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Background Materials and Methods
The d (D d ) is a herbi ' | listed as ‘Vul bl e Study sSite

e dugong (Dugong dugon) is a herbivorous marine mammal listed as "Vulnerable” g &y, ) . : : : L
on the IUCN Red List of Threatened Species. Its distribution and survival is highly et N S -(rhdfausilijsc:gng;as|occzrtgzd 1%%”&”'3# tifusjsltﬂe::tlagolzgg;
dependent on the availability of healthy acreages of seagrass meadows in shall % Ifenins_ular Ma]a sia (Fig. 2)
ow coastal waters. Sibu-Tinggi Archipelago, Johor, appears to be the only R . Both islands arey redor?w.ina.ted by tropical subtidal and forereef
location where a small but significant population of dugongs is found owing to S, PNE St P : red by rop :

SERR seagrass meadows, with fringing coral reefs and small littoral

the presence of extensive seagrass meadows which are often overlooked at
the local and national scales (Ooi et al., 2010). The number of population is e ARY AT e
most likely not more than 100 individuals (Ponnampalam et al., 2015) (Fig. 1). -3 N e TN
This project proposes to comprehensively study the distribution of seagrass W
meadows and the dugongs’ interaction with their seagrass habitat in the subtidal
tropical environment of the Johor east coast archipelago.

»
N AL

mangrove forest patches.
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Seagrass and Feeding Trail Mapping

Flgl « Towed video sampling (Fig. 3) was conducted Iin Sibu

Archipelago along transects (Fig. 4).
. . * GPS coordinates were recorded for each frame.
ObJGCt'VeS A e Seagrass extent and feeding trail occurrence (Fig. 5 & 6) were
B assesseql during the vic{eo review by systemqtic point sampling
1 To determine the spatial distribution of Kﬂw protocol in Adqbe Premle_re Pro spftware (OO|-et al., 2010), and
. | data was then integrated into spatial database in QGIS software.
seagrass habitats Wil pu.azup'feungslg'gi Pulau Lanting « Feeding Hotspot Area (FHA) was analysed statistically with non-parametric Kernel-Density Estimation
e e model by using QGIS software.
2 To elucidate spatial and temporal distribution — wsee|| ™ :
of dugong feeding trails in the subtidal e Photogrammetry and Sample Collection
seagrass meadow
Pulau Sibu « Photo-quadrats were taken to measure the dimension and area of
selected feeding trails, based on freshness indicators adapted from
3 To ascertain the vegetative qualities o P D’Souza et al., 2015 (Fig. 7).
(i.e. diversity, biomass and nutrient it Sibu Kk - Seagrass samples were collected from both Sibu and Tinggi
composition) of seagrass consumed by 0 25 5k Pulau Sibu Hujong Islands by coring and then sorted according to species, above- and
dugongs to elucidate dugong feeding below-ground components for biomass determination and nutrient
preferences Fig. 2 Map of Sibu-Tinggi Archipelago which comprises of two main islands — Pulau Sibu and Pulau Tinggi, analysis, |e Total CN F), StarCh & Fibre (F|g 8)

off the southeast coast of Johor, Peninsular Malaysia (inset).
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Field surveys were conducted in June and October 2016, and May, September i O Sk 25::32

and November 2017. A total of approximately 45 hours of video footages were mg m——— \ Fg mr——

recorded via towed video survey of Sibu Archipelago meadow and 31 feeding 0.73 km?
trails were sampled from Pulau Sibu and Pulau Tinggi. But in this poster, we “ 4 RN
reported only seagrass and feeding trail presence in map form from both inter- b —— Halodule uninervis Wy Halophila ovalis

monsoon* and pre-monsoon* seasons in 2016, and feeding trails information from B ..o g 43% 45%
. . Pulau Sibu Kukus
16 samples (n=16) which collected in 2016. Pl St Hiong 4

Pulau Sibu Hujong Table 1

*Northeast monsoon winds and rainfalls occur during November to March in the study site. 5 P e e | (1=16)
imension of feeding trails and biomass per feeding trail (n=

Fig. 10a Fig. 10b

Mean length (m) Mean Width (cm) Mean Depth (cm) ~ Mean Area (m?) Biomass per FT (g DW)
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Legend

il Ly
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|| Seagrass Meadow .
' Feeding Trail Coordinates_Inter-monsoon ;' Sebirah Besar

A Featoy Tol Gt re-orson ] The analysis on mean shoot density showed that dugongs
A primarily chose Halophila ovalis (45%) and Halodule uninervis
S o ilau Sibu (43%) as their food within their feeding ground in Sibu-Tinggi

5.89+4.52 13.60+ 1.83 29+0.7 1.17 +1.57 69.57+65.12

Pulau Sibu

{ Sebirah Kecil

) \e;\ Pasir Panjang
N Marine Parks Centre
ez

X Archipelago (Fig. 11)

.V»P.L"‘*,;;j;’j"s,bmgah Ssanlyy. B \ H. ovalis and H. uninervis were the most abundant seagrass
‘ :,_e,g‘-_‘__r’ulausmuKukus species in the Sibu-Tinggi Archipelago, providing the highest
‘ bilomass resources per unit area to the dugongs. The results
matched other tropical studies which reported dugongs to be

grazing on these two species of seagrass (Yamamuro & Chirapat,
| Pulau Papan 2005). However, other biological and/or physical factors yet to be
Fig. 9a Feeding trail locations observed and marked via underwater Fig. 9b Dugong feeding trails at Pulau Tinggi were mainly found in a Pulau Sibu Tengah teSted in thIS StUdy COUld also be influencing the preferences Of

towed video sampling on the Pulau Sibu seagrass meadows during the small area of seagrass (red star) perpendicular to the Marine Parks ]
June 2016 inter-monsoon (blue) and October 2016 pre-monsoon (red). Centre. (Map adopted from Ooi et al., 2010) : ‘ dugong feedlng_

& | Pulau Sibu Hujong

Pulau Sibu Kukus

Mean biomass consumed is 69.57 + 65.12 g DW per feeding trall
Pulau Sibu Hujong (Table 1). Exploratory data analysis showed that the mean length
Seagrass meadow in the Sibu archipelago covering an area approximately 16.5 km? ’ - and mean area of feeding trail have strong positive linear
as depicted by the green polygon in Fig. 9a. b, J y correlation with mean seagrass biomass per feeding trail
1 (R=0.8646 & R=0.9417) (Figs. 12 & 13), implying that dugongs
In the Sibu Archipelago, most of the dugong feeding trails occurred at the mid- iq. generally fed more by grazing a longer trail or larger area trail
southern part of the meadow (circled by red dotted line) throughout the two seasons, when there was higher seagrass biomass. Further regression

suggesting that dugong feeding grounds are centralized around Pulau Sibu Tengah . - : :
anggPuIaugSibu HUJgongg(Fig. 9;}).g ) Heatmap in Figs. 10a & 10b showed that the FHA, as indicated SMEWETS (5 rEgUtee] o @uleiE une MREemsp:

by red zones, has shrunk by 95% between the inter-monsoon

In Pulau Tinggi, SCUBA diving surveys for seagrass sampling revealed that dugong (0.73 km?) and pre-monsoon (0.026 km?) in 2016. However the

. . 7.00
feeding trails were mainly concentrated in a small area at the leeward edge of the overlap of red zones from the two seasons (Fig. 10c), suggests @ 6.00 @

meadow, perpendicular to the location of Marine Parks Centre (Fig 9b). that there Is site-fidelity for the dugongs’ feeding grounds in the y oo
Sibu Archipelago. |
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Repeated samplings and analyses are needed to improve the el ¢ K
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| KNOWLEDGE

EXPANSION ON DUGONG
FEEDING ECOLOGY

CI o Towed video survey showed that the seagrass meadow in Sibu Archipelago was approximately 16.5 km?, Futu re
OS' ng which is the first ever map charted for the Sibu Archipelago’s meadow.

Rema rkS Dugongs fed primarily at the mid-southern part of the Sibu Archipelago seagrass meadow and maintained WO rkS
their FHA throughout the two seasons in 2016. Despite the FHA shrinking by 95% between the two seasons,

our results showed evidence of strategic feeding behaviour adopted by dugongs, as they fed in a non-
random pattern in terms of geographical area. However, a notable difference was observed during sample
collection in November 2017, whereby feeding trails were encountered more frequently and scattered

> Malaysia

around the mid-southern meadow than other past samplings. Therefore, more samplings and analyses are PROTECTION
required to improve the understanding of FHA dynamicity in the Sibu Archipelago. OF DUGONG’S HABITAT
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concentrated at one location, likely due to the much smaller acreage of seagrass. Population. PLOS ONE, 10(10).
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Abstract

In Peninsular Malaysia, endangered dugongs (Dugong dugon) are localized around the Sibu-Tinggi Archipelago (South China Sea) owing to the presence of extensive seagrass meadows. Field surveys were conducted in 2016 and 2017 to study
the distribution of seagrass meadows and the dugongs’ interactions with their seagrass habitat in the subtidal tropical environment of the archipelago. We examined the spatial distribution patterns of the dugong feeding trails across different
seasons using towed underwater video and ascertained whether dugong feeding patterns in subtidal meadows were related to seagrass diversity, biomass, nutrient composition, water depth and/or substrate. Sixteen feeding trails were sampled
by SCUBA diving for seagrass and sediment. Feeding trails were on average 2.9 + 1.0 cm deep, and were dominated by small and fast-growing species, Halophila ovalis (mean shoot density 1236.27 + 410.31 m?) and Halodule uninervis
(mean shoot density 499.18 + 297.61 m-?) while Cymodocea serrulata (mean shoot density 36.71 + 74.51 m-2) and Syringodium isoetifolium (mean shoot density 17.54 + 44.30 m2) were less abundant. Most of these feeding trails occurred in
the mid to southern part of the meadow. The distribution of intensive feeding areas across the seasons suggested a practice of regular dugong grazing of sectional swards, called “feeding hotspots”. Such regular, non-random feeding patterns
Imply the dugongs utilize the meadows in a strategic way, driven by the vegetative and physical habitat factors measured in this study. By identifying the most influential drivers, this study provides a seagrass-explicit rationale for designing

better protected areas for dugongs.

Introduction

The dugong (Dugong dugon) is a herbivorous marine mammal listed as
“Vulnerable’ on the IUCN Red List of Threatened Species. Its distribution
and survival is highly dependent on the availability of healthy acreages of
seagrass meadows in shallow coastal waters. Sibu-Tinggi Archipelago,
Johor, appears to be the only location where a small but significant
population of dugongs iIs found owing to the presence of extensive
seagrass meadows which are often overlooked at the local and national
scales (Ool et al., 2010). The population size is most likely not more than
100 individuals (Ponnampalam et al., 2015). The objectives of this project
were to determine the spatial distribution of seagrass habitats, to elucidate
spatial and temporal distribution of dugong feeding trails in the subtidal
seagrass meadow, and to ascertain the vegetative qualities (i.e. diversity,
biomass and nutrient composition) of seagrass consumed to elucidate
dugong feeding preferences.

Materials and Methods

Field surveys were conducted in Pulau Sibu and Pulau Tinggi (pulau=island) in June and October 2016,
and May, September and November 2017. Both coastal islands are predominated by tropical subtidal and
forereef seagrass meadows, with fringing coral reefs and small littoral mangrove forest patches.

Seagrass and Feeding Trail Mapping: Towed video survey (Fig. 1) was conducted in Sibu Archipelago
along transects (Fig. 2). Seagrass extent and feeding trail occurrence (Figs. 3 & 4) were assessed during
the video review by systematic point sampling protocol and data was then integrated into spatial
database in QGIS software. Feeding Hotspot Areas (FHA) was analysed statistically with non-
parametric Kernel-Density Estimation model by using QGIS software.

Photogrammetry and Sample Collection: Photo-quadrats were taken to measure the dimension and
area of selected feeding trails, based on freshness indicators adapted from D’Souza et al., 2015 (Fig. 5).
Seagrass samples were collected from both islands by coring and then sorted according to species,
above- and below-ground components for biomass determination and nutrient analysis, i.e. total carbon,
nitrogen, phosphorus, starch and fibre (Fig. 6).

|_ocations of dugong feeding trails and Feeding Hotspot Areas (FHA)
on subtidal seagrass meadow In Sibu Archipelago
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Fig. 7 Feeding trail locations observed and marked via underwater towed video sampling on the Pulau Sibu
seagrass meadows during the June 2016 inter-monsoon (white) and October 2016 pre-monsoon (red). Seagrass
meadow in the Sibu archipelago covering an area approximately 16.5 km? as depicted by the green polygon. Most
of the dugong feeding trails occurred at the mid-southern part of the meadow throughout the two seasons,
suggesting that dugong feeding grounds are centralized around Pulau Sibu Tengah and Pulau Sibu Hujong. In
Pulau Tinggi, SCUBA diving surveys for seagrass sampling revealed that dugong feeding trails were mainly
concentrated in a small area (red star) at the leeward edge of the meadow.

Heatmap In Figs. 8a and 8b showed that the FHA, as indicated by red zones, has shrunk by 95% between the inter-
monsoon (0.73 km?) and pre-monsoon (0.026 km?) in 2016. However the overlap of red zones from the two
seasons (Fig. 8c), suggests that there is site-fidelity for the dugongs’ feeding grounds in the Sibu Archipelago.
Repeated samplings and analyses are needed to improve the understanding of the FHA occurrence in the areas.

Note: A total of approximately 45 hours of video footages were recorded via towed video survey of Sibu
Archipelago meadow and 31 feeding trails were sampled from Pulau Sibu and Pulau Tinggi. In this poster, we
reported only seagrass and feeding trail presence in map form from both inter-monsoon* and pre-monsoon*
seasons in 2016, and feeding trails information from 22 samples (n=22) which collected in 2016 and 2017.

*Northeast monsoon winds and rainfalls occur during November to March in the study site.

Fig. 9 The analysis on shoot density showed that

dugongs primarily chose Halophila ovalis

(12356.27 shoots/m?, 69%) and Halodule

uninervis (499.18 shoots/m?, 43%) as their food

within their feeding ground (FT) in Sibu-Tinggi
m Halodule uninervis ArCh I pEIagO )

Cymodocea serrulata
E Sreedum e ovalis (HO) and H. uninervis (HU) were the
FT

NFT

m Halophila ovalis

Seagrass Meadow

most abundant seagrass species at all sampling
sites. The results matched other tropical studies
which reported dugongs to be grazing on these two
7" shootbensiymay species of seagrass (Yamamuro & Chirapat, 2005).
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Figs. 10-13 Whole plant shoot density (m2), biomass (g/DW m?) and total nitrogen (%) of HO were significantly
different across feeding trail areas (FT) and non-feeding trail areas (NFT) (Wilcoxon rank sum: Z = 2.16, n = 22, p = 0.03
[Shoot Density], Z = 4.13, n = 22, p = <0.001 [Biomass], Z = 4.53, n = 22, p = <0.001 [Nitrogen]). Shoot density of HO and HU were
significantly different between species in FT areas (Fig. 14) (Wilcoxon signed rank: Z = 4.93, n = 22, p = <0.001), but not
significantly different in NFT areas. Total carbon (C) and nitrogen (N) in HU varied significantly across FT and NFT
areas (Wilcoxon rank sum: Z =-2.56, n =22, p = 0.010 [Carbon], Z = 2.30, n = 22, p = 0.021 [Nitrogen]).

Dugong feeding is potentially influenced by HO properties such as shoot density, biomass and plant N content because
these properties were significantly higher in feeding trail areas. The N content of HU was also significantly higher in
feeding trails areas, which suggests the potential role of this species in determining popular feeding areas for dugongs.
However, N and C did not differ between HO and HU, which suggests that feeding preference may be influenced
more by plant abundance than by N and C content. Both species are common and often occur in mixed meadows,
making selective feeding difficult. Thus, site preference in feeding may presumably be influenced by the density,
biomass and N content of the seagrass community as a whole, instead of individual species.

Closing Remarks

* Dugongs fed primarily at the mid-southern part of the Sibu Archipelago seagrass meadow and maintained their FHA
throughout the two seasons in 2016. Despite the FHA shrinking by 95% between the two seasons, our results
showed evidence of strategic feeding behaviour of dugongs, as they fed in a non-random pattern in terms of
geographical area.

« Two mostly grazed seagrass — H. ovalis and H. uninervis were the most abundant species present in our study site.
We found that feeding trails were most associated with H. ovalis with higher density, biomass and nitrogen content
compared to the meadow with no feeding trail.

« A better understanding of meadow characteristics I1s important to identify important dugong feeding areas and
feeding behaviour, for protection of dugong habitats in tropical meadows.
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