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Biotypes, hybrids and biological control: 
lessons from cochineal insects 

on Opuntia weeds

J.H. Hoffmann1

Summary

The quest for genetic diversity in newly released biological control agents and matching of agent geno-
types with particular strains of the target weed are widely assumed to ensure enhanced effectiveness of
weed biological control. However, there has seldom been concern that these practices may be detri-
mental. The use of cochineal insects for biological control of cactus weeds in South Africa has disclosed
circumstances where adverse effects may arise. Two host-specific biotypes of the cochineal species,
Dactylopius opuntiae (Homoptera: Dactylopiidae), have been identified and used for biological control
of Opuntia ficus-indica and Opuntia stricta in South Africa. Host specificity breaks down when the two
biotypes crossbreed. F1 progeny of such crosses are able to survive equally well on both opuntia species.
The production of hybrid populations should benefit biological control in areas where the two weed
species are sympatric, because the chances of a passively dispersed nymph landing on a suitable host
plant and surviving will increase proportionately with the combined abundance of the plants. However,
the unusual lecanoid chromosome system (i.e. in males, only maternally inherited genes are passed to
progeny) found in cochineal insects complicates the issue, because F 2 progeny from crosses between
hybrid parents and from backcrosses between hybrids and true-bred parents produce both generalist and
specialist progeny in combinations that depend on parental phenotypes. The situation is further compli-
cated because hybridisation in the field is asymmetrical. Males move predominantly from O. ficus-
indica to mate with females on O. stricta but seldom do so in the other direction. Under these circum-
stances, females may produce nymphs that are genetically maladjusted to the natal host and are thus
disadvantaged, to the detriment of biological control. This example shows that the use of sub specific
entities to increase genetic diversity of introduced agents may not produce the desired results, and may
even have harmful consequences for biological control in some situations. For the control of cactus
weeds in South Africa, stringent measures are being employed to ensure that only pure strains of cochi-
neal are released on the target weed species, with positive results for biological control. More generally,
a precautionary approach is advised when releases of sub specific mixtures of agent types are planned
for other weed species, at least until all possible outcomes have been investigated in full. 
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Introduction
Biological control of Opuntia species (Cactaceae) in
South Africa has been enhanced recently with verifica-
tion that Dactylopius opuntiae (Cockerell) (Homoptera;
Dactylopiidae) comprises at least two distinct host-
specific biotypes, each with a restricted host range
(Githure et al. 1999, Volchansky et al. 1999). The two
biotypes have been called the “ficus” biotype, which is

normally associated with Opuntia ficus-indica (L.)
Millar and related tree-like species, and the “stricta”
biotype, from Opuntia stricta (Haw.) Haw. and related
shrub-like species. During 1997, the “stricta” biotype,
which has contributed to the control of O. stricta else-
where in the world (Dodd 1940, Moran & Zimmermann
1984, Hosking et al. 1994, Julien & Griffiths 1998), was
introduced into South Africa from Australia, resulting in
the spectacular collapse of many infestations of O.
stricta (Hoffmann & Zimmermann 1999). 

The introduction of the “stricta” biotype of
D. opuntiae into South Africa has brought the two
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known biotypes (“stricta” and “ficus”) of D. opuntiae
into close proximity and has opened opportunities for
them to interbreed, which they do readily (Hoffmann et
al. 2002). Laboratory studies of the results of inter-
breeding on the host specificity of hybrid progeny have
revealed some distinct patterns due to the extraordinary
(lecanoid) chromosome system found in cochineal
insects (Hughes-Schrader 1948, Brown 1959, Bull
1979, Nur 1990). The consequences of the lecanoid
chromosome system on inheritance of host-specificity
traits in cochineal insects are addressed by Hoffmann et
al. (2002). In essence, crosses of the true-bred “stricta”
and “ficus” biotypes produce F1 hybrid progeny which,
unlike their parents, are not host specific, developing
equally well on either O. stricta or O. ficus-indica.
Some F2 crosses produce batches of progeny in which
all the siblings are either hybrids or all are true-bred
genotypes, while other crosses produce batches of
siblings in which half of the individuals are hybrids and
half are true-bred, depending on the combination of
parent genotypes (Table 1) (Hoffmann et al. 2002).
Variation in the proportions of genotypes produced by
cross breeding has potential consequences for biolog-
ical control of both O. stricta and O. ficus-indica in
South Africa because, in common with other scale
insects, survival of passively dispersed, first-instar
nymphs (“crawlers”) of D. opuntiae is dependent on
chance encounters with a suitable host plant.

The probability that a passively wind-borne nymph
will land within range of a suitable host plant increases
proportionately with the density of available hosts in
the vicinity of the host plant (Moran et al. 1982). For
each of the true-bred “ficus” and “stricta” biotypes, the
effective target area for dispersing nymphs will be
determined by the respective abundances of O. ficus-
indica and O. stricta plants. In the case of hybrid
phenotypes of D. opuntiae, there is a relatively greater
chance of individual crawlers reaching a suitable host
because either O. ficus-indica or O. stricta will support
the nymphs and the combined abundance of the two
plant species is the effective target area for the insects.
Production of hybrid individuals should benefit biolog-
ical control because losses of nymphs during passive
dispersal will be less frequent and this will enable the
insects to more readily reach higher population levels.

The situation is not that simple because back crosses
in the F2 and subsequent generations produce mixtures

of both hybrid phenotypes and true-bred phenotypes
(Table 1). The advantage of having hybrid individuals
in the population will be negated if substantial numbers
of the true-bred crawlers are born on host plants that are
incompatible with their genotypes. For example, a
hybrid female that has matured on O. ficus indica and
has mated with a “stricta” male will produce a mixture
of progeny, half of which are “hybrids” and half of
which are “stricta” phenotypes. In such a situation, the
“stricta” crawlers will not reach maturity unless they
vacate the natal O. ficus-indica plant and disperse to an
O. stricta plant. Under most circumstances many will
perish without encountering a suitable host.

The mating patterns of the two biotypes of D.
opuntiae were observed in the field to measure the
extent and uniformity of crossbreeding in an attempt to
determine whether or not the insects are benefiting
from crossbreeding under natural conditions. The find-
ings are reported and discussed.

Materials and methods

Batches of mature females of D. opuntiae were
collected from O. ficus-indica and O. stricta growing in
a mixed infestation of the two cactus species near
Salem (33°29'S 26°27'E) in the Eastern Cape Province
of South Africa. Samples were gathered on five occa-
sions over a five-year period between 15 April 1998
and 14 January 2002. On each occasion, cladodes with
cochineal were brought to the laboratory where up to 35
females that were producing crawlers were removed
from both O. ficus-indica and O. stricta. The females
were kept isolated in vials. Sixty of the crawlers
produced by each female were removed from the vials
within 30 hours of being born and divided into two
batches. Half of the crawlers in each batch were placed
on an isolated cladode of O. stricta while the other half
was placed on an isolated cladode of O. ficus-indica.
The cladodes with crawlers were retained in an insec-
tary at 27°C on a 14-hour daylight cycle while the
insects developed to maturity and mated. As soon as
one of the females on a cladode started to produce
crawlers (after about 35 days), all the females were
removed from the cladode, weighed and kept separately
until they produced crawlers or died without doing so.
This quantified the numbers of females reaching matu-
rity, their body masses at maturity and the percentage
that had mated.

These three measurements were used to calculate a
comparative rate of increase for the batches of siblings
on each of the two host plants (see Hoffmann et al.
(2002), for details of calculations and the interpretation
of assays). The measurements revealed the proportion
of females that were producing exclusively true-bred
progeny on each host plant species, as opposed to
females with all or some hybrids among their offspring.
The ratios revealed the patterns and extent of cross-
breeding between the two biotypes.

Table 1. Phenotypes of progeny produced by possible
crosses between true-bred and hybrid cochineal
insects.

Parents Progeny

true-bred hybrid true-bred (100%) OR hybrid (100%)
hybrid true-bred true-bred (50%) AND hybrid (50%)
hybrid hybrid true-bred (50%) AND hybrid (50%)
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Results and discussion

Breeding for more than one generation between the two
biotypes of D. opuntiae results in the production of
cohorts of progeny which include both hybrids and
true-bred genotypes (Hoffmann et al. 2002). If pairing
of males and females is random within the population,
then the proportions of “stricta”, hybrids and “ficus”
phenotypes among the progeny will be 1:2:1, respec-
tively. In mixed stands of O. ficus-indica and O. stricta
the high proportion (50%) of hybrids will ensure that
survival of crawlers is enhanced because either plant
species will be a suitable host for half (i.e. the hybrids)
of the individuals in the population.

Assays revealed that, under field conditions, cross-
breeding between the newly-introduced “stricta”
biotypes and the long-established “ficus” biotypes of
cochineal had commenced within 12 months of the
introduction of the “stricta” biotype into the survey site
(Fig. 1). Levels of crossbreeding were consistently
higher among females collected from O. stricta than
among females from O. ficus-indica (Fig. 1). This
discrepancy widened until very few (2.5%) of the
females collected from O. stricta in the most-recent
sample produced exclusively true-bred offspring. In
comparison, approximately 90% of the females on O.
ficus-indica were still producing exclusively true-bred
progeny after five years.

The results show that crossbreeding was not random
but asymmetrical; with crosses between “ficus” males
and “stricta” females much more common than those
between “stricta” males and “ficus” females. The
reasons for this asymmetry are not clear, but four
possible hypotheses could explain the phenomenon: (i)
“ficus” males are more mobile than “stricta” males; (ii)
“stricta” females are more attractive” to “ficus” males

than “ficus” females are to “stricta” males; (iii) progeny
from crosses between “stricta” females and “ficus”
males are less viable than those from other crosses; and
(iv) “ficus” males physically outnumber “stricta” males
in the region. While the validity of each of these
hypotheses needs to be tested, the consequences for
biological control are of more immediate relevance.

In South Africa, “stricta” genes have persisted in the
cochineal insect populations in hybrid individuals.
However, the trend shown in Figure 1 indicates that
these genes could be lost completely, especially during
unfavourable periods for D. opuntiae, when popula-
tions of the insects decline to low levels (producing
genetic “bottlenecks”) e.g. during high rainfall periods
(Moran & Hoffmann 1987, Moran et al. 1987). Even if
the “stricta” genes are not swamped out entirely, the
decline in their frequency is almost certain to reduce the
effectiveness of the insects as biological control agents
of O. stricta, and the situation may worsen with time.

An additional indirect consequence of the imbal-
anced pairing (i.e. asymmetrical crossbreeding)
between the two genotypes will be a disproportionately
high number of crosses between hybrid females and
“ficus” males and between hybrid females and hybrid
males whose maternal, and therefore functional, genes
are of “ficus” origin. In regions where O. stricta is rela-
tively more abundant than O. ficus-indica, these crosses
will result in many crawlers being born on plants that
are not suitable hosts (i.e. “ficus” biotype individuals
being born on O. stricta). Many of these progeny will
fail to reach maturity, either because they settle on an
incompatible host or because they failed to disperse
onto a suitable host before settling. This attrition of
crawlers will negate the benefits of hybridisation.
While the potential losses should not affect the biolog-
ical control performance of D. opuntiae on O. ficus-
indica, the populations of cochineal on O. stricta will
be suppressed, with a corresponding drop in levels of
damage inflicted on these plants.

The possible detrimental effects resulting from the
asymmetrical patterns of crossbreeding in cochineal
insects have not been quantified as yet. When this is
done, it may be found that other factors serve to alle-
viate potential problems due to the attrition of “stricta”
genes. Until the situation is clarified, every effort is
being made not to mix the two biotypes of D. opuntiae
in areas where O. ficus-indica and O. stricta do not yet
occur together. This is a precautionary measure based
on the current extent of our knowledge. The
outstanding success of the “stricta” biotype in monoc-
ultures of O. stricta (Hoffmann & Zimmermann 1999)
indicates that this approach is paying dividends.

There remains the intriguing possibility that the rela-
tively recent releases of the “stricta” biotype in South
Africa could weaken biological control of one or both
of the target weed species. The potentially undesirable,
and irreversible, consequences for biological control of
mixing biotypes from different provenances should be
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Figure 1. Frequency (%) of Dactylopius opuntiae
females producing true-bred progeny on
Opuntia stricta (open circles) and Opuntia
ficus-indica (closed circles) over a five-year
period in a mixed stand of the two cactus
species. The “stricta biotype of D. opuntiae was
released in the area during September 1997.
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a cautionary lesson for biological control workers in
general, and provide sufficient motivation for including
these considerations in pre-release tests aimed at deter-
mining the biology and host specificity of new agents.
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