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Twentyfive species of planktonic Foraminifera are recorded from 36 plankton tows collected from
waters of the submerged coral banks—Bassas de Pedro, Sesostris and Cora Divh—located at northein
end of the Laccadive group of islands in southeastern Arabian Sea. High standing stocks of these organ-
isms are found in plankton tows north of 13°N where upwelling indicator species namely Globigerina
bulloides and Neogloboquadrina dutertrei are observed. Most of the spinose species show higher con-
centrations in 0-10 m than in 0-200 m tows. Although they form a major component of the fauna, non-
spinose species show an increase in relative abundance in December as compared with studies of other
winter months in the Arabian Sea and are represented chiefly by those of Globorotaliaanc Globigerinita.
Distribution of species in plankton tows reveals that Globigerinoides ruber, G. sacculiferand Globigerini-
tu glutinata are the most dominant forms, while less dominant species being Globigerinella uequilateralis
and Globorotalia tumida. Foraminiferal fauna in general depicts closer affinity with that of equatorial wa-
ters of the world and is typical of a tropical reef region under peak winter conditions.

Knowledge of seasonal patterns of planktonic For-
aminifera is essential in understanding their deve-
lopmental stages, ecology and distributional trends.
In addition, utility of such studies in paleoenviron-
mental interpretation has been stressed earlier by
Tolderlund and Bé'. Deuser?, Deuser et al3, and
Williams et al* have also shown the importance of
some seasonal index foraminiferal species in regis-
tering seasonal contrast in paleoclimatic and paleoc-
eanographic reconstructions. It is a logical corollary
to state from investigations!~° of planktonic For-
aminifera that they reflect distinct distributional pat-
terns and abundance in different seasons.

Although notable strides have been made on dis-
tributional and ecologic patterns of Recent plank-
tonic Foraminifera in Indian Ocean during the last
three decades, i is still poorly understood with re-
spect to their seasonal fluctuations as reviewed pre-
viously’®. In this period, however, some seasonal
aspects of them in the Arabian Sea have been re-
corded” ~16. As more information has to be gleaned
from such studies in northern Indian Ocean which
lies mostly within the tropics and is subjected to a
large scale monsoonal changes, planktonic For-
aminifera present in waters of the submerged coral
banks in southeastern Arabian Sea are described in
this work to interpret their nature and distribution
during winter season.’

Study area

Topography—The submarine banks—Bassas de
Pedro, Sesostris and Cora Divh—situated north of
coral reefs of the Laccadives are widely spaced and
isolated from one another (Fig. 1). They are sub-
merged below waters ranging in depth from 20 to
77 m and are characterized by high topography and
hard substratum which generally favour growth ¢f
corals. Coral growth might have started during gla-
cial times of lower sea level (Pleistocene) and con-
tinued in the Holocene. Last Cenozoic marine
transgression is responsible for the rise of sea level
from 130 m below the present level to about 20 m
below the present sea level over a period of 8000
years'”. This is the actual reason why the banks
north of Laccadives are submerged over the said pe-
riod of time as the rate of sea level rise exceeds the
rate of coral growth.

Hvdrography—During winter (November-Febru-
ary) in the open waters, the general set up is westerly
and off the west coast of India, dominant direction
of the current to about 20°N is north-north-
westerly. A detailed study of hydrography of sou-
theastern Arabian Sea during winter season has
been reported earlier'® =20, Wiater conditions start
setting in the Arabian Sea during November, reach-
ing peak in December’® and prevail till February.
The cool air in winter lowers the temperature of sea
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Fig. 1—Map of eastern Arabian Sea (insert) and submarine cor-
al banks showing surface coastal circulation of waters off the
west coast of Indig, study area and plankton sampling locations

surface?’ at the head of Arabian Sea and Bay of
Bengal by as much as 3°C. In December, surface
temperature of the Laccadive offshore waters!®
plummets down markedly ranging between 28°-
29°C in comparison with summer?? temperature of
these waters varying from 30° to 30.6°C. Because of
winter cooling at the surface, thermal inversions are
frequent in topmost layers. With the deepening of
thermocline and vertical mixing followed by surface
cooling, the temperature in the mixed layer which
extends to average depth of 60-80 m is very low. Al-
s0, with greater uniformity of temperature in the lay-
er depth, temperature frequency curves are very
peaked and unimodal. It is noted that surface salinit-
ies in summer are rather low varying between 34.4
and 35.5 X 1074, but in winter, they show higher va-
lues with a wide range between 34.2 and
36.2x 107", Different manifestations of salinity at
the surface in southeastern Arabian Sea during win-
ter are due to differential evaporations which in turn
can be related to the geographical relation of land
and sea'®. Different water masses in this sea in winter
have been analyzed'® based on T-S diagrams. Be-
sides, sinking as well as high surface salinities are
noted in the upper layers of the Laccadive offshore
waters. Also, during this period, upwelling has been
noted*" in the vicinity of Minicoy due to divergence.
The upwelling in the southeastern Arabian Sea is as
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well associated with the presence of submarine
ridge—the Laccadives—Chagos Ridge, which is
known to causs enrichment of surface waters?® and
by the ‘island mass effect’ also due to northward
flowing current?* which is in the path of Laccadive
islands and submerged coral banks.

Materials and Methods ‘

Twentythree surface hauls (0-10 m) and 13 verti-
cal hauls (0-200 m) were collected aboard R.V. Ga-
veshani during cruise 206 (December 1988) with
Heron-Tranter net of mesh size 150 pum, fitied witha
Rigosha flow meter. Surface hauls were made at all
the sites, while vertical hauls only at the sites located
outside the banks where water depth is >200 m
(Fig. 1). Treatment of plankton samples, processing
of faunal data and statistical study are same as
adopted earlier'® in this work.

Results and Discussion .

Ecology—In the present study, hydrographic ob-
servations pertain to surface-water temperature and
salinity (Fig. 2 A, B). Surface temperature varies be-
tween 28.5° and 29.5°C. Surface temperatures above
29.3°C are found in the southern region while in the
northern part, it ranges from 28.5° to 29°C. With
temperatures which are low at the surface, high sur-
face salinities are noted in December. In this study,
high saline waters > 36 x 103 are found in the mid-
dle area of western side, whereas in the southern re-
gion salinities as low as 32.9 X 1073 are observed,
which may be due to the effect of Bay of Bengal wa-
ter carried by the branch of Northeast Monsoon
Current along the west coast of India®®. This low sal-
inity water condition in the waters off southwest In-
dia is indicated®® by depletion of '*0 in the shells of
surface-dwelling planktonic Foraminifera in sedi-
ments off the coast during this period (salinity and
O are linearly correlated). Banse?4 also observed
this water or Equatorial Surface Water off Cochin
during December and January in the northward
flowing coastal current. :

Foraminiferal abundance—Very high concentr-
ations of total planktonic Foraminifera are found in
plankton tows north of 13°N with maximum densit-
tes of 305600 (C-10 m) and 77778 (0-200 m) speci-
mens in 1000 m? at sts. 21 and 14 respectively in the
northern area where upwelling indicator species are
predominant. Lower abundances varying from
13120 to 103428 (0-10 m) and from 4508 tc 21078
(0-200 m) in 1000 m?® occur in the southern area
(Fig. 2 C, D). Total planktonic foraminiferal abun-
dance is more in 0-10 m than in 0-200 m tows.
Comparison of foraminiferal abundance in pairs of
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adjacent stations—(2,3), (6,7), (8,9), (17,18), (20,21)
and (22,23) shows that higher concentrations occur
at 0-10 m of shallow sites inside the banks than at
0-10 m of deep sites located outside (Fig. 3 A, B). -
This is possibly due to two factors: 1) Perturb-
ations produced by the banks leading to nutrient en-.
richment of the overlying water through barrier ei-
fects. 2) Ascending motion of waters caused by the
banks by which nutrient-laden water is brought to
the surface by the northward drift of the western In-
dia coastal current® during winter (December/Jan-
uary). Similar type of local upwelling has been ob-
served owing to bottom topography in the Galapa-
gos area cf Pacific Ocean where west-east flowing
Equatorial Undercurrent is in the path of an obsta-
cle*’. Students’ 7 test also indicates that concentr-
ations in 0-10 m tows of shallow sites (sts. 3,7, 9, 18,
21, 23) are not similar to those of deep sts. 2, 6, 8,
17, 20, 22 (+=2.0680 (P<0.1)). By contrast, in
other pairs of stations, (16, 19), (11, 15) and (4, 5),
0-10 m tows of deep sites show higher densities than
those of shallow sites and it can be explained for the
~ first two pairs of sites because of different days of
collections of representative samples. But in the
other pair of sts. (4,5), reason for the observed fau-
nal trend remains unknown, even though respective
samples were collected on the same day as in the
first case mentioned before. Further, the study of
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surface-water temperature and salinity correlated
with total planktonic Foraminifera suggests that
these are not the only factors controlling their abun-
dance as shown by multiple regression model fitted
for the fauna (P> 0.05), other ones like nutrients
and food supply also have influence on it. The aver-
age of five years’ data of phosphate content in sur-
face waters of Laccadive Sea shuws?® variation be-
tween 0.47-1.044 pg-atl™!. Also, Jayaraman and
Seshappa®® reported high values of total phospho-
rus off the west coast of India both during SW and
NE monsoon periods. In general, high concentr-
ations of planktonic Foraminifera are recorded in
regions rich in nutrients®3°. The above observations
of faunal data are in conformity with this finding.
Southeastern Arabian Sea is known to be most fer-
tile by supply of nutrients followed by peak of phyt-
oplankton productivity only during southwest mon-
soon season due to strong upwelling that occurs
along the southwest coast of India®'. However, nu-
trient enrichment of these waters including Lacca-
dive Sea is known to take place even in winter by
weak upwelling®?*3. Thus, productivity of the waters
in southern Arabian Sea is directly related to intens-
ity of upwelling. Further, one divergence zone lying
between 70°-72°E and 8°-11°N and a convergence
zone along axis around 74°E have been observed
during winter®*. Undoubtedly, higher concentr-
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Fig. 3—Absolute abundance of tota! planktonic Foraminiferain .
surface (A)and vertical (B) tows at shallow and deep sites
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ations of total planktonic Foraminifera in the pres-
ent study are linked to pulses of phytoplankton
development that occurs in December or January?!.
Faunal diversity and equitability—Shannon-
Wiener diversity index, H(S) measures diversity in
terms of information gathered taking inio consider-
ation not only the number of species, but also their
frequencies without making any assumption about
the distribution of species. It is given’ as:
A}
H(S)= 2 pi-In(pi)
i=1
where piis the proportion of the ith species and Sis
the number of species observed. This index also ref-
lects productive nature of the waters based on spe-
cies richness. Furthermore, H(S)is not as variable as
§, since it is not subjected to fluctuations due to
presence or absence of a rare species.

For equally distributed species, e*t5)= S [because
maximum value of H(S) is obtained when all the
species have equal frequencies in which case
H(S)=InS according to MacArthur®] which in turn
can be used as a measure of equitability. Heip*” has
defined it as:

g= el 1)/(5— 1)

where €% is the equivalent number of equally dis-
tributed species. The above relation is found to have
a better statistical behaviour because it is not at all
altered when all the species are increased or dec-
reased by a constant number of individuals. Equita-
bility measures the evenness or probability of oc-
currence of species. If equitability is higher, it means
all the species have more or less the same probabil-
ity of occurrence. In other words, their distribution
is almost random:. If equitability is low, it will show
dominance of a few species.

In the present study, species diversity index, H{S)
in 0-10 m increases in the northeast area with maxi-
mum value of 3.19 at site 11. Minimum index of
1.95 is found at sts. 1 and 19 (Fig. 2E). In the case of
0-200 m tows, relatively high diversity indices rang-
ing from 2.09 to 3.29 are observed (Fig. 2F).

Species equitability, € of G-10 m tows shows in-
creasing trend in the northeast area similar to di-
versity. In waters of Sesostris and in the region south
of 12°45" N, it varies from 0.43 to 1.04. Butin 0-200
m tows relatively high evenness indices varying be-
tween 0.5 and 1.72 are recorded (Fig. 2 G,H).

In both 0-10 m and 0-200 m tows, H(S)and ¢ are
found to be linearly related, i.e. diversity changes
lead to alterations in equitability (r=0.5457,
P<0.05, for 0-10 m tows and r=0.8887, P<0.05,
for 0-200 m tows). :
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Cluster analysis for coexistence of species—This
study defines that 1n 0-10 m tows of shallow sites 3
clusters of species are formed [r> 0.63, (P<0.05)]
(Fig. 4A), they being (a): 10, 17,19, 1, 132, 5, 8, 14,
23), (b): (7, 24, 3), (c): (20, 21), (d): (9, 12, 22), and
(e):(16,25,15,2, 6).In contrast, at 0-10 m of deeper -
sites, only 4 clusters (Fig, 4B) formed are (a): (2, 7, 5,
24,1,12,19,6, 10,13, 22, 3), (b): (17, 21, 4, 23), (c):
(18,20, 8}, and (d): (9, 14). Thus, dendrograms (Fig.
4A, B) for grouping of species at 0-10 m for both
shallow and deep sites indicate that the number of
clusters formed is more at shallower than at deep .
sites. The largest cluster for deep sites has more
number of species than those of the largest cluster
for shallower sites. This implies that more number
of species present at 0-10 m level of deep sites re-
quire the same environmental conditions than those
of 0-10 m for shallow sites. It means as well that
when all the species coexist in the area they are all
exposed to the same ecological characteristics®
thereby indicating stability of the environment.

Considering all the sites (deep + shallow) of the
study area, coexistence of species shows that in 0-10
m tows {Fig. 4C), there arc 4 significant clustars
[r=041, P<0.05)-(a) (12,9, 4, 5, 6,24, 1, 2, 23,
11, 22), (b): (8, 20, 17,7, 19, 3, 16, 21), (c): (13, 15),
(d): {14, 25). All the species in the cluster ‘a’ contri-
bute major part to the foraminiferal density, since
they are dominant in the fauna under this cluster.
On the contrary, in 1-200 m tows (Fig. 4D)only one
major cluster is formed [r>0.55, (P<0.05)] (a): (2,
16, 15, 3, 18. 19, 5, 21, 6, 23, 4, 10, 14, 17, 7).
All the abundant species with the exception of G.
glutinata come under this cluster.

Presence of more number of clusters in 0-10 m
hauls suggests that species at this level requir. dif-
ferent environmental conditions for their existence.

Distribution of foraminiferal species—Twentyfive
species of planktonic Foraminifera have been ident-
ified from 36 plankton-tow samples and most of spi-
nose species show greater abundance at 0-10 m than
at 0-200 m Jevel of tows (Table 1). These species can
be confined to the groups—warm-water species (Glo-
bigerina calida, G. falconensis, G. rubescens, Globige-
rinella aequilateralis, G. adamsi, Hastigerina pelagica,
Globigerinoides tenellus, G. conglobatus, G. ruber,
G. sacculifer, Orbulina universa,.Pulleniating obli-
quiloculata, Globorotalia anfracta, G. flexuosa, G.
menardii, G. tumida, G. ungulata, Globorotaloides
hexagona, Globoquadrina conglomerata, Neoglo-
boquadrina dutertrei and Turborotalita humilis),
warm-temperate water species ( Globorotalia scitu-
la), cosmopolitan species (Globigerinita glutinata)
and cold-temperate water species ( Globigerina bul-
loidesand G. quinqueloba).
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‘Fig. 4—Dendrograms showing coexistence of various foraminiferal species i 0-10 m tows of shallow (A) and deep (B) sites, in 0-10
m tows of all the sites (C) and in 0-200 m tows (D) [(1) Globigerina bulloides; (2) G. calida, (3) G. falconensis, (4) G. quinqueloba, (5)
G. rubescens, (6) Globigerinella aequilateralis, (7) G. adamsi, (8) Hastigerina pelagica, (9) Globigerinoides tenellus.(10) G. congloba-
tus, (11) G. ruber, (i2) G. sacculifer, (13) Orbulina universa, (14) Pulleniatina obliquiloculata, (15) Globorotalia anfracta, (16) G.
flexuosa, (17) G. menardii, (18) G. scitula, (19) G. tumida, (20) G. ungulata, (21) Globerotaloides hexagona, (22) Globoquadrina

conglomerata, (23) Neogloboquadrina dutertrei, (24) Globigeriniza glutinata, and (25) Turborotalita humilis)

Species of interest related to winter season and
their absolute abundance (no. of specimens in 1000
m?) and distribution patterns in the reef waters are
as follows: -

(1) Globigerinella aequilateralis (Brady)—It
shows an increase in abundance off eastern side of
the middle area of Bassas de Pedro, peak-abundance
being 23000 and 4444 specimens in 0-10 m and
0-200 m tows respectively at st. 14 (Fig. SA, B).

(2) Globigerinoides ruber d’Orbigny—Like G. ae-
quilateralis, higher concentrations of this species at
0-10 m tows occur off eastern Bassas de Pedro with
highest abundance of 33000 specimens at site 13,
while in 0-200 m tows it is 9200 at site 14. Lower
densities of this species are present south of 13°N
(Fig. 5C, D).

(3) Globigerinoides sacculifer (Brady)—This is
the most abundant species of the fauna studied
showing an increase in abundance at 0-10 m tows in
the northeast area with density > 75000 specimens
occurs at sts. 13, 18, 19 and 21, maximum value be-
ing 140400 at site 24 and lower concentrations
<10000 are found around southeastern part of
Bassas de Pedro. But at 0-200 m tows, its density is
low ( > 10000) in the northeast region (Fig. 5E, F).

(4) Globorotalia menardii (d'Orbigny)—As in
north Atlantic, it is scarce in this part of the Arabian
Sea during winter and shows low concentration
ranges of 286-1000 (0-10 m) and 13-178 (0- 200 m)
in plankton tows. e S

(5 ) Globorotalia tumida (Brady)———Thi., tropical
species shows higher concentrations in waters off
the northeastern part of Bassas de Pedro. Highest
aburidance of this species occurs in 0-10 m (67222)
and 0-200 m {161333) tows at st. 14 (Fig. 5G, H).

(6) Pulleniatina obiiquiloculata (Parker and
Jones)—Though it is a winter species occurring in
higher concentrations in subtroplcal waters of north
Atlantic, it is sparsely distributed in this tropical re-
gion. At 0-10 m level, it occurs only at 5 sites mostly
inside the banks ranging in density from 200 to 800

-specimens and it is still very much lower in concen-

tration in 0-200 m tows varying between 12 and 44
(Fig. 6A, B).

(7) Globigerina bulloides d’Orbigny—It manifests
higher density in plankton tows in the northeast area
with abundance variations of 160-5760 (0-10 m)
and 40-712 (0-200 m) specimens (Fig. 6C, D).

(8) Neogloboquadrina dutertrei (@’ Orbigny)—In
both 0-10 m and 0-200 m tows, it increases in con-
centration off eastern Bassas de Pedro. In the south-
ern area, its increase is in the southeast direction for
0-10 m hauls, whereas it is southwest for 0-200 m
tows (Fig. 6E, F).

(9) Globigerinita glutinaia (Egger)—-lt is another
abundant species showing higher densities in the
northern area from 12°50'N with maximum concen-
tration of 52444 specimens at 0-10 m, while it is .
11067 at 0-200 m level at site 14 (Fig. 6G; H).
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As seen from Table 1 and Figs. 5 and 6, foraminif-
eral species— G. sacculifer, G. glutinata, G. tumida,
G. ruberand G. aequilateralis are abundant and G.
anfracta, G. flexuosa, G. scitula and T. humilis are
rare.

Comparison with other areas—Comparative
study of seasonal successions of planktonic For-
aminifera off Bermuda'~, with that of present study
during winter months reveals wide differences be-
tween these 2 faunal zones—the fauna in northern
Sargasso Sea or mid-latitudes of western north At-
lantic is characterized by winter species such as Glo-
borotalia truncatulinoides, G. hirsuta, G. inflata, P.
obliquiloculata and G. bulloides which occur in
higher frequencies between January and March. But
in the tropical region of this study, the fauna consists
of dominant tropical indigenous species showing av-
erage percentages in decreasing order of relative
abundance in the water column are G. sacculifer
(37.3%), G. tumida (9.4%), G. rubescens (1.8 %) and
N. dutertrei (1.6%) and the tropical ce-occurring
species being G. glutznata(lS 5%), G. ruber(12.7%),
G: aequilateralis (9.5%), H. pelagica (2.9%), G. con-
globatus(2%)and G. bulloides(1 %). Further, during
winter, unlike the fauna from 30°N in north Atlan-
tic’, which is dominated by non-spinose species of
Globorotalia, in the present study, these species are
of Globigerinita besides Globorotalia. In both these

studies, species common in current systems near the

continental margins like G. aequilateralis; H. pelagi-
ca and N. dutersrei occur in higher concentrations.
As in the southeastern Arabian Sea, G. sacculifer is
the most abundant species in southern Sargasso
Sea’ during winter. Other species common in these
two areas are: G. rubescens, H. pelagica, G. conglob-
‘atus, G. menardii and- G. tumida. T. humilis ob-
served only in northern Sargasso Sea-is rare in this
tropical region. On the whole; the fauna-of this part
of Arabian Sea is similar to that of southern Sargas—
so Sea*® south of 30°N or south of “oceanic front” in
north Atlantic’ during winter.

In accordance with the suggestions® 40 which have
been amply substantiated by later studies**' ~** in
waters off Bermuda in the Sargasso Sea, surface tem-
perature as low as 19.4°C is observed during winter
and high value of 27.6°C in summer. This tempera-

“ture range is considerably larger when compared
with that of southeastern Arabian Sea waters where
minimum temperature, 28°C in winter (December)

and maximum of 30.6°C in summer {April) are not--

ed. In general, lower surface temperatures prevail in
this study area and Sargasso Sea during winter. '

It is shown further in the Sargasso Sea off Bermu-
dal-25 that G. ruber occurs in surface waters
throughout the year, but in the case of G. truncatu-
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linoides, it is abundant in surface waters only during
winter and in summer, it descends to greater depths.
In this context, it is necessary to mention that faunal
study in regard to depth habitats of species in differ-
ent seasons is still in its infancy so far as Indian
Ocean is concerned.

The present study has a closer affinity with that of
Red Sea™ in the sense it is observed that spinose
species constitute a larger component of the fauna
in both southwest and northeast monsoon seasons.
In summer, the non-spinose species like G. menard-
itand N. dutertrei are known to be abundant in up-
welling areas of western Arbian Sea, but sparse in
the Gulf of Aden and southern Red Sea. However,
these species show higher concentrations in surface
waters of Red Sea only during inflow of nutrient-
rich waters of the Arabian Sea along the Red Sea in
northward direction in winter with a nutrient gra-
cient boundary at 18°-20°N. North of 20°N Red Sea
is therefore depleted in phytoplankton. It is indicat-
ed earlier***’ that G. ruber depends more on phyto-~
plankton for food than G. sacculifer. As a result, the
former is abundant in the southern Red Sea and the
latter in the northern Red Sea. The northward cur-
rent of the western Arabian Sea waters along the
Red Sea as observed***® at certain times caused by
prevailing hydrographic conditions jn the area even
during southwest monsoon season is rather unusual.
Under this situation, distribution patterns of G. sac-
culifer and G. ruber are same as observed during
winter in Red Sea. G. aequilateralis increases nor-
thwards and G. glutinata shows no definite distribu-
tion pattern. The non-spinose species— G. menard-
ii, P. obliquiloculata, N. dutertrei and G. glutinata
occur in higher concentrations in the Red Sea dus-
ing winter inflow. Thus, the fauna of Red Sea in
comparison with that of Arabian Sea indicates that
it is not only influenced by monsoons, but also by
the changes in hydrography at any time in any sea-
son.

Faunal studies of Zhang'* and Zobel'' made earli-
er during early and late winter respectively in east-
ern Arabian Sea are described here to bring out
some of their differences as compared with that of
present study. Zhang!® recorded two distinct for-
aminiferal assemblages from the east central Arab-
ian Sea in Novémber, they being winter tropical as-
semblage and winter tropical upwelling assemblage.
The former includes species such as G. ruber, G.
sacculiferand G. aequilateralisin the order of abun-
dance and the latter comprises G. bulloides and N.
dutertrei. He also reported very low concentrations
of G: glutinata, while -G. tumida is absent. In plank-
ton tows of eastern Arabian Sea, Rao ez al'¢ also
noted low density of G. glutinata (7.4%) and abs-
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ence of G. tumida during early winter. In some ways,
the fauna of these studies'*'¢ is similar to the one re-
corded by Zobel'! in the eastern Arabian Sea off In-
dia between 8° and 23°N where although G. gluzina-
tais encountered, G. tumidais not there; G. sacculif
er and G. aequilateralis show dominance by late
winter. The difference in winter tropical assemblage
as given above and that of the present study is thatin
addition to aforementioned species of this ensem-
ble, other forms like G. tumida and G. glutinata not
only occur in higher frequencies but also have
shown dominance. This can be ascribed to preval-
ence of complete winter conditions in southeastern
Arabian Sez in December?®. It is of some interest to
mention here that in contrast with the present study
based on faunal data from plankton tows, Cullen
.and Prell®® have shown that G. glutinata occurs in
higher concentrations than G. sacculifer in Arabian
Sea sediments. In the absence of sufficient faunal
‘data on seasonal occurrences and depth habitats of
the planktonic species for the Arabian Sea, it is not
possible at the mnoment to ferret out the cause of this
difference between these two species in waters and
sediments.

Furthermore, the fauna of southeastern Arabian

Sea is in consonance with that of equatorial waters |
of the oceans by the presence of species such as G.

aequilateralis, G. ruber, G. sacculifer, G. tumida and
G. glutinata in fair abundance. Other species in the
fauna which are characteristic of equatorial waters
are G. adamsi, P. obliguiloculata, species of Globor-
otalia, Globoquadrina conglomerata, G. hexagona,
N. dutertrei and T. humilis. The cold-temperate wa-
ter species, G. bulloides, which occurs in less abun-
dance in southeast Arabian Sea. is known (o be
ubiquitous in equatorial waters of the world
oceans?*:394748 1 jke waters of the submerged coral
banks in the Arabian Sea which are productive
based on the abundances of the fauna, other oceanic
areas such as equatorial regions of the world are al-
so known to be fertile as manifested by very high
concentrations of planktonic Foraminifera®3048 =51,
In conclusion, this study gives 3 indications—first
is in regard to the types of foraminiferal species
which show dominance inthe reeef areas of the
tropics during peak winter season. Among spinose
species, which form bulk of the fauna, G. sacculifer
is the most abundant species in the winter faunal
assemblage as in southern Sargasso Sea, Red Sea
and Arabian Sea and others in relatively less abun-
dance being G. ruber and G. aequilateralis. The
non-spinose species belonging to genera, Globoro-
talia and Globigerinita show an increase corre-
sponding to winter peak. The second clue pertains
to highly productive nature of the reef areas which is
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due to local upwelling caused by dynamic hydrogra-
phic conditions prevailing in the region as evi-'
denced by the indicator species such as G. bulloides
and N. dutertrei, This in turn suggests how all ocea-
nic areas within tropical regions are not barren as
has been commonly believed. Finally, it has to be
stated that in the assessment of the investigations of
ecology and distribution of living planktonic For-
aminifera, insofar as seasonal study is concerned, it
is not only periods and intervals but also intervals
indicating peaks of seasons of their observations,
should separately be given due consideration. -

Acknowledgement :

Authors thank Dr B.N. Desai, Director and Dr
V.N. Sankaranarayanan for encouragement and Dr
M.V.M. Wafar and Mr R. Sajeev for the help ren-
dered.

References
1 Tolderlund DS & BE AW H, Mlcropaleomology, 17(1971)
297.
2 Deuser W G, N Z Dep Sci Ind Res Bull, 220 (1978) 55.
3 Deuser W G, Ross E H, Hemieben C & Spindler M, Paleo-
geogr Paleoclimatol Paleoecol, 33 (1981) 103.

4 Williams D F, Bé AW H & Fairbanks R G, Paleogeogr Pale-
oclimatol Paleoecol, 33 (1981) 71,

5 Bé AW H, Micropaleontology, 6 (1960) 373.

6 CifelliR, Jour Mar Res, 20 (1962) 201.

7 Be AW H, Vilks G & Lott L, Micropaleontology, 17 (1971)
31.

8 Parker F L, Tohoku Univ Sci Repts, 4 (1960) 71.

9 Lidz L, Limnol Oceanogr, 11 (1966) 257.

10 Be A W H & Hutson W H, Micropaleontology, 23 (1977)

3669.

11 Zobel B, in Proc of the 2nd planktonic conference, edited by
A. Farinacci, (Edizioni Technoscienza, Rome) 1971, 1323.

12 Hutson W H, Mar Micropaleont, 2 (1977) 47.

13 Prell WL & Curry W B, Oceanologica Acta, 4 (1981) 91.

14 Zhang], Deep-Sea Res, 32 (1985) 789.

15 Curry W B, in Annual Report,(Woods Hole Oceanographic
Institution, Woods Hole) 1989, 26.

16 Rao K K, Jayalakshmy K V & Knshna.n Kutty M, Indian J
Mar Sci,;20(1991) 25.

17 Mghman J D & Emery KO, Science Wash, 162 (1968)
1121.

18 Ramasastry A A, J Mar Biol Ass India, 1 (1959) 233.

19 Patil M R & Ramamirtham C P, J Mar Biol Ass India, 5
(1963) 159.

20 RacLVG & Jayaraman R, Curr Sci, 35(1966) 378.

21 Subramaniam H, Marine meteorology (Vijaya Pubhcattons
Bombay) 1978, pp. 229.

22 Jayaraman R, Ramarmirtham C P, Sundaramam KV & Nair
CP A, J Mar Biol Ass India, 2 (1960) 24. :

23 CooperL HN, Proc 8th Pacific Sci Congr, Philippines, 3A
(1953) 1157. .

24 BanseK, Deep-Sea Res, 15 (1968) 45. i

25 Wyrtki K, in The Biology of the Indian Ocean, edited by B.

_.Zeitzschel. (Springer-Verlag, New York). 1973, 18.

26 Sarkar A, Ramesh R, Bhattacharya S K &. ‘Rajagopalan'G,

Nature Lond, 343 (1990) 549.



27

28
29

30

31
32

33
34
35
36
37
38

39

KAMESWARA RAO et al: PLANKTONIC FORAMINIFERA

Houvenaghel G T, in Upwelling ecosystems, edited by R
Boje and M Tomczak, (Springer-Verlag, New York) 1978,
181.

Subramanyan R, Proc Indian Acad Sci, S0B (1959) 189.
Jayaraman R & Seshappa G, Proc Indian Acad Sci, 46
(1957) 110.

Bradshaw J S, Contrib Cushman Found Foram Res, 10
(1959) 25. .
Subramanyan R, Proc Indian Acad Sci, 50B (1959) 113.
Colborn J G, Int Indian Ocean Exped Monogr, 2 (1975)
173.

Cullen ] L & Prell W L, Mar Micropaleont, 9 (1984) 1.
Prasad R R, 2nd Int Oceanogr Congr, Moscow, (1966) 239.
Margalef R, Mem R Acad Barcelona, 32 {1957)373.
MacArthur R H, Biol Rev, 40 (1965) 510.

Heip C, J Mar Biol Ass UK, 54 (1974) 555.

Castro L R, Bernard P A & Gonzalez H E, Estuar Coast
Shelf Sci, 32 (1991) 243.

Cifelli R, Cushman Found Foram Res Contr, 18 (1967) 118.

40
41

42
43

44

45

46
47
48

49
50

51

245

Berger W H, Mar Ge. ', 11(1971) 325.

Erez J & Honjo S, Paleogeogr Paleoclimatol Paleoecol, 33
(1981) 129.

Deuser W G, J Foram Res, 17 (1987) 14.

Williams D F, Bé A W H & Fairbanks R G, Science Wash,
206 (1979) 447, :
Auras-Schudnagies A, Kroon D, Ganssen G, Hemleben C &
Hinte J E V, Deep-Sea Res, 36 (1989) 1515.

Anderson O R A, Radiolaria (Springer-Verlag, New York)
1983, pp. 355.
Maillard C & Soliman G, Oceanologica Acta, 9 (1986) 249.

Schott W, Dt Atlant Exped Meteor 1925-1927, 3 (1935) 43.

Belyaeva N V, Trudy Inst Okeanol Akad Nauk SSSR, 68
(1964) 12.

Cifelli R, Smithsonian Misc Coll, publ 4599, 148 (1965} 1.
Boltovskoy E, Argentina, Serv Hydrogr Naval, publ, H639
(1964) 1.

Boltovskoy E, Micropaleontology, 15 (1969) 237.



