,
1978; Dol 1979a;Prassnt studien),
D.suce oan possibly sxert

”glml eonirol by itaslf
(Hardy 15081 WDyett,1547:¥00,390).
In ocasss whare othsr parssites are
already providing subatantial but
inadequats contrel, A.plutellss could
e introduoed to halp further
supplament their sotivitiss. This
oould prove critical ss it is often
notad to be respoasible fer a sub=
atantial portion of the overull
pazeaitise (Deluochi =% al,1934
¥ils00,1560), In Auatralia, such
eo-binnd & heavy oversll paresitizas
had lsd to sarked reducilon in
Abundance of IBX following the pares-
its introduyctions (Vilson,1960). As
a ponssquénos, in recent ysars
oabbages & caul{flowsrs in S.lmira-
lis oag be grown without iosscilcidey
while only very reatricted use of
chaaicals are needsd in scwa other
arsas {¥ilson,1960).

Since A.plutellae is lsss efTiclent
at’  temperatures outaids the rengs
of 18-28%C (Chinm,lg7% Present stidies)
wtilixation® of this parsaite i
areas with such conditices shouid
not be given major enrhasis, In
particular, 1t is wmlikely %o appear

favoursbla in the tsaperanis reglocs
& ths hot troploal lowlapda, This
=hould be recognised since gepsral
olisatia lisita are usually perve~
aive & overrida many other subei-

inflvsnces (s.g. food sources,

within a leoality. On the
other hand, {n arsas within the
limits of thass favourabls temp~
sratures Hjeaial oonsidaratioo
should be given to exploit fully
the potantial ccotribution of this
spagies,

of somé laportance but never
aapimas & pajor place ia the mrasiis
complax (lliyett, 1947), Usaultabls
as & s0ls diologioal conirel ageat &
to be snocuraged coly &8 & supplesss.
ting oomporent.

Aa suggested by nudy(lm). it
potantial ahould e axplered i the
Troploa share 1is Parssitic soiivity
may rise much higher with the oco=
tinuous avallabllity of DEM.

continuous avallabllity of hosts.

Bare ln Mowsoow Reglion,USIR. | 1

of sinor importance (Xoprillam,
1959.1960)«
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Appendix [ {Cenu.nud 2 ) .

Parsaita -paohtv Field parssitima unuuau/umtuuy Fotential & suggested manneT
af saploymant

Apenteles ap (atep group) Negligitle in Lesssr intilles [ Y ©f mlnor iaportance (Tameen,1974)
(Leeward & Vindward Islands) (Yassan,2974).

Amntelas op lglglz_‘}g Negligitle in Lesser Antillea(Yasesa,1$78).  MA .- - (Taseen,2978)

£Toup

Atanteles ap. Sogligible pumbders which eventially | 7 L . (voe,1953}.
dlsappearsd within few moaths of Diadegma
Sucero introductica into Patjet area,

Indonesin i\'ﬁl-lPSJ)-

Apantelsg spp. Total parwsitiss sffscted together with L Only of modsrate laportascs as
Piadegaa epp.(Jxedoninantly Disdesns nost of the mrsalilo activity ls
fanestrelis) & D4 sus aybtil ig = osuesd by Dladegms app, {Maahikerich
Iﬁ.l—w.ﬁ;lxﬂsg & “ﬁ%ﬁﬁa 5) 1964},
in S.(3wins, [M3R (Adashkevich,1966).

Apanteles 87D, X Ble in all the areas of lassar XA Of ninor Lnportance {Demnett &
Antillsa(Bennett & Iuo-u.lmnuna.lﬁ.). Tasaen, 1072 1 aasen 1974},

Apantalss app. Imrariably uncossan (0.03%) is Trint | 73 - - - - -
{Bacnett & Ysessn,1972(Yasewn, 1o},

'Hu:hmrh thyta (valk,) Nagligitla in Justralia {Hawlssbury Yalls 1Y 0f ainer iwportance(Yarrow,
& 8.E.geensland)(Yaryon 1970 Hand 1 ten ,1978) . . 1970 Haniltcn,1578a),

Prachyweris sidalcs Mlgr. s - - H by - N . M - N

Prachysaris apg. Fare in Viotoris, Australls (Coodwin,l979). XA 19?9(;! sipor importance (Coodwin,

ganpoletis ap. Rare 1n Nerivale, Casada (Haroourt,1$60). A 19&?‘ ainor lwportancs (Haroourt,

Chalald ep, Rare in Havkeatury Yalley, Auetralia ) 1Y Of minor importanoe{tamiltos,
{Manilten, 197%a), 1§78a),

halonue riichiel Wlkan, Only ocoaaionally found in Pretoria, 7% 0f aincor importasoe(Vllyett,

147).

{uly of acderants iaportasnce aa
most of the mavasitic activity ia
caused by D.feneetralis (Koprillam,

S.Afrioa (Ullyett,1947],

Together with D. stralle effacted 80X s
parvaitian in the Moeocw maun.ln.!n(lnwiun.
of the twa specise, E.funumlp

Platages arsillata crer,

Dadegas suceyaphazs Harata.

1959,1960),
wes doulnapt.

fenastralis effeatsd 80K & more
than ﬁ Teapaotively 10 the
lale of Thanet & N.43.Fngland,
X during 19?3 Haxdy,1938).
Fffaotad ¥, togethar with

.fansat e in Lutjetroak
Eﬂfﬁ(ﬁh.lg‘w). of uu'tvu
specien, J.sucerorhige was sors
CORROR,

9-65%, 12-45% & }-10% during

1937=38 resimotively io Cawthree, (Lioyd,15401

Town area & Richuond of New
Zealand (Roberteca,lphd),
72-82%{mann = 77,50)during

Largely together with D,

1959,1960),

Dimtritation widespread &
normally socurring in high
atundance when pressnt(Hardy,
lﬁj Nobertaom, )

1908 o, 1953 Delunchl st al,1954),
It ueually doainates in & parasits
ocaplsx, belng highly competitive
agsinet othera while abls to po=
oxiat with thea {Lleyd,1590 | Present
stidise ). 2elng antive o most paris
of the ysar ae well as capable of
attaoking all larval stages quite
sfflclently D.sucsrophara iz thus
able to effect high hcet moriality
This is “alse enhanoed
by ite relatively good :
officiengy & the alkllity
1o ssek out unparasitised hoets
Col, 1580
Freasnt -tuﬁn), sapacially at
higher host dansity (Goodwin, 1§79},
That pisdegsa spp. are so

1951=52 in Matjet area,Indonesis oomsonly sssociatsd with DBEA ia

(Yoe,1553).
8096k (mean=B6K) during 1952
and 1n Sagunung=Fanjawsujan &

nany partys of the world has sugpest
=4 that ths Flutslla-Diadegma
couplex im of iae laportance to

Gunung Patrl, Indooesia(Vos,1950):the Dladesna paresites (Bardy,}938),

BlimOim (maan=89%) during 1952
and in Curung Petri, Indonesia
(¥os,1953),

LO-50%

sia (¥You,1953).

This appears so sincs in no other
host=parasits complex are they able
1o ralee thelr populations to such

in Middle Jave, Irdone~ high level. In the caas of D.

Sucerophigs the fmrusite wue

57.9~78.0K in Yeruilia Diatrict, coeldersd(Vcs,1953) to be high=-

Tusceny (Dwluochi st al, 19%4).
Fean paresitiss 37, #(with

100% oo many cocaalona) in the

saln cruelfar-groving aress of

1y *speoialitedt on _P_.Elonul)_ﬁ o8
which it im abls tc reach wexy Rlgh
populaticn lsvel in aplts of the

Fresance of mamy othsr altsrmative

. ¥llaes,

In viev of the pusercus sdves—
tageous featuree found associatad
vith D,sucero , the parsaits
le penerally oonsidersd 4o 'w
potantially & highly sffaciive
parssjte of [EM, & under agtual
finld oonditions has besn widely
found to ccotritute substantially
towards its suppresalon(Hardy,
1938 Llevd , 15400 T
Roberisdn, 1948) You, 1953 |
Delucchl et al, 195 Todd 195
1-Yenkatraman, 1564y
Yarrow,1570 1201inese , 1572 jyen dan
Dever, 1573 iHanilteon, 19780 Coodrin
1579} .00 soms ocoasions, it
prodoainatas among seversl other
parsaiia spealss to exert ooaplets
blologioal  pontrol(Hardy,1938;
Ullyett, 1647 Wilacn, 1560}, ¥y
itaeslf alons, it is also camable
of achleving full ooatrol (Ves,
1953). As aych, unlike most other
parvaiiss of P.xylostella it say
e utilised aa a sole ocontrolling
agent,  perticularly in areas
with squabls climatis condition
(w.g: Troples), and wherein -
ita abdility %o attack all
larvel stages of the host
can be wmaximally expleltsd
in relation to the continuous
Fresance & overlapplng geosrations
of  the host.Fartioularly in the
Abteance of othsy sdverse featursa
(8.5, hyperserasites, sxtennive
insecticide applicaticns, eta.),

North Island , New Zsaland (Todd, hosts (Haxdy,1938:¥0a,1953). Beeides, such conditions may possibly

1955).

#ved though nusarcus hyperjarusites

Account for the attaissent of
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Appendlx 4 (Cootinued 3},

Parsalte specisel! Tield parsaitisa Linitations/Advantages?’  Potantial & sugreated manner
A of amploymsnt

Resporaibls Tor & sajor portioe Ars recordad, thess are cbesrved 1] Blologioal oontrol within 2
of the overall heavy parwaitlan By o have 2o significant sdverss  gyasrs of ita introduction in

sevyzal parasite spuclss in l‘-"lg sffeot on it (Hardy,igd8 Indoossin (Yos,195),

parts of hustralis (¥ilsan,l . pobsrtacn,leu8y Yos, 1950 Based largely upon ita genersl
Wean paresitisa rleing from 9% Deluochi et 81,1954 Tedd, 155 soud performance over a wids sres as

during Nov, 1952 to almont $0X Tarzow, 1970 1Gocdwin, 1979), well as the highly desirabdls featurs

during kareh 195) in Coulburn, Anothar advantigeous featurs  of a clomely=imit Plutella~Diadersa

Avatrulls (Venkatreman,l964). of D.sucerophage is that ita complex pointsd oui by Rardy (19387,
Nean parsaitisa 29% during 1955~ popilatios develomment is D.gucerothage (andfor other Dlade

67 3o S.E.Quesnaland, Australis. In  gepsrally well-spmohronised with Spp., partioularly .puug%l[ui

1947, parsaitiss i conmistently that of tha host (Coodwin,lP?9). whould be pives saricus considsration

above 0K (Yarzow,1979). Noreover, it is Miso Detter abls for intreducticn lnts areas where
Attatning parsaitias of up to to avaid aultiple parmaitim other sxiating paresites are not

77K in Veat Java, Indonssia (yen than other sfscise within the Foviding adsquats control. Boss aweh

dan Cever,1973), furmalte complex, such aa, A. looalitiss  would inslute the

X auring 1971~74 in Nawkesbury lutellas & T.gollar léuwa. Carribesns, Last and Southeast
Yalley, iustraiia(Hamilton,197Bu}, . & Dladecma Yankatlraain, Jala’ whers the .

Total paresitiam of 5.9% with 1 . Jowesnt dominant parealts speciss in
P.suga AS an tsportant Amcng the limitations is tha  esxietsance corunlsta largsly of

cosponent 1n 3ilwood Park,UX slight lag in population develop= Apanteles app. which, by themselves,
{3alinaa,l gi nant Ln relation to that of the Fﬂﬁ not be ARle 1o exart full
17.45,55,.0%,30.5% & 25.9% host during wintar in Australis  santrol, Further supplessat by D.
respegtively during 1572-73, 1973, {Coodwin,1979). Also, dwring Sucaroihize would glearly be dasire=
19777 & 1974 1o Vigtoria, Austzalia wrusually wars & dry oondlticas o as parsaits oceplex imvelving
(Gand.ld.n,lm). in late Spring & Autusn, it is thess spsciss together wiih T.colls
unable o exert full host oontxrdl ris have provided quits satlafact-
{Haailtcn,19760). uder such oTy control in many instances(Hardy,

situations where axirese high hest 1938 Ravertson, 1 |

denaity may occur, aida frem other Daluschi et l,195%Tedd, 1959
paraaits species (eap. T.collaris) Hl.llon,1935;hmv.19?0:sulmh

& the microbial ageni Entosomhihors 1972 jHanilton,l§7BbiCoedwin,1979)

[} 1permA Are conmidered Such saituations alsc olsarly
denlrabie (Todd,1955). dawonstrats that having a greatar
number of appropriste parssite
* apecine would tend to have added

adyastage, 1o Australia, such ocom=
‘tined heavy pareaitise following
introductions has lsd to marked
reduotion in hoat abundapcey Tor
miny areaa 1n the south, cabrages &
cauliflowers can pov be cultivated
¥ithout any inascticidas againai
FP.xylontella while in sowe loocalities
tha chanicals ussd ars very
rentrioted (Wilson, 1550),

Although full blologioal contral
can sermally be achleved, it shoyld
te realizsd that the control say
somatines only bte partial under
artrans climatic conditlcos, sspeclal-
1y during unusvally warm & dry
oonditions (Haailton,1978brtaedvlin,
197%). Under such situaticna thae
nupplemental gontrol msdaures saploy-
eod ahould avold increasing further
any hazards to the parasite cosplex,
Uss of appropriiis chemioal inaecti-
aides aslsotively or microblal agents
such sa B.t.or i.!_m&t_rm would
thus appaay freferatle sc as 1o
sngoursgs restoration to full biologhs
ol sontrol aa soop as poasible,

In maintalning & corssrving what-
syer biclogioal control that may
sxiat, the provision of adult food
souxrcea & sheltars by wvay of Appro=
priate flowering plants in the jmmad-
inte viginity of the crop in alwo to

be snpouTaged.

Disdarma fanastrelis Holmgren Largely together with D.sucsrothars Although information periaining to this specim
offeoted BOX & mors than 90R reapectively  are relatively much lsas than that of D.suceronhara, Sts
in the Isle of Thanet & ¥.k 3.England X £1ald perfarmsnos is obssgved COouDArebls to ihat of the
duzing 1933 {dardy, 1938}, lattar.  Probably such of the features noted for the

Effectad %.6X together with 2. latter sapecies would aldao appesr applioatls ts D,
sucsyorhasw in Lut jstroek, Kolland fanestrelis in genersl, It thus suffice therefore to
(idoyd,1940). Of the tws apscies, B SaThasise that D, fensairzlie aculd be saploitsd as a
suceTCrhASA NAS MOTE® QOANOR. sole controlling Eﬁ:_ﬁ—gu sanner of utilisation

Total perwaltisn about 8085 with D. very Buch mrallels that of D.sucercphaza,

fonastralia dominating in the Moacow Raglon,

USSR (Kopvillew,i560},




R0

Lo

Appendiz & {Continued 4},

314

Maresite -poe.‘l.-y—

Field parsaitiss

Llllﬂuml/.ldmupny

Fotential & suggested manner

of wapleyment

‘Dlm-& sp {(near
letspeils Grwr.)

Pladapas neccerophars

Together with D. armilla
sfTeqted BOK rarsattien .
Mosoow Region,USSR(Kopvillem,
1959,1960}).
B. fenestralls was doamilnant.

Total parsaitlsa sffscoted to=

Of the two sPecies,

gether with D.subt{il{cormin,
ad othsr Lisdsena

Apmntal : ‘
am.-lut.z-;?p? (1960-65} wnd 56,5~

78.1%(1963-65)in 8, Ulraine UseR

{Mdashkevich,1966), imong the speales,

C. fenestralis was doainant.
= 15.B( during 1960 in Hazpuar,
India (Tikar & Thakare, 1961},

[istezxa insularis(Crseaon Together with Diadromus plutsllas
( ) [~ pu-uiuuzmnourt,

affectod about
1960)while itself aversging I3

(Haruourt, 19634, B) in nn.-hu-.l .?c;f:da

175 & 25% semn purasitina in

70 for ths lst & 2nd gonsratlon of hest
larvas respectively in Sashatchewan,

Canada {Putoas,1973).

Together with other species such an

It constitutss the
Frincipal spscias 1o the
parsaits coaplax porm—
ally found {n Canada
and the USA(Barcont,
1960,1963 4, biRnnas,
1968,157);0ataan &
Flatner 1969 fu & Vork=
nan,1979) . Although

ada lutallas, Diadromus GFQEIIWUI geneTally regurded to
-1 I'P{'{m piutsllae the following te isperiant & having

cloas synchroaiesatica of

Since the parsaits ia uo=
abls to sxart adequats hest
suppression, svold using it
&8 & 3cle blelogical contzol
agsnt, Rather, it should be
used in conjunction with
gthers. v¥hen eabployed to-
gether with K ylutallss
1t has been HRlsd |
that one of sach species
operating among the sams lot
of larval hosta would pro-

&5 EEE
t nean parssltisa rates wvears obtained

in Southern California,USA=35.2£{1963-65),
60.;2.7“1;-54;'\.196}-65).23.0% Jan=par,
156 5?0.9;(am1-4un-.196 5) & D&
{Oot-Dad, 10665} {Ontann & Flatner,1959),
3% during 19775 in Hastings,ldA

parasite-host reiation=
ship ¥ith oaly » 1ittls
lug vocasionally{Cetaan
& Flatner,1969) .1t ia
still unable to exert

{®u & Yoriman, 197%),

7% in Faw Zealand (Muggeridge,
1930).

Coubinmd parsaitiss with
Diadronus ap, in variow parts of
New Zualand (Robartson,1939):
Vairarapail. 2% 1935; on hoat larvas.

0.8%(193%}on host pupas.

satinfagtory conirel by
+  ltself,.However, 1t can

duce sore total progeny than
two of the same spacies
(Putnan,1988). Morwover,
additional individual of the
wing species texin to reduce
the total paraaltism indi-
oating self-limitation,

oc-exiat well with others,Dvidently, with auch paresites

partioularly vith -
Jplutallse snd wi
Eneh vupplenenting the
activity of the other,
) therety incrssaing the,

paresitic activity coasidarably to
provide subatantial gontrol (Putnam,
1968). Nsvertheless, chenical
aupplementation iz acastimes wmtill
veeded (Ru k Vorkman, 1976},

Parssites lncamble of appreciable

ingresss wder gonditions (ablotia)
favoyrable to DER, e.g. following a
hot Jumaer, The reverss 1s however

found trus suggesting poor aynchrony

(Rabartson, 1539},

Banswktus 4, W(193%=35) on host larvas,
0.9%(193%237) om hoat pupas.

Tarwnakis 0.7%(1936) en hoat Fupes.
Mawka's Bay & Manawaiu:0,Ww%{1936) on

host pupes.
Hawka's Bayi0.658(1536=37) on host larvas,
9.35(1936-31) on host pupas.

Clnurbu'ylzﬁ.sﬁél‘?)?
22, 0%01937

on hoat larvas.
cn hoat putas.
Total parasitism of SH.8% sffected .78

Horwim. togwiher with D.sucerophazs & A.plutsllas

Diadegma plutellas
Ylareck.

(3alinan, 1972,

For details on total pareajtisa
ratea {n Southern Califernia, B4
#se "Dinawdaris{Ontaan & Flatoer
1969),___.:_( .

Conbined parsaitisa with
Djsdrosus plutelias in two loca~

Unahls 10 effeat coneietant rata
of attask (Yelrea & Chisng, 1971).
Although Catman & Flatner(1969)

& batisr atrategy would be to
shoourtge mlxture of the
species ruther than attsspting
to boost & sipngle apecise with
total effort.

Of alnor laportance.

Of moderate importance,

Since the findinhgs are
gonflicting {Catman & Flatper,
1969 riwires & Chiang,1%7]) as

conaidered it t5 be well-synchroniced well aw the relevaat in-

with the hoat, ths reversa was
found by Weires & (hiang(1973) who

litiss of Minnesota, USA inconeis= conoluded that it is unabls to
tent{¥Welres & Chlang,1973). Batwesn afford maximus Frotsation,

the twe species, Diadsxwms plutalisa
was dominant, At St. Faul, respeciively

B3.2%, 12.9% & 4.6% during 1968, 1969

formation in&dsquats, the real
potantial of the rarasits
oannct be acourstaly aseesassd,
At this junaturs, therefore
1ittle sugrestion can be sada
as to ita manner of utilizatlon,
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Paresita up-ulo-y Field pmrmsitiam

Luiuum/umu.-.y

Potantial & suggested manner
of aaploymant

& 1970, At hossamsunt, respectively
;‘;1-’065.16.75 & 9.4% during 1968,1969 &

In the presence (latroduotion) of

in Coulburn, ¥.B.¥.(Venkatrasan, 1564},
Thin aleo coowrred in Yiotoriai2l.lX,
1.2%, 2,1%X & 0.0F respectively in L

1973, 1973/7% & 197% (Coodwin, 1979).

Dladugra vappn 1.5 in Kalimpon, V.Bengl {Pualak,
cupta 19).
Disdesna app. Mean parasitiam = 58,3 {range =

?—(ﬁ) in Trunsveal, 5,Africa
Ullystt, 1%43).

Maan parsaitiss generslly beiwsen
F% & 50K though sometinas atialning
aa high as 72% in Fretoris, 3,AfTioa
(Ullyett, 147).

36K & 52% respeotively during 19
4 1958 4{n X.Terk, US4 {Plmentsl,1961).

.EI“E"“' For detaila on total parmaitiass
srythrostoaus matas in Southern Cslirfornia, USA snee
Caseron "D.insularis {Oatsaz & Platner, 196&3)",
Hrbrogyiue sp. Rars in the Moacow Megion, LESR
(Xopvillem, 1960).
Itopiectin ap. Barw in Pretoria, 3,Africa
(Mlywer, 1947},
racrotraczon Not morw than &% in Prwtoria,
hebetor Sary, S.Africa (iNlyett, 1947),
facromslon Togeiher with D.varuna & T.collaris
gfianti]e effuctad & total %u.-uutu af 15.
Kerrich in Kalimpong, ¥.Bengml (Phalak,l§70).
Blsreplitis 1.3%, 4,3K & 2,1X Tespectively
plutellus (Meum.) during 1954, 1955 a 1954 Ln Marivala,
¢ ) Canads (Hargowrt, 1 fé
‘ Averuging 105 in Merivale, Camada
(Baroourt, 1663a,b),
51X & 15% respectively on the lat
& 2rd genersticn hoat larvae during
1961=70 in Saskatchewan, Canada
{Putnan, 1972},
For datalled total parssitism
retes in Southern Callifornis, LBA‘;S;;_
ipsularie (Oatasn & Platmar, 1
2pllochalein =z Negl ﬂuo(ln Lenser Antilles
emd {laevard Ialards) {Beonett & Yaseen,
Ashaead 19721 Yasean, 19M4),
Total paraaitisa of 0.08K and
&.53X togwiber with Apanteles spp.
from hoat larvae and pupms reepeoti-
1vely in Trinidad (Yasesn, 1574},
Negligible in lesser Antilles
(Yasesa, 1978).
dpinolle ap. Rare in Yioctoria, Auwstwlia
{Goodwin, 1979},
Stictoplathus sp. - .« - -
Tachinld #p. {pFrob- nu- Fretoria, S. Africa
ably Cadureia {Ullywtt, 1947).
plytsilas
van Enden)

B.a ars 4t deallned froa sboud
28 ilgszi 1o negligible numiars (19{3)

Litile ability to avoid
sultiple parmsitiss (Lloyd,
1940),

A

A

A
NA

Not usually a parsaite of
DBM, but sesentially that on
stored inssota, It bormally
attacka larvas within res-
trioted spaces betwesn folded
leavss of the *heart' forming
stage (Wlyett, I947),

In aoms parasits complex,
this speciss tands to predomi-
nats, However, ths total
marasitien attained ie otill
low (Phalak,1970), perhate
largely becausa of wp-r'pn.ﬂ-
sitisa which ia coamon
pacromalon =pp. (Mko-lﬁﬁ)

Can co=saxiat well with
D.jnsttlaris to effect a sub~
:m}_l"l‘t al and higher oversll
parusitisa (Putnes,1568,1973).

Farsajtiam level low, incoa=

aistant, and may bs totally
abesnt for certain periods. It
somstisss alac actas sa hypar—
marsaite (Bemnett & Yaasen,
1972) Yameen, 1978),

| L8
XA

exoept to urge for mors inten=
sive investigations oa it,
aspeclally the asessaaent of its
potantial,

Though able te incresss the
oversll parssition in a paraaita
complex, the oentribution is
gensrally miner (Lloyd, 19404
Goodwin, 1979).

It is only an coceasional
parnalis of TBM and ia of no imp~
ortance (Phalak,ly70).

0f conaldersble importance sad
dominating in the parnsits
ovomplax (Pimentsl, 1561},

¥ot a doainating apsciss in
the parsaits oomplex and is pro-
Tably of 1llttle importance{Oatman
4 Flatner, 1959},

Of minor imporiance (Kopvillew,
1960)

1%7).
Of limited we aguinet DBN
(Ullyett, 2g07),

Of ainer importance (Uilystt,

FKay by utilised to a limited
#xtant to supplament the activi=
ties of other parsaits wpeciss.

I in coneldersd of sowa
importance in Cansda(Harcourt,
1960, 1967 ,b1 Putnaa,1968,197))
btut of no significance in LSA
{(Catasn & Platoer, 1569}, Unakls
{0 provids affective control by
1taslf and should not be ueed as
& #cle coutrolling agent. Its
potential has to be exploited in
conbipation with otner species
with which it can qo=exist,
mrtioularly 3.insylaris,

Of limited ymlus for the
oontral of BN,

Of ainor isportance{Cocdwin,
19?9;; ' -

Of minor impertance (van Dmdea
1423 Wlyett, 1947).
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Parusits lpwiny

Fiasld paresities

Lialtatione/Advantagar?’

Fotential & suggested aanner
of ssploywent

Dtpstigus 5.

Populntion level very low but
conatantly present (U11yett, 1547).

For Teagoms still wnknown,
its flllln“ is able to increaas
the lavel of Apanteles without
the declive weually sescolsted
with Dlsderwe (Ullyett, 1547},

Apparently of little lapor=
tanoe although 1ts potential
Tole with respect to Aranteles
incresse 1z yst to ba inves-
tignted,

PUPAL PARASITIS ¢

Diadpenus plutellss
iu.h.nlds
Rladponus

adrenys
ayb 2 Grev,

Dedyronum ap.

Mimep 25
Eupsercmalis
yipidengene (Walsh)

Crlis tens)lus
Say.

n.-('zmsm »p.
fHeal 1din
Ashs .
Itopleetin
maculator Feb,
Fhasogenes ap.
Spilechaicie
albifrona {valsh)
Stomatoceras ap.

I!!qunn .
ayyar{ Rohw.

Iutruatichus
sokolowsiif Xurd.

Ihyresslla gollaris
Grav,

Recorded at mean levels of 16.2%
(Narcourt, 1960) and 21% (Haroouwrt,
15634, b) in Merivale, Canada,

Generslly low, For details
total parsaitiss rates in:
Southern California, DA e
*D.jnsuiapis (Catman & Flatner,

It =

Abundanos low to moderats {Xop=
villes, 1999} and could readily
causs J0-60% mortality of the hoat
undar labtorsiory oconditions
(Koprillen, 1560),

Total parwsitisa #ffactsd
together with Dadegma spp.
and Apantsles app, = 14.2=47.0%
(1960537 woed b.am78, 1% (356365
i;ﬁ%iwnlm. \BSR {Adashkwvich,

Canerally low., Fer dstalls en
coabinsd Tarasitis
of Rew Zealand, ses
(oeer laterulis Crav,] (Robertson,
1939},

Fare in Merivale, Canada
{Kargourt, 1940).

Rare in Marivals, Canada
{Harcoust, 1960),

Rars in Merivale, Canads
(Harcourt, 1960).

Less than ,1X in England, X
(Hardy, 1938).

Rare in Merivals, Csnada
(Haraourt, 1$60).
. Nagligible in Pretoria, S.ASTioa
(ULlyett, 1547).

1.3% in the Casaron Highlanda,
Malaynis and not recorded on DBM
in the fisld elsewners (Cherian &
Subrasaniss, 16403 0ol & Xeldersan,

19?‘?3.
18,2-58, % (avs.45,98) 1n India
{Cherian & Bashasr, 1939‘.

Rare in Merivals, Canada (Harvourt,
1940},

Canerally low in Lasaer Antilles

“ (Antigus, Lesward Jalands, Montserrat,

Fevis & 5t, xitta) (Dennett & Taawen,
1572; Yasesn, 174} though aometimea
abundant and causing sore than 80%

mortality of DBM pupas [Bannett, 1974).

10X during 197475 in Hastings, USA
(R & Workman, 1979).

Lass than 0,1% in Dugland, UX
(dardy, 1928).

13.4% in Lutjetxrosk, Hollaml
(Lloyd, 1540),

Laas than 25 in Yersilia
District, Tuscany (Delucchi st al,
1954).

1.1% in the main orucifsr-growing
araas of North Ialand, Rew Zealand
(Toas, 1939,

Inowed good ability to aveid
hoats alveady parasitised by D.
insularie {Haroourt, 1963).

Tound carable of aveiding

T.collapis and its prwsance
would not adverwely affsat the
lattar species {Llopd, 1942),

Incammble of apprecisbls in=

Consldered & principal pupal
mraaite {(Harcourt, 1960) to be
umed &4 Bypplesent to cthers,

particularly D.insularis.

Conaldersd te bo fairly impor-
tant (Koprillem, 1960, v
Mashkevioh, 1966). Though aot
a doalnant spaciea, its contri-
tution was substantial. 3inece
it doss not adverssly affect
I.zellaris {Lloyd, 1542} 1t
otuld be introduced to supplesent
the latter when desirsble. This
would include areas having no
apal mortality or when other
purasitio sctivity ls negligible,

Qf alner importiance (Robert=

orvass wnder gonditions (ablotieo) som, 1939).

favoursble to D2M.

¥A

X
Although it parasitises DBN,
it wlso acts as & hyperparssite
to D.inaularis (Harceurt,1960}.

XA

MA
YA
NA
~RA

Believed to ba an inai-
dental parasits of DEN.

XA

Can oo—exist with another
pupal parasite D.subtiliicornis
and is not advermely affectsd
by it {Lleyd, 1942).

¢f ainer laportance (Harcourt,
196(_:)-

of aiaer isportance (Harcowrt,
1650) ard tecause 1t is also a
hyperhazuaita ita introduction
should be avoelded,

Qf ainor importance (Harcourt,
1960},

Of minor importance (Hardy,
1538).

H -

Of minor importance (Hercowrt,
1960},

+- Of uinor isportance {Ullyett,
1947).

Of winor lapertsnce (00l &
Kaldersan, 1977},

Te be utilized only im combina-
tion with other speciea, Iz awch
A sanner, substantial cootrol may
te Borv readily cbtalped as was
reaently noted in Zamdia (Yaseen,
1578) where & combinatlen of the
pewly=sntablished A.plutellss &
T.collaris, along with the endenic
T.ackalowskil, provided an 6O
Teduation In dasage.

Although ogouxTing at rela=’
tively low lavels in genersl, it
ja coraidared an isportant para-
site largely tecmms of its con=
stant involvemant in parasite
conplexes that have provided effe=
ctive suppresaion of DEM {Lloyd,
1940) Deluochi et 21,1954 Todd,
1959 ¥ilsen, 1960}, Ita abllity
to coreaxiat with soat of the
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Parasite speciesl/

Field parasitism

Limitations/Advantagesg/ Potential & suggested manner
of employment

Thyraeella sp.

Effect heavy overall parasitism
together with D.eucerophaga & A.

lutellae in many parts of Australia
}Wilson, 1960).

Together with M.orlentale & D.varuna
effected 15.5% total parasitism in
Kalimpong, W,.Bengal (Phalak, 1970).

244 during 1971-74 in Hawkesbury

specles in such parasite com-
plexes (Lloyd, 1940, 1942) has
perhaps enabled it to provide

the effective supplementation,
Utilization of the specles should
thus alm to exploit fully this
supplementary feature, in parti-
cular to enhance the pupal

Valley, Australia (Hamilton, 1978b). _ mortality. Attempt to use it as

7.63%, 4.41%, 3.82% and 5.61%

a sole controlling agent should

respectively during 1972-73, 1973, : be avoided.
1973-74 and 1974 in Victoria, Australia

(Goodwin, 1979).

Negligible in Pretoria, S.Africa NA

(Ullyett, 1947).

OTHER MISCELLANEOUS s
SFPP,

Of minor importance (Ullyett,
1947).

- - e -

These include numerous species that are only incldentally recorded as parasites of DBM. The identifica-
tion of some are doubtful, requiring further examination and clarification, while others are suspected
to be hyperparasites. Moreover, the host specles 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 detalled studies are required before any recommendations can be made.

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, 1981) in "Memoire de la Soci€té

entomologique du Canada [ﬂc.I.E. Ref: BNA 2a_/

"¢ A.aciculatus to Rhygoplitis aciculatus Mason, A,laevigatus to

Dolichogenidea laevigatus Mason, A,plutellae to Cotesia plutellae Mason and A.sicarius to Dolichogenidea sicarius Mason.

NA = Information not available,




