
PRIMARY RESEARCH PAPER

Dugong foraging behavior on tropical intertidal seagrass
meadows: the influence of climatic drivers
and anthropogenic disturbance
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Abstract Foraging strategies of dugongs in tropical

areas are not yet well understood, and that is partic-

ularly true for grazing of fast-growing pioneer

seagrass meadows in the intertidal zones. In this

study, we investigated the driving factors affecting the

number of grazing tracks in intertidal seagrass mead-

ows caused by small herds of dugongs in Balikpapan

Bay, Indonesia. We investigated seven intertidal

seagrass meadows for which the dynamics of seagrass

biomass, the ratio aboveground to belowground

biomass, and the number of grazing tracks were

recorded and measured based on monthly intervals

over a year. Seagrass features showed a significant

relationship with wind speed, precipitation, desicca-

tion time, the distance of the grazing sward to a

residential area, and fishing activity based on multiple

(generalized) linear models. While the intertidal

seagrass meadows consisted of 5 species in total, only

Halodule pinifolia patches were grazed. Dugong

feeding tracks were found in four of the seven sites.

The strong variation in the number of tracks through-

out the year was significantly affected by seagrass

biomass of seagrass, location and wind speed. Our

results show how the interplay of site conditions

related to both shelter (wind speed) and food avail-

ability (seagrass biomass) determines its suitability for

dugongs.

Keywords Dugong � Seagrass � Climate �
Anthropogenic disturbance � Shelter

Introduction

Dugongs are megaherbivore mammals, which are

strictly marine and forage both in near-shore seagrass

meadows and in subtidal seagrass meadows (up to 40

m deep). Ecologically, the dugongs occupy an essen-

tial niche in the shallow coastal ecosystem along the

tropical and subtropical Indian ocean and western
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subtropics of the Pacific Ocean (Nishiwaki & Marsh,

1985). They have presumably adapted their foraging

strategies and have become specialized herbivores to

cope with the spatial variability in their resources

(Sheppard et al., 2007). Dugongs are believed to be

represented by separate, relict populations, many close

to extinction or extinct (Marsh et al., 2002). The

International Union for Conservation of Nature

(IUCN) ranked this species as vulnerable to extinction

and trade in its products is regulated or banned by the

Convention on International Trade in Endangered

Species of Wild Flora and Fauna (CITES appendix I).

Nevertheless, dugong feeding preferences and

foraging behavior are still not fully understood. This

is particularly true for the intertidal zone. Dugongs are

known to consume almost all seagrass species but they

show a preference for small and soft pioneer species

such as Halodule spp. and Halophila spp. (Adulyanu-

kosol & Poovachiranon, 2006). Short seagrasses such

as Halophila ovalis, Halodule uninervis, Cymadoce

rotundata, C. serrulate, Syringodium isoetifolium and

Thalassia hempricii showed more evidence of being

grazed than high fiber seagrasses such as Enhalus

acoroides (Aragones et al., 2006; Tol et al., 2016). In

addition, intertidal seagrasses are considered to be

likely more nutritious compared to subtidal meadows

due to higher nitrogen contents and higher digestibility

(Lanyon, 1991; De Iongh et al., 1995; Preen, 1998;

Yamamuro & Chirapart, 2005; Sheppard et al., 2007).

Indeed, a cafeteria experiment with a captive dugong

in Surabaya Zoo by De Iongh (1996) showed that

dugongs prefer food with a high In Vitro Digestibility

(IVD) like Halodule uninervis and Halophila ovalis

(fast-growing species). Likewise, in tropical areas,

starch contents and carbohydrate contents of the

belowground biomass rather than total nitrogen

(Sheppard et al., 2007) seemed to drive dugong

grazing behavior in the Lease islands and in Balikpa-

pan bay, Indonesia (De Iongh et al., 2007). The

intertidal zone is inhabited by typical opportunistic

seagrasses of the genera Halophila, Halodule, Ruppia

and Lepilaena and these species also generally display

rapid a colonizing growth and a rapidly fluctuating

total standing biomass (Kilminster et al., 2015). These

features likely increase their palatability.

However, nutritional properties of seagrass are

unlikely to be the only drivers of dugong occurrences.

For instance, in North Australia, feeding patterns were

influenced most strongly by the available plant

biomass and only to a lesser degree by species

composition and/or by nitrogen content (Preen,

1995; Sheppard et al., 2007, 2010; Tol et al., 2016).

Moreover, their movements might also be influenced

by the tidal cycle, with high tide facilitating dugongs’

access to the intertidal area (De Iongh et al.,

1998, 2007; Marsh et al., 2002; Sheppard et al.,

2010). Dugongs spend a significant time in shallow,

turbid waters and are often active at night (Anderson,

1994; De Iongh et al., 1998; Ichikawa et al., 2010;

Sheppard et al., 2010; Parsons et al., 2013). In

addition, Ichikawa et al. (2010) suggested that

dugongs selectively prefer less noisy environments,

and thus seem to avoid noise disturbance. Conse-

quently, dugong preference for certain feeding swards

may also be influenced by human caused disturbance,

e.g., boating traffic, and fishing activity (Hodgson &

Marsh, 2007; Sheppard et al., 2007). The majority of

dugong deaths are believed to result from incidental

entanglement in fishing nets, destructive fishing prac-

tices, habitat destruction and boat strikes (Marsh et al.,

2002; Rajamani & Marsh, 2010). Even though the

number of cases of dugong hunting have declined, due

to the scarcity of dugongs and improved enforcement

of government laws and regulations, in some parts of

Indonesia dugong’s meat is still being consumed. In

coastal areas of Indonesia, dugongs are often caught in

tidal fish traps or ‘sero’ (which are large traps

constructed of mangrove wood, bamboo and netting)

and gillnets, which can lead to stranding or washing up

dead on beaches. People assume that as long as they do

not actively hunt, they are not violating the regula-

tions, and think when dugong are found dead, they can

be legally consumed (Zamzani, 2017; Ambari, 2018;

DKP, 2019).

Next to understanding local occurrences, also the

drivers of seasonal variation in dugong occurrences

and migration in Indonesia are not well understood. In

subtropical regions, dugongs have been shown to have

a limited thermal tolerance and therefore travel large

distances to warm water during wintertime (Anderson,

1994; Marsh et al., 1994; Sheppard et al., 2006).While

the seasons in the tropics are strongly influenced by

monsoons, temperature differences are unlikely to

play a role in those situations. Instead, both De Iongh

et al. (2007) and Sheppard et al. (2009) suggest the

possibility that wind speed and direction and wave

action may affect dugong migration and behavior. In

Indonesia, the East monsoon (April–October) is
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usually characterized by low rainfall and high waves

in the southern parts, while the West monsoon

(October–April) is characterized by high wind and

high waves in the northern regions. The importance of

wind speed and wave action to explain the temporal

and spatial feeding patterns of dugongs has, however,

not been quantified and also its relative importance

compared to human disturbance or food availability is

not well understood.

Understanding the drivers of dugong foraging in

space and time and their role in the tropical seagrass

meadows, where the dugongs live in small herds, will

assist in developing appropriate coastal conservation

strategies. The main aim of our study therefore was to

investigate which factors influence the dugong feeding

frequency in space and time in intertidal seagrass

meadows. For this purpose, the vegetation composi-

tion and biomass of intertidal seagrass meadows, the

dugong feeding frequency in time and space were

recorded, measured and analyzed in Balikpapan Bay,

Indonesia. These variables were related to factors

potentially influencing the feeding frequency (wind

speed, tide, temperature, aboveground to belowground

biomass ratio, and fishing activity in seagrass mead-

ows). Our study may contribute to a better under-

standing of the functioning of intertidal seagrass

meadows and their ecological role as a habitat for

small herds of dugongs.

Material and methods

Study Area

The Bay of Balikpapan is situated on the East coast of

Kalimantan, Indonesia, (Fig. 1). Balikpapan Bay

covers a surface of 16,000 ha, which drains a

watershed of approximately 195,000 ha, bordering

both rural and industrial areas (De Iongh et al., 2007).

Along the bay, there is a stretch of mangrove, which is

linked to intertidal inshore seagrass meadows. The bay

has several industrial ports with a large oil refinery and

intense tanker traffic. Around 22 seagrass meadows

were found along the coastal line of Balikpapan Bay,

dominated by Halodule pinifolia, but also Halophila

ovalis, H. minor, Thalassia Hemprichii, and Enhalus

acoroides were found to occur (De Iongh,

2005, 2006). We only selected intertidal meadows

with a wide expanse. Therefore, only seven potential

seagrass meadows were selected in Balikpapan Bay:

Kariangau, Tg. Batu, Pulau Kedumpit, P. Kuangan, P.

Balang, Beranga, and Tempadung.

A small population of dugongs have been docu-

mented in Balikpapan Bay from 2000 until 2008

(Marsh et al., 2002; De Iongh et al., 2007; Kreb, 2008).

De Iongh et al. (2007) reported a subpopulation of 3 to

5 dugongs in Balikpapan Bay as part of a larger

population found along the surrounding East coast of

Kalimantan. Kreb (2008) reported only three sighting

of dugongs in Balikpapan bay. These mammals were

found swimming in Kariangau and Muara Berenga.

Data collection and analyses

Seagrass composition and distribution

In September 2016, species composition and seagrass

coverage (%) was determined in each of the seven

seagrass meadows. Ten quadrats (60 cm 9 60 cm)

were selected haphazardly for each seagrass meadow,

covering the entire meadow area (no more than two

meters outside of the seagrass boundary). Species

composition, seagrass cover (%) and total size of each

seagrass meadow (m2) was determined for each of the

seven seagrass meadows. The surface area was

determined by mapping the seagrass meadows with a

GPS Garmin 60 CSX. Each seagrass meadow was

mapped once by walking along the borders of each

species and taking coordinates every 20 m (with an

accuracy of 10 m, using a GPS Garmin 60 CSX).

Surface area was calculated by connecting all coordi-

nates as a polygon in Arc GIS 10.4 (ESRI 2015)

Seasonal dugong tracks distribution and species

selectivity

New dugong feeding tracks in the seven meadows

were counted every month from September 2016 to

December 2017. A grazing track was regarded as new

(\ 5 days of age) when the roots of seagrass species

could be seen and/or when the grazing track was

relatively deep ([ 4 cm deep; De Iongh, 2006). We

noted the most grazed seagrass species judging from

the seagrass composition at places where dugong

feeding tracks were observed. We checked at least five

randomly selected grazing tracks per seagrass meadow

for species composition, and additionally, five random

tracks were selected and the dimension measured for
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length, width, and depth, in February 2017 at four of

the seagrass sites (Tg. Batu, Berenga, Tempadung and

P. Belang).

Seasonal dynamic seagrass biomass

The dominant species in our seven meadows is H.

pinifolia and it was also found to be the most grazed by

dugongs (De Iongh et al., 2007; personal observation,

2016). Therefore, three samples were taken haphaz-

ardly in monospecificH. pinifolia patches for all seven

seagrass meadows, between October 2016 and

December 2017. To gather enough biomass, one

sample consisted of three plastic cores (Ø 16 cm, depth

30 cm) which were dug to approximately 20 cm depth

to sample all rhizomes and roots (De Iongh et al.,

1995). Samples were sieved with a 1 mmmesh sieve in

seawater to remove sand and mud. Samples were then

washed in freshwater, and aboveground material

(stems and leaves) and belowground material (rhi-

zomes and roots) were separated manually. Plants

were carefully rubbed to remove any epiphytes. The

wet weight (WW) was determined using an analytical

balance (OHAUS) at 0.0001 g precision. Samples

were wrapped in aluminium foil and dried in an oven

(70 �C) up to 48 h until a consistent dry weight was

achieved (g DW m-2).

To estimate the biomass of all species, three

replicate samples of biomass were collected per

seagrass meadow for all species from October 2016

to December 2016. Total dry weight aboveground and

belowground were used to estimate seagrass biomass

by extrapolation to the surface area of each species.

Climate and the tidal cycle

Climate and tidal cycle influence the oceanographic

dynamics in Balikpapan Bay and might determine the

foraging behavior of dugongs. Therefore, the follow-

ing climatic covariates were assessed: wind speed (as

major factor in wave generation), temperature, and

precipitation. Data were obtained from Worldclim

version 2 (www.worlclim.org) at a spatial resolution

of 1 km2. The data refer to coordinate positions within

which our seven research sites were situated. Tidal

cycle data were obtained from the Tidal Book 2016

and 2017 produced by Indonesia Geospatial Infor-

mation Board (BIG, 2016, 2017).

Anthropogenic disturbance

Anthropogenic activities in the study area that might

disturb dugongs were fishing activities and the

distance of residential areas to the seagrass meadows.

Fishing activities in this study were classified as any

human activity to collect fish within a seagrass

meadow, including recreational fishers and crab pots.

This activity was counted in each seagrass meadow

during 12 observation days in February 2017, and

recorded as the number of individual activities. The

distance of residential houses to seagrass meadows

was measured by collecting the coordinate of the

midpoint of each seagrass meadow, and using Google

Maps and Arc GIS 10.4 (ESRI, 2015) to measure the

distance of this coordinate to the nearest residential

settlement.

During February 2017, fifteen open interviews were

held with local fishermen with the following questions

for qualitative analysis; (a) What is your age and

primary profession? (b) Did you observe dugongs or

catch dugongs over the past ten years? (c) Did you

observe dugongs or catch dugongs during the last two

years?

Statistics

The potential drivers and their relative importance for

the spatial and temporal pattern of the number of

dugong tracks was analyzed using a Generalized

Linear Model (GLM). Given that the number of

dugong tracks constitute count data, we applied a

Poisson distribution with a log-link function (a logit-

link function performed very similarly) as commonly

advised. To evaluate whether dugong grazing has a

different spatiotemporal dynamic than the indicators

of its main food source, the biomass ofH. pinifolia and

its aboveground to belowground biomass ratio (as

measure of relative availability of carbohydrates), we

also tested these variables as dependent variable. After

a log-transformation, seagrass biomass and the above-

ground/belowground (AB/BG) ratio complied to a

normal distribution, and hence a Gaussian distribution

bFig. 1 Overview of Balikpapan Bay, Indonesia and the seven

seagrass meadows investigated. 1 = Kariangau, 2 = Tg. Batu, 3 =

P. Kedumpit, 4 = P. Koangan, 5 = Berenga, 6 = P. Belang, 7 =

Tempadung
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was applied to these variables in a GLM analysis. In all

analyses, we included fishing activity and distance

from a residential area as human disturbance variables

and desiccation time, precipitation and temperature,

site and month. as potential ecological drivers. We

used ‘‘site’’ and ‘‘month’’ as categorical factors to

account for additional undefined spatiotemporal

drivers. For all three response variables, we selected

the best model based on a backward model selection

with the step() function in R using the Akaike

Information Criterion (AIC). If ‘‘site’’ or ‘‘month’’

was significant according to the best model, a Tukey’s

honestly significant difference test was run to identify

which ‘‘sites’’ or ‘‘months’’ were most dissimilar for

biomass and AG/BG ratio. For the number of grazing

tracks, which were not normally distributed, site

differences were obtained from the summary() func-

tion of GLM as, in that case, the assumptions of a

Tukey’s were not fulfilled.

Before analysis, the few missing observations were

estimated to avoid complete removal of sampling

months. We missed above and belowground biomass

for a few monitoring months, and used the linear

relationship between total biomass and the AG/BG

ratio to impute the missing data. The attribution of

biomass to above- and belowground biomass was

missing in a few other months. For that variable, we

used the measured total biomass in combination with

species-location average ratios of above- and below-

ground obtained from the other months to estimate the

missing values.

As part of our analysis, we made scatter plots of the

explanatory variable and the (transformed) response

variable to evaluate deviations from linearity, as well

as of the predicted vs. residuals. Any deviation from

linearity should translate into a deviation in the

symmetry of residuals. In neither case, we observed

such deviation. We conclude that the relationships

tested in this research approach a linear relationship.

Some overdispersion occurred in the number of

dugong tracks, a common feature of count data. To

evaluate collinearity among variables, we applied the

Spearman rank correlation for continuous variables

and the Variance Inflation Factor (VIF) for categorical

variables. Following Zuur et al. (2010), we used a

stringent VIF threshold of 3.0 and a threshold for the

Spearman correlation of 0.7. None of the final models

were affected by collinearity according to these

criteria (results not shown). All statistical performance

we used R statistical software ver. 1.4.1103 (R core

team, 2018)

Results

Seagrass composition and distribution

We found that the seagrass meadows at the seven sites

comprised five species; (1) Halodule pinifolia (Cy-

modoceaceae), (2) Halophila minor (Hydrochari-

taceae), (3) Halophila ovalis (Hydrocharitaceae),

(4) Thalassia hemprichii (Hydrocharitaceae), and

(5) Enhalus acoroides (Hydrocharitaceae). Thus,

seagrass meadows in Balikpapan Bay are intertidal

seagrass meadows dominantly inhabited by typically

colonizing and opportunist seagrasses of the genus

Halodule and Thalassia while there is a subtidal zone

dominated by Enhalus spp (only found in Kariangau).

The total seagrass area across the seven locations was

estimated to have a total surface of 207,418 m2.

Kariangau is the largest seagrass meadow with 81,309

m2 and has a high species diversity with all five species

found (Table 1).

In terms of coverage, the fast-growing H. pinifolia

(and to some extentsHalophila minor) is the dominant

species in all intertidal seagrass meadows in Balikpa-

pan Bay, except for Kariangau. The species coverage

in Kariangau was dominated by T. hemprichii, and H.

pinifolia is the second largest species coverage;

meanwhile E. acoroides is the largest seagrass species,

and although it only covers a small area, it has high

total biomass compared to other species due to its large

size (Table 1).

Seasonal dugong tracks distribution and its

dimensions

Kariangau and P. Koangan were the only sites not to

have grazing tracks during our sampling period. All

tracks were found in the H. pinifolia zone. The

dynamics in the number of dugong tracks seemed to be

explained 55.96% of the variance (P\0.01) by site,

biomass, biomass ratio, wind speed and fishing

activity which were selected as primary independent

factors influencing the grazing behavior of dugongs.

These independent variables significantly affected the

number of grazing tracks present in the meadow (P\
0.01 and P\ 0.05) (Table 2). Tempadung is the site
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that had the largest average number of grazing tracks,

which was significantly different (P\0.05) from other

sites except for Tg. Batu (Fig. 2).

At the onset of the rainy season, from October to

December (in 2017 and to some extent in 2016),

consistently more grazing tracks were observed than

during other times of the year. For instance, some 120

tracks were counted in Tg. Batu in October 2016,

while in June 2017, only 13 tracks were counted at the

same site. The overall average number of grazing

tracks across all months was the highest in Tempadung

(53± 24), Tg. Batu (66± 30) and P. Belang (68± 38).

These sites were also most frequently visited by

dugongs; 8, 5 and 4 months, respectively out of the 11

sampling months included in this study. Only a few

times, we found grazing tracks in Berenga (3 months

Table 1 Species composition, species coverage, species biomass, species percent cover and sediment type with standard errors in

seven seagrass meadows, Balikpapan Bay, Indonesia

No. site Site Species composition Area (m2) Biomass (g m-1) Percent cover Sediment type

1 Kariangau Halophila pinifolia 8,327 32.42 ± 4.13 75 loamy sand

Thalassia Hemprichii 65,214 246.9 ± 22.5 50 loamy sand

H. ovalis 3,176 64.1 ± 13.3 35 loamy sand

Enhalus acoroides 4,592 1907.0 ± 301.3 30 loamy sand

H. minor a 26.04 ± 5.8 25 loamy sand

2 Tg. Batu Halophila pinifolia 11,754 46.16 ± 3.9 75 loamy sand

H. minor 620 91.2 ± 7.4 25 loamy sand

3 Pulau Kedumpit Halophila pinifolia 12,711 39.20 ± 2.9 80 loamy sand

Thalassia Hemprichii 107 409.53 ± 53.1 35 loamy sand

H. minor a 64.30 ± 10.5 35 loamy sand

4 P. Koangan Halophila pinifolia 13,777 54.86 ± 4.8 90 loamy sand

H. minor a 62.30 ± 10.0 50 loamy sand

5 Berenga Halophila pinifolia 34,254 27.6 ± 3.2 75 loamy sand

H. minor 260 50.4 ± 7.0 30 loamy sand

6 Tempadung Halophila pinifolia 8,528 14.21 ± 1.45 90 loamy sand

H. minor 702 40.76 ± 10.68 50 loamy sand

H. ovalis 51 62.31 ± 10.4 25 loamy sand

7 P. Belang Halophila pinifolia 38,716 53.14 ± 1.68 90 loamy sand

H. minor 510 56.6 ± 11.8 60 loamy sand

H. ovalis 4,119 90.60 ± 8.91 50 loamy sand

aChallenging to calculate the area as H. minor lived mixed underneath H. pinifolia canopy

Table 2 Significance of the tested factors in the Generalized Linear Models, each column representing the results of the best model

Intercept Month Site Biomass AG/

BG

ratio

Distance

residential

area

Wind

speed

Temperature Precipitation Fishing

activity

Deviance

explained

(%)

Grazing

tracks

*** X ** *** *** X *** X X 0.12# 55.96

Biomass *** X ** X *** X X X ** X 53.24

AG/BG

ratio

0.2 ** * X X X X 0.20 X X 86.00

X = variable eliminated in our model selection; #p = 0.1; *p\ 0.05; **p\ 0.01; ***p\ 0.001

123

Hydrobiologia (2021) 848:4153–4166 4159



with an average number of tracks of 36 ± 11) and P.

Kedumpit (1 month, with 25 tracks) and we never

found tracks at Kariangau and P. Koangan.

Dimensions of the grazing tracks vary for length

and depth, but not for width. There was no difference

in dugong track lengths at Tg. Batu, Pulau Belang and

Tempadung, with an average of (349 ± 60.7 cm),

while dugong tracks were shorter at Berenga (225.6±

14.4 cm). The average width of the grazing tracks was

consistently 19–21 cm. The deepest tracks were found

in Tempadung with an average of 5.22 ± 0.3 cm, and

the shallowest occurred in Tg. Batu with 3.89 ± 0.3

cm.

The result of the questionnaire survey showed that

dugongs were only sporadically observed by fisher-

men. Only elderly fishermen ([50 years old) had seen

dugongs directly (by observation or hunting). Most of

the local people found it challenging to distinguish

dugongs from freshwater dolphins (Orcaella

brevirostris).

Spatiotemporal dynamics in H. pinifolia biomass

The biomass in H. pinifolia meadows at Balikpapan

Bay ranged from 32.18 ± 2.8 to 120.19 ± 5.4 g DW

m-2 (n=40). P. Koangan (57.2± 2.5 g Dwm-2) and P.

Belang (51.8 ± 3.0 g Dw m-2) had the highest

biomass of H. pinifolia (Fig. 3a). The lowest biomass

of H. pinifolia was found in June 2017 (33.59 ± 1.4 g

DW m-2) and the highest biomass was found in

December 2017 (56.64± 4.6 g DWm-2), see Fig. 3b.

This coincides with the onset of the rainy season,

although surprisingly precipitation, desiccation time

and month were all eliminated from the model. The

best linear model for H. pinifolia biomass explained

53.24% of the variance (P\0.01) and was affected by

site, the ratio of aboveground to belowground

biomass, and then precipitation (Table 2). Interest-

ingly, Tempadung had significantly less biomass than

four of the seagrass sites but had significantly more

dugong tracks than four of the five sites which had

tracks present (26.3± 21.3 g Dw m-2), even though it

is not significantly different from Berenga and Kar-

iangau (Fig. 3a).

Fig. 2 Spatial pattern of dugong grazing tracks ( ± SE) in

seven seagrass meadows in Balikpapan Bay, Indonesia; monthly

observations from September 2017 to December 2017. Signif-

icant deviations—according to the summary() function of our

GLM model—compared to Berenga (which was the site closest

to the average number of grazing tracks) are indicated in

asterisks, with *signifying a significantly higher number of

grazing tracks and **signifying a significantly lower number of

grazing tracks compared to Berenga
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The intertidal seagrass meadows dominated by fast-

growing species, such as in Balikpapan Bay, are

characterized by relatively high belowground bio-

mass, as expressed by the above- to belowground

biomass ratios which were all\1. Pulau Belang and P.

Koangan had significantly lower biomass ratios than

other sites (Fig. 4a). We found that biomass ratios

from October 2016 to June 2017 were significantly

higher than for September to December 2017 (see

Fig. 4b). The final model of seagrass explained the

spatiotemporal dynamics of the ratio of above- and

belowground well with 86.00% of the variance

explained (P\0.001). This model included all initial

variables; temperature, precipitation, desiccation time,

site, and month, where site (P\0.05), and month (P\
0.05) were significant (Table 2).

Discussion

We found that ten years after a study by De Iongh et al.

(2007), dugongs still forage in Balikpapan Bay. This

finding confirms that conditions in Balikpapan Bay

still allow foraging of dugongs. The presence for

grazing tracks is the main evidence of the presence of

dugongs in the bay where the small number of

dugongs makes it difficult to observe them directly.

Based on the number of tracks and track dimen-

sions (Table 3), we estimate that 2–3 dugongs cur-

rently occur in Balikpapan Bay, which might indicate

a slight reduction in the dugong herds size compared to

the population of 3–5 dugongs observed by De Iongh

et al. (2007). These dugongs are expected to belong to

a larger population, and they may migrate seasonally

to Balikpapan Bay.

During our monitoring period, dugong tracks in

Balikpapan Bay were specifically found atH. pinifolia

patches. Dugongs may graze other seagrass species,

but this is difficult to observe and no detectable impacts

Fig. 3 Biomass (g DW m-2) of Halodule pinifolia (standard

error in vertical lines and its distribution over, a seven seagrass

meadows in Balikpapan bay, Indonesia and b the 11 months of

sampling in this study. Error bars indicate the 95% confidence

interval of the LS means. Means sharing a letter are not

significantly different (Tukey-adjusted comparison)
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were found on other species. Our observations coin-

cide with a previously documented preference of

dugongs for patches with pioneer species, Halodule

spp. (Heinsohn et al., 1977; De Iongh et al. 1995, 2010;

Preen, 1995; Yamamuro&Chirapart, 2005). Nonethe-

less, our model shows that seagrass biomass is one of

the driving factors for dugong to graze in seagrass

meadows. Tol et al. (2016) also demonstrated that

dugongs feeding patterns in Australia tropical regions

were influenced most strongly by the available plant

biomass and only to a lesser degree by species

composition and or by nitrogen content.

Another factor that influences dugong grazing is

location. The observations and GLMs indicate that

Tempadung is the most frequently visited location.

Tempadung is a location that is quite far inside the bay

(Fig. 1). This resonates with the fact that the distance

from residential areas and fishing activity might

influence the foraging strategy in spite of our models

showing these variables as not significantly affecting

the number of dugong grazing. We assume that

dugongs might avoid disturbance to prevent getting

caught by fishing gear or to get hunted by humans.

Interviews also revealed that local people in Jenebora

(small village close to P. Kedumpit) still remember

how they caught dugongs in the past. Local people

Fig. 4 Halodule pinifolia dynamics in the aboveground (AB)

to belowground (BG) biomass ratio in a location and b time of

data collection. Error bars indicate the 95% confidence interval

of the LS means. Means sharing a letter are not significantly

different (Tukey-adjusted comparison)

Table 3 Dimensions (± SE) of dugong grazing tracks col-

lected in seagrass meadows Balikpapan Bay, Indonesia, in

February 2017

Site Length (cm) Width (cm) Depth (cm)

Tg. Batu 295.2 ± 51.3 19 ± 2.6 3.89 ± 0.3

Berenga 225.6 ± 14.4 21 ± 2.6 4.26 ± 0.3

Pulau Belang 367.4 ± 80.0 21.6 ± 1.5 4.32 ± 0.3

Tempadung 384.7 ± 50.9 21.05 ± 2.4 5.22 ± 0.3
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informed us that they like to eat dugong meat, but they

suggested that dugongs are difficult to find nowadays.

Another reason why dugongs may graze in seagrass

meadows far away from residential areas is to avoid

the possibility of the boat collisions. Hodgson &

Marsh (2007) reported that in Moreton Bay, where

there is a large population of dugongs, boat traffic

might reduce the foraging time of dugongs and they

also indicated the direct impact of boats on dugongs

through boat collisions. Similarly, manatees in Florida

appear to be seeking areas of low boat traffic,

increasing their use of sanctuaries where boating is

prohibited (Buckingham et al., 1999; Reynolds, 1999).

These factors do, however, not seem to affect dugong

grazing in Balikpapan Bay.

Another significant indication for the influence on

other non-biological factors influencing dugong for-

aging grazing in time and space (the spatial dynamics

primarily represented by the effects of ‘site’) was the

significance of climatic factors. Most grazing tracks

were observed at the onset of the East monsoon season

(from September to December), which is consistent

with observations from a decade earlier (De Iongh

et al. 2007). Differences in food availability only seem

to some extent explain these patterns. Instead, our

analyses suggest that dugong grazing preferences may

also be influenced by climatic factors in combination

with tidal fluctuations. We observed that mainly wind

speed is an important driver. During the East mon-

soon, winds gradually increase from April to October,

when high waves are formed in open seas along the

East coast of Kalimantan and areas downstream of

Balikpapan Bay. High waves may cause difficulties

for dugong to forage in intertidal areas during high

tide. Dugongs may then prefer calm water, such as in

Balikpapan Bay. De Iongh et al. (1998) reported a

similar result for dugong grazing in the Lease Islands,

Maluku province where dugongs moved to calm

waters such as bays or at the Northside of the islands.

While H. pinifolia biomass was an important driver

of the number of dugong grazing tracks, it was driven

by yet another set of drivers. Total H. pinifolia

biomass was most strongly related to the AB/GB

biomass ratio, environmental temperature, and site. In

addition, these meadows show explicit seasonal

dynamics, with increased biomass during rainy season

(November to February) and decreased biomass

during summertime (April–October). This dynamics

is partly explained by temperature (Lee & Dunton,

1996; Lee et al., 2007) with increasing temperatures in

summertime. However, the month was an important

explanatory variable too, indicating additional tem-

poral variables not explained by our climatic factors

included. Apparently, seasonal dynamics in biomass

was unrelated to precipitation. We considered precip-

itation to be a proxy for the seasonal differences

caused by the monsoons and by tidal fluctuations. We

also assumed that in topical intertidal seagrasses,

precipitation may reduce heat stress. These variations,

nor the acute, pulse-type disturbances by precipitation

affecting coastal area extensions and altering seagrass

physicochemical characteristics (e.g. salinity, temper-

ature, and turbidity; Connell, 1997; Chollett et al.,

2007), seem to be important for the seagrass biomass

that exists in the Balikpapan Bay intertidal zone

(Fig. 3).

Furthermore, we assumed that increased desicca-

tion during the tidal cycle each month negatively

impacts the growth and development of H. pinifolia in

intertidal areas, especially affecting the aboveground

characteristics. In Maluku, daylight exposure during

extreme neap tide resulted in a significant loss of

aboveground plant biomass through desiccation and

the dehydration of leaves (De Iongh, 1996). Other

studies confirm seasonal declines within an intra-

annual cycle in tropical seagrass (aboveground)

biomass due to tidal exposure (Erftemeijer & Herman,

1994). Also, Unsworth et al. (2012) showed that tidal

exposure might induce considerable seasonal variabil-

ity in biomass, production, and nutrient contents in

shallow-water seagrass meadows of E. acoroides in

South Sulawesi. In our study, non-significant effects of

desiccation were found on H. pinifolia. This may be

due to its morphological and growth adaptations to the

intertidal zone. Desiccation tolerance in seagrasses is

likely to involve a combination of morphological traits

and growth strategies, such as downsizing (e.g.,

smaller, narrower leaves; Den Hartog, 1970; Perez-

Llorens and Niell, 1993), reduced structural rigidity

(Björk et al., 1999; Tanaka & Nakaoka, 2004),

osmotic adaptation (Sandoval-Gil et al., 2015) and

increased rates of leaf abscission and leaf turnover

(Shafer et al, 2007). Indeed, H. pinifolia tends to have

less aboveground biomass (Sidik et al., 1999; Long-

staff & Dennison, 1999) and thus greater belowground

reserves to increase resilience to disturbances. Also,

H. pinifolia has narrow leaves that tend to be narrower

and smaller when more exposed. Likewise, Al-Bader
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et al. (2014) reported that Halodule uninervis in

Kuwait bay had longer leaves in the lower intertidal

zone as compared to the upper intertidal zone.

Altogether, we conclude that in Balikpapan Bay

food supply and food quality are abundant and create a

suitable habitat for dugong. The availability of

seagrass biomass and carbohydrates are essential

factors for dugong grazing. In addition, dugongs need

shelter and protection from the sea in bad seasons.

Therefore, the protection of intertidal fast-growing

seagrass meadows in embayment coastal waters may

be an important conservation measure by serving as a

dugong sanctuary. This sanctuary allows connecting

the small population of dugongs in Balikpapan Bay to

the main population that migrates along the coasts of

East Kalimantan. This result might help seagrass

meadows in the archipelago, to support dugong

foraging requirements. It also allowed us to clearly

identify locations where this remnant population

persists, and where urgent management efforts can

be directed. Our systems analysis of dugong-seagrass

interactions under the influence of environmental

conditions can be used to facilitate conservation

actions to inform and educate people, to improve

global awareness, and to enhance the enforcement of

community-based conservation and management of

dugongs and its associated intertidal seagrass habitat.
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