Are the faecal pellets of kangaroos (Macropus spp.)
a source of nutrients and carbon in an inland
floodplain wetland during flooding? A preliminary
experimental inundation study in the Macquarie
Marshes, New South Wales
Tsuyoshi Kobayashi, Jordan Iles, and Lisa Knowles

ABSTRACT

Kangaroos (Macropus spp.) are one of the most abundant native macrofauna on Australian floodplains
with a positive relationship between their density and the deposition of faecal pellets that contain
nutrients and carbon.We tested whether kangaroo faecal pellets are a source of nutrients and carbon
during flooding in the Macquarie Marshes, an inland floodplain wetland, in south-eastern Australia. The
faecal pellets of kangaroos, most likely of Red Kangaroo (M. rufus), were found on the dry floodplain
adjacent to Bora Channel (~30.6433°S/~147.5351°E) at a density of 142±54 m-2 (mean±SE, n=3).
Following artificial inundation, we monitored the release of total nitrogen (TN), total phosphorus
(TP) and dissolved organic carbon (DOC) five times over a six-day period from mesocosms deployed
in situ. Three mesocosms contained faecal pellets and three mesocosms contained marsh floodplain
sediments (top 5 cm of sediment consisting of soils and plant material) with faecal pellets removed.
The concentrations (mean±SE, n=3) of TN, TP and DOC in the mesocosms containing the pellets
were 0.037±0.017, 0.22±0.060 and 0.69±0.14 g m-2 at day 6, while the mesocosms containing only
the marsh floodplain sediments were 1.03±0.23, 0.49±0.083 and 7.27±1.02 g m-2. On average, the
kangaroo faecal pellets contributed ~6% of TN, ~31% of TP and ~ 8% of DOC of the total amounts
respectively released from the inundated floodplain over the six-day experiment. Nutrient and carbon
depositions to floodplains in the form of faecal pellets from large terrestrial animals such as kangaroos
are an important process of cycling these elements in inland floodplain wetlands, especially where
large populations of these animals occur.
Key words: inland floodplain wetlands, elemental cycling, autotrophic and heterotrophic sources, Red Kangaroo,
Eastern Grey Kangaroo

Introduction
The availability of water affects the ecosystem properties
(e.g. food webs and nutrient cycling) of floodplain wetlands
(Kingsford 2000; Junk and Wantzen 2004; Wilson et al.
2010; Kelleway et al. 2010; Kobayashi et al. 2010). During
dry periods, floodplain wetlands are largely terrestrial
systems where plant material such as leaf litter, twigs, and
animal faecal pellets accumulate (Robertson et al. 1999;
Baldwin 1999; Junk and Wantzen 2004; Kobayashi et al.
2009; Iles et al. 2010). Plant material that accumulates
on floodplains is a significant source of nutrients and
carbon for aquatic wetland communities during flooding
(Baldwin 1999; Baldwin and Mitchell 2000).
Kobayashi et al. (2009, page 853) speculated on the
potential contribution of animal faecal pellets to
floodplain nutrient and carbon dynamics. Kangaroos
such as Western Grey Kangaroo (Macropus fuliginosus),
Eastern Grey Kangaroo (M. giganteus) and Red Kangaroo
(M. rufus) are the dominant native macrofauna on
Australian floodplains (Cairns and Grigg 1993; Strahan
1995; McCarthy 1996; Jonzén et al., 2005). There is
a positive relationship between their density and the
deposition of faecal pellets (Southwell 1989; Johnson
and Jarman 1987; Ramp and Coulson 2004). The
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faecal pellets of kangaroos contain nutrients such as
nitrogen and phosphorus, and carbon in the form of
carbohydrates (Hume 1974; Wann and Bell 1997) that
derive from their food such as grasses, flowering plants,
forbs, leaves, tree bark and shrubs (Taylor 1983; Short
1986; Meers and Adams 2003; Murphy and Bowman
2007). Kangaroos can travel large distances (Priddel et
al. 1988; Jaremovic and Croft 1987; Pople et al. 2007)
and use different habitats (Johnson et al. 1987; Priddel
1988; Murphy and Bowman 2007). They may play a
significant role in nutrient and carbon cycling in inland
floodplain wetlands of Australia. However, it is unknown
whether kangaroo faecal pellets deposited on floodplains
are another significant source of nutrients and carbon
that can be used by aquatic wetland communities (e.g.
bacteria, algae and vascular plants) during flooding
(Robertson et al. 1999; Kobayashi et al. 2009; Wilson
et al. 2010). In the present study, we tested whether
the faecal pellets of kangaroos, most likely of Red
Kangaroo (Macropus rufus) deposited on floodplains
of the Macquarie Marshes, New South Wales, are a
source of nutrients and carbon for overlaying floodwater
following inundation.
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Faecal pellets of kangaroos a source of nutrients and carbon
1.4

The Macquarie Marshes (total area: ~210,000 ha) are in
the north-west of the Macquarie River catchment and
form one of the largest floodplain wetlands in the MurrayDarling Basin of south-eastern Australia. The Marshes
are a mosaic of inland floodplain swamps, shrub lands,
woodlands and inland riverine forests (Keith 2004). The
system contains two major nature reserves (Southern and
Northern Nature Reserves) each with internationally
significant wetlands listed under the Ramsar Convention
(Kingsford and Thomas 1995).
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An experiment was undertaken between 22 and 28
February 2007 on a floodplain (~30.6433°S/~147.5351°E)
near Bora channel in the Northern Nature Reserve,
which excluded human activities including grazing (see
Fig. 1 in Kobayashi et al. 2007 for the study area details).

To measure the release of nutrients and carbon from the
faecal pellets and floodplain sediments (i.e. soils and plant
material) following inundation, rainwater stored in a local
household rainwater tank was used. The rainwater initially
contained 1.11±0.007 mg l-1 of TN, 0.021±0.0003 mg l-l
of TP and 1.37±0.05 mg l-1 of DOC (mean±SE, n=3).
With a plastic watering can, a total of 7 L of rainwater
was gently added to each mesocosm. One additional
mesocosm constructed of PVC pipe and plastic sheet with
rainwater added was used as a control. A total of seven
mesocosms (i.e. three mesocosms with faecal pellets and
rainwater, three mesocosms with floodplain sediments and
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A total of seven mesocosms were deployed at a dry
floodplain site. Each mesocosm was comprised of a
polyvinyl chloride (PVC) pipe, 30 cm in diameter and
25 cm in height. The pipe was thoroughly washed with
tap water, rinsed with Milli-Q water (Millipore, USA:
0.2 mm) and air-dried before being deployed. In the field,
three mesocosms were constructed by pushing the PVC
pipes into the sediment to a depth of 5 cm. The sediment
surrounding each mesocosm was removed and a thin
steel plate was inserted underneath the pipe to isolate
the sediment in the mesocosm and to maintain a 5 cm
deep sediment core inside it. The mesocosm was lifted
and placed on a plastic sheet. After removing the steel
plate, a plastic sheet was wrapped around the base of the
mesocosm and secured with duct tape to prevent water
leakage. From each of the three mesocosms, kangaroo
faecal pellets were counted, removed and then transferred
to each of the other three mesocosms that had been
constructed only from the PVC pipe and plastic sheet.
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Figure 1. Concentrations of a) total nitrogen (TN), b)
total phosphorus (TP) and c) dissolved organic carbon
(DOC) released from Bora Channel floodplain. ¢,
sediments (soils plus plant matter); , kangaroo faecal
pellets. Arithmetic mean ± standard error (SE) are shown
(n = 3 for each observation).
rainwater, and one mesocosm with rainwater) were placed
approximately 5 m apart on the open Bora Channel
floodplain. The top of each mesocosm was covered with
a 10 mm mesh net to prevent water access by animals
during the experiment.
Two 30 ml water samples were collected from each
mesocosm with a sterile syringe (Termo, USA)
approximately 1 hour after the addition of rainwater to
the mesocosm, then at days 1, 2, 4 and 6. At each sample
collection, one water sample was filtered immediately
through a cellulose acetate filter (pore size: 0.45 µm,
Sartorius, Germany) and used to determine DOC; the
other water sample was unfiltered and used to determine
TN and TP. All water samples were stored at -20 °C until
analysed.
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Populations of Red Kangaroos and Eastern Grey Kangaroos
have been recorded in the Macquarie Marshes (NSW
NPWS 1993). Censuses of macropods in 1992 and 1993
estimated the average total number of kangaroos to be
~5,000 and ~10,000 in the Southern and Northern
Nature Reserves respectively (~1 kangaroo ha-1 in both
reserves) (Darren Shelly, DECCW, pers. comm. 2010).

TN (g m )

Materials and Methods

Kobayashi et al.

Laboratory Methods

Results
Kangaroo faecal pellets on the floodplain
Kangaroo faecal pellets were at a density of 142±54 m-2
(mean±SE, n=3) on the studied area of the floodplain.
The pellets were most likely from Red Kangaroo (Barbara
Triggs, personal communication).

TN, TP and DOC in the mesocosms with
kangaroo faecal pellets

TN, TP and DOC in the mesocosms with
sediments (containing soil and plant material
but with kangaroo faecal pellets removed)
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Figure 2. Relative contribution (%) of kangaroo faecal
pellets to the total concentration of nutrients and carbon
released from Bora Channel floodplain (sum of soils, plant
matter and kangaroos faecal pellets). ¯, total nitrogen
(TN); £, total phosphorus (TP); ∆, dissolved organic
carbon (DOC). Arithmetic means are shown (n = 3 for
each observation).
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Relative (%) contributions of kangaroo faecal pellets to
the total amount of nutrients and DOC released from
the floodplain (i.e. sum of soil, plant material and pellets)
were estimated as 6.3±1.1% of TN, 31.4±2.0% of TP and
8.1±0.68% of DOC (mean±SE, n=15 for each) over the
6-day experiment (Fig. 2).

Control mesocosm
The concentrations of TN, TP and DOC in the control
mesocosm (rainwater only) changed very little (< ±3%
of the initial concentrations) over the 6-day experiment.

Discussion

The concentrations (mean±SE, n=3) of nutrients and
DOC in the overlaying water of the mesocosms containing
only the pellets increased during the incubation period,
attaining 0.037±0.017 g m-2 (1.11±0.52 mg l-1 in the
mesocosms) of TN, 0.22±0.060 g m-2 (6.69±1.82 mg l-1)
of TP and 0.69±0.14 g m-2 (20.81±4.23 mg l-1) of DOC
at day 6 (Fig. 1). A single kangaroo faecal pellet was
estimated to release 0.33±0.007 mg of TN, 0.54±0.07 mg
of TP, and 3.3±0.6 mg of DOC during the first day (24 h)
of inundation.

0

Relative contributions of kangaroo faecal
pellets to the total release of TN, TP and
DOC

The experiment showed that kangaroo faecal pellets
deposited on floodplains release nutrients and carbon to
the overlaying water during flooding and can potentially
provide a significant portion of phosphorus relative
to nitrogen and carbon. In the studied area of the
floodplain in the Macquarie Marshes, kangaroo faecal
pellets contributed ~30% of TP into the overlaying water
during the first six days of inundation, while the floodplain
sediment (soil and plant material) was the major source
(>90%) of TN and DOC.
The relative importance of animal faecal pellets to the
total floodplain resource pool (nitrogen, phosphorus
and carbon in this study) will vary temporally and
spatially, depending on the type, density and biomass
of animal faecal pellets (Ramp and Coulson 2004),
animal diet (Hume 1974), the type, biomass and age of
plant litter (Robertson et al. 1999; Baldwin 1999), soil
composition (Kobayashi et al. 2009; Wilson et al. 2010),
history of flooding (Baldwin and Mitchell 2000) and
microbial processes (Wilson et al. 2010). Clearly, further
studies are needed to determine the significance of the
nutrients and carbon released from the pellets to the total
resource pool across the floodplain. Nevertheless, the
results of the present study support the hypothesis that
allochthonous heterotrophic sources such as kangaroo
faecal pellets can be a source of nutrients and carbon
to aquatic communities during flooding on floodplains,
as postulated by Kobayashi et al. (2009, page 853). We
further hypothesize that the distribution and productivity
of food sources and water availability for kangaroos
across the floodplain are important in determining the
nutrient and carbon supplies from kangaroo faecal pellets.
This is because environmental conditions affect densities
of kangaroo populations, as well as their home range
movements and feeding habitats (Caughley et al. 1985;
Johnson et al. 1987; Dawson et al. 2004; Pople et al. 2007).
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A flow injection analysis was used to determine the
concentrations of nutrients. TN was measured following
autoclave persulfate digestion (Hosomi and Sudo
1986). TP was measured by the ascorbic acid reduction
method following autoclave persulfate digestion. A
Lachat QuikChem 8000 flow injection analyser (Hach
Company, USA) was used for all nutrient analyses. DOC
was analysed using a Dohrmann TOC analyser. The
concentrations of TN, TP and DOC were expressed as g
m-2 after subtracting the initial concentrations of TN, TP
and DOC contained in the rainwater. Kangaroo faecal
pellet density calculated from the three mesocosms was
converted into number of pellets m-2.

The concentrations (mean±SE, n=3) of nutrients and
DOC in the overlaying water of the mesocosms with
the sediments increased during the incubation period,
attaining 1.03±0.23 g m-2 (7.27±1.61 mg l-1 in the
mesocosms) of TN, 0.49±0.083 g m-2 (3.46±0.59 mg l-1)
of TP and 7.27±1.02 g m-2 (51.14±7.17 mg l-1) of DOC at
day 6 (Fig. 1).

Faecal pellets of kangaroos a source of nutrients and carbon
Terrestrial and aquatic systems alternate in floodplain
wetlands. During flooding, a spatial loss of terrestrial
habitats equates to the spatial gain of aquatic habitats.
Little is known about the effect of these changes in
floodplain habitats on the ecological processes of
resident biological communities (Junk and Wantzen
2004). Such information is critical to better understand
the impacts of changes in ecosystem connectivity on

inland floodplain wetlands. The connectivity of these
systems has been altered by regulation and water
extraction which may exacerbate the ecological stress
exhibited on these systems (Kingsford 2000; Junk
and Wantzen 2004). Results from this study indicate
that the ecological role of terrestrial macrofauna on
aquatic processes during wet periods warrants further
investigation.
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