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ABSTRACT

Primary productivity of two fringing reefs in south-east India was
studicd from the diurnal curve method. The rate of production in the waters
around the reef was determined by 11C uptake and chlorophyll-a cstimation.
The rates of production and consumption in individual sca-grasses were
determined by the light and dark bottle oxygen method. Gross production
of the Palk Bay rec{ ranged from 4 86 gC/m? day 1n March 1o 95 pCim?/

day in May. In the

Kurusadai 1sland reef the rate of gross production was

2,39 gC/m2/day in November. Phytoplankton production 1n the Palk Bay
reef area ranged from 051 gCjm3#jday 10 1.62 ¢Cjm?/day and chlorophyli-a

values from 0.177 ug/l to 0.695 pa/l.
ton production was 0.17 gC/mziday and the chlorophyll-a was 0.163
Oxygen production and consumption in individual corals and se:

In the Kurusadai teef the phytoplank-

indicate that the individual speeies 1s autotrophic with P/R ratios exceeding 1.

INTRODUCTION

Earlicr works have shown that the
coral reefs arc highly productive com-
munities (Odum and Odum, 1955; Kohn
Helfrich, 1957; Qasim et al., 1972; Nair
and Pillai, 1972.) However, most of the
information available is on the eefs of
the Pacific and Atlantic occans. Little
data have been collected on the produc-
twvity of coral reefs from the Indian
Ocean cxcept for the studies by Qasim
et al. (1972 and Nair and Pillai {1972).
Qasim et al. (1972 have studied the
productivity of the rcef on Kavaratti
Atoll. Their observations covered the

production by reef, lagoon, individual
corals, plants and phytoplankton. A
similar study has not becn carried out
on any of the fringing reefs. The present
study was taken up to investigate the
total production by the fringing recfs at
Mandapam and  the contribution of
corals and phytoplankton in the overall
productivity.

MATERIALS AND METHODS

The reef selected for this study was
in the Palk Bay. It liesin an cast-wes-
terly direction funmng parallel to the
shore (Long. 797 17'40” E-7v8 ' E and
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Fig, 1 Map showing location of rcefs studied

A, Palk Bay Recf B. Kurusadai Reef,

Lat. 9217 * N) upto a distance of about
5km (Fig. 1). The average depth over
the reef is about 2 m. A narrow
navigational channel at about the middle
of the reef separates it into an castern
half called Kathuvalimuni reef and a
western half called Vellapertumuni reef.
However, both the reefs ate structurally
and faunistically similar and arc conside-
ted as a single biotope (Pillai, 1969;.
Among the 63 species of corals belon-
ging to 22 gencra recorded from ths
recf (Pillai, 1969;, the common specics
are of Favia, Favites, Goniastrea, Gonio-
pora, Acropora, Pocillopora, Porites
and Symphillia. The other reef studied
is at Kurusadair which is one of the
islands in the Guif of Mannar. [t runs
parallcl to the Mandapam peninsula
(Fig. 1). The reef is located in the eis-
tern part of this island. The corals
found in this reef are species of Pocillo-
pora, Madripora, Montipora, Porites
and Acropora.

Diurnal curve muthod of Odum and
Hoskin (1958) was cmployed to study
the community mctabolism of these
reefs. The flow respirometry method of
Sargent and Austin (1949, 1954) was
found unsuitable in these fringing reefs
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as the fluorescein dye tended to sink
and failed to move properly, probably due
to the shallowness of the reef. Replicate
samples for the determination of the
oxygen were, therefore, taken over a
fixed station in the rcef at 3-hourly
intervals for a period of 27 hours and
the mcasurements were averaged to get
one value of oxygen which is represen-
tative of the entire water mass. A curve
for the rate of change was preparcd
from these values after correcting for
diffusion of oxygen. Gross production
and respiration were calculated folla-
wing the method of Odum and Hoskin
(1958).

Phytoplankton production was mea-
sured by 11C technique and chlorophyll
¢stimation. Incubations with 1C were
carried out at intervals of 3 hours, over
a period of 24 hours at the recf itself by
suspending the bottles from a moored
buoy. Chlorophyll  estimations  were
made according to the method suggested
by UNESCO (1966}. Changes in the
oxygen were also measured with indivi-
dual corals and plants commonly found
in the reef and lagoon, using hght and
dark bottles to get sume wdea of ther
oxygen balance. All necessary precautions
were taken 10 ensure maximum accuracy
of the cxpermental and  analytical
methods.

RESULTS

Measurements of community metas
bolism wers made n March, April,
May, July and August 1973 in the Palk
Bay reef. The curves for conununity
metabolism are given in Fig. 2 and the
values of gross production and consump-
tion in Table 1. Gross production in

158



Balasubramanian and Wafar : Productivity of coral reefs

G/L/MR

n
o

RATE OF CHANGE OF OXYGEN IN M

08|

2]

04

04 08 12 16 20 24 04 04 08 ”? L3 20 24 0a

Fig. 2 Community metabolism curves
A-E Palk Bay Reef in March, April, May, July and August respectively.
F. Xurusadai Reef in November,

the Palk Bay rcef ranged from 4.86 gC/  values available for all the 12 months
m?/day in March to a maximum of indicate that the chlorophyli-a concen-

"C/m3/day -in May. Phytopl ;
?,,f,f&ﬁ',‘:,,fdrjﬁg'c'é x:z. 0 ;11y:;(;p/l;1nzl/($,‘; tration in the reef waters is low (0.177 -
to 1.62 gC/m2/day (Table IT). The pigment  0.695 mg/m?).
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TABLE I

Gross production and respiration values for the Palk Bay and Kurusadai Reefs.

Location Gross production Respiration P/R
(gC/m2/day) (gC/m?/day)
Palk Bay Recf
March 4.86 2.26 2.15
April 6.30 2.30 2.74
May 9.50 3.30 2.90
July 8.94 2.63 3.40
August 8.13 313 2.80
Kurusadai Reef
November 2.39 2.01 1.19
The community metabolism curve this arca has been studied earlier (Pillai

for the Kurusadai recf in November
1973 is given in Fig. 2. Gross produc-
tion was found to be 2.39 gC/m?/day and
consumption 2.01 gC/m2/day. The phy-
toplankton production was 0.17 gC/m?2/
day. Chlorophyll-a in the water around
this reef was 0.163 mg/m3. :

Oxygen balance of individual corals
which are the dominant reef builders in

TABLE I

Phytoplankton production values for Palk
Bay and Kurusadai reefs.

Location Production
(gC/m?/day)
Palk Bay Reef:
March 115
April 1.62
May 0.51
August 1.10
Kurusadai Reef:
November 0.17

and Nair, 1972). The oxygen balance of
individual sea-grasses found in the lago-
ons were studied and the results are
given in Table I1l. The sca-grasses were
found to be autotrophic.

DISCUSSION

The Palk Bay rcef undergoes marked
changes in two seasons during the year,
one from April to August and the other
friom September to March. From April
to August, the Palk Bay is relatively
calm, with abundant sunlight and tem-
peraturc characteristic of the summer
months. From September onwards,
when the north-east monsoon scts in,
the sea becomes turbulent, rendering
diurnal studies difficult. Rough condi-
tions during NE monsoon coupled with
decreasing temperature and salinity lead
to some mortality of corals. However,
once the calm conditions begin to prevail,
the corals start budding-off rapidly and
growth scason begins to commence.
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TABLE 1l
Ratios of gross production to respiration
in some of the sea grasses found in the
lagoon of both reefs.

Species P/R
Cymodocea isoetifolia 1.00
C. serrulata 1.00
Diplanthera uninervis 2.17
Halophyla ovalis 2.35
H. stipulacea 261

Proliferation of corals, to gether with
favourable conditions markedly enhances
the produstivity. This is reflected from
the gross production values obtained
in March, April and May. Gross pro-
duction in March (at the end of the
rough scason) is 4.86 gCim?iday but
it increases to 6.3 gCfn.2/day in Apiil
and 9.5 gC/m2/day in May. Thereafter,
it almost records similar values (8.94 2C/
m2/day in July and 878 2Clm?/day in
August) until the next NE monsoos.
Thus a scasonal variation in productivity
becomes quite apparent althcugh we have
no data for comparison during the rough
season. However, as the duta for March
indicate, it may be reasonably assumed
that the production during the NE mon-
soon will be low due to decline in salinity
and temperature and because of some
mottality of corals.

The reported values of gross produc-
tivity of coral recfs fall within the range
of 8 to 12 gC/m?/day. The coral reef in
a ncarby island (Manauli Recf) is repor-
ted to have a productivity of 7.3 gC/m?/
day (Nair and Pillai, 1972). Qasim et
al. (1972) have obscrved a gross produc-

tion value of 12.92 gC/m?/day in the
reef on Kavaratti Atoll. But in spite of
the high production rate all the reefs are
not self supporting. The heterotrophic
reefs largely include fringing reefs
(Qasim et al., 1972).

In the present study, both the frin-
ging recfs at Mandapam have been
found to be clearly autotrophic. The
Palk Bay reef is highly productive in
summer months witt 3 P/R of 3.4 in July.
The lowest gross production and P/R
ratio were found in March. Allowing a
decrease in the photosynthetic rate during
the NE monsoon months, the produc-
tion might still possibly be higher than
the consumption. Further, the recf has
shown a rapid growth since its partial
destruction by a severe cyclonic storm
which hit the coast in 1964. Howe-
ver, the Kutusadai recf is dying as
cvidenced by the sparsc population of
corals and its low gross production value
(2.39 gC/m?/day). Nevertheless, it is
interesting to note that the reef is still
scIf supporting as shown by the PjR
ratio (1.19). Abundance of scaweeds
of the genera Caulerpa and Turbinaria
in this reef also contributes to the
production of the recf. The low produc-
tion rate in some fringing reefs observed
by some authors may be because the
measurements were made ata time when
the rate of production was at its scasonil
minimum (Qusim et ol., 1972).

Dead corals of Mandapam arca are
being removed for the carbide industry.
However, no discrimination is shown
between living and dead ones and
hence a fast destruction of the reef is
taking place. This may be the cause of
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Jow production observed for this reef.
In spite of strict government regulation
to remove only the coral debris, the
recfs of Kurusadai and ncarby islands
are being destroyed with the result that
the coral population has become sparsc.

The Palk Bay reef, on the other
hand, is scldom subjected to any exploi-
tation. The recf is thus thriving well
and has a rcasonably good growth of
corals and algac. The need for conserva-
1ion of coral reefs has been emphasized
by Yonge (1969) in general and by
Mahadevan and Nagappan Nair (1972)
with special reference to the Gulf of
Mannoar reefs. Unless suitable measures
are urgently taken, the reefs of Gulf of
Manuar will soon be completely destro-
yed.

The phytoplankton production values
in both recfs were than the
average values reported by Nair (1970)
for the continental shelf stations of
Palk Bay (2.24 gCim?;day) and Gulf
of Mannar {1 2-1.5 gC/m?;day). Qasim
et al. (1972) have found that the phyto-
plankton productivity in the reefs at
Kavaratti Atoll was low and agreed in
general with the rate of production of
the western Indian Ocean.  Chlorophyll-
a valucs found in both the reefs were
low. Low photosynthetic pigment values
were ohserved in other reefs also (Jeffrey,
1963; Qasim and Sankaranarayanan,

lower

1970; Sournia and Ricard, 1974, 1976);
Thus it appears that the contribution of
phytoplankton to the overall producti-
vity of the recf is not significant and it
represents only the production rates of
the surrounding waters.

Pillai and Nair (1972) showed in ten
species of corals collected from the
Palk Bay that they are autotrophic
with P/R ratios varying from 1.97 in
Goniastrea pectinata to 3.58 in Porites
solida. The present study on oxygen
balance of seagrasses found in these reefs
shows them to bc autotrophic. Earlier
works on oxygen balance of corals and
benthic macro-algae show almost all of
them to be autotrophic (Muscatine, 1973;
Kanwisher, 1966: Qasim and Bhattathiri,
1971). Production and consumption
values of individual corals and planis
from the two recfs are in consistence
with those of the available data.
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