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ABSTRACT

An attemnpt is made to study how the ecalogical thcory that in 3 marine eaviron-
ment individua} grovps are distributed accordmg 10 their place in the tophic level,
applies in the disiribution of chactogbaths in two well xoown upwelling 2reas in the
Arabian Sea - the Somalian and southwest Arabian coasts. Populaton maxima of
chactognaths were found not adjacent to the centre of upwelling, but shifted to the
fringe of the enriched area. Chactognaths which oscupy the tertiary level in the food
chain need moie 1ime for their developme=nt and so the places of their maxium
abuadance appear at a greater distanze from the centrg of upwelling, Highest den-
sities of juvenile chaetognaths were siso restricted (o the stations located away from
tho coast. This apparent incrense in the sbupdance of chaetognaths towards the
margin of the upwclling ares was statistically tested and their rale of production
was calculated, ’

INTRODUCTION

The distribution of different hroups of planktonic organisms varies greatly
depending on their place in the food chain; the higher the trophic level they
occupy, the farther théy are removed in space and time from the areas of earich-
ment (Vinogradov and Vororina, 1962) Due to upwelling the surface waters
get fertilized and spread under the influence of local curreats and the develop-
ment of the primary and secondary producers are displaced .in space and time.
By the time the predators attain their population maxima - the sequence of
biological events in the sea, they may be locatcd quite soms distance away from
the centze of upwelling,

Chaetognathis are exclusively carnivores and they occupy the tertiar’ level
in the food chain. - Naturally areas of maximuin chateognath population can be
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expected to be located away frnm the upwelling areas, It is interesting to see
how they are distributed in upwelling systems and how far this ecological theory
holds tru@ for these organisms. The previous studies on the: ¢haetognaths of
the Indian Ocean (Vngayalakshmn 1969) indicate that population maxima during
the southwest mousoon period are not adjacent to the upwellmg region but
shxfted towards the frmge of the eariched ares, - » :

-~ The' authors are grateful to Dr. N K. Pam, Director, National Insti-
tute of Oceanography, Goa, for his keen interest in this work and providing faci- -
lities st the Indian Ocean Biological Centre.

MATERIAL AND METHODS
. Four series of samples taken from the Somalia and Arabian coasts during
July-August, the peak period of upwelling (Currie et al., 1971), were selected
40"
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Fig. 1. Map showing the location of stations off Somalia and Southwest Arabia.
Cruise [ — “Argo” collections during 12th - 29th August, 1964;
© Cruise Tl -~ “Discovery™ coliections during 8th ~ 13th August, 1964;
‘- - Cruise 1 — “Discovery” coilections during 10tk ~ 13th July, 1963 aud
Cruise [V — “Discovery” collections duting 15th ~ 18th Juiy, 1963, -
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from the International India: Ocean Expedition (HOE}) collections Io: ‘the
present study. ‘In all the four series the stations were worked from the coastal
dreas towards. the sea; following the direction of the prevalling surface currents,
The loéation of stations is indicated in Fig. 1. The details of the collect’ ons are
given in-the Handbook (IOBC, 1969). Chactognaths from these stations were
examined for species composition and stages of mawnty Based on the condi-
tion of the gonad the stages were isolated, those in which gonads are absent
designated as juveniles, those with developing gonads as imuaature and those with
fully developed gonads as mature. individuals. The number of aninals given
always réfers to number per standard haul (IOBC, 1969},

ResuLTs

Fourteen species of chaetogna-'t"ﬁs.——xrok;z'ma pacifica, K. subtilis, Pterosa-
gitta draco, Sagitta bedoti, S. bipunctata, S. enflata, S. ferox, S. hexaptera, S.
minima, S. neglecta, 8. pacifica, S. regularls, S. robusta, and 8. prchro—
were found in these collections. For the distribution curves only the common
species were consxdercd as the other species present constitute only an in-
significant part of the total chaetognaths in ﬂlcsc samples.

The abundance of the total chactognaths and the common chactognath
species is represented in Fig. 2. In Fig. 2a the maximum density of chaetog-
naths (14288/std. haul) is scen at St. 47, located away from the Somali cosst.
Compared to the values at station 25, 29, 32, 37 and 40, the majority of the com-
mon species maintain high density at St, 47, The surface teraperatuce in all these
stations were low (22.44-24,22°C) indicating upwelling. However, at station 67
there is a sudden lowering of the chactognath population. The hydrographical
data for this station do not show any upwelling and the surface temperature was
27.20°C. Fig. 2b rcpresents another section near Soinalia and the results are
almost identical with that in Fig. 24. These stations also indicate upwelling.
There is no station beyond 5543 in Cruise II to compare chaetognath abundgnce
with a non-upwelling station. Fig. 2 ¢ shows steady increase in the abundance
of chactognaths towards the opea ocean and the maximum value was found at
station 5051. The density of chaetognaths vsas minimum at stations 5055 and
5057 and the hydrographical data for these two stations do not indicate up-
welling. Aan almost similar pattern of distribution is observed i Fig. 2 d, ancther
series of stations néar south-west Arabian’ coast.

S. enﬂara was the dominant species and the proportion of the matunty
stages of this species for the four - cruises (Fxg 1) is shown in Fig. 3 a-3 d. The
d;smbuuon curves show an mcreasc in the ‘population of differsnt stages to-
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 wards the. outer margin of the upweumg area. If juveniles are considered as an
index - to brecdmg the maximum population- observed at stations ‘47 (Fig. 3 a),

5543 (Fig. 3 b), 5053 (Fig. 3 c) and 5070 (F1g Bd) would indicate these to
bc areas of mtense breedmg
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“All the stations having ihe maximum ‘density of chaetognaths are on the
outer limits of the upwelling ‘areas. The upweiling area as’ihdicated by the
temperature ' distribution (25°C isotherm in July—Wyrtki, 1971) extends off
the African coast to a distance of nearly 400 km and: off . the Arabjan coast to
nearly 100 kon. The stations mentioned above are located farther out in the

" sea; St. 47 approximately at 268 km., 5543 at 447 km., 5053 at 121 km and
5070 at 363 km from the coast,
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 The hydrographical data for ail the selected stations except station 67,
5055 and 5057 indicate upwelling. The vertical profiles of temperature, oxygen
and phosphate values for the upper 200 m water column for Cruise III are
depicted in Fig. 4 a-4 ¢, The first five stations indicate zones of upwelling as
seen by the deepening of the thermocline, low temperature at the surface, low
oxygen values and the high concentration of phosphate at the surface. Station
5055 ard 5057 show the abrupt change in the hydmgraphwat condition where
theze is no mdxcanon. of upweum.g

This apparent increase in the population density of chaetognaths towards
the periphery of the enriched area was analysed using . the Chi-square test to
infer whether the total chaetognaths were uniformly distributed over the
difierent regions under- study. The formgﬂa used for calculation of Chi-

square is : ‘
e B [(fo ~ fey’ ]
fe

where :

*  fo-—observed number of individuals
fe—expected number of individuals -
The significant dxﬂerence in the relative abundance of S. erflata in the dxﬁerent
regions was also tested by the same method. The calculated values of the
Chi-square in both the cases are given in Table I. From the Table 1 it could
be seen that all the caleulated values of Chi-square are highly significant
{p < .001) indicating that dzﬁercnt regions mentioned were having d flerent
rates of populaxm density. ,

‘In order to ‘examine which are‘the more productivé regions under study,
the data under different cruises were further analysed. The results are given
in Table 2. - It could be inferred that as :ar as total chaetognaths are concerned

Tasig 1. Caleulated values of x* under different regions

x2 value for Degrees of x® “value for

Cruize . Remarks H i Degt..o of  Remarks
Chaf ?rf;‘nmhs Freedom ' ‘ J‘,ls“iezg/e?sw: f Fr%lciom

I 40071.54 5 P<.001 3640.5 4 P<.001

1 348521 _ 4 Pf(.(K_}l 206.9 4 - PLODY

11 . 7 1540.34 . 4 - VP,<.0£)1' 1294.9 4 - Pg oot

v 292914 6 P« 001 194.5 6 P{.OO!




190 - T. S SATYANARAYANA on AND VIJAYALAKSH‘M R NAIR

the station 47 in Cruise t 2 Eis 5 times mcre productive tban station 285. In_
Cruise IZ the station 5543 is 4 timés more productive than station 5533, in Cruise
1II, the station 5051 is 2.5 times more productive than station 5047 and in~
Cruise IV station 5069 is 1.68 times more productive timn stauon 5062

Regerding the juveniles of S. enflata station 25 in Cruise I is not at
all productive and station 47 is 7.5 times more productive than station 292. In
Cruise II the station 5543 is 2.7 times more productive than ‘station 5533 and
station 5053 is 6 times more productive than station 5047 in Cruise Il The v
station 5070 is more productive. compared to all ‘other stations in C:mse Iv.

TABLE 2. Production ratio under different regions

Cruise  Stations e o astatbs juveniles of s enfiota

t 25:20:3237:40:47  10:1m15:27:22:50  0:10:14:42:46:75

' (Caiculatedx®,«8.38, Calculated a%w1.58,
not signiicant at 5%, not significant at 59
level) level)

{1 5533:5537:5539:5541:5543  10:20:24:18:40 10:20:18:17:27
(Calculated x*==0.12, (Calculated 1*=
not sigoificsnt at 5%, 0.02, oot significant

o level) - at 5%, level)

HI 5047:3048:5050:5051:5053 10:15:8:25:18 - 10:10:42:29:60

. Co- : {Calculated, *=0.01, (Ca!cu ated, ¥*es(, 87,
not significantat 5% not sxgmﬁcant o
level) - ' at 59 level)

IV 5062:5064:5066:5067:5068: 100:88:93:82:10%:168:127 10:8:9:8:9:11:14

“5069:5070 (Calculated ,x*=0.18, (Calculated x*=
o aot significant at 8.41, not mgmﬁcam‘
5% level} at 5% level
Discussion

Cushing ( 19;1) in his comprehensive review on the upwelling areas™ in
the world oceans has discussed at length the production cycle in unwe._mg sY5-
tems.  Acocoiding to him the peak production reaches the surfacc pot far from

e e S b -
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the centre of upwelling and thz plant:and snimal populations move away from -

“the centre of upwelling. 'The dynamic boundary of the coastal upwelling is at

about 100 km from shore..  However, the effect of upwelling continues towerds -
the open ocean and “the biclogical boundary must be.at the imprecise edge of

‘the wind syste em” (Cusbmz, 1571).

 In a.marine community—which may be defined as an sggregation of mixed.
tam——-the individuals in the unit are distributed according to the position they.
occupy in the trophic level, Animals like chactognaths which feed on smaller. .
gooplantkton and whose paqmon is bxzhcr than the herbivores, need more time
for their dwelopmcnt (Vinogradov and Voronma, 1962). Fig. 3 shows that
the three maturity stages of S. enflazz are représented in all the collections.
However, maximum pumbers of different stages are restricted to stations locat-
ed away from the coast. Breedmg of chactognaths is continuous in_tropical
waters and periods of heavy spiwaing arc supermpoaed on continual spawning
{Owre, 1960; Vijayalakshmi. under publication). By the time-the individuals
reach maturity, currents might carry them awny frdm the region of upwelling
and the places of their popuiation maxzima appear at a greater distance from
the area of divergence. - As a result the zones of upwelling and the bulk of
chaetognath populatxon arc divided in space and shifted to the margm of the
enriched areas.

The surface current during July-August, the period under discussion, con-
sists of a strong northerly Somali Current Siowing earer the coest off Somalia
upto B-10° North-latitude. Around these latitudes the current furng east-
wards, Similardy off the Arabian coast. a cdastal current fows in the northeast
direction and offshore the g_eaeral drift is eastwards. In both these arcasg the
enriched waters reaching the surface as a result of upwelling are taken sway
towards the open sea in an easterly direction and this is reflected in the distri-
bution of the plankton populations of different trophic levels. The. tertiary po-

pulation Jike ‘that of the chactognaths is removed farthest from the upwd}mg
region. :

Ra

The foregoing account on the chaetognaths in upwelling ac.is supports this
scological theory that in a marine environment individuals are distributed ac-
cording to their place in the trophic level. Fig. 2a and 2c¢ give a clear pic-
ture of this phenomenon where the lowering of the population: density of chaeto-
gnaths beyond the h gh density observed in the zone of upwei!mg, and \.omc.ment‘
abscnce of any thmg.raphu.al evidence of upwelling. : - '
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