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ABSTRACT 

Naqvi, S. W. A. and Reddy, C. V. G., 1979. On the variation in calcium content  of the 
waters of  Laccadives (Arabian Sea). Mar. Chem., 8: 1--7. 

The concentration of  calcium was determined in the samples collected from four 
stations in the Laccadive Sea and from two lagoons of Kavaratti and Minicoy atolls. The 
calcium/chlorinity ratio for the open ocean samples was found to be 0.02168 + 0.000015 
with an average calcium concentration of  424.9 mg kg -1. A maximum in this ratio was 
observed at about 200 m depth, below the salinity maximum corresponding to Arabian 
Sea Surface Water mass. No increase in calcium concentration or in calcium/chlorinity 
ratio was observed down to 1500 m depth, thereby ruling out the possibility of any 
calcium carbonate dissolution at these depths. Samples from Kavaratti and Minicoy 
lagoons gave much lower values of  the Ca/Cl ratio (0.02145 + 0.000036 and 0.02142 
+ 0.000046, respectively). These low values are apparently the result of  calcium utilization 
by the coral reefs. Using the reduction in the calcium concentration inside the lagoon, in 
the absence of  any chemical precipitation, the annual CaCO 3 production by reef fiat and 
lagoon on Kavaratti Atoll has been estimated as 1 • 107 kg. This gives an average gross 
production of  1.4 kg CaCO 3 per m 2 per yr. 

INTRODUCTION 

There is a growing interest in the major constituents of seawater in the 
northern Indian Ocean. It has been found that the diverse conditions pre- 
vailing in this region affect the ratios of some of these constituents with 
chlorinity (Sen Gupta et al., 1978; Naqvi and Reddy, 1978). Calcium is con- 
sidered as a quasi-conservative constituent of seawater. The numerous coral 
reefs and submerged banks in the Laccadive Sea could considerably modify 
the ratio of this constituent with chlorinity. This prompted us to study the 
variations in calcium in this area during the 31st cruise of R. V. "Gaveshani". 

MATERIAL AND METHODS 

Four stations were selected in the Laccadive Sea (Fig.l) where samples 
were collected from standard depths down to 1500 m using Nansen bottles 
and CTD rosettes. Two sets of ten samples each were also collected from the 
lagoons of the two atolls, Kavaratti and Minieoy. These samples were stored 
in well-sealed plastic bottles and were analysed a few weeks later for calcium 
by the method of Culkin and Cox (1966) using a photometric end-point 
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detection technique. The precision of this method expressed as the coefficient 
of variation has been found to be +0.38% (Sen Gupta et al., 1978). Salinity 
was determined using an AUTOSAL salinometer with a sensitivity of 0.003~o ; 
the pH of lagoon samples was measured with a portable battery-operated pH 
meter (sensitivity +0.02 pH units), and the alkalinity was determined by the 
pH method of Anderson and Robinson (1946). Temperature was measured 
using reversing thermometers. 

RESULTS AND DISCUSSION 

The average Ca/C1 ratios for the open-ocean samples and the samples 
collected from the two lagoons, Kavaratti and Minicoy, are gwen in Table I. 
Present values for the oceanic samples (0.02168 with a standard error of  
0.000015} lie in between the mean value reported by Sen Gupta et al. (1978) 
for the Bay of  Bengal, Gulf of Mannar and Arabian Sea (0.02229) and those 
given by Culkin and Cox (1966) and Riley and Tongudai (1967} for all the 
oceans (0.02126 and 0.02128, respectively). 

To study the variations in Ca/C1 ratio with depth, values for this ratio, 
calcium and salinity were pooled and averaged for various depths in order to 
present a general distribution pattern. Average profiles of these properties 
are given in Fig.2. Although the calcium concentration increases steadily with 
depth in the first hundred metres, the Ca/C1 ratio decreases owing to a more 
rapid increase in salinity which reaches maximum at about 100 m depth. 



TABLE I 

Caicium/chlorinity ratio and mean calcium concentration for the Laccadive Sea and 
Kavaratti and Minicoy lagoons 

Locality Ca (mg kg-t)/C1 (%0) Ca (mg kg -1 ) 
(mean value + std. error) (mean value -+ std. error) 

Laccadive Sea 0.02168 + 0 .000015 424.9 -+ 0.8 
Kavaratti Lagoon 0 .02145 + 0 .000036 416.1 +- 0.5 
Minicoy Lagoon 0.02142 + 0 .000046 415.7 + 0.5 

Below this depth, the calcium concentration remains almost constant down 
to 200 m. However, a decrease in salinity results in an increase in Ca/C1 ratio. 
The latter shows a maximum at 200 m and decreases thereafter accompanied 
by a fall in both calcium and salinity. 
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Fig.2. Average vertical profiles of Ca/CI ratio, salinity and calcmm. 

The salinity maximum, observed at 100 m, is due to the Arabian Sea 
Surface Water mass which is formed in the northeastern Arabian Sea (Roch- 
ford, 1964) where an excess of  evaporation over precipitation and runoff 
occurs annually. However, this region also receives considerable discharge 
from at least one  river, namely the Indus. This has been estimated to be 



about  0.02 km 3 hr -1 (Leopold, 1962). Since the Ca/C1 ratio for the river 
water is much higher than that of  sea water (Hutchinson, 1957 t, one might 
expect  a slightly higher value of  this ratio for the Arabian Sea Surface Water. 
However, as can be seen from Fig.2, the maximum in Ca/CI ratio does not  
exactly coincide with the salinity maximum for this water mass. This may 
be at t r ibuted to the removal of  calcium in the upper  layers by the organisms, 
which shifts the maximum in Ca/C1 to deeper layers. Between 400 and 800 m 
there is no appreciable change in either calcmm or  salinity, and therefore,  the 
Ca/C1 ratio remains almost constant  in this depth range. A secondary 
maximum in Ca/C1 ratio was observed at 1000 m. However, this maximum 
is not  as pronounced  as the first one observed at 200 m depth. This maximum 
in Ca/Cl ratio is associated with a salinity minimum. 

Sen Gupta et al. (1978) reported an increase in Ca/Cl ratio in the deeper 
layers (below 1000 m) in the Bay of Bengal, Gulf of  Mannar and Arabian Sea 
which they at tr ibuted to the dissolution of calcium carbonate. However, in 
the present study, no such increase was observed. Indeed, we observed a 
slight decrease in the calcium concentra t ion in deep layers (424.8 mg kg -1 at 
1000 m to 422 mg kg -1 at 1500 m). Naqvi and Reddy (1975) and Ingle 
(1975) have observed a crossover from supersaturation to undersaturation. 
with respect to calcite, somewhere between 1000 and 1500 m in the Indian 
Ocean. It is still a mat ter  of considerable debate as to how this depth is 
related to the carbonate compensation depth (i.e., the depth at which rate of  
carbonate supply is equal to rate of  removal). Pytkowicz (1970) and Ingle 
(1975) have reported that the depth of 100% saturation lies much above the 
carbonate compensation depth. In contrast  to this, the results of Ben-Yaakov 
et al. (1974), based on more direct saturometry measurements, show a close 
relation between the two. According to Kolla et al. (1976), the carbonate 
critical depth (depth below which less than 10% CaCO3 is present) in the 
Arabian Fan, between 0 ° and 10°N, lies at about  4800 m. The lysoctine, 
defined by these authors as the depth at which a significant decrease in per cent 
CaCO3 occurs, starts at about  4000 m. This supports the view that  the abrupt  
decrease in CaCO3 content  of  deep sediments is not  merely the result of  a 
change-over from supersaturation to undersaturation and that  it Is governed 
by rate-controlling factors (Pytkowicz, 1970 }. In any case, it is very unlikely 
that any appreciable dissolution of  CaCO3 wilt take place above 2000 m. 
Leaving the upper few hundred meters, where biological removal by organisms 
occurs, the calcium above this level may be considered as a fully conservative 
const i tuent  and, therefore,  we feel that  any increase in its concentra t ion at 
these levels should be viewed as a water-mass characteristic rather than the 
result of dissolution of  calcium carbonate. 

Calcium/chlorinity ratio in lagoons and CaC03 production on Kavaratti Atoll  

The calcium/chlorinity ratios for  the samples from the two lagoons on the 
atolls -- Kavaratti and Minicoy -- were found to be 0.02145 (standard error 
0.000036) and 0.02142 (standard error 0.000046),  respectivelyi These values 



are much lower than that for the open-sea samples. This is evidently the 
result of  biological precipitation of  calcium carbonate by organisms. We have 
a t tempted here to use this reduction in calcium concentration for the calcula- 
tion of  CaCO3 production by the reef on Kavaratti Atoll. 

Kavaratti Atoll is located along lat. 10°33 'N and long. 72°36 'E (Fig.l ,  
inset}. It has an island of  about  3.45 km 2 in area with a shallow lagoon 
(4.5 km long and 1.2 km wide with an average depth of 2 m). The width of the 
reef varies from 300 to 400 m. The reef is almost cont inuous with only one 
major break on the northwest  point, about  60 m wide, which forms the 
entrance to  the lagoon. The transport  of  water from the sea to the lagoon is 
always by waves which break across the reef. The outf low of water from the 
lagoon is through the entrance where the current  velocity is independent  of  
tidal height (Qasim et al., 1972). Sankaranarayanan (1973} studied the 
diurnal variations in some physico-chemical parameters inside the lagoon and 
observed remarkable changes in some of  these parameters. Dissolved oxygen, 
for example, varied from 1.74 ml 1-1 at 0700 hrs to 8.83 ml 1 -~ at 1700 hrs. 
The very low oxygen concentrat ion reflects the intensity of  respiratory pro- 
cesses at night. To s tudy the effects of  these processes on the dissolution and 
precipitation of  calcium carbonate,  we collected samples every two hours 
from a boat  anchored in the lagoon (station A; Fig.l, inset). The percentage 
calcium carbonate saturation was determined by alkalinity and pH measure- 
ments. Values given by Mehrbach et al. (1973} for  the second dissociation 
constant of carbonic acid were used for the calculation of  carbonate concen- 
tration, and the apparent solubility product  of  calcite was calculated using 
the following equation (Ingle, 1975): 

K'sp = [--34.452 r 39.866 S 1/3 + 110.21 log S -- 7.5752 • 1 0  - 6  T 2] 10 -7 

mol 2 kg -2 

where S is the salinity and T the absolute temperature.  
The ionic product  (Ca 2+) (CO32-) was divided by the apparent solubility 

product  (K'sp) to get the degree of saturation. The variations in degree of  
saturation, pH, temperature and salinity are given in Fig.3. The degree of 
saturation with respect to calcite decreased steadily from 554% at 2100 hrs 
to 325% at 0700 hrs. Thus, it may be concluded that, in spite of  such an 
intense rate of  respiration at night, the water remains at least three-fold 
supersaturated with respect to calcite. The possibility of  any dissolution may, 
therefore, be ruled ou t  and the only process which affects the concentrat ion 
of  calcium is the biological removal by organisms. 

The concentrat ion of  calcium in the surface waters outside the lagoon was 
ascertained by analysing the samples collected from two stations outside the 
lagoon (Fig.l). The average calcium concentration for these samples was 
430.3 mg 1-1. Ten samples collected from different locations in the lagoon 
gave an average calcium concentrat ion of  425.3 mg 1-1 (range 423.4--426.5 
mg 1-1). No appreciable difference in salinity was observed (range 35.06--  
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Fig.3. Variations in percentage CaCO3 saturation, pH, temperature and salinity in Kavaratti 
lagoon. 

35.21 Yoo ). The  d i f fe rence  in calcium concen t r a t i on  be tween  the  sea and 
lagoon waters  t imes the  to ta l  vo lume of  the lagoon will give the  to ta l  
r educ t ion  in calcium inside the  lagoon.  Taking the v o lu m e  of  water  inside 
the lagoon as a 1.1 • 107 m 3, this was calculated to  be a b o u t  5.5 • 107 g. The  
cu r ren t  ve loc i ty  at the en t rance  is a b o u t  20 cm sec -1 (Qasim et  al., 1972).  
Taking the  width  of  the en t rance  as 60 m with an average dep th  o f  2 m, the  
ou t f l ow  th rough  the  en t rance  would  be 86400  m a hr  -I assuming tha t  the 
veloci ty  remains the  same t h r o u g h o u t  the water  column.  This would  give an 
average residence t ime of  water  inside the  lagoon as a b o u t  five days. If  the  
to ta l  r educ t ion  in calcium calculated above is t aken  as the u t i l iza t ion  by  the 
organisms over this per iod,  the annual  dep le t ion  of  calcium by organisms will 
be a b o u t  4 • 106 kg. Thus  abou t  1 • 10 T kg of  CaCO3 is p rec ip i ta ted  biologic- 
ally by the  organisms on  the reef  f lat  and in the lagoon annual ly.  This would  
give an average gross p r o d u c t i o n  for  the ree f  and the  lagoon as 1.4 kg per  
m 2 per yr .  

It should, however ,  be conceded  here  tha t  the above es t imate  is very  
app rox ima te  for  the fol lowing reasons: 

I t  has been assumed tha t  the rate o f  CaCO 3 p r o d u c t i o n  remains m o re  or 
less cons t an t  t h r o u g h o u t  the year ,  The  e f fec t  o f  t ides also has n o t  been taken  
in to  considera t ion .  This fac to r  may,  however ,  be cons idered  as negligible 
since the  tides do n o t  a l ter  the cu r ren t  ve loc i ty  at the en t rance  (Qasim e t  al., 
1972). Spatial variat ions in calcium inside the  lagoon will result  in a slight 
e r ror  in the calcula t ion of  CaCO3 produc t ion .  This has been minimised  by  
collect ing samples f rom di f fe ren t  locations.  



The average gross production calculated by us compares well with the 
values reported from some other areas (Smith, 1973; Smith and Kinsey, 
1976; Glynn, 1977), suggesting that the present method gave a reasonably 
fair estimate for gross production. 
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