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Abstract : Quantitative estimation of past climatic parameters from stable isotopic composition of foraminifera relies on estimating
the precise relationship between stable isotopic composition of the species analyzed and the physico-chemical factors of the
seawater. This relationship can be established either on species collected from surface sediments or in plankton tows. Another

method to establish such relationships is by subjecting the foraminiferal species to known physico-chemical parameters in the

laboratory. In the present work, shallow water benthic foraminiferal species, Rosalina sp. and Pararotalia nipponica werc
subjected to different combinations of seawater temperature (25°C to 35°C) and salinity (25 psu to 37 psu) in the laboratory to

assess their stable oxygen isotopic composition and its applicability in determining seawater temperature and salinity. The
stable isotopic ratio of the species shows no consistent relationship with salinity. The relationship between 8'*0 foraminifera
and seawater temperature is more consistent for P. nipponica than for Rosalina sp. Salinity appears to have less control on 80

foraminifera as compared to the seawater temperature, within the studied salinity and temperature range. The study shows that

the changes in 8'%0 of P. nipponica can be used effectively to infer past seawater temperature changes.
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INTRODUCTION

The near shore shallow marine waters close to river
mouths experience wide seasonal salinity changes due to fresh
water influx. The changes depend on seasonal variations in
monsoon intensity accompanied by differential input of
terrestrial sediments by the river into the oceans. These
locations are ideally suited to study the past changes in
monsoon intensity. Benthic foraminifera are abundant in
shallow water regions (Boltovskoy & Wright, 1976; Murray,
1991) and temporal changes in their abundance, diversity and
morphology have been used to infer past monsoon changes
(Zwaan et al., 1999; Nigam, 2005). More precise estimate of
past monsoon changes can be obtained from the study of
temporal variation in the stable oxygen isotopic ratio of the
selected benthic foraminiferal species.

The application of benthic foraminiferal stable oxygen
isotopic ratio to infer past monsoon changes, however, requires
a precise estimation of the influence of various physico-
chemical factors on foraminiferal stable oxygen isotopic ratio.
Previously, based on field and laboratory culture studies, it
has been inferred that the seawater temperature, salinity, pH,
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CO,* ion concentration, etc., affect the stable oxygen isotopic
ratio of foraminifera (Bé et al., 1977; Erez and Luz, 1983;
Bouvier-Soumagnac and Duplessy, 1985; Bouvier-Soumagnac
et al., 1986; Spero and Lea, 1996; Spero et al., 1997; Bemis et
al., 1998; Bijma er al., 1999). These studies further indicated
that the relationship between oxygen isotopic composition and
seawater parameters is species specific. Such studies on benthic
foraminifera, however are limited (Chandler et al., 1996;
Wilson-Finelli et al., 1998; McCorkle et al., 2008; Baras er
al., 2010; Fillipson et al., 2010). Considering the short life
span, possibility of seasonal isotopic bias is more in planktic
foraminifera, when compared to benthic foraminifera, having
longer life spans.

A few recent studies, however, have shown that some
benthic foraminiferal species secrete their test preferentially
during particular seasons which brings in significant isotopic
bias (Cage and Austin, 2008). Additionally, the life-span of a
few benthic foraminiferal species is of the order of a few weeks
to a few months, which will lead to a clear seasonal bias in its
isotopic composition. Therefore, a proper understanding of
the effect of various factors on the oxygen isotopic ratio of
benthic foraminifers with short life span, is required to get
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reliable seasonal paleoclimatic signatures. In the present study,
we have subjected two shallow water benthic foraminiferal
species, viz., Rosalina sp. (d’Orbigny, 1826) and Pararotalia
nipponica (Asano, 1936) to a different combination of seawater
salinity and temperature to understand the effect of these
parameters on its stable oxygen isotopic ratio.

METHODOLOGY

Study area and Field collection

Material for picking live foraminifera (seaweed and
surface sediment samples) for the study was collected through
skin diving in shallow areas or on-board research vessels off
Goa (15° 27 N:73° 48" E). The samples (seaweed/sediments)
were then brought to the shore with the seawater and sieved
through 1000 um (to remove large unwanted material) and 63
um sieves in order to concentrate the foraminifers. The plus
63 um and <1000 um material was transferred to glass
containers with seawater and brought to the laboratory.
Seawater was also collected from the sampling site, filtered
through the muslin mesh and was used for further processing
of the material and for the experiment. In the laboratory, the
field material was scanned for live benthic foraminifera, under
the reflected light stereo-zoom microscope; the isolated live
specimens were kept under observation in multiwell culture
dishes. The live nature of the specimens was further confirmed
by their movement, collection of food material or extended
pseudopodia, noticed under the inverted microscope. Once
confirmed to be alive, specimens were maintained in laboratory
till they reproduced. The juvenile specimens with initial 2-3
chambers (in order to ensure that bulk of the carbonate was
secreted under controlled laboratory culture conditions) were
subjected to the experiment.

EXPERIMENTAL SET-UP

The juvenile specimens of Rosalina sp. were subjected
to 25°C, 30°C and 35°C temperature and 25 psu, 30 psu and
35 psu salinity, whereas P, nipponica specimens were subjected
to 25°C, 27°C and 30°C temperature and 30 psu, 35 psu and
37 psu salinity. Therefore, nine combinations of temperature
and salinity were used for the experiment. The experiment
was carried out in replicate, such that two sets of specimens
were subjected to similar salinity-temperature combination,
S0 as to assess any experimental variability. To begin with, all
the specimens were subjected to 25°C temperature and 35 psu
salinity, as this was the temperature and salinity at the time of
sampling. After three days, one set was left at the temperature
and salinity reported from the field, while the temperature and
salinity in other sets were changed according to the desired

combination. The schematic diagrams (Fig.1 and Fig. 2) show
the experimental set-up. The salinity and temperature were
changed gradually, in order to prevent a sudden experimental
shock, which the organisms could experience if they were
transferred directly to the respective intended salinity and

temperature.
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Fig. 1. Schematic showing the gradual change in the salinity and
temperature combinations to which juvenile specimens of
benthic foraminifera Rosalina sp. were subjected during the
experiment. Specimens were subjected to nine different combi-
nations of temperature (25°C, 30°C and 35°C) and salinity
(25 psu, 30 psu and 35 psu).

At the onset of the experiment, number of chambers and
maximum diameter for all the specimens were noted. The
seawater with salinity lower than that from the field was
prepared by diluting the normal seawater with less saline
seawater. The higher salinity water was prepared by controlled
evaporation at 45°C temperature. The seawater with different
salinity was prepared in bulk, in the beginning of the
experiment which was used throughout the experiment, (0
avoid any change in the oxygen isotopic composition of the
seawater. The culture dishes were wrapped in poly-films to
prevent evaporation. The salinity of the seawater was measured
every time just before changing the media. The salinity of the
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Fig. 2. Schematic showing the gradual change in the salinity and
temperature combinations to which juvenile specimens of
benthic foraminifera P. nipponica were subjected during the
experiment. Specimens were subjected to nine different
combinations of temperature (25°C, 27°C and 30°C) and
salinity (30 psu, 35 psu and 37 psu).

used media was also measured in order to check for any
evaporation. Equal amount of food in the form of mixed diatom
culture was added in each culture dish, every time the media
was changed. All the observations on the experimental
specimens were made with the help of Nikon inverted
microscope. The experiment was discontinued when specimens
stopped responding. The specimens were then washed in
distilled water and preserved for isotopic analysis.

ISOTOPIC ANALYSIS

Once the experiment was over, the specimens were
thoroughly cleaned to get rid of any material sticking to the
test and were subsequently stored in micropaleontological
slides. The isotopic analysis was done at Leibniz-Laboratory
for Radiometric Dating and Stable Isotope Research, Kiel
University, Germany on Finnigan MAT 251 mass spectrometer.
The precision of 8'%0 based on analysis of internal standard
was +0.07 %o. The stable oxygen isotopic values are expressed
with VPDB.
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RESULTS AND DISCUSSION

The weight of the calcite precipitated prior to being
subjected to respective temperature-salinity combination was
negligible compared with the weight of the mature tests. Thus
the stable oxygen isotopic ratio of the foraminiferal tests at
different temperature-salinity combinations can be considered
as indicative of that condition. The 80 Rosalina sp. is
relatively depleted than that of the P. nipponica. At 25 psu
salinity, no relationship is noted between d'*O Rosalina sp.
and seawater temperature (Fig. 3). At 30 psu salinity, 6'*0
Rosalina sp. has a strong negative correlation (0.97) with
seawater temperature, whereas at 35 psu salinity the
relationship between 8'*0 Rosalina sp. and seawater
temperature is highly positively correlated (0.96). In case of
P. nipponica a poor correlation is noted between 8'%0 and
seawater temperature at 30 psu salinity, whereas at 35 psu and
37 psu salinity, the 8'*O P. nipponica and seawater temperature
have a strong positive correlation (0.96 and 0.93, respectively)
(Fig. 4).

At constant seawater temperatures, 8'%0 Rosalina sp. is
poorly correlated with the seawater salinity at 25°C and 30°C
seawater temperatures. The 8'*0 Rosalina sp. is, however,
strongly positively correlated with seawater salinity at 35°C
temperature (Fig. 5). In case of P. nipponica, a poor correlation
is noted between 8!%0 and seawater salinity at 30°C seawater
temperature. Whereas at 25°C and 27°C seawater temperatures,
80 P. nipponica is negatively correlated with seawater salinity
(0.72 and 0.89, respectively) (Fig. 6). A positive correlation
means increasingly depleted 8'®0 with increasing seawater
salinity whereas a negative correlation means increasingly
enriched 8'*0 with increasing seawater salinity or temperature.
A strong positive correlation between 8'*O Rosalina sp. and
seawater salinity at 35°C temperature suggests that in regions
with consistently warm waters 8'%0 values of Rosalina sp.
can be used to infer seawater salinity and thus past monsoon
intensity. As compared to Rosalina sp., 8'%0 P. nipponica is
better correlated with salinity in relatively cooler waters and
thus it can help understand salinity changes from comparatively
cooler regions. The 8'%0 of none of the species, however, has
a consistent relationship with seawater salinity, thus requiring
additional work to assess applicability of its stable oxygen
isotopic ratio to infer paleomonsoon.

Although no consistent relationship is observed between
seawater temperature and 8'%0 in case of Rosalina sp., 80 P
nipponica decreases with increasing seawater temperature at
all the studied salinities. The relationship between 880 P,
nipponica and seawater temperature is in line with that
observed in case of several deep water benthic and planktic
foraminiferal species (Bijma et al., 1999; Filipsson et al., 2010).
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3. The relationship between seawater temperature and 8'%0 Rosalina sp. at three different salinities. The 880 Rosalina sp. is positively
correlated with seawater temperature at 35 psu salinity, whereas at 30 psu salinity, it is negatively correlated. Interestingly. no apparent

relationship is noted between seawater temperature and 880 Rosalina sp. subjected to 25 psu salinity.
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Fig. 4. The relationship between seawater temperature and 3180 P, nipponica at three different salinities. A strong positive correlation between
seawater temperature and 8'*0 P, nipponica is observed at 35 psu and 37 psu salinity, whereas poor correlation is noted between 80 P

nipponica and seawater temperature at 30 psu salinity.

W R = 0.44 ] R =0.06 024 R=0.99
®
-0.2 - -0.4 - o ]
-
o o o 047
o 0.4 o 0.5 4 w0
[ ]
i @
25 °C . 30 °C 35°C
'0-6 | v I T | '0.6 | T l L) I '0.6 I 1 | T ]
25 30 35 25 30 35 25 30 35
Salinity Salinity Temperature (°C)

Fig. 5. Graph showing the relationship between seawater salinity and 8" Rosalina sp. at three different temperatures. It is observed that the
8'80 Rosalina sp. is positively correlated with seawater salinity at 35°C temperature, but at 25°C and 30°C seawater temperatures, 80

Rosalina sp. is poorly correlated with the seawater salinity.
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Fig. 6. Graph showing the relationship between seawater salinity and 8'*O P. nipponica at three different temperatures. Poor correlation is noted
between 8'%0 P, nipponica and seawater salinity at 30°C seawater temperature, whereas at 25°C and 27°C seawater temperatures, 8'%0 P

nipponica is negatively correlated with seawater salinity.
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Fig. 7. The plot of expected versus measured 8'%0 for Rosalina sp- (A) and P nipponica (B). The correlation values are also given. For Rosalina
sp.. the dotted trend line is based on ali the data points, while the solid trend line is based on all data points except one (-0.14, -1.38)

corresponding to 25°C temperature and 35 psu salinity.

The slope of the best fit line describing the relationship between
o P nipponica and seawater temperature, however, varies
with seawater salinity.

Similarly, the relationship between seawater salinity and
"0 also does not remain constant at different seawater
temperatures. Only at 35°C temperature, very strong positive
correlation (0.98) is noted between 8'*O Rosalina sp. and
seawater salinity, whereas in case of P. nipponica, 8'%0 and
salinity show a strong negative correlation (0.89) at 27°C
temperature. Interestingly, the seawater salinity does not result
in any significant change in 8'*O in both P. nipponica and
Rosafina sp. at 25°C and 30°C.

To assess the offset of measured 8'%0
expected values, 8O ..
paleotemperature equation was used to estimate 3"%0, ;. at
different temperatures (Shackleton, 1974: Bemis et al., 1998).

from the

foramintfera

was also calculated. A

Temperature =16.5-4.80%(3'80

mlciluVPDB;'(Slxo ,-0.27))

seawater{ SMOW
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The relationship between seawater salinity and its §'%0
given by Delague e al (2001) for the surface water samples
collected from the Bay of Bengal was used to calculate
8'%0__ ... which is required to estimate 8'¥0 This
equation was chosen as it is based on a number of low salinity
data points. Here we would like to point out that though the
choice of equation relating 6'80Scawalcr with salinity will affect
the estimated S'XOcalme, it will result in a constant offset in all
the values as it is linearly related. Thus the choice of equation
relating 6"*0O__ with salinity will not affect the correlation value
between 80, ... and 80 .

The plot of expected versus measured §'*0 values is too
scattered for Rosalina sp. with a very poor correlation (0.02).
The correlation improves significantly (0.70), however, just
by removing one data point (25°C, 35 psu) (Fig. 7A). This
seawater temperature and salinity combination is at the extreme
to which Rosalina sp. was subjected in this experiment. The
extreme salinity and temperature combination might have led

calcite”
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to some adverse effect on the normal physiology of Rosalina
sp. Changes in physiology under extreme physico-chemical
conditions might affect the metabolic rate of the foraminifera.
A change in the metabolic rate will affect its isotopic
composition as confirmed by a difference in the 8'%0 of
juvenile and mature specimens of the same species of
foraminitera (Bijma er al., 1999; Schmied! et al., 2004; Mec-
Corkle et al., 2008: Filipsson ¢t al., 2010). The difference in
the 6'*0 of juvenile and mature specimens of the same species
is attributed to the difference in the rate of secretion of calcite
by the juveniles and mature specimens. A similar anomalous
offset was also noted in Bulimina subjected to very low
temperature (4°C) (Filipsson er al., 2010). Additionally, this
anomalous value can also be attributed to dissolution of
foraminiferal calcite as it has been reported that the
foraminiferal calcite starts dissolving when subjected to low
salinity (Nigam et al., 2006; Kurtarkar et «/., 2011). Dissolution
of foraminiferal tests leads to differential removal of different
isotopes of oxygen leading to alteration of 8'*0 (Sexton et al.,
2006, Williams er al., 2007; dos Anjas-Zerfass er al., 2011).
The measured 8'%0 P. nipponica values are also
significantly offset from the expected 8'*0O values. But the
correlation between expected and measured §'*0 for P
nipponica is much better (0.77) than that for Rosalina sp., with
all data points plotted. Interestingly, the measured 8'%0
Rosalina sp. values become progressively enriched when it is
expected to be more depleted. The measured 8'*0 P. nipponica
values are directly related with the expected values, but with
an offset. The average offset of 8'*0 P. nipponica from the
expected 6™0 is -3.28 %c with a standard deviation of 0.58
%c. A constant offset of measured 8'*0 foraminifera from the
expected 8O has previously been reported for a number of
benthic foraminiferal species (Shackleton and Opdyke, 1973;
Duplessy et al., 1984). It indicates that the relationship between
8"O P. nipponica, seawater salinity and temperature is different
than that of the previous species. Additional data points with

several combinations of seawater salinity and temperatures
are, however required to precisely estimate the
paleotemperature equation for P. nipponica. The offset of
measured 80 Rosalina sp. from expected (-3.18 %) is
comparable with that of P. nipponica. A very large standard
deviation (1.18 %o) in the offset (-3.18 %¢) of expected minus
measured 8"O values for Rosalina sp., however indicates that
the oxygen isotopic composition of this species is not very
reliable for estimating seawater temperature and salinity.

CONCLUSION

Based on the laboratory culture study of two shallow
water benthic foraminiferal species, namely Rosalina sp. and
P. nipponica subjected to different combinations of seawater
salinity and temperatures, we conclude that the stable isotopic
ratio of the studied species shows no consistent relationship
with seawater salinity. Compared to the seawater temperature,
salinity appears to have little control on 880 foraminifera.
within the studied salinity and temperature range. The
relationship between 8'*O foraminifera and seawater
temperature is more consistent for P. nipponica than for
Rosalina sp. The study shows the changes in §'%0 of P
nipponica can be used to infer past seawater temperature
changes.
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