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Abstract 

The coccinellid Chilocorus nigritus (F.) is an important natural enemy against red scale Aonidiella 
aurantii (Maskell) on citrus in southern Africa. One reason for its success is the ability of the adults 
and mature larvae to completely remove the adult female scale from the fruit surface using their sharp- 
pointed mandibles. First-instar larvae, however, cannot attack the adult scale. In biocontrol pro- 
grammes against high red scale infestations, the introduction of adult beetles, rather than eggs or 
young larvae, is therefore preferred. The beetle is mass-reared on Oleander scale Aspidiotus nerii 
Bouchi, but larvae do not readily accept the change to red scale. In contrast, adult beetle feeding rate 
increases with the change in diet, again promoting the adult as the preferred developmental stage for 
field introduction. Despite C. nigritus consuming parasitized as readily as unparasitized scale, the 
beetle and parasitoids are jointly effective in reducing high red scale infestations. 

1 Introduction 

Chilocorus nigritus is indigenous to India and the Far East (AHMAD 1970; CHAZEAU 1971; 
SUBRAMANIAM 1923). It appeared of its own accord in southern Africa in the early 1970’s. 
Since then, it has been reared and distributed to all citrus areas in the region to reduce red 
scale Aonidiella aurantii populations. In the hot lowveld, where red scale has often been 
severe, the beetle has been highly effective and commercially important (SAMWAYS 1984). 

The economic impact has raced ahead of our knowledge of the beetle’s behaviour. This 
paper addresses four diverse but fundamental aspects of the predator’s feeding behaviour 
that have direct bearing on the beetle as a highly successful biocontrol agent: 
1. One of the reasons that C. nigritus is effective over most other biocontrol agents is that 

it is able to attack the well armoured adult female stage of the red scale. H o w  is the 
insect physically able to do this? 

2. Both eggs and adults of C. nigritus have been used to establish the species in the field. 
However, red scale infestations are characterized by a predominance of adult females 
(SAMWAYS 1985). Can young larvae feed on this mature stage? If not, it would seem 
inappropriate to introduce beetle eggs (SAMWAYS and MAPP 1983) where red scale 
populations are very high. 

3. For several reasons, by far the most suitable host on which to mass-rear C. nigritus is 
Oleander scale Aspidiotus nerii BouchC, and yet the beetle is released for control of 
quite a different host. Does this change of host reduce the possibility that insectary- 
reared beetles will establish in the field? 

4. In the orchard, C. nigritus characteristically removes a higher number of host scale from 
a localized area of fruit, despite high levels of parasitism by various chalcids. Does the 
beetle avoid or consume the parasitized individuals? This is important because parasit- 
ism also plays an important role in biological control of red scale (BEDFORD 1968). 
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2 Materials and methods 

C. nigritus was reared on a biparental strain of A.  nerzi infesting potatoes (Solanum tuberosurn L.) or 
butternuts (Cucurbita moschata Turnhalle). Temperature was 26 * 2 "C, humidity was 70 % r. h. and 
the light/dark cycle was 12 h/12 h. Beetles oviposited on surgical gauze strips (100 mm x 20 mm) 
draped over the infested butternuts. All developmental stages were maintained together in the same 
cages with only occasional cannibalism where the first instar larvae ate eggs. 

Prior to all experiments, larvae and adults were starved. Using NAKAMATA'S (1987) findings as a 
guideline, C. nigritus adults were deprived of food for 24 h by being confined to 32 mm diameter 
x 10 mm high glass collars attached to the surface of a clean orange or butternut. To reduce over- 
starvation of larvae they were deprived for only 18 h. 

Observations on feeding behaviour were made by transferring adult beetles from the bare arena to 
one with host A .  aurantii. A scanning electronmicrograph was made of C. nigritus mandibles. 

Determination was made of which C. nigritus developmental stages were able to feed on which 
host stages. Larvae were confined, one at a time, to an arena affixed to a field-collected orange with the 
irrelevant stages carefully removed. The procedure was repeated until it was clear whether the 

Scanning electronmicrograph of the mandible of Chilororus nigritus 
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particular predator stage could or could not survive on the presented host stage. In addition, feeding 
rates were determined for 3rd and 4th instar larvae and adults. For this study, unwanted scales, i.e. 1st 
and 2nd instar and dead or damaged older stages, were removed. Prior to confinement of the predator, 
the number of hosts were counted, and those removed during a 12-h period gave the feeding rate. 
Hosts included both A. nerii and A .  auuantii, and results permitted a uantitative comparison. 
Additionally, 4th instar larvae and adults were transferred individually and jirectly from one host to 
another in arenas to determine the ability of larvae to switch hosts. 

For interaction with parasitoids, beetles were given field-collected A. uuruntii in glass arenas on the 
surface of citrus fruit. The parasitoid was Comperiella bifasciuta Howard. Its pupa can be seen 
through the scale cover, which is important for determining whether the scale was parasitized or not 
prior to presentation to the beetles. All scales were carefully removed except for two young adult 
females, one of which was parasitized and the other unparasitized. These two hosts were surrounded 
by a glass collar. Three runs of 20 arenas were prepared. Single beetles were transferred from one arena 
to the next with a 24-h starvation period between each transferral. Note was taken of which scale, 
parasitized or unparasitized, was eaten first. Data were analysed with the One Sample Runs Test 
(SIEGEL 1956). 

3 Results 

3.1 Removal of scale cover 

The adult climbs onto the scale, maintaining contact with the substratum with its mid- and 
hing-legs. The tarsi of the forelegs are splayed laterally against the rim of the scale. It then 
bends its head so that the mandibles are working in the same plane as the surface of the 
substratum. It bites into the edge of the scale with its extremely sharp mandibles (fig.), and 
pushes its body away from the substratum so lifting the far edge of the scale cover with the 
promixal edge acting like a hinge. If the scale cover cannot be lifted at first attempt, the 
beetle chews along the rim, and repeats the lifting procedure. On pulling back the cover, 
the beetle climbs over the ventral surface of the cover and eats all the soft parts which 
remain temporarily attached to the substratum. Fourth instar larvae feed in a similar way, 
but tend to chew around the rim before pulling back the scale cover. Third instar larvae 
usually chew around the whole rim when feeding on an immature adult female. 

3.2 Feeding preferences 

The older the larva, the greater the width of the feeding niche (table 1). Results were similar 
for both hosts. 

The results of culturing adults and larvae of C. nigritus on A. nerii, then starving them, 
and finally presenting them with either A.  nerii or A.  uuruntii are seen in table 2 .  Adults 
readily accepted the new host, and indeed the feeding rate on ,4. uuruntii was highly 
significantly different from that on A. nerii (Mann-Whitney U-test, z = 5.1, P < O . O O O l ) .  

The situation with the larvae was the converse. Generally, they did not, o r  were unable 
to accept the change in host and entered premature pupation, which resulted in undersized 

Table 1. Ability of larvae of Chilocorus nigritus to feed on the various developmental stages of 
two scale insects 

Scale developmental stages 
C. n i p t u s  Aspidiotus nerii Aonidiellu nurantii 

larval instar t 2 Immature Mature 1 2 Immature Mature 
adult adult adult adult 

- - 1st + -  + -  
2nd + +  + +  
3rd + +  + + + +  + - 
4th + +  + + + +  + + 

- - 
- - - - 
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Tuble 2. Feeding rate (per 12-h period) of adults, 3rd and 4th instar larvae of Chilocorus nigritus 
when presented with mature adult female Aspidiotus nerii and Aonidiella aurantii after being 
reared on A. nerii and then starved for 24 h (adults) and 18 h (larvae) prior to determining these 

feeding rates 

No. of adult scales consumed 
C. nigritus A. nerti A.  aurantii 

Developmental stage 

Adult (n) 24 24 

X 11.4 21.6 
Range 3-1 9 2-40 

4th instar (n) 12 12 

- 

larva Range 5-26 2-25 
X 18.0 2.25 

Mode 17 0 

3rd instar (n) 6 6 

X 9 1.20 
Mode 9 0 

- 

larva Range 4-12 0-4 - 

adults. (Hence the mode is zero for A.  aurantii in table 2.) The differences between feeding 
rates on the two hosts and between adults and fourth-instar were all significantly different 
at the 0.1 % level using the Mann-Whitney U-test. 

3.3 Feeding on parasitized scale 

Table 3 gives the data for C. niguitus predation on parasitized and unparasitized scale. The 
null hypothesis is that C. nigvitus preys on the first scale it encounters, whether that scale is 
parasitized or not. Using the One Sample Runs Test, this hypothesis could not be rejected 
at the 5 % level, despite an indication that parasitized scales are generally preferred first 
(table 3). 

Consumption of the parasitized host by the beetle was total, with the parasitoid 
abdomen being consumed first and finally leaving only a few remains of the head capsule. 

Tuble 3 .  Feeding by three individuals of Chilocorus nigritus on mature scale (Aonidiella auran tii) 
that is either parasitized by Comperiella bifasciata or not 

Chilocorlrs nigyitlrs individual 
A B C 

No. unparasitized scale first chosen 2 7 6 
No. parasitized scale first chosen 18 13 14 
Critical values for minimum and maximum no. of runs 2-N/A 5-15 5-14 
No. parasitized scale completely consumed 13 12 6 

4 Discussion 

4.1 Scale removal 

C. nigritus is a proven biocontrol agent. One reason for the beetle’s great success is that it 
removes all of the scale body and cover. Such total descaling turns an otherwise culled fruit 
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into an exportable one. The parasitoids C. bifdsciuta and Aphytis spp., although contribut- 
ing to control of red scale populations, d o  not have the same cleaning ability. The 
characteristic tin-opener shape and action of the mandibles enable C. nigritus to completely 
remove the whole of the adult red scale. These findings suggest that biocontrol projects 
should take cognizance of the mandible type and feeding behaviour where improved short- 
term cosmetic appearance of the fruit is an added bonus to the longer-term host population 
control. 

4.2 Introduction of eggs into the field? 

Table 1 suggests that the introduction of the predator in its egg form on polyester fibre 
pads (SAMWAYS and MAW 1983) is not the optimal method of predator establishment 
against severe red scale infestations. Most of the young larvae starve when the host 
population in composed mostly of adult females. This is borne out by several unpublished 
field observations where egg introductions into severe red scale populations have come to 
nothing, apparently from high early-instar larval mortality. In short, eggs should be used 
for medium red scale infestations, while adult beetles should be introduced when levels are 
high. 

4.3 Introduction of larvae into the field? 

Introduction of later-instar larvae would seem to overcome the disadvantages of using 
young larvae yet without the problem of immediate dispersal so characteristic of adults. 
The results here, however, show that older larvae, after having been reared on Oleander 
scale, do not readily accept the change to red scale. This means that larvae mass-reared on 
Oleander scale are not suitable for introduction into the field. Again, adults are the 
preferred stage, and further research should aim at finding ways of preventing adults from 
flying off. 

4.4 Consumption of parasitized scale 

The results here clearly indicate that any living scale, whether parasitized or not, is readily 
eaten. These experiments could be carried out only on C. bifasciutu, which plays a minor 
regulatory role in southern Africa compared with Aphytis spp. (ATKINSON 1977; SAMWAYS 
1986). The results nevertheless demonstrated that, despite automatic consumption of 
parasitized scale, the beetle and parasitoids operate together, but not mutualistically, 
resulting in a major impact upon red scale populations. Quite simply, the coccinellid is 
most effective at high population levels, while the parasitoids appear to play a regulatory 
role at lower population levels. 

4.5 Conclusions 

C. nigrirus has been a highly fortuitous natural enemy. As such, it is interesting to analyse 
its feeding behaviour in hindsight, and to identify some of the factors that have made it so 
successful. Principally, C. nigritus is so effective because it can readily consume large 
numbers of adult female scales. Other factors have also played a role, such as the beetle’s 
ability to totally remove all scales from a fruit. Such attributes should be borne in mind in 
furture, predictive biocontrol projects. 
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Zusammenfassung 

Zum FruJIverhulten von Chilocorus nigritus (F.) (Col., Coccinellidae) hinsichtlich der Wirksamkeit 
des Kafers als Schadlingsvertilger 

In sudafrikanischen Zitrusplantagen stellt Chilocorus ni ritus einen wichtigen natiirlichen Feind der 
Schildlaus Aonidiellu uurantii (Maskell) dar. Der Erfolg fes Pradators ist darin begriindet, dai3 sowohl 
die Kafer als auch die ausgewachsenen Larven die Fahigkeit haben, mit ihren scharfen Mandibeln die 
adulten weiblichen Schildlause vollstandig von der Fruchtoberflache entfernen zu konnen. Erstlarven 
hingegen konnen adulte Schildlause nicht angreifen. Daher ist fur die biologische Bekampfung von A .  
aurantii das Einbringen von Kafern gegeniiber dem Einbringen von Eiern bzw. Junglarven vorzuzie- 
hen. Die Massenzucht von C.  nigritus erfolgt mit der Oleanderschildlaus, Aspidiotus nerii Bouchi. 
Von Larven wird der Wirtswechsel allerdings nicht sofort akzeptiert; im Gegensatz d a m  steigt bei den 
Adulten die Frai3rate nach dem Wirtswechsel noch an. Auch dies fiihrt dazu, dai3 Kafer fur die 
biologische Bekampfun zu bevorzugen sind. Obwohl C. nigritus sowohl nicht parasitierte als auch 
parasitierte Schildlause h t ,  ist der kombinierte Einsatz von Kafern und Parasitoiden erfolgreich fur 
die Reduktion der Schildlauspopulation. 
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