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This is the first study on the interaction between frugivorous birds and palms in
Papua, Indonesia on the island of New Guinea. The study was aimed to investigate
the palm species in the diet of the northern cassowary (Casuarius
unappendiculatus) by identifying the seeds and fruits in fecal droppings
encountered on a set of transects in the lowland forest. A total of 2681 palm seeds
and fruits was found in 147 droppings collected from primary forest and humanaltered habitats. Ten palm species from nine genera were identified among the
diet items of the northern cassowary in Jayapura region. Palm seeds were
encountered in all habitats studied, but the number of seeds was significantly
different between habitats. The highest number of seeds was obtained from
natural forest and the lowest was in logged forest. These results suggest the
importance of palms as food resources for the northern cassowary and the birds
as keystone species, which play a significant role in palm dispersal.
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Mutual plant-frugivore interactions such as
palm seed dispersal are key components of
forest ecosystems, especially in the tropics. The
modification or loss of such interactions may
have serious implications for conservation
(Silva et al. 2002). A number of species of
fruiting plants may play critical roles for
maintaining frugivore populations during lean
periods, when other species are not producing
fruits (Terborgh 1986, Wright 2005). On the
other hand, reduced or loss of the frugivore
populations from their ecosystem could lead
to a failure in seed dispersal of forest vegetation
(Bleher & Böhning-Gaese 2001).
Lowland forest in Papua has a high diversity
and endemism of flora and fauna including
palms. This plant group inhabits principally
the primary rainforest from sea level to 2800
m, but the total species diversity decreases with
increasing elevation (Baker & Dransfield 2007).
Because palms may produce large fruits with
high nutrition content (Snow 1981) and they
are mainly zoochorous (Zona & Henderson
1989), this plant group may contribute to the
diet of frugivorous animals in New Guinea,
especially birds.
Among the major frugivorous birds in New
Guinea are the well-known large flightless
cassowaries. There are three species in the
family Cassuaridae, and the northern
cassowary (Casuarius unappendiculatus) (Fig. 1)
is endemic to northern New Guinea.
Cassowaries play a significant role in seed
dispersal of numerous forest plants and have
been considered as keystone species in forest
ecosystems of New Guinea and Australia (Mack
& Wright 2005, Crome & Moore 1990). All
cassowary species are obligate frugivores
(Stocker & Irvine 1983) with about 90 to 99%
of their diet dependent on fruits (Bentrupperbaumer 1997, Wright 2005). Studies on
the southern cassowary (Casuarius casuarius) in
northern Australia, and on the dwarf
cassowary (Casuarius bennetti) in Papua New
Guinea have recorded the occurrence of palm
fruits among the diet of cassowaries (Stocker
and Irvine 1983, Wright 2005). The northern
cassowary (Casuarius unappendiculatus) is
restricted to the lowland forest and may very
likely consume a variety of palm fruits that
occur in the lowlands of northern New Guinea.
To date, there is no report of the relationship
between palms and the northern cassowary.
The aim of this study was to identify palm
species in the diet of cassowary and to assess
if the diversity and number of seeds dispersed
are varying with habitat types.
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1. The northern cassowary: the adult bird may weigh
up to 50 kg (110 lbs). (Photo: M. Pangau-Adam)

Study sites and methods
The study was conducted in Nimbokrang and
Nimboran rainforest in the northern part of
Papua. These forest areas are located in
Jayapura regency, about 110–120 km west of
Jayapura, the capital of Papua Province. The
lowlands consist of a mosaic of forest habitats
including a large part of intact forest. Due to
the high diversity of endemic Papuan birds,
Nimbokrang forest has become one of the
international bird-watching spots in Indonesia.
Although forest around the villages has been
cleared for timber and agriculture, large
primary forest areas still remain. At an
elevation ranging from 50–200 m above sea
level, the vegetation of the study area is humid
(lowland) tropical rainforest subject to
inundation (CI 1999). Typical canopy tree
genera were Intsia, Terminalia, Pometia, Ficus,
Canarium and Alstonia while understory trees
included palms, Myristica, Syzygium, Garcinia,
Diospyros and Pandanus. Significant areas of
the forest are claimed as traditional or clan
forest of local people resulting in several land
use systems and marginal forests. These forest
areas were selectively logged by timber
companies during the 1980s.
Primary forest and three different habitat types
representing a gradient of disturbance were
chosen: unlogged but hunted natural forest
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Table 1. Palm species found in the diet of the northern cassowary (Casuarius
unappendiculatus): the number of seeds and fruits, and habitat where they were found
(Primary forest, P; Natural forest, N; Secondary forest, S; Logged forest, L).
Species

No. seeds

Actinorhytis calapparia

72

P, N, S, L

Areca macrocalyx

1003

P, N, S, L

Borassus heineanus

19

P, N, S, L

Caryota rumphiana

1192

P, N, S, L

Calamus aruensis

6

Licuala sp.

90

Licuala lauterbachii

90

45

N

Metroxylon sagu

2

1

N

Orania sp.

3

S

Ptychococcus paradoxus

155

P, N, S

(henceforth referred to simply as “natural
forest”), >30 year old secondary forest and less
than 3 year old selectively logged forest. The
census of cassowary fecal droppings was
conducted in October–November 2011 and
April–June 2012 using the line transect
method. Nine transects were established
systematically in each of four habitats,
resulting in a sample size of 36 transects across
the whole study area. The transects were
located at least 500 meters apart from one
another, and the length of each transect was
2.5 km. Transects were walked slowly and
scanned ca. 2 m each side to census and collect
the fecal droppings of cassowaries. We recorded
the species of palm seeds and fruits in the
droppings. The identification of palm seeds
was mainly undertaken by Dr. William Baker
and Dr. John Dransfield from the Herbarium
Royal Botanic Garden Kew, Great Britain. We
counted the number of seed and fruit of each
species and assessed the difference in seed
numbers between habitats using the KruskalWallis test.
Results
We obtained a total of 2632 seeds and 49 intact
fruits of palms from 147 cassowary droppings
and identified ten palm species from these
seeds and fruits (Table 1). All species recorded
were fleshy and the fruits had mainly red,
orange and purple color. Eight of 10 palm
species were large-seeded as defined by
Westcott et al. (2005). Four species, Actinorhytis
calapparia, Borassus heineanus, Caryota rumphiana and Areca macrocalyx, were found in all

No. fruits

3

Habitat

N, S
P, N, S

habitat types, while Licuala lauterbachii and
Metroxylon sagu were observed in natural forest,
and Orania sp. was recorded only from the
secondary forest (Table 1). Nine of ten palm
species were recorded from natural forest, and
only four species were found in logged forest.
The number of palm seeds and fruits dispersed
by the northern cassowary was significantly
different between habitat types (Kruskal-Wallis
ANOVA, H = 16.93, df = 3, P < 0.01). The
highest number of seeds and fruits was found
in natural forest and primary forest,
intermediate level was in secondary forest, and
the lowest number was in the logged forest
(Table 1). The intact palm fruits recorded in the
droppings were from Calamus aruensis, Licuala
lauterbachii and abortive Metroxylon sagu,
whose fruits were relatively small.
Palm seeds were the smallest and the largest
among the other plant seeds collected during
the study (Pangau-Adam, unpubl.). The
smallest palm seeds belonged to Licuala
lauterbachii, diameter ≤ 0.5 cm and < 5 g
weight, and the largest seeds were from
Borassus heineanus, 6–8 cm in diameter,
14–16.5 cm long and ca. 235–265 g in weight.
Borassus heineanus
This species produces large fruits (Figs. 2 & 3)
and the cassowary seemed to consume the ripe
fruits that fall down. The seeds of Borassus
heineanus were found in 14 droppings, among
which 2 droppings contained only the seeds
of this species (Fig. 4). Borassus seeds were
found in all habitat types including logged
forest.
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2 (top). Fruit of Borassus
heineanus. (Photo: M.
Pangau-Adam)
3 (middle). Fruit of Borassus
heineanus, broken into
three pieces. (Photo: M.
Pangau-Adam)
4 (bottom). Borassus
heineanus in cassowary
droppings. (Photo: M.
Pangau-Adam)
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This species produces edible fruit, and local
people usually consume the white immature
endosperm during their activities of gathering
forest products. The Genyem people named
this plant kelapa hutan (wild coconut). During
the survey, the researcher and field assistants
tasted the fleshy endosperm, and it was indeed
similar to the taste of coconut. All seeds were
found intact except one seed in secondary
forest that was probably broken before it was
consumed by the cassowary. It seemed that
the ingestion process of the bird might
uncover the exocarp and mesocarp of fruits,
but it was difficult to open the edible seed.
Caryota rumphiana
The most frequent palm species recorded in
the droppings was Caryota rumphiana or nibung
in the local language (Fig. 5). A total of 1192
Caryota seeds were found dispersed by the
northern cassowary in all habitat types. The
seeds were found in 75 droppings and mostly
in combination with other plant seeds and/or
seeds of its relatives (Fig. 6).
Licuala lauterbachii
With a diameter of ca. 0.5 cm, the seeds of
Licuala lauterbachii were the smallest palm
seeds found in cassowary droppings during
the survey (Fig. 7). This species was recorded
only from natural forest. A high number of its
fruits were observed in the droppings. The fruit
could probably pass the gut of cassowary
undamaged, and it remained intact because of
its small size.
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common families found in the droppings of
this species were Elaeocarpaceae, Lauraceae,
Myrtaceae and Rutaceae (Bradford et al. 2008).
Studies on the dwarf cassowary in Papua New
Guinea showed no particular families
dominated the diet of the birds (Pratt 1982),
but the fruits of two palm species were
amongst 30 important species by number of
items in the diet of the dwarf cassowary
(Wright 2005).
The northern cassowary foraged on the variety
of palm fruits that are available in lowland
forest, ranging from the small fruit of Licuala
lauterbachii to the largest fruit of Borassus
heineanus. Although the fruits of Borasseae are
mainly large, fibrous and heavy, and unexpectedly dispersed by birds (Zona &
Henderson 1989), this study has shown that
the wide-gaped northern cassowary is able to
disperse the seeds of Borassus heineanus. Wide
distribution and high fruit availability of
Caryota rumphiana during the survey may be
the main reason for the large amount of
Caryota seeds found in the droppings.
Heatubun (2000) recorded the seeds of Caryota
sp. in cassowary droppings at an altitude > 900
m asl, and it was considered to be fruits of
Caryota zebrina. Because the northern
cassowary inhabits lowland forest up to 700 m
asl (Beehler et al. 1986) and C. rumphiana
5. Caryota rumphiana (Photo: M. Pangau-Adam)

Ptychococcus paradoxus
Two varieties, red fruit and orange fruit, of
Ptychococcus paradoxus were recorded in the
cassowary droppings. Different color of the
pulp in the dropping may indicate the variety
of Ptychococcus paradoxus among the diet of
cassowary (Figs. 8 & 9).
Discussion
This study may suggest that palm species are
significant food resources for the northern
cassowary, because they provide a variety of
fruits in the lowland Papuan forest. Palms and
Myrtaceae are the most frequent families found
in the diet of the northern cassowary. Ten palm
species identified in the droppings may
indicate the diet preference of cassowary
toward this plant group. Two studies in
Australia reported the seeds of four and two
palm species in the diet of the southern
cassowary (Stocker & Irvine 1983, Bradford et
al. 2008, respectively), although the most
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6 (top). Seeds (small, gray) of C. rumphiana in cassowary dropping. (Photo: M. Pangau-Adam). 7 (bottom).
Fruits of Licuala lauterbachii. (Photo: M. Pangau-Adam)

grows at elevations up to 500 m asl (Heatubun,
pers. comm.), it could be the dwarf cassowary
that foraged on Caryota zebrina.
Fruit availability throughout the year, high
nutrient content and bright color of palm
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fruits may be the main reasons for the fruit
choice by the cassowary. Gautier-Hion et al.
(1985) reported that diurnal frugivorous birds
have good color vision and discrimination of
red wavelengths, so they prefer to consume
the fruits in red and purple color. Palms are

PALMS

Pangau-Adam & Mühlenberg: Cassowary Diet

Vol. 58(1) 2014

8 (lfeft). Ptychococcus paradoxus in dropping – red fruit. (Photo: M. Pangau-Adam). 9 (right). Ptychococcus
paradoxus in dropping – orange fruit. (Photo: M. Pangau-Adam)

among the important plant families for
specialist frugivores such as cassowaries,
because their fruits have high values for
protein and fat content (Snow 1981). Palm
fruits may also play a critical role as key
resources for frugivores during seasonally lean
periods, because these plants usually have
continual phenology patterns at the
population level (Peres 1994, Wright 2005).
Logged forest contained fewer palm species
and lower numbers of seeds than primary
forest. The lower number of fruiting palm trees
in logged forest was also shown by the field
surveys on fruiting trees in different habitats
(Pangau-Adam, unpubl.). We assume that low
diversity of palm is affected by the intensive
logging practices in lowland forest of Papua.
High temperature in large gaps of logging areas
may increase soil desiccation, and therefore
may probably reduce the survival and
reproduction of certain palm species.

birds because the pulp content increases with
fruit diameter (Wheelwright 1993). Many palm
species in Papuan lowland forest have
relatively large fruits and seeds. This indicates
the importance of cassowaries having a large
gape, because Papua lacks large-bodied
frugivorous mammals that would be important
for dispersing large seeds (Mack & Wright
2005). In the way they interact with palms,
the cassowaries may behave more like
terrestrial mammals than birds (Zona &
Henderson 1989). The disappearance of the
northern cassowary as a keystone species may
affect the abundance and extinction
probability of the palm species that depend
on wide-gaped frugivores. The mutual
interaction between palms and the northern
cassowary may play important roles for palm
conservation and the forest regeneration in
Papua.
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This study has shown that the northern
cassowary includes a large proportion of largefruited and large-seeded palm species in their
diet. Large fruits are favored by frugivorous
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