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ABSTRACT

Vertical distributions of chaetognaths (or Chaetognatha) were investigated during cruise along
the Bay of Bengal and Arabian Sea in relation to hydrographical parameters. The sampling was
carried out onboard by FORV "Sagar Sampada” during November, 2008 (Cruise No.259). In the
present investigation, 19 species of chaetognaths were sampled and of which, 15 species belongs
to family Sagittidae, 2 species of family Krohnittidae, 1 species of family Pterosagittidae, and 1
species of family Eukrohniidae. The mean standing stock of the chaetognaths was contributed
about 30-50% in the total zooplankton biomass. The chaetognaths were densely distributed in
the isothermal and thermocline layer at all the stations of Bay of Bengal and Arabian Sea. In all
the stations, Sagitta enflata was the dominant species.
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INTRODUCTION

The Phylum Chaetognatha commonly called “arrow worfdohnson 2005). They are
exclusively marine organisms and majority of thera planktonic. They can be found in all
oceans from the surface to great depths, and dem @econd or third in abundance after
copepodgKehayias,2003). Chaetognaths are also known as excelldigator of water masses
because of their close relationships with certamvirenmental variables (e.g. salinity,
temperature and dissolved oxygen) as well as theacies-specific horizontal and vertical
distribution (Terazaki, 1986). The impact of Chamsiaths predation on fish larvae may be
exaggerated due to the relative scarcity of fisivda in the plankton. They, nevertheless,
contribute to the reduction of larval abundanceirduperiods of fish production (Casanova,
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1999).They also prey on other small crustaceansllish and other chaetognaths. They play an
important role in the transfer of energy from copepto higher tropic levels (Boreal., 1991).
Only early studies have been carried out from tidian Ocean regions with respect to the
distribution and abundance of Chaetognaths by J9883), Subramanian (1937), Varadarajan
and Chacho (1943), Rao and Ganapathi (1958), MdiRao (1973) and Vijayalakshmi (1976).
Although the distribution of chaetognaths have b&tedied comprehensively in various parts of
India. Hence the present study was intended to retatel the vertical distribution of
chaetognaths along the Bay of Bengal and Arabiam &l its relationship with physical
features.

MATERIALS AND METHODS

Study area The present study was conducted in marine habita¢ study was conducted in 9
stations of Bay of Bengal (6 stations) and Aralft@a (3 stationgjuring November, 2008 (Cruise
No0.259) The study area was situated betwbf’Nto06°N) the Arabian Sea and (05°Nto20°N)
Bay of Bengal (Fig.1).

Collection of samples The zooplankton sampling was carried out onboard=GfRV "Sagar
Sampada" during November, 2008 (Cruide 259)Vertical hauls (Multi Plankton Net, 0.25m?
diameter and mesh size 300um) were performesl different depths from surface to 1000m
depth. Isothermal layer depth was calculated acocgrib a depth at which temperature of 1°C
drop from SST in the Arabian Sea and density ofdddd from the surface in the Bay of Bengal.
Thermocline layer depth was calculated below frdra tsothermal layer to 26 of water
temperature in all stations and also followed bydte layer, 300-500m depth and 500-1000m
depth samples were collected in Arabian Sea andoB&gngal. After collection, samples were
preserved in 5% formaldehyde solution and afterstfierred to laboratory.

Biological identification: All chaetognaths were isolated from the total Zankton samples. The
taxonomic observations were made on the preserasgples under a microscope (MSR-TR
Magnus Zoom Stereo Binocular Microscope), using klegs of previous investigations
(Alvarino 1967; Bieri 1991; Casanova 1999). The ralance was expressed as number of
inds.100 it in 5 different depths.

Hydrographical parameters analysis: The hydrographic surveys conducted along the Bay o
Bengal (05°Nto20°N) and Arabian Sea%440 08N). The temperature, salinity and dissolved
oxygen profiles were measured using the CTD pr&w®a (Bird Electronics, Inc., USA, model:
SBE - 911 plus). Diversity indices were calculatydShannon and Weaver’'s (1949) and Pielou
(1966).

RESULTS AND DISCUSSION

The hydrographic data profile viz temperature, réigliand dissolved oxygen of the Bay of
Bengal and Arabian Sea were observed during thiy stariod. The average temperature of 27°
C was recorded at 50m depth. The temperature waeaked from surface to 200m depth
gradually and constant from 200m to 1000m. Theicarprofile of salinity suggested that the
Bay of Bengal has comparatively less saltier tHzat bf Arabian Sea because of the strong
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influence of the seasonal rainfall (Northeast mongcand river runoff. But, the influence of
freshwater could not be clearly seen because thmpls®y sites were too far away from the
shore. The dissolved oxygen (DO) concentration ate®st similar (4.3 ml.") from the surface
to 80m. The DO concentration was decreased fronn8&round 100 m depth in the Bay of
Bengal and around 130 m depth in the Arabian Sige2()F

The distribution and abundance patterns of chaetbgnare considerably varied between two
areas. In general, both areas showed higher aboadamd diversity of chaetognaths in the
isothermal layer (upper 100m). During investigatit@ species of Chaetognaths were recorded
and of which, 15 species of family Sagittoidae,p2cies of family Krohnittidae, 1 species of
family Eukrohnidae and 1 species of family Pterdsasigae were identified. The Sagittoidae
family consists ofsagitta enflata, Sdecipiens, Spulchra, Sminima, Sferox, Srobusta, S. bedoti,
Shipunctata, Shexaptera, S maxima, S neglecta, S pacifica, S regularis, S lyraandS
.zetesios, The Eukrohnidaefamily consists ofEukrohnia fowleri , the Krohnittidae family
consists ofKrohnitta pacifica, and K. subtilis and the Pterosagttoidatamily consists only
Pterosagitta draco. In the isothermal layer, the chaetognaths donueamried from 1 to 27.46%
in the Arabian Sea and 1.22 to 29.35% in the Bayesfgal. The Sagitta enflata (27.46, 29.35%)
was the dominant species in both areas at alltdt®iss during the study period (Fig .3). In the
thermocline layer, the dominance varied from 1.07228.85% in the Arabian Sea and 2.38 to
23.4% in the Bay of Bengallhe Sagitta enflata (28.85 and 23.4%) was the dominant species in
the Arabian Sea (28.85%) and Bay of Bengal (23 Bigh4). In the middle layer, the dominance
varied from 1.8 to 28.3% in the Arabian Sea and@ 25.2% in the Bay of BengaPterosagitta
draco (28.3%) was found as the dominant in the Arabiaam\Bleereas Snflata (25.2%)was the
dominant species in the Bay of Bengal (Fig.5). e tdepth of 300-500m, the species
contribution varied from 6.1 to 21.2% in ArabianaSeand 10.5 to 26.3% in the Bay of Bengal.
The Sagitta lyra (21.2%) was the dominant species in Arabian Sedareiesios (26.3%) in the
Bay of Bengal (Fig. 6). In the depth of 500-100Ghe species contribution was from 6.3 to
37.5% in Arabian Sea and 5.2 to 31.0% in the Bapa@igal and the dominant species \#as
.zetesios (37.5% and 31.0%, Fig. 7).

In isothermal layer, the chaetognaths density dafriem 88 to 1010 (ind 100 fin Arabian Sea
and 86 to 635 (ind 100 T in the Bay of Bengal. In thermocline layer, thensity varied from
114 to 306 (ind 100 1) in Arabian Sea and 36 to 231 (ind 100)im the Bay of Bengal. In the
middle layer, the density varied from 51 to 97 (k@D n¥°) in Arabian Sea and 4 to 93 (ind 100
m) in the Bay of Bengal. In 300 to 500 m depth, dgneitried from 14 to 30 (ind 100 Thin
Arabian Sea, and 2 to 12 (ind 100°nin the Bay of Bengal. In the depth between 500 E0@D

m, the density varied between 0 and 7 (ind 109imArabian Sea and 3 to 9 (ind 100°in the
Bay of Bengal. From the overall observation, itc@ncluded that the maximum population
density of chaetognaths were observed in isothelayal when compared to other layers (Fig.
8-9).

The species diversity ranged from 1.413 to 2.28&rabian Sea and 1.497 to 2.425 in the Bay of
Bengal. The highest species diversity was recomddtie isothermal layer of the Arabian Sea
and in the thermocline layer of the Bay of Benddle lowest species diversity was recorded in
500-1000m depth layer of the Arabian Sea and thedB8engal (Fig.10). The species richness
ranged from 0.7219 to 0.8646 in Arabian Sea an8987%o 0.8895 in the Bay of Bengal. The
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highest species richness were derived from th&esotal layer of the Arabian Sea and from the
thermocline layer of the Bay of Bengal. The loweshness were from the 500-1000m depth of
the Arabian Sea and the Bay of Bengal (Fig. 11he $pecies evenness ranged from 0.8289 to
0.9553 in Arabian Sea and 0.8464 to 0.969 in the &eBengal. The highest species evenness
was recorded in 300-500m depth of the Arabian Sehtlae Bay of Bengal. The lowest were
from the thermocline layer of the Arabian Sea arainf the isothermal layer of the Bay of
Bengal (Fig.12).

Chaetognaths are an enigmatic group of transpglanktonic components. They comprise a
significant proportion of the total zooplankton&toThe vertical distribution and abundance of
the chaetognaths is not fully understood with respe hydrographical patterns. The present
investigation attempted to elucidate the distrimufpattern of chaetognaths in 5 different depths
viz. isothermal layer, thermocline, middle layed03500 and 500-1000m of the Arabian Sea and
the Bay of Bengal India. The influence of tempemtusalinity and dissolved oxygen on
distribution and abundance of chaetognaths wererebd in this study in which a decrease in
distribution and abundance of chaetognaths witmeeging depth as level of hydrographical
parameters decreased. Totally 19 species of chzatogy were observed in the present
investigation. The earlier reporters of Rao anchdpati (1958) were recorded 13 species of
coastal waters of Waltair in Andhra Pradesh, Krasharthy (1967) was recorded 6 species from
Portonovo waters and Vijayalakshetial., (2002) were recorded 23 species in Indian Ocean.
The Indo-Pacific specieS§agitta robusta belonging to the family Sagittoidae is mainly doetl

to isothermal layer previews reports in differeidy area by Alvarino (1974) and Nair (1978).

In waters of the Indian Ocean, Nair (1978) foundkmaim densities of chaetognaths between 0
and 125m depth. The maximum population densityadmehdance of chaetognaths was observed
in the isothermal and thermocline layer duringshely period. Similar observations were made
by Padmavatet al., (1998) in the central and eastern Arabian Seard®iBults (1997) and
Ulloa et al., (2000) have studied the greater abundance wasvelosi the epipelagic layer (0-
200m), particularly from 0-100m, but conspicuousécreasing in depth of the water column are
registered for all the oceans. This study was atsoducted during monsoon season;
consequently this may be due to the patterns otiletion in the Indian Ocean and receiving a
mix of subtropical and equatorial subsurface origimaracterized by temperature and salinities
as evidenced by earlier workers (Tokioka 1962; &tb869; Nair and Rao 1973; Alvarino 1974
and Ulloaet al., (2000)). The Indian Monsoon Current refers te sieasonally varying ocean
current regime found in the tropical regions of tiethern Indian Ocean. During winter, the
flow of upper ocean is directed westward from néar Indonesian Archipelago to the Arabian
Sea. During summer, the direction reverses witlwead flow extending from Somalia into the
Bay of Bengal. These variations are due to chaigt® wind stress associated with the Indian
monsoon. The seasonally reversing open ocean tsitteat pass south of India are referred to as
the Winter Monsoon Current and the Summer Monsoorredt (alternately, the Northeast
Monsoon Current and the Southwest Monsoon Cur(8hignkaet al., 2002).

In the present study, the Indo-Pacific species Kiqgacifica, Sferox, Spacifica ,Spulchra and
Srobusta were observed and confined mainly to the upper 1@®rthe water column with
limited incursion into the 400m stratum earliepoged by Nair (1978). The vertical
distribution patterns indicated that about 73%hef population was confined from the surface to
400m depth and the remaining population occurs étovio 400m- 800m depth and the
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bathypelagic species likeémaxima, Sdecipiens, Slyra, Szetasios and E.fowleri present only at
500-1000m depth strata as evidenced by Vijayalakshah., (2002).There are several species of
chaetognaths were exist which depend on theirtaldi enter low oxygen waters (Escribagto
al., 2000).Sagitta enflata was the dominant species of the total chaetognathslatga during
the study period as evidenced earlier by Vijaydiakiset al., 2002 and Giesecke and Gonzalez
(2004). Sagitta enflata is an epiplanktonic, temperate and warm waterispg@lvarino, 1965;
Nair 1978) with a wide distribution in the Indianc&€an, the Atlantic Ocean and the Pacific
Ocean (Pierrot-Bults and Nair, 1991). It is usudle dominant species in regions where it
occCurs.

14 species have been recorded and all are the cortortbe Indo-Pacific and 7 of them v&
bedoti, S ferox, S. neglecta, S pacifica, S pulchra, S regularis and S robusta are endemic to
the Arabian Sea (Bieri 1959). A majority of chaetaths appear to show a preference for higher
salinity and temperature (Rao and Ganapati 1958hd upper 100m of the water column, high
species richness, high dominance and low evennesg wecorded. High diversity and
distribution of the Chaetognaths population foundhe isothermal layer comparable to 1000m
depth layer may be a stable environment. It caoldserved that, there is evidence showing that
the vertical distribution of chaetognaths is clgseaklated to specific hydrographical
characteristics, which is translated into a strasgpciation with water masses at depth.
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Fig.1. Map showing study area located in the Arabia Sea and Bay of Bengal.
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Fig.2. Hydrographical patterns (Vertical 0-1000m deth) at Arabian Sea and Bay of Bengal
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Fig.3-7. Depth wise Species Composition
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Fig.3. Species composition of Chaetognaths in Fig.4 Species composition of Chaetognaths in
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Fig.8-12. Population density and Diversity indicesf Chaetognaths
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