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Limited success of open field tests to 
clarify the host range of three species of 

Lepidoptera of Mimosa pigra

Tim A. Heard,1 Ryan Zonneveld,1 Ricardo Segura2 and Moises Martinez2

Summary 

The search for biological control agents for Mimosa pigra, a serious weed in northern Australia, has
continued since 1979. Despite heavy damage from released and established agents that feed on the
stems, flowers and seeds, more control is needed. Three species of moths that feed on leaves and tie
leaves together to form a protective shelter, cause heavy damage in the native range. The species are:
Apotoforma rotundipennis (Tortricidae), Aristotelia sp. (Gelechiidae) and Pococera gelidalis (Pyral-
idae). All species were imported into Australian quarantine for evaluation of their safety for release.
Aspects of their biology were studied and reported here. Steps in the insect’s natural host selection
behaviour are not expressed in cages, resulting in indiscriminate oviposition in the quarantine labora-
tory. As oviposition preferences could not be tested in these circumstances, we tested the innate devel-
opmental host range of larvae. Although Mimosa pigra was the superior host for all three moth species,
development to adult occurred on other plant species. These tests may have generated false positive
results thereby over-estimating the field host range. We then conducted open field tests in semi-natural
conditions in Mexico. We grew four individuals of 26 test plant species of Australian and American
origin in a field plot. We made successive releases of cohorts of laboratory-reared adults of the three
species. All resulting leaf ties were bagged to capture emerging adults. The numbers of adults reared
on the 48 Mimosa pigra plants was low particularly for the first two species, being 11, 17 and 103 for
Apotoforma rotundipennis, Aristotelia sp. and Pococera gelidalis, respectively. The numbers of adults
originally released were 295, 437 and 150, respectively. No adults of Aristotelia sp. were reared from
the test plants but two of Apotoforma rotundipennis were reared from the closely related Mimosa
asperata. However, not much value was placed on the results for Apotoforma rotundipennis and Aris-
totelia sp., as the poor return of reared to released adults suggests that the oviposition pressure on plant
species was too low. These tests may produce false negative results, thereby under-estimating the field
host range. Hence, the realized host range of these species remains unknown. One useful result was that
adults of Pococera gelidalis were reared from a test plant species, Desmanthus virgatus, indicating that
this species is probably not sufficiently specific to release in Australia. 

Keywords: Apotoforma rotundipennis, Aristotelia sp., host-specificity tests, Pococera 
gelidalis.

Introduction
The insects used in this study were potential biocontrol
agents of the weed, Mimosa pigra (Mimosaceae), an

introduced, thorny, perennial shrub that forms impene-
trable monocultures along watercourses and in flood-
plains in northern Australia and Southeast Asia
(Lonsdale 1992). Mimosa pigra (hereafter called
mimosa) has been the focus of a biological control
program since 1979 (Harley et al. 1995, Heard &
Segura 2003). Thirteen agents have been released to
target various plant parts (foliage, stems, roots, flowers,
green pods and mature pods). Damage to the leaves in
Australia is still minimal while in the native range it is
very apparent. Much of this damage is due to several
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species of Lepidoptera that eat leaves and tie them
together forming distinctive shelters, in which they
remain concealed and protected. The primary aim of
this paper is to examine the potential for biological
control of the three species of leaf-tying Lepidoptera
that could be collected in sufficient numbers for host-
specificity testing. A summary of the three insect
species under investigation follows. 

Apotoforma rotundipennis (Walsingham) (Tortri-
cidae: Tortricinae: Tortricini) was identified by D.J.L.
Agassiz (CABI, IIE) and J. Razowski (Polish Academy
of Sciences) by examination of pinned specimens. A.
rotundipennis is reported by Razowski (1993) from the
USA (Florida and Texas), the Caribbean Islands and as
far south as Brazil. The only recorded hosts for Apoto-
forma rotundipennis are Acacia macrantha, Acacia
arabica (=Acacia nilotica) and marabú (Dichrostachys
cinerea) in Cuba (Razowski 1966, Razowski 1993).
Such a broad host range is unsuitable for a biocontrol
agent. However, Razowski stated that the species is
variable. Hence, we continued to assess this Mexican
taxon in the chance that it was a race or sibling species
with a narrower host range. 

Aristotelia sp. (Gelechiidae: Aristoteliinae) was
identified by D.J.L. Agassiz (CABI, IIE) as probably
undescribed and closest to Aristotelia dasypoda Wals-
ingham. This was re-assessed by K. Sattler (CABI,
IIE), who confirmed it was probably undescribed but
stated that the female genitalia most closely matched
Aristotelia hieroglyphica Walsingham and Aristotelia
pyrodercia Walsingham. In summary, it is clear that the
species belongs to Aristotelia sensu stricto, but is prob-
ably undescribed. 

Pococera gelidalis (Walker) (Pyralidae: Epipaschi-
inae) was identified by A. Solis (USDA, ARS, SEL).
This species ranges from southern Texas to Central
America (Solis in litt.). Species of Pococera have been
thought to be highly host specific but this is not true for
at least one species (Solis 1993). 

Materials and methods

The species were introduced into Australian quarantine
from Veracruz state, Mexico, for laboratory determina-
tion of host specificity. On arrival, the larvae were
placed on mimosa plants and allowed to develop and
emerge as adults. The adults were separated into
species and pure colonies were maintained. 

To keep laboratory colonies variable and viable,
several shipments per year of larvae were made over
four years from 1996 to 1999. The total number of indi-
viduals introduced into quarantine to contribute to colo-
nies for each species was 88 Apotoforma rotundipennis,
60 Aristotelia sp. and 131 Pococera gelidalis. 

All species were reared in gauze-covered cages,
dimensions 0.5 × 0.5 × 1 m tall. Pairs of adults were
placed into cages and allowed to mate and lay eggs. The
larvae hatched and developed on the plant. More plants

were added if required to feed the larvae. Pupation
occurred on the plants and in concealed places around
the pot and cage. 

The laboratory was artificially lit 14 hours/day plus
limited oblique natural lighting; temperature was
approximately 27 ± 1°C during the day and 23 ± 1°C at
night; RH was 60% ± 10%. 

Host-specificity tests

Three methods were used to assess host specificity: 1)
laboratory based, larval development tests, 2) field tests
of combined adult host searching, oviposition and
larval development, and 3) surveys of leaf-tying insects
on legumes species.

Laboratory larval development tests
The laboratory larval development tests provide a

measure of the suitability and acceptability of plant
species for the feeding, growth and development of the
immature insect stage. Newly emerged adults were
placed in cages with a living potted plant to allow
oviposition and larval development. The design was
no-choice. The adults were left to die in the cage. The
plant was held for emergence of adults of the next
generation. One trial consisted of the target weed
(Mimosa pigra, the control plant) with about five test
plant species each in their own cage. After the final
emergence of adults from the control cage, the test plant
species were examined for damage and evidence of
larval development. The trial finished either because
there was no larval feeding damage, or if so, after all
adults had emerged. The number of adults placed in
cages depended on our experience of the number neces-
sary to reliably infest the plant with a number of eggs
approximately equal to the ability of the plant to
support the resulting larvae. The number of adults was
eight pairs for Apotoforma rotundipennis, four pairs for
Aristotelia sp., and six pairs for Pococera gelidalis.
Sexing of all species was easily done with the naked
eye, based on external abdominal morphology. When
adults emerged in sufficient numbers from a test plant,
these adults were placed back onto the same plant
species to determine their viability. 

Between 24 and 31 species of plants, most with four
replicates, were included in this trial. The species were
tested to heavily represent two subfamilies within the
Mimosaceae: Mimosae and Acaciae. Mimosae is the
subfamily to which Mimosa belongs. Acaciae is the
subfamily which contains the large and important
Acacia genus. 

Field tests 
To confirm the accuracy of the laboratory tests, field

tests of combined adult oviposition and larval develop-
ment were performed. These were conducted in a field
plot of the CSIRO Mexican Field Station at La Aguada,
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Veracruz State (lat. 19°03.0'N, long. 96°01.8'W, eleva-
tion 50 m) in the wet season from June 2000 until
March 2001. Adults were reared at the laboratory and,
after parasites were excluded, were taken to the field
plot for release in the afternoon. Releases were not
made every day so some adults were held in the labora-
tory before release. This was perceived to be advanta-
geous as it increased the chances of females being
mated. The numbers released were 295, 437 and 150 for
Apotoforma rotundipennis, Aristotelia sp. and
Pococera gelidalis, respectively. The numbers of
release events were 14, 23 and 10, respectively,
between October 2000 and January 2001. Time of day
of releases was varied to increase chances of successful
infestation on plants within the plot. 

Over the following months, all plants in the plot
were checked at least weekly. Any leaf ties were
enclosed in a bag made of fine gauze. The bags were
checked regularly and any emerging adults were
collected. These adults were pinned, labelled and iden-
tified. 

The test plants grew in a series of 4 × 4 Latin square
plots. Each plot consisted of a control plant and three
test plant species, each with four replicates. A total of
12 plots gave 48 individuals of mimosa and 4 individ-
uals each of 34 test plant species. However, not all the
plant species grew well. Plants were visually rated from
1 to 5 on general condition. If the mean condition was
below 2.5, then that species was excluded. After
excluding eight unhealthy plant species, a total of 26
test plant species and the control species remained in
the analysis. The plant species included in the open
field trials did not exactly match those in the laboratory
trials as many species from the laboratory trials did not
grow well in Mexican field conditions. 

Field surveys

Leaf-tying insects from other legumes growing in
the field were collected opportunistically and reared to
adult, pinned and labelled for identification. These
collections did not result from the growing of test plants
or the release of insects but simply from collections
made during general field work. 

Results

Biology

Apotoforma rotundipennis. Eggs were laid singly
on stems, primary and secondary rachises and the
underside of leaves. Young but fully expanded leaves
are preferred for oviposition. Eggs are ovoid in shape
and 0.9 × 0.3 mm in size. The average development
time from adult emergence to adult emergence is 33
days under laboratory conditions. Adults live for a
maximum of 10 days. Oviposition starts on the first
night and peaks at around the third night. 

Aristotelia sp. Eggs were laid singly in concealed
places in old bark, between buds and stipules of leaf
axils and between pinnae of young unfolded leaves.
They are ovoid in shape, 0.5 × 0.3 mm, and cream in
colour with orange spots. They hatch in 6–7 days.
Larvae build leaf ties from silk and feed within the ties.
Larvae do not appear to move from the ties. Larvae are
not gregarious and each builds its own tie. However,
when conditions are crowded, the ties overlap. Leaves
of all ages are used. The average development time
from adult emergence to adult emergence is 36 days
under laboratory conditions. Adults live for at least 7
days. Oviposition starts on the second night and peaks
at around the fourth night. 

Pococera gelidalis. Eggs were laid singly on all
parts of leaves (upper side) and stems. Eggs are flat-
tened 0.5 × 0.3 mm, and light green or pink in colour.
They hatch in 5–6 days. The average development time
from adult emergence to adult emergence is 45 days
under laboratory conditions. The first sign of larval
feeding is frass and silk webbing. Larvae then weave a
few pinnules together to form a small leaf tie. Gradually
more pinnules are tied together. At about 2 weeks,
larvae are tying adjacent pinnae together. Larvae
continue to feed, often gregariously, within the leaf tie,
until pupation within the ties. Adults live for a
maximum of 13 days. Oviposition starts on the first
night and peaks at around the third night. After the fifth
night, oviposition almost ceases. 

Laboratory larval development tests
Mean numbers of adults emerging from mimosa in

laboratory larval development tests were consistently
high at 157, 128 and 57 for Apotoforma rotundipennis,
Aristotelia sp. and Pococera gelidalis, respectively
(Table 1). No test plant species produced such high
levels of emerging adults. For all insect species, the best
performing test species produced about half the number
of adults as did the control. 

Eight of the 27 test plant species produced adults of
Apotoforma rotundipennis. For Aristotelia sp., this
number was 12 of 32, and for Pococera gelidalis 16 of
32. 

There appeared to be no relationship between insect
species in their ability to develop on particular plant
species. For example, Acacia farnesiana and Neptunia
major were good hosts for Apotoforma rotundipennis
but not the other insects. Acacia deanei was a good host
for Aristotelia sp. but not the other insects. Similarly,
Mimosa pudica was a good host for Pococera gelidalis
but not the other insects. No plant was a good host for
all insect species. 

The results of some continuation trials, in which
adults emerging from a test plant were placed back onto
the same plant species to determine their viability, are
presented here. For Apotoforma rotundipennis only the
adults reared from Neptunia monosperma were tested.
These were viable, being able to support second
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Table 1. Combined results of the laboratory and field host-specificity tests for Apotoforma rotundipennis, Aristotelia sp. and
Pococera gelidalis. The data for the laboratory tests are the mean numbers of adults emerging from a cage containing
that plant species; those for the field test are the total numbers of insects reared of the plants of that species in the plot.

Apotoforma rotundipennis Aristotelia sp. Pococera gelidalis

Lab test Field test Lab test Field test Lab test Field test

Mimosa pigra 157.1 11 127.7 17 56.8 103
Mimosa asperata 2 0 0
Mimosa invisa 0 0.3 0.5
Mimosa pudica 0 0 5.3 0 33.5 0
Neptunia dimorphantha 0 5.5 0 5.0 0
Neptunia gracilis 0 0 2.0 0
Neptunia major 55.5 0 0.3 0 4.3 0
Neptunia monosperma 75.3 0 3.0 0 21.0 0
Neptunia plena 0 0 0
Adenanthera pavonina 0 0
Calliandra callocephala 0 0 0
Desmanthus virgatus 14.8 0 0 0 0 1
Dichrostachys cinerea 0 0 0
Dichrostachys spicata 0
Entada phaseoloides 0
Leucaena leucocephala 0 0 0 0 0 0
Prosopis hybrid 0
Prosopis juliflora 0 0
Acacia baileyana 5.0
Acacia botrycephala 0
Acacia bruinoides 0.5
Acacia cardiophylla 2.4 0
Acacia conferta 0
Acacia deanei 4.3 0 63.5 0 5.0 0
Acacia farnesiana 71.8 0 1.0 0 0 0
Acacia filicifolia 0 0 0 0 1.0 0
Acacia fimbriata 0 0 2.0
Acacia glaucocarpa 0 0 6.5 0 0.5 0
Acacia holosericea 0 0
Acacia irrorata 0 0 2.3
Acacia mangium 0
Acacia mollifolia 18.5 6.3
Acacia nilotica 0 0 0 0 0
Acacia oshanesii 0 3.6 1.8
Acacia parramattensis 4.0 0 12.5 0 0
Acacia saligna 0
Acacia simsii 1.0 0 0 1.0 0
Acacia spectabilis 41.0 1.0
Parachidendron muellerianum 0
Parachidendron pruinosum 0 0
Paraserianthes lophantha 0 0
Tamarindus indica 0 0 0 0 0
Caesalpinia pulcherrima 0 0 0
Parkinsonia aculeata 0 0 0
Peltophorum pterocarpum 0
Senna emarginata 0 0 0
Senna obtusifolia 0 0 0
Senna occidentalis 0 0 0
Aeschynomene americana 0
Aeschynomene indica 0
Arachis hypogea 0 0 0
Eriosema violaceum 0 0 0
Sesbania macrocarpa 0 0 0
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generation larval development to adult. For Aristotelia
sp., these tests showed that adults from Mimosa pudica,
Neptunia monosperma, Acacia baileyana, and Acacia
deanei were viable, producing adults in the next gener-
ation, albeit in low numbers. Tests for Aristotelia sp. on
Neptunia dimorphantha and Acacia oshanesii failed to
produce next generation adults. For Pococera gelidalis,
two species, Neptunia monosperma and Acacia deanii,
were tested. Adults reared off Neptunia monosperma
proved to be viable by successfully producing next
generation adults. 

Field tests
A total of 309 adults emerged from the plants in the

plot, of which 175 were species not released or relevant
to this study. Of the remaining 134 individual insects,
only three were reared from the test plant species with
131 from the Mimosa pigra control plants. 

Despite large numbers of adults being released
successively into the field plot over a period of months,
only limited attack occurred on the control plant for
Apotoforma rotundipennis (11 adults) and Aristotelia
sp. (17 adults). Reasonable numbers of Pococera geli-
dalis were reared from the control plant (103 adults). 

In addition to the control plant, two individuals of
Apotoforma rotundipennis were reared from the closely
related Mimosa asperata. No adults of Aristotelia sp.
were reared off test plants. One adult of Pococera geli-
dalis was reared off the test plant Desmanthus virgatus
(Table 1). 

Field surveys
Leaf-tying insects were reared from non-target

legume species in the field. The plant species searched
were Mimosa pudica, Mimosa dormiens, Acacia corni-
gera, Acacia farnesiana, Neptunia plena and Senna
spp. Only one relevant species was reared: a specimen
of Pococera gelidalis from Neptunia plena. 

Discussion

The combination of laboratory tests, open field tests
and field surveys was of limited use for predicting the
field host range of the three species of Lepidoptera.
Sufficient evidence was gained to indicate that one of
the three species, Pococera gelidalis, was not suffi-
ciently specific for safe release in Australia. However,
the other two species may not be testable. 

In the laboratory trials, all insect species showed
development on non-target plant species. Samples of
the resulting adults proved to be viable by producing
next generation adults. No test plant species produced
such high levels of emerging adults as the control plant.
This may be due to the plant being less attractive for
oviposition or being less suitable for development.
These two possibilities were not separated in this study.
To separate them, eggs counts would be necessary. 

We believe that the laboratory larval development
tests may have generated false positive results. Hence,
the host range was possibly over-estimated because the
larvae may have developed on some plants species
which they would not select for oviposition in the field.
These plants are within the developmental host range of
the species but perhaps not within the ovipositional host
range. Adult oviposition tests could not be performed in
laboratory conditions, as adults lay eggs indiscrimi-
nately on cages walls and well as plant surfaces
(Withers & Barton Browne 1998). For this reason, we
did the field tests. 

Unfortunately, the field test may have produced
false negative results, especially for Apotoforma rotun-
dipennis and Aristotelia sp. and hence possibly under-
estimated the host range. That is, they indicated some
plants to be outside the host range when they are hosts
in nature. This is because the ovipositional pressure on
the plants, under the conditions of this study, was low.
The low number of emerging adults from the control
plants indicates low levels of egg laying. It is possible
that the habitat was not acceptable for the field-released
adults, and they may have moved rapidly away.
Reasonably high numbers of Pococera gelidalis
emerged from the control plants in the open field plot,
indicating high ovipositional pressure and lower proba-
bility of false negative results. Indeed, for this species
an adult was reared from a test plant. 

There were disturbing disparities between the results
of laboratory tests compared with field tests and field
surveys. The only test plant attacked in the open field
trial by Pococera gelidalis was Desmanthus virgatus.
But this plant was not attacked in the laboratory trials.
Also, there are disparities between laboratory results
and literature records for Apotoforma rotundipennis.
According to the literature, marabú (Dichrostachys
cinerea) is a host plant (Razowski 1966; Razowski
1993). But Dichrostachys cinerea (and Dichrostachys
spicata) were tested in the laboratory with negative
results. We explain these disparities by high levels of
intraspecific variation in discrimination within plant
species by this insect. Singer & Lee (2000) show how
discrimination within host species can mask or
confound discrimination among species. Variation in
host use can also result from host plant distribution and
abundance (Singer et al. 1989). 

Field tests are increasingly being used to test the host
specificity of potential biocontrol agents (Heard & van
Klinken 1998). They have an important role in clari-
fying ambiguous laboratory results (Briese 1999). They
are considered by many to offer the most realistic
method for assessing host range, as laboratory testing
can produce false positive results leading to the rejec-
tion of potentially safe agents (Briese 1999). Field tests
are still not common because they are often not required
and because of political and logistical constraints
(Clement & Cristofaro 1995). Also, they have been crit-
icised as they can produce false negative results when
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the agent is unresponsive to lower-ranked hosts (Maro-
hasy 1998), due to low agent densities and high target
abundance in the native range (McFadyen 1998).
Hence, open field tests are more likely to produce accu-
rate results when the ratio of agents to target is high. For
two of the three species included in this trial, agent
densities could not be kept sufficiently high to lend
confidence to the result of no attack on the test plant
species. 
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