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Climate diagrams and biological control: 

an example from the areography of the ladybird Chilocorus 

nigritus (Fabricius, 1798)(Insecta, Coleoptera, Coccinellidae) 
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Abstract. Chilocorus nigritus (Fabricius, 1798) (Insecta, 
Coleoptera, Coccinellidae) is an important predator o f  
many scale insects. The beetle is indigenous to the Indian 
sub-continent and Indo-China. In the late 1930s the beetle 
was introduced into Mauritius and the Seychelles. Since 
then it has spread rapidly to neighbouring islands and main- 
land Africa. Similarly, there has been an eastwards expan- 
sion into several o f  the Pacific Islands including the 
Solomons, Guam and New Caledonia. Recently, the beetle 
has also appeared in north-east Brazil, West Africa and 
Oman. Although the species is a good invader, it has 
specific climatic tolerances. Inland it is restricted to H. 
Walter's Zonobiome 11, and in coastal areas to Zonobiomes 

INTRODUCTION 

Classical biological control (CBC) involves searching for 
natural enemies o f  an exotic pest in the pest's native home. 
The material is then dispatched, quarantined and released 
against the pest, with the aim o f  reducing it to a new, low, 
economically insignificant level. Such a procedure has an 
element o f  chance, and success depends to a large extent on 
the skill and intuition o f  the biocontrol worker 

T o  improve the predictiveness o f  biocontrol projects, 
guidelines have been proposed based on logistic (Beirne, 
1985), taxonomic, behavioural (Cock, 1986) and theoreti- 
cal (Hassell, 1978) facets. Climate is often considered, but 
rarely quantified before natural enemies are introduced: 
although DeBach & Bartlett (1964), Greathead (1971) and 
Messenger & van den Bosch (1971) have pointed out the 
significance o f  climatic factors in determining the outcome 
o f  a biocontrol project. Franz (1964) goes further by point- 
ing out that the ecological optimum for an effective natural 
enemy is only in the area o f  imperfect overlap o f  food plant 
distribution, suitable climate for the herbivore and suitable 
climate for the natural enemy. This means that a predatory 
species is not generally climatically adapted for controlling 
the pest over the whole o f  the infestation area (Hokkanen, 
1985). 

This paper examines these relationships in more detail 
using data gathered on the coccinellid Chilocorus nigritus 

1-11. The beetle was mass-reared and redistributed to 
specific localities in different Zonobiomes in Southern 
Africa. The species only established in Zonobiome 11. With 
a knowledge o f  the biology o f  an invasive species and with 
Walter's climate diagrams, it is possible to predict where 
such a species will establish. Biocontrol programmes should 
consider climate diagrams prior to introduction o f  a new 
natural enemy, to determine the probability o f  success, at 
least with respect to climate. 

Key words. Chilocorus nigritus, Coccinellidae, climate 
diagrams, areography, biological control. 

(Fabricius, 1798) (Insecta, Coleoptera, Coccinellidae) 
(Fig. 1). R.  G .  Booth (pers. comm.) has pointed out that 
strictly the name should be C. nigrita, as Fabricius (1798) 
originally named it Coccinella nigrita and 'nigrita' being a 
noun cannot change gender. However, as the beetle is so 
well-known by applied and ecological entomologists as C. 
nigritus this latter name is used here. 

This species was chosen as it is conspicuous in the field, 
oligophagous on Homoptera, economically highly impor- 
tant and has been mass reared and disseminated to both 
climatically suitable and unsuitable areas (Samways, 1984, 
1986; Samways & Tate, 1986). These factors together have 
resulted in a well-documented record o f  the beetle's histori- 
cal distribution and expansion. Additionally, the pioneer- 
ing climate-diagrams o f  Walter (1973, 1985), Walter & 
Leith (1960-67) and Walter et al. (1975) make possible 
direct comparisons o f  climate in different parts o f  the 
world. This background, plus new data, make it possible to 
build up an historical, present and futuristic areographic 
(sensu Rapoport, 1982) sketch o f  this important species. 

METHODS 

The historical distributional data were gathered from the 
literature and from the data labels o f  collected specimens. 
As the species is a conspicuous member o f  the insect fauna 
where it occurs, lack o f  specimens was a reasonable guide to 
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FIG. 1. Adult Chilocorus nigritus (F.). Note the distinctly hemi- 
spherical shapes and shiny black elytra. The frons and pronotal 
flaps are orange. 

the species absence. This fact was given prominence when 
other usually rarer congenerics were obtained in the 
absence of C. nigritus. 

From 10 September to 7 November 1986, Pakistan, 
India, Malaysia, Java, Australia, New Caledonia, Fiji, 
Mauritius and RCunion were visited to ascertain the 
abundance of the species. Abundance fell into three dis- 
tinct, albeit arbitrary, categories: (1) The species was 
encountered on an almost hourly basis in the field, and 
often in congregating groups. (2) Occasional isolated indi- 
viduals were encountered. (3) No individuals were seen. 

Between 1982 and 1988 detailed records were kept of the 

species' distribution in Southern Africa (Mozambique, 
South Africa and Swaziland). Also in these years, the 
beetle was mass reared (up to 0.5 million eggs year-' were 
produced) at the Outspan Citrus Centre, Nelspruit, 
Eastern Transvaal (Samways & Mapp, 1983; Samways & 
Tate, 1986). From this insectary material was regularly 
distributed around Southern Africa and dispatches were 
also made to Argentina and Israel. 

Climatic data was obtained from Walter & Lieth (196C 
67) and Walter et al. (1975). 

OBSERVATIONS AND RESULTS 

Geographical range prior to 1938 

The centre of origin of C. nigritus appears to be the 
Indian sub-continent (Fig. 2). Its distribution is delimited 
by the Himalayan and Indo-China mountains in the north 
and east, and by the desert regions in the west. Prior to 
1938, the beetle was regularly recorded from greater India 
(east coast, west coast, Tamil Nadu, Punjab, Maharashtra, 
Karmataka, Andra Pradesh, Orissa; Chatterjee & Bose, 
1933; Crotch, 1874; Husain & Nath, 1927; Stebbing, 1903; 
Subramaniam, 1923; Woglum, 1913). Other countries 
where the species was recorded include Sri Lanka (Hutson, 
1933), Burma, Sumatra (Korschefsky, 191C-32), China and 
Vietnam (Crotch, 1874). Crotch (1874) also mentions 
Japan, but Lewis (1896) points out that this is an error for C. 
mikado Lewis. Additionally, there are no other records for 
C. nigritus from Japan ( H .  Sasaji, pers. comm., 30 April 
1987). 

In about 1910, Woglum (1913) collected the species in 
India and introduced it to California and Florida, but it did 
not establish 

o0 Modified Zen~thal  Pro~ection 

FIG. 2. Geographical range of Chilocorus nigritus ( F . )  from records and specimens pre-dating 1938. 
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Geographical range between 1939 and 1965 Mauritius to the Agalega Islands (Greathead, 1971). In the 

New records during this period include Sulawesi (Reyne, 
1948), and modern-day Pakistan (but cf. Punjab above) 
except the high hills (Ahmad, 1970), coastal and sub-coas- 
tal areas, foothills and wet hills (Ghani & Muzaffar, 1974) 
and the country in general (Kazimi & Ghani, 1968). These 
are possibly new records rather than an expansion of range 
(Fig. 3). 

The species was confirmed from India (east coast, west 
coast, Tamil Nadu (Tirumala Rao et al., 1954), widespread, 
including south India and Punjab (Rahman, 1940), Uttar 
Pradesh (Sharga, 1948), Orissa (Kapur, 1940), Karnataka 
(Puttarudriah & Channa Basavanna, 1955), Tamil Nadu 
(Vesey-FitzGerald, 1953) and India in general (Put-
tarudriah & Channa Basavanna, 1953). Further confirma- 
tions also came from Sri Lanka (Davis, 1959) and China 
(Guangdong [Smith & Flanders, 19491). 

Trans-oceanic shipments of Chilocorus nigritus 

In about 1910, Woglum (1913) collected the species in 
India and introduced it to California and Florida, but it did 
not establish. Of major significance was the shipment in 
1938139 of the beetle from Coimbatore in India to the 
Seychelles where it became firmly established (Vesey-
FitzGerald, 1941, 1953), and also the successful introduc- 
tion of the species into Mauritius from Sri Lanka in 1939 
(Jepson, 1941; Moutia, 1944; Moutia & Mamet, 1946). In 
the mid-1950s, C. nigritus was also established on the 
Chagos Archipelago (Diego Garcia) from Mauritius 
(Orian, 1959). At the same time it was shipped from 

same area, it wasintroduced into Madagascar, probably 
from Mauritius, in the mid 1970s (J. R. Williams in 
Greathead & Pope, 1977). 

In 1947, C. nigritus was introduced into Bermuda from 
Mauritius, but apparently did not establish (Bennett & 
Hughes, 1959). Similarly, in 1948, it was sent from Guan- 
dong Province in China to California but did not establish 
(Smith & Flanders, 1949). Twice the beetles were intro- 
duced into Hawaii (Oahu) firstly in 1958 from Sri Lanka 
(Davis, 1959) and then in 1971 from Guam (Davis, 1972). 
Today the beetle is firmly established (Leeper, 1976). 

Geographical range expansion 1966-87 

Since 1966, C. nigritus has dramatically increased its 
range both eastwards and westwards (Fig. 4). It has now 
been recorded from Java, Solomon Islands (Guadalcanal), 
Vanuatu (Espiritu Santo) (Chazeau, 1981), New Caledonia 
(Chazeau & Samways, pers. observ.), American Samoa 
(Gutierrez, 1978), Guam (Davis, 1972) and Society Islands 
(Tahiti, Huahine) (Delobel, 1978). 

Westward expansion covers RCunion (Chazeau, Etienne 
& Fiirsch, 1974), Aldabra (Hill & Blackmore, 1980), 
Madagascar (prior to 1972) (J. Chazeau, pers. comm.), 
Kenya, Tanzania (Greathead & Pope, 1977), South Africa 
(Georgala, 1979), Mozambique, Swaziland and Zimbabwe 
(Samways, 1984). The first mainland African records are 
those of specimens in the British Museum (Natural History) 
collection (Tanga, Tanzania, December 1966) and in the 
collection of H. Fiirsch labelled Nairobi, Choromo, 19 
April 1970. D. J. Greathead recorded it at Ramisi on the 

o0 Modifled Zen~thal Prolection 

FIG. 3. Geographical range of Chilocorus nigritus (F.) from records and specimens collected between the years 1939 and 1965 inclusive. The 
eastwards expansion appears to be a 'natural' (but possibly phoretic on man's goods and transport) while the introduction into the Indian 
Ocean islands (arrowed) were planned biocontrol projects. 
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FIG. 4. Geographical range of Chilocorus nigritus (F.) from specimens and records collected between the years 1966 and 1988 inclusive. The 
species is present on many islands in the Pacific Ocean (right arrow) and on islands and continents surrounding the Indian Ocean. In 1983, the 
species was discovered in north-east Brazil (left arrow), and in 1984 in West Africa (centre left arrow) and further in 1987, in Oman (centre 
right arrow). In 1986 and 1987 respectively the beetle was dispatched from an insectary in the South African lowveld to insectaries in 
Argentina (A) and Israel (B). 

Kenya coast in 1968, at Arusha Chini (Tanzania) in 1969, 
and at Gonza (Tanzania) in 1970 (Greathead & Pope, 
1977). 

Of particular interest is the recent confirmation (by speci- 
menscollected by J. P. Morin in February 1983 and iden- 
tified by J. Chazeau) that the species has established in 
Pernambuco, north-east Brazil. Also, the beetle has 
recently appeared (December 1984) at Anacho in Togo 
(West Africa) and (September 1986) at the University of 
Cape Coast in Ghana, and in Oman (1987) (specimens 
determined by R. G.  Booth). 

Rearing and dissemination of Chilocorus nigritus in 
southern Africa 

The beetle was first reared at Letaba Estates near 
Tzaneen in the northern Transvaal. In 1982, a mass-rearing 
facility was created in Nelspruit in the eastern ~ ransvaa i  
and from there material was dispatched to many parts of 
southern Africa, principally for control of Aonidiella auran- 
tii (Maskell). This resulted in an annual increase in its 
range, and by 1986 the beetle was firmly established in all 
the sub-tropical areas as far south as the Nkwalini Valley in 
Natal (Fig. 5). Despite introduction of many hundreds of 
thousands of eggs, larvae and adults into the central Trans- 
vaal, eastern and western Cape, the beetle did not 
'establish. 

On 22 May 1986, 150 adults and about 5000 eggs were 
dispatched to San Miguel de Tucuman, Argentina, where 

they are now being reared. On 2 March 1987, fifty larvae 
and 100 adults were sent to Rehovot, Israel, where they are 
presently being reared. 

Chilocorus nigritus abundance in the eastern 
hemispherein 

C. nigritus was present in large numbers at Rawalpindi 
(Pakistan), Poona and Bangalore (India), and in small 
numbers in the foothills of the Himalayas (<I500 m) 50 km 
north of Murree (Pakistan), Madras (India), Noumea (New 
Caledonia) and Reunion (<500 m). Despite intensive 
searches, it was not found in the North-West Frontier Pro- 
vince (Pakistan), Malaysia, Java or Fiji. Specimens from 
Pakistan in 1986 freely interbred with Eastern Transvaal 
specimens in the laboratory in 1987. 

Chilocorus nigritus, abundance and climatic types 

The sites in the Indian sub-continent where C. nigritus is 
abundant fall within Walter's (1973) Zonobiome I1 (Table 
1). This is a tropical and frost-free zone with a distinct 
annual temperature cycle. Heavy zenithal rains occur in the 
warm perhumid summer season and there is an extremely 
dry and cool winter season. In some extreme years, the 
occasional light frost occurs in low-lying valleys. This zone 
extends from about 10"N to 30°N and 5"s to 30's. The 
Pacific Islands on which the species occurs are those with a 
wet season (e.g. Guam, Noumea in New Caledonia) and an 
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FIG. 5 .  Increasing geographical range o f  Chilocorus nigritus ( F . )  during the 1970s and 1980s in southern Africa. The beetle was reared in the 
South African lowveld (close to the site where it was first discovered in 1971) and dispatched to various localities. Despite intensive 
introductions, the species did not establish in area A (central-northern Transvaal), B (eastern cape) and C (western Cape). 

island dry season which is not as dry as on the mainland. 
Additionally, C. nigritus has been found occasionally in 
Zonobiome I.  The species does not extend into Zonobiome 
111. In summer, it can occur up to altitudes of 2000 m in 
Zonobiomes I and 11. The striking feature is the match 
between the beetle's distribution and climatic types. 

The climatic regions invaded by the species in Africa are 
again Zonobiome 11, although the beetle has not yet been 
found above 800 m and does not occur in the frost-prone 
highveld in central southern Africa (compare Walter's 
(1973) Fig. 5 with Fig. 4 here). 

The South American site (Pernambuco) where C. 
nigritus has been found also falls within Zonobiome 11. 

Climatic zones where Chilocorus nigritus has not 
established 

Fig. 4 shows three areas in Southern Africa (central 
Transvaal, eastern Cape and western Cape) where C. 
nigritus has been introduced in large numbers but has not 
established (Samways, 1984). The central Transvaal has 
regular light frosts and is mostly at about 1000 m elevation. 
Although this area falls within Zonobiome 11, the altitude 
makes this part of the Zonobiome unsuitable for permanent 
establishment of the species. Similarly, the western Cape 
(Zonobiome IV) and the eastern Cape (Zonobiome V) are 
also unsuitable. Zonobiome IV (Capensic) is characterized 
by cool, wet winters and hot, dry summers. Zonobiome V is 
a transitional zone between the tropical-subtropical and 
typical temperate zones, although inland the climate in 
some localities tends to a type 111. 

TABLE 1.  Continental and island sites where Chilocorus nigritus 
( F . )  is abundant, either indigenously or after introduction by Man. 

Continental (Zonobiome 11) Island (Zonobiome 1-11) 

Indian region Africa Indian Ocean Pacific Ocean 
(Indigenous) (Invaded) (Introduced and (Introduced and 

invaded) invaded) 

Rawalpindi Malelane Mauritius Noumea 
Poona Komatipoort Seychelles Guam 
Bangalore Big Bend RCunion Vanuatu 
Cuttack Pongola Aldabra Oahu 

DISCUSSION 

Origins of the species 

Being highly apparent in the field, especially when con- 
gregating, early records of C. nigritus are probably reliable. 
The only doubtful record is that of Japan (Crotch, 1874). 
Possibly also, there is a morphologically similar but rarer 
species occurring within the overall range of C. nigritus in 
Sri Lanka and the Lakshadweep Islands (R. G. Booth, 
pers. comm.). The centre of abundance is the Indian sub- 
continent, particularly where the banyan tree (Ficus 
benghalensis L.) is present. This tree has a major attraction 
for the beetle, which uses it for congregating (Ketkar, 
1959). Being principally Indian, the range originally 
extended from 35"N to jOS, and limited in the west by arid 
Baluchistan and southern Afghanistan, in the north by the 
Himalayas, and in the south and east by the oceans. 
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Chilocorus nigritus in the western Indian Ocean 
region 

Deliberate transportation of the beetle from the Indian 
region to the Seychelles and particularly Mauritius, 
extended the species distributional range to 20's and placed 
it on the western side of the Indian Ocean. The biological 
significance of these introductions is that they illustrate the 
good colonizing ability of the beetle, even with a change 
from the northern to the southern hemisphere. 

Within 40 years the beetle then spread to the neighbour- 
ing islands of RCunion, Aldabra and Madagascar. An  
extension of the westward expansion was the appearance 
on mainland Africa simultaneously in central and southern 
Africa in the mid/late 1960s. This further emphasized the 
beetle's remarkable colonizing ability. 

An important factor in its establishment in southern 
Africa is that in the mid-1970s one of its hosts (A. aurantii) 
had become resistant to organophosphate insecticides (Nel, 
D e  Lange & Van Ark, 1979), and was present in great 
abundance at the time. This fact is supported by the beetle 
later becoming a dominant feature of the natural enemy 
fauna in citrus and causing a highly significant economic 
impact (Samways, 1984, 1988). 

Means of dispersal 

Eggs are laid in various places on the host plant, but a 
particularly attractive site is among the fibres of spiders' 
webs (Samways & Mapp, 1983). Hatching larvae feed on 
the nearby host scale insects. Larvae on fruit which is 
picked and transported, are readily redistributed, as are 
adults after settling on vertical structures on ships. In this 
way the beetle can easily spread along shipping lanes. In 
New Caledonia, C. nigritus was first observed at Noumea 
yachting harbour. Similarly, the first African and South 
American records are directly inland from major ports 
(Mombasa, Maputo and Recife). The spread to various 
islands in the Indian Ocean may possibly have been on 
yachts island-hopping. 

Within southern Africa, the range has increased through 
natural dispersal and deliberate spread. In the appropriate 
climatic areas where host scale is abundant, the beetle has 
readily established. But after introduction into climatically 
unsuitable areas it soon died out. The appropriate climate is 
Zonobiome I1 (Walter & Lieth, 196CL67) up to 800 m. 
Outside this Zonobiome, and above this altitude, the cli- 
mate is unsuitable. 

Future spread 

C. nigritus has been redistributed to insectaries at 
Rehovot in Israel and San Miguel de Tucuman in Argen- 
tina. As the species is limited in its latitudinal spread, it is 
likely that these two localities (32"N for Israel and 27"s for 
Argentina) may be marginal. Of the two sites, San Miguel is 
favoured climatically as it falls within Zonobiome 11. 
Rehovot is probably unsuitable (as was California) as this is 
Zonobiome IV. Similarly, as the beetle has established 
within Zonobiome I1 in Pernambuco, Brazil, and as a larger 
part of central and eastern South America falls within this 

Zonobiome, the species is quite likely to spread across this 
belt in frost-free areas from San Miguel in the south-west to 
Pernambuco in the north-east. Similarly, as it has very 
recently appeared in coastal Togo and Ghana, it is likely to 
spread to other areas of West Africa (Senegal, The Gam- 
bia, Guinea-Bissau) with a Zonobiome I-II climate. 

As C. nigritus has appeared on several Indonesian and 
South Pacific islands with a Zonobiome I-II climate, the 
species is quite likely to invade other areas with a similar 
climate. Such areas include northern Australia, Central 
America (parts of Mexico e.g. Jalisco, Tamaulipas, 
Yucatan) and the Caribbean (e.g. southern Cuba and 
Haiti). If diaspid scale insects become an economic pro- 
blem in this area, C. nigritus appears to be a promising 
agent. 

Climate diagrams have shown where C. nigritus is likely 
to establish, extrapolating from areas where it has already 
invaded. Climate diagrams are appropriate in this case 
because the insect is climatically sensitive and oligo-
phagous, which means that its range is restricted by physical 
conditions rather than by food. For more diet-restricted 
natural enemies, the climatic tolerances of the host also 
must be taken into account. 
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