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QUANTITATIVE AND SEASONAL ABUNDANCE OF SIPHONOPHORES
ALONG THE SOUTHWEST COAST OF INDIA AND THE LACCADIVE SEA

K. RENGARAJAN
Central Marine Fisheries Research Institute, Cochin-682031

ABSTRACT

The quantitative specieswise numerical abundance and seasenal distribution of Diphyid and Abylid sipho-
nophores were studied in detail for the first time, based on 128 zooplankton samples out of 243 sanogllles col-
lected and analysed at bimonthly intervals, The samples were collected between Mangalore and Cochin from
neritic waters and from Laccadive Sea on the oceanic region during Auvgust 1966 and December 1967.  This
study has been carried out very systematically for numerical specieswise estimation of polygastric and eudoxid
stages of 24 different Diphyid and Abylid species of siphonophores, as there was no such investigation on this
group. The results revealed that Diphyes chamissonis is the dominant species in the area studied constituting
35.5 % of the total. Most of the species are equally distributed in the neritic and goeanic provinces and that
too during the southwest monscon and northeast monsoon months coinciding with high plankton production,
mainly influenced by surface current and upwelling of the avea studied. Their inter-relationship is also criti-

cally - discussed in this account,

INTRODUCTION

. ONE of the major and regular constituents of
: the marine zooplankton is Siphonophora which
- occupies fourth or fifth place in the order of
- abundance in the {ropical zooplankton com-
munity (Isamu Yamazi, 1971). This holo-
plankionic non-parasitic coelenterate group,
among the secondary producers constituting
£ 17.1% displacement volume (Grice and Hart,
- 1962) plays an important role in the
marine ecosystem. Hall (1956) has also
found that this group formed an important
food item for higher pilankfon feeders parti-
. eularly the flying fish Hirundichthys affinis in
" tropical waters. Some of the siphonophores
such as Lensia multicristata, Marrus orthocan-
noides, Lensia lelouvetean, Nectopyramis thetis,
- N. spinosa and Heteropyramis maculata are
good indicators of spawning seasons of fishes,
- water masses and areas of upwelling (Corbin,
1947; Fraser, 1966; Alvarino, 1974; Rengarajan,
1975; Pugh, 1974, 1975). However, no serious
attempts have been mede to assess this intrin-
sic group of animals quantitatively in total

plankton of our waters, the effect of hydro-
graphic paraneters on this group, their species-
wise numerical abundance during different
seasons, etc. in view of their morphological
complexities and minuteness. It was, there-
fore, decided to carry out a synoptic and eco-
logical study of the occurrence, spatial distri-
bution, relative abundance and seasonal fluc-
tuations of siphonophores in relation to hydro-
graphy along the southwest coast of India
and the Laccadive Sea and the occurrence of
siphonophores in the day and night collections.
In this account, the results and findings of the
seasonal abundance of 24 species of Diphyid
and Abylid siphonophores are given,
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MATERIAL AND METHODS
Area of study

The resulis presented here are based on
128 zooplankton samples out of 243 samples
collected and analysed at bimonthly intervals
from 40 stations {Fig. 1) during August, Septem-
ber, November and December in 1966 and
from February to December 1967 from three

distinet areas viz. (i) the Laccadive Sea (ocea- .

nic stations 1 to 28), (ii) shelf waters along the

Sampling

Epipelagic zooplankton samples were collec-
ted during the cruises of the Research Vessel
Varuna as vertical open tows using the Indian
Ocean Standard Net (IOSN) of 0.33 mm mgsh
size (Currie, 1963). In neritic waters vertical
zooplankton samples were made from 5 m
above sea bottom to the surface and in the
oceanic waters from 200 m to surface. The

samples were preserved in 5% formalin in sea
water buffered with 19, Hexamine,

Oceanic stations : 1 to 28

Neritic stations : 32 to 40
' P

Shelt edge & slope stations : 29 to 31
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Fig. 1. R.V. Varuna stations along the southwest coast of India and the Laccadive Sea from -
where the scasonal and guantitative abundance of siphonophores have been studied.

southwest coast of India (neritic stations 32
to 40) and (iii) intervening zone dlong the con-
tinental shelf edge and slope (stations 29to 31).
The area of study falls within 71°30°-76°00'E
and 09°30"-12°15'N extending from the coas-
tal waters (76°00°) to the typical oceanic
region in the Laccadive Sea (71°30° F).

Subsampling and counting

Total zooplankton was divided into ali-
quots by means of a Folsohm Splitter. Usually
50% or 25% and ravely 12.5% of the total
sample having a minimim volume between
3 and 6 cc was examined. The different stages
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of each species of siphonophores from the sub-
sample were completely sorted, identified under
a binocular microscope and counted for esti-
. mating the numerical abundance. Following
- Totton (1954} Delafield’s Haematoxylin and
Borax carmine stains were used to get a better
© visibility of ridges and canals. The unsorted
: remainder of the original total sample was
" visually observed and species not present in
. the subsample were noted separately in a Pro-
- forma for estimation.

~ Constraimts in estimating the polygastric and
- eudoxid stages

. Unlike other zooplankters, it is very difficul¢
" to obtain a very accurate estimation of siphono~
phore population in an area, because of its
structural complexities, minuteness and ira-
gile natme. However, it was felt during the
present investigations that the quantitative esti-
" mation is possible, though not for all families,
atleast for Monophyid, Piphyid and Abylid
groups of siphonophores, since most of their
eudoxid stages are now well known, Such a
© suggestion was given by Alvarine (1967) and
Pugh (1974), but no attempt at quantitative
estimate were made by them. However, Pugh
- (1974} while summarising the problems and
- difficulties in the study of siphonophore popu-
" lation and quantitative estimation, opined that
“the lack of information on siphonophores pro-
bably results from the technical difficulties
inherent in any quaniitative study. They are,
" for instance, difficult to separate complietely
_ from the sample because of the smallness of many
of their parts and their transparency. Moreover,
the specimens are very fragile and tend to break
up into numerous parts, some ol which may
then be lost in the nets. It is therefore often
- impossible to obtain a reliable quantitative
. estimate of the catch.”

In spite of these difficulties, Pugh (1974)
~ was not reluctant to suggest that quantitative

estimate could be possible with most of the
species of the family Diphyidae.

The author also felt that a quantitative assess-
ment is possible as expressed by Alvarino
(1967} and Pugh (1974) and the author has
tried to estimate quantitatively the polygastric
and eudoxid stages of the species of the tamily
Diphyidae and Abylidae in the plankton.

Estimates of polygastric and eudoxid stages

The main problem is as to what criteria for
the polygastric stage among three specimens
of a particular spccies viz. (i) a loose anterior
nectophore, (i} a loose posterior nectophore
and (iii} an intact specimen with an anterior
nectophore and posterior nectophore attached,
and for eudoxid stage from (i) a locse bract,
(ii) a loose gonophorte and (iii) an eudoxid with
bract and gonophore or special nectophore
intact. This arises since we can not link up
individual part belonging to a colony or stem
or animal and know whether the individual
part was collected from the sampling area as
such or had disintegrated in the collection pro-
cess on board or during transpost atter preser-
vation or by handling by the worker in the
laboratory. To over come and solve this pro-
blem and to have a more reliable and meaning;
ful quantitative estimation of each stage of .a
species, the followmg method was adopted in
this study. -

Analyses of data

The anterior nectophore, posterior necto~
phore, intact specimen, eudoxid stage, bract
and gonophore/special nectophore were coun-
ted separately. First the maximum number
of loose nectophores - either anterior or poste-
rior whichever is more, is noted and this maxi-
mum number is added to the number of ‘intact’
specimen to find out the total polygastric stage
of a particular species, assuming that: -
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i. the excess number of a particular loose
nectophore represents the additional
polygastric stage of the same species from
the sampling area; :

u the deficit between two types of necto-
phores might have been lost while sam-
pling or handling; and

iti. the equal number of anterior nectophore
or posterior nectophore belongs to the
same animal in the sample.

Similarly, the maximum number of either
bract or gonophore/special nectophore is recor-
ded first and this numbey is added to the num-
ber of ‘intact’ eudoxid stage to find out the toral
eudoxid stage of the paricular species.

" Pugh (1974) has suggested that the anterior
nectophore may be considered for such esti-
mation. If so, how would we interpret the
cases where only a few posterior nectophoies
are present and there is no anterior nectophore
at all in the sample. The absence of anterior
neciophore does not mean that a particular
speciesis absent in that station and at the same
time we cannot neglect the posterior necto-
phore. We have to give due consideration for the
posterior nectophore in the sample, while enu-
merating a species in a station. Therefore,
to get uniform and more realistic quantitative
estimate, it was hoped that the - mothod
explained above will be snitable. An example
as explained in the above method is worked
out and given below.

Polygastric stage

Complete specimen (f.e. Anterior necto-
phore and posterior nectophore locked
together intact) 6
Anterior nectophore ... 16
Posterior nectophore ... .. . 19

Eudoxid stage

Complete specithen (e, Bract and
gonophore/special nectophore attached) 23

Bract 9

Gonophorefspecial nectophore ... 17

The polygastric stage of the speciegis (6 + 19)
=25 and the eudoxid stage is (23 4 17) =40,
It is assumed that the excess three posterior
nectophores and 8 gonophores belong to
different specimens of the same species.

This above method is applicable only to the
members of the family Diphyidae, Clausophyi-
dae, Sphaeronectidae and Abylidae, as the
members of other families e.g. Hippopodidae,
Prayidie possess a chainof nectophores and it
is difficult to get the cotrect number of the
nectophores.

Obtaining by the above method, the actual
number of polygasiric and cudoxid stages of a
species in the fraction or subsample, the total
number for the whole sample is calculated,
The count thus obtained tor each species in the
sample is made up to the Number per 1000 ms
of water filtered by the net.

QUANTITATIVE DISTRIBUTION

The quantitative distribution of some spe-
cies of siphonophores belonging to the families
Diphyidae and Abylidae which were assessed
quaniitatively is shown in a series of charts
on which the numbet of individuals per 1000m®
filtered by the TOS net used at cach station is
indicatcd by one of the six grades viz.

1- 49

50~ 99

100 - 499

500 - 999

1000 — 1999

and above 2000
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- . The occurrence and abundance of individual
- species both polygastric and eudoxid stages
durmg different seasons of & year wiz, North-
. east monsoon, Transition perjod and Southwest
. monsoon are given in Fig. 2 to 11. The South-

: west Postmonsoon had very few samples from

-the study area during 1966 and 1967 period.

' That is separatsly shown in Fig. 12 and 13.

§.$uzcu:eofmm quadrivalvis (Fig. 2 and 12)

' This specics was occumng both in the coas-
{al and oceanic waters dming the Northeast,
| ! Southwest Monsoon and Southwest Post-mon-
30011 seasonts. [t occurred quantitatively more
iin the Southwest Monsoon and its presence
.m observed in more number of stations as
well. Its dominance is more in the oceanic
 waters than in the neritic waters. This
_ zspmes was not at all observed during the
Transmonal period (Mamh and April).

Q; S'm'cu!eoian‘a turgida (Fig. 2)

. This species has beon observed only in the
" Northeast Monsoon period both in the coastal
- and oceanic waters and it was not seen during
‘the other seasons. Iis occurremce was also
: quantitatively very less.

. Suleuleolaria angusta (Fig. 2)

{ ' Though this species was recorded carlier
‘from neritic waters (Rengarajan, 1975}, its
. occurrence was found restricted in the oceanic

waters during this study. During Northeast
- and Southwest Monsoon period this species
. oceurred and it was not found in the transi-
" tional and Southwest Postmonsooa period. Its

. ocourrence was more pronounced during the

" Southwest Monsoon period than in the North-
~cast Monsoon period.

Sulculeolaria chuni (Fig. 3)

Among the species of Swlculeolaria, S. chuni
was more comnion and abundant from Decem-
ber 1966 to August 1967 ie. during Northeast
Monsoon. Transition and Southwest Mon-
scon periods. However, it was not recorded
in the Southwest Postmonsoon period. Quan-
titatively its occurrence was uniform in all the
three seasons mentioned above. But, it was
ntore abundant in coastal waters off Cochin
in the neritic region duriug the Transition
period, while this species was more in the
oceanic waters during both Northeast and
Southwest Monsoon periods.

Sulculeolaria monoica (Fig. 3)

Quantitatively uniform in the Northeast
Mouasoon, transition and Southwest Monsoon
periods and absent in the Southwest postmon-
goon season. It was observed in the outer
shelf waters during the Southwest Monsoon

period. No specimen was recorded in the

coastal waters during this study.

Sulculeolaria blioba (Fig. 4)

Its only occurrence in the waters north of
Kiltan Island in the Laccadive Sea in the South-
west monsoon period is notable,

None of the above species except Sulculeo-
laria quadrivalvis was cbserved duringthe South-
west Postmonsoon period during this study.

Diphyes dispar (Fig. 4 and 12)

This is one of the commonest species of the
three species of the genus Diphyes and
found both in all seasons and regions. Its
polygastric and eudoxid stages were seen almost
equally in all the seasons in coastal, outes shelf
and oceanic waters. However, this specics
shows an increase in number in the Southwest
Monsoon period.
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Fig. 2. Quantitative and seasonal sbundance of Swlcaleolaria quadrivalvis, S. turgida and §. ongusta along the southwest coast of India (for

grading please see Fig. 3).
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Fig. 4. Quantitative and seasonal abundance of Swlculeolaria biloba, Diphyes dispar and D. bojani along the southwest coast of India (for
grading please see Fig. 5).
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titative and scasonal abundance of Lemsiz campanella, L. cossack and L. hotspur along the southwest coast
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Fig. 7. Quantitative and scasonal abundance of L. subtilis and Chelophyes appendiculate along the southwest coast of India.
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Fig. 8 Quantitative and scasonal abundanoe of Chelophyes contorta, Eudoxoides mitra and E. spiralis along the southwest coast of India

(for grading please see Fig. 9).
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Fig. 9. Quantitative and seasonal abundance of Ceratocymba leuckarti and Abyla haeckeli along the southwest coast of India.
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Fig. 10. Quagntitative and seasonal abundance of Abylopsis ftetragona and Abylopsis eschscholizi along the southwest coast of India

(for grading please see Fig 11).
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Fig. 11. Quantitative and seasonal abundance of Bassia bassensis and Ewmmlhmh‘mm along the southwest coast of India.

it




S.W, POSTMONSOON (SER - NOv.)*

“ZR

o

—

A

NVIVIVONHY N

Fig. 12. Quantitative and scasonal abundance of S quedrivalvis, D. dispar, D. bojani, D. chamissonis, L. subtiloides, L. campanelia,
L. kotspur, Ch. contorta and E. mitra along the southwest coast of India during the Southwest Post-monsoon period (for
grading and remarks please see Fig. 13).
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Diphyes bojani (Fig. 4 and 12)

This species also evinced similar seasonal
distribution pattern of its related species D.
dispar and D. chamissonis. But, it slightly
differed from the other two in its quantitative
abundance. Its dominance was clearly noticed
during the Northeast Monsoon, while the other
two species showed their maximum during the
Southwest Monsoon period. This species and D,
chamissonis were more abundant in the coastal,
and outer shelf waters than the oceanic waters
while D, dispar was more in the oceanic region.

Diphyes chamissonis (Fig. 5 and 12)

This is the most common species of all the
twentyfour species found throughout the year.
Tts ocourrence was more in the nearshore waters
than in the oceanic region. The very interes-
ting feature is that in the Traasition period
(February and March) only eudoxid stages
and no polygastric stages were found in all the
stations. The causative factors for the exclu-
sive occurrence of eudoxid stages of the species
in the Transition period is discussed elsewhere.

Lensia subtiloides (Fig. 5 and 12)

The polygasiric and eudoxid stages of this
cosmopolitan species were found during all the
four scasons. But, its dominance was found
during Southwest Monsoon period. Its occur-
rence and distzibution did not show any signi-
ficant patiern.

Lensia campanellz (Fig. 6 and 12)

This species occurred duving all the four
seasons, but in lesser numbers and scattered
distribution. Its occurrence is more prominent
during the Southwest Monsoon season.

Lensia cossack (Fig. 6)

This rare species was recorded from two sta.
tions during the transition period and from

one station each in Northeast and Southwest
Monsoon scasons. Iis occurrence was restricted
within the continental shelf waters, but in
Southwest Monsoon its occurrences was
slightly beyond the ocoastal waters,

Lensia hotspur (Fig. 6 and 12)

This is another cosmopolitan species like L.
subtiloides and occurred in all seasons and in
all the three zones. However, it was numeri-
cally less to that of L, subtiloides.

Lensia subtilis (Fig. 7)

A rare species of the genus Lensia, it
occurred ouly in 2 single station in oceanic
waters during transition period.

In general, almost all spacies of Lensia showed
a higher percentage of occurrence in the ocea-
nic region than in the coastal and outer shelf
waters and occurred in all seasons.

Chelophyes appendiculata (Fig. 7)

Both polygastric and eudoxid stages of the
species were seen throughout the Northeast
Monsoon, Transition and Southwest Monscon
seasons and it was absent during the Southwest
Postmonsoon period. Though its occurrence
was noticed in the neritic waters, it was not

2n in the nearshore coastal waters. Generally,
it is wide spread and numerically mor¢ in the
oceanic waters. One of the striking features
of this species is that eudoxid stages were
more abundant and were collected from both
neritic and oceanic waters during Northeast
Monsoon season, while polygastric phase was
very rarely recorded during the same period.
In the other two seasons both polygastric
stages and eudoxid phases were more or Jess
equally observed.

Chelophyes contorta {Fig. 8 and 12)

This is one of the wide spread and commonly
occwring species, accupying the fourth place
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. in abundance among the twentyfour species
* taken for this study. It has very clearly shown
" its presence by numerically equal and seaso-
- nally wide spread distribution in all the four
: geasons, as well as in both nesitic and oceanic
i waters. A very notable feature is that its
| eudoxid stages were very uncommon except
: from one station each in the Northeast and
. Southwest Monsoon periods. Polygastric
. phase was dominant in all the scasons.

.~ Among the two related species Chelophyes
 qppendiculata and C. contorta, the dominance
: of eudoxid stage of the former during the North-
i east Monsoon and the absence of ¢udoxid stage
+of C. contorta during the same season is notable.

' Eudoxoides mitra (Fig. § and 12)

. This is the second most abundant species
‘which was also widely distsibuted in the study
‘area during all the four seasons. It was uni-
iform'y distributed in coastal waters, outershelf
'waters and oceanic waters. Its polygastric
stage and eudoxid phases were equally seen.

-Budoxoides spiralis (Fig. 8 and 13)

. R is yet another uncommon species found
in all the four seasons like its counterpart
‘E, mtitra, but it was in very meagre numbers. It
was recorded from oceanic waters in the North-
east Monsoon, transition and Southwest Post-
Monsoon periods. However, during south-
west monsoon season it appeared in more num-
ber of stations and also from a statton in the
coastal waters off Cochin, The occurrence
of only eudoxid stages in the Northeast Mon-
soon, Transition and Southwest Postmonsoon
period is notable.

C‘ératocymba leuckarrii (Fig. 9)

' '‘As in many of the other species, this species
was also dominant during he Southwest Mon-

soon season and occurred in fairly good num-
bers in the coastal waters. Both polygastric
and eudoxid stages occurred more or less in
equal numbers, but the latter was more in
coastal waters during the Southwest Monsoon.

Abyla haeckeli (Fig. 9)

Its occurrence was recorded from oceanic
and outershelf waters and not seen in the coas-
tal water. During the Northeast Monsoon
and transition period, only polygastric stage
was recorded and during the Southwest
Monsoon period both polygastric and eudoxid
stages in equall numbers were observed.

Abylopsis tetragona (Fig. 10 and 13)

This is a third most abundant species and
its dominance was found in the oceanic waters,
Both polygastric and eudoxid stages were fairly
equal in neritic and oceanic regions. North-
east and Southwest Monsoon seasons were
favourable and this species flourishes more in
these two seasons than the other two periods.

Abylopsis eschehsoltzi (Fig. 10)

It was present in the coastal, outershelf and
oceanic waters during Northeast Monsoon,
Transition and Southwest monsoon periods.
However, unlike 4. tetragona, Northeast
Monsoon period seemed to be favourable for
this species. The occursence of cudoxid phases
were more during the Northeast Monsoon
period and that too in the coastal waters,

Bassia bassensis (Fig. 11 and 13)

Southwest Monsoon season was found to be
the period with fairly good number of B, bas-
sensis. Both polygastric and eudoxid stages
were widely distribufed in the coastal, outer-
shelf and oceanic waters, An interesting fea-
ture found in this species is that the eudoxid
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stages were present in almost all stations during
Northeast Monsoon with high concentration
in the coastal and outershelf waters particulacly
off Calicut. In the following Transition period,
the same trend was reflected, but with moderate
concentration especially off Cochin. During
the Southwest Monsoon period, the eudoxid
stage of this species was not present at all in
the coastal waters, but it was seen upto two
stations in the outershelf waters which is signi-
ficant. Its occurtence was noticed in the coas-
tal waters off Cannanore in the following South-
west Postmonsoon period.

coastal waters off Cochin and off Calicut is
notable. During both Northeast end South-
west Monsooas, this species was found widely
distributed in coastal and ozeanic waters. The
ocourrence of this species in the Transition
period in the oceanic waters was very scarce,
while during the Transition and Southwest
Postmonsoon period if was not present in the
collections from the coastal waters.

SPECIES-WISE ABUNDANCE

Of the twentynine species of siphonophotes
of the families Diphyidae and Abylidae recor-

TABLE . Specles of Diphyid and Abylid siphonophores in the order of abundance

Number of Percentage
specimens
Species Total Coastal Quter shelf  Oceanic

waters waters waters
Diphyes chamissonis £570 35.55 69.58 16.67 13,75
Eydoxoides mitra 1653 10.53 4,36 4.54 91.11
Abylopsis tetragona 1619 10.32 710 7.04 85.86
Chelaphyes contorta 1540 9.81 5.97 9.74 84.29
Lensia subtiloides 1227 1.82 11,82 9,29 78.89
Bassia bassensis 891 5.63 30.64 17.40 51.96
Diphyes dispar 852 5.4 3.99 540 90.61
D, bojamt 496 16 11.49 4.44 84.07
Chelophyes appendiculata 450 287 4.87 L7 93,35
Abylopsis eschscholtzt 398 254 .10 13.07 66.85
Sulcaleolaria chuni 240 1.53 7.92 133 88.75
8. guadrivaivis 214 1,36 2,80 — 97.20
Enneagonum hyalimm 11 0.833 50.38 0.76 48.85
Lensia hotspur 130 0.33 9.23 3.08 87.69
L.campanelia 74 047 10.81 270 86.49
Ceratocymba leuckarti 63 047 12,70 1.59 85.71
Sulcuieolaria monoica 4} 0.26 — 14.63 85.37
S.angusta p3 0.15 —_ — 100.00
Endoxoides spiralis 20 0.13 10,00 — 90,00
Abyla haeckell 19 012 — 21.05 78.95
Sulculeolaria turgida 15 0.08 53.85 — 46.16
Lensta cossack 10 0.06 40,00 . 20.00 40.00
Sulcuieolaria biloba 8 0.05 — — 100,00
Lensia subtills 1 0.01 — —_ 100.00

15,692 100.00

Enneagomum hyalinum (Fig. 11 and 13)

Though the polygastric and eudoxid stages
of this species were fouad in all the fous seasons
in coastal, outer shelf and oceanic waters, the
high concentration of ecudoxid stage in the

ded during the present investigaiion, only 24
spcoies belonging to the genera Sulewleolaria,
Diphyes, Lensia, Eudoxoides, Ceratocymba,
Abyla, Abylopsis, Bassia and Enneagonum were
present in the folllowing proportions (Table 1),
The five species that were not piesent/observed
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. in the samples studied for ecology and quan-

; titative estimation are Lensia fottoni, L. lelou-
| veteau, L. fowleri, L. multilobata and Muggicea
defsmani

i From the above Table 1, it is observed that
@) Diphyes chamissonis is more abundant in the
. ¢oastal waters than its related two species D.
: dispar and D. bojani which are more abundant
 in the oceanic waters, (ii) Sulcwleolaria monoica
1 and Abyla haeckeli are found in the outer shelf
{ waters and oceanic waters, but not in the coastal
| waters, (iii) Sulculeolaria angusta, S. biloba and
 Lensia subtilis were observed only in the ocea-
‘niic region, and (iv) in general, the diphyids
;and abylids are more dominant in the oceanic
'waters than in the coastal and outer shelf waters.

Discussion

Though the siphonophores form a major
and regular component of the marine zooplank-
ton, occupying fourth or fifth position in the
iord:.r of abundance (Isamu Yamaz, 1971) or
17.1% by displacement volume among secon-
sda.ry producers (Grice and Hart, 1962), no
attempt has been made to understand their
species-wise quantitative and seasonal abunm-
dance in any part of the world Moreover,
no information is available on its role exactiy
in the economy of the sea except that this group
forms an important food item for higher plank-
ton feeders particularly the flyingfish Hirun-
Jichthys affinis (Hall, 1956) and some of the
$pecies are indicators of spawning seasons of
fishes, water movements and areas of upwelling
{Corbin, 1947; Fraser, 1966; Alvarino, 1974;
Pugh, 1974, 1975; Rengarajan, 1975). Even
in ‘The Biology of the Indian Ocean’ which
¢arries papers of the 'Kiel Symposium® on
quantitative and seasonal distribution and eco-
Jogy of some of the zooplanktonic organisms
(Bernt Zeitzchel-Ed., 1973), there is not much
information on these aspects on siphonophores
from the Indian region. Therefore, the pre-

sent investigation throws lights on the quanti-
tative estimation and seasonal abundance of
some of the species of Diphyvid and Abylid
siphonophores and to understand better orn this
group and their vole in the marine ecosystem.

The morphological complexities of siphono-
phores, constraints in handling and sampling,
difficulties in estimating the numerical abun-
dance of species of different families and methods
adopted in the present investigation were dis-
cussed already in different sections.

Among the twentyfour species of Diphyid
and Abylid siphonophores taken for the study,
Diphyes chamissonis is the dominant species in
the area constituting 35.55 % of the total. Eudo-
xoides mitra, Abylopsis tetragona, Chelophyes
contorta, Lensia subtiloides, Bassia bassensis,
Diphyes dispar, D. bojani, Ch. appendiculata,
Sulculeolaria chuni and S. guadrivaivis arve the
other species in the odrer of their numerical
abundance. Enneagonum hyalinum, Lensia
hotspur, L. campanella and Ceratocymba leuc-
karti are moderatcly common in all the three
zones, while the rest of the species are rarely
encountered.

The oceanic species such as S. monoica, Abyla
haeckeli and S, biloba are represented by a few
stray individuals at the stations in the shelfedge
and slope arca. S. amgusta and L. subtilis
reported from the neritic waters by Rengarajan

(1975) are now recorded also from the oceanic

waters,

On the basis of the occurrence and disiri-
bution, the species can be categorised under
thiee heads which were selected as being useful
and desciiptive withoot any implication of the
mechanism which may limit the distribution.

i. Wide and common occurrence (e.g:
Diphyes chamissonis, Lensia subtiloi-
des, Chelophyes appendiculata, Ch.



38 K. RENGARAJAN

contorta, Eudoxoides mitra, Abylopsis
tetragona and Bassia bassensis).

ii. Scactered occurrence (e.g. Sulcwleolaria
quadrivalvis, S. turgida, 5. chuni,
8. monoics, D. dispar, D. bojani, L.
campanella, L. hotspur, E. spiralis,
C. leuckarti, Abylopsis eschscholtzi
and Enneagonum hyalinum).
~ iii. Rare occuyrence (e.2. S. angusta, S. biloba
L. subtilis, L. cossack and Abyla
haeckeli).

Some of the species such as S. quadrivalvis,
D. dispar, D. chamissonis, L. campanella, L.
hotspur and E. hyalinum were found in high
density during the Southwest Monsoon season
and in areas where secondary production was
high. The exception is S. chuni which was
abundant during the Northeast Monsoon period.
The abundance of siphonophores was seen
during Southwest Monsoon season in the neritic
waters. Their abundance may be correlated to
food availability, while the presence or absence
of the constituent species may be attributed to
the various parameters such as suitability of
ecosystem and the tempevature and salinity
teletance of the spoties. Similar observations
were reported by Hag ¢r al.(1973) from Pakistan
Coast where Siphoniophora formed a significant
part of the plankton, the number being the
largest during March and October in the wes-
tern region and in March in the shelf on the
castern sector. :

As regard to the hydrographic conditions of
the studyarea in the present investigation on the
west coast of India and the Laccadive Sea and
their impact on the distribution of siphono-
phores, upwelling and surface currents weie
found to play significant roles. Upwelling was
repoited from the area studied by several wor-
kers (Catrothers er al., 1959; Varadachari,
1961 ; Panikkar and Jayaraman, 1966; Sharma,
1966, 1968; Sastry and D’Souza, 1972, Rama-
mirtham and Rao, 1973; Cwtie 2¢ al., 1973;

Lathiphba and Murty, 1678; Murty, 1981).
According to Panikkar and Jayaraman (1966)
upwelling is prevalent along the coast between
07°-10°N dusing Augusi to early October. Iis
occurrence in these waters was also jdeatified
to be the Pre-southwest Monsoon and the
Southwest Monsoon periods (UNDP/FAQ/
PFP, 1976). The phenomenon was found to
be marked and more intense in the region Calicut
to Karwar off the Soulhwest coast of India
(Ramamirtham and Rao, 1973; UNDP/FAQO/
PFP, 1976). Investigations camied out over
a number of years inchuding the International
Indian Ocean Expedition period shows that
upwelling enriches the Arabian Sea especially
the Southwest coast of India with high concen-
tration of nutrients resulting in high plankton
production. This is reflected from the seasonal
fluctuations and high abundance of siphono-
phores such as Diphyes chamissonis and Lensia
subtiloides in the study area notably from the
neritic waters with a peak zooplankion pro-
duction during the Southwest Monsoon upwell-
ing season. This has confirmity with the fin-
dings of Prasad (1969), Qasim (1973) and
Menon and George (1977). A detailed fur
ther studies on the effect of hydrographic fea-
tures on plankton production and the abun-
dance of siphonophores have been critically
studied by the author and published elsewhere.
The occurrence of upwelling from deeper waters
is further evidenced by the occurrence of meso
and bathypelagic siphonophores such as Marrus
orthocannoides, Bargmannia elongata, Amphi-
caryon peltifera, Am. aculae, Rosacea plicata,
Sulculeolaria  biloba, Lensia lelowvetean and
Heteropyramis maculata in the samples.

A striking feature of the distribution is the
records of some species of siphonophores such
as Swlculeolaria quadrivalvis, 8. monocica, Eudo~
xoides spiralis and Abyla haeckeli in the outer
shelf waters and the abundance of many of ithe
gpecies during the Northeast and Southwest
Monsoon months. During the WNortheast
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' Monsoon period, large scale inoursion of Equa-
:torial Susface water northwards along the neri-
tic arcas of the west coast of India and the inshore
-movement of high saline oceanic weters during
'the Southwest Monsoon brings about favourable
conditions for maintaining high productivity
ib this area.

. There is seasonal variation in the thermocline
topography, as is evident from the vertical dis-
ttibution of temperature pattern which duzing
the Southwest Monsoon period is nearer to the

ALVARINO, A 1967. Eathymetric distribution of
:;Im ﬂ'San D &OFM Medw ggd 21 (4):
0l ifarnia.
; 74-486.

e 1974, Distribution of siph
'in!hemﬁoma&muothe!‘»m g
ﬂ.lheryﬂnﬂem!, T (2): 527-546.

.BernT ZerrzscuEL (Ep) 1973, m.&tolag of the
r{uﬁ? Ocean, Champman & Hall Ltd on, pp.

f : CARRUTHERES, J. N, 8. 5. Gogatg, I, R. NaDvu AND
T, Lagvastu 1959. Shorewards of the
.of minimum oxygen off Bombay, its influence on
‘biology,  esporially fsheries.  Nature, 183: 1084-1087,

. Cormn, P, G. 1947, The spewning of the mackerel
{Scomber scombrus) and piichard (Clupea pilhardus
‘Walbaum) in the Celiic Sea in 1937-39, with observa-
tions on the zooplankton indicator species inta and
Muggiaea. J. mar. blol. dss. UK., 27: 65-132.

. ‘Curme, R, I, 1963, The Indian Ocean Standard

nét, Deep-SeaRes lﬂ (1 & 2): 27-32,

————, A. E. Fsiir aND P. M. HARGREAVES

973, Arabian Sea upwelling, In: Bernt Zeitschel

J(Ed) ’ﬂce Bia!odyy of th%_!b;czﬂau QOcean. Chapman &
p -

:Fum. J. H. 1966. Scottish plankion investiga-
‘fions in the mear northern seas, 1965. Indicator spe-
,des. Annals biol. Copenh.. 22 (1965] 63-65,

| “GRICE AND A. D, HART 1962. The abundaneeand
fmsonal oocurrence and distribution of the ¢ r:zg‘
onogr.,

'ton between New York and Bermuda, Eco

‘32 (4): 287-309,

© HALL, DNF 1935, Recent dovelo ts in the
‘Barbadian Flying-fish Fishery and con tlons to the

biology of the ﬂym fish Hfrmdfckrhgs Gunther,
th’l?:: ications ™o, 7,1 S%‘l’-:l Colo-
Majesty’s Stauomry

suface in the neritic waters. In the abseace
of vertical stratified sampling from the epi-
pelagic zone, no definite correlation can be
drawn between the thermocline and the occur-
rence and abundance of species.

Considering the above physico-chemical
parameters and their influence on organisms,
it is found that the surface current and upwelling
play an important role in the oocurrence, abun-
dance and fluctuations ot siphonophores in the
area studied.
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