MARINE INTERTIDAL BARNACLES IN THE INDIAN OCEAN

by A. DANIEL, Marine Survey Division, Zoological Survey of India, Calcutta

A detailed study extended over a period of twenty years of the barnacle fauna
of the intertidal region of the coasts of the Indian mainland and the Little
Andaman and the Great Nicobar Islands has been made, based on (a) extensive
collections made by the author, (b) the collections available in the Zoological
Survey of India and other Museums, and (¢} all published records available
in the literature. The intertidal barnacle species occurring in the different
regions and their vertical zonation patterns within the intertidal zone are
presented. This study has revealed that even fairly narrow seas offer a
barrier to predominantly intertidal species of the genera Chthamalus, Balanus,
Tetraclita, and Lithotrya. These species which are ‘non-fouling’ ones have
spread along the coast probably because their free-swimming naupliar and
early stage cyprid larvae have been carried by the tidal streams and residual
currents which are obviously stronger when parallel to the shore than at right
angles to it. At the time of settlement, factors like intensity of illumination,
gregarious attraction, stage of tide, colour of substratum, water currents
and wave action, primary film and the presence of other organisms become
operative and influence the settlement of the settling-stage cyprid larvae.
Marshalling evidences from the results of earlier long-term experiments
conducted during 194960 at Madras and the role of these factors in influen-
cing the settlement of the cyprids of two species of intertidal barnacles, i.e.
Balanus amphitrite variegatus Darwin and Chthamalus stellatus stellatus
(Poli) are analysed. The resuits of later short-term experiments conducted
during February-March 1961 at Little Andaman Island, January-May 1964
at Cochin, February-May 1966 at Great Nicobar Island, and March 1968
at Sagar Island, lend support to the earlier findings.

It is clear from the experiments that the reactions of the cyprids to many of
these factors at the time of settlement may play an important part in leading
them to settle in the zones where the adults are found. The probable sequence
of the responses of the cyprid larvae and the relative importance of the
different factors in influencing their settlement are discussed.

INTRODUCTION

The thoracic cirripedes are a diverse group of marine crustaceans occurring in
or on fixed substrates, in or on other animals, and on inanimate objects floating in the
sea. In the Indian Ocean, the thoracic cirripedes are represented by 280 species/sub-
species (Stubbings 1936; Nilsson-Cantell 1938; Daniel 1956a). Of these, only 48
species are recorded from the intertidal zone of which a few account for their
abundance in this zone.

In the present paper the intertidal barnacle species occurring in different
regions in the Indian Ocean, their vertical zonation pattern, their habitats and
abundance, their geographical distribution with remarks on their ‘fouling’ and ‘non-
fouling’ characteristics are presented (Table I). This study has been made on the
basis of extensive survey, collections, test-panel, test-pole, test-block studies made
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by the author for over a period of 20 years, the collections available in the
Zoological Survey of India and other museums, and all published records.

OBSERVATIONS AND DISCUSSIONS

An analysis of the Table shows that of the 48 species/subspecies of barnacles
occurring in the intertidal zone, only 15 contribute to the fouling complex of which
5 are dominant, i.e. Balanus amphitrite variegatus Darwin, B. amphitrite communis
Darwin, B. patellaris (Spengler), B. madrasensis Daniel, and Balanus tintinnabulum
tintinnabulum Linne. Ten species/subspecies are inconspicuous ‘fouling’ members
and these are Balanus tintinnabulum occator Darwin, Balanus tintinnabulum volcano
Pilsbry, Balanus tintinnabulum validus Darwin, Balanus perforatus Bruguiere, Balanus
amphitrite hawaiiensis Broch, Balanus amphitrite cirratus Darwin, Balanus amaryllis
euamaryllis Broch, Tetraclita coerulescens (Spengler), Chthamalus withersi Pilsbry,
and Chthamalus stellatus stellatus (Poli). C. S. Stellatus is the commonest Chthamalid
of the Indian coast and occurs abundantly on fixed structures and rarely on floating
objects and ship bottoms.

Barnacles found with corals are often specialised burrowing forms. The
pedunculate genus Lithotrya extends from the midtidal to subtidal zone and is very
rarely found at hightide zone. Similarly, the sessile barnacles Pyrgoma and Creusia
and some species of the genus Balanus which burrow or are buried in living corals
occupy mainly the zone from midtide to subtidal zone and are rarely recorded
from the higher intertidal zone. Further, the actual number of species and individuals
in coral reefs is small. This was first recognized by Darwin (1851, 1854) who
pointed out, that for some reason, coral reefs are apparently unfavourable for
barnacles. (see also Newman 1960).

The pedunculate barnacles of the genus 7bla; the sessile genera Chthamalus
and Tetraclita; and some members of the genus Balanus are true intertidal forms
and rarely occur on molluscs and crustacean hard parts or ship bottoms and
under rocks (see Table I).

Many of the intertidal species have restricted and disjunct distribution in the
Indian Ocean. For example, Lithotrya nicobarica Reinhardt occurring in the Nicobar
group- of Islands and Maldives does not occur in the coral zones of the Andamans
or the East coast of India (Krusadi Island) and North-West coast of India (Qkha
and Pirotin Island areas), although corals are present. Similarly, the two other species
of the genus Lithotrya; and the genera Ibla, Chthamalus (except stellatus—which
occurs as fouling organism), Tetrachthamalus and some members of Balanus, and
Tetraclita have restricted distribution (vide Table I).

Thus, as pointed out by Crisp and Southward (1953), it appears that even
fairly narrow seas offer a barrier to predominant intertidal species. These are mainly
“non-fouling ones” and have spread along the coast probably because their short
lived free-swimming naupliar and cyprid larvae have been carried by the tidal streams
and residual currents which are obviously stronger when parallel to the shore than at
right angles to it. The explanations offered by Newman (1967) on the isolated and
apparently disjunct distribution of Tetrachthamalus obliteratus Newman, which he
considered to be due to (1) species, being a geographical and biological relict having
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had a substantial wider distribution in the past, (ii) or those populations occurring
on mangroves being transported by natural drifts, and (iii) or it is presently much
more widely distributed than available evidences indicate, may hold good for afew
other intertidal species also.

Studies on the settlement of the commoner intertidal barnacles, Balanus
amphitrite variegatus, B. tintinabulum tintinabulum and Chthamalus stellatus stellatus
in Madras, have revealed that at the time of settlement, factors like intensity of
illumination, gregarious attraction, stage of tide, colour of substratum, water
currents and wave action, primary film and presence of other organisms become
operative and influence the settlement of the settling-stage cyprid larvae (Daniel
1955 a, b; 1956 b, 1957 a, b, 1958 a, b, 1963). The results of later shor-term experi-
ments conducted during February-March 1961 at little Andaman Island, January-
May 1964 at Cochin, February-May 1966 at Great Nicobar Island, and March 1968
at Sagar Island, lend support to the earlier findings.

It is clear from the experiments that the reactions of the cyprids to many of
these factors at the time of settlement may play an important part in leading them to
settle in the zone where the adults are found.

In assessing the relative importance of the different factors one must be guided
by a judgement of the probable sequence of the responses of the larvae. To illustrate—
A cyprid larva of B. amphitrite swimming about in the water will first react to light
and water currents swimming away from not only light from above but any area
which is bright and reflects light from the bottom. It will tend to swim away from an
area where water is moving very fast. Next in order of temporal succession and
therefore of biological importance would be different substrata already occupied by
sessile organisms. Any surface coated by sessile organisms is likely to be dark in
appearance and not be completely red, blue, green, etc. The results obtained by
laboratory experiments on different coloured panels may indicate the biological
range of the organisms in its relation to coloured surfaces, whereas in its natural
habitat, B. amphitrite will hardly have to choose between the colours we confront
them with, in the laboratory. Even the bright-coloured bivalves like Mytilus are
covered over with dark film and a layer of sediment. Thus the cyprid larva when it
approaches a substratum previously settled by sessile animals, has next to choose
the particular community, it should become a member of. In this, the gregarious
attraction of previously settled barnacles prevails. Finally, at the end of the series of
responses to the different factors of attraction, the cyprid settles. But in settling it
requires the primary film, which is therefore not a factor of attraction but a necessity.
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