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Bathymetric distribution of chaetognaths in the Indian Ocean was studied' based on stratified
collections made on board of RV Anton Bruun from 2000 m to the surface during her cruises I to
VII. Among the 25 species recorded 16 were epiplanktonic, 6 mesoplanktonic and 3 b.athyplanktonic.
Sagitta enflata and S. decipiens were the respective dominant species a.t the epiplanktonic and
mesoplanktonic strata. Eukrohnia fowleri dominated the bathyplanktonic reahfx of the northern
Indian Ocean and was replaced by E. hamata in the subtropic?l waters: Maximum density of
chaetognaths was confined to the 125-0 m water column. Specles. dive.rsxty. gradually decreased
from epiplanktonic to bathyplanktonic domain. Maximum species dwersnty observed at 250-
125 m was due to the mixing of the meso and epiplanktonic species at this stratum. Quantita-
tive and qualitative variations along the latitudes indicated that the region north of .the Equator
sustained maximum diversity and a greater number of species than the other regions studi.ed
in the Indian Ocean. Epiplanktonic species were confined mainly to the upper 200 m with
limited ingression into the lower strata. Krohnitta subtilis, S. hexaptera and S minima were
rare in the epiplanktonic realm of the north Indian Ocean and became common in that stratum
towards the southern region. Species typical of southern Indian Ocean —.S. serratodentata and
S. tasmanica — were recorded up to 15° S lat. Most of the mesoplanktonic and bathyplanktonic
species occupied their respective domain in the northern as well as central Indian QOcean and they
emerged at the upper strata towards the subtropical convergence: Presence of 3 faunal zones
with characteristic stratification of chaetognath species was recognized in the Indian pcean: the
tropical zone north of 10° S, the subtropical zone between 10° and 38° S and the transitional zone

towards subtropical convergence.

i an and adjacent seas have been
g:x(rii?vfrledlo'g.e Most of t]h(_a earlier studies deal
ainly with the horizontal distribution of different
5p ie}s’ Studies on the vertical distribution of
(S:lgzcetoénaths from the Indian Ocean are 1.1m1te‘a.6-8.
Alvarifio® has tabulated the bathymetric disposition
of different species in the Indian Ocean. i
Zoogeography of chaetognaths in the entire nd1§;ml
Ocean was investigated and based on the spatia
extension of different species, distinct species assem-
blages along the tropical-subtropical regions aﬁe
. delineateds. At this stage, 1nf9rm_atlon on tf e
stratification of chaetognath species is e_ssent1a1 1or
complementing the above mentioned studies and also
for evaluating the interaction between the speglesl
and varying environmental conditions in the vertl(lta
realm of the ocean. Stratified zoop_lankton samples
collected on board of the US ship 4nton B?’];/tu'n,
during her cruises I to VII are‘useful in cofntrl ut-
ing data for this purpose. Vertical range of species
inhabitingthe epi, meso and bathyplanktonic strata

is studied in detail.

Materials and Methods - s

i tudied were taken by the US ship
ArggizleCBt;Z;ib Sdgrilr?g IIOE. Station locations are
shown in Fig. 1. The following cruises were made.
by Anmton Bruunm during 19.3.1?63 to 7;9.19,64,
Cruise I — Bay of Bengal, 7° 27" N to 20° 35 N
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INVESTIGATIONS on the chaetognaths from the

lat. and 80° 44’ to 97° 59’ E long.; cruise II —
Central Indian Ocean, 17° 27° N to 37° 12’ S lat.
mainly along the 70° and 80° E meridian; cruise III
— Western Indian Ocean, 11° 56’ N to 40°. 54’ S
lat. mainly along the 60° E meridian; cruise IVA
— consisted for the most part sections from the
central part of the Arabian Sea into and normal to
the coast, 24° 48’ N to 19° 14’ S and 51° 02’ to
66° 21’ E long.; cruise V— Central and Western
Indian Ocean, 16° 13’ N to 42° 23’ S lat. and
50° 22" to 75° 20" E long.; and cruise VII — area
east of South Africa and south of Madagascar,
22° 34 S to 35° 44 S lat. and 32° 06’ to
43° 37" E long.

Without taking aliquotes except in collections
from cruise I, 905 samples were analysed. Most of
the samples were oblique series collected using a
Bé multiple plankton sampler?® from the stratified
depths 125-0 m, 250-125 m, 500-250 m, 1000-500 m
and 2000-1000 m. Details of collections including
particulars of net and hydrographical data are
given in the station lists of the cruise reports
published by the Woods Hole Oceanographic Insti-
tute!'. Collectiors made by other nets like 75M,;,
NV70, 75M,, M-O were not utilised for quantitative
evaluation since they were used for sampling depths
different from those of Bé net samples. The 1548
standard samples?? collected during IIOE Expedition
(1960-65) were also considered for the vertical
distribution of epiplanktonic chaetognath species.
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Fig. 1 — Stations occupied in the Indian Ocean during the various cruises of RV Anfon Bruun during 19.3.1963 to
7.9.1964

Results and Discussion

Species of chaetognaths encountered in the samples
in accordance with the strata they populate are:
(i) Epiplanktonic (upper 200 m) — Krohnitia pacifica
(Aida) 1897; K. subtilis (Grassi) 1881; Pterosagitta
draco (Krohn) 1853; Sagitta bedoti Béraneck, 1895;
S. bipunciata Quoy and Gaimard, 1827; S. enflata
Grassi, 1881; S. ferox Doncaster, 1903; S. hexaptera
d’Orbigny, 1843; S. minima Grassi, 1881; S. neglecta
Aida, 1897; S. pacifica Tokioka, 1940; S. pulchra
Doncaster, 1903; S. regularis Aida, 1897; S. robusta
Doncaster, 1903; S. serratodentata Krohn, 1853; and
S. tasmanica Thomson, 1947; (i) Mesoplanktonic
(200-1000 m) — S. decipiens Fowler, 1905; S. gazellae
Ritter-Zdhony, 1909; S. lyra Krohn, 1853; S. macro-
cephala Fowler, 1905; S. maxima (Conant) 1896; and

S. zetesios Fowler, 1905; and (iii) Bathyplanktonic
(below 1000 m) — Eukrohnia bathypelagica Alvarifio,
1962; E. Fowleri Ritter-Zahony, 1909; and E. hamata
Mgbius, 1875. i}
Among the 25 species represented in the Indian
Ocean, the epi, meso and bathyplanktonic realms
were dominated respectively by S. enflata, S. deci-
piens and E. Fowleri. The last one was replaced
by E. hamata in the subtropical region. Since the
southern limit of sampling was restricted to 43° S
lat., S. gazellac — the typical species of antarctic-
subantarctic — wes very sparsely represented. The
vertical distribution of chaetognaths has to be
considered under different sections for the elaboration
of the many factors involved in the stratification.
Abundance and species diversity — Quantitative
stratification of chaetognaths in the 2000-0 m water
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Figs. 2 and 3 — Quantitative stratification of chaetognaths
(2) and quantitative specific distribution in depth of chaeto-
gnaths (3) in the 2000-0 m water column [Mearn values are
represented. A — entire area; B-—north of Equator;
C —between Equator and 20° S lat.; D —south of 20° S lat.]

column is shown in Fig. 2. Maximum density was
confined to the upper 250 m, particularly 125-0 m
stratum. The 2000-1000 m sustained the lowest
number and between the 2 depth intervals there
was progressive reduction in numerical abundance.
Previous studies also indicate a general decrease
in the chaetognath population with increase in
depth8 and in the Indian Ocean Burfield and Harvey$
found a more dense population in the upper 200 m.

Number of species and its relation to depth
indicated (Fig. 3) that the former gradually decreased
from the epipelagic zone to the deeper strata.
The Maximum number of species was recorded between
250 and 125 m depth. Mixing of the mesoplanktonic
with the epiplanktonic species at the 250-125 m
stratum might have contributed to the maximum
number of species found in this water column. This
observation is contrary to the findings of Thiel!
in the South Atlantic who found more species at
50 m depth. Possibly, difference in geographical
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location may account for such wvariation. The
1000 m to 500 m stratum also sustained a relatively
higher number of species and it seems the extension
of bathyplanktonic species into the mesoplarktonic
domzin might have contributed to this. In regions
south of subtropical convergence, the upper 200 m
water column maintained lesser number of species
then the deeper strata, suggesting an inverse relation-
ship to decrease in species number with increasing
depth observed at the tropical-subtropical region.
It wes earlier observed by Alvarino® that in the
north and south high latitudes, the layer below
200 m maintained a larger number of species of
chaetognaths than the upper strata.

Latitudinal variation — Quantitative and quali-
tative variations were essessed along the latitudes
for different depth intervals (Figs. 2 and 3). Results
showed that the north Indian Ocean area, north
of the Equator, harboured maximum density and a
greater- number of species than the other regions
sampled in this ocean. The Indo-Pacific species are
mainly confined to this zone® resulting in the
aggregation of chaetognaths in this tropical zone.
Towards the southern latitudes the population
gradually decreased. South of 20° S, 250-125 m
sustained maximum density of chaetognaths and
presumably the surfacing of the mesoplanktonic
species contributed to higher density. Latitudinal
variations in species diversity influence mainly the
epi and mesoplanktonic realms. Irrespective of
latitudes the lowermcst stratum sampled (2000-
1000 m) supported a constant number of species.
Merging of the species characteristic of different
strata giving rise to prominent increase in species
number in respective intermediate water column
mentiored earlier was maintained along the different
latitudes.

Epiplanktonic species — Detailed account on the
epiplanktonic species in the upper 200 m of the
Ingian Ocean was reported by NairS. Hence species
showing significant change in the existing pattern of
distribution alone was presented in the charts
along with salinity and temperature profiles. The
Indo-Pacific species K. pacifica, S. bedoti, S. neglecta,
S. pulchra and S. robusta were confined mainly
in the region north of 10° S5 and were seldom
represented in the 500-250 m hauls. P. draco,
K. subtilis, S. bipunctata, S. enflata, S. hexaplera,
S. ferox, S. minima, S. pacifica and S. regularis
often extended below 250 m in regions north of
20° S and very rarrly encountered in samples
below 500 m.

Even though K. subtilis, S. hexaptera and S.
minima were reported to be epiplanktonic species
in the Indian Ocean?, they exhibited a different
pattern of stratification other than that shown
by the remaining epiplanktonic species. Latitudinal
differences in the stratification of these species are
shown in Figs. 4 and 5. S. hexaptera was sparsely
represented in the upper 125 m and became more
abundant below 200 m in regions north of 10° S
and towards the southern part it became common
in the epiplanktonic stratum (Fig. 4). Even though
K. subltiss followed the same pattern of distribution
as that of S. hexaptera, it occupied the epiplanktonic
stratum only from area south of 22° S. North
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Fig. 4 — Hydrographic profile of Amfon Bruun cruises III and IVA stations 145 to 163, 181 to 185 and 200, with
distribution in depth of K. subtilis, S. hexapiera, S. maxima and S. zelesios
Fig. 5— Hydrographic profile of Anfom Bruun cruise V stations 285 to 307 with distribution in depth of E. bathy-
pelagica, E. fowleri and S. minima

of the Equator S. minima was usually found in Number of Specimens of S.decipiens per 100m’

isolated areas in the upper 200 m (ref. 5). Towards 02

south of the Equator it became more abundant
in the epiplanktonic stratum and extended over a
wide area (Fig. 5).

S. serratodentata, a typical species of temperate
and warm Atlantic waters had been reported from
the southern Indian Ocean®9. This species was
rarely obtained from stations lecated near 15° S
from 1000-500 m and 2000-1000 m hauls. South of
25° S it was seen between 500 and 250 m and
beyond 30° S in 250-125 m hauls. S. tasmanica is
typical of the southern part of the Indian Ocean®.
The northernmost record of S. fasmanica was 22° S
in the east and 32° S in the west of the Indian
Ocean®. In the present samples, they extended
up to 15° S in layers below 250 m rising to the
250-125 m haul at locations south of 25° S.
Near the subtropical convergence S. fasmanica was
quite common in the 125-0 m hauls.

Mesoplanktonic species — S. decipiens: This was
the dominant mesoplanktonic species in the Indian
QOcean with maximum abundance between 1000-
250 m (Fig. 6). The species quite often occupied
layers below 1000 m in the northern and central
Indian Ocean.

S. macrocephala: Vertical disposition of the species
from north to south is presented in Fig. 7. In the
northern Indian Ocean, the species was usually
found between 1000-500 m level and south of the
Equator resched the 500-250 m stratum. South
.of subtropical convergence it was encountered in
samples from 250-125 m hauls.

S. maxima: This species exhibited an almost
similar pattern of stratification as that of S. macro-
cephala (Fig. 4). However, numerically this species
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Fig. 6 — Quantitative vertical distribution of S. decipiens
for Anton Bruunm cruise V [A —station 284 (15° 22’ N 58°
12’ E); B— station 296 (8° 42’ S, 55° 07’ E); C — station 318
(16°43’ S, 74° 53’ E) and D—station 307 (35° 42’ S, 55° 15" E)]

was less abundant than S. macrocephala. North of
10° N S. maxima was usually absent or sparsely
represented. ' v _

S. lyra: This species considered to be cosmopolitan
in temperate and warm regions®, was reported from
the epiplanktonic realm of the Indian Ocean®, The
present studies indicate that in the northern Indian
Ocean, it was found below 200 m extending to
1000 m and up to 2000 m in the southern region,
south of 30° S it reached the surface layers and
often encountered in 125-0 m levels (Fig. 7).

279



INDIAN J. MAR. SCI.,, VOL. 7, DECEMBER 1978

STATIONS
106 1o L} it8 122 i
o T VA Pt S E U T S T W W S O bk szlslz nlauo /32

. i

e
’ P8,

4 .
(T

&

8

DEPTH lé{ ME TRES

g

2000!

e 0 5 O NS W 36's
% E.hamato m S.lyra V//‘ S.mocrocephala

——-—— Tomeratun('C) Salinity %
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stations 106 to 132, with distribution in depth of E. hamata,
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S. zetesios: It was more common south of 10° N
occupying the 1000-250 m level and slowly rising
to the epiplanktonic stratum beyond 33° S (Fig. 4).

S. gazellac: This species was recorded from a
single station located at 42° 23’ S and 74° 54 E
from 1000-500 m and 2000-1000 m depths. S.
gazellae is characteristic of upper layers of Antarctic
and Subantarctic waters®1415, Hence the present
incidence of this species in deeper layers at sub-
tropical convergence may indicate the presence of
Antarctic waters. .

Bathyplanktonic species — E. fowleri: In the north-
ern Indian Ocean, E. fowlers was usually found below
500 m depth with the maximum abundance at
layers below 1000 m (Fig. 5). E. fowleri was the
dominant bathyplanktonic species in regions north
of 20° S. The population was slowly decreasing
towards the southern part of the Indian Ocean
and it was not encountered in samples south of
25° S. South of 15° S wherever it was encountered
in samples it was mostly from 2000-1000 m hauls.

E. hamata: This species was the dominant bathy-
planktonic species in the southern Indian Ocean
(south of 20° S). In the northern part it was less
abundant and was often encountered in 2000-500 m
water column. However, maximum density was
noted below 1000 m. South of 28° S the species
was quite often observed in 500-250 m hauls and
beyond 34° S population was steadily spreading
towards the 250-125 m stratum (Fig. 7). David?®
considered E. hamata as an abundant species in the
Antarctic-Subantarctic region. Because of the lack
of information it was considered scarce north of
30° S or inhabiting layers deeper than those
sampled?, _

E. bathypelagica: The northernmost record of this
species in the Indian Ocean was 11° 56 Sz, The
present observation extends the distribution of the
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species to the northern part of the Indian Ocean
indicating the species to be quite common even
though quantitative representation was low. North
of 26° S it was found in 2000-1000 m haul and
south of this area it became more abundant entering
the 1000-500 m stratum.

During the analyses it was noted that when these
3 bathyplanktonic species were found between 1000~
500 m depth, the adults were seldom represented
in the samples and they appeared in fair abundance
in the 2000-1000 m stratum,

Sometimes the deep water species did not follow
the normal distribution pattern as shown in Figs. 5
and 7 and appeared in the upper strata depending
on the prevailing hydrographical conditions at the
time of collection. In latitudes north of 3° N,
E. hamata and E. fowleri were rarely encountered
in 500-250 m hauls. However, during some other
cruise of Awmlon Bruum, from a few stations E.
hamaia was obtained from 500-250 m hauls along
with E. fowleri and this was reported as unusual
incidence. At these stations temperature even at the
surface was relatively low ranging from 24° to
25-5°C which may justify their incidence. At such
stations E. hamata was numerically more abundant
than E. fowleri.

Species Associated with Different Strata at Different
Regions

Species observed at different depths in various
parts of the Indian Ocean are given in Tables 1-2.
The water masses found at the corresponding depths
are also given in tables. The delineation of the
different water masses in the Indian Ocean is i
accordance with that of Wyrtkil®.

Species of the northwestern and northeastern
Indian Ocean were almost similar at different strata.
In the northern Indian Ocean, K. pacifica, S. bedots,
S. neglecta and S. robusta rarely extended beyond the
200 m depth (Table 1). The central and southern
Indian Ocean sustained a different combination
(Table 2) and here the absence of a few species
— K. pacifica, S. bedoti, S. neglecta and S. robusta —
was conspicuous during the present survey. E.
fowleri and E. hamata which were seldom found at
500-250 m hauls at the northern Indian Ocean
became more common along the same stratum
towards the southern Indian Ocean.

The striking feature observed at subtropical
convergence was the absence of epiplanktonic species
excluding the Serratodentata group (Table 2).
Incidence of mesoplanktonic species in the epi-
planktonic and bathyplanktonic species in the meso-
planktonic strata was characteristic of this area.
It was reported earlier that E. hamata lives at
great depth in tropical and subtropical regions
but in the subarctic and subantarctic it gradually
rises to the surface813. In the present observation,
E. bathypelagica, E. hamata, S. macrocephala and
S. maxima exhibited this type of submergence at
tropical waters.

General Remarks on Stratification of Chaetognaths

Apparent occurrence of mesoplanktonic and bathy-
planktonic species in their respective strata in the
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TABLE 1 — SPECIES OBSERVED AT DIFFERENT STRATA IN THE NORTHERN INDIAN OCEAN (NORTH OF 10° S Lart.)

Depth of haul Water masses found at

(m) particular stratum in the
western side (west of
80°E long.)
200-0 Arabian Sea surface

water water

Water masses found at
particular stratum in the
eastern side (east of

80°E long.)

Bay of Bengal surface

Species

K. pacifica, K..subtkilis, P. draco, -
S. bedoti, S. bipumctata, S. enflata,
S. ferox, S. hexaptera, S. minima,
S. neglecta, S. pacifica, S. pulchra,
-S.-regularis, .S, robusta. .

500-200 Persian Gulf water, Bay of Bengal sub- K. subtilis,- P. draco, S. bipunciata,
Red Sea water surface water, S. decipiens, S. enflata, S. ferox, = .
Persian Gulf water S. hexaptera, S. lyra, S. macrocephala®,:
S. maxima, S. minima, S. pacifica,
S. regularis, S. zetesios. o
1000-500 Arabian Sea intermediate Bay of Bengal sub- E. fowleri, E. hamata, S. decipiens,
water, Equatorial surface water S. lyra, S. macrocephala, S. maxima,
intermediate water, S. zetesios. ‘ ;
Pacific water, ‘
Antarctic intermediate
water )
2000-1000% Arabian Sea intermediate E. bathypelagica, E: fowleri, E. hamata,
water, Arabian Sea S. deciprens, S. lyra, S. macrocephala,
deep water S. maxima, S. zetesios.

*Found only in the northwestern Indian Océan. ]
tFor this stratum no data available from the northeastern Indian Ocean.

TABLE 2 — SPECIES OBSERVED AT DIFFERENT STRATA (i) IN THE CENTRAL AND SOUTHERN INDIAN OCEAN
(BETWEEN 10° S AND 38° S LAT.) anD (ii) AT THE SUBTROPICAL CONVERGENCE (SOUTH OF 38° S LaT.) -

Depth of haul
(m)

Central and Southern Indian Ocean

Subtropical convergence

‘Water masses
found at
particular stratum

Species

Water masses
found at
particular stratum

Species

200-0 Surface water K. subtilis, P. draco, Antarctic water  S. decipiens, S. lyra,
'S. bipunctala, S. enflata, S. maxima, S. serratodentata,
S. ferox, S. hexaptera, S. tasmanica
S. minima, S. pacifica,
S. regularis
500-200 Subsurface water  E. hamata, E. fowleri, Deep water E. bathypelagica, E. hamata,
K. subtilis, P. draco, S. deciptens, S. lyra,
S. bipunctata, S. decipiens, S. maxima, S. serratodentala,
S. enflata, S. lyra, S. tasmanica, S. zelestos
S. macvocephala, S. maxima,
S. minima, S. pacifica,
S. serratodentata, S. tasmanica,
S. zetesios
1000-500 Antarctic water, E. bathypelagica, E. hamata, do E. bathypelagica, E. hamata,
Pacific water E. fowleri, S. decipiens, S. lyra, S. decipiens, S. gazellae,
S. macrocephala, S. tasmanica, S. lyra, S. macrocephala,
S. zelesios S. maxima, S. zetesios
2000-1000 Deep water E. bathypelagica, E. fowleri, do E. bathypelagica, E. hamata,
E. hamata, S. macvocephala, S. gazellae, S. macrocephala,
S. tasmanica, S. zetesios S. maxima, S. zetesios

north as well as central Indian Ocean and their
emergence at the upper strata towards the sub-
tropical convergence were the most interesting
aspects of the present study. Animals occur only
with certain combinations of ranges of salinity and
temperature. These combinations are represented
by particular water mass which permits development
and maintenance of its own characteristic fauna.
A species bound to a water mass tends to follow

the horizontal and vertical movement of that water
mass?”. If this approach for an understanding of the
3 dimensional distribution of zooplankton is accept-
able, it may be presumed that movement of water
masses is influencing the incidence of deep water
chaetognath species at different levels in the Indian
Ocean.

The hydrochemical front at 10° S and the sub-
tropical convergence towards 40° S appear to deli-
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neate the chaetognath fauna into 3 biogeographical
provinces’. The stratification of different species
also indicates the presence of 3 distinct faunal
zones in the Indian Ocean: the tropical zone north
of 10° S, the subtropical zone between 10° S to
38° S, and the transitional zone near subtropical
convergence. The tropical zone is unique in main-
taining the species in their respective bathymetric
levels. At subtropical zone the Indo-Pacific species
almost disappeared and the meso and bathyplank-
tonic species started penetrating into the strata
just above the levels they are expected to occupy.
Maximum faunistic contrasts were noticed at the
transitional zone where the species of southern cold
water and warm subtropical waters overlapped.
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