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Abstract

Populations of an introduced woody weed, prickly acacia
(Acacia nilotica (L.) Delile ssp. indica (Benth.) Brenan syn.
Acacia arabica (Lam.) Willd. ssp. indica Benth.), were surveyed
at 4 sites in central Queensland. There is a significantly lower
frequency of plants of < 3 m in height within populations which
have been grazed by sheep, indicating that browsing by sheep
reduces regeneration. There were higher losses of seedlings at a
sheep-grazed site than at cattle-grazed sites. These results sup-
port previous assertions that prickly acacia is regenerating more
successfully on cattle properties, because cattle both disperse
seeds and are less effective herbivores. In regions of low annual
rainfall, prickly acacia is capable of forming dense stands (up to
2,700 shrubs ha?) in lowland landscape types. Stands are less
dense in upland landscapes (maximum of 718 shrubs ha?). Of
most concern is that in regions of high annual rainfall prickly
acacia can form extremely dense thickets across most landscape
types (up to 3,400 shrubs ha®). We suggest that prickly acacia is
most likely to become a management problem on cattle proper-
ties, and an extreme problem in high annual rainfall areas. The
inclusion of sheep in livestock rotations may be an effective con-
trol measurein the Mitchell Grasslands, but this may not always
be possible. A high priority is to prevent prickly acacia from
expanding its range into equivalent high rainfall areas within
Queensland, and also in the Northern Territory, northern New
South Wales, and Western Australia. This could be achieved by
quarantining livestock which have come from infested properties
until seeds have passed through the digestive tract, after about 6
days. Management strategies at the property level should aim to
prevent further spread of prickly acacia by controlling cattle
movements between paddocks during periods when cattle are
ingesting pods and seeds.
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Resumen

En 4 sitios de la region central de Queensland se muestrearon
poblaciones de una maleza lefiosa introducida, “Prickly acacia’
(Acacia nilotica (L.) Delile ssp indica (Benth.) brenan syn Acacia
arabica (Lam) Willd. ssp indica Benth.). Dentro de poblaciones
gue han sido apacentadas por ovinos hay una frecuencia signi-
ficativamente menor de plantas de < 3 m de altura, indicando
que € ramoneo por ovinos reduce la regeneracién. Hubo may-
ores perdidas de plantulas en los sitios apacentados por ovinos
gue en los sitios apacentados por bovinos. Estos resultados
avalan afirmaciones previas respecto a que € “Prickly acacia” se
esta regenerando mas exitosamente en los ranchos que son
explotados con bovinos porque dispersan las semillas y son her-
bivor os menos efectivos. En regiones de baja precipitacion anual
e “Prickly acacia” es capaz de formar poblaciones densas (hasta
2,700 arbustos ha™) en tipos de paisaje de tierras bajas. Las
poblaciones son menos densas en terrenos altos (méaximo 718
arbustos hal). La preocupacion mas frecuente es que en regiones
de alta precipitacion anual € “Prickly acacia” forme poblaciones
extremadamente densas en la mayoria de los tipos de paisaje
(hasta 3,400 arbustos ha®). Sugerimos que € “Prickly acacia” es
mas probable que llegue a ser un problema de manegjo en las
propiedades de bovinosy un problema extremo en areas con alta
precipitacién anual. La inclusion de ovinos en las rotaciones de
ganado puede ser una medida de control efectiva en los pastiza-
les Mitchell, pero esto no siempre es posible. Una alta prioridad
es el evitar la expansion del rango del “Prickly acacia” a areas
equivalentes de alta precipitacion dentro de Queensland, del
Territorio del Norte, del norte del Nuevo Sur de Galeso y e oeste
de Australia. Esto se puede lograr cuarentenando el ganado que
viene de propiedades infestadas hasta que las semillas hayan
pasado a través de tracto digestivo, aproximadamente después
de 6 dias. Se deben promover estrategias de manejo a nivel de
propiedad para prevenir la dispersion del “Prickly acacia” medi-
ante el control de los movimientos de ganado entre potreros con
bovinos que estan consumiendo vainas y semillas.

Key Words: Life-stage profiles, rainfall, population dynamics,
regeneration, cattle, woody weeds

Prickly acacia (Acacia nilotica (L.) Delile ssp. indica (Benth.)
Brenan syn. Acacia arabica (Lam.) Willd. ssp. indica Benth.)
was introduced into the Mitchell Grass Plains of western
Queendland in the 1890s as a source of shade and fodder (Barker
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1996). From western Queensland, prickly
acacia has spread as far as Cooktown in far
north Queensland, south to Coonamble in
New South Wales, west to the Barkly
Tablelands and Arnhem Land in Northern
Territory and east to the coast of
Queendand, an area approaching 4 million
km? It is now listed as a category 1 weed
for northern Austraia, that is; a terrestrial
species which has extensive continental
distribution and is capable of destroying an
ecosystem (Humphries et a. 1991).

Rapidly increasing populations of both
native and exotic shrubs, often called
“woody weeds”, which cause disruption of
ecosystems and reduction of rangeland
productivity have been well documented
in the USA (Hennessy et a. 1983, Archer
1989, 1984, Brown and Archer 1989),
southern Africa (Skarpe 1990, Holmes and
Cowling 1997) as well as in Australia
(PNSW 1901, Moore 1969, Harrington et
al. 1984, Humphries et al. 1991). Efforts
to control shrubs by clearing and poison-
ing have generally proved unsuccessful
and uneconomic. Such methods are expen-
sive for the degree of control achieved,
and there is only a short to medium term
benefit in increased livestock returns per
hectare, particularly on properties where
stocking rates are low regardless of shrub
densities. Control strategies are more like-
ly to be implemented if they are economi-
cal and aigned with existing management
practices, and more likely to be successful
if based on ecological principles
(Harrington 1979, Adamson and Fox
1982, Jacoby 1985). Any alteration in the
establishment of new individuals into the
population can have dramatic effects on
the long-term survival of plant populations
(Harper 1977). The survivorship of
seedlings is crucia to shrub regeneration
so it is logical to examine this portion of
the life cycle of a plant when developing a
management strategy.

A widespread change from sheep to cat-
tle-based enterprises in the Richmond
Shire may have contributed to the increase
of prickly acacia since 1973/74 (Carter
1994). Originally, leases in the western
districts were only legally permitted to
carry sheep. This requirement was relaxed
during the 1960s and 70s and increased
cattle prices encouraged many landholders
to switch from sheep to cattle-based enter-
prises. Both sheep and cattle are known to
eat the pods of prickly acacia but cattle
chew seeds very ineffectively compared to
sheep, pass a larger proportion of viable
seeds in their dung and hence are more
effective dispersal agents than sheep.

Cattle pass about 81% of ingested seed
intact of which 15% are germinable
(Harvey 1981), giving 41% germinability
from those ingested (Barker 1996). Sheep
pass < 1% of prickly acacia seeds intact of
which 33% are germinable (Harvey 1981,
Carter et a. 1991, Barker 1996). Sheep
tend to regurgitate large numbers of seeds
during ingestion of the pods (35%) and
rumination (14%) (Carter and Cowan
1993) hence depositing the seeds close to
source and contributing little to increased
range of prickly acacia. Cattle have been
shown to disperse the seeds of mesquite
(Prosopis) in North America (Brown and
Archer 1987). The gut bacterial flora of
large herbivores has been shown to
destroy larvae of beetles from the family
Bruchidae which would otherwise con-
sume the seeds in which they are present
(Miller 1994). This means that large herbi-
vores not only act as dispersal agents, they
also protect the seed from one of the
potentially most important predators. The
process of digestion also scarifies the
seeds, thus increasing germinability of
deposited seeds and further increasing the
potential of large herbivores to spread
prickly acacia.

The objective of this study was to sur-
vey existing populations of prickly acacia
and to determine if the species of livestock
used for rangeland enterprises (sheep and
cattle) are each associated with differences
in seedling survival and population densi-
ties of prickly acacia

Materialsand M ethods

Background

Prickly acacia was deliberately intro-
duced to western Queensland at least by
1926, when it was recommended as a
shade and fodder species by the
Queensland Department of Agriculture
and Stock (Barker 1996). It was not listed
as a significant exotic in western
Queensland in 1938 (Blake 1938).
Although prickly acacia became natural-
ized along creeks and boredrains (artificial
drains where artesian water from the Great
Artesian Basin is channelled for live-
stock), it did not appear to cause wide-
spread concern until the 1970s. There
were several above-average rainfall years
in the early 1970s, including 1973 and
1974 when the annual rainfall was around
twice the average (ABM 1996). These
periods of high rainfall are associated with
La Nifia phases of the El Nifio-Southern
Oscillation (ENSO) patterns which control
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the climate of the Pacific Ocean and east-
ern Australia (Nicholls 1991). During
1974 much of the low-lying country in
western Queensland was flooded for
weeks and local pastoralists report that
there was a mass germination of prickly
acacia following these floods. Pods are
indehiscent, so the seeds remain in the
pods unless consumed by herbivores. We
have observed that pods are capable of
floating for up to 30 hours in water with
67% subsequent germination so the floods
may have served a dual purpose of dis-
persing seeds and also scarifying them by
softening the seed-coat and leaching
growth inhibitors.

The Study Area

Eight sites in prickly acacia stands were
chosen in central Queensland; locations
and rainfall are shown in Fig. 1 and Table
1. Average annual rainfall data from the
nearest recording centres to each site
(Giru, Bowen, Hughenden, Richmond and
Julia Creek) were obtained from the
Australian Bureau of Meteorology, and
had been collected for 60-100 years,
depending on the time of establishment of
the recording stations at these centres
(ABM 1996). Two high rainfall (989 and
1,164 mm) sites were near the coast south
of Townsville (Giru and Bowen). It isvery
difficult to determine the origina vegeta-
tion at these sites because of the large
degree of alteration to the vegetation cover
through cultivation for sugar cane, intro-
duction of pasture species for cattle-graz-
ing, and invasion by woody weeds includ-
ing prickly acacia and others such as
paloverde (Parkinsonia aculeata L.). The
sites appear to have originally been tea-
tree (Melaleuca spp.) swampy woodlands.
The remaining 6 sites were at inland, low
annual rainfall (420-487 mm) areas in
central western Queensland between
Hughenden and Julia Creek. These sites
were originally open plains dominated by
Mitchell grass (Astrebla spp.). The land-
holders supplied information on grazing
histories for the previous 20 years or
more. The 2 coastal sites (Giru and
Bowen) and one of the Hughenden sites
(Marathon Station) have been exclusively
grazed by cattle for = 25 years. The
remaining Hughenden site (Nocoleche
Station) is grazed by cattle. The 2 sites at
Richmond (Allaru Station) are grazed pre-
dominantly by sheep, with very occasional
access by cattle to the site. The 2 sites at
Julia Creek (Garomna Station) have been
grazed by sheep only, and one was
unstocked during the seedling study.
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Fig. 1. The study area in central Queensland (inset) showing the location of 8 sitesin prickly
acacia (Acacia nilotica) populations. The sites at Giru, Bowen, and Hughenden are grazed
by cattle, and the sites at Richmond and Julia Creek are grazed by sheep. The coastal sites,
Giru and Bowen have about double the annual rainfall (around 1000 mm ) of the inland

sites (around 450 mm) (see Table 1).

Population Structures & Population
Densities

Size structure profiles of each popula-
tion were developed from 20 individuals
located by a “random walk” transect
method (Kent and Coker 1992, Silvertown
and Lovett-Doust 1993) and the results
plotted as frequency distributions.
Differences between sheep and cattle
grazed sites were analysed by t-test. At 6
of the sites, the height of the nearest tree
within each of the 4 compass quadrants
was measured each 20 m along a 400 m
transect, giving a size profile for each pop-
ulation based on 80 individuals per site.
Density of prickly acacia at each land-
scape type within each site was calculated
as follows. The distance to each of the
trees in each quadrant was measured using
a point-centred quarter plotless sampling
technique. These were later used to calcu-
late plant densities (D) using the formula:

20 4

Dzzo/%:l(r;:%m,nM) (€h)

where d is the distance to the trunk of the
nearest tree in each quadrant n, and m is
the tree number (Cottam and Curtis 1956,
Greig-Smith 1983). Differences in popula-
tion densities between sites and landscape
types within sites were analysed by
ANOVA.
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Seedling Survival

Following rain in January 1995, cohorts
of acacia seedlings were observed at Giru,
Bowen, Nocoleche, Allaru, and Garomna
North. At each site over 60 seedlings were
located and their positions recorded using
ameasuring tape placed between 2 perma-
nent marking stakes.

Seedling location was recorded as a pair
of coordinates, distance along the tape in
m and distance and direction at right
angles from the tape in cm. Seedlings
were tagged with plastic poultry leg-rings.
Two rings were placed on each plant, in
different combinations of 6 colours so that
individuals could be found and identified
easily. The cohorts were visited every 3
weeks and individuals which had died due
to desiccation recorded. In this case, the

plant was still present with the rings intact.
Where rings were scattered and the
seedling missing from its recorded posi-
tion, it was assumed that the seedling had
been either trampled or grazed, thus allow-
ing the rings to come off. These seedlings
were recorded as missing since it was usu-
aly not possible to determine with certain-
ty whether they had been trampled or
grazed. Cohorts were followed until July
1995. The experiment was located oppor-
tunistically rather than by design. It is
therefore not replicated and the results
were not statistically analysed, but pre-
sented in summarized format only.

Results

Population Densities

Densities of prickly acacia at 6 sites are
given in Table 2. Prickly acacia can form
very dense stands, especially in high annu-
a rainfal regions of coastal Queensland
such as Bowen (3,381 shrubs ha).
Extremely dense stands were aso record-
ed at Giru (5,059 shrubs ha?), a high rain-
fall site which had been chained approxi-
mately 15 years previously (C. Burry pers.
comm.). At the high annual rainfall sites,
shrub densities were highest on well-
drained sites (uplands and plains) whereas
a poorly drained floodzone supported
lower density shrubs ha®. Prickly acacia
has also formed dense stands at low annu-
al rainfall in the Mitchell grasslands of
inland Queensland, but only in and adja-
cent to boredrains (shallow earth channels
built to carry water flowing from
uncapped artesian bores for livestock) and
in creeklines which receive extra water
from surface flow. Densities were as high
as 1,150 shrubs ha* on the bank of a bore-
drain at Allaru North but on upland land-
scapes the maximum was 354 shrubs ha'
at Marathon.

Table 1. Locations (recorded by GPS) and precipitation data of 8 prickly acacia (Acacia nilotica)
sites in central Queensland.Rainfall data were obtained from the Australian Bureau of

Meteorology (ABR 1996).

Site Coordinates Nearest Rainfall Median Y ears of
Recording Station  Rainfall Rainfall Records
(mm) (years)
Giru 20°2814"S 147° 7'5" E Giru PO 1164 1929-1993
Bowen 20° 345" S 148°12' 23" E Bowen PO 988 1871994
Nocoleche 20° 54" 39" S144° 10" 33" E Hughenden PO 483 1884-1994
Marathon 20° 54" 44" S 143° 34' 00" E Richmond PO 425 18901994
Allaru North 20°45'16" S143° 09' 10" E Richmond PO " "
Allaru South 20°46'8"S143° 9 10" E Richmond PO "
GaromnaNorth  20°40' 7" S141° 47' 28" E Julia Creek PO 422 1913994
GaromnaSouth  20° 42'8" S 141° 50' 51" E Julia Creek PO " "
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Table 2. Mean densities (shrubs ha®) of prickly acacia (Acacia nilotica) at 6 sites in northern  10sses were caused by grazing. Seedling
Queendand. Densities differ significantly (F = 6.84, df = 5, 113, p = 0.0001) by anova. Numbers  |osses were between 16 and 23 % at cattle-
of trees within each landscape type are shown in brackets. Densities between coastal sites (Giru  grazed sites. Most mortality appeared to
and Bowen are significantly different from those at the inland sites (Nocoleche, Marathon, be due to trampling because there were

Allaru North and Garomna North) (t = 4.182, df = 117, p = 0.0001). hoofmarks present in most ¢ and the

rings were often found kicked some dis-
tance away. Losses to grazing, presumably
by insects, were very low (3%) at the site

Site Landscape type Density Site Mean
(n=no. of trees)

Gir uplendiplain (n = 10) 5050 (shrubs ha’) which was ungrazed by sheep or cattle for
floodzone (n = 7) 220 the duration of the study, Garomna North.
swamp (n = 3) 2642 3696

Ezvcvjneche ;iinz‘i; (n=20) 3328; 381 Discussion and Conclusions
creek (n=5) 497
floodplain (n = 1) 610 Prickly acacia populations are capable
upland/plain (n = 10) 181 313 of reaching extremely high densities (over

Marathon puddie/gilgal (n=6) 192 3,000 shrubs ha) on high annual rainfall
Efg;((':\ 152)) 33 (> 900 mm year™) sites where they have
upland/plain (n = 6) 354 272 formed impenetrable thickets, presenting a

Allaru North bore-drain (n = 4) 1039 Serous management problem. POpu'_atl ons
bank of drain (n = 6) 1150 of this densi ty were not recorded in the
upland/plain (n = 10) 253 679 low annual rainfall (< 500 mm year?)

Garomna North creek-bed (n=7) 613 rangel ands to .the west, Fhe highest densi-
bank (n = 3) 385 ties recorded in boredrains are about one
upland (n = 9) 80 359 fifth (just over 1,000 shrubs h™) of those

Population Structures " =

Population profiles show a higher fre- 55 3
guency of individuals between 100 and

300 cm high at cattle-grazed as compared -
with sheep-grazed sites (Figs 2 and 3).
This is also apparent when expressed as a
percentage of the total population (Table 1
3) and is dtatistically significant by t- test
(p = 0.0284). The few individuals under
300 cm present at the 4 sheep-grazed sites
were heavily browsed and dwarfed, and
may have been considerably older than
expected for those height classes. These
are indistinguishable from recent recruits
in the histograms, highlighting a problem
of using height as a surrogate for age. The
browsed dwarfs were particularly notice-
able at Garomna (both North and South)
and Allaru South. In many cases these had
died. Individuals between 100 and 300 cm
high were almost entirely absent from the
remaining sheep-grazed site (Allaru -
North). Individuals below 300 cm at the
cattle-grazed sites (Giru, Bowen,
Nocoleche and Marathon) showed little
sign of browsing.

Giru &H Bowen

1 2 31 4 6 6 7 494 39 101 13‘31011

Height(m) Height(m)

% Frequency
of Height-Classes

Nocoleche i Marathon

Seedling Survival
Prickly acacia seedling losses were u-{ 5 B SLur mn e e

hlghestaIthe sheep-grazed site, Allaru 1 2 1 4 6 6§ 7 89 9 101 1 2 31«4 5 &7 9 9 101

North (88%) (Fig. 4). Some plants were Height (m) Height (m)

missing from their recorded positions and ) ) ) . N )
this could have been due to either tram- Fi9- 2. Height structure profiles of prickly acacia (Acacia nilotica) populations at 4 cattle-

: : : grazed sites in central Queensland. Data are frequency percentages, height classes are as
pling or grazing. However in some cases 120, o i ; ) > s e i
the nipped off stem of the lling was follows: 1 =0- 100 cm; 2 = 101 - 200 cm etc) Rainfall and grazing histories are: Giru (high

A rainfall, cattle), Bowen (high rainfall, cattle), Nocoleche (low rainfall, cattle), Marathon
located, indicating that at least some of the (low rainfall, cattle).
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Allaru N

1 23 456 7 8 9 101

Height (m)

% Frequency
of Height-Classes

Garomna N

12 3 4567 89 100

Height (m)

%1 Allaru S

LIV R e
t 2 3 456 7 8 9 101

Height (m)

Garomna S

12 3 456 7 88101

Height (m)

Fig. 3. Height structure profiles of prickly acacia (Acacia nilotica) populations at 4 low rain-
fall sheep-grazed sites in central western Queensland. Data are frequency percentages,
height classes are in metres. Rainfall and grazing histories are: Allaru North (sheep, some
cattle), Allaru South (sheep, some cattle), Garomna North (sheep only), Garomna South

(sheep only).

from high rainfall areas. However, the
high percentages of individualsin the low-
est size classes on cattle-grazed properties
at low annual rainfall indicate a rapid rate
of regeneration in recent years, so we pre-
dict increases in both density and area
infested by prickly acacia on cattle proper-
ties in central western Queensland unless
appropriate management procedures are
undertaken.

Prickly acacia seedlings and juveniles
have lower survival on sites where sheep
are present, whether by consumption or
trampling of young seedlings, or by
repeated browsing of older juveniles. We
saw no evidence that cattle graze prickly
acacia seedlings, in accordance with
Barker (1996) who found no evidence for
herbivore suppression of recruitment in
prickly acacia, though there were some
losses due to trampling in heavily used
areas. The cohort of young seedlings in
the sheep paddock completely disappeared
within the first month, due to a combina-
tion of trampling and direct herbivory.
The heavily grazed and dwarfed individu-
als which were observed at 2 of the sheep-
grazed sites indicates that sheep will
browse prickly acacia beyond the seedling
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stage, which may eventually lead to death
of the plant. Continuous browsing over a
number of years would inevitably reduce
photosynthetic area, limit growth, and pre-
vent the formation of an extensive root
system, presumably making these individ-
uals more drought-susceptible.

Thisisthe first direct evidence of sheep
suppressing regeneration of prickly acacia,
although suppression of regeneration by
sheep has been shown in other woody
species (Pressland 1975, Lange and Purdie

1976, Crisp 1978, Miller and Halpern
1998, Tiver and Andrew 1997), and by
other herbivores (Myster and McCarthy
1989). As observed in Lange and Purdi€’s
(1976) A. papyrocarpa Benth. study,
sheep-browsed dwarves may survive as
stunted, non-reproductive individuals for
months or even years before finally suc-
cumbing. Previous studies of Acacia nilot-
ica have concluded that neither sheep nor
goats had any effect on juveniles (Carter
and Cowan 1993). Grazing induced mor-
tality may only occur when years of bio-
mass reduction by repeated browsing are
combined with drought conditions, a
process not detectable in short-term graz-
ing trials. Milton (1994) attributed mortal-
ity of populations of 3 species of shrubby
Asteraceae to factors other than defolia-
tion, but the study indicated that grazing
could have a substantial effect on growth
form and reproductive success. Similarly,
grazing by prairie dogs (Cynomys spp.)
limits recruitment of Prosopis glandulosa
in grasslands of southwestern North
America (Weltzin et a. 1997).

It appears that the lower regeneration of
prickly acacia at sheep-grazed sites is due
to a combination of trampling and grazing
of young seedlings, and browsing and
stunting of juveniles as long as their
canopies remain within browse range. The
reintroduction of sheep, either alone or in
a grazing rotation with cattle, could be a
useful control measure for prickly acacia
in western Queensland, at least preventing
further increases in density and spread on
aready infested properties. Unfortunately
sheep do not thrive in the wet humid con-
ditions which prevail on the coast, so
alternative methods of control will be
required there.

Anecdotal evidence that prickly acacia
has become much more of a problem in
the Mitchell Grass Plains of central west-
ern Queensland since many properties

Table 3. Percentage of prickly acacia (Acacia nilotica ) juveniles 100 to 300cm height at each of
the 8 sites. Differencesin mean between cattle-grazed and sheep-grazed sitesare significant (t =

2.872, df = 6, p (2-tail) = 0.0284).

Site A. nilotica Mean S.D. SE.
100-300cm
(%)
Grazed by Cattle
Giru 30.0
Bowen 32.8
Nocoleche 48.6
Marathon 43.25 38.662 8.741 4.37
Grazed by Sheep
Allaru North 12.82
Allaru South 35.0
Garomna North 7.59
Garomna South 13.16 17.142 12.175 6.087
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Fig. 4. Percentage losses by desiccation, missing (either trampled or grazed) and survival in
cohorts of prickly acacia (Acacia nilotica) seedlings at 5 locations in central Queensland.
Seedling cohorts germinated during the wet season January 1996 rains and their progress

was followed until July 1996.

have been changed from sheep to cattle
enterprisesis supported. This aso explains
why landholders who still run sheep are
much less concerned than others about the
pest potential of prickly acacia (Brown
and Carter 1998). Where sheep are still
present, prickly acacia seedlings have not
survived in large numbers since the major
germination event which occurred during
1973/74, and some landholders even
expressed concern that older trees were
dying off and not being replaced rapidly
enough to maintain a good source of
drought fodder and shade for their livestock
(B. Fells, pers. comm.) Alternatively, on
properties without sheep, prickly acacia
seedlings have had high survivorship over
the last 25 years and density has continued
to increase since 1973/74 (Brown and
Carter 1998). Landholders on cattle prop-
erties were more concerned about the pest
potential of prickly acacia, since its value
as fodder and shade could be negated by
the costs of increased difficulty in man-
agement of stock and possible losses of
grass fodder by shading and competition.
The episodic La Nifia generated mass
recruitment in prickly acacia and other
woody weeds may present particularly dif-

ficult management problems. Harrington
(1991) suggested that although competi-
tion from grasses was important in limit-
ing the survival of woody plant seedlings
in most years, climatic conditions were
occasionally adequate for mass establish-
ment and that post-establishment distur-
bances such as fire would be critical to
managing shrub populations. Mortality
due to desiccation of prickly acacia
seedlings may reach 60% within the first
few months post-emergence. Even higher
mortality of seedlings is found in other
arid zone shrubs including narrow-leaved
hopbush (Dodonaea viscosa Jacg. ssp.
angustissima DC., syn. D. attenuata
Cunn.), a native increaser species of south-
ern Australian rangelands. Harrington
(1991) estimated from watered pot trials
that in only 6 out of 97 years have soil
moisture levels been sufficient to allow
widespread recruitment in western New
South Wales. Callitris columellaris F.
Muell. shows high seedling loss to desic-
cation (100% in 18 months) even during a
high rainfall season in South Australia
(Read 1995), further indicating that pulses
of regeneration in many native shrubs rely
on La Nifia episodes of heavy prolonged
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rain and flooding followed by several suc-
cessive years of high aggregate rainfall
which provide follow-up rains for estab-
lishment. Similarly high desiccation rates
of seedlings of Acacia ligulata Cunn. ex
Benth. and Casuarina cristata Mig. ssp.
pauper F. Muell. (variable, up to 80%)
were shown within the first couple of (dry)
years after emergence in western New
South Wales (Auld 1995). Prickly acacia
is not as prone to desiccation as these
species, and given the high seed loads, it
seems likely that at least some plants
establish in most years, but as with other
shrubs in the arid zone there are pulses of
recruitment during high rainfall years
associated with La Nifia events (Brown
and Carter 1998). The effects of La Nifa
generated recruitment flushes of prickly
acacia in the Mitchell grasslands have
probably been amplified because of the
replacement of sheep by cattle as the dom-
inant herbivores.

Control of prickly acacia

We suggest that prickly acacia is more
likely to become a management problem
on cattle properties than sheep properties
in the Mitchell grasslands. At present in
these areas it is only at high densities in
creeklines and boredrains. Densities are
lower on upland sites but populations are
continuing to regenerate rapidly, suggest-
ing that further increases in density and
spread are likely. Of prime concern are the
prickly acacia infestations under higher
rainfall regimes such as those on the east
coast of Queensland where it is able to
form dense unmanageable thickets on
most landscape types. As a priority, man-
agement strategies should aim to prevent
further spread of prickly acacia from prop-
erty to property in eastern Queensland and
to prevent introduction of prickly acacia
into other regions in Queensland, Western
Australia, the Northern Territory and
northern New South Wales where comput-
er modelling predicts that the climate
would support severe infestations
(Kriticos 1997). The most effective means
of preventing spread will be by quaranti-
ning cattle from infested properties before
transporting them to other properties with-
in Queensland or interstate. An appropri-
ate quarantine period would be 6 days, the
time taken for seeds to pass through the
digestive tract of cattle (Carter and Cowan
1993). Quarantining livestock for a brief
period before moving between paddocks
should also be effective in preventing fur-
ther spread on infested properties.

Control techniques which are attuned to
the ecology of the pest species concerned,
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and to the processes of the ecosystem
within which it occurs are more likely to
be effective. Relatively minor changes in
management such as the use of an alterna-
tive species of livestock which can browse
the pest plant more effectively may be a
very economical means of achieving con-
trol. Sheep may be used in inland low-
rainfall areas, but do not thrive in very
high rainfall areas. In the low-rainfall
Mitchell Grasslands of central western
Queensland, sheep grazing may be suffi-
cient to control the levels of prickly acacia
recruitment experienced in most seasons.
However, when mass recruitment occurs
associated with prolonged rainfall and
flooding it is highly unlikely that even
with sheep grazing at moderate to high
levels, that there would be adequate graz-
ing pressure to defoliate all seedlings.
Some plants would always establish dur-
ing the periodic La Nifia phases which
occur about every 20 years in eastern
Australia. In addition, the increased avail-
ability of palatable herbage in high rainfall
years may reduce the relative acceptability
of prickly acacia seedlings at precisely the
time when suppression by hervivory
would be required to control shrub num-
bers. This phenomenon has been observed
with rabbits grazing western myall
(Acacia papyrocarpa) in enclosures with
and without available herbage (Lange and
Graham 1983), and may help explain the
widespread establishment of prickly aca-
cia on both sheep and cattle properties
during 1974/75. During such establish-
ment periods, the stocking rates of sheep
required to achieve control would most
likely be deleterious to the survival of
desirable native shrub species, and also
cause soil erosion and compaction. So,
although grazing by sheep may prevent
increases in population density in most
years, there may still be peaks of regenera-
tion during La Nifia wet periods.

The recovery of the Giru population to
extremely high densities only 15 years
after chaining demonstrates the ability of
prickly acacia to regenerate following top
removal. These results suggest that chain-
ing cannot be recommended as a control
mesasure for prickly acacia in high rainfall
areas, unless some form of follow-up
treatment is applied. Chaining is very
expensive and should only be used in situ-
ations and seasons where there is likely to
be a successful outcome, such as at lower
rainfall sites, especially if carried out dur-
ing droughts.

Other combinations of ecologially
attuned control methods may be appropri-
ate for prickly acacia. Such control prac-
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tices have already been used with some
success in other species, particularly for
mesquite (Prosopis spp) in North America
(Jacoby 1985, 1986), and should be con-
sidered for the control of leguminous
shrubs in other tropical grasslands, such as
prickly acacia in Queensland. After wide-
spread recruitment episodes, fire may be
used to control shrubs, an alternative tech-
nique which has been found useful with
other woody weed species in northern
Queensland (Grice 1997) and the USA
(Ortmann et al. 1998). Fire is an attractive
and cheap treatment considering that fod-
der availability far exceeds that required
for herd use during high rainfall years.
The possibilities for cost-effective control
of prickly acacia by controlled burning
should be investigated. Some (presum-
ably) native insects were observed to
cause seedling mortality, athough only at
low percentages. There may be some
value in importing and testing insect
species which consume either seeds or,
more particularly, seedlings of prickly
acacia. A national program to cap free-
flowing artesian bores should also reduce
the area of key habitat where Acacia nilot-
ica can rapidly establish, thus providing a
regular source of seed for cattle to spread
to upland landscapes.
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