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How important is environment? 
A national-scale evaluation of a seed-feeding 
beetle on parkinsonia, a widely distributed 

woody weed

Rieks Dekker van Klinken1

Summary

Environment is an important factor influencing the success of biological control agents, yet its role is
still poorly understood. In this paper, I present preliminary results relating to the evaluation of the seed-
feeder Penthobruchus germaini (Bruchidae) on the woody weed parkinsonia (Mimosaceae: Parkin-
sonia aculeata) across different climatic zones and habitats in northern Australia. The preliminary data
and analyses show considerable differences between environments in plant ecology, insect activity and
egg parasitism rates, all of which influence total seed loss to predation. It is important to take environ-
mental variation into consideration when designing release and evaluation programs, and when
selecting new agents that are to target specific environments. Releases of agents offer valuable oppor-
tunities to test and improve our ability to prioritize agents for priority target environments. 

Keywords: biological control, Bruchidae, Mimosaceae, legumes, agent prioritization. 

Introduction
There is an increasing need for biological control
agents that will work in specific environments. Envi-
ronment-specific agents are required when weeds only
occur in a fraction of their potential range (e.g. Mimosa
pigra in Australia; Lonsdale et al. 1995), are widely
distributed but are only a high priority target for biolog-
ical control in specific environments (e.g. parkinsonia),
or are under effective management in only parts of their
distribution (e.g. Noogoora burr; van Klinken & Julien
2003). The identification of potential biological control
agents that will perform well in target environments is
therefore a major challenge, and requires a detailed
understanding of how environment can influence agent
success. 

A large study was initiated in 2000 to improve our
understanding of the interaction between the environ-
ment, weed ecology and various control strategies in
northern Australia using the woody weed parkinsonia

(Mimosaceae: Parkinsonia aculeata L.) as a model
system. Parkinsonia is a good system to explore these
relationships because it grows in diverse environments,
from the arid interior to the wet–dry tropics, and in
wetland, riparian and upland habitats. One component
of the research is a comparative study of the ecology of
parkinsonia, and the performance of existing seed-
feeding biological control agents, across the diverse
environments in which parkinsonia grows. To achieve
this,, a network of permanent, representative study sites
were set up throughout the major climatic regions and
habitats in northern Australia, and monitored at 4–6
weekly intervals for 2–3 years. 

In this paper, I present preliminary data on the
national evaluation of the seed-feeding bruchid,
Penthobruchus germaini (Pic.) (Bruchidae), comparing
its performance on parkinsonia in different habitats and
climate regions. Of the two seed-feeding agents
released against parkinsonia, P. germaini is the only
one that has become widely established and abundant.
The overall objective of the evaluation work was three-
fold:
• to compare seed losses from predation across

different environments
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• to determine what factors are responsible for
different seed mortality rates in different environ-
ments; specific factors considered in this study
included host-plant phenology, abundance and
phenology of the biological control agent, and para-
sitoid and predator activity 

• to consider whether we can use a better under-
standing of factors affecting agent performance to
select new agents that will do well in the specific
environments where they are needed most. 

Materials and methods

The plant
Parkinsonia aculeata is a perennial shrub or tree

native to the neotropical region. Pods are indehiscent
and contain up to 10 seeds each (average ca 1.6). Seeds
have hard-seeded dormancy and are released if pods
decay or are damaged. Pods are relatively unpalatable,
and natural dispersal is probably primarily by water, or
in mud spread by animals. 

The insects
Penthobruchus germaini was introduced into

Australia as a biological control agent in 1995 (Julien &
Griffiths 1999) and was widely established by at least
1998. Females only oviposit onto mature (or very
nearly mature) pods and, rarely, directly onto mature,
naked seeds. When there is a choice, P. germaini
prefers ovipositing on tree-pods over ground pods (van
Klinken, unpublished data.). Eggs hatch within 8–9
days, and larvae drill down through the pod and then
into the seed. Pupation occurs within the seed and

adults emerge by cutting a hole through the seed coat
and through the pod wall. Generation times at 30°C are
35–45 days (Briano et al. 2002), and several genera-
tions can occur in a single season. Although more than
one larva can enter a seed, only one adult ever emerges. 

Sites

Replicated, permanent study sites were selected to
represent the diversity of Australian environments in
which parkinsonia is a weed. Data acquisition is costly,
and sites were therefore selected as parsimoniously as
possibly. Known infestations that could be accessed
regularly by trained staff were listed. Sites were chosen
along the north–south rainfall gradient from Darwin to
Alice Springs and they represented most of the inland
climate types in northern Australia (Figure 1). Climatic
patterns that are unique to parts of eastern Queensland
(in part the result of the Great Dividing Range) were
represented by sites there. In each climatic region, sites
were selected to represent the main habitats in which
parkinsonia occurred. In this paper, I present data from
three regions (Table 1, Fig. 1). Climatic data for each
region are summarized in Figure 2. 

Sampling

In this paper, I present data comparing upland and
wetland habitats at semi-humid sites, and data
comparing semi-humid, semi-arid and arid sites
(upland and riparian sites only; Table 1). The habitat
comparison was conducted in 2000–01 (van Klinken,
unpublished data). The climate comparison work is
ongoing. In this paper, I present pod maturation, pod
fall and insect activity data for tree pods (oviposition,

Semi-humid 
monsoon tropics

Semi-arid 
monsoon tropics

Arid

Figure 1. Location of each study site (circles), and the climatically similar
areas (shading) which they represent. Shaded areas incorporate all
meteorological stations that have a climate match within CLIMEX
of 0.7 or more of the study sites (Sutherst & Maywald 1999; rainfall
and temperatures equally weighted). Only the three regions for
which data are presented in this paper are labelled.
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egg parasitism and seed consumption) collected at 4–6
weekly intervals during the 2001–02 podding season. A
more complete analysis was awaiting completion of
field surveys in 2003 and processing of pod loss data. 

Gauze litter traps (diameter 58 cm) were placed
under 10 mature, healthy trees at each site, emptied on
each visit, and the number of mature seeds within pods
subsequently counted. Pod abundance was ranked visu-
ally as “no pods”, “light” (1–200 pods) and “medium to
heavy” (> 200 pods) from a single point 5 m from each
of the 10 trees. Data on seed-feeder activity were
obtained on each visit by collecting 40 pods from the
tree, freezing them within 24 hours of collection to halt
development, and examining them individually under
the microscope to determine egg abundance, egg para-
sitism and seed consumption by P. germaini. 

Results

Habitat comparisons in semi-humid region
Pod availability (for predation by P. germaini) in

each of the habitats was calculated from data on the

timing of pod maturation, pod drop and pod loss (e.g.
through inundation, or decay of pods; van Klinken,
unpublished data.). Most seeds were available between
September and February. However, a greater propor-
tion of the total season’s seeds were available to seed-
feeders, for longer in upland sites than in wetland sites
(Fig. 3a). The main reasons for this were that pods
matured more synchronously in upland sites, and
ground pods were mostly inundated after January at
wetland sites. 

Insect activity data were collected throughout
2000–01, but only tree-pod data from early in the
season when most pods were still available (October)
and late in the season when few pods remained (March)
is presented (Table 2). Egg incidence was similar
between habitats early in the season. By late in the
season, egg incidence had increased considerably, and
was much higher in upland sites where most seeds had
eggs (Table 2). Egg parasitism was high in both habitats
and throughout the season (Table 2). 

Total seed loss was calculated from relative pod
availability (Fig. 3a) and insect activity on both tree and

Table 1. Sites sampled and the climates and habitats which they represent.

Infestations Climate Habitats Coordinates

Victoria River Region (Auvergne Station) Semi-humid Upland (4 sites)
Wetland (3 sites)

15°26'S 130°20'E

Barkly Tablelands (Banka Banka Station) Semi-arid Upland (3 sites) 18°47'S 134°01'E

Central Australia (Alcoota Station) Arid Riparian (3 sites) 22°49'S 134°27'E
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Figure 2. Mean monthly rainfall (a) and temperature (b) in each
region. Data are from the closest weather station to
field sites within each climatic region. 
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ground pods (van Klinken, unpublished data.). Total
seed loss by the end of the season was twice as high in
uplands then in wetlands (Fig. 3b). There was relatively
little change in total seed loss after January in either
habitat, because relatively few pods were still available
for attack after that time (Fig. 3a). The critical factor
resulting in differences in total seed loss between habi-
tats was differences in pod availability, not insect
activity, which did not differ early in the season when
most pods were available. 

Climate comparisons
The proportion of trees with pods peaked in

November at semi-humid sites, November/December
in semi-arid sites and January at arid sites (Fig. 4). Pod
maturation was very synchronized at arid sites, in
contrast to other regions. 

Most pods dropped from October to February, with
the main pod drop occurring first at semi-humid sites
(ca November) and last at the arid sites (ca February)
(Fig. 5). Pod drop at the semi-arid sites was interme-
diate, and occurred more gradually. Unfortunately,
semi-arid sites were not accessible in January 2001
because of flooding, but better resolution will be
obtained in the future. Very few pods remained on trees
by late February at any site.

Egg incidence, parasitism rates and consumption
rates changed seasonally. Comparative data arejust
shown for the period when most pods had matured but
were still present on the tree (December at semi-humid
and semi-arid sites; January at arid sites) (Table 3). Egg
incidence (both as proportion of seeds with eggs and the
density of eggs on those seeds) was high at both arid
and semi-arid sites and low at semi-humid sites.

Table 2. Comparison of egg incidence and parasitism rates on tree pods between habitats in the semi-humid region in
October, when most pods were available to seed-feeders, and late in the season (March) when few pods
remained (mean ± SE). 

Habitat October 2000 March 2001

Seeds with eggs Eggs/seed with 
eggs

Eggs 
parasitized

Seeds with eggs Eggs/seed with 
eggs

Eggs 
parasitized

Uplands 19.2 ± 5.2% 1.2 ± 1.1 68.9 ± 2.1% 94.2 ± 4.6% 6.0 ± 1.1 66.3 ± 3.1%

Wetlands 14.1 ± 5.0% 1.3 ± 1.2 86.3 ± 1.8% 57.1 ± 8.7% 2.9 ± 1.2 63.0 ± 6.3%

Figure 3. Comparison of pod availability (a) and total seed consumption (b)
between habitats in the semi-humid region as a percentage of the
total seeds produced in 2000-01 (mean ± SE).
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Conversely, egg parasitism was highest in semi-humid
sites and lowest in arid sites. Maximum seed consump-
tion within a sample was very low in semi-humid sites
compared with other climatic regions. 

Discussion

Penthobruchus germaini has broad ecological require-
ments as beetle activity was high in all climate regions
and in both upland and wetland habitats. However,
parkinsonia phenology, and seed-feeder and parasitoid
abundance and activity, clearly differ greatly between
habitats and climatic regions. 

In the semi-humid region, differences in pod-availa-
bility between habitats resulted in significant differ-
ences in total seed consumption between habitats.
Differences in insect activity between habitats was not
so important, because they only occurred later in the
season when few pods remained. Parasitism rates did
not differ significantly with habitat (van Klinken,
unpublished data). 

In contrast, pod availability, insect activity and para-
sitism all differed considerably between climatic
regions. The true significance of these patterns will
become clear once total seed consumption rates are
calculated. In any case, egg parasitism is likely to have

Figure 4. Mean percentage of trees in each climatic region with medium to heavy loads of
mature pods. 

Table 3. Comparison between climatic regions of egg incidence, egg parasitism rates and maximum
seed consumption rates within a sample. Egg incidence and parasitism rates are for when most
pods were available to seed feeders (January at arid sites, December at other sites) (mean ±
SE).

Climate Seeds with eggs Eggs/seed with 
eggs

Eggs parasitized Maximum 
consumption

Semi-humid 17.4 ± 3.3% 1.1 ± 0.0 67.2 ± 1.3% 5.2% (Jan) 

Semi-arid 48.8 ± 6.4% 1.8 ± 0.1 42.8 ± 10.2% 45.4% (Mar)

Arid 64.7 ± 10.8% 1.5 ± 0.1 2.5 ± 0.7% 44.2% (Feb)

Figure 5. Mean percentage (± SE) of seeds produced in each region during the 2001–02
season that remained on the tree.
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an important bearing on consumption rates, especially
in the semi-humid region. High parasitism in semi-
humid regions is likely to be further exacerbated by
relatively low rates of multiple oviposition by the
beetle, especially early in the season (Table 3). 

Any future agents for parkinsonia will probably
need to be targeted at more mesic environments, where
parkinsonia appears to pose the greatest threat. If
further seed-feeders are to be considered, then their
vulnerability to egg parasitism certainly needs to be
considered. Species that oviposit on the exterior of
pods, such as P. germaini, are probably particularly
vulnerable. The same applies if considering bruchid
seed-feeders in other biological control programs in
northern Australia. Another consideration is the dura-
tion that seeds are available for predation by seed-
feeders. High seed predation is likely to be harder to
achieve in wetlands, where the window of time in
which seeds are available is briefest. This is particularly
true for multivoltine insects, such as P. germaini, that
are likely to require more then one generation to cause
high overall seed mortalities.

Environment (be it climate or habitat) is clearly
important in determining seed consumption rates (and
ultimately impact and agent effectiveness) through its
effect on host availability, the seed-feeder, and parasi-
toids. It is important to take such factors into consider-
ation when designing release and evaluation programs,
especially to ensure the full range of environmental
conditions are represented when selecting release and
evaluation sites. The effect of environment also needs
to be considered more explicitly when prioritizing
potential biological control agents to work in specific
environments, especially if we are to move on from a
“hope for the best” strategy. There have already been
some excellent attempts at predicting the interaction
between the environment and agent performance (e.g.
Scott 1992, Julien et al. 1995, McClay 1996, Byrne &
Hill 2004), but the science still needs considerable
development in this area (van Klinken et al. 2003a,b).
All releases offer an excellent opportunity to test and
improve our ability to make sound predictions of agent
performance in specific environments, and therefore to
improve our agent prioritization process. 
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