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Summary
The weed species, Echium plantagineum 
L. (Boraginaceae), Carduus nutans L. 
(Asteraceae) and Onopordum illyricum 
L. (Asteraceae) are major problems of 
pastures in southern Australia. This 
study investigates the importance of 
post-dispersal seed predators and their 
contribution to weed control. The results 
are supported by pitfall trapping of 
potential arthropod seed predators. The 
study showed that significant numbers 
of seeds from these weed species are not 
being incorporated into the seed bank. 
Rodents were found to be responsible 
for the largest seed loss (Echium 36%, 
Carduus 22% and Onopordum 40%) 
while arthropods were also found to be 
responsible for significant seed destruc-
tion (Echium 13%, Carduus 8%). The 
study of arthropod activity revealed a 
range of potential seed predators includ-
ing; carabid beetles, field crickets and 
ants in the genera Rhytidoponera and 
Pheidole. Both E. plantagineum (47%) 
and C. nutans (18%) seed were lost in the 
treatment fully protected from predators, 
suggesting that rotting and soil micro-or-
ganism attack may be responsible, while 
Onopordum (0.1%), did not appear to be 
susceptible. For all three weed species 
under study, birds played no role in seed 
predation.

Introduction
Financial losses from weed incursions 
in Australian pastures are estimated at 
$494 million annually (Centre for Interna-
tional Economics 2001). Three of the most 
invasive broadleaf weeds in southern 
Australian pastures are the winter annual 
Paterson’s curse, Echium plantagineum L. 
(Boraginaceae), the facultative perennial 
Illyrian thistle, Onopordum illyricum L., 
and biennial nodding thistle, Carduus 
nutans L. (Asteraceae) (Parsons and Cuth-
bertson 1992). Echium plantagineum is a 
major problem throughout southern Aus-
tralia, while O. illyricum is a problem in the 
central and southern tablelands and C. nu-
tans in the tablelands of New South Wales 
(Briese et al. 1990, Woodburn and Shepp-
ard 1996). These weeds compete vigorous-
ly with pasture for resources (Parsons and 
Cuthbertson 1992) and reproduce entirely 

by seed. They are prolific seed producers 
(C. nutans up to 7000 seed plant-1, O. il-
lyricum up to 20 000 seed plant-1, while up 
to 30 000 seed m-2 has been measured in 
dense patches of E plantagineum (Parsons 
and Cuthbertson 1992).

Studies of E. plantagineum seed banks 
suggest that in some years, despite 
high seed production per unit area, the 
expected seedbank increase did not oc-
cur (Smyth et al. 1997). Similarly, large 
quantities of O. illyricum seed produced at 
some sites are subsequently not recorded 
in the seed bank as expected (Pettit et al. 
1996). Field estimates of the proportion of 
the seed production that enters the seed 
bank are highly variable and this is often 
one of the hardest population parameters 
to accurately estimate. Nonetheless, it is 
critical for understanding the population 
dynamics of these weeds (Grigulis et al. 
2001). Losses between seedrain and incor-
poration into the seedbank are considered 
to be due to predation (vertebrate or in-
vertebrate) or immediate germination. In 
New Zealand, a loss of 85% of C. nutans 
seeds, before they reached the ground, 
was attributed to predation by birds and 
mice ( McCallum and Kelly (1990). 

The post dispersal consumption or re-
location of seeds can be both common and 
important in plant communities (Hobbs 
1985, Naylor 1984, Thompson 1985). Any 
changes to seed bank recruitment become 
more significant for population survival 
when seed input is driven close to zero 
by pre-dispersal seed feeders and other 
mechanisms, which reduce the density or 
vigour of these plants.

This study aimed firstly to determine 
how much post-dispersal seed predation 
of these three weed species was occurring, 
and secondly, to establish the relative im-
portance of each group of seed predators 
in reducing seed bank recruitment. Par-
ticular focus on the actual seed predator 
species involved in post dispersal seed 
predation was restricted to invertebrates. 
Understanding the influence of seed 
predators on weed seed densities in pas-
tures is essential for developing effective 
Integrated Weed Management (IWM) 
practices to control these weeds.
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Materials and methods
Sites
Post-dispersal seed predation of three 
weeds was studied during 2000 at three 
sites in NSW (C. nutans at Yaouk 35.51°S 
148.48°E, O. illyricum 15 km SW of 
Boorowa (34.34°S, 148.43°E) and E. plan-
tagineum 5 km NE of Boorowa (34.24°S, 
148.41°E). Each site consisted of a con-
tinuously sheep grazed paddock about 1 
ha in size. A random sample of seeds from 
several seeding plants at the two Boorowa 
sites and Yaouk was collected and 10 seeds 
of each species were weighed to determine 
seed weight (Table 1). 

Post-dispersal seed predation
At each of the three study sites five 10 × 15 
m fenced plots had been set up to exclude 
sheep as part of a larger grazing trial. The 
plots were at least 20 m apart. Within each 
plot four trays were positioned at random. 
Each tray consisted of a cut plastic drain-
pipe ring (150 mm diameter and 40 mm 
high) with aluminium mesh (0.5 × 0.5 mm) 
glued across the bottom of each ring to al-
low drainage. The trays were dug 30 mm 
into the ground by removing a similar size 
core of pasture and filled with sand to the 
soil level to prevent seeds being removed 
by rain splash. In each plot each tray 
(selected at random) was covered with 
a different type of mesh cage to exclude 
different groups of predators. The mesh 
treatments were, (1) no mesh, to allow 
complete access to the seeds; (2) 25 × 25 
mm (large) mesh, to exclude seed-feeding 
birds but allow small vertebrates such as 
field mice; (3) 5 × 5 mm (small) mesh, to 
exclude vertebrates but allow access to 
some invertebrates; and (4) 0.5 × 0.5 mm 
(closed) nylon mesh to exclude all seed 
feeders. Treatments 2 and 3 had mesh 
dome shaped covers made of sufficient 
size to prevent birds gaining access to the 
seed by pecking through the mesh.

Fresh seeds for the experiment were 
collected from each species in the same 
area just prior to the start of the experi-
ment. Only seeds that appeared healthy 
were selected and a sample of 50 seeds of 
each species was tested with tetrazolium 
chloride to confirm viability (Moore 1962). 
One hundred seeds of either C. nutans or 
E. plantagineum or 60 seeds of O. illyricum 
(to emulate estimated seed m-2 of seedrain 
at those sites for that year) were sprinkled 
on each tray at the respective site for each 
weed. The experiment was set up just af-
ter the end of the annual seed rain period 
to prevent contamination from seeding 
plants, while ensuring the continued pres-
ence of seed feeders locally active at that 
time. O. illyricum and E. plantagineum sites 
were set up in February 2000, while the  
C. nutans site was set up at the end of 
April, given the much longer flowering 
season in this species (Woodburn and 
Cullen 1996).

Three months after the start of the 
experiment the numbers of seedlings 
were counted in each tray. The trays were 
then removed and the sand was washed 
through a 1 mm diameter mesh sieve and 
the numbers of remaining viable and non-
viable seeds counted.

Invertebrate Sampling
Invertebrate trapping was carried out at 
all sites. Three plastic cup pitfall traps (vol-
ume of 250 mL, diameter of 150 mm and 
depth of 70 mm) were randomly placed in 
each of the 15 × 10 m plots adjacent to but 
not closer than 2 m from the seed trays at 
each site, to monitor invertebrates that 
may have been seed predators. Each trap 
was half filled with ethylene glycol (49%), 
water (49%) and glacial acetic acid (2%) 
to kill and preserve caught specimens. 
Galvanized sheet metal squares on legs 
were placed over each trap to prevent 
rain entering the traps whilst not limit-

ing the function of the trap. The traps 
were opened for two-week at a time, once 
during each month of the three-month 
experimental period. The invertebrates 
collected were identified as far as possible 
by taxonomists in the Australian National 
Insect Collection (ANIC).

Statistical analysis
Data on percentage seed loss per tray were 
arcsine square-root transformed and then 
analysed using ANOVA. Between treat-
ment differences were tested using two 
sample T-test with unequal variances.

Results 
Seed losses were generally much higher 
for Echium, with a maximum loss under 
open conditions of 96%, than for the two 
thistles Onopordum (55%) and Carduus 
(52%) (Figure 1). For each species seed loss-
es followed the same pattern with regard 
to different treatments (Figures 1–3); most 

Table 1. Mean seed weights of all three weeds (mg).

C. nutans E. plantagineum O. illyricum

Seed Weight 0.033 0.040 0.134

± S.E 0.001 0.001 0.002
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Figure 1. Fraction (% ± SE) of E. plantagineum seed lost after three months  
at Boorowa. Different letters indicate means are significantly different  
(F (4,15) = 72.8, P < 0.001).

Figure 2. Fraction (% ± SE) of O. illyricum seed lost after three months at 
Boorowa. Different letters indicate means are significantly different  
(F (4,16) = 70.5, P < 0.01).
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seed remained in the 0.5 × 0.5 mm (closed) 
mesh covered trays, fewer remained in 
the 5 × 5 mm (small) mesh covered trays, 
while the greatest seed losses occurred in 
the 25 × 25 mm (large) mesh covered and 
open trays. Losses in the latter two trays 
were not significantly different from each 
other for any of the weeds.

Invertebrate sampling
A range of invertebrates was caught in 
the pitfall traps at the E. plantagineum 
and O. illyricum field sites. The dominant  
species caught were Rhytidoponera spp. 
and Pheidole spp. (Hymenoptera: Formi-
cidae), Bobilla sp. (Orthoptera: Gryllidae), 
Sarticus sp. and Notiobia germari (Colept-
era: Carabidae) and Steriphus spp. (Colept-
era: Curculionidae). Potential seed feeders 
identified are listed in Table 2. 

those left in the 5 × 5 mm mesh covered 
trays. Losses due to larger vertebrate 
seed-feeders (birds) were estimated from 
the difference in seed left in the uncov-
ered trays compared to those left in the 
25 × 25 mm mesh covered trays. Loss due 
to germination and decay were directly 
measured when the trays were removed 
after three months.

The data indicate that, despite selec-
tion of fresh, healthy seed, almost half 
the Echium seed perished due to rotting 
and/or nematode attack, which were ob-
served in the trays. Less than 20% of Car-
duus seeds and almost no Onopordum seed 
suffered a similar fate. Losses ascribed to 
insects were similar between all three spe-
cies, ranging from 8–13%.

Rodents were considered responsible 
for removing 40% of Onopordum seed, 
making them the greatest factor in post-
dispersal seed loss of Onopordum. Losses 
ascribed to rodents were 3–4 times higher 
than those ascribed to insects for all three 
species, while birds did not remove any 
seed at these sites.

Discussion
This experiment showed that the activities 
of the ground dwelling seed feeders, field 
mice and insects, could play an important 
role in limiting seed bank recruitment of 
these weeds at these sites. Other studies 
concluded that weed seeds are partitioned 
among soil, arthropod groups and mice. 
(Brust and House 1988). 

Although there was no vertebrate 
sampling undertaken during the course 
of this experiment, the house mouse (Mus 
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Figure 3. Fraction (% ± SE) of C. nutans seeds lost after three months at the 
Carduus site. Different letters indicate means are significantly different  
(F (4,16) = 136.1, P < 0.001).

Table 2. List of insects trapped at Boorowa, which were considered as possible weed seed feeders.

Order Family Genus Species Echium Onopordum
plantagineum illyricum

Coleoptera Carabidae Gnathaphanus sp. 2 0
Mecyclothorax punctipennis (Macleay) 1 0
Notiobia (Anisotarus) germari (Castelnau) 28 51
Prosopogomus sp. 2 0
Simodontus sp. 10 15
Carenum sp. 10 1
Rhytisternus miser (Chaudoir) 48 9
Sarticus sp. 327 99

Coleoptera Curculionidae Steriphus caudatus and diversipes (Pascoe) 7 180

Coleoptera Staphlylinidae Thyreocephalus sp. 32 12

Hymenoptera Formicidae Rhytidoponera ?aciculata (Smith) 36 95
Rhytidoponera metallica (Smith) 297 116
Pheidole sp. 1 16 11
Pheidole sp. 2 36 28

Orthoptera Acridiae (Mixed) 11 1

Orthoptera Gryllidae Bobilla sp. 376 160

Orthoptera Gryllidae Teleogryllus Commodu (Walker) 4 0

Orthoptera Tettigoniidae Conocephalus upoluensis (Walker) 1 0

Data from the C. nutans site has not 
been included because trapping at that 
site started much later (May) to prevent 
seeds from late flowering plants enter-
ing the trays. As a result, there was little 
difference in invertebrate species present 
but the data were not quantitatively  
comparable to the other two sites. 

Fate of seeds
A comparison of seed losses for the three 
different species is given in Table 3. Losses 
due to insects were estimated from differ-
ences between seed numbers remaining 
in the 5 × 5 mm mesh covered trays com-
pared to the 0.5 × 0.5 mm mesh covered 
trays while losses due to small vertebrate 
seed-feeders (mice) were estimated from 
the difference in seed left in the 25 × 25 
mm mesh covered trays compared to 
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domesticus L.) is present in nearly all grain 
growing areas in Australia and can reach 
plague proportions after only 4–5 genera-
tions with population numbers peaking in 
early autumn (NSW Agriculture 2000a). 

During the experiment consistent 
mouse activity was reported in all NSW 
grain growing areas in February 2000 
(NSW Agriculture 2000b) while numbers 
were seen to rise at Young NSW (40 km 
from Boorowa) in March 2000 (NSW Ag-
riculture 2000c). In addition, a mouse was 
trapped in one of the insect pitfall traps 
at the O. illyricum site supporting the hy-
pothesis that, given its general abundance, 
M. domesticus was suspected to be the ma-
jor vertebrate involved in the seed losses 
seen between the large and small mesh 
sizes for all three weeds at these sites.

Generally removal of seed by rodents 
is equivalent to predation (Hulme 1997) 
as seeds are either consumed locally or 
placed in deep larder hoards from which 
successful establishment is unlikely 
(Montgomery and Gurnell 1985). The data 
suggest that rodents are more attracted to 
larger seeds as they consumed more than 
40% of Onopordum seed compared to both 
E. plantagineum and C. nutans (Tables 1 and 
3). Small mammals also appear to be the 
most important group of seed predators in 
European grasslands (Hulme 1997).

Large numbers of Rhytidoponera? ac-
iculata (Smith) and Rhytidoponera metallica 
(Smith), were caught at both Boorowa sites 
as well as two Pheidole species (Table 3). 
Pheidole spp. have been recorded remov-
ing significant quantities of pasture seed 
in Australian agricultural environments 
(Campbell 1966), as well as having been 
recorded as being involved in remov-
ing E. plantagineum seeds (Piggin 1978). 
Rhytidoponera spp. are considered to be 
amongst the most prolific seed dispersal 
ants in south eastern Australia (Andersen 
1991, Berg 1975).

The question of destruction or dis-
persal of these weed seed compared to 
other more desired pasture species, such 
as grasses and clovers, therefore becomes 
important in agricultural systems, par-
ticularly where the seedrain of the desired 
pasture species can be more restricted by 
overgrazing. However, the role that dif-

Table 3. The fate of seeds at all three sites (values are in percentages).

Fate of seeds E. plantagineum C. nutans O. illyricum

Removed by rodentsA 36.1 22.4 40.3

Removed by birdsA 0.0 0.0 0.0

GerminatedB 1.4 3.0 3.0

Damaged/rottenB 46.7 18.0 0.1

Entered/ seedbankB 2.7 48.2 45.1

Total 100.0 100.0 100.0
A = estimated from differences in losses.
B = Calculated from actual numbers.

ferent ant species play in predation and 
dispersal of these weeds seeds remains 
unclear.

Other studies of weed seed predation 
by soil arthropods such as carabids and 
crickets (Brust 1994, Brust and House 
1988) suggests seed feeders may effect 
weed species composition through seed 
feeding preferences. The makeup of the 
soil arthropod population combined with 
the availability of seeds from other species 
(pasture quality and composition) would 
have a strong influence on how well each 
weed species establishes itself in any par-
ticular microhabitat.

While no seed losses were attributed 
to birds in this study, they can be locally 
important. E. plantagineum seeds form a 
large part of the diet of crested pigeons 
(Ocyphaps lophotes Temminick) in sum-
mer and autumn in Australia, especially 
in drought years (Frith et al. 1974). The 
goldfinch (Carduelis carduelis L.) has been 
observed to destroy 31% of C. nutans seed 
in experiments in New Zealand (McCal-
lum and Kelly 1990). The role of birds as 
seed predators of the weeds in this study 
may have been underestimated, as birds 
feed on the seeds while they are still on the 
plants (Sheppard et al. 2001) or may cause 
more damage during dryer seasons when 
other food may be in shorter supply. 

Small seeds are more likely to be lost to 
decomposition and pathogens than large 
seeds (Crist and Friese 1993). The 0.5 × 0.5 
mm mesh cover over the seed trays in this 
experiment could have increased humid-
ity in those trays which then favoured 
pathogens such as nematodes and fungi, 
or other soil micro-organisms, causing the 
seed embryo to rot. This may explain the 
high loss of whole E. plantagineum seed 
in the 0.5 × 0.5 mm mesh covered trays 
at Boorowa when compared to the larger 
more robust O. illyricum seed.

The ecological consequences of seed 
removal by seed predators are not simple, 
because the fate of removed seed remains 
unknown. However, knowing the impacts 
of common seed predators on weed seed 
is important when trying to predict the 
seed losses required to limit seed recruit-
ment. The data presented here help fill a 
gap in our knowledge of the population 

dynamics of these three weeds. In the case 
of these weeds, soil seed banks are con-
sidered to be a key stage in the plant life 
cycle, and the inputs from seed reserves 
are critical transitions that affect plant 
demography (Pettit et al. 1996, Woodburn 
and Sheppard 1996, Smyth et al. 1997). 
These studies suggest that population 
levels are not seed-limited. Therefore, at 
current seedbank levels, post-dispersal 
seed loss does not appear to be a major 
driver in the population dynamics of these 
weed species.

The biological controls of the two thistle 
species employ pre-dispersal seed preda-
tors in an attempt to reduce input into the 
seed bank (Woodburn and Briese 1996). 
Some theoretical models, using similar 
monocarpic weeds as in this experiment, 
predict that it is necessary to remove more 
than 99% of seed production to obtain 
control (Cloutier and Watson 1988). If 
these models are accurate, such levels of 
seed destruction would be difficult to real-
ize making it impossible to control these 
types of weeds. As pre-dispersal seed 
losses increase, the relative importance 
of post-dispersal losses may also increase. 
This is certainly true for Carduus nutans in 
New Zealand, where if seed production 
is reduced by 65%, a population will be 
maintained at its current level (Shea and 
Kelly 1998). In Shea and Kelly’s study, post 
dispersal seed predation was accounted 
for and indicated much lower reductions 
in seed production are needed to impact 
adversely on the weed population. 

This study increases our understanding 
of the complex competitive interactions 
among pasture species in seed rain driven 
annual dominated pasture systems. By 
obtaining more knowledge of those indig-
enous and introduced animals and deter-
mining their exact influence, we can gain 
a better understanding of the dynamics 
of pasture/weed composition. This then, 
will help develop better long-term weed 
management strategies.
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