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Abstract

A small population of dugongs was discovered in coastal wa-
ters of the Lease islands in eastern Indonesia. Studies on
behaviour and feeding ecology revealed information on the
interaction with seagrass meadows, modes of surfacing and
submergence times and behaviour in the presence of scuba di-
vers. Regular concentrated feeding was observed in a grazing
sward at a subtidal monospecific Halophila ovalis meadow,
confirming earlier observations of regular recropping by
dugongs of grazing swards, covered by monospecific Halodule
uninervis, inside an intertidal multi-species meadow.

Résumé

Une petite population de dugongs a été découverte dans les
€aux cotires des iles Lease (Indonésie Orientale). L’étude du
Comportement et de I’écologie de la nutrition a fourni des
Informations sur I'interaction avec les prairies de végétation
submergée, sur les modalités de I’émersion, les périodes de
submersion, ainsi que sur le comportement en présence de
Plongeurs  scuba. Dans un paturage faisant partie d’une prairie
subtidale monospécifique & Halophila ovalis on a pu observer
une activité concentrée de nutrition, ce qui confirme des
OlA)Servations précédentes sur la réutilisation par les dugongs de
paturages monospécifiques a Halodule uninervis faisant partie
d’une prairie intertidale multispécifique.

Introduction

Few scientific records are available on the abun-
dance, distribution and behaviour of dugongs in
Indonesia. Salm (in Nishiwaki & Marsh, 1985)
‘eported in 1984, that dugongs are scattered
t}{YOUghout Indonesia, usually in low numbers.
Little is known of the populations other than that

they occur around Kupang Bay (Timor), Arakan
Reef (North Sulawesi), Togian Island — Teluk To-
miny (Central Sulawesi) and other small bays and
straits around Sulawesi, including the Spermonde
Islands, South Kalimantan, and the Bangka-
Belitung Islands (Karimata Strait) (Allen et al.,
1976; Hendrokusomo et al., 1981). Towards the
end of 1979 dugongs were apparently still fairly
numerous around the Aru Islands, their last
known area of abundance in Indonesia (Compost,
1980). De Iongh et al. (1995a) reported on a
population of 22-37 dugongs in the Lease Is-
lands, identified during aerial surveys and studied
the feeding ecology of dugongs on an intertidal
Halodule dominated meadow (De Iongh et al.,
1995b).

With respect to the dugongs’ feeding ecology,
most of the tropical areas supporting the highest
dugong densities have extensive inshore seagrass
meadows of Halodule uninervis, Halophila
ovalis, and Halophila ovata, species that are often
found in low density stands (Lanyon, 1991).
These and other species of seagrass eaten by
dugongs generally occur in the intertidal and up-
per subtidal to a depth of 10 m below the low-
water mark (Heinsohn & Birch, 1972). When
dugongs feed on morphologically small-leafed
seagrasses such as Halodule and Halophila, they
uproot and consume the entire plant, including
rhizomes and roots (Anderson & Birtles, 1978).
This method of feeding produces characteristic
feeding tracks (Heinsohn et al., 1977).

Preen (1993) postulated that seasonal nutri-
tional stress in subtropical areas and a response to
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Fig. 1. Map of the central Moluccas, with the location of Haruku Strait (1) and Saparua Bay (2).

this stress by the phenomenon of “cultivation
grazing” would be a major factor for the observed
difference in herd size between subtropical and
tropical areas. According to Preen (1993, 1995)
“cultivation” grazing occurs when herds of du-
gongs forage intensively in an area, effecting a
high level of seagrass removal over a large area.
“Cultivation” grazing allows dugongs to improve
the quality of their diet by one or more of the
following: (1) maintaining the meadow at a
younger, actively growing stage, so the sea-
grasses contain less fibre, (2) converting the
meadow to a pioneer stage composed of preferred
and nutritionally superior seagrasses, and (3) con-
centrating the regrowth vegetation into areas that
can be efficiently cropped. He also stated that in
tropical areas, the benefits of cultivation grazing
may not be necessary or relevant, in which case
there may be no pressure to feed in large herds.

De longh et al. (1995b) found quantitative evi-
dence of a practice of regular recropping of graz-
ing swards by small herds of dugongs in a tropi-
cal intertidal meadow. Regular recropping of
fixed grazing swards was associated with “is-
lands” of monospecific Halodule uninervis with a
high density of feeding tracks, surrounded by an
undisturbed mixed meadow of Cymodocea ro-
tundata and Thalassia hemprichii. The present

observations on behaviour and feeding ecology of
the dugong population at the Lease Islands elabo-
rate on the results of the studies of De Iongh et al.
(1995a, 1995b). We also present qualitative ob-
servations on a pattern of regular recropping of a
grazing sward by a small herd of dugongs in a
subtidal monospecific Halophila ovalis meadow.

Study site

The study area covers Ambon and the Lease Islands (Haruku,
Saparua, and Nusa Laut), located in the centre of the Moluccas
Province in eastern Indonesia (3°30°S, 128°E). The islands are
bordered by the Banda Sea in the south and the Seram Sea in the
north, The present study was made in the Haruku Strait between
Ambon and Haruku islands, and in Saparua Bay (Fig. 1).

The islands are characterized by a mountainous landscape
with a shallow coastal shelf present along most of the shore of
the islands. On the east coast of Ambon the widest shelf is
found between the villages of Waai and Tulehu, 500 m wide at
the maximum. The maximum depth of the Haruku Strait is
approximately 120 m, while the maximum depth of Saparua
Bay is approximately 40 m. These shelf areas are generally
sandy, but locally muddy-silty sediment is deposited near
estuaries. Seasonal rainfall, wave exposure and tidal
fluctuations lead to a very dynamic coastline characterized by
significant transport of sediments. The climate of Ambon is
strongly influenced by the monsoon seasons. The rainy season
occurs during the south-east monsoon, from May until Septem-
ber. The dry season occurs during the north-west monsoon,
from October until April. Sand is transported along the coast
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Fig. 2. Detailed map of the monospecific Halophila ovalis meadow in Saparua Bay and the location of the grazing sward.

from exposed to more sheltered locations by sea currents
Influenced by tidal patterns and the prevailing wind direction.

Materials and methods

During June-July and September—October 1992, free-ranging
animals were observed from the top of a cliff in Saparua Bay.
This site (Fig. 2), which is situated approximately 6 m above
chart datum, provided an excellent view over the bay and a
nearby monospecific seagrass bed of Halophila ovalis that
Covered approximately 2 ha at 7-10 m depth. During the study
We measured turbidity with a standard Secchi disk; it ranged
between 10-21 m. When a dugong was spotted, notes were
made on the time periods the animal spent at the water surface
(surface time), and on the time periods the animal spent sub-
merged between two successive surfacing intervals (sub-
Tmerged time). The number of inhalations was recorded as the
n'»lm.bf*.r of times its nostrils were seen above the water surface.
Additional observations were made from small boats on 24
'L“n?, 3 July, 20 July, 14 September, and 23 October 1992 and

uring scuba diving surveys on 5 July, 18 July, 13 September,
and 1 October 1992, Feeding behaviour, surfacing and diving

behaviour, as well as responses to approach by boats or divers
were registered. Three modes of surfacing were described: rol-
ling, sinking forward and sinking back (Anderson & Birtles,
1978). The response of dugongs to approaches by one or more
swimmers, or observers on a boat were described as: (a) no
apparent response (continued routine activity), (b) curiosity, or
(c) avoidance.

During each observation period, snorkling transects
covering the seagrass bed (perpendicular to the coast and at 30
m intervals) were made to identify feeding track density in the
meadow and a distinction was made between ungrazed and
grazed patches.

Results

The results of the dugong observations in Saparua
Bay are listed in Table 1. The results of all field
observations are summarized below.

Table II presents a summary of submergence
times from the present study, compared with
other authors.
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Table 1. Summary of field observations on individual dugongs in Saparua Bay, during June-October 1992.

No. Date Time Site Juvenile/ Swimming Remarks Grazing Tide
adult direction inside
sward
1 24/6/92 10:30 am cliff adult N Rough sea + H
2 4/7/92 1:05 pm cliff adult N Rough sea + L
3 5/7/92 9:20 am cliff juvenile NE Swimming small circles + H
4 18/7/92 10:50 am cliff juvenile N None + L
5 20/7/92 9:40 am diving juvenile E Swimming circle around + H
diver
6 13/9/92 4:25 pm boat adult E Loud noise while breathing - H
(exhalation)
7 13/9/92 4:35 pm boat adult E Rough sea - H
8 14/9/92 1:05 pm boat juvenile E Rough sea + L
9 15/9/92 1:00 pm boat adult N 2 Dugongs/vertical surfacing - L
10 16/9/92 10:00 am diving juvenile NE Approaching diver (2 times) + L
11 19/9/92 10:15 am diving juvenile E Swimming in high speed + H
i while being followed
12 1/10/92 9:45 am diving adult NwW Approaching diver + H
13 1/10/92 1:20 am boat adult w Rough sea + L
14 23/10/92 11:00 am diving juvenile S Approaching diver (3 times)/ + L

grazing behaviour

No. = observation number, Date = date of observation, Time = time of observation, Site = observation took place from a cliff, from the
boat or while diving, Swimming direction = swimming direction of the dugong when leaving the feeding sward.

Feeding behaviour

During the research period fourteen free-ranging
dugongs were observed, all occurring in the outer
part of Saparua Bay. Observations of dugongs
were done both in the moming and afternoon
(Table I), not indicating regular feeding times.
We observed that dugongs forage at ‘depths down
to 10 m in the bay. During several observations
dugongs foraged within 50 m of a ten meter high
cliff (which was used as an observation site).
Dugongs were spotted during both at high and
low tide (Table I). During a diving session we
observed that three distinct feeding tracks were
made by a dugong within a single dive. The du-
gong moved from one place to another in the
seagrass meadow without surfacing. It grazed
upon the vegetation, hovering above the substra-
tum with only the rostrum bent down. Dugongs
foraged also during periods of rough seas (Table
). During snorkling transects over the Paperu
meadow, concentrated grazing in a monospecific
Halophila ovalis meadow was observed in a dis-
tinct sward of approximately 260 m? with a high

density of feeding tracks, surrounded by an undis-
turbed seagrass bed at the southern part of the
meadow (Table I and Fig. 2). During most con-
secutive observation periods, individual dugongs
visited this feeding sward to forage. This regular
pattern of visiting the sward was consistent dur-
ing the study period (Table I).

Although local fishermen claimed that dugongs
would forage deliberately on a lingulid brachio-
pod and Sipunculus sp. (identification Dr. K. den
Hartog, National Museum of Natural History,
Leiden) this was not confirmed by our own field
observations.

Surfacing and diving behaviour

All three modes of surfacing have been observed.
Rolling was the most frequently observed mode
of submerging. Each time the back was clearly
seen and sometimes even the tail cleared the
water. The sinking forward mode was observed a
few times when the animals were seen swim-
ming. Sinking back was seen on only one occa-
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Table II. Submergence times (minutes) of free-ranging dugongs in Saparua Bay, compared with other authors.

Number of Submerged time Location Author
observations (mean + SD)
17 4.6 (= 1.3) Free-ranging dugongs at the Bay of Saparua Present study
162 2.7(x0.07) Free-ranging cow with calf in Shark Bay Anderson, 1982
346 0.9 (£ 0.04) Free-ranging adults without calves in Shark Bay Anderson, 1982
370 1.2 (£ 0.04) Free-ranging adults without calves in Anderson & Birtles, 1978
Shoalwater and Cleveland Bays
70 2.5 (£ 0.05) Adults Allen et al., 1976

sion. Submergence times of animals feeding in
deep rough seas were recorded of 1.8 to 6.4 min-
utes. The mean submergence time was 4.6 (+ 1.3)
minutes (n = 17) (Table II). Generally, an animal
appeared clearly visible under the surface for a
few seconds before taking its first breath. After
that it cleared the water with its nostrils to breath
and either submerged totally or stayed just be-
neath the surface to breath again. The dugongs
breathed up to four times while at the surface,
spending 3 to 62 seconds just beneath the surface.

Response to approach

Animals continued to feed when approached in a
small outrigger boat (without an outboard en-
gine). On one occasion, the approach of a large
rowing boat caused a fright response. The animal
surfaced vertically a few meters from the boat,
facing the boat. '

Most of the time, dugongs appeared to display
Curiosity towards divers. They either swam in
circles around the divers or approached while
swimming, at a distance of approximately three
meters. Once a diver was able to approach an
adult dugong at ¢. 1 m distance. On another oc-
casion, an adult dugong of approximately 3 m in
length approached the diver, who was lying at the
bottom, swimming in a zigzag fashion. It swung
around its long axis, holding its flippers wide-
open and passed the diver, turned and passed
again in the same way. Suddenly the dugong
SwWam upwards to the sea surface. The animal
rested just beneath the surface, turned again and
SWam in a straight line towards the diver, chang-

Ing its course only at close range (c. 2 m dis-
tance).

Discussion

In our study there was no indication of the fact
that dugongs dislike rough water, in contrast with
earlier observations (Allen et al., 1976). Even
during very rough seas, dugongs would still come
to forage. This could be explained either by the
importance of -the nutritional value of the
seagrasses or by the depth of the meadow (7-9
m). We spotted dugongs both in the morning and
in the afternoon, during both low tide and high
tide. These observations do not indicate regular
feeding times.

Anderson & Birtles (1978) state that feeding
tracks are only found in Zostera and Halophila
and thought that each trench represented the ef-
fort of a single dive. During our study this state-
ment was not confirmed; a dugong was observed
feeding, producing multiple feeding tracks. The
dugong’s behaviour may be adjusted in order to
minimize effort for a maximum of energy intake
(De Iongh et al., 1995b). Multiple feeding tracks
during one dive support this assumption.

In our study the mean submergence time of the
dugong is 4.6 minutes. This is longer than the
time lengths found by Allen et al. (1976),
Anderson (1982), and Anderson & Birtles (1978),
who observed mean submergence times of 2.5,
2.7, and 1.2 minutes, respectively (Table II).
Those studies were done in waters up to 3 meters
of depth. Our studies were carried out in seagrass
beds up to 9 m depth. This suggests that the sub-
mergence time may be correlated with the depth
of the bed, coinciding with Anderson (1982) who
concluded that the interval between appearances
at the surface varies with locality (habitat), forag-
ing mode and foraging species, activity, and re-
productive status. His data, obtained from waters
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of varying depths, suggest a trend for dugongs to
remain submerged longer in deeper water. In the
present study, the time spent at the surface was
minimum 3 seconds for one breath, which agrees
with Anderson & Birtles (1978).

With respect to the feeding ecology of the
dugong, some of our observations do not corre-
spond with the findings of other authors. An-
derson (1981) and Anderson & Birtles (1978), for
example, report that dugongs forage at depths of
3 to 4 m in both sublittoral and intertidal areas.
Most of the feeding tracks we observed at the
seagrass bed in Saparua Bay were located at a
greater depth (7-9 m). Marsh et al. (1994) and
Marsh (1993) reported on the importance of
deepwater seagrass meadows to dugongs and
found evidence of dugong feeding up to 40 m
depth. Favoured feeding areas appeared to be
characterized by relatively sparse seagrass and
ready access to deeper water. The regular re-
cropping by dugongs of restricted grazing swards
in a monospecific Halophila ovalis meadow may
indicate a pattern of cultivation grazing as de-
scribed by Preen (1993, 1995) for dugongs in
Moreton Bay, but more research data are needed
to confirm this.
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