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ABSTRACT

The seasonal cycles of organic matter and chlorophyll at some beaches
of the Kerala Coast were studied in relation to the abundance of the
interstitial fauna at one of the beaches. “The faunal abundance showed
no definite correlation either with organic matter or with chiorophyll.
There was no correlation between organic matter and chlorophyll, which
indicates that the occurrence of one is independent of the other, The
maximum density of interstitial fauna at the Cochin beach was found
to be at the mid-tide level. The most 2bundant groups on the beach
were the ciliates, foraminiferans, nematodes and harpacticoids. Less
abundant forms included the gastrotrichs, turbellarians, polychaetes,
archiannelids, oligochaetes and isopods.

INTRODUCTION

MucH of the work on sandy. beaches of the Indian coasts has been confined
to the taxonomy of different groups of animals (Aiyar and Alikunhi, 1944;
Gpanamuthu, 1954; Krishnaswamy, 1957; Rao and Ganapati, 1967).
Observations on the ecological features of the interstitial habitat are generally
few and these are mainly restricted to grain-size of sand, temperature and
salinity of the interstitial waters (Ganapati and Rao, 1962; Govindan-
kutty and Nair, 1966). Recently, an interesting paper on the meiofauna
and macrofauna of some beaches at Porto Novo has appeared (Mclntyre,
1968).

The present paper which forms first of a series deals with the seasonal
cycle of organic matter and chlorophyll in relation to the quantitative varia-
tion .of the interstitial fauna of some sandy beaches of the Kerala coast
southwest coast of India,
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. AREAS OF INVESTIGATION

Figure 1 shows the areas from where collectlons of sand samples Weref
made. These beaches were as follows : : ( .

(1) The Cochin beach.—This beach forms part of an extensive sandy
beach located near the entrance of the Cochin Harbour. It has a steep slope
and is exposed to continuous surf action, The lower reaches of the beach
are devoid of any vegetation, while the upper reaches have patches of shrubs
and grass. During the monsoon (May—August) and ' post-monsoon
(September-December) the beach receives large quantities of aquatic
weeds and algal debris which are washed ashore all along this beach. - The
maximum tidal range at this beach is about 1 m and the grain-size of the
sand ranges from 200 to 700 u, consisting of fine to coarse sand and sheli
gravel. Exposure at low water is 10-12 meters. '
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(2) The Thottapally beach.—This beach is located about 50 miles
south. of the Cochin beach, and like the former, forms part of an extensive
sandy beach. It is subjected to heavy surf action, especially during the
monsoon months. Heavy granite rocks are piled on the beach to act as
break-water and to prevent erosion. The lower part of the beach is with-
out any vegetation, while the upper region has scattered shrubs and grass.
The slope of the beach is shallow with an exposure of 40 m at low tide.
The maximum tidal range is about I-1m,

(3) The Backwater beach.—This beach is situated on the eastern side
of Ernakulam channel. It is an artificial beach of recent origin formed as
a result of dredging and sand deposition durirg the construction of a jetty.
This is a small beach and gets exposed only during the low-tide. This beach
forms a part of the backwater system in which a number of canals and
rivers flow and thus make the condition typically estuarine. The substrate
of this beach consists of a mixture of fine sand, silt and clay, with a grain.
size of 120-300x. During the post-monsoon months, the beach receives
large quantities of aquatic weeds washed ashore.

MATERIAL AND METHODS

Sand samples were collected at fortnightly intervals from the topmost
layers at four different tidal levels, namely, low-tide mark, mid-tide mark,
high-tide mark and from a few meters inside water below low-tide. The
sand was scooped into a polythene container for the determination of organic
carbon and chlorophyll. For the study of interstitial fauna the sand sam-
ples were collected from the Cochin beach only. A cylindrical brass tube
of 1-8 cm internal diameter was inserted into the sand upto a depth of
5cm and the samples thus obtained were transferred to suitable polythene
containers. For the determination of organic matter, a weighed quantity
of sand samples was heated in a silicia crucible at 110° C until a constant
weight was obtained. This was then ignited at 600° C in a muffle furnace
and the loss in weight was taken as the total organic matter. Organic car-
bon was calculated from organic matter using the factor 1-8 (Morgans,
1956). Since the method used for the estimation of organic carbon was
based on loss due to ignition, it seems probable that the total loss in weight
might have included dissociation of calcium carbonate contained in the
shell material. This may give rise to an overestimate of available carbon,

Chlorbphyll was estimated by grinding about 5-0 g of sand in 90%
acetone for 15 minutes, and allowing it to stand in the dark for 10-12
hours. The extract was then decanted off, centrifuged and its volume made
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upto 10 c.c. The optical density of the extract was measured at 665 and
750 mp in a 4 cm cuvette with 909, acetone in the reference path (Stecle
and Baird, 1961, 1962, 1968; Parsons, 1966). From the values obtamed,
the chlorophyll per gram of sand was computcd '

‘The sand samples collected for the study of interstitial fauna by using
brass cores were agitated violently in suitable glass containers with filtered
sea-water. This was poured through sieves made from cut pieces of bolting
nylon of 0-05 mm mesh width. The process was repeated 6-7 times and

all the animals retained in the sieve were washed into a petri-dish containing

10% alcohol to anaesthetise the animals. Trial experiments made earlier
had shown that generally 6 washings were enough to remove alli the animals
from the sand. The sample containing the animals thus obtained was
divided into a number of sub-samples which were examined in parts under
a microscope and each category of animals was listed and counted. The
data were pooled to express the total number of .animals contained in a
10 ml of sand column,

RESULTS

Organic carbon and chlorophyll—The relationship between organic
carbon and chlorophyll has been shown in Fig. 2. The values plotted in
Fig. 2 refer to all tidal levels of the three beaches. It can be seen from the
figure that there is no definite correlation between the two. This indicates
that the organic carbon is derived mostly from extraneous sources other
than the phytoplankton organisms attached to the sand grains. The organic
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FIG. 2. Scatter diagram showing the relationship between organic carbon and chlorophyll
'Ihe points include the values obtaiped from all the three beaches at different tidal levels,
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carboit values, reported from an investigation . of sandy beach (Steele and
Baird, 1968) from the west coast. of Scotland (Loch Ewe), are lower than
those obtamed in the present studies.

. The range in the values of carbon and chlorophyll obtained at the
three beaches has been given in Table I, from which it is evident that the
organic carbon at the Cochin beach is greater than at the other two beaches,
and that the Thottapally beach shows the minimum values. This is pro-
bably because of a greater quantity of organic material of terrestrial -origin
reaching the Cochin beach, for it is situated adjacent to densely populated
areas and is subjected to pollution. Similarly, the backwater beach which
is amidst human habitation- shows high values of organic carbon; but the
Thottapally beach which is a relatively clearer beach, being somewhat away
from human influence, is poor in organic matter. - A close examination
of Table I will reveal that at all the beaches the organic carbon was higher
at the low-tide mark and inside water than at the other tidal levels. Since
Cochin and Backwater beaches are located near and at the confluence of
the estuary respectively, they receive large quantities of organic material
and these probably contribute to a higher value of organic carbon.

TaBLe I

Range in organic carbon and chlorophyll values at different tidal levels of three
beaches under investigation

Organic carbon pgjg sand

Thottapally

- 0-0-013

Cochin Backwater

High-tide 1,000-5,900 300-2,700 600-3,500

Mid-tide 1,000-4,600 1,500-3,200 1.300-6,400

. Low-tide 1,000-8,400 1,300-3,400 1,600-8,300
Inside water 1,700-6,100 - 1,500-3,300 1,700-5,900

‘ Chiorophyll (uglg sand)

High-tide 0-0-017  0-0-122 0-0035-0-142
 Mid-tide 0-0-043 0-0-015  0-017 -0-123
" Low-tide 0-0-031 0-0+055 0-0:131
Inside water 0-0-035 0:15-0+387
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At the Cochin beach, high values of organic carbon were obtained at
the low-tide level and inside water and low values-at the high-tide and mid-
tide- marks. Marked seasonal fluctuations were noticed at the Cochin beach
(Fig. 3): Lowest values were obtained in the monsoon months:at all the
tidal levels. Except for the mid-tide mark which showed a high .carbon
content in the pre-monsoon months (January—April), at all other tidal levels,
high values were recorded in the post-monsoon months (September~
December). At the Thottapally beach, the maximum values of organic
carbon were found at the low-tide level. The values inside water were: higher
than those at high or mid-tide levels. Although no well-defined seasonal
cycle of organic carbon was found at this beach, the values at low-tide
level and inside water were high during the monsoon and post-monsoon
months, while at the high-tide level they showed no regular pattern (Fig. 4).
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: Fic. 3. Organic carbon and chlorophyll at different tidal levels of the Cochin beach.

Marked seasonal fluctuations in the organic carbon were noticed at
the Backwater beach (Fig. 5). At mid-tide, low-tide and inside. water, high
values were found in the pre-monsoon months, while at the high-tide, slightly
higher organic content was found during the post-monsoon months, At
all tidal levels, minimum values were obtained during the monsoon period.
A decrease-in the organic carbon values during the monsoon months may
be because of its washout .by the -rain-water.
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Lnke carbon the chlorophyll values at~ all the three beaches showed.
ﬁuctuatlons in. different seasons (Figs. 3, 4 and 5). At the Cochin beach
no definite seasonal pattern was noticed in the distribution. of chlorophyll
at various tidal levels except that the values at the mid-tide level were high
from August to December. = Similarly, at the Thottapally beach, two peaks
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of ¢hlorophyll occurred in June and -August,. othcwvlse the values for the :
rest of . the year, were very low. (Fig. 4)...The backwater beach on the
other -hand, showed a fairly well defined cycle of chIorophyll The values,
were.. generally high: during the monsoon ard post-monsoon. seasons and.
rather low .during- the. pre-monsoon months. High values. were obtamed
1nsnde water,. espeaally in the month of Jure. The Backwater beach had
a_higher. chlorophyll content than. those of the other two beaches. This
may .be because it has a. much firer.sand tkan the other iwo beaches and
this may .possibly lead to a greater retention of plant material because of
poor’ drainage. High values of chlorophyll during the monsoon and post-
monsoon period, at all the three beaches, are probably because of large
quantities of aquatic weeds being washed ashore on these beaches. - The
canals and irrigation channels opening into the backwater system develop
a luxuriant growth of weeds like Salvenia and FEichornia during the mon-
soon  period.. In the post-monsoon_months, ‘when the salinity of these
channels Jincreases, these weeds get dlslodged and with the outgomg tides
are deposxted on the beaches where they disintegrate. On ore instance as
many as 400 Salvenia and Eichornia plants were seen within one square
meter at the Cochin beach. Probably their settlement and final decay on
the beaches has a profound influence on both chlorophyll and organic matter
of the beaches. ‘

The Thottapally beach being aWay from the estuarine influence is sub.
jected -to far less accumulation of aquatic weeds, and this might explain the
lower chlorophyll and organic contents recorded at this beach.

There seems to be at times sporadic high peaks, otherwise there is very
little “seasonal variation in the orgamic carbon and chlorophyll at all the
“beaches. Since the organic carbon and chlorophyll are mainly influenced
by external forces like rainfall, land drainage, etc., the fluctuations of the
values may not remain consistent year after year. ‘

INTERSTITIAL FAUNA

" As noted earlier, the interstitial fauna were studied only at the Cochin
beach.The total abundance of the animals on this beach showed a marked
seasonal variation at different tidal levels (Fig. 6). The maximum number
of .animals appeared in the pre-monsoon pericd. A gradual decline in the
fauna occurred during the monsoon months, which was followed by a con-
sistent increase: in the post-monsoon peried (Table II). It may also be
of interest to note that the sampling of the fauna was only confined to the
top 5cm layer of sand. It is therefore possible that the de:_t:line in fauna
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otlced durmg the monsoon ‘meriths may be because of their vernéal m:gra-* '
tion "to - deeper layers. -~ However, the ciliates ~recorded ithe - " Ihaximumy
numbers; followed by - foraminiferans, nematodes harpacticoids, - gastre-
trichs, turbellariaris, ‘polychaetes, archiannelids, oligochaetes *and ISOPOdS
(Fig. 7).- The nematodes were the most abundant mefazoan® group.! Occa~
sionally” molluscs, kinorhyrchs, ostracods, eggs and de\felopmental stagesf
of insects, ‘nauplii and copepodite stages were ‘also found.: ‘Even" though:
the numerical abundance of ciliates and foraminiferans was greatest, nema-
todes and harpacncmds, being larger in size, contrlbuted to’ the hjghest

bic omass

TaBLE II
Total number of animals at the Cochin beach at dzﬁefent tidal levels [The-
three seasons indicated are of four months each, pre-monsoon (Januar}~Aprtl),

monsoon (May—August), post-monsoon (September—December )] 4

Pre-monsoon  Monsoon - - Post-monsoon -

High water-mark 683 765 753
Mid-water-mark 1,163 - 845 1,210

Low-tide mark 955 650 755'7.\ -
Average 934 - . 1753 ’ 906 , o

w73

An examination of Fig. 7 will reveal that, although the varmus “gate
gorles of animals were found throughout the. year, ' their maximum abunidance
was restricted to a particular tidal zome. Thus, isopods were present” all -
the year round at the high water-mark, and in some months at the mid-
tide level, but they were totally absent at the low-tide level. Foraminiferans,
ciliates and nematodes appeared in large numbers throughout the year, but
showed maximum abundance in the pre-monsoon and post-monsoon périods;
Althotgh they were found at all tidal levels, the abundanceof:foraminis>
ferans and nematodes was greater at the high and mid-tide marks, while:
ciliates occurred in maximumi numbers at the low and-mid-tide levels;:
Turbellarians "and gastrotrlchs occurred in moderate numbers: throughout.
the year, with a maximum in monsoon and post-monsoon: months 'Ihey_.

Were: most. abunda,nt at .mid and low-tide marks, A TE
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There was no consistency in -the occurrence of  oligochaetes, - which
were . randomly distributed at all the tidal levels. Harpacticoids occurred
throughout the year at all tidal levels with a maximum in the monsoon and
post-monsoon months at the low-tide mark. Isopods occurred-in small
numbers in the monsoon and post-monsoon months. They were rarely
seen during the pre-monsoon months. :
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DIsCUSSION

The total composition of the interstitial fauna at the Cochin beach
during the year under investigation has been compared with some earlier
informations which has been given in Table III. It can be seen from the
table that the density of fauna at the Cochin beach is greater than what has
been reported from the same beach earlier (Govindankutty and Nair, 1966).
It is also greater than that of Palm beach, Andhra coast (Ganapati and
Rao, 1962).

The factor which may affect the population density of the interstitial
fauna is the changing nature of the beach profile. Some observations made
in recent years have indicated that the beackes of the Kerala coast are
subjected to severe erosion and that their profile changes drastically during
the monsoon months. This factor alone may greatly change the com-
position of the fauna from year to year. However, as compared to the
Palm beach of the Andhra coast the fauna at the Cochin beach is markedly
high. Boaden (1963) reported a density of 1,250 animals’ per litre of sand



'Ecology‘ of Some Sandy Beaclzés . 7 | 257

in betWeen low and mid-tide marks, upto a ‘depth of 5 cm, m a North
Wales-beach.- Such a low density of animals at that beach may be becausg
of the difference in the grain-size of the sand, for it is well known' that the
size- of the sand grains has a marked influence on the distribution of amma]s
mhabmng the -interstitial spaces of sand (Wleser 1959). From an inve esti-
gation of sandy beaches at Porto Novo, southeast India, Mclntyre (1968).
reported a meiofauna density of 19,600/100 cm? at mid- tide, which is much
hxghcr than the density of fauna found at the Cochm beach.,
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The Cochm beach lS ln many respects dlﬁ’erent from the other beaches
In the temperate reglon (Loch Ewe beach of ‘the ‘West coast of Scot]and)j
the’ relatlonshlp between chlorophyll and carbon has been found fo be dlﬁ ct_
whlch indicates’ that the phytop]ankton orgamsms “attached to sand partl- :
cles contribute largely to the organic carbon (Steele and Baird, 1968) At’
the Cochin beach the: chlorophy]l has o direct relatlonshlp with carbon,
s]gmfymg that ong is mdependent of the other.” No' definite correlation
between the abundance of 1nterst1t1a1 fauna and the peaks in the orgamc

“TaBrg 111

Average number of ammals in 15 c.c. sand sample at the Cochm beach dur mg ‘
Nalr (1966) [The numerical values reported Jrom Palm beach (Andhra) by
L Ganapatz and ‘Rao (1962) have also been included)

. Cochin beach Cochin beach .. Palm beach

1967 1963-64 Andhra Coast
R . (1958-59)

"HTL MTL LTL HTL MTL LTL MTL

January 94 141 9 12 24 10 8
February s2 139 115 12 27 12 12
March. 13 1m0 20 3 15 10
Apil ... 112 165 130 20 35 18 16
‘May ' M2 19 21 205 2t
Jwme 130 163 87 9 20 I2 24
My 138 117 105 10 25 28 31
August Coms 127 om0 18 %0 18
September 75 99 87 11 19 29 11
October 67 250 19 12 15 26 8
November 145 135 174 11 16 20 9

December 144 199 145 13- 18 12 .. .7

T T e e e e T T I TR I =
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matter and chloroPhyll found at the Cochin beach is again qulte suggesnve
Both at the high and mid- tlde ‘marks the hlghest corcentration of orgamc?
contents precedes the max:mum occurrence. of sand. fauna Another source.
of orgamc ‘material in. the sand seems to be the mlCIObES (bacter:a) "Pearse
et al (1942) reported an average bacte'r’iél population of 648, 000, 147 000
and 45,000/cm® of sard at high, mid and Tow-tide marks respechvely at thef'
North Carolma beach “Copepods, nematodes and some groups | of cxhates:
are well known to feed directly on bactetia (Pennak 1951 ; Wieser, 1960),;'
and therefore, the importance of bacteria as a major source of food “for
the interstitial group of animals cannot be 1gnored

The significance of soluble organic material in.the sea-water rhes ‘been
greatly emphasised in the trophic chains of a sandy beach ecosystem. and

the link of this seems to be through bacteria (Mclntyre et al., 1968). Since.

no estimate of bacterial population has been made from the. Cochin beach
it is difficult to assess the contribution of the microbes in the food chain.
However, the beach being greatly subjected to human infiuence and con-
siderable pollution, the bacterial population would seem to be high.

A recent study of the sandy beaches at Etterick Bay yielded an average -
of 1,191 diatoms per mm? of sand grain surface (Meadows and Anderson,
1968). The diatoms occurring in the marine sandy beaches contributing
to the organic carbon and chlorophyll form another source of food for the
interstitial fauna. .

ACKNOWLEDGEMENTS

We are greatly indebted to Dr. N. K. Panikkar, Director, National
Institute of Oceanography (India), for his constant interest during these
studies, Dr. S. Z. Qasim for his help in the preparation of this paper and
to Dr. A. D. MclIntyre and his colleagues for their constructive crmcnsms
of the manuscrlpt

REFERENCES

Aiyar, R. G. and Alikunhi, Proc. nain. Inst. Sci. India, 1944, 10, 113-40.

K. H, :
Boaden, P.J. S, .. J. mar. bial. Ass. UK., 1963, 43, 79-96,
Ganapati, P, N. and Rao, G.C. .. J. mar. biol. Ass., India, 1962, 4, 44-57.
Gnanamuthu, C. P, .. Ann. Mag, nat. Hist, 1954, 12, 257-74,
Govindankuity, A G, and - Hydrobiologia, 1966, 28, 101-22.

Nair, N. B, o . o .

Knshnaswamy, S, .. University of Madras, 1957, 1, p. 168.'_.



BHASKARA M. PANIKKAR AND S. RAJAN

Mclntyre, A. D, .

, Munro, A. L. D, and
- Steele, J. H.

Meadows, P. S. and Anderson,
Y. G.

Morgans, J. F. C.

Pearse, A. S., Humm, H. J,
and Wharton, G. W,

Parsons, T. R.

Pennak, R, W,
Rao, G. C. and Ganapati, P. N.
Steele, J. H. and Baird, I. E,

Wieser, W,

J. Zool. Lond., 1968, 1586, 377—92 : »
Proc. Symposium on Marme Food C'ham.s' Denmark 1968

No. 2 (mimeo), pp. 23.
J. mar. biol. Ass. UK., 1968, 48, 161-75.

J. dnim. Ecol., 1956, 25, 367-87.
Ecol. Monogr., 1942, 12, 135f90.

Monographs on Ocew:og;aphzc Methodo!ogy, UNESCO,
. 1966, pp. 19-36, .

Année Biol., 1951, 27, 449-79,
Proc. Ind. Acad. Sci., 1967, 55, 10-15.

.. Limnol. Oceanogr., 1961, 6, 6878,

Ibid., 1962, 7, 42-47,
Ibid., 1968, 13, 14-25.
Ibid., 1959, 4, 181-94.
Ibid., 1960, 5, 121-37.

“034 70. Printed ar The Bangalore Press, Bangalore-lS by V. J. B, Jesudason L.P.T.,
Superintendent  Published by B. 8. Venkartachar, Editor, “Proceedings of
the Indian Academy of Sciences”, Bangalore ,





