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Author response to the Comment (RC C2744) by Refree #1

We thank the refree for his/her comments on our manuscript. The responses to the
referee comments are as follows:

Refree’s 1st comment: The authors have collected surface sediments (0-1 cm) from
the western and eastern continental shelf of India to study seasonal oxygen deficiency
influence on phosphorus geochemistry. In this process, they have also re-visited the
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western continental shelf of India (WCSI) mainly to understand the influence of sea-
sonal variations in hydrography (a period of six/seven months) on the geochemical
behaviour of solid phase speciation of phosphorus in surface sediments (0-1 cm). The
basic question that rises is whether the top 1 cm would represent a period of changes
which can take place in a period of six months. It is rather difficult to appreciate this
as the published sedimentation rates in the shelf region range between 0.56–19 mm/yr
(Babu and Nath, 2005 and references therein; Bhushan et.al., 2005; Rao and Wagle,
1997). One centimetre of sediment they studied would represent a sedimentation his-
tory of ∼20 yrs if one considers the lowest sedimentation rate, but may correspond to
sites with higher sedimentation rates. Higher sedimentation rates recorded in areas
closer to river mouths. In view of lack of information on sedimentation rates in the
areas they studied, it is difficult to agree with their interpretations. This raises further
question as to whether the kinetics of diagenetic response of phosphorus in sediments
to hydrographic changes in water column would be adequate in six months.

Author’s response: We understand the concern expressed by the reviewer over the 0 -
1 cm sediment layer representing the seasonal variations of the phosphorus geochem-
istry in the surface sediments with the reported sedimentation rates referred by the
reviewer. But much higher sedimentation rates have also been reported from the west-
ern continental margin of India. Somayagulu et al., 1999 have reported sedimentation
rates ranging from 0.06 to 0.66 cm/yr for the region. Most of the published data on
sedimentation rates are based on 137Cs, 210Pb and 14C dates from sediment cores.
The sedimentation rates based on 14C dating technique reported from the study region
(Somayjulu et al., 1999; Bhushan et al., 2001) are associated with several years of un-
certainity which pose a further question on the suitability of these dates for estimating
the sedimentation rates of surface sediments. Sedimentation rates based on sediment
trap studies are unfortunately lacking from the study region.

Further, enhanced deposition/sedimentation of organic matter is a characteristic fea-
ture of hypoxic zones. They are also characterised by greater preservation of the
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deposited organic matter (Diaz and Rosenberg, 2008; Middelburg and Levin, 2009). In
an earlier study on the total and labile organic carbon (TCHO and PRT) of the surface
sediments (using the same 0-1cm layer of sediment samples used in the present study)
along the WCSI during LSM and SIM, revealed marked seasonality. The total and la-
bile carbon was higher and concentrated along the regions characterised by intense
oxygen deficiency during LSM compared to SIM (Jacob et al., 2009). In section 4.1
of the manuscript, the higher TOC, TN and TP observed in the surface sediments of
the WCSI during LSM along the regions experiencing intense oxygen deficiency is dis-
cussed. In the manuscript, the Section 4.2 and 4.3 discuss the response of the various
phosphorus species to the varying hydrographical and productivity changes along the
region during LSM and SIM. Hence marked seasonal behaviour was observed in all the
geochemical parameters analysed in the surface sediment samples (0-1 cm) collected
from the region during LSM and SIM. If the 0-1 cm sediment layer was an integral
of several years (as the concern expressed by the refree), the geochemical parame-
ters analysed would not have expressed the observed seasonal behaviour. Moreover,
seasonality in the organic carbon fluxes from the euphotic later to the sediments are
also observed even in the sediments of the deep Arabian Sea with higher fluxes dur-
ing SWM than during SIM (Rixen et al., 2000; Gauns et al., 2005). Babu and Nath,
2005 has considered 0 – 10 cm sediment layer obtained from the grab sampler as sur-
face sediments for their study on the influence of the permanent OMZ on the surface
sediments of the eastern Arabian Sea.

Even though, the seasonal sampling along the shelf during the two seasons LSM
(September – October, 2003) and SIM (April – May, 2004) had a time interval of only six
months there were vast differences in the hydrography, productivity and redox condi-
tion of the bottom waters which has been discussed in detail in the manuscript (section
3.1.1). Among the five phosphorus species except Pdet all the other fractions (Pbio,
PFe, Paut, Porg) are sensitive to productivity variations and/or redox condition of the
overlying water column (Ruttenberg, 1992). The influence of the seasonally develop-
ing hypoxia (during summer) on the phosphorus geochemistry of the surface sediments
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(well documented from hypoxic zones) have also been reported from other similar en-
vironments (Aigar, 2001; Kemp et al., 2005; Mort et al., 2010). But the most discussed
phosphorus species is PFe since it is redox dependent. Laboratory experiments have
also shown rapid mobilisation of phosphorus from the sediments even during short-
term (17 days) exposure to anoxic bottom waters (Hietanen and Lukkari, 2007). Hence
the observed response of the various phosphorus species of the surface sediments to
the changing productivity, organic carbon fluxes and bottom water oxygenation condi-
tions during LSM and SIM is quite expected/obvious which is discussed in detail in the
manuscript.

Refree’s 2nd comment: The second question is again about the interpretations of sea-
sonality changes. The sediments are mainly from shelf region (water depths: 50 to
150m) and the continental shelf region is prone to alongshore currents and resus-
pension. Shetye et al. 1990 (J.Mar. Res.48, pp.359-378) have observed a 150 km
wide southerly surface current in water depth of 50 m along continental shelf of west-
ern Indian margin during summer monsoon. The southerly surface current replaced
northerly current during winter. The clay mineral studies of Rao and Rao (Cont. Shelf
Res. 15(14); 1995; 1757-1771) have shown that the clay minerals delivered by the
west flowing Indian rivers were distributed along the western Indian coast due to long
shore currents and cross-shelf transport. Thus, ‘in situ’ nature of sediments which the
authors are assuming may not be true unless they prove otherwise unequivocally.

Author’s response: From the clay mineral studies, Rao and Rao, 1995 has inferred that
the shelf sediments are not affected by alongshore currents. From their studies, the
river-borne clay minerals are abundant along the continental slope mostly transported
by south-flowing currents during SW monsoon. But along the south western continen-
tal margin (between 15◦N and 10◦N) cross shelf transports also dominate. However,
in these regions also the influence of river-borne clay minerals is more on the outer
shelf/shelf break and slope compared to inner shelf sediments. From their study, the
northerly current associated with NE monsoon had little effect on clay mineral distribu-
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tion due to limited discharges from the rivers during the season. From the C/N ratios
many authors have reported organic carbon along the western continental shelf to be
marine in origin (Paropkari et al., 1987; Bhushan et al., 2001; Agnihotri et al., 2008).
The C/N ratios for the surface sediments during both the seasons (LSM and SIM) is
given in table 1 and is discussed in the manuscript under section 4.1 from which it can
be inferred that the sedimentary organic matter is mainly marine in origin. However,
the physical processes such as resuspension, redistribution, the semi-annual reversal
of the currents etc along the study area seems to have some effect on spatial re-
distribution of Pdet along the shelf during SIM which will be discussed in detail in the
revised version of the manuscript.

Refree’s 3rd comment: The authors have adopted ‘a selective interpretation of data’,
the main focus being on PFe fraction. Their data shows that only PFe fraction has
responded to seasonal suboxic/hypoxia Why only the PFe fraction should respond,
when other forms of reactive P would also respond. Earlier studies in the Arabian
Sea (references quoted by authors) have shown a clear response of all the P-reactive
fractions to the permanent suboxic conditions prevailing in the Arabian Sea. This needs
an explanation.

Author’s response: From Fig. 7 and Fig. 8 of the manuscript, it is clearly understood
that there is a strong response of the various reactive phosphorus species analysed
(PFe, Paut, Porg) to the varying hydrographical and productivity patterns observed
along the WCSI during the two sampling periods (LSM and SIM), which is discussed
in detail under section 4.2. One of the main objectives of this study is to examine the
hypothesis that the release of phosphorus from the surface sediments due to the redox
conditions prevailing along the shelf leads to the higher dissolved inorganic phosphate
observed in the shelf waters during LSM. In addition, the most noticeable hydrograph-
ical feature along the western continental shelf during LSM is the development of the
seasonal suboxia to which PFe is the most sensitive among all the phosphorus species
analysed. Hence it is discussed in detail under section 4.3.
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We hope that our responses are satisfactory in addressing the major comments raised
by the reviewer.

Sincerely Josia Jacob on behalf of the co-authors
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