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Planktonic Foraminifera in waters off the Coromandel coast, Bay of Bengal

K Kameswara Rao, K V Jayalakshmy, S Kumaran, T Balasubramanian & M Krishnan Kutty

National Institute of Oceanography, Regional Centre, Cochin 682 018, India

Received 19 August 1988

Living planktonic foraminifers have been studied in relation to their ecology and distribution with plankton
samples collected in January from the east coast of India. During this period, upwelling occurs in the northwestern
Bay of Bengal and as a result, besides higher populations of Foraminifera in the northeastern part of the coast,
upwelling indicator species such as Globigerina bulloides and Neogloboquadrina dutertrei are also discernible in
the fauna. Species diversity, equitability, and coexistence of various foraminiferal species of the samples are com­
pared. Further, the degree of faunal affinity for different sites is discussed.

from all locations and the vertical tows only from
sts 2, 6 and 7, where water depths were more
than 200 m.

Statistical treatment of the data involved utiliz­
ing certain techniques such as Pearson correlation
of coefficient for coexistence of foraminiferal spe­
cies8, cluster analysis9 for grouping the species in­
to various clusters of different similarity levels us-

Oceanographic applications of Recent planktonic
Foraminifera in palaeoecology and palaeoclimatol­
ogy are well known. As stated by Phleger1 and
Be2, sufficient work is not carried out on the dis­
tribution of living planktonic Foraminifera from
plankton tows, though a wealth of information ex­
ists on this group in sediments of the world
oceans. In general, previous studies3-6 on plank­
tonic Foraminifera from the Bay of Bengal are li­
mited to oceanic areas. It is from this viewpoint
for comparison purpose, in the present study,
abundance and distributional trends of the fauna
mostly in neretic waters along the Coromandel
coast of India are reported with some ecological
implications using physical factors such as tem­
perature and salinity.

Materials and Methods

During cruise 130 of R V Gaveshani in January 15
1984, 22 plankton samples of both surface (0-10 N

m) and vertical tows (0-200 m) were collected
from 19 stations (Fig.1) in coastal waters between
Visakhapatnam and Nagapattinam. The samples
were obtained with the Heron-Tranter net (mouth
area, 0.25 m2; net length, 2.5 m; aperture size,
150 !!m). For making a quantitative study of the
foraminiferal species, a Rigosha flow meter was
fixed to the net. The term adults refers to the
specimens of planktonic Foraminifera ~ 150 i!m
size and only these specimens were used for de­
termining abundance of different species (Table
1), while others < 150 ~m size in the case of
some species, were indistinguishable7 since they
being juveniles and hence ignored. However, total lei
number of specimens per 1000 m3 includes both
adults arid juveniles. The surface tows were made Fig. 1-Locations of plankton samples
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ing correlation coefficient as similarity index,
ANOVA technique 10, and a trellis diagramll.

Results and Discussion

Foraminiferal abundance and species distribu­
tion- The standing crop of planktonic Foraminif­
era varies from 1714 to 116308 specimens in
1000 m3 of water (Fig.2). Higher populations gen­
erally occur in the northeastern portion of the
coast (sts 1 to 10) and in the south, populations
are usually small except at sts 12,14 and 15 of the
inner shelf. Very high standing crops of plankton­
ic Foraminifera in this study are a consequence of
prevailing upwelling in January of nutrient-rich
waters at the coastal areas of northwestern Bay of
BengaJl2.

In contrast with vertical hauls, smaller popul­
ations of the fauna in surface hauls are dominated
by species like Globigerinella aequi/ateralis, Glob­
igerinoides ruber, G. sacculifer, and Globigerinita
glutinata. Furthermore, at the locations where
larger populations occur in the plankton hauls,
they include rare species such as Beella digitata,
Hastigerina pelagica, Globigerinoides conglobatus,
Orbulina universa, Pulleniatina obliquiloculata,
Globorotalia anfracta, G. menardii, Globorota­
loides hexagona and Turborotalila humilis.

It is seen from Table 1 that the vertical hauls

are represented by more number of species than
the surface hauls and the ranges of number of
species in the surface and vertical tows are 2-12
and 10-16 respectively (Fig.2). Species present in
vertical tows but not in surface tows are G. an­

fracta, G. menardii and T. humilis. P. obliquilocu­
lala is observed only in surface tows. The most
widely distributed and dominant species in the
east coast fauna are Globigerina bulloides, G. ae­
qui/aleralis, G. ruber, G. sacculifer and G. glulina­
la.

Species diversity, H(S) of the fauna ranges from
0.9 to 3.3 and equitability (E) from 58.3 to 120%
(Fig.2). As observed with the populations of
planktonic Foraminifera, species diversity is also
relatively high in the fauna of northeastern part of
the east coast. The number of species, diversity
index, H( S) and total number of specimens in
1000 m] of water are directly related to each
other. In the case of equitability (E), it is not per­
fectly related in showing positive relation with
H(S). At sts 16 and 19, where equitability is
> 100%, it implies that even if more number of
species other than those listed in Table 1, have a
chance to occur at these sites, species diversity in­
dex almost remains the same.

2

The mean number of specimens of planktonic
For~minifera in the surface hauls for 11 day
statIOns and 8 night stations are 28101 and

~9390 s~ecimens i~ 1000 m3 of water respect­
Ively. ThIS observatIon suggests that in the coastal
waters, perhaps planktonic Foraminifera behave
like other groups of zooplankton in their diurnal

~igration sho,,:ing greater abundance during night
tIme. Further, III these tows, total concentration of
planktonic forams varies with respect to stations
(F(7.112)= 3.4787) and with respect to species
(F(16.112)= 8.9956) at 1% level (P<O.OI). Inter­
raction between day and night time collections of

species and ~tations is also significant (F(7.112)=
4.3557) at 1 Yo level (P< 0.(1). For vertical tows,
there are no night hauls in the present cruise. But
the mean number of 3 day stations is 6661 speci­
mens in 1000 m3 of water, which in comparison
with day stations of surface hauls is poor in abun­
dance. In general, surface hauls are more rich in
concentration of planktonic Foraminifera than
vertical hauls.

Ecology- In Bay of Bengal, during this period,
a northerly surface current system exists and it re­
sults in incursion of oceanic or high saline waters
from the mouth of the Bay and from the equatori­
al region along the east coast. As a result, the
quantitative survey of foraminiferal species (Table
1) is typified by dominance of equatorial species,
viz. G. conglobalus, G. saccu lifer, P. obliquilocula­
ta, G. menardii, G. lumida, G. ungulata and G.
hexagona in the coastal waters.

Upwelling process affects not only productivity
of planktonic Foraminifera, but also brings about
a change in the species composition of the fauna
and there is a mixing of cool and warm water
species. Of the two cool water species or upwell­
ing indicator species - G. bulloides and N duler­
trei - present in the assemblage of the fauna, the
former besides having a wider coverage in distrib­
ution is more abundant than the latter in the nor­

thern portion of the coast.
In the present study, temperature (Fig.2) of the

surface waters varies 25S-26.6°C and salinity
28.9-33.1 (x 10-3). Generally, temperature and
salinity show a lesser variability between locations
in the inner part of the shelf of northern areas of
the east coast. Consistent with the observations
made by Cullen6 in Bay of Bengal, it is possible in
this investigation to study and verify the effect of
one environmental factor, salinity alone on for­
aminiferal species distribution instead of tempera­
ture as the latter varies on a low range, i.e. it is
more stable. On the other hand, the salinity values
are extremely variable in the coastal waters and

...

I'II 111111 I "''' '11"'1 I'~"I.JIII" ,1.1• ~



)

KAMESWARA RAO et at.: PLANKTONIC FORAMINIFERA

1912 13 14 15 16 17 18II1098765

///----/

43

-- -- -- ----

2

- ---

3

3

2

4

2

25
1

4

~
~
~
<:---1

---2,

>--
f-r<')

z'o
::::i-
<[ ••
(f)~

• ILl
ILIa: _
ll.=> u
::Ef-O
ILI<[ ~
f-a:

lL.o

z
Q

lL.a

if)
f-
Z
:J

(f)
Z
ILl
::E

()
ILl
ll.
(f)

r<')

E

ooo

\,

'i

STATION NUMBER

Fig. 2- Distribution of total number of foraminiferal specimens in 1000 m3 of water, species, number of species, diversity in-
. dex H{S), equitability (E) in percent, temperature, and salinity at different stations
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Fig.3-Dendrograms for both surface (A) and vertical (B)
tows showing coexistence of different foraminiferal species
[(A) Surface tows (0-10 m) : 1. G/obigerina bulloides, 2. G.
calida, 3. G. falconensis, 4. G. quinque/oba, 5. G/obigerinella
aequilateralis, 6. Reella digitata, 7, Hastigerina pelagica, 8.
Globigerinoides congloOOtus, 9. G. ruber, 10. G. sacculifer, 11.
Orbulina universa, 12. Pulleniatina obliquiloculata, 13. Glf>­
borota/ia tumida, 14. G. ungulata, 15. Globorotaloides hexa­
gona, 16. Neogloboquadrina dutertrei, 17. Globigerinita gluti­
nata. (B) Vertical tows (0-200 m) : 1. G. bulloides, 2. G. cali­
da, 3. G. falconensis, 4. G. quinqueloba, 5. G: aequilateralis,
6. B. digitata, 7. H. pelagica, 8. G. conglobatus, 9. G. ruber,
10. G. sacculij"er, 11. O. universa, 12. Globorotalia anfracta,
13. G. menardii, 14. G. tumida, 15. G. ungulata, 16. G. hexa­
gona, 17. N. dutertrei, 18. G. glutinata, 19. Turborotalita hu-

milis]

species and also significant differences in the fau­
nal relationship of this pair of stations with other
sites along the coast. In 40% of the pairs of
stations, the index of affinity is > 70%. Of these
stations, sts 7 and 9 have higher faunal affinity
(> 70%) with all other stations except st 3 (46%).
Nearly 4% of the stations in pairs - (3,1), (4,3),
(13,3), and (18,3) have affinity index <40%. Sts
1,3 and 13 generally have low index ranging be­
tween 30 and 50% with other stations. In surface
tows of oceanic areas or deep-sea sites (sts 2,6
and 7), sites 6 and 7 have more than 50 and 60%
affinity index respectively with all other stations
including st 2, while st 2 has < 40% affinity with
sts 3,13 and 18 of neretic waters.

In vertical tows, the index between stations is
high ( > 50%), but < 80%.

these variations, as small as 0.2-0.5 ppm, have a
profound effect on abundance of foraminiferal
species 13. Compared with Arabian Sea, salinity of
waters of Bay of Bengal is low through riverine
input14 and thereby species characteristic of low
salinity waters show maximum in their abundance
in the east coast fauna and they are N. dutertrei,
G. sacculifer and G. glutinata. It is of interest to
mention here that Equatorial Undercurrent, char­
acterized by high salinities in the Equatorial At­
lantic Current System, is deficient in N. dutertrei.
This particular species is strongly influenced by
small variations in salinity. G. bulloides occurs
normally in waters of higher salinities and its pre­
dominance over N. dutertrei in the fauna is attri­
butable to upwelling. Characteristics of the cold­
water species, in general, show their association
with low salinities, since there is a direct low tem­
perature-low salinity relationship.

From regression analysis it is inferred that salin­
ity and temperature together are not the only en­
vironmental parameters governing the abundance
of species in surface hauls of neretic waters as
variability explained is < 10%; this suggests that
several other factors are interrelated in their con­

trol over distribution of species in these waters,
whereas in the surface and vertical tows of ocea­
nic areas, salinity and temperature have greater
control over abundance of species (variability ex­
plained is > 70% by each parameter). This may
be due to less influence of other ecological factors
at these sites in deep-sea of the Bay.

Cluster analysis and comparison of the fauna at
different sites- The dendrograms (Fig.3) show
that in surface hauls (0-10 m) significant clusters
at 5% level (P<0.05) are: a - (1,3,8), b ­
(5,9,10,16·), c - (11,17), and d - (7,15) and the
dominant species of these clusters being G. bul­
loides, (G. aequilateralis, G. sacculifer), G. glutina­
ta and G. hexagona respectively. In the case of
vertical tows, the clusters having high affinity at
5% level are: a - (3,5,8,9,10,12,13,14,15), b ­
(2,17), c - (9,18), d - (1,4), e - (6,11) and f ­
(7,16) and the corresponding dominant species in
the clusters being G. aequilateralis, N. dutertrei,
G. glutinata, G. bulloides, B. digitata and G. hexa­
gona. These clusters show that species of each
cluster always coexist living under the same envi­
ronmental features.

Distribution of affinity index, according to San­
ders 11, of the fauna of the sampling sites is indi­
cated by a trellis diagram (FigA). This shows that
in surface tows of the neretic waters, sts 10 and
12 have very great affinity index (> 90%) suggest­
ing great abundance of more number of common
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Fig. 4- Trellis diagram showing percentage affinity index between stations for the fauna, with depth in metres for plankton
tows

Comparison of surface tows with vertical tows
shows that all stations of surface tows have more
than 50% affinity with stations of vertical tows ex­
cept the pairs of stations - (3,7), (13,2), (13,6)
and (17,6) where faunal affinity index ranges 40­
50%.

It is concluded from this study that faunal pat-

6

terns in the deeper offshore area (sts 2,6 and 7)
and the shallow inshore (neretic) region, which in­
cludes other sites, are related to hydrographic dif­
ferences of the two areas.
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