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Preliminary assessment of release and 
establishment of lantana herringbone 

leafminer, Ophiomyia camarae (Diptera: 
Agromyzidae), in South Africa

D.O. Simelane and M.S. Phenye1

Summary

The herringbone leafminer, Ophiomyia camarae Spencer (Diptera: Agromyzidae), was released in
South Africa against Lantana camara L. (Verbenaceae), a noxious weed. About 14,500 flies were
released between November 2001 and April 2002 at 20 sites in 5 provinces. Three techniques, namely:
short-term caging in the glasshouse, short-term caging in the field, and release via the placement of
infested leaves in the field were used to release O. camarae. The release via the placement of infested
leaves directly into the field was the most successful and cost-effective method, as initial establishment
occurred at all the sites where it was used, whilst it required considerably less time and resources than
the other two techniques. Neither release size nor cultivars of lantana appeared to influence initial
establishment of O. camarae. Although there was no indication that climate had any influence on initial
establishment during the first summer, monitoring conducted 12 months after release showed that flies
released at sites located at altitudes higher than 900 m failed to establish. Cold and dry winters, which
often characterized these areas, might have directly hampered development and population build-up of
O. camarae. Because of either frost or prolonged drought during the winter and spring seasons, host
plants at high-altitude release sites underwent leaf abscission, thereby depleting the populations of O.
camarae. All sites located at altitudes lower than 900 m were frost-free and most of the host plants
retained their leaves during the winter season, enabling  O. camarae to persist. Preliminary assessment
of the release sites suggests that climate unsuitability will limit establishment of O. camarae in the
high-altitude areas of South Africa characterized by frost and dry winter seasons. 
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Introduction
Despite having been subjected to biological control for
more than a century, Lantana camara L. (lantana)
remains invasive in many parts of the world. It ranks
among the world’s worst weeds, competing with tree
crops and infesting millions of hectares of natural
grazing land. 

In South Africa, only 8 of the 15 biocontrol agents
that were deliberately introduced to control lantana
have established. Factors inhibiting establishment
include: low number of individuals released (Grevstad

1996, Memmott et al. 1996, Baars & Neser 1999,
Broughton 2000, Day & Neser 2000, Swirepik &
Briese 2000) and climate unsuitability, both directly
and indirectly, by its effects on the host plant
(Broughton 2000, Day & Neser 2000, F. Heystek,
unpublished data). Certain biocontrol agents display
preferences for certain cultivars of lantana (Radunz
1971, Harley & Kassulke 1974, Cilliers 1987a,b,
Cilliers & Neser 1991, Urban & Simelane 1999), and
some agents have reportedly failed to establish because
of cultivar resistance (Cilliers & Neser 1991). Since a
large proportion of biological control programs suffer
from failure of agent establishment, it is imperative to
ensure that a reliable and efficient release strategy is
employed to improve establishment and redistribution. 
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This paper provides a preliminary assessment of
different release strategies used during the release of
Ophiomyia camarae, a natural enemy cleared for
release against lantana in South Africa. Influence of
altitude and cultivar preference on initial establishment
of O. camarae are also discussed. This preliminary
assessment will also serve as a guideline for future
releases to be performed by Working for Water, a
program involved with mass-rearing, release and distri-
bution of biocontrol agents at a much larger scale in
South Africa.

Materials and methods

Mass rearing
The agent was mass-reared under glasshouse condi-

tions of 28 ±2°C, 60 ± 10% RH, and a photoperiod of
14:10 (L:D) h. Approximately 50 adults were confined
with several potted host plants in a cage (1.4 × 1.0 ×
0.6 m) for 10 days to allow mating and oviposition.
Adults were offered a fine spray of water on a daily
basis to increase their longevity (D.O. Simelane,
unpublished. data). Infested leaves were harvested
when typical fishbone-shaped mines, often centred
along the midrib, with side-shoots along the lateral
veins, had been formed (Simelane 2002). Prior to
release, harvested leaves were kept in 5 L perforated
containers at room temperature (25 ± 2°C) for 5 days to
ensure completion of pupal development. To prevent
rapid wilting of the harvested leaves while allowing
pupation in some leaves to be completed, a moist paper
towel was spread on the floor of the container. Based on
biological studies conducted by Simelane (2002), the
expected number of newly emerged adults from a set of
harvested (infested) leaves was equivalent to 80% of
the total number of infested leaves. 

Release techniques 

Short-term caging in the glasshouse

When adults were ready to emerge, that is eight days
after infested leaves had been harvested, the leaves were
enclosed with a potted host plant in a gauze-covered cage
(0.55 × 0.55 × 1.00 m) in the glasshouse for 3 days. The
cage was then taken to the field, and ovipositing adults,
presumably mated during the 3-day period, were
released under actively growing lantana plants. 

Short-term caging in the field

A gauze-covered sleeve cage (0.55 × 1.00 × 1.4 m)
was used to cover an actively growing lantana plant in
the field. Infested leaves, with adults ready to emerge
from pupae, were confined, together with the host plant
in the sleeve cage for 5 days. In contrast to the short-
term caging period in the glasshouse, field caging
required a longer period due to relatively cooler nights
that tended to delay adult emergence. The purpose of
both short-term caging techniques discussed here was

not to prevent dispersal and localize population build-
up as reasoned by Briese et al. (1996), but to facilitate
mating and completion of the pre-oviposition period
prior to release.

Release via the placement of infested leaves

Leaves containing pupae were loosely packed in a
green vegetable bag, with holes big enough for O.
camarae adults to pass through. The bag was suspended
under a host plant cleared of spiders and ants. On emer-
gence, adults dispersed freely into the field.

Release sites
To optimize establishment, the ideal release sites

had to have an abundant food resource, and be located
in an area where plants were less likely to suffer frost
during winter. Approximately 14,500 flies were
released between November 2001 and April 2002 at
20 sites located in 5 South African provinces
(Mpumalanga, Limpopo, North West, Gauteng and
KwaZulu-Natal). 

Results and discussion

Effect of release techniques on initial 
establishment of O. camarae

Initial establishment failed at all the three sites
where short-term caging in the field was used (Table 1).
Spiders and predatory flies that were observed during
the caging period might have reduced the number of
ovipositing adults. However, the effect of varietal
resistance on initial establishment at these release sites
could not be ruled out.

Initial establishment occurred at all the sites where
flies were initially caged in the glasshouse prior to their
release (Table 1). In contrast to caging in the field,
predation in the glasshouse was negligible and there-
fore would not have reduced the release sizes. Use of
this technique was only limited to nearby sites (20 km
radius from the mass-rearing facility) as adults did not
survive longer trips to more distant release sites.
Considerably more time and resources were also
required to accomplish each of the caging techniques.

Release via placement of infested leaves proved to be
the most successful and cost-effective technique, as
initial establishment occurred at all sites where it was
employed (Table 1), with considerably less time and
resources invested. This technique was not only simple
and effective, but hands-on input by cooperators was
also minimized (Briese et al. 1996), reducing the risk of
human error during the release process. Given the cost of
making cages, which could be as high as US$40 per cage
(Heytek, pers. comm.) in South Africa, placement of
leaves directly in the field was by far the cheapest tech-
nique. Use of cages to confine insect releases to prevent
dispersal and localize population build-up (Briese et al.
1996) appeared to be irrelevant in as far as initial estab-
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lishment of O. camarae was concerned. Populations of
O. camarae increased exponentially during the two or
more successive generations following releases at the
sites where adults had not been caged (D.O. Simelane,
unpublished data). The use of short-term caging as an
attempt to facilitate mating prior to release into the field
is also irrelevant for O. camarae, as initial establishment
occurred at all the sites where release was made via the
placement of infested leaves, and the emerging adults
were unconfined. 

Effect of release size on initial 
establishment of O. camarae

All the sites in which adults were released via the
caging in the field technique were disregarded in this
analysis. Release sizes ranging from 350 to 3500 indi-
viduals per site resulted in initial establishment (Table
2) of O. camarae. However, it is uncertain whether
release sizes smaller than 350 individuals per site could
have achieved initial establishment. Until more work
has been done to determine the optimum release size
required for initial establishment, release sizes less than
350 adults per site should be avoided as smaller popu-
lations are believed to establish less frequently in the
field (Schaffer 1981).

Effect of altitude on establishment of 
O. camarae

All the sites in which adults were released via the
caging in the field technique were disregarded in this
analysis. Initial establishment occurred at all sites
located at elevations ranging from 0 to over 1200 m
(Table 3), and at least two generations were completed
during summer/autumn of 2001/2. Monitoring
conducted 12 months after first release showed that full
establishment had only occurred at release sites located

at lower altitudes, ranging between 0 and 900 m.
Further assessment revealed that leaf abscission
occurred on most host plants located at altitudes above
900m during winter and spring seasons. The higher-
altitude areas were characterized by lower winter
temperatures and prolonged drought during winter and
spring. These factors could have induced leaf abscis-
sion, causing the populations of O. camarae to crash.
Low winter temperatures could also retard the develop-
mental rate of immature stages of O. camarae, making
them more vulnerable to harsh environmental condi-
tions. Further releases should therefore be centred
around the lower altitude and coastal regions, which
correspond well with the climates of the collection
localities of O. camarae in Florida, USA.

Effect of lantana colour form on initial 
establishment of O. camarae at mixed and 
homogeneous sites

At a site where three different colour forms of lantana
co-existed, O. camarae showed a significantly higher
infestation intensity on white–pink and light-pink colour
forms than on an orange–red one (Table 4). A signifi-
cantly higher infestation intensity also developed on a
white–pink (but not on a light-pink) than on an
orange–red colour form at release sites where only one
colour form occurred (Table 4). Cilliers (1987a) found
that Teleonemia scrupulosa Stål (Hemiptera: Tingidae)
was not only attracted to light-pink flowering forms, but
also performed better on those cultivars. Although colour
forms of lantana appeared not to prevent initial establish-
ment of O. camarae, further work should be done to
ascertain the relationship between long-term persistence,
infestation intensity and impact of O. camarae on
different lantana colour forms in the field. 

Conclusions

Given the cost of biological control programs, it is
imperative that the cheapest and most effective release
technique is employed when releasing a biocontrol

Table 1. Success of three different techniques used in
releasing Ophiomyia camarae in 2001–02.

Release technique No. of 
release 
sites (n)

Percentage 
sites 

established

Short-term caging in the field 3 0

Short-term caging in the glasshouse 5 100

Release of infested leaves 12 100

Table 2. Effect of release size on initial establishment of
Ophiomyia camarae, using only the two
successful release techniques.

Number of adults 
released

Number of sites Number of sites
established

350 3 3

450–600 6 6

900–1000 6 6

3000–3500 2 2

Table 3. Relationship between altitude of release site and
establishment of Ophiomyia camarae, when
only the two successful release techniques were
used.

Altitude 
range 
(m)

Number 
of sites

Number of sites 
initially 

established 
before first 

winter

Number of sites 
fully 

established 
after first 

winter

0–300 3 3 3

601–900 3 3 3

901–1200 4 4 0

>1201 7 7 0
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agent. For initial establishment, the best release tech-
nique is through the placement of pupa-infested leaves
in the field. Until more work is done to determine the
optimum release size required for initial establishment,
release sizes less than 350 individuals per site should be
avoided as smaller populations are less likely to estab-
lish. Future releases should be centred around the lower
altitude and coastal regions, which are climatically
better matched with that of the collection localities in
Florida, USA. Since there is no indication that O.
camarae totally avoids any colour form of lantana,
future releases should not be limited to any particular
flower colour form of lantana.
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Table 4. Infestation levels of Ophiomyia camarae on three different lantana colour forms at a mixed site compared to
that at three sites where only one colour form was present.

Flower colour 
(cultivar) 

% Leaves infested per branch in a mixed flower 
colour site

% Leaves infested per branch in single flower 
colour sites

Range Mean ±SEa Range Mean ±SE

Orange–red 0–10 4.8 ± 1.2a 2–15 8.9 ± 1.4a

White–pink 14–60 35.4 ± 4.8b 70–100 86.8 ± 4.2b

Light-pink 6–21 33.7 ± 2.7b 1–18 5.3 ± 1.5a
a  Means (in a single column) followed by the same letter are not significantly different by LSD (P = 0.05).


