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Morphometric study of Melonis barleeanum and Hoeglundina elegans was carrie d out on 15 core top samples from the Indian Ocean. Length to bre adth ratios
and wall and se ptal thicknesses of the largest tests of
both the species from each sample, along with  13C
and  18O values of Cibicides wuellerstorfi we re measure d. Both the species show equal growth rates of the
test in their normal habitat. However, the high organic carbon preference species M. barleeanum shows
more elongation of the test during food scarcity. This
effect is not evide nt in H. elegans, which varies in its
wall and se ptal thicknesses with bottom-water oxyge n
levels of the deep wate r mass up to 2000 m, probably
to maintain the re quire d rate of osmosis for the intake
of dissolve d O2. Below this de pth both parameters
show parallel re lationship with deviation indicating
that oxyge nation may play some role in the variation
of wall and septal thicknesses. Thinning or thickening
of the wall and septa in M. barleeanum and H. elegans
has no relation with the wate r depth, indicating no
relation with either the overlying pressure effect or
nutrients as each deep water mass has a differe nt
nutrient budget. Depletion in  13C and e nrichme nt in
 18O below 2000 m wate r de pth suggests that up to
2000 m de pth, the Indian Ocean is bathe d by the welloxyge nate d, low-nutrie nt North Atlantic Deep Water
(NADW), whe reas below 3000 m cold, nutrient-rich
Antarctic Bottom Water (AABW) is dominant.
Between 2000 and 3000 m water de pths, the water
mass in the Indian Ocean is a mixture of NADW and
AABW.
Keywords: Benthic foraminifera, Hoeglundina elegans,
Melonis barleeanum, osmosis, septal thickness.
THE distribution of benthic foraminifera on the ocean
floor is mainly controlled by the bottom-water oxygenation, and input and quality of organic carbon on the sea
floor 1– 4. The epifaunal and shallow infaunal benthic
*For correspondence. (e- mail: ajoyism@gmail.com)
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foraminifera are more influenced by the bottom-water
hydrography than the deep infaunal forms, whose distribution pattern is mainly controlled by the pore water
chemistry. However, the morphological variations of
benthic foraminifera can be used to infer their mode of
habitat as well. It is well established that some deep
infaunal species with increased body volume and evenly
distributed pores on the surface indicate preference for
low oxygen environments facilitated possibly by enhanced gas exchange capacity5. High surface area to volume
ratio and surface pore-bearing forms are mainly deep
infaunal 5; spherical, planoconvex, lenticular morphologybearing forms prefer oxygenated environment 6; elongate–
flattened, unornamented, thin-walled, cylindrical, tapered
forms with pores on their surface indicate anoxic environment6,7; numerous biserial and triserial calcareous
forms generally indicate oxygen-poor environment1;
presence of thin wall and small test indicates stressful dysoxic environment 8,9; and abnormal tests indicate presence of toxic/polluted environment10–13. The size of some
trochospiral benthic foraminiferal tests also varies with
the temperature minima and maxima as well as bottomwater oxygenation14,15. Morphometric study by Caralp 16
reveals that high food supply may cause increase in mean
size as well as abnormality (kummerform) in the tests of
M. barleeanum.
However, very little is known about the functional
morphology of benthic foraminiferal tests, particularly
about the function of wall and septal thicknesses. According to Marszalek17,18 and Murray19,20, there are six possible functions of the test of foraminifera. These include:
(i) to provide shelter, (ii) help as receptacle for excretory
materials, (iii) aid in reproduction, (iv) control buoyancy,
(v) protection of protoplasm and (vi) growth of cell.
Some studies indicate that test wall thinning might be an
indicator of reducing/toxic environments 9,21.
The present study measures test dimension, wall
thickness and septal thickness of recent specimens of
M. barleeanum and H. elegans to understand the growth
of test, function of wall and septa along with variation of
wall and septal thickness to accommodate the overlying
hydrostatic pressure.
Fifteen Ocean Drilling Programme (ODP) core top
samples were analysed from the Indian Ocean having
different bathymetries and coordinates as given in Table
1 and Figure 1. Each sample was taken from the top 2 cm
of each Hole representing Holocene age 22,23.
In general, the Indian Ocean is bathed by three types of
water masses. Shallower depth (up to ~ 1200 m) is dominated by the Antarctic Intermediate Water (AAIW) 24.
Depths between 1200 and 2000 m are mostly dominated
by a mixture of the well-oxygenated North Atlantic
Deep Water (NADW) and North Indian Deep Water
(NIDW)24– 26. The deeper part (> 3000 m) is bathed by
nutrient-rich cold water of Antarctic origin – the Antarctic
Bottom Water (AABW) 24. Between 2000 and 3000 m, the
1134

water mass has the characteristic of both NADW and
AABW due to mixing.
Each sample having 10 cm3 volume of unconsolidated
sediments was soaked in water overnight and wet-sieved
at 63 m. Residue collected over the sieve was transferred to a beaker and dried in a hot-air oven at a
temperature of 50C. Oven-dried samples were then
transferred into labelled glass vials. Benthic faunal anal yses were carried out under a microscope using  150 m
fractions to avoid juvenile and small-sized forms. M. barleeanum and H. elegans were chosen for the present
study as an experiment to understand the role of environmental parameters on functional morphology of these
species. The largest specimens of each species from each
sample were picked for image analysis. Microscopic
images of the largest individuals from both the species
were taken with the help of Leica MZ 16 trinocular microscope. The maximum length of test of each specimen
was measured by calibrating the scale using stage
micrometer and eye-piece reticule. Breadth perpendicular
to the maximum length was also measured in a similar
way for each specimen. This was followed by breaking of
the same specimens and measurement of their wall and
septal thicknesses (Figure 2). Length–breadth ratios were
determined for each specimen. All the measured values
are given in Table 2.
Carbon and oxygen isotope analyses were performed
on pre-cleaned specimens (1–5 individuals) of Cibicides
wuellerstorfi picked from > 150 m size fraction.

Figure 1. Location map of the 15 studied ODP Holes. Melonis barleeanum and Hoeglundina elegans are not recorded at Holes 757A and
756B.
CURRENT SCIENCE, VOL. 106, NO. 8, 25 APRIL 2014
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Table 1.
Sample number
115-708A, 1H-1, 0-2
115-709B, 1H-1, 0-2
115-710A, 1H-1, 0-2
115-711A, 1H-1, 0-2
115,712A, 1R-1, 0-2
115-714A, 1H-1, 0-2
115-715A, 1R-1, 0-2
115-716A, 1H-1, 0-2
117-721A, 1H-1, 0-2
117-725C, 1H-1, 0-2
117-728B, 1H-1, 0-2
117-729A, 1R-1, 0-2
117-731A, 1H-1, 0-2
121-756B, 1H-1, 0-2
121-757A, 1H-1, 0-2

Locations of ODP Holes with present-day water depth
Water depth (m)

Latitude

Longitude

4109.3
3040.8
3824.3
4429.8
2904.3
2038.3
2266.3
544.3
1944.8
311.5
1427.8
1398.5
2365.8
1518.1
1650.2

527.35S
354.90S
418.70S
244.56S
412.99S
503.60N
504.89N
456N
1640.636N
1829.2N
1740.790N
1738.715N
1628.229N
2721.33S
1701.458S

5956.63E
6033.10E
6058.80E
6109.78E
7324.38E
7347.20E
7349.88E
7317E
5951.879E
5742.030E
5749.553E
5757.221E
5942.149E
8735.805E
8810.90E

Figure 2. Photomicrographs showing measurement of different morphometric parameters of whole and
broken specimens of M. barleeanum and H. elegans. L represents length of the test, whereas B indicates
breadth measured perpendicular to the length.

Samples were run at Brown University, USA in batches
of ~ 40 on a Finnigan MAT 252 mass spectrometer
equipped with a carbonate (Kiel) III auto-sampler where
the samples reacted in individual reaction vessels at 70C
using H 3PO4. Reproducibility based on repeated analysis
of Carrara marble (N = 12) and Brown Yule marble
(BYM; N = 10) was  0.02‰ and  0.06‰ for  13C and
 18O respectively (1 ). The Carrara and BYM in-house
standards were calibrated to NBS-19 for conversion to
the Vienna Pee Dee Belemnite (VPDB) scale. All data
have been reported in ‰ units relative to VPDB. We also
adopted published bottom-water oxygen data from the
CURRENT SCIENCE, VOL. 106, NO. 8, 25 APRIL 2014

nearest GEOSECS station26 of each studied Hole for
comparison (Table 2).
One hundred thirty-six specimens of M. barleeanum
from 11 sites and 42 specimens of H. elegans from 10
sites are reported (Table 2). No specimen of M. barleeanum and H. elegans was recorded in the core top
samples of Holes 756B and 757A. None of the speci mens
shows any abnormality and thus indicates the absence of
stressful environmental conditions. Scatter plots using
measured values of test length and breadth of M. barleeanum and H. elegans on 11 and 10 specimens respectively, show good correlation (Figure 3). It is possible
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Sample-wise calculated morphometric parameters of Melonis barleeanum and Hoeglundina elegans,  13C and  18O values of Cibicides wuellerstorfi and present-day bottom-water oxygen
concentration measured in different GEOSECS stations

Water depth (m)
M. barleeanum maximum
length (m)

Sample ID

Table 2.

RESEARCH COMMUNICATIONS

CURRENT SCIENCE, VOL. 106, NO. 8, 25 APRIL 2014

RESEARCH COMMUNICATIONS

Figure 3. Scatter plots with correlation coefficient (R) and probability test values (P) on measured length and breadth of
M. barleeanum (a) and H. elegans (b).

that the correlation values derived with small number of
observations may not significantly represent the larger
community. To test the high correlation (R) value of 0.99
in case of M. barleeanum and R = 0.99 in case of H. elegans, P test was performed. P value is the probability of
obtaining a correlation and is used here for testing the
hypothesis of no correlation. Significantly high P value
indicates low correlation, whereas very low P value indicates high correlation. In the present study, the measured
P values for M. barleeanum and H. elegans are 53  10–10
and 4  10– 10 respectively, indicating that the high correlation values obtained are quite significant.
The rate of expansion of chambers of foraminifera in
terms of increase in size of the test follows a fairly constant logarithmic trend 27. The study of Caralp 16 on growth
of M. barleeanum shows that high correlation values are
recorded (within 0.97–0.99) between greatest test diameter and diameter measured at right angles to this as
well as between greatest test diameter and maximum
width. Thus, our result corroborates the observation of
Caralp 16 and indicates growth rate of both the species
along both directions following a constant linear pattern
in normal environment.
Figures 4 and 5 show composite plots for both species
using wall thickness, septal thickness, length–breadth
ratio,  13C and  18O of C. wuellerstorfi and published
bottom-water oxygen data. Plots of wall (R = 0.45,
P = 0.43) and septal (R = 0.94, P = 0.01) thicknesses of
H. elegans with bottom-water O 2 shows parallelism up to
a water depth 2000 m (Figure 4 a and b) and below this
depth the two parameters deviate significantly. Plot of
length–breadth ratio of H. elegans with  13C does not
show any particular trend up to a depth of 2500 m and below that the two values show opposite relation (Figure
4 c). However, the same parameter does show a positive
correlation with  18O values below 2500 m (Figure 4 d).
On the other hand, wall and septal thicknesses of M. barCURRENT SCIENCE, VOL. 106, NO. 8, 25 APRIL 2014

leeanum with bottom-water oxygen do not show any
similarity (Figure 5 a and b). Rather, the length–breadth
ratio of M. barleeanum is better correlated with  13C values (R = 0.58, P = 0.08) compared to  18O (R = –0.33,
P = 0.35; Figure 5 c and d). The  13C values are depleted
and  18O values enriched below 2500 m water depth
(Figures 4 c, d and 5 c, d).
C. wuellerstorfi is a raised epifaunal benthic foraminifer28 and widely used for isotopic study owing to its
capacity to record  13C and  18O in equilibrium with
marine water 29. The  13C and  18O values are reliable indicators of organic carbon flux to the sea floor and bottomwater temperature respectively.
H. elegans having both epifaunal and shallow infaunal
microhabitats, prefers to live within the top 2 cm of the
sediment5 and bears fine perforation on its test surface 30.
This species is generally recorded in low oxygen conditions and has been defined as an ‘oxygen minimum zone’
species 28,31,32. M. barleeanum is considered a shallow
infaunal benthic foraminifer that prefers to live within
1–2 cm below the sediment surface and has evenly
distributed large pores on its surface suggest enhance gas
exchange in low oxygen conditions 4,5,16 as well as during
high food supply33,34.
A parallelism between septal and wall thicknesses of
H. elegans and bottom-water O2 up to a water depth of
2000 m indicates a regulated intake of dissolve oxygen
through fine pores present in calcitic wall and septa to the
soft body by osmoregulatory processes (Figure 4 a and b).
It is well established that during osmosis the size of the
pores and thickness of the media play an important role.
Larger pore size indicates enhanced osmosis rates, whereas
thicker medium indicate more sluggish rates 35. H. elegans
test surface contains small-sized pores and hence the wall
and septa thicknesses may be a vital factor to make the
pores more effective for the exchange of dissolve gas by
reducing the travel path distance. Probably owing to
1137
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Figure 4. Composite plot of wall thickness, septal thickness and length–breadth ratio of H. elegans with  13C
and  18O values of Cibicides wuellerstorfi and published bottom- water O2 data.

osmoregulatory controlling factors, the septal and wall
thickness of H. elegans varies directly with increased or
decreased amount of dissolved O 2 in the surrounding
water. However, numerous large-sized pores on the test
of M. barleeanum may be sufficient for the exchange of
gas and thus the role of wall and septal thicknesses
becomes negligible. Hence, M. barleeanum does not
show regular variation in the wall and septa thicknesses
with variation of dissolved O 2. The study of Marszalek et
al.17,18 also reveals that the septal and wall thicknesses in
foraminiferal tests are mainly related to the physicochemical stress factors as well as osmoregulatory processes. Though these parameters in H. elegans show more
deviation below 2000 m, the parallelism between wall
and septal thicknesses with dissolved oxygen indicates
that oxygen may play some role in the variation of wall
and septal thicknesses. However, changes in water mass
may also influence such deviations.
Increased length–breadth ratio indicates test elongation
along the length with respect to the breadth. Similar
variation in lower and higher values of length–breadth
ratio of M. barleeanum with depleted and enriched  13C
of C. wuellerstorfi is observed in the present study (Figure 5 c). Depleted values of both parameters indicate that
the test becomes more circular in outline when sufficient
1138

food supply is available and higher values indicate elongation of test along the length during the scarcity of food.
It is evident that with increased food supply the test of M.
barleeanum becomes larger16. Laboratory experiments
also show that scarcity of food is responsible for the generation of small-sized and deformed species 36. M. barleeanum is more dependent on the amount and quality of
food compared to H. elegans, which is mainly dependent
on bottom-water oxygenation. Thus, M. barleeanum
shows variability in the length–breadth ratio with the
supply of food, whereas H. elegans shows variation in
wall and septa thicknesses to monitor osmoregulatory
process with the local oxygen profile.
Similar trends in the length–breadth ratio of both the
species with  18O may indicate the production of more
circular test (normal growth of spire) during cold times
(Figures 4 d and 5 d). Temperature-dependent size variation of trochospiral benthic forms has been reported earlier14,15. We also assessed the relation of wall and septal
thicknesses with variation of water depth. It is quite expected that the deep-dweller forms require more robust
test in terms of increased septal and wall thickness to
accommodate overlying pressure compared to the shallow-dwellers. To understand this problem, we converted
all measured test size dimensions into a standard size to
CURRENT SCIENCE, VOL. 106, NO. 8, 25 APRIL 2014
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Figure 5. Composite plot of wall thickness, septal thickness and length–breadth ratio of M. barleeanum with
 13C and  18O values of C. wuellerstorfi and published bottom- water O2 data.

establish uniformity. Then septal and wall thickness were
recalculated with respect to these converted test sizes. We
could not find any increasing trend of wall and septal
thicknesses with increase in water depth. This may be
either due to their infaunal habitat or these parameters are
independent of overlying pressure.
Deviation of carbon and oxygen isotopes below 2500 m
water depth reflects the variation in downward water
mass characteristic (Figures 4 c, d and 5 c, d). Depleted
 18O ( 2.5‰) and enriched  13C ( 0.2‰) values up to
water depth 2500 m indicate presence of relatively warm
and nutrient-poor water mass of mixed NADW and
NIDW. Whereas water mass below this depth is characterized by enriched  18O (up to 4.01‰) and depleted
 13C (up to –0.17‰), indicating the presence of the cold,
the nutrient-rich AABW. As mentioned earlier, in the Indian Ocean, shallower depths (up to 1200 m) are dominated by AAIW and depths below 3000 m are bathed by
AABW. The transition zone between 2000 and 3000 m
depths is bathed by a mixture of NADW above and
AABW below. Shifts in all morphometric characters
along with isotopic values also suggest the presence of a
transition zone within this water depth, which affects the
variations in all these parameters.
CURRENT SCIENCE, VOL. 106, NO. 8, 25 APRIL 2014

Morphometric parameters of H. elegans and M. barleeanum reveal that the test size, and septal and wall
thicknesses of pore-bearing benthic foraminifera are
indicative of their habitat. The deep infaunal benthic
foraminifera are affected by pore water, w hile the bottom-water character influences shallow infaunal fauna. In
unstressed environments, both species show equal growth
rates along the long axis and perpendicular to the long
axis of the test. However, M. barleeanum can produce a
more elongated test along the long axis during low food
supply. H. elegans does not show any such change as this
species is mainly dependent on dissolved O2. Rather, the
finely perforated test-bearing H. elegans uses its wall and
septal thicknesses to control the osmoregulatory process
for intake of dissolved oxygen. This species makes its
test wall and septa thinner to increase the effectiveness of
osmosis by reducing the travel path. On the other hand,
larger pore-bearing test does not require any such mechanism as the large size pores themselves are sufficient for
osmosis. Thinning or thickening of wall and septa of
these two species does not show any linear relation with
water depth. This may result from their infaunal nature or
their septal and wall thicknesses are independent of the
effect of the overlying pressure. A major shift in all the
1139
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measured parameters between 2500 and 3000 m water
depth indicates presence of transition zone which is overlain by a nutrient-poor, well-oxygenated water mass
(NADW) and underlain by a cold, nutrient-rich water
mass (AABW).
1. Sen Gupta, B. K. and Machain-Castillo, M. L., Benthic foraminifera in oxygen-poor habitats. Mar. Micropaleontol., 1993, 20,
183–201.
2. Rathburn, A. E., Levin, L. A., Held, Z. and Lohmann, K. C., Benthic foraminifera associated with cold methane seeps on the northern California margin: ecology and stable isotopic composition.
Mar. Micropaleontol., 2000, 38, 247–266.
3. Hayward, B. W., Neil, H., Carter, R., Grenfell, H. R. and Hayward, J. J., Factors influencing the distribution patterns of recent
deep- sea benthic foraminifera, east of New Zealand, Southwest
Pacific Ocean. Mar. Micropaleontol., 2002, 46, 139–176.
4. Fontanier, C., Jorissen, F. J., Chaillou, G., Anschutz, P., Grémare,
A. and Griveaud, C., Live foraminiferal faunas from a 2800 m
deep lower canyon station from the Bay of Biscay: fauna l
response to focusing of refractory organic matter. Deep-Sea Res.,
Part-I, 2005, 52, 1189–1227.
5. Corliss, B. H., Microhabitats of benthic foraminifera within deepsea sediments. Nature, 1985, 314, 435–438.
6. Bernhard, J. M., Characteristic assemblages and morphologies of
benthic foraminifera from anoxic, organic- rich, deposits: Jurassic
through Holocene. J. Foramin. Res., 1986, 16, 207–215.
7. Douglas, R. G., Paleoecology of continental margin basins: a modern case history from the borderland of southern California. In
Depositional System of Active Continental Margin Basin (eds
Douglas, R. G., Colburn, I. P. and Gorsline, D. S.), Short Courses
Notes, Society for Economic Palaeontologists and Minerologists,
San Francisco, USA, 1981, pp. 121–156.
8. Rhoads, D. C. and Morse, J. W., Evolutionary and ecologic significance of oxygen-deficient marine basins. Lethaia, 1971, 4,
413–428.
9. Torres, M. E., Mix, A. C., Kinports, K., Haley, B., Klinkhammer,
G. P., McManus, J. and de Angelis, M. A., Is methane venting at
the seafloor recorded by  13C of benthic foraminifera shells?
Paleoceanography, 2003, 18(3), 1062; doi: 10.1029/2002
PA000824.
10. Alve, E., Benthic foraminiferal response to estuarine pollution: a
review. J. Foramin. Res., 1995, 25, 190–203.
11. Vilela, C. G., Batista, D. S., Baptista-Neto, J. A., Crapez, M. and
McCallister, J. J., Benthic foraminifera distribution in high
polluted sediments from Niterói Harbor (Guanabara Bay), Rio de
Janeiro, Brazil. Ann. Braz. Acad. Sci., 2004, 76(1), 161–171.
12. Jayaraju, N., Sundara Raja Reddy, B. C. and Reddy, K. R., The response of benthic foraminifera to various pollution sources: a
study from Nellore coast, east coast of India. Env iron. Monit.
Assess., 2008, 142, 319–323.
13. Caruso, A., Cosentino, C., Tranchina, L. and Brai, M., Response
of benthic foraminifera to heavy metal contamination in marine
sediments (Sicilian coasts, Mediterranean Sea). Chem. Ecol.,
2011, 27, 9–30.
14. Kaiho, K., Evolution of the test size of deep-sea benthic
foraminifera during the past 120 m.y. Mar. Micropaleontol., 1999,
37, 53–65.
15. Kaiho, K., Takeda, K., Petrizzo, M. R. and Zachos, J. C., Anomalous shifts in tropical Pacific planktonic and benthic foraminiferal
test size during the Paleocene–Eocene thermal maximum. Palaeogeogr., Palaeoclimatol., Palaeoecol., 2006, 327, 456–464.
16. Caralp, M. H., Size and morphology of the benthic foraminifer
Melonis barleeanum: relationships with marine organic matter.
J. Foramin. Res., 1989, 19, 235–245.

1140

17. Marszalek, D. S., Observation on Iridia diaphana, a marine
foraminifer. J. Protozool., 1969, 16, 599–611.
18. Marszalek, D. S., Wright, R. C. and Hay, W. W., Function of the
test in foraminifera. Transactions-Gulf Coast Association of Geological Societies, 1969, vol. XIX, pp. 341–352.
19. Murray, J. W., Ecology and Paleoecology of Benthic Foraminifera, Longman, Essex, 1991, p. 397.
20. Murray, J. W., Ecology and Applications of Benthic Foraminifera.
Cambridge University Press, New York, 2006, p. 48.
21. Kaiho, K., Global changes of Paleogene aerobic/anaerobic benthic
foraminifera and deep-sea circulation. Palaeogeogr., Palaeoclimatol., Palaeoecol., 1991, 83, 65–85.
22. De, S. and Gupta, A. K., Deep-sea faunal provinces and their
inferred environments in the Indian Ocean based on distribution of
Recent benthic foraminifera. Palaeogeogr., Palaeoclimatol.,
Palaeoecol., 2010, 291, 429–442.
23. Bhaumik, A. K., Gupta, A. K., Dey, R. and Clemens, S. C.,
Stilostomella: Extinction or local disappearance of elongated
species? Curr. Sci., 2011, 101, 952–958.
24. Tchernia, P., Descriptive Regional Oceanography, Pergamon,
New York, 1980, p. 253.
25. Wyrtki, K., Oceanographic Atlas of the International Indian
Ocean Expedition, National Science Foundation, Washington, DC,
USA, 1971, p. 531.
26. Geochemical Oceanic Sections Study, India Ocean Expedition,
Hydrographic Data, 1977–1978, US Govt Printing Office, Washington, DC, USA, 1983, vol. 5, pp. 1–48.
27. Armstrong, A. H. and Brasier, M. D., Microfossils, Blackwell
Publishing, Australia, 2005, 2nd edn, p. 149.
28. Rathburn, A. E. and Corliss, B. H., The ecology of living (stained)
benthic foraminifera from the Sulu Sea. Paleoceanography, 1994,
9, 87–150.
29. Katz, M. E., Katz, D. R., Wright, J. D., Miller, K. G., Pak, D. K.,
Shackleton, N. J. and Thomas, E., Early Cenozoic foramoniferal
isotopes: species reliability and interspecies correlation factors.
Paleoceanography, 2003, 18, doi: 10.1029/2002PA000798.
30. Loeblich Jr, A. R. and Tappan, H., Foraminiferal Genera and
their Classification, Van Nostrand Reinhold Company, New York,
1988, p. 446.
31. Burke, S. C., Recent benthic foraminifera of the Ontong Java
Plateau. J. Foramin. Res., 1981, 11, 1–19.
32. Hermelin, J. O. R. and Shimmield, G. B., The importance of the
oxygen minimum zone and sediment geochemistry in the distribution of recent benthic foraminifera in the northwest Indian Ocean.
Mar. Geol., 1990, 91, 1–29.
33. Arnold, A. J., Foraminiferal thanatocoenoces on the continental
slope off Georgia and South Carolina. J. Foramin. Res., 1983, 13,
79–90.
34. Caralp, M. H., Late glacial to Recent deep- sea benthic foraminifera from the Northeastern Atlantic (Cadiz Gulf) and Western
Mediterranean (Alboran Sea): paleooceanographic results. Mar.
Micropaleontol., 1988, 13, 265–289.
35. Caslellan, G. W., Physical Chemistry, Norasa, New Delhi, 2004,
3rd edn, pp. 745–747.
36. Murray, J. W., Ecological experiments on foraminifera. J. Mar.
Biol. Assoc., 1963, 43, 621–642.

ACKNOWLEDGEMENTS. A.K.B. thanks Prof. Ashok Sahni, Panjab
University, Chandigarh for inspiration. A.K.G. acknowledges the Integrated Ocean Drilling Programme for proving core samples for the
present study. The authors thank reviewers for constructive reviews and
insightful comments.
Received 13 November 2013; accepted 5 February 2014

CURRENT SCIENCE, VOL. 106, NO. 8, 25 APRIL 2014

