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ABSTRACT: Trincomalee Bay issituated onthe northeast coast of Sri Lanka. Thisisthefirst study to report the recent ostracode assem-
blagesinthisbay. Asaresult, at |east 36 ostracode taxawereidentified from surface sedimentsin the bay. Many of them aretypical tropi-
cal-water species that have been reported from inner bays and shallow marine areas around the coast of the Indo-Pacific region. We
compared the species composition of ostracodesin the study areawith that in adjacent seas. Theresult clearly showed that ostracode as-
semblages from Sri Lankahave strong connection with those along the coast of the Indian subcontinent. M oreover we eval uated the bot-
tom environment in Trincomalee Bay on the basis of statistical analyses of ostracode assemblages combined with grain size, and total
organic carbon (TOC) and total nitrogen (TN) contents. The results showed that the TOC content isrelated to grain sizeand isrelatively
high intheinner part of Inner Harbor and Koddiyar Bay, where fine-grained sediments are distributed. Four biofacies were recognized
based on Q-mode cluster analysis using ostracode datafor 36 taxa. Biofacies| is consistent with distributions of fine-grained sediments
with moderate TOC contents (0.30%—-0.49 %). Biofacies|| iscollected from rel atively deep water areaswith sedimentsof low TOC con-
tents (0.22%-0.41 %) in Inner Harbor. Biofacies| |1 and |V are characterized by euryhaline speciesand areinfluenced by fresh water and
shallow depth with low TOC contents (0.14%-0.37%) in sediments. The ostracode distribution in Trincomal ee Bay isdepend on natural
environmental factors such as water depth, grain-size, TOC contents of sediments, and water salinity.

INTRODUCTION

Trincomalee Bay lies on the northeast coast of Sri Lanka and
has a large semi-enclosed opening toward the Bay of Bengal
(text-fig. 1). In this study, we focus on recent ostracode (small
bivalved Crustacea) assemblages, which have not yet been
studied in Trincomalee Bay.

Thirteen ostracode zoogeographical provinces have been recog-
nized in the Indo-Pacific region based on the geographical dis-
tribution of ostracode species (Titterton and Whatley 1988). Sri
Lanka is situated in the Bengal province, and the recent
ostracode fauna in this area is not fully understood (Titterton
and Whatley 1988). Several studies have been conducted on
these faunas around the Indian subcontinent (Hussain 1998;
Hussain and Mohan 2000, 2001; Mohan et a. 2002; Sridhar et
al. 2002; Hussain et al. 2006, 2007, 2010; Gopalakrishna et al.
2008). However, only afew taxonomic investigations of marine
Ostracodafrom Sri Lankawere conducted in the 19th and early
20th centuries (Brady 1886; Scott 1905). Therefore, it isimpor-
tant to investigate these tropical-water ostracode faunas as a
contribution toward the understanding of spatia variations in
ostracodes in the Indian Ocean. Thisisthe first report on recent
marine ostracode assemblages from Trincomalee Bay in Sri
Lanka.

Trincomalee Bay is well known for its deep-water natural har-
bor and for fish resources and tourism (Rajasuriya et a. 2005).
In the mid-1900s, the population in the district of Trincomalee
increased rapidly. However, in 2012, it reached approximately

380,000 (Department of Census and Statistics, Sri Lanka 2012).
The environment thereis predi cted to change because of the fur-
ther devel opment of sightseeing and commercial uses. Till date,
only afew studies have been conducted on the bottom environ-
ments in this bay (Rajasuriya et a. 2005). Ostracodes serve as
an effective environmental indicator, especially in enclosed
brackish lakes, estuaries, and bays (Yasuhara et al. 2003, 2007,
Ruiz et al. 2005, 2006; Irizuki et al. 2008, 2011; Lili Fauzielly et
al. 2013). This study evaluates the bottom environments in
Trincomal ee Bay because of the statistical analyses of ostracode
assembl ages combined with dataon grain size, total organic car-
bon (TOC) content, and total nitrogen (TN) content.

STUDY AREA

Sri Lankaisanisland country surrounded by the Indian Ocean,
which is separated from the southeast coast of the Indian Sub-
continent by the Palk Strait. The climate of Sri Lanka can be
characterized as tropical monsoon (Mamgren et al. 2003). It
has two monsoon and two inter-monsoon periods during a year.
The mean annual temperature in the coastal plane is 26-28°C
(Dassanayake 1984). In addition to possessing considerable en-
demic species, Sri Lanka exhibits aremarkable speciesdiversity
considered to be the richest per unit area in the Asian region
(Ministry of Environment, Sri Lanka 2011).

The study area is Trincomalee Bay, which is located on the
northeast coast of Sri Lanka. Trincomalee Bay is divided into
three areas: Tambalagam Bay, Inner Harbor, and Koddiyar Bay
(text-fig. 1). Tambalagam Bay is situated in the innermost part
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Hokuto Iwatani et al.: Spatial variations in recent ostracode assemblages and bottom environments in Trincomalee Bay, Sri Lanka

TEXT-FIGURE 1

Maps showing the study area. TB: Tambalagam Bay, IH: Inner Harbor, KB: Koddiyar Bay.

and is mostly enclosed. Inner Harbor is surrounded by the
Trincomalee Peninsula. Koddiyar Bay is the largest area in
Trincomalee Bay, and is widely opened northward. An ex-
tremely deep submarine canyon, named Trincomalee Canyon,
existsin Koddiyar Bay and the offing of Inner Harbor. It isover
40km long and 500m deep even in Trincomaee Bay
(Wijayananda 1985).

MATERIALS AND METHODS

In August 2010, a total of 43 surface sediment samples were
collected from Trincomalee Bay by using an Ekman-Berge grab
sampler. Since many of them were very coarse sand, ostracodes
were rarely found.

Thus, in this study, we selected 15 samples composed of rela
tively fine-grained surface sediments, which contain many
ostracode individuals and seem to reflect a spatial distribution
of ostracode assemblages in the study area (text-fig. 1).

Grain size analysis

Fifteen samples, whose organic matter was decomposed by
30% hydrogen peroxide water solution, were used for the grain
size analysis. The integrated value of grain size was then mea
sured using a laser diffraction particle size analyzer (SALD-
3000S Shimadzu Co., Ltd.) at the Department of Geoscience,
Interdisciplinary Faculty of Science and Engineering, Shimane
University.

CN analysis

For CN analysis, part of each dried sample was powdered in an
agate vessel. The total organic carbon (TOC) and total nitrogen
(TN) contents of the powdered sediment samples (approxi-
mately 10 mg) were determined using a FISONS 1108 elemen-
tal analyzer, after treatment with 1M HCIl added to the sediment
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weighed in a cup and dried to remove the carbonate fraction.
The errors (coefficient of variation) inherent in thisanalysis are
within £3%.

Ostracode analysis

For ostracode analyses, approximately 20g of dried sediment
samples were weighed and washed through a 0.063mm sieve.
The residues were divided using a sample splitter, each with ap-
proximately 200 specimens to be picked from residues coarser
than 0.125mm. The number of specimens refers to both valves
and carapaces. One carapace was counted as two valves.

RESULTS

Grain size

We calculated four grain size parameters (median grain size,
sorting, skewness, and kurtosis) using the equation of Folk and
Ward (1957) (Table 1). As per the result, the median grain size
ranges between -0.30 and 3.99¢ (average 2.47¢) (text-fig. 2),
sorting ranges between 0.39 and 2.34 (average 1.34), skewness
ranges between 0.10 and 0.79 (average 0.47), and kurtosis
ranges between 0.69 and 3.15 (average 1.80). Thus, poorly- to
well-sorted fine-grained sand, very poorly- to well-sorted very
fine- to very coarse-grained sand, and very poorly to poorly
sorted very fine- to fine-grained sand are distributed in Inner
Harbor, Tambalagam Bay, and Koddiyar Bay, respectively.

TOC and TN contents

The concentration ranges of TOC and TN are 0.14%-0.49% and
0.02%-0.05%, respectively (Table 1). TOC isrelatively highin
the inner part of Inner Harbor and Koddiyar Bay (text-fig. 2).
TN shows similar distribution with TOC and relatively high val-
ues at around the inner part of each Bay with the exception of
Koddiyar Bay. Distributional patterns of TOC are concordant to



TEXT-FIGURE 2

Micropaleontology, vol. 60, no. 6, 2014

Distribution of water depth (a), median grain size (b), total nitrogen content (c), and total organic carbon content of surface sedimentsin Trincomalee

Bay. TB: Tambalagam Bay, |H: Inner Harbor, KB: Koddiyar Bay.

those of sediment grain size: TOC is high in fine-grained sedi-
ments (text-fig. 2). C/N ratiosin thisarea (Table 1) isnot useful,
because al TOC contents are lower than 0.5% (Sampei and
Matsumoto 2001).

Ostracode assemblages in Trincomalee Bay

At least 36 ostracode taxa were identified from 13 of the 15
samples selected in the study site, and two samplesdid not con-
tain ostracodes (Table 2).

Indices of species diversity, equitability, and density

To reconstruct the bottom-water environment of the study site,
nine samples, each of which contained more than 100 speci-
mens, were selected and eval uated by quantitative analyses (Ta-

ble 2). Four samples with less than 100 individuals were omit-
ted. To reconstruct the structure of ostracode assemblagesin the
study site, the following three indices were used: species diver-
sity {H(S)}, equitability (Eq.), and density. The species diver-
sity index was determined by the following Shannon—Wiener
function: H(S) = -X pi In pi, where pi is the proportion of i-th
speciesin asample. The equitability index was calculated using
the equation of Buzas and Gibson (1969): Eq. = /S, where S
isthe number of species. In this study, ostracode density was ex-
pressed by the number of ostracodes per gram of dried sedi-
ment. As per the result, the species diversity ranges between
0.65 and 2.76. In Tambalagam Bay, diversity is clearly low in
comparison with that in Inner Harbor and Koddiyar Bay. The
equitability ranges between 0.50 and 0.96 and is high at the
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TABLE 1

Sample information and results of grain size and CN analyses. TB: Tambalagam Bay, |H: Inner Harbor, KB: Koddiyar Bay.

mouth of Tambalagam Bay (TR-30). The density of ostracodes
varies widely, ranging between 5.65 and 499.20. In Inner Har-
bor and Koddiyar Bay, it is relatively stable, ranging between
50 and 300. On the other hand, in Tambalagam Bay, the density
varies in each locality.

Biofacies in Trincomalee Bay

To define ostracode biofacies, we performed Q-mode cluster
analysis using the same samples of the aforesaid analysis and
relative abundance datafor 36 taxa. We used Horn’s overlap in-
dex as asimilarity (Horn 1966) and UPGMA (unweighted pair
group method with arithmetic average) as the clustering
method. As aresult, four ostracode biofacies (1, I1, 111, and 1V)
were discriminated (text-fig. 3). Biofacies | comprises three
samples (TR-4, 37, and 39) collected from relatively fine-
grained sediments in Tambalagam Bay and Inner Harbor
(text-figs. 4 and 5). It is characterized by the dominance of
Chrysocythere keiji, Hemicytheridea reticulata, Keijella sp. 2,
and Stigmatocythere bona. According to Hussain (1998), C.
keiji occurs in Indian coastal areas. H. reticulata was first de-
scribed from the Plio-Pleistocene marlsin the Atjeh (North Su-
matra) and Southern Kendeng area (East Java) by Kingma
(1948). According to Sridhar et a. (2002), this speciesisfound
in both brackish and shallow marine environments. Lili
Fauzielly et a. (2013) reported that H. reticulata lives in an
oxic environment in Jakarta Bay, Indonesia. Keijella sp. 2 has
not yet been described. S. bona occurs rarely in the Malacca
Strait (Whatley and Zhao1988). Biofacies Il comprises three
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samples (TR-3, 9, and 10) collected from relatively deep-water
areas in Inner Harbor (text-figs. 4 and 5). This biofacies was
dominated by Keijella reticulata, Pistocythereis aff. brady-

formis, and Pistocythereis aff. bradyi. According to Dewi

(1997), K. reticulata is mainly distributed in the Malacca Strait.
The genus Pistocythereis livesin fine sand or muddy bottomsin
the inner bay areas (Hanai et a. 1977). Biofacies 111 is com-
posed of TR-17 and 26 collected from Tambalagam Bay
(text-figs. 4 and 5). This biofaciesis characterized by the domi-
nance of Neomonoceratina iniqua. This species occurs abun-
dantly in Jason Bay of the Southeast Malay Peninsula at water
depths of 020 m (Zhao and Whatley 1988). According to
Sridhar et al. (2002), this species can thrive in brackish as well
as shallow marine habitat with silty-sand and sandy bottoms.
Lower values of diversity in biofacies|l reflect the dominance
of this species. Biofacies 1V is composed of only one sample,
TR-30, which was collected from the estuary of a branch of the
Wahawelli River in Tambalagam Bay (text-figs. 4 and 5). It is
characterized by the dominance of Loxoconcha aff. tekkaliensis
and Tanella gracilis. The former species has not yet been de-
scribed. According to Sridhar et al. (2002), 7. gracilis can toler-
ate wide ranges of salinity and temperature. Lower values of
diversity in biofacies|V reflect the dominance of these species.

DISCUSSION AND CONCLUSIONS

The ostracode assemblages of the study area were composed of
typical tropical marine species which have been reported from
inner bays and shallow-marine areas along the coasts of the



TABLE 2

Micropaleontology, vol. 60, no. 6, 2014

List of ostracodesfrom Trincomalee Bay. TB: Tambalagam Bay, IH: Inner Harbor, KB: Koddiyar Bay. Black stars show common specieswith adjacent

provinces. See text for the detailed description of these provinces.

Indo-Pecific region (Jain 1978, 1981; Hussain 1998; Hussain
and Mohan 2000; Sridhar et al. 2002; Hussain et al. 2006;
Gopalakrishna et al. 2008; Hussain et a. 2010). Titterton and
Whatley (1988) recognized 13 ostracode zoogeographical
provinces in the Indo-Pacific region based on the geographical
distributions of ostracode species. These are the Eastern Afri-
can, Arabian, Bengalian, East Indian, Kymerian, Japanese,
Australian, New Zesaland, Southern and Southwestern Pacific,
Northern and Central Pacific, Western-North and Central
American, Western South American, and Southern Ocean prov-
inces. The ostracode assemblage from the present study area be-
longs to the Bengal province (the Bay of Bengal). According to
Titterton and Whatley (1988), the fauna of the Bengal province
shows a comparatively strong connection with that of the East
Indian province, with 23 speciesin common, and the Southern
and Southwestern Pacific province, with 24 speciesin common.

Text-figure 6 shows the geographical distributions of six domi-
nant species from the study site. They are mainly distributed
along the coasts of the Indian subcontinent (Arabian and Bengal
provinces) and off Southeastern Asia (East Indian province).
We compared the species composition of the study area with
that of the adjacent seas (Arabian, Bengal, and East Indian

provinces). The result showed that compared with the species
composition off Southeastern Asia, the area around the coast of
Indiaresembles Trincomalee Bay. The study areahas at least 12
speciesin common with the Arabian province (west coast of In-
dia), and at least 13 species in common with the Bengal prov-
ince (Table 2). However, the study area has only eight species
which occur off Southeastern Asia (Table 2). Thus, the
ostracode faunain Sri Lanka has a strong connection with that
in the Indian subcontinent (Arabian and Bengal provinces).

Ostracode biofacies are clearly distinguishable in Trincomalee
Bay (text-fig. 5). These biofacies patterns may be related to dif-
ferences in marine environmental conditions. The relationships
between artificial and/or natural environmenta factors and
ostracodes have been extensively studied (Ishizaki 1968, 1969,
1971; Bodergat and Ikeya 1988; Cronin and Vann 2003; Ruiz et
al. 2006, 2008; Yasuhara et al. 2003, 2007; Yasuhara and
Yamazaki 2005; Irizuki et al. 2006, 2008, 2011; Lili Fauzielly et
a. 2013). Ostracode distribution patterns show a strong rela
tionship with bottom sediment patterns (Ikeya and Shiozaki
1993; Yamane 1998). The results of a cluster analysis combined
with grain size analysis showed that biofacies | occurs on very
fine- to fine-grained sandy bottoms. Biofacies |1 corresponds to
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TEXT-FIGURE 3
Dendrogram showing the result of Q-mode cluster analysis.

fine sandy bottomsin relatively deep water (> 5m water depth).
Biofacies Il occurs on relatively shallow coarse-grained bot-
toms. Biofacies IV corresponds to very fine-grained sand bot-
toms. In this study, ostracode distributions are concordant with
their bottom habitats; thus, ostracode distributions in the study
area seem to be hardly affected by postmortem transportation
and water currents. Koddiyar Bay has awide open mouth with a

deep-submarine canyon; marine water seems to enter the bay
easily. Accordingto Lili Fauzielly et al. (2013), Hemicytheridea
reticulata isan indicator of oxic conditions, and this speciesisa
representative of biofacies |. Therefore, it is possible that the
bottom environment of Koddiyar Bay is controlled by oxic sea-
water. Biofacies || is collected from relatively deep-water areas
with low TOC content (0.22%-0.41%) in Inner Harbor
(text-figs. 2 and 5), and there are no large riversflowing into In-
ner Harbor (text-fig. 1). Ostracodes in Inner Harbor are influ-
enced by low TOC and relatively deep marine water.
Conversely, Tambalagam Bay isashallow, inner bay into which
there is an inflow from some rivers (text-fig. 1), where TOC
content is low (0.14%-0.37%). Biofacies 111 and IV in this bay
are characterized by euryhaline species. Therefore, the bottom
environment in Tambalagam Bay is strongly influenced by fresh
water and the shallow depth, with coarse-grained sedimentsand
low TOC content. We conclude that the ostracode distribution in
Trincomalee Bay depends on natural environmental factors
such as water depth, grain size, TOC content of sediment, and
water salinity.
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TEXT-FIGURE 4
Scanning electron micrographs of ostracodes from Trincomalee Bay used for the Q-mode cluster analysis.
All areleft valves. Scale bar is 0.1mm.

13 Chrysocythere keiji Ruggieri. 1, female, sample
TR-10; 2, male, sample TR-4; 3, juvenile, sample
TR-17.

4 Hemicytheridea reticulata Kingma, juvenile, sample
TR-37.

56 Keijella sp. 2. 5, adult, sample TR-37; 6, juvenile,
sample TR-37.

7,8 Stigmatocythere bona Chen. 7, female, sample TR-17;
8, juvenile, sample TR-4.

910 Keijella reticulata Whatley and Zhao. 9, female, sam-
ple TR-4; 10, juvenile, sample TR-10.
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11,12, Pistocythereis &f. bradyi (Ishizaki). 11, female, sam-
ple TR-3; 12, juvenile, sample TR-9.

1315 Pistocythereis aff. bradyformis (Ishizaki). 13, female,
sample TR-10; 14, male, sample TR-10; 15, juvenile,
sample TR-37.

16,17 Neomonoceratina iniqua (Brady). 16, female, sample
TR-17; 17, male, sample TR-24.

18 Loxoconcha &f. tekkaliensis Varmaet a., adult, sam-
ple TR-30.

19 Tanella gracilis Kingama, adult, sample TR-4.
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TEXT-FIGURE 5

Distribution of ostracode density (a), diversity (b), equitability (c), and biofacies (d) in Trincomalee Bay. TB: TambalagamBay, IH: In-

ner Harbor, KB: Koddiyar Bay.
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