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Abstract: Abundance and community structure of chaetognaths in the northern Indian Ocean was
investigated based on zooplankton samples collected during January to February 1990. Three types
of sampling were done: from the upper 1100-1600 m water column, from discrete depths in the
upper 1000 m covering day and night and from the upper 150 m water column using 0.33 mm (GG 54)
and 0.1 mm (XX 13) mesh nets. In the first set of collections, population density of chaetognaths was
higher in the Arabian Sea than in the Bay of Bengal. Nineteen species were found in the area of
which the predominant species was Sagitta enflata. S. decipiens was the dominant mesopelagic
species while Eukrohnia fowleri was the only bathypelagic species in the collections. In the vertical
realm, the chaetognath population reached maximum abundance in the upper 100 m stratum and
abruptly reduced on reaching the 1000 m stratum. In general, population density was higher in the
night than in the day samples. Population density of chaetognaths caught by the 0.1 mm mesh net
was higher than with the other nets and the community was predominated by Krohnitta pacifica,
Pterosagitta draco, Sagitta bipunctata, S. pacifica and S. regularis. Stratification of chaetognaths in
the 1000 m water column indicated variation within the community associated with the prevailing
physico-chemical parameters. High species richness, high dominance/low evenness were obtained at
low ambient temperature values. The relationship between dissolved oxygen concentration and com-
munity structure indices was negatively correlated , with lower DO values at higher community diver-
sity indices. Data collected during the day revealed a high level of community similarity (>60% com-
munity coefficient values/similarity index values) between similar depths such as {50 m, 100 m), {300
m, 400 m}, (500 m, 600 m), (600 m, 700 m) and {700 m, 800 m). At depths below 500 m, chaethognath
species had narrower distributions, being confined to 100 m depth layers, centered around the depth
of their maximum abundance. In the night collections similar trends were evident, in particular, the
depth strata at 500 m and 600 m showed >80% similarity in the composition of species.
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Introduction

The northern Indian Ocean is rich in chaetognaths (Nair
1977; Pierrot Bults & Nair 1991) and this area is charac-
terised by a seasonally changing monsoonal gyre (Wyrtki
1973) leading to distinct zoogeographic patterns in the dis-
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tribution of chaetognaths (Nair 1978). Most of the reports
on chaetognaths in the Indian Ocean are based on the col-
lections taken during the International Indian Ocean Expe-
dition (IIOE, 1960-65) and subsequent studies in the open
ocean are limited to those for the Andaman Sea (Nair et al.
1981), the Western Indian Ocean along a transect between
9°N to 20°S (Nair & Madhupratap 1984), chaetognaths col-
lected from the epipelagic realm of the Exclusive Economic
Zone (EEZ) of India (Srinivasan 1990, 1996) and a mass
occurrence of Eukrohnia fowleri in the northern Indian
Ocean (Terazaki 1999). During the around the world expe-
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dition of the RV Hakuho Maru, zooplankton samples were
collected from the northern Indian Ocean and these were
analyzed to determine the abundance and community struc-
ture of chaetognaths in the upper 1600 m. The stratified col-
lection made from the Eastern Indian Ocean (Andaman
Sea) during both day and night and the samples collected
from the upper 150 m of the water column using nets of dif-
ferent mesh sizes provided additional information on the

group.

Materials and Methods

Zooplankton samples collected from the northern Indian
Ocean (Fig. 1) during the RV Hakuho Maru cruise KH-89-
2 between January and February 1990 were used for the
present study. Though the station locations are limited, the
sampling covered the entire northern Indian Ocean. Three
sets of samples were collected. (1) From Stns 17, 18, 20, 21
and SB4 oblique tows were made from depths between
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1100 to 1600 m and the surface using an ORI net having a
mouth area of 2m?” and a mesh aperture of 0.69 mm (Omori
1965). (2) At Stn 19 horizontal tows were made with an
MTD net having a mouth diameter of 56 cm and mesh aper-
ture of 0.33mm (Motoda 1971). Twenty two tows were
made from 11 depth layers between the surface and 1000 m
during the day as well as at night. (3) The upper 150 m of
the water column at Stns 17, 18, P13, 19, 20, 21 and SB4
was sampled using a twin NORPAC net with a 45cm
mouth diameter and mesh size of 0.33 mm (GG54) and 0.1
mm (XX13). A total of 14 samples were collected.

Details of the collections are presented in Table 1 and the
results are presented in Tables 2—10. Zooplankton samples
were preserved in buffered 10% formalin seawater solution.
Chaetognaths from the collections were sorted out and
identified to species level. Population density was presented
as number per 1000 m>. The data were subjected to 3 way
ANOVA for comparison between stations, depths, nets,
species and interaction effects between any two of these
variables (Snedecor & Cochran 1967). Factor analyses in
two modes viz., R-mode for grouping of species and Q-
mode for grouping of stations/depths was adopted. Using
column (row) standardization and column (row) normaliza-
tion for R-mode (Q-mode) and varimax rotation to simple
structure for uniqueness of the factor groups obtained
(Dagnelie 1960; Harman 1967; Morison 1978) the species
and the stations/depths were grouped (Angel & Fasham
1973) into ecologically significant factor groups (eigen
value 1>1).

Community structure was described by concentration
index (Simpson 1949), Shannon Weaver index (Shannon &
Weaver 1963), richness index (Margalef 1968), dominance
index (Pielou 1971) and evenness index (Heip 1974).
Species niche breadth was calculated adopting the method
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of Ignatiades (1994). Prior to numerical analyses the popu-
Fig. 1. Map indicating station locations. lation density data were transformed to log(x+1) for ob-
Table 1. Sampling details for zooplankton collections from the Indian Ocean used in this study.
Station Date Time (h) Type of net Towing method Sampling layer (m)
17 23 Jan.1990 19:10-19:24 NORPAC Vertical 0-150
17 24 Jan.1990 21:05-22:05 ORI-69 Oblique 0-1600
18 25 Jan.1990 18:28-18:37 NORPAC Vertical 0-150
18 25 Jan.1990 22:14-23:18 ORI-69 Oblique 0-1150
19 3 Feb. 1990 12:30-14:35 MTD Horizontal Surface, 50, 100,
200, 300, 400, 500,
600, 700, 800, 1000
19 3—4 Feb. 1990 23:05-01:20 MTD Horizontal Surface, 50, 100,
200, 300, 400, 500,
600, 700, 800, 1000
20 7 Feb. 1990 02:12-02:21 NORPAC Vertical 0-150
20 7 Feb. 1990 15:45-16:55 ORI-69 Oblique 0-1418
21 8 Feb. 1990 21:15-21:24 NORPAC Vertical 0-150
21 8 Feb. 1990 11:58-13:08 ORI-69 Oblique 0-1117
SB4 11 Feb. 1990 04:38-04:47 NORPAC Vertical 0-150
SB4 11 Feb. 1990 07:27-08:38 ORI-69 Oblique 0-1387
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taining homogeneity and data was normalized for applying
various statistical tests. Similarity between stations/depths
with respect to chaethognath density was calculated using a
community coefficient (Pearson & Rosenberg 1978).

Results

Ranges of various water quality parameters in the upper
1000 m are available only for Stns 17, 19 and 20 (Terazaki
1999). Temperature, salinity and dissolved oxygen varied
respectively from 4.2 to 29°C, 34.8 to 36.8 PSU and 0.2 to
5.5mgl™". Levels of phosphate and nitrate increased with
depth and the ranges were 0.15 to 3.50 M and 0.4 to 42.0
UM respectively. Levels of these chemical parameters for
various depths in the upper 1000 m water column indicated
decreases in temperature, salinity and dissolved oxygen to-
wards 1000m depth while the nutrient concentrations in-
creased.

Distribution of chaetognaths in the surface to 1100-1600
m water column

Population density of chaetognaths was highest in the
Arabian Sea (Stn 18) while relatively low numbers were
found in the Bay of Bengal. Nineteen species belonging to
four genera were present in the collections (Table 2).
Sagitta enflata was the dominant species contributing 31 to
78% of the total chaetognath population. The other com-
mon epipelagic species in the area were Prerosagitta draco,
Sagitta bedoti, S. bipunctata, S. hexaptera and S. pacifica.
Among the mesopelagic species, S. decipiens predominated
in the area, though S. macrocephala was also represented in
all the samples. Evkrohnia fowleri, the only bathy pelagic
chaetognath species represented in the collections, was
fairly abundant with a percentage contribution of 0.4 to
11.5. Representation of species was marginally more in the
Bay of Bengal as compared to the Arabian Sea with maxi-
mum diversity at Stn 20.

Factor analysis by Q mode (Morison 1978} for grouping
of stations, based on absolute abundance of species when
applied, divided the stations into 3 distinct groups: factor
group | containing Stns 17, 18 and 20 and which contains
76.5% of the chaetognath population, group 2 containing
Stn 21 and 16.9% of the total chaetognath population and
group 3 containing Stn SB4 and only 6.7% of the total pop-
ulation. This classification shows greater similarity between
Stns 17, 18 and 20 and differences between Stn 21 and
those stations and also between the stn SB4 and the other
stations (Table 3) as indicated by the 3 way ANOVA. About
43% of the variations in the spatial distribution of the
chaetognath species is explained by the factor group 1. In
this group, the numerically dominant species S. enflata
(68.7%) is nearly 10 times as abundant as the next abundant
species, S. pacifica (6.5%). The other species that con-
tributed to the species composition of the group that clus-
tered through factor group 1 comprised 3.3% or less nu-

Table 2. Total population and contribution of different species
(no./1000 m®) of chaetognaths species at various stations in the 0
to 1100-1600 m water column of the Indian Ocean collected using
ORI net.

Species Stations

17 18 20 21 SB4
Total population 1033 1625 1039 215 320
Eukrohnia fowleri 38 7 33 29 38
Krohnitta pacifica 16 2 4 9 2
K. subtilis 33 12 9 1 0
Pterosagitta draco 28 12 104 80 39
Sagitta bedoti 45 48 13 7 2
S. bipunctata 24 32 74 190 14
S. decipiens 2 8 75 56 64
S. enflata 756 1272 603 393 103
S. ferox 0 0 7 1 9
S. hexaptera 4 64 33 14 17
S. macrocephala 3 24 3 2 2
S. maxima 0 0 1 3 4
S. minima 12 28 4 0 0
S. neglecta 0 0 2 2 1
S. pacifica 69 112 61 19 22
S. pulchra 0 2 4 4 4
S. regularis 0 0 0 0 1
S. robusta 3 2 7 5 5
S. zetesios 0 0 2 0 2

Table 3. Q-mode factor analysis for grouping of Stns 17, 18,
20, 21, SB4 in 0 to 1100-1600 m water column.

Stations identified Variability Closeness
Factor i .
rou by the factor explained ratio
group group %) (%)
1 17, 18,20 43.1 94.3
2 21 28.3 97.4
3 SB4 28.5 99.8

merically than the most abundant species, S. enflata. Factor
group 2 (Stn 21) and factor group 3 (Stn SB4) explained al-
most equal amounts of variability, 28.5%. In these 2 factor
groups the dominant species S. enflata is followed by differ-
ent co-dominant species justifying the grouping.

R-mode factor analysis grouped the species based on ab-
solute abundance into 4 significant factor groups (Table 5).
Group 1 contained 9 species with high negative factor load-
ings explaining about 35.7% of the variations in the species
distribution. The first 3 species included were moderately
abundant at Stns 20, 21 and SB4 and others were very rare
and showed only chance occurrence at Stn 18. Species in-
cluded in the factor group 2 were either present in higher
relative abundance or moderate relative abundance. Group
3 included species occurring relatively abundantly at Stn
17. Group 4 included species that were rare and appeared
only at Stn SB4 (Table 5). The similarity relation between
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Table 4. Q-mode factor analysis for grouping of day (D) and night (N) samples at Stn 19.

Factor group Depth (m) identified by the factor group Variability explained (%) Closeness ratio (%)
1 600D, 600N, 700D, 700N, 800D, 800N 24.0 328
2 50D, 50N, 100D, 100N, 200D, 200N 249 59.8
3 400D, 400N, 500D, S00N 16.8 74.0
4 1000D, 10060N 5.1 80.5
5 Surface-D, Surface-N 7.5 86.7

Table 5. R-mode factor analysis for grouping of species based on the 5 Stns in the 0 to 1100-1600 m water column.

Factor group Species identified by the factor group Variability explained (%) Closeness ratio (%)
1 E. fowleri, P draco, S. bipunctata, 35.7 57.0
S. decipiens, S. maxima, S. neglecta,
S. pulchra, S.robusta, S. zetesios
2 S. enflata, S. hexaptera, S. lvra, 30.1 81.6
S. macrocephala, S. minima, S. pacifica
3 K. pacifica, K. subtilis 15.8 90.8
4 S. ferox, S. regularis, S. zetesios 14.3 100.0

the stations in the 0 to 1100-1600 m water column, based
on a community coefficient showed that only Stns 17, 18
and SB4 had community coefficients between 50 and 60%
while all other pairs of stations had >70% association
based on common occurrence of species.

Stratification and day/night variations in chaetognaths

In the vertical dimension the chaetognath population was
most numerically abundant in the upper 100 m of the water
column (average: 4569/1000m*), abruptly decreasing be-
tween 100-200 m and further decreasing gradually towards
the 1000 m stratum. In the 700 m stratum the average popu-
lation density of chaetognaths was 356/1000 m® showing a
reduction of about 13 times from that of the surface values
and this was further reduced by a factor of 54 at 10600 m
compared to the 0-100 m water column. Day—night varia-
tion in chaetognath population density indicated that higher
densities were invariably recorded at night rather than dur-
ing the day at all locations except in the 500 m and 800 m
stratumn. The average population density for day and night
in the 0 to 1100-1600m water column were respectively
1021/1000 m* and 1991/1000 m? (Fig. 2).

A total of 19 species were represented in the collections.
In accordance with bathymetric distribution of different
species of chaetognaths Alvarino (1965) classified them to
be epipelagic (upper 200 m), mesopelagic (200-1000m) or
bathypelagic (16004000 m). However, the present data
showed variations in the stratification of species within
these classification ranges. The distribution of the species
was directly related to depth and the variables that change
with depth. S. enflata continued to be the dominant
epipelagic species in the upper 200 m of the water column
with an average contribution to numerical abundance of

40% and was absent below 500 m. Epipelagic species like
K. pacifica, P draco, S. bipunctata, S. ferox and S.
regularis, though common, were limited to the upper 400
m. K. subtilis, S. hexaptera, and S. minima were common
below the epipelagic layer. S. serratodentata was repre-
sented only in a single sample from 800 m. The distribu-
tional range of K. subtilis extended down to 800 m while
that for S. hexaptera and S. minima respectively extended
down to 600 m and 700 m. The mesopelagic species S. de-
cipiens, S. lyra, S. macrocephala and S. zetesios were abun-
dant especially between 500 and 800 m. S. maxima, another
mesopelagic species, was relatively low in abundance.
Among the bathypelagic species E. hamata was the most
common (13-36.5%) followed by £E. bathypelagica
(2.5-20.5%). E. fowleri was limited to depths between 700
to 1000 m. Species diversity between day and night samples
showed irregular patterns (Table 7).

From the relation between richness factor and tempera-
ture it was observed that species richness decreased from a
value of 8.00 to 4.00 as temperature increased from
12.5-30.0°C, i.e. as depth decreased from 300 m to the sur-
face (Fig. 3). High species richness was observed at higher
depths associated with lower temperatures. Species concen-
tration increased from 0.72 to 0.83 as depth decreased from
800 m to 50 m. At the surface and at 1000 m, low concen-
trations of species were observed. Species diversity mea-
sured by Shannon Weaver index which gives weightage for
the relative abundance of species, also followed the same
trend as that of species concentration. High dominance/low
evenness was obtained at low temperatures (Fig. 3).

The various community structure indices exhibited maxi-
mum values in the salinity range 34.9 to 35.5PSU and a
depth range of 1000 to 100 m. These indices also exhibited
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Fig. 2. Vertical distribution of total chaetognath population and the vertical abundance profiles of different species during day

and night at Stn 19.

Table 6. R-mode factor analysis for grouping of species based on data from different depths in the 0 to 1000 m water column at Stn 19

during day and night.

Factor group Species identified by the factor group

Variability explained (%) Closeness ratio (%)

] S. ferox, S. pacifica, S. pulchra,
S. regularis
2 E. hamata, S. decipiens, S. lyra,
S. maxima, 8. zetesios
S. enflata, S. hexaptera, S. minima
E. bathypelagica, S. macrocephala
S. serratodentata
K. pacifica

AN n bW

19.4 28.2
22.1 53.1
11.9 63.2
9.9 71.5
5.6 773
5.9 82.5

higher values at lower dissolved oxygen concentrations, 1.0
to 2.0ml1™" in the depth range of 1000 to 200 m. With re-
gard to the nutrients PO,-P and NO;-N, an increasing trend
in the Margalef index with increasing nutrient concentra-
tions was observed. Maximum values were reached in the
2.1 to 3.1 uM range for PO,-P and the 25 to 35 uM range
for NO,-N (Fig. 3).

Three way ANOVA applied to compare between depths,
species and day-night variation and the first order interac-
tion effects between the above aspects showed significant
depth-wise (F),9=12.2309, P<0.05) and species wise
(Fl19.190=24.9219, P<0.05) variations with a high species-

depth interaction effect (F( g9 199)=11.0088, P<<0.05). Verti-
cal migration is also detected with specific depth preference
for (F | 199=12.5650, P<<0.05) particular species.

Q mode factor analysis applied to study the influence of
depth on the distribution of the species divided the depth-
wise data into 5 distinct significant factor groups based on
species abundance (Table 4). Factor group 1 contained the
600 to 800 m depth stratum, factor group 2 the 50 to 200 m
depth stratum, factor group 3 the 400 to 500 m depth stra-
tum and subsequent factor groups contained the 1000m
depth and surface stratum irrespective of the diel variation.
In the 600 to 800m depth stratum, the most abundant
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Table 7. Species richness, concentration, diversity, evenness and dominance indices at different depths at Stn 19 during day and night (in
parentheses).

Denth Margalef Simpson Shannon Heips Pielou S N
( p) (Richness (Concentration (Diversity (Evenness (Dominance (No. of (Total no. of
m index) index) index) index) index) species) chaetognaths)
0 3.90 (4.32) 0.45 (0.64) 1.10 (1.80) 0.66 (0.72) 0.53 (1.21) 4 (8) 59 (5276)
50 3.90(3.61) 0.72 (0.64) 2.12(1.92) 1.23 (0.97) 0.97 (1.01) 70 3605 (6619)
100 4.35 (3.61) 0.71 (0.65) 2,07 (1.93) 0.99 (0.98) 1.12 (0.94) 8 (V) 5154 (6699)
200 5.33 (6.23) 0.77 (0.34) 2.38(1.22) 1.63 (0.30) 1.12(1.33) 70 440 (905)
300 7.95 (6.97) 0.75 (0.78) 2.38 (2.55) 1.09 (1.47) 0.75 (0.94) 10 (9) 404 (444)
400 7.06 (6.87) 0.47 (0.56) 1.59 (1.81) 0.56 (0.64) 1.21(1.22) 8 (9 192 (479)
500 6.01 (6.07) 0.81(0.75) 2.57 (2.35) 1.73 (1.35) 1.21 (1.45) 8 (8) 449 (452)
600 6.65 (7.12) 0.79 (0.84) 2.58 (2.79) 1.75 (1.91) 1.26 (1.38) 8 (9 266 (385)
700 5.52(7.09) 0.84 (0.81) 2.69 (2.66) 2.28 (1.66) 1.17 (1.24) 7 318 (395)
800 6.81 (8.87) 0.78 (0.74) 2.49 (2.39) 1.59 (1.10) 0.77 (0.87) 8 (10) 233 (159)
1000 3.65 (4.69) 0.64 (0.57) 1.63 (1.66) 1.37 (1.07) 0.32(0.64) 4 (5) 78  (92)
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Fig. 3. The relationship between various community structure indices and water quality parameters at Stn 19.
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species were E. hamata (relative abundance: 26.2%), K.

subtilis (21.0%) and S. decipiens (11.6%). P bathypelagica

occurred only at 700 to 800 m depth but was not abundant.

In the factor group 2 depth stratum (50 to 200 m), the domi-

nant species were S. enflata (49.8%), S. pacifica (19.2%), P

draco (10.7%), S. ferox (7.1%) and S. bipunctata (2.1%).

Maximum abundances of these species occurred between
50 to 100m with marginal differences between day and
night, except for S. ferox which was more abundant during
the night (Fig. 2) and S. enflata which was nearly twice as
abundant during the night as during the day. In the third
factor group depth stratum (400 to 500m), E. hamata
(21.0%) and S. lyra (10.4%) were most abundant in the 500
m depth samples and were also present in deeper waters in
almost the same proportions (Fig. 2). The third depth factor
group also contained the species S. minima (50.8%), K.
subtilis (8.8%), S. decipiens (6.8%) and S. serratodentata,
the rarest species (Table 4, Fig. 2). In the fourth factor
group depth stratum (1000 m), abundant species were E.
Jowleri (43.2%), the deep ocean species, S. macrocephala
(30.9%) and E. hamata (18.7%), both mid depth to deep
ocean species. In the fifth factor group, surface stratum, the
dominant species were S. ferox (46.6%), S. pacifica (40.4%)
and S. enflata (9.9%).

For these samples, R-mode analysis had clustered the
species into 6 distinct factor groups containing 4, 5, 3, 2, 1
and 1 species respectively (Table 6). The first 3 factor
groups accounted for >50% of the variation in the bathy-
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Fig. 4. Trellis diagram for community coefficient (%) between
depths during day.

metric distribution during both day and night with species
clusters occupying the 0-200m, 600-800m, 50-500m
depth layers but most abundant in the 50-200 m water col-
umn, rare in the 300-600 m depth stratum and almost ab-
sent at depths >700m, respectively. The fourth factor
group contained 2 species (E. bathypelagica and S. macro-
cephala) occupying the depths between 700-1000m (to-
tally absent in the 700 m depth layer during the day and
with a relative abundance of 12.1% in the 700-1000m
layer during the day, almost 3.8 times the abundance in that
layer at night). The fifth factor group contained the rarest
species (S. serratodentata). The sixth factor group con-
tained a species (K. pacifica) occurring with a relative
abundance of 32% on the average, in the lowest depth stra-
tum (Fig. 2). R-mode and Q-mode analyses gave rise to a
depth correlated zonation for the chaetognath species
(Table 6). Samples collected during the day were highly
similar (community coefficient: >60%) between near by
depths such as (50 m, 100 m), (300 m, 400 m), (500 m, 600
m), (600m, 700m) and (760 m, 800m). In particular, at
depths exceeding 500 m, there were less pronounced verti-
cal migrations of the chaetognath species and they migrated
only within a column of 100m depth from their depth of
maximum daytime abundance (Fig. 4). During night collec-
tions, a similar result was obtained. In particular, the depth
strata of 500 m and 600 m had more than 80% similarity in
the species compositions (Fig. 5).
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Fig. 5. Trellis diagram for community coefficient (%) between
depths during night.
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Table 8. Species richness, concentration, diversity, evenness and dominance at different stations.

Margalef Simpson Shannon Heips Pielou S N
Station Type of net (Richness  (Concentration  (Diversity (Evenness (Dominance (No.of  (Total no. of
index) index) index) index) index) species) chaetognaths)
17 ORI-69 9.17 0.45 1.65 0.35 0.78 13 1033
NORPAC-XX13 3.66 0.61 1.94 0.86 0.93 8 25629
NORPAC-GGS54 3.68 0.64 1.92 0.83 1.23 8 19652
18 ORI-69 10.03 0.39 1.43 0.23 1.38 13 1625
NORPAC-XX13 3.66 0.70 2.16 1.09 0.92 8 25551
NORPAC-GG54 4.83 0.51 1.70 0.50 1.19 10 23927
19 NORPAC-XX13 492 0.64 1.99 0.79 0.99 9 5534
NORPAC-GG54 4.89 0.71 228 1.10 1.15 9 5856
P13 NORPAC-XX13 3.39 0.68 2.13 1.06 1.25 12 12771
NORPAC-GG54 433 0.70 221 1.01 1.33 9 18140
20 ORI-69 12.98 0.64 229 0.52 1.39 18 1039
NORPAC-XX13 5.92 0.80 2.70 1.27 1.23 12 18858
NORPAC-GG54 4.72 0.78 2.56 1.45 1.26 9 7999
21 ORI-69 11.86 0.70 2.30 0.60 1.67 16 815
NORPAC-XX13 4.85 0.79 2.65 1.46 1.17 10 18655
NORPAC-GG54 495 0.74 242 1.14 1.44 10 15291
SB4 ORI-69 14.22 0.77 2.76 0.93 0.87 17 329
NORPAC-XX13 3.58 0.81 2.52 191 1.23 7 7230
NORPAC-GG54 5.54 0.82 2.76 1.65 0.89 10 5489

Community structure

At stns 17 to 20 and SB4 species richness varied between
9.17 (Stn 17) and 14.22 (Stn SB4). The species concentra-
tion varied between 0.39 (Stn 18) and 0.77 (Stn SB4)
whereas diversity varied between 1.65 (Stn 17) and 2.77
(Stn SB4). The species evenness index showed a trend simi-
lar to that of species concentration recording a range from
0.23 (Stn 18) to 0.93 (Stn SB4). The dominance index was
lowest at Stn 17 (0.78) and highest (1.61) at Stn 20 (Table
8). Species niche breadth, an index used to describe migra-
tion tendency, indicates that it is not a highly fluctuating
factor but varied between 2.70 (S. lyra) and 5.00 (S. regu-
laris). For the species E. fowleri (2.45%), P, draco (5.06%),
S. enflata (66.73%), S. maxima (0.087%), S. negleta
(0.087%), S. pacifica (5.82%) and for other rare species
niche breadth varied between 4.02 and 5.00 showing that
the relation between niche breadth and abundance is not
very highly significant (Table 9). During the day, lowest
species richness (~3.65) occurred at 0 m, 50 m and 1000 m
depth and higher values (>7.05) were obtained at 300 m
and 400 m depth (Table 7). The strata between 300 m and
800 m were more species rich than other depths. Species
concentrations between 500 m and 1000 m and between 50
m and 300 m were denser, with a similar pattern of distribu-
tion for the diversity index also. Species abundance was
more evenly distributed between 500m and 700 m. The
dominance index was found to be lowest at 0m and 1000 m
depth (Table 7).

Species niche breadth was highest (5.61) for S. minima
(5.7%) which was present at all depths between 50 m and

700m. For 5 of the species P draco (19.1%), S. enflata
(30.8%), S. ferox (71.7%), S. pacifica (18.2%) and S. hexa-
ptera (2.13%), which were present at almost all depths,
niche breadth ranged between 1.64—4.90 and indicated an
inverse relationship between niche breadth and abundance
in the daytime collections (Table 9).

Based on night samples, strata between 200 m and 800 m
were found to be more species rich (>6.07) than other
depth strata. Species concentration was >0.56 at all depths
except 200 m. Species diversity was found to be >1.81 at
all depths other than the surface and 1000 m depth. Species
evenness was also generally high at depths >500m. The
dominance index was higher at depths between 400 m and
700m (Table 7). Regarding niche breadth, distribution for
the night-time collections, the highest value was 7.97, for S.
maxima (0.1%; rarest species). Lowest values, (<2.69)
were for S. fowleri (27.0%) and S. ferox (12.3%). For the
abundant species, S. enflata (39.6%), S. pacifica (25.5%),
niche breadth was <3.1 (Table 9). For the moderately abun-
dant species, niche breadth was approximately 5.1, indicat-
ing an inverse relationship between niche breadth and
species abundance in the night collections, as was also ob-
served during the day (Table 9).

Average species richness and dominance were greater
in the night samples (c.v.=23%) than in the day sam-
ples whereas species concentration, species diversity and
species evenness were higher for day samples with less
variability in the first two factors (c.v.=20%) and higher
variation in the third factor (c.v.=37%) (Table 10).

For species collected with 0.33 mesh size, the number of
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Table 9. Species niche breadth at different stations.

Niche breadth values

Species ORI net NORPAC-XX13 NORPAC-GGS54 MTD MTD
(5 stations) (7 stations) (7 stations) (Day) (Night)
Eukrohnia bathypelagica — — — 297 6.82
E. fowleri 4.51 — — 4.78 240
E. hamata — — — 497 4.54
Krohnitta pacifica 3.67 4.85 5.00 3.15 4.90
K. subtilis 294 3.21 3.37 5.51 6.57
Pterosagitta draco 4.02 6.51 5.85 1.64 2.03
Sagitta bedoti 3.38 1.80 290 — —
S. bipunctata 331 5.01 4.56 3.20 5.40
S. decipiens 3.52 2.09 1.38 498 424
S. enflata 4.19 5.34 5.57 245 3.31
S. ferox 3.28 1.53 2.26 1.76 2.69
S. hexaptera 3.69 3.12 347 4.90 3.96
S. lyra 2.70 — — 2.85 4.65
S. macrocephala 2.74 — — 4.71 577
S. maxima 4.13 — — 5.29 7.97
S. minima 2.81 1.76 1.93 5.61 5.07
S. neglecta 4.71 3.20 2.69 — —
S. pacifica 4.14 6.14 6.40 2.67 3.06
S. pulchra 4.51 — 2.65 — 5.24
S. regularis 5.00 5.09 5.14 3.41 3.49
S. robusta 4.61 — 1.81 — —
S. zetesios 4.71 — — 4.70 5.46

Table 10. The average values of the characteristics describing community structure of chaetognaths.

Community structure ORI net NORPAC-XX13 NORPAC-GG54 MTD MTD
indices (5 stations) (7 stations) (7 stations) (Day) (Night)
Margalef X 11.65 4.36 4.71 5.56 595
c 1.86 0.83 - 0.54 1.40 1.61

C.V. (%) 15.92 18.98 11.38 25.22 25.98
Simpson X 0.59 0.72 0.70 0.70 0.66
c 0.15 0.07 0.09 0.13 0.13

C.V. (%) 24.77 10.39 12.94 17.85 20.49
Shannon X 2.09 2.30 2.26 2.15 2.10
o 0.48 0.29 0.34 0.48 0.46

C.V. (%) 23.03 12.81 14.88 21.31 21.92
Heips X 0.53 1.21 1.10 1.35 1.11

c 0.24 0.36 0.36 0.49 0.45

C.V. (%) 45.47 29.79 3239 36.05 40.37
Pielou X 1.26 1.11 1.18 1.01 1.09
o 0.29 0.13 0.18 0.23 0.24

C.V. (%) 23.04 11.53 14.89 22.52 21.92

X=average value of the index over all stations/depths.
o=Standard deviation of the index over all stations/depths.
C.V. (%)=Coefficient of the variation of the index over all stations/depths.

species obtained is almost homogeneous between all the SB4). Species diversity was lowest (1.70) at Stn 18 and
stations. The richness factor was also similar at all stations highest (2.76) at Stn SB4 with a similar pattern for species
(range from 3.68 at Stn 17 to 5.54 at Stn SB4) (Table 8). evenness. Species dominance was lowest (0.89) at Stn P13
The species concentration factor was not a highly variable and highest (1.44) at Stn 21, where S. enflata was the domi-

characteristic, ranging between 0.50 (Stn18) and 0.82 (Stn nant species (51.2%). Regarding species niche breadth, it
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was high (>5.04) for K. pacifica (4.9%), P, draco (6.5%), S.
enflata (51.2%), S. pacifica (12.2%) and S. regularis (4.4%)
which were all distributed throughout the study area. Lower
values (<1.93) were observed for S. minima, S. robusta and
S. decipiens, which are relatively rare (Table. 9).

Community structure indices of the chaetognaths col-
lected with a 0.1 mm mesh aperture NORPAC net in the
upper 150m (Table 8), showed that the average richness
was 4.36, which was less than that calculated based on sam-
ples collected with 0.33mm mesh size NORPAC nets.
Species concentration, diversity and evenness were higher
with 0.1 mm mesh size (0.72, 2.30 and 1.21 respectively)
than with 0.33 mm mesh (0.70, 2.26 and 1.02 respectively)
nets. Dominance however was higher with 0.33 mm mesh
size nets (1.18) than with 0.10 mm mesh nets (1.11) (Table
10). Species niche breadth varied between 1.53 (S. ferox,
0.4%) and 6.14 (S. pacifica, 15.0%). Higher values (>5.01)
were for S. bipunctata (16.2%), S. enflata (41.4%), S. regu-
laris (5.8%) and P, draco (7.1%) (Table 9). These species
were distributed throughout the study area and the results
indicated linearity in the relationship between species abun-
dance and niche breadth.

Discussion

Maximum density of chaetognaths was observed in the
upper 100m of the water column and 23 species were
recorded from the present collections. The Indo-Pacific
species, (Nair 1978) K. pacifica, S. ferox, S. pacifica, S. pul-
chra and S. robusta were confined mainly to the upper 100
m of the water column with limited incursion into the 400
m stratum. The epipelagic cosmopolitan species of the At-
lantic, Indian and Pacific Oceans (Alvarino 1974; Nair
1977, 1978) like P, draco, S. enflata and S. bipunctata were
observed down to the 400 m stratum.

The distribution and range of the epipelagic species K.
subtilis, 8. hexaptera and S. minima showed a different pat-
tern, extending towards the deeper mesopelagic layers of
the northern Indian Ocean up to depths of 600-800m. S.
serratodentata, a typical species in temperate and warm At-
lantic waters (Alvarino 1965) has previously been reported
from the southern Indian Ocean (Nair 1977). This species,
which was recorded from a single day time collection at Stn
19 from the 800 m depth stratum, illustrates that the distri-
butional range of this species extends further north. The
most common mesopelagic species were S. decipiens, S.
lyra, S. zetesios and S. macrocephala with low numbers of
S. maxima. E. fowleri was the dominant bathypelagic
species. E. hamata and E. bathypelagica were well repre-
sented at Stn 19.

The vertical distribution of species indicated the pres-
ence of 3 distinct distributional ranges: one where 73% of
the population was confined to the surface to 400 m depth
layer with the remainder of the population occurring above
800 m depth, a range containing mesopelagic species occur-
ring between 300m and 1000 m and a range containing ba-

thypelagic species from 500m to 1000m depth. Even
though K. subtilis, S. hexaptera and S. minima have been
reported to be epipelagic species in the Indian Ocean (Al-
varino 1965), they exhibited a different pattern of stratifica-
tion to that shown by the other epipelagic species (Nair
1978). Due to their relatively higher abundance in the strata
below 200 m, it would appear that the existing definition of
epi, meso and bathypelagic species is arbitrary with glaring
variations in the bathymetric distribution of chaetognaths.

Chaetognath population density was relatively low in the
Andaman Sea compared with an earlier report (Nair et al.
1981). The present record of 4 indiv.m™> in the upper 200
m of the water column is much lower than the IIOE data
(20 indiv.m™?) and subsequent data from the Andaman Sea
(7 indiv.m™>). Probably this is an artifact of the limited
number of samples and differences in the sampling depths.
Many chaetognath species undertake vertical migrations
and this is illustrated by the higher abundance of chaetog-
naths in night rather than day samples from Station 19, with
the community being dominated by K. pacifica, P draco, S.
bipunctata, S. pacifica and S. regularis.

In general, the northern Indian Ocean was rich in
chaetognaths with a relatively higher abundance in the Ara-
bian Sea than the Bay of Bengal (Nair 1977). However,
species diversity was marginally greater along the eastern
rather than the western part of the north Indian Ocean. S.
enflata predominated in the epipelagic realm, while the
meso and bathypelagic domains were dominated respec-
tively by S. decipiens and E. fowleri. The relative contribu-
tions of epi, meso and bathypelagic species to the chaetog-
nath community (0 to 1100-1600 m) were respectively 63,
22 and 13 percent. Statistically depth-wise, day-night and
mesh size variations were significant with specific depth
preferences for particular species.

The community structure of chaetognaths in the three
sets of samples indicated representation by a higher propor-
tion of species (80% of the total species number) when
sampling depth was from 1600 m and below as compared to
the upper 150m of the water column (65% of the total
species number). This trend appeared to be linked to the
prevailing chemical parameters. In the upper 1000 m of the
water column, high species richness, high dominance/low
evenness were obtained at lower temperatures. The relation-
ship of dissolved oxygen concentrations with the commu-
nity structure values also showed higher values at lower lev-
els of DO.
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