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Summary   Mesquite (Leguminoseae: Prosopis 
spp.) is a Weed of National Signifi cance (WONS) 
in Australia. Seed dormancy and longevity are key 
characteristics contributing to the resilience of this 
noxious weed, however little is known about the seed 
bank under Australian conditions. The seed bank was 
sampled over two years at Australia’s largest mesquite 
infestation on Mardie Station, Western Australia. The 
seed bank was sampled from burned and unburned 
mesquite thickets in 2001 and from dense thickets 
and around water troughs in 2002. Seed densities were 
surprisingly low under dense canopies (ca. 55.7 and 
7.7 seeds m-2 in 2001 and 2002 respectively). There 
was a trend towards fewer seeds in dense thickets from 
burned areas than unburned areas. Also a general trend 
towards more seeds near water troughs where cattle 
congregate than in the dense thickets was found. 
Findings from this study add to the limited amount of 
information on mesquite seed banks under Australian 
conditions and help guide the development of better 
management strategies.
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INTRODUCTION
Mesquite (Leguminoseae: Prosopis spp.) was fi rst 
introduced into Australia in the late 1800s and early 
1900s and promoted for its benefi cial properties. Since 
then it has been identifi ed as one of Australia’s top 20 
Weeds of National Signifi cance (Thorpe and Lynch 
2000). These shrubs or trees have become a serious 
weed in pastoral areas, particularly in Western Austral-
ia (WA), the Northern Territory, Queensland and New 
South Wales. One of the factors that can make mes-
quite diffi cult to manage is its long-lived seed bank, 
necessitating control long after parent plants have been 
removed (van Klinken and Campbell 2001). 

Mesquite seed banks are, however, poorly docu-
mented in Australia. It was the intention of this study 
to estimate the seed bank at the largest mesquite in-
festation in Australia, located on Mardie Station in the 
Pilbara region of Western Australia. This infestation is 
estimated to be 150,000 ha, of which approximately 
30,000 ha is dense. A leaf-tying moth, Evippe sp. #1, 
was released as a biological control agent in 1998, 
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and by 1999–2000 was already causing high levels of 
prolonged defoliation (van Klinken et al. 2003, van 
Klinken and Graham unpublished data). Unfortunately 
seed banks were not estimated prior to the release of 
the agent. This study estimates seed banks in 2001 and 
2002, two to three years after the biological control 
agent was already having an impact. 

Mesquite pods are highly favoured by herbivore 
vertebrates, including cattle, sheep, wallabies and 
emus, which consume pods as soon as they mature, 
and disperse seeds through their dung. This behaviour 
is likely to affect the structure of the seed bank, so this 
study also aimed to compare seed banks in different 
parts of the landscape in order to identify potential 
seed bank ‘hot spots’. 

MATERIALS AND METHODS
Study site   The study was conducted on Mardie Sta-
tion (21°11´S, 115°58´E), a pastoral property in the 
Pilbara region of WA. All sites were located within 
the core mesquite infestation, which falls entirely 
within Mardie Station boundaries. Climate in this 
region is typically hot all year round. There is a yearly 
average of 343 mm of rainfall, of which 89% falls 
between January and June. Mesquite in this region 
typically fl owers in early summer, with pods taking 
two to three months to mature and fall from the parent 
plant. 

Sampling   Samples were collected in August 2001 
and July 2002. Sampling methods differed slightly be-
tween the two surveys, largely as a response to the seed 
bank being unexpectedly sparse in the fi rst survey. 

2001 survey   Soil seedbank samples were taken 
in grids laid in dense mesquite that had been either 
burned by fi re or not burned at two different sites 
adjacent to Cow water troughs and at Mardie Pools 
approximately 1500 m apart. The fi re was lit in hot, 
dry and windy conditions in December 2000. It was 
extremely intense, consuming almost 100% of the lit-
ter layer and killing 90 to 100% of standing mesquite 
trees. Consequently, the seed bank was expected to be 
at its maximum in the unburned mesquite. 
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Five grids, two at Cow and three at Mardie Pools, 
were laid in unburned mesquite. Four grids, two each 
at Cow and Mardie Pools, were laid in areas of dense 
mesquite that had been burnt in an intense fi re in 
December 2000. Each grid was a minimum of 50 m 
and up to 250 m from the nearest grid within a site. 
Twenty samples using 7.25 cm diameter × 10 cm deep 
soil cores were taken at each 1 m interval on a 3 × 4 m 
grid giving a total of 41.32 cm2 per core. In each grid 
a total surface area of 0.08 m2 was sampled. 

The material from each soil core was sieved and 
the whole, intact seeds were removed and counted. 

2002 survey   The same sampling method was used as 
in 2001, except larger soil cores, 10.5 cm in diameter × 
10 cm deep, were used. This doubled the surface area 
sampled in each grid to 0.17 m2 (86.6 cm2 in each core). 
Litter and soil from each core was placed in separate 
sealable plastic bags. 

At three different sites (adjacent to the Jilan Jilan, 
2 Mile, and Cow water troughs) three sampling grids 
were laid out in dense thickets and another three around 
watering troughs. Classifi cation of ‘dense’ mesquite 
was at least 90% canopy cover (10% light on the fl oor). 
The grids were a minimum of 50 m from the nearest 
grid. These sites were between 4.5 and 12 km apart.

Dense thickets   Each of the grids in a dense 
thicket was laid out between 40 m and 200 m radius 
of the nearest water trough. 

Watering troughs   The watering troughs were 
located adjacent to dense mesquite and were used by 
cattle and wildlife, including macropods and emus. 
Three grids were randomly placed within a 40 m ra-
dius of a water trough in each of the three sites. Care 
was taken to avoid areas around the trough where 
water seepage resulted in constantly moist conditions 
favourable for mesquite germination. Grids were also 
placed away from scattered trees and areas that had 
been disturbed by machinery, to avoid sampling in 
areas where presence of seeds might be due to factors 
other than dispersal by animals. 

Processing   Each core sample was sieved through 
two sieves (8 mm and 1 mm); the latter sieve being 
small enough that no mesquite seed was lost in the 
sieving process. Mesquite seeds from Mardie Station 
are on average 31–36 mg depending on the hybrid and 
certainly larger than 1 mm diameter (see Gardner et al. 
these proceedings). Therefore, it is likely that all seeds 
in the soil cores were actually collected and counted. 
The total number of intact, whole-fi lled seed (assumed 
viable) in each sample was recorded and an average 
number of seeds per grid was calculated.

Seedling counts   Mesquite seedlings were 
counted around the trough in each of the three sites 

in July 2002. This was intended to provide further 
evidence of seeds being concentrated in manure around 
troughs. Twenty-four counts around each trough area 
(within a 40 m radius) were conducted using a 1 m × 
1 m quadrat. The number of seedlings per quadrat was 
counted and an average seedling density around each 
trough was determined. 

Statistics   The average seed density in burnt and un-
burnt thickets was compared using a Mann-Whitney 
U-test. The seed density in dense thickets and around 
watering troughs across all sites was compared using 
a one-way Kruskall Wallis test. The seed density in 
dense thickets and around watering troughs at each 
site was compared in three separate Kruskall Wallis 
analyses. The seed density per site was compared using 
a one-way Kruskall Wallis test. These non-parametric 
analyses were used because the data were non-normally 
distributed and had unequal variances. All tests were 
conducted with Genstat 6.1 (Lawes Agricultural Trust, 
Rothamstead Research Station). 

RESULTS
Dense thickets versus hot fi re   The study conducted 
in August 2001 estimated the viable seed bank to be 
approximately 56 seeds m-2 in dense thickets, and 18 
seeds m-2 in areas that had been burnt by a hot fi re, 
but this was not signifi cantly different (Table 1; Mann-
Whitney U = 5.0, P value = 0.29). 

Dense thickets versus watering troughs   Only 12 
whole-fi lled, intact seeds were found in total from 180 
cores in dense thickets. Of these 12 seeds, 8 (67%) 
were found in litter and 4 (33%) in the soil. Approxi-
mately 5% and 1% of soil cores contained 1 and 2 seeds 
respectively, the remainder having none. 

Around watering troughs a total of 31 seeds were 
found in the core samples. Approximately 58% of 
these seeds had germinated. However, as with the 
dense thickets, over 90% of all soil cores contained 
no viable seeds. 

The seed density around troughs over all sites 
was higher than in dense thickets, but this was not 
statistically different (Table 2; H adjusted = 0.07803, df 
= 1, P value = 0.780). However, each site differed in 

Table 1.   Average number of seeds per square metre (± 
SEM) sampled from burnt and unburnt sites at Mardie 
Station, WA in 2001.

Mean ± SEM

Burnt 18.2 ± 14.4

Unburnt 55.7 ± 28.0
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the relationship between the number of seeds in dense 
thickets and around troughs. At Jilan Jilan the number 
of seeds was higher in the thickets than the troughs 
(H adjusted = 7.366, df = 1, P value = 0.007) whereas at 
2 Mile the number of seeds around the troughs was 
higher (Hadjusted = 6.258, df=1, P value = 0.012) than the 
thickets. At Cow there was no difference between the 
two areas (Hadjusted = 0.5852, df = 1, P value = 0.444).

Seedling counts   Results from the seedling counts 
around the troughs were intended to act as support-
ing evidence to the seed counts. The overall seedling 
density was 8.6 ± 1.8 plants m-2. There was a differ-
ence in the number of seedlings at each site (Hadjusted = 
44.79, df = 2, P value <0.001). The 2 Mile site had the 
highest average number of seedlings (22.2 9 ± 4.0 m-2), 
whereas, there were low seedling counts for Cow (2.58 
9 ± 1.08 m-2) and Jilan Jilan (0.96 ± 0.26 m-2). 

DISCUSSION
Seed density was surprisingly low under mesquite 
canopies at all sites, never being higher than 52 seeds 
m-2 in any one sample grid in the dense thickets in 2002 
but as high as 157 seeds m-2 in unburnt dense thickets 
in 2001. It becomes very labour intensive to accurately 
estimate seed banks when they are at such low densi-
ties, and our sampling method was insuffi cient to do 
so. The fact that most of the larger soil cores (0.17 m2) 
used in 2002 yielded no seeds suggests that even larger 
soil cores will be required in future. Nevertheless, it 
appears that seed density under dense mesquite stands 
may have dropped considerably during the course of 
this study. This is unsurprising as seed production has 
been very low since quantifi cation of pod production 
started in 2000 (van Klinken and Graham unpublished 
data). This period also corresponds with extremely 
high levels of prolonged leaf-tier attack, and an insect 
exclusion trial is currently underway at Mardie Station 
to test whether the relationship is causal. 

Intense fi res appeared to reduce the size of the 
seed bank, although this needs further study because 
the overall seed densities involved were low. High seed 
mortality after intense fi re would, however, be expected 
given that most (67%) of the seed bank under dense 
mesquite was located in the litter layer. 

The importance of seed dispersal through the 
gut of pod-feeding herbivores was confi rmed by the 
signifi cant densities of both seeds and seedlings found 
around watering troughs. These troughs were located 
away from mesquite stands and large numbers of seeds 
could only have travelled there through the gut of cat-
tle, macropods, and emus. The dense thickets may have 
been a source of mesquite seed that is deposited in and 
around water troughs. However, seed densities were 
still quite low around troughs and were only higher 
around the troughs than the dense mesquite at one site 
(2 Mile). Further study is required to understand the 
dispersal of seed in relation to the density and move-
ment of cattle and other possible vectors. 

The absence of sampling prior to the release of the 
leaf-tying moth and in non-drought conditions means 
that we cannot be sure whether the low seed banks we 
record are typical or not. The only other seed bank data 
available in Australia is from a P. pallida population 
in north Queensland (B. Lynes, pers. comm.) where 
leaf-tier activity is relatively low (van Klinken et al. 
2003). Seed banks under mature stands of moderately 
dense mesquite were also relatively low there, approxi-
mately 82 viable seeds m-2, with 97% of those lying 
at the soil surface. However, seedling counts around 
watering troughs in Queensland were as high as 400 
seedlings m-2 (B. Lynes pers. comm.). Further survey-
ing is required to determine whether low-density seed 
banks are typical for mesquite in Australia. 

Regardless of cause, the currently low seed bank 
at the Pilbara mesquite infestation has several con-
sequences for management. Firstly, low seed banks 
under mature stands of mesquite suggest that now 
would be a good time to control standing plants. 
However, depending on seed to adult survival rates, 
signifi cant recruitment could still occur. If for example, 
4% of seedlings survived to adults (which is typical 
of recruitment of P. pallida in northern Queensland 
(Keir et al. 1999)) 10 seeds m-2 could still result in 
four adults per 10 m2. 

Secondly, evidence suggests that intense fi re will 
reduce seed banks and therefore reduce the threat of 
new recruits, although larger sample sizes are required 
to confi rm this. Thirdly, control of the seed bank and 
seedlings could be directed to seed bank ‘hotspots’ 
such as watering troughs and special attention paid to 
the movement of cattle during pod drop (van Klinken 
and Campbell 2001). Finally, if the low seed densities 
in the Pilbara mesquite population continues even 
relatively modest rates of seed predation from the 
two seed-feeding bruchid biological control agents 
already released in the Pilbara could potentially have 
a signifi cant impact. 

Table 2.   Average number of seeds per square metre 
(± SEM) sampled from dense thickets and near water 
troughs at Mardie Station, WA in 2002.

Jilan Jilan 2 Mile Cow

Dense thickets 17.3 ± 17.3 0.0 8 ± 0.0 5.8 ± 3.3

Water troughs 0.0 ± 0.0 11.6 ± 5.8 13.5 ± 13.5
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