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Summary
The coastal weed bitou bush, Chrys
anthemoides monilifera ssp. rotundata 
is causing major environmental prob-
lems along the east coast of Australia. 
This plant is spread by wind, rain and 
animals. Red foxes (Vulpes vulpes) are 
known to eat the fleshy fruit of bitou 
bush, however their role in spreading the 
plant is unclear. In 1994 a small trial was 
conducted to test the viability of bitou 
bush seeds after ingestion by foxes. An 
average of 244 seeds (range 92ñ594) were 
found in each fox scat. Viability trials 
showed that 50ñ70% of bitou bush seeds 
germinated under ideal propagation con-
ditions and favoured well drained soils. 
Seeds from fox scats also remained vi-
able in the field although germination 
rates were lower than in the nursery trial.

Introduction
Bitou bush Chrysanthemoides monilifera ssp. 
rotundata (DC.) T.Norl. is a native plant 
of South Africa and a close relative of 
boneseed, Chrysanthemoides monilifera ssp. 
monilifera (L.) T.Norl. Boneseed was first 
introduced to Australia in 1852 when it 
was planted in MacLeayís Garden in Syd-
ney (Weiss 1986). The method of arrival 
of bitou bush on Australian shores is not 
confirmed although Cooney et al. (1982) 
referred to records of seeds recovered 
from a South African shipís ballast water 
on the Hunter River. 

Historically bitou bush was planted as 
a dune stabilizing species in New South 
Wales and it is now found in South Aus-
tralia, Victoria, Western Australia and 
Queensland, also occupying vast areas 
of the New South Wales coastline (Love 
1984). In the 1940s the NSW Soil Conser-
vation Service experimented with bitou 
bush as a soil stabilizing plant on east 
coast dune systems (Weiss 1986). In 1969 
bitou bush was planted in the Bherwerre 
sand dune system in Jervis Bay to stabilize 
drifting sand (Nazer and Beech 1990). It 
subsequently became a major pest plant 
species in the Booderee National Park 
(Meek and Nazer 1995). Bitou bush is 
known to compete with plants of native 
ecosystems and to successfully invade 
forest and sand dune communities, often  
displacing dominant sand dune plant 
species such as Acacia longifolia (Andrews) 
Willd. (Weiss and Noble 1984). The ef-
fect of this change on natural habitat and  

native fauna diversity is not fully under-
stood.

Bitou bush produces prolific numbers 
of seeds during winter, with estimates 
of 48 000 seeds per plant (Weiss 1986). 
These seeds are dispersed by wind and 
rain, although mammals play a role (Lane 
1976). Control of seed set and prevention 
of expansion of a weeds range are essen-
tial components of control. In Jervis Bay, 
satellite infestations have been recorded 
up to nine kilometres from the main popu-
lation (C. Nazer personal communication 
1995). In terms of localized weed control, 
limiting the dispersal of any seeds is an 
important concern for containing the inva-
sion and restricting the rate of spread.

Mammals can have a significant role 
in the ecology of the dispersal of plant 
seeds (Howe and Smallwood 1982). The 
diet of many fox species includes a di-
verse range of food types including both 
animal and plant material (Sheldon 1992). 
Large numbers of seeds have been record-
ed in fox scats: Fowler et al. (1982) found 
0.3ñ218 Autumn olive (Elaeagnus umbel
lata Thunb.) seeds per fox scat. Brunner 
et al. (1976) calculated monthly figures 
of 570 and 390 blackberry (Rubus discolor 
(L.) P.J. Mull.) seeds per fox (Vulpes vulpes 
(Linn.)) scat in Victoria. Blackberry seeds 
have also featured in fox scats collected in 
coastal forests of New South Wales (Lun-
ney et al. 1990), and in the diet of foxes in 
England (Macdonald 1981). In Jervis Bay 
foxes are opportunistic foragers that eat a 
wide range of fruits from native and weed 
species (Meek 1997).

Researchers overseas have studied 
the role of red foxes in the spread of 
seeds (Fowler et al. 1982). Bustamante et 
al. (1992) revealed that Santa Elena foxes 
(Dusicyon culpaeus (Thom.)) disperse seeds 
of Cryptocarya alba (Molina) Looser., but 
do not select good germination sites. Bat 
eared foxes (Otocyon megalotis (Desm.)) 
and Cape foxes (Vulpes chama (Smith)) of 
South Africa are known to excavate holes 
in hard capped desert soils creating an 
ideal microhabitat for seedling germina-
tion (Dean and Milton 1991). 

Few of these authors tested the viabil-
ity of the seeds, therefore determining the 
effectiveness of animal dispersal for the 
plant. Amor and Stevens (1975) suggest 
that blackberry seeds deposited by foxes 
and birds in Dartmouth, Victoria were 

usually found in marginal growing areas 
and consequently had low survivorship 
due to competition with trees for light and 
moisture.

Little consideration has been given to 
the effect foxes have on aiding pest plant 
seed dispersal and this aspect of weed 
invasion is not usually addressed in pest 
management plans. There is no doubt that 
foxes eat weed seeds (Bisht and Bhatna-
gar 1979, Brunner et al. 1976, Ciampalini 
and Lovari 1984, Meek and Nazer 1995), 
however the efficiency of this dispersal 
method is unknown.

This small trial was conducted to de-
termine whether bitou bush seeds could 
germinate after passing through the foxesí 
digestive system. The information collect-
ed was the first step in assessing the role 
of foxes in the dispersal of bitou bush and 
therefore has implications for the control 
of this weed.

Materials and methods 
This study was conducted on Bherwerre 
Peninsula at Jervis Bay, approximately 
200 km south of Sydney on the east coast 
of New South Wales (approximately 
150∞ 43'E, 35∞ 09'S). The Peninsula is an 
area of 7700 hectares most of which is 
Booderee National Park. The main veg-
etation type on the Peninsula is heath, an-
nual average rainfall is 1150 mm, average 
winter temperature is 15.1∞C degrees and 
average summer temperature is 24∞C.

In May 1994 thirty two fox scats were 
collected from the Bherwerre dune system 
in Booderee National Park. Twenty two 
scats were taken to the nursery where the 
seeds were washed in water and counted 
by hand. The remaining ten scats were left 
in situ in the field plots. 

Nursery trials
The seed recovered from each scat were 
sown into seedling trays. Six trays of seeds 
were sown into beach sand (BS) (one of 
these trays was irreparably damaged 
leaving five trays), six trays of mix 1 (M1) 
and 10 trays of mix 2 (M2). Mix 1 was a 
standard seed raising mix (sand, perlite 
and vermiculite) and mix 2 was a seed 
raising mix containing a high proportion 
of vermiculite and therefore stayed very 
moist. Mix 2 was inaccurately mixed and 
supplied by the local supplier unbeknown 
to the author until the trial was under way. 
Subsequently these seed trays were sepa-
rated to cater for the differing soils. Seed 
raising mixture and beach sand were used 
to make sure there were no differences in 
germination between substrates.

All trays were watered daily in a mist-
ing unit until the end of the trial. Seed-
lings were counted on 20 occasions from 
May 1994 until February 1995 and then 
removed to make space for other seedlings 
to germinate. Nine hundred control seeds 
were also hand picked from plants in the 
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Bherwerre dune system. Four hundred 
were sown into beach sand (HPBS) and 
five hundred were sown in mix 1 (HPM1). 
These seeds were used to compare germi-
nation rates of seeds digested by foxes and 
seeds that germinate under natural condi-
tions. This part of the trial was conduct-
ed to assess maximum viability of seeds 
collected. The effect of substrate on the 
proportion of seeds germinating was ana-
lysed using a Repeated Measures Analysis 
of Variance test.

Field trials
The field germination trials consisted of 
five sites along two service tracks in the 
Bherwerre Beach sand dune system. Each 
site consisted of four plots of 0.5 m2 placed 
along side each other; one with a fox scat 
in situ, the second with a scat on soil that 
had been sieved to remove bitou bush 
seeds, the third was a control sieved to 
remove any bitou bush seeds from the soil 
and the fourth was a standard control. To 
maintain the integrity of the scats and du-
plicate field conditions, seed counts were 
not performed. The intention was to test 
the theory that bitou bush seeds in fox 
scats would germinate under field con-
ditions. Seedling counts were performed 
on 16 occasions from mid May 1994 until 
early September 1995. Seeds did not ger-
minate until late July 1994. Unfortunately 
the field experimental plot was sprayed 
by NSW Agriculture in a poisoning trial 
in August 1994 before any seedling counts 
were conducted. One plot (site 2) was 
completely destroyed by humans and this 
adversely effected the germination on the 
site. As predation and desiccation could 
not be controlled, the figures collected do 
not represent total germination rates only 
those counted each site visit.

Results 

Nursery trial
There was an average of 244 seeds per scat 
with numbers of seeds ranging from 92 
to 594 (n=22). Sixty nine percent of seeds 
sown in beach sand mix (BS) germinated, 
55% of seeds germinated in standard seed-
ling mix (M1), whilst 4.5% of seeds germi-
nated in M2 (Figure 1). In comparison a 
greater proportion of hand picked bitou 
bush seed germinated in sand (85%) than 
in seed mix (38%). A Repeated Measures 
Analysis of Variance test (RMAV) showed 
that the number of germinated seeds per 
scat was significantly less than the initial 
number of seeds counted per scat. The test 
also indicated that the proportion of seeds 

germinating was dependent on substrate 
(RMAV, F=45.0326, df=1, P<0.001). The 
Tukeyís Studentized Range Test (TSRT) 
for variability indicated there was no sig-
nificant difference in seed germination be-
tween BS and M1 or between M1 and M2, 
but there was a significant difference be-
tween BS and M2 (TSRT, CV=3.609, df=18, 
P<0.05). The difference between BS and 
M2 was attributed to the water holding 
capacity of the substrate, where BS was 
well drained and M1 was water logged. 

Field trial
The herbicide spraying did effect initial 
seedling germination counts. The first 
seedlings to germinate died after the aer-
ial spraying. Seventy five percent of scats 

Figure 1.  Germination of bitou bush seeds sown from fox scats and hand 
picked in different soil types. BS is beach sand, M1 is seed mix 1, M2 is 
seed mix 2, HPBS is hand picked seed in beach sand, HPM1 is hand picked 
seeds in seed mix 1.
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Figure 2.  Field germinated bitou bush seeds from Bherwerre Beach 1994–95.  A, B, C, D, E refers to the five sites, 
1 is a scat in situ, 2 is a scat on sieved soil, 3 is a sieved soil control plot and 4 is the standard control plot.
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(n=12) had seeds germinate over the 407 
days of the trial. The number of seeds that 
germinated ranged between 1 and 52 seed-
lings per plot (Figure 2). Using the average 
seeds per scat figure of 244, germination 
rates were calculated for each plot, and 
ranged between 0.4 and 21%, considerably 
lower than nursery germination rates. Fif-
ty five (15%) of the total seedlings (n=376) 
germinated in one of the four standard 
control plots. It was later determined that 
the seedlings had grown from the seed of 
a nearby dead bitou bush plant. 

Discussion 
The prevalence of bitou bush seeds in fox 
scats indicates that they consume large 
quantities of the fruit. The opportunistic 
foraging behaviour of the fox means that 
most plant berries are swallowed with little 
chewing and often pass through the foxesí 
digestive system completely unaffected 
(personal observation). During winter it 
is not difficult to find fox scats comprised 
entirely of bitou bush drupes. There seems 
to be little nutritional value in foxes eat-
ing the drupes since the exocarp are rarely 
damaged. One theory suggests that grey 
foxes (Urocycon cinereoargenteus (Schr.)) 
eat berries because they have a high water 
content and this substitutes for having to 
search for water (Ball and Golightly 1992). 
Studies on grey foxes have revealed that 
they could not acquire enough nutritional 
energy solely from drupes (Ball and Go-
lightly 1992). Ciampilini and Lovari (1984) 
have suggested that foxes may eat drupes 
in winter because they are rich in oils and 
sugars. They also suggest that large quan-
tities of berries may be consumed as foxes 
are unable to exploit the nutritional con-
tents of the fruits because they are carnivo-
rous. It is unlikely that foxes obtain water, 
sugars or oils from bitou bush since the 
drupes are rarely damaged by digestion. 
A possible theory is that foxes eat bitou 
bush drupes because the seed is in abun-
dance and they satiate the foxesí hunger. 
The initial attraction to the drupe is the 
sweet tasting exocarp, however, subse-
quent mouthfuls are probably not masti-
cated and remain whole. The nutritional 
reward is probably negligible since the fox 
has an inability to digest the outer coat-
ing of the drupe. The foxesí response is to 
eat large quantities to compensate for the 
poor energy return (Ciampilini and Lovari 
1984). Similarly, the first mouthful of ber-
ries may be masticated and digested, the 
seeds seen in the scats may be subsequent 
mouthfuls of berries. Foxes are known not 
to chew their food preferring to swallow 
in large chunks (personal observation), 
which would also account for the undam-
aged exocarp.

The field germination trials conducted 
at Bherwerre Peninsula indicate that bitou 
seeds will germinate after being digested 
by foxes although mortality of seedlings 

is high, and dependent on many factors. 
Rabbits, rats and snails were observed 
feeding on young cotyledons. Some of 
these factors could not be manipulated 
for the purpose of the trial and the total 
germination viability under field condi-
tions could not be determined. On two 
occasions the tests were adversely effect-
ed by human activity, once in May 1994, 
and later when the bitou bush infestation 
was sprayed with glyphosate by helicop-
ter. The poisoning had a better than 70% 
population kill (Fortescue personal com-
munication) and killed the first emergent 
seedlings. However, the results still show 
that seeds do remain viable and can be 
spread by foxes.

The site where foxes drop scats con-
taining seeds is important for successful 
germination (Bustamante et al. 1992). Lab-
oratory studies reported here indicated 
that depositing bitou bush seeds in moist 
water logged soils would not encourage 
germination while seeds placed on sand 
would be expected to readily germinate. 

The presence of foxes in the Austral-
ian ecosystem has been the curse of the 
agricultural industry and a liability for the 
natural environment. Most control pro-
grams concentrate on killing foxes based 
on the perception that they are having 
an effect on agricultural production and 
biodiversity. The timing of these control 
programs is usually driven by financial 
constraints. Control programs in natural 
environments are sometimes planned in 
ignorance of ecological and biological fac-
tors. Therefore issues like linking weed 
management with vertebrate pest control 
is not commonly thought of as important. 
Foxes have the potential to spread seed 
over distances of 10 km in the Jervis Bay 
area (Meek 1997). Likewise, foxes with bi-
tou bush in their territory have the capac-
ity to spread seed throughout their home 
range which ranges from 60 to 270 hec-
tares in coastal New South Wales (Meek 
1997). In terms of weed management 
plans, foxes could be controlled in bitou 
bush infested areas prior to seed set to re-
duce the likelihood of the establishment 
of satellite infestations. Fox control would 
therefore become an integral part of a 
weed management plan to help reduce 
seed spread. It is not suggested that foxes 
should be controlled specifically to reduce 
the spread of weed seeds, merely that the 
time prior to seed set may be another bio-
logical window that land managers could 
use to implement management plans.

The results of this trial have shown that 
bitou bush seeds do remain viable after 
ingestion by foxes and therefore weed 
dispersal is aided by this animal. Further 
research is still needed to clarify the sig-
nificance of foxes and also birds as seed  
dispersal agents. Furthermore we need to 
quantify the germination rates of seeds 
from fox scats in the field as a means of 

determining the efficiency of foxes as seed 
dispersers.
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