BIODIVERSITAS
Volume 21, Number 9, September 2020
Pages: 4433-4439

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d210962

Short Communication:
The presence of Bull shark Carcharhinus leucas (Elasmobranchii:
Carcharhinidae) in the fresh waters of Sumatra, Indonesia

VERYL HASAN'2*, MAHENO SRI WIDODO*"*
1Department of Fish Health Management and Aquaculture, Faculty of Fisheries and Marine Science, Universitas Airlangga. JI. Dr. Ir. Sukarno, Surabaya
60115, East Java, Indonesia. Tel.: +62-31-315911541, Fax.: +62-31-5965741, Yemail: veryl.hasan@fpk.unair.ac.id
2Division of Zoology, Generasi Biologi Indonesia Foundation. JI. Swadaya Barat No. 4, Gresik 61171, East Java, Indonesia
3Department of Aquaculture, Faculty of Fisheries and Marine Science, Universitas Brawijaya. JI. Veteran, Malang 65145, East Java, Indonesia.
Tel.: +62-341-553512, Fax.: +62-341-556837, ¥ email: maheno2019@gmail.com

Manuscript received: 15 July 2020. Revision accepted: 30 August 2020.

Abstract. Hasan V, Widodo MS. 2020. Short Communication: The presence of Bull shark Carcharhinus leucas (Elasmobranchii:
Carcharhinidae) in the fresh waters of Sumatra, Indonesia. Biodiversitas 21: 4433-4439. A single subadult specimen of Bull shark
Carcharhinus leucas was photographed and captured by local fisherman using casting net on June 2020 in the upper Indragiri River,
Riau Province, Indonesia. Carcharhinus leucas are one of only a few species of elasmobranchs that live in both marine and freshwater
environments. This species currently listed as a near-threatened species based on the IUCN Red List Status. Singel specimen identified
as C. leucas by the coloration of fresh specimen: white belly and greyish back, first dorsal fin high, tip of second dorsal and caudal fins
black. Meristic characters measurement results as follows: total length 102 cm; fork length 86.3 cm; preanal length 65.1 cm; pre pelvic
length 51.9 cm; pre pectoral length 22.5 ¢cm; pre-orbital length 8.3 cm; head length 25 cm; pre-first dorsal length 29.4 cm; pre-second
dorsal length 56 cm, and pre-caudal length 78.1 cm. This photo is considered as the third record from freshwaters of Sumatra after in the
Batang Hari River, Jambi Province in 1997, and in the Musi River, South Sumatra Province in 2019. The photographic records indicate
that a single specimen of C. leucas was found in the upper Indragiri River recorded more than 150 km inland. These results enhanced
the understanding of C. leucas distribution in Sumatra freshwaters. Monitoring is needed to assess the possibility of the importance of
the upper Indragiri River as a migration route, nursery, and growth ground of C. leucas. Studying small scale habitat use of C. leucas is
challenged by their preferred habitats in freshwaters environments with fast-changing environmental conditions. Water conditions in the

upper Indragiri River, namely salinity 0%o, temperature 25-27°C, dissolved oxygen 3.9-11.1 mg/l, are ideal for A. leucas habitat.
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INTRODUCTION

The Bull shark Carcharhinus leucas (Muller & Henle,
1839) is one of the few elasmobranchs that is truly
euryhaline and is a common species that occurs in
nearshore in estuarine and coastal riverine environments
and is wide-spread along the continental coast of all
subtropical and tropical seas as well as numerous lakes and
rivers, rarely found deeper than 30 80 m (Kumar et al.
2018; Wagner et al. 2013). It has been found 4200 km in
the upper Amazon River, Peru South America (Myers
1952); 2800 km in the upper the Mississippi River in
Illinois, North America (Thomerson et al. 1977); 1120 km
in the upper Zambezi River, South Africa (Bass et al.
1973), and has been recorded navigating rapids as it moves
between nearshore coastal habitat and Cocibolca Lake,
Nicaragua Central America (Thorson 1971). The
adaptation of C. leucas to freshwaters has occurred
independently in the evolution of euryhaline shark
(Lucifora et al. 2015). However, the factors affecting the
poor penetration of euryhaline shark into upper river are
currently unknown. An important consideration might be
the high urea requirement of many proteins in marine

elasmobranch (Ballantyne and Robinson 2010; Larsen et al.
2019).

Carcharhinus leucas are top carnivore and their long-
term presence in an urban or natural habitat could therefore
be an indicator of the quality of that ecosystem conditions
and available prey are at levels suitable to sustaining a local
population of this species (Bernard et al. 2016; Matich and
Heithaus 2016). C. leucas can grow to a total length of
about 340 400 cm (Mcord and Lambert 2009). Like most
of the species in the genus Carcharhinus, C. leucas is plain
grey above, with a pale to white underbelly. They have
broad, rounded snouts and small eyes (Compagno et al.
2005; Ebert et al. (2013). C. leucas is a generalist feeder,
although brackish water fish, Mullets, and several brackish
water fish, is believed to be a significant part of the diet in
subadults and juveniles, although, they are opportunistic
feeders targeting bony fishes, invertebrates, sharks, turtles,
reptiles, birds, dolphins, semi-aquatic and terrestrial
mammals (Werry 2010; Daly et al. 2013; Tillett et al.
2014).

Although the knowledge about C. leucas and its
distribution has increased over the past decades, the
borders and the full range of it reach in some regions
unclear, especially in the inland waters (Compagno et al.
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2002; Drymon et al. 2014). C. leucas is a large coastal apex
predator that is globally distributed in warm temperate
waters, including Indonesian freshwaters, and the only
known records of this species were found in Sumatra (Tan
and Lim 1998) and Borneo (Igbal et al. 2019a). In Sumatra,
C. leucas was recorded in Batang Hari River, Jambi
Province in 1997 (Tan and Lim 1998), and Musi River,
South Sumatra Province in 2019 (Igbal et al. 2019b). In this
paper, we report the existence of C. leucas in the upper
Indragiri River, Riau Province, Indonesia which documents
an extension of the known distribution range for this
species. The movement and migration patterns of C. leucas
in time and space are fundamental to the study of its habitat
ecology, interpreting the influence of urban activities on
the species and to the design of effective resource
management and conservation (Shuter et al. 2010; Daly et
al. 2014).

MATERIALS AND METHODS

Sampling site

The site is in the upper Indragiri River, Kelayang
Subdistrict, Indragiri Hulu District, Riau Province, Sumatra
Island, Indonesia (0°31'53"S; 102°05'07"E), more than 150
km distance from the mouth of the river, located in remote
and palm plantation areas, near Tesso Nilo National Park
(TNTN). The Indragiri River is the main river in Sumatra,
Riau Province. It is formed from the union of the Sinamar
River and Ombilin River, and empties into the west coast
of Sumatra, Malacca Strait. In the Kuantan Singingi
Regency, this river is called Kuantan River. The river flows
to the eastern area of Sumatra with predominantly tropical
rainforest. The annual average temperature in the area is
around 22-24°C and rainfall is around 345-2757 mm (Peel
et al. 2007). The water quality parameters were determined
directly on-site one day after capture.

Fish collection

Fish collection could be freely carried out without
requiring special permits. We collected a single specimen
(Figure 1) using casting net assisted by local fishermen on
25 June 2020. The structure of net is a conical shape, where
gill is attached in bottom side maintaining a specific
difference and made pockets joining gill attached line to
upper body of the net. This net is encircling in nature and
gradually wider from top, fishermen throw the net on water
bodies and fishes are get trapped in pockets (Dutta et al.
2016).

Fish identification

-The specimen was documented and photographed,
although no voucher specimen was retained because the
fish was too large to be stored and we did not have enough
space in the laboratory. Morphometric measurements of the
single specimen were analyzed following Compagno and
Niem (1998), and Ebert et al. (2013). The determined
morphometric characters include the total length, fork
length, pre anal length, pre pelvic length, pre pectoral
length, pre orbital length, head length, pre first dorsal
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length, pre-second dorsal length, and pre caudal length
(Figure 1).

RESULTS AND DISCUSSION

New record

Indonesia: Sumatra Island: Riau Province: Kelayang
subdistrict: Indragiri Hulu district: upper Indragiri River:
slow-flowing stream: (0°31'53"S; 102°05'07"E) (Figure 2
3), 25 June 2020, single specimen 102 cm, subadult,
photographed.

Scientific classification

Classification of the species is as follows: Kingdom:
Animalia, Phylum: Chordata, Class: Chondrichthyes,
Subclass:  Elasmobranchii, Order: Carcharhiniformes,
Family: Carcharhinidae, Genus: Carcharhinus, Species:
Carcharhinus leucas (Miller & Henle, 1839) (Figure 2).
Synonymy: Pterolamiops budkeri (Fourmanoir, 1961);
Pterolamiops magnipinnis (Smith, 1958); Carcharias
insularum (Snyder, 1904); Carcharias (Prionodon) obtusus
(Garman, 1881); Squalus (Carcharias) maou (Lesson,
1830).

Pre Cudal Length
Pre Second Dorsal Length
Pre First Dorsal Length
Head Length
Pre Orbital Length

Pre Pectoral Length
Pre Pelvic Length

Pre Anal Length

Fork Length
Total Length

Figure 1. Morphometric measurements of Carcharhinus leucas
according to Compagno (1984)

Figure 2. A specimen of Carcharhinus (102 cm), which was
captured by local fishermen in the upper Indragiri River at
Kelayang Subdistrict, Indragiri Hulu District, Riau Province,
Indonesia
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Morphological characters of Carcharhinus leucas
captured from upper Indragiri River

Carcharhinus leucas collected in the upper Indragiri
River has features of Carcharhinidae family: short and
broad snhout; large, elongated, and arched mouth; small
eyes on the side of the head; two dorsal fins: the first dorsal
fin is moderately large, much shorter than the caudal fin,
and its base is located over the interspace between pectoral
and ventral fin bases; broad pectoral fins, with narrow
pointed tips. This fish is identified as C. leucas by the
coloration of fresh specimens: white belly and greyish
back, high first dorsal fin, the black coloration on the tip of
the second dorsal, and caudal fins (Fig. 2). Morphometric
characters of this specimen of C. leucas are given in Table 1.

Table 1. Morphometric of a single specimen of Carcharhinus
leucas, from upper Indragiri River

Character Morphometric (cm)

Total length 102
Fork length 86.3
Pre anal length 65.1
Pre pelvic length 51.9
Pre pectoral length 225
Pre orbital length 8.3
Head length 25

Pre first dorsal length 294
Pre second dorsal length 56

Pre caudal length 78.1
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Contemporary records and its habitat

The migratory patterns and drivers of C. leucas are yet
to be thoroughly understood. C. leucas have been reported
to migrate towards warmer latitudes during the austral
winter in the western Indian Ocean (Daly et al. 2014; Lea
et al. 2015; Pirog et al. 2015). The discovery of C. leucas in
the upper Indragiri River is a new record of this species for
this location. There are several studies on Chondrichthyes
in Indonesian freshwaters which are sometimes limited to a
single river. As in the case with C. leucas records in
freshwaters of Sumatra, Tan and Lim (1998) have recorded
C. leucas in Batang Hari River, Jambi Province, and then
Igbal et al. (2019b) added that C. leucas has also recorded
in the Musi River, South Sumatra Province (Figure 3). The
presence of C. leucas in the upper Indragiri River as a sign
that the ecosystems in the river are still quite good. Among
other biological topics, the new record of endangered fish
is an important contribution to understanding species
diversity and biogeography. As reported in this paper, the
new record of C. leucas has helped to improve the
knowledge of the species as it extends the distribution
range of the species further north. In the future, the data
collection using assisted by local fishermen is needed to
assess the occurrence of C. leucas and evaluate the
importance of basin systems in freshwaters of Sumatra as
migration route, nursery, and growth ground.

500 km

South China Sea
200 km

Mallaca Strait

Indian Ocean

Figure 3. Location of known C. leucas collected in freshwaters of Sumatra, Indonesia. The black triangle shows the previous record
from Batang Hari River, Jambi Province in 1997; the black squares show the previous record from Musi River, South Sumatra Province
in 2019; and the black circle shows the recent record from upper Indragiri River, Riau Province in 2020
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The life history of C. leucas is strongly dependent on
brackish waters. This species has the osmoregulatory
plasticity to acclimate the marine and their preferences for
the inland waters of lakes or rivers where salinity is low,
therefore, likely to be for avoiding top carnivore and
increasing of prey abundance rather than because of a
physiological constraint (Pillans and Franklin 2004;
O’Connell et al. 2007). Migrations of C. leucas may also
be directly related to changes in water condition,
specifically salinity, to decrease energy expended for
osmoregulation (Glaus et al. 2019; Reilly 2011).
Osmoregulation in C. leucas is achieved through the
control and integration of various organs such as the liver
and kidney in response to salinity changes. However, little
is known regarding the mechanisms of ion transport in the
gills of euryhaline C. leucas and how they are affected by
osmoregulatory challenges (Hazon et al. 2003; Evans et al.
2004)

Estuaries are biologically diverse and productive
ecosystems that provide essential habitats for many fauna
and flora including avertebrata, finfish, reptile, and
amphibian (Paighambari et al. 2017; Abrantes et al. 2019).
Characterized by shallow water and intertidal areas,
including mangrove forests, swamps, saltmarsh, seagrass,
intertidal mudflats, and shallow sub-tidal habitats, they are
transitional habitats between land and water and freshwater
and marine environments (Thomas 2017; Dubuc et al.
2019). Carcharhinus leucas and their prey that have life
cycles closely tied to river and estuarine environments are
likely to be directly influenced by large-scale shifts in flood
events and rainfall (Haig et al. 2018; Bangley et al. 2018;
Pillans et al. 2020).

Several environmental factors may interact to define
elasmobranch movement patterns, including water
temperature (Matich and Heithaus, 2012; Smoothey et al.
2016) dissolved oxygen (Nosal et al. 2016; Galvan-Magafia
2019), and salinity (Froeschke 2010; Hyatt et al. 2018;
Curtis et al. 2011). Water quality parameters may also play
an indirect role in the C. leucas movement due to the
influence of fluctuating conditions on the distribution of
prey species. Water conditions in the upper Indragiri River,
namely salinity 1.5 %o, temperature 25-27°C, dissolved
oxygen 3.9-11.1 mg/l, are ideal for A. leucas habitat
(Drymon et al. 2014, Hyatt et al. 2017). Future research
incorporating long-term trends with these short-term results
would help form a more complete understanding of the
degree to which water quality parameters influence
movement of this species. For example, the temperature is
more likely to have a role in C. leucas presence over a
longer period, showing seasonal variation (Carlson et al
2010; Werry et al. 2018).

Bull shark-human interaction in Sumatra

Although C. leucas attacks occur infrequently, they
often have serious consequences for those involved, invoke
a dramatic emotional response from the general public, and
therefore attract a high level of media interest (West 2011).
Carcharhinus leucas are historically responsible for at least
100 unprovoked attacks on humans around the world, 27 of
which have been fatal. Its proclivity for freshwater, large
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size, abundance, and proximity to human populations,
particularly in the tropics, makes it a potential threat (ISAF
2008; Florida Museum 2018). In waters of Sumatra, there
is no official record of C. leucas attacks on humans.

Utilization of Carcharhinus leucas in Sumatra

Carcharhinus leucas is not the main commodity of
capture fisheries in Sumatra because the number of
individuals entering into freshwaters of Sumatra is very
rare. There is no official record of how many C. leucas are
caught because these fish are not a targeted species in
Indonesia's commercial fisheries. The Indonesian
government needs to strictly prohibit the practice of
catching sharks, especially C. leucas. If the fish are caught,
immediately release again into the waters so that the
population of C. leucas is maintained in Indonesian waters.

Although C. leucas are not normally targeted, but are
commonly taken in commercial and recreational fisheries
for their meat and fins. In some areas such as the Caribbean
Sea, C. leucas is still a fisheries commodity (Dulvy et al.
2014; Md-Zain et al. 2018). It is caught mainly with,
fishnet, longlines, hook-and-line gear and utilized fresh,
smoked, or fresh-frozen for human consumption; its fins
for traditional medicine, its skin is used for leather, and its
liver oilfish, which is extracted for vitamins, carcasses are
also rendered for fishmeal (Davidson et al. 2016;
Zainuddin et al. 2017). However, shark fisheries have no
food security role in several countries. Fins have low
nutritional value and shark meat consumption is
discouraged for its high concentration of heavy metals
(Nicolaus 2016; Barcia et al. 2020).

Conservation status

The range of movement of C. leucas can therefore
determine the species potential interaction with fisheries
and their vulnerability to these pressures (O’Connell et al.
2014; Laurrabaquio-A, 2019). Because it lives in the
inshore, estuarine, and freshwater region close to human
populations, it is vulnerable to the impact of human
activity. Carcharhinus leucas is not currently legally
protected in any part of its range. Further research is
necessary to better characterize its ecological, biological,
and fisheries significance (Heupel and Simpfendorfer 2008;
Simpfendorfer and Burgess 2009).

Carcharhinus leucas are designated as Near Threatened
(NT) by the IUCN due to the close proximity of critical
habitats to anthropogenic influences (Simpfendorfer and
Burgess 2009). The consequences to freshwater and marine
ecosystem have recently become apparent with the
profound global declines large pelagic fish population,
including C. leucas (Ferretti et al. 2010; Luciflora et al.
2011; Arthington et al. 2016;). Despite their ecological
significance, however, populations of many species of
sharks are declining on a global scale, mainly due to illegal
and unsustainable fishing practices (Temple et al. 2017;
Yulianto et al. 2018).

Estuarine sharks such as C. leucas are potentially highly
vulnerable to urban habitat modification, as they are
subject to not just the same biological constraints as their
oceanic counterparts but also additional habitat constraints
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not faced by their stenohaline relatives (Werry et al. 2012;
Niella et al. 2017). Estuarine and river habitats have more
limited volume and their physicochemical properties vary
widely (Potter et al. 2015; Ceccarelli et al. 2013). Because
of their association with coastal, estuarine, freshwater
environments, C. leucas are also susceptible to habitat
degradation and the influence of climate change (Chin et al.
2010; Pistevos et al. 2015)
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