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ABSTRACT

Among species of the genus Pleuromamma, Pleuromamma indica was the only species existing in the
northern Indian Ocean. In the rest of the Indian Ocean the most abundant species was P. gracilis, and
P. abdominalis was almost homogencously distributed . Multiple regression model of P. indica abundance
on the parameters : temperature, salinity, dissolved oxygen and phosphate - phosphorous could explain
more than 85% of the variation in the predicted abundance, while those of 8 species obtained from the
~ equatoria) region and southern coast off South Africa could explain only 30% of the variations in the

predicted total abundance and it was attained only when average values of the parameters were
considered in both cases. Hence average values of the parameters were the optimal values of the
parameters to be considered for maximum information about the distribution of Pleuromamma species.
High diversity and low dominance (high evenness) were observed in the disttibution of Pleuromamma

species in the equatorial region.

InTRODUCTION

Study of the Calanoid copepod Pleu-
romamma in the upper 200 m water column in
the Indian Ocean has resulted in certain
interesting observations (Saraswathy, 1986,
and Saraswathy and Krishna Iyer, 1986} such
as the dominance of P. indica in northern most
region of the Indian Ocean where waters are
characterised by high productivity and a
strong oxygen minimum, and occurrence of
P. quadrungulata only in the restricted area of
the equatorial belt, in the upper 200 m depth
of the water column. The area of investiga-
tion in this study which includes (1) Arabian
Seca (2) Bay of Bengal in the north and (3)
water of southern Indian Ocean in the south,
present a most variable environment and the
species of genus Pleuromamma are known to
exhibit pronounced diurnal vertical migra-
tion, being very sparsely distributed or al-
most absent in the upper 200 m during day.

MATERIALS AND METHODS

The region of study consists of Bay of
Bengal (10 stdtions), Arabian Sea (7 stations)
(Fig. 1) equatorial region (13 stations) and
southern Indian Ocean off South Africa (4
stations). The specimens were collected from
the upper 200 m water column during the
International Indian Ocean Expedition (IIOE)
using the Indian Occan Standard Net. Both
day and night collections were taken. Data
on the different parameters were obtained
from data sheets from World Data Centre. P.
indica was present only in the first three
regions. In the third and fou: th regions, 8 and
6 species respectively were present and these
data were pooled based on the similarity with
respect t0 number of common species in the
two regions, using the snmllarlty index, A =
EX1® where ¢ = number of species common
to both regions and a = total number of
specics in both regions and A = 75% for the
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third and fourth regions, and therefore the
third and fourth regions are pooled together
for the study of the distribution of all the 8
Pleuromammna species which are present only
in 3rd and 4th regions. Eight species consid-
cred were (1) P. abdominalis (PA), (2) P. xiphias
(PX), (3} P. quadrungulata (PQ), (4) P. indica
(P), (5) P. gracilis (PG), (6) P. piseki (PP), (7)
P. borealis (PB) and (8) P. abdominalis abyssalis
(PAA).

In order to find the prediction effi-
ciency of the hydrographical parameters
considered at four different levels viz. sur-
face, maximum, minimum and average val-
ues, where the average calculated is the
simple arithmetic mean of the values of the
different parameters given for various depths
in the 200 m water column considered sepa-
rately, in predicting the abundance of the
species, data after logarithmic transformation
(Colebrook, 1960), Y = log, (X+1),
X = original value, Y = transformed value,
was subjected to regression analysis {Snedecor
and Cochran, 1963). The variability ex-
plained by the regression equations and
relative importance of the parameters in the
case of significant regression equations
{(Snedecor and Cochran, 1963) were also
calculated. To study the coexistence of
different specics over space an interspecies
coeffecient of correlation matrix was formed.
Cluster analysis (Sanders, 1978) was carried
out using the correlation matrix for combin-
ing the species at various similarity levels and
the dendrogram showing the grouping at
different similarity levels were drawn (Fig. 2).
Coefficient of correlation of each species with
parameters at each level was also calculated.
Richness coefficient and evenness in the
species distribution was calculated using
Shannon Wiener diversity function (Lloyd
and Ghelardi, 1964) H (s} and Mac Arthur’s
coeffecient of equitability ¥ respectively.
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H (s) and ¥, were plotted against latitude to|
study nature of distribution of H (s) and Z
with respect to latitude (Fig. 3).

REsULTS anD DISCUSSION

In the upper 200 m water column,
temperature variation in the area was beo-
tween 30.52° C in the north east Arabian Sea’
and 10.37° C off Australia. Salinity varied.
between 37.36x10? in the north Arabian Sea:
and 32.10x10* in the central Bay of Bengal.
Dissolved oxygen varied from 5.79 ml/1 off
South Africa to 0.1 ml/1 in the Arabian Sca
and Bay of Bengal. Phosphate values ranged
between 2.43 pg at/1in the north Arabian Sea
and almost nil at some stations south of 20<S.
Only at one station, dissolved oxygen values
varied between 0.1 ml/l and 5 ml/] at
different depths.

Most abundant species was PG (G. M.
= 64.6/haul} and least abundant was PQ (G.
M. = 2/haul). PA had the least scattered
distribution (C. V. = 22.6%) while PQ had the
most scattered distribution (C. V. = 156.8%).
Correlation coefficient of PX, PI, PP and PB
with temperature, of PA with salinity and of
Pl, PB with dissolved oxygen and PI with
phosphate - phosphorous were significant at
5% level of significane at all levels, (P<.03)
(Table 1) except PX, PI and PB with tempera-
ture at minimum level. Thus it implies that
in the equatorial region and the southern
Indian Ocean off South Africa, high tempera-
ture is favourable to PX, PI and PP while not
to PB. High salinity is preferable to PA, high
dissolved oxygen is not preferable to PI, but
is preferable to PB and high phosphate
phosphorous is preferable to PQ and PI while
not to PB. In the case of PG and PAA the
considered parameters are neutral in their
effects to control their abundance which
suggests that some other factors, not
considered in the present study are to be
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Fig.1. The station locations in the 4 regions, Arabian Sea, Bay of Bengal, equatorial region and southern Indian Ocean off

South Africa, selected for the study.

given due importance (Table 1). These
suggestions have been justified from predic-
tion equations also.
equation of PI abundance on parameters,
using (a) maximum value of the parameters
was

Y =-71.2422 + 4.8939 X, +37.8302X, +6.8335X,
+4.4479X, |

(b) Minimum valuc of parameters, was

Y = -14.6880 + 43236X, +10.3801X, -3.6541X,
+25675X, '

(c) Surface value of the parameters, was

Y= 20.1796 +12.8298X, +1.1401X, +14.2916X,

Multiple regression _

+1.9363X,

(d) Using average value of the parameters,
was

Y = -17.5896 +3.2548X, +9.9485X, -2.7922X,
+5.1408X4 |

~ All the 4 regression equations were
highly significant at 1% level (P<.01). Vari-
ability explained by the regression models
were all >60% in all cases. Maximum vari-
ability was explained by the regression model
(d) i. e. 85.83%. (F(4,25,1%) = 43.9224), then
78.43%, by (a) and (b) (F(4,25,1%) = 26.7345)
(Table 2). This thercfore clearly shows that
the average values of the parameters can
extract the maximum information about the
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distribution of PI in the three regions consid-
ered. Multiple regression equations fitted for
the total abundance of all the 8 spccnes based
on the pooled data, usmg,

(a) Maximum value of the parameters, was

Y = -25.3195+0.8506X +14. 2856X +6.0550X -
0.5485X,

(b) Minimum value of the parameters, was
Y=50.8706+3.5499X, -
34.4663X,+1.8762X,+1.5307X,

(c) Surface value of the parameters, was

Y = -34.1922-2.3143X,+28.8275X,-6.1909X -
1.0231X%,

(d) Average value of the parameters, was

Y = 6.0326+1.6990X,-6.9983X,+6.6833X,
+3.2027X,

Where Y = total species abundance, X =
temperature, X, = salinity, X, = dissolved
oxygen, X, = PO, -P.

Above equations used for prediction
were significant only at 25% level of signifi-
cance (P<0.25) when maximum (F (4,12,25%)
=2.1619) and minimum (F(4,12,25%) = 1.5657)
values were taken, while at 10% level of
significance when average values of the
(F(4,12,10%) = 2.2913) (P<0.10) parameters
were taken. But it was not significant when
surface values were used. Therefore, for the
prediction of total abundance of all 8 species
also, average values are the optimum values
of the parameters and gives the relatively
maximum precision. Also regression analy-
sis confirms that these parameters alone are
not sufficient because it can explain only
309% (Table 2) of the variability in the
predicted total abundance. PG the most
abundant species was not found to be highly
correlated with any of the 4 parameters
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considered. That is PG may be dependmg on
factors such as water turbidity, light penetra-
tion, nutrients or interaction effects of these
parameters (Table 3) which are significantly
correlated. PO, was the relatively most
important factor when maximum values were
used, dissolved oxygen, when minimum
values were used, temperature when surface
values were used, and PO,-P when average
values were used for predicting abundance of
PI alone while dissolved oxygen in the case
of maximum and minimum values, tempera-
ture when surface values and PO,-P when
average values were considered for predict-
ing the total abundance of all 8 Pleuromamma
species from the two pooled regions (Table 2),

From Dendrogram, cluster having
maximum affinity at 5% level was (PA, PP,

DENDROGRAM
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Fig. 2. The significant clusters formed at 5% level of
significance. The numbers on the X-axis represent
species as follows;:1. Pleuromamma abdominalis,
2.P. xipias, 3.P. quadrungulate, 4.P. indica, 5.
P.gracilis, 6. P. piseki, 7. P.borealis and 8.
P. abdominalis abysalis, :
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fig.3. The diversity index H (s) and equitability cocf-
fecient with respect to latitude.

pX). This group coexists with a minimum
correlation of 0.65 (Fig. 2).

H (s) was almost uniform X of H (s} =
2.2399) in the equatorial region except at
stations, at 5°40'N 51°41'E and 6°34'N 51°E
while not uniform in the southern coast of
South Africa. Maximum X in equatorial
region was at 0° 2’5 93°0'E and 0° 2'S, 84°56'E
minimum at 06°34'N 51°00E while maximum
¥ at southern coast of South Africa was at
30°57'S 43°11°E and 30°20'S 31°57'E and
minimum at 40°02’S 29°29°E (Table 4).

Pleuromamma species are more evenly
distributed in equatorial region than at south-
ern coast of South Africa. There is a general
trend of increase in H (s) as well as 2 in
equatorial region while a steady decrease in
both H (s) and ¥ was noticed with latitude off
South Africa (Fig. 3). Spatial distribution of
the species in the stations taken for the study
had indicated certain environmental prefer-
ences such as isolation of P. indica in the
northern- most area, presence of P. quadrun-
gulata in the equatorial region only and of
P. borealis almost entircly in the southern
most areas and in the east coast of Africa.
Low dissolved oxygen, and high phosphate
phosphorous for PI while high salinity for PA
are highly favourable conditions. PA,
PPandPX form a highly coexisting group. In
order to get maximum information about the
Pleuromamma species, average values of the

Taste 1. The significant correlations of specics with the parameters

Maximum values

Species

Average values

Sali.

Surface values

Minimum values

Di.oxy. PO,-P

Sali. Di.oxy. PO;-P Temp.

Di. oxy. PO,-P Temp.

Di.oxy. POyP Temp.

Sali.

Temp.

Sali.

5736

5053

.5629

5656

5228

P.A.

5994

5785

.5542

P.X.
PQ.

P

5448

-5504

4825

7825

-7207

5202 7380

-7105

5085 7782

-.6664

-6728 8506

7813

P.G.

.5958

5278

5347

4909

P.P.

5047

6464 -.5405 4869

-.5476

5019

-5417

P.B.

-.4828

P.AA.
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Tase 2. Relative importance of parameters and variability explained from the multiple regression model

(a) For Pleuromamma indica

Parameters Maximum values Minimum values Surface values Average values
Temperature 02876 0.0793 0.0269 0.0966
Salinity 03641 0.1727 0.9560 0.2173
Dissoved oxygen 0.1846 0.9188 0.3863 0.5410
PO,-P 0.5730 0.2100 0.1308 0.5410
Varia : expl : (x) 78.02 7@ 169 85.55 -
(b) For total of all Pleuromamma specics

Temperature 0.2098 0.6006 0.5713 ' 0.3428
Salinity 0.0930 0.6310 0.5442 0.0828
Dissoved oxygen 0.5158 0.7504 0.4740 1.2069
PO,-P 0.1641 ‘ 0.1579 0.1334 05709
Varia : expl : (x) 221.60 12.39 3.86 30.93

Tasie. 3. Significant corvelations between parameters

Parameters Maximum valucs Minimum values Average values

Temp. Sali. Di.oxy. PO,-P Temp. Sali. Di.oxy. PO-P Temp. Sali. Di.oxy. PO-P
Temp. -9137 .8844 -.5995 -7191 5241
Sali 6560 ‘
Di. oxy. -.8327 -7442

TABLE. 4 Species diversity index and equitability coefficient

Station position S N H(s) S z
00°07'S 96°31'E 7 260 2.4531 7 100.00
00°02'S  93°01'E 5 138 2.3886 7 140.00
00°02'S 84°56'E 5 77 2.2730 7 140.00
04°05'S 89°00°E 6 377 2.3811 7 117.00
03°59'N 57°59'E 7 413 2.0663 6 85.71
01°02'N 57°59'E 6 278 25712 8 133.33
02°02'N 56°03'E 8 308 2.7588 9 11250
05°40'N 51°41'E 5 827 1.8386 5 100.00
06°34'N 51°00'E 5 1640 1.4868 4 - 80.00
06°44'N 37°59°'E 6 188 2.4081 7 117.00
02°34'N 48°16'E 5 549 2.2355 6 120.00
02°57'N 47°45'E 7 730 2.3825 7 100.00
48°00'N 45°23'E 5 551 2.2510 6 120.00
30°57'S 43°11'E 5 375 1.9665 5 100.00
30°20'S 31°57°E 6 385 2.2371 6 100.00
30°02'S  24°09'E 6 3240 1.4803 4 67.00
40°02'S 29°29'E 2 232 0.3786 1 50.00

S = no. of species observed, N = no. of individuals, H (s) = Shannon Wicner species diversity function, ¥ = Equitability
coefficient. ’
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parameters highly correlated with the species
are to be considered.
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