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-Ecology of Indian Barnacles

B. Meenakumari

Central Institute of Fisheries Technology, Cochin, India

An overview of the ecology of Indian tropical balanomorph and
-lepidomorph barnacles is presented. Findings relating to systematics,
distribution, the role of primary film and its significance in barnacle
settlement, breeding, seasonal and ecological succession, substratum
preferences, growth, and biomass generation are discussed.. Contribu-
tions relating to physical, chemical, and geographical factors such as
salinity, temperature, waves, tides, currents, light, and color, nature, and
texture of substrata are reviewed with particular reference to Indian
tropical conditions. Some thrust areas to be dealt in greater detail in
future work are also suggested.

Introduction

Cirripede crustaceans are a major group of fouling organisms because
of their reproductive capacity, gregareousness, and settlement abundance
compared to other fouling animals. Barnacles are studied in greater
detail than other foulers due to their world-wide distribution and signifi-
cant contribution to frictional drag in ships. Nearly 300 barnacle species
are reported, of which 25 are represented in fouling (WHOI 1952).
They are very common, hard shelled, and well distributed fouling
animals. Three types of fouling barnacles are recognized, namely,
lepadomorpha (goose barnacles), balanomorpha (acorn barnacles), and
verrucomorpha (deep-water forms). They are found in diverse habitats
such as intertidal shallow rocky shores, as commensals on turtles, whales,
and sponges, and also as foulers on boats, navigational buoys, under-
water acoustic systems, and mooring structures as well as in deep waters.
This chapter reviews the literature on the ecology of Indian tropical
barnacles.
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Systematics and Distribution

A large collection of barnacles from the Indian peninsula was studied by
different researchers with focus on their incidence and nature of their
fouling. The 30 species, subspecies, varieties, and forms recorded are
chiefly from the Bombay coast (Nilsson-Cantell 1938, Bhatt and Bal
1960, Karande and Palekar 1963, Karande 1967a); Ratnagiri (Alam et al.
1988); Cochin (Balasubramanyan and Menon 1963, John 1964, Nair
1967, Meenakumari and Nair 1984); Neendakara (Dharmaraj and Nair
1981); Tuticorin (Renganathan et al. 1982); Visakhapatnam (Ganapati et
al. 1958); Kakinada (Rao and Balaji 1988); Porto Novo (Dhandapani and
Fernando 1994); Madras (Paul 1942, Daniel 1952, 1953, 1954); and
Andaman waters (Karande 1978). These studies, chiefly on the ecology
of fouling, contain references on the distribution and systematics of the
barnacles.

While studying the biology of fouling at different locations, Karande
(1967a) was able to make a large collection of barnacles. He added 11
more species, subspecies, varieties, and forms to the 4 previous records
from Bombay shores (Nilsson-Cantell 1938, Bhatt and Bal 1960, Karande
and Palekar 1963).

It is evident that the cirripede fauna are very rich around Bombay.
This may be due to the greater attention they received there compared
to other locations in India. Barnacles such as Balanus amphitrite variegatus,
B. amphitrite communis, B. amaryllis euamaryllis, and B. tintinnabulum
tintinnabulum contribute chiefly to the fouling community on ship hulls
in Bombay. Karande (1967a) also presented detailed comments on the
inter-relationships among 15 varieties found in these waters, of which 7
were varieties of B. amphitrite. Of these, B. amphitrite variegatus, B. amphitrite
insignis, B. amphitrite venustus, and B. amphitrite denticulata are essentially
offshore species while B. a. communis, B. amphitrite hawaiiensis, and B.
amphitrite cochinensis are intertidal forms. Balanus a. communis, though an
intertidal form, is also found settling on ship hulls, mooring chains,
buoys, and other structural materials. In Japanese waters, B. a. communis,
together with B. a. hawaiiensis, are not found on intertidal rocks but only
on ship hulls. Hiro (1939) classified barnacles according to their habits
(Karande 1967a). He suggested that the varieties of amphitrite in Bombay
can be grouped into intertidal and offshore.

Determining barnacle varieties, particularly of amphitrite, is difficult
(Karande 1967a), but groupings of offshore varieties are comparatively
easy as there are distinct differenzes in color, shape, size, and opercular
valves. The intertidal varieties need careful study. Karande (1967a) pre-
sented ﬁgures of adult specimens, opercular valves, and the labrum,
which are helpful in identifying the various amphitrite varieties. Balanus
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a. denticulata and B. a. hawaiiensis are synonyms according of Utinomi

(1960) but the two varieties are separable.from one another (Karande
1967a). The opercular values in var. denticulata are weaker than those of
var. communis. The carinal margin at the apex of the tergum of var.
denticulata distinguishes it from other varieties of the amphitrite series.
The specimens of var. communis at Bombay possess 25 teeth on the
labrum (Karande 1967a), while var. denticulata has only 8. Var. communis
is also provided with a white strip along the tergal margin of the scutum,
which is absent in var. denticulata. Var. hawaiiensis is easily distinguish-
able from others by a deep sinus suture between the opercular valves
and the horizontal disposition of the latter in contrast to the inclined
position in other varieties.

Karande (1967a) observed that the cirripede barnacles from the
Bombay coast are primarily composed of Indo-Pacific forms with
Malgyan elements. Of the 15 barnacles, B. a. cochinensis and B. a. insignis
were recorded from Sumatra and, subsequently, from Cochin
(Meenakumari and Nair 1984). The chthamalid barnacles described
by Karande (1967a, 1967b) were reported earlier from the Malay archi-
pelago, Formosa, and Japan. Balanus a. hawaiiensis, B. a. variegatus,
B. amanyllis ewamaryllis, Balanus amphitrite nivea, and Tetraclita purpurascens
have been recorded from the Indian Ocean. Utinomi (1960) found
world-wide distribution of B. a. hawaiiensis and B. a. denticulata because
of the synonymy between the two species. Balanus a. communis, B. a.
venustus, and B. (. tintinnabulum recorced by Karande (19673,'1967b)
are also widely distributed and reported from the Malay archipelago,
the Pacific Ocean, Mediterranean Sea, Atlantic Ocean, and the Indian
Ocean.

Barnacles Chthamalus sp., Balarus amphitrite, B. amaryllus, and B.
tintinnabulum are present in the Zuari Estuary, Goa (Anil and Wagh
1988).

In Ratnagiri waters (Alam et al. 1988), the dominant barnacles are
- Chthamalus malayensis, Chthamalus sp., B. t. tintinnabulum, B. a. communis,
and Balanus amphitrite stutsburi.

Sundera Raj (1927) recorded five species of cirripedes from the
Krusadai Islands. Daniel (1962) found Balanus (Semibalanus) sinnurensis
at Porto Novo, Madras, and B. (Semibalanus) madrasensis n. sp. or. ﬁshing
craft off Madras (Daniel 1958a). From Madras, he reported B.
tintinnabulum tintinnabulum, B. a. communis, B. a. variegatus, B. a. venustus,
B. eburneus, B. amaryllis f. euamanryllis, Tetraclita purpurascens, Chthama{lusv
stellatus  stellatus, Lepas anatifera indica, Lepas anserifera, Lepas bengalensis,
Lepas tenuivalvata, Lepas hilli indicus, Lepas pectinata longi tergata, Lepas
pectinata diatata, Octolasmis clubii, and Conchoderma indicum (Daniel 1952,
1953, 1956a). From Krusadi waters, B. a. var. venustus Darwin, B. a. var.'
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denticulata Broch, B. tintinnabulum Linn., Chelonobia testudinaria Linn., L.
anserifera Linn. are reported (Kurian 1952).

In Visakhapatnam harbor waters, B. a. communis, B. a. vanegatus B.
tintinnabulum tintinnabulum and Chthamalus sp. have been identified
(Ganapati et al. 1958). At Kakinada Bay near this harbor, the barnacles
identified were B. amphitrite, B. patelliformis, and Megabalanus tintinnabulum
with B. amphitrite being most abundant and dominant (Rao and Balaji
1988).

Sessile barnacles of five species were reported from the Vellar Estu-
ary, Porto Novo (Dhandapani and Fernando 1994). They are B. a.
amphitrite, B. variegatus, B. reticulatus, B. kondakovi, and C. malayensis.

Cirripedia from the suboceanic islands of the Andamans were also
noted by Karande (1978). As in the mainland waters, rich barnacle fauna
were observed. The species identified by him (1978) from Port Blair
were B. t. tintinnabulum, B. amaryllis ewamaryllis, B. a. amphitrite, B.
kondakovi, B. variegatus, Tetraclita sp., C. malayensis, C. withersi and Lepadid
sp. Of these, B. variegatus was the most dominant followed by B. a.
amphitrite. Balanus a. amphitrite together with chthamalid and tetraclitid
barnacles occurred in large numbers in the near-shore waters of Port
Blair because of their ability to grow in enclosed areas.

Primary Film and Barnacle Settlement

Any surface immersed in seawater becomes coated with adsorbed or-
ganic molecules. This is followed by settlement of bacteria, microalgae,
and small protozoans. This slime film is further strengthened by
depositions of inorganic salts, detritus, and accumulations of surface
corrosion products. The ‘metabolic products of microbial organisms,
such as phospholipids -and polysaccharides, also support and strengthen
the initial conditioning film.

The formation of biofilm is influenced by several factors such as
substrate composmon surface charge (Dexter et al. 1975), chemotaxis
(Young and Mitchell 1972), and reactions of participating organisms and
slimy exudates (Gerchakov et al. 1977)-of bacteria and other microbial
fauna. It is known that conditioning films play a critical role in the
attachment of larvae of microfoulers, particularly barnacle cyprids, due
to surface probes by barnacle larvae before final attachment by barnacle
cement.

The gelatinous exudates of bacteria provide a physical surface/
nutritive source for the microfoulers, including barnacle cyprids. This
primary layer is not an absolute necessity for barnacle larvae as they can
settle on clean surfaces (Liberatore and Dyckman 1972, Nair and Pillai
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1977 Many organisms prefer slimed surfaces (Wilson.1955, Doochin
1959, Crisp and Medows 1963), particularly barnacles, sedentary
polychaetes (Knight-Jones (1951), and Ophelia bicornis (Wilson 1955).

Settling barnacle cyprids are capable of investigating the nature of

a surface prior to settlement. Stimuli are from the water (current, pres-
ence of food) and the atmosphere (light flux, wind direction), especially
in littoral and sublittoral species and from the surface itself (surface
texture or rugophilic behavior) (Barnes 1956). Slime layers entrap cyprids
by making it difficult for them to leave, by providing food and also by
changing the color of the surface. They may also sorb various chemicals,
helping in gregareousness, and act as barriers, preventing release of
toxins from antifouling paints. These slime layers can affect the tenacity
of attachments by surface free energy (Disalvo 1971). The bonding
between surfaces and barnacles varies with different materials (Crisp and
Medows 1963). Crisp (1965) bbserved a tactile chemical sense that rec-
ognizes specific molecular groups on a surface. These releaser chemicals
help in the final metamorphosis of cyprids and their attachment. The
releaser chemicals may be species specific anthropodins produced by
other barnacles.
’ There are only a few studies on slime film and its role in settlement
and metamorphosis from Indian tropical waters. Daniel (1955a) found
that 48 hours were needed for the culmination of primary film in Madras
harbor waters. He noted that the slime film was composed of 34 diatom
species, 14 algal species, and a small proportion of bacteria. He was not
able to establish the role of the various constituents of the film: In 1955
he noted the settlement of barnacle cyprids after 48 hours on slimed
surfaces and found that slime film is an essential prerequisite for bar-
nacle and serpulid settlement.

There are three stages in the development of a primary film, namely,
bacterial slime, diatom flora, and attachment of higher animals. Kuriyan’s
observations (1952) of 10-day blocks of wood did not reveal any separate
stages. He noted the formation of primary film consisting of bacteria
and diatoms and the settlement of organisms, simultaneously or imme-
diately. It is reasonable to assume that some fouling animals need such
a film while others are capable of settling on clean or newly submerged
surfaces. In some species, there is more settlement on filmed surfaces.
Balasubramanyan and Menon (1963) recorded bacteria, diatoms, and
protozoans as the foremost of all settling organisms on test panels ex-
posed in the Port of Cochin; Ganapati et al. (1958) found bacteria,
diatoms and protozoans as the primary settlers. Nair and Pillai (1977),
while conducting studies on the role of slime film in marine fouling,
found progressive increases in bacterial counts from 2 to 72 hours; 85%
of the bacterial isolates were nitrate reducers and 5% sulfate reducers.
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experimental objects and harbor structures revealed ripe eggs and
developing nauplii throughout the year, suggesting no special breeding
intensity. The uninterrupted temperature conditions and uniformly high
salinity may be the causative factors for their continuous breeding in the
harbor waters (Paul 1942). Daniel studied the settlement and succession
of four species, namely, B. a. variegatus, B. t. tintinnabulum, B. amphitrite,
and B. a. communis. He found breeding and continuous settlement in B.
a. communis and C. stellatus in Madras. However, in B. t. tintinnabulum,
he noted two sporadic occurrences from July to August and December
to January. Balanus a. variegatus had a preference for still waters of the
harbor area and was present throeughout the year. Limited settlements
were observed in B. a. venustus, B. eburneus, B. amaryllus forma euamanryllis,
Tetraclita purpurascens, Lepas anatifera indica, and L. anserifera. Daniel
(1954) and Paul (1942) found that relatively high temperature and a
consequent high metabolic activity were responsible for rapid growth
and attainment of sexual maturity at a surprisingly early age. Accelera-
tion of the reproductive process and constant settling of generations of
barnacles in a tropical harbor like Madras are also due to the prevalence
of high temperature throughout the year. As observed by Paul (1942),
in Madras® waters, Antony Raja (1963) also found continuous breeding
of Mytilus striatulus, Bowerbankia sp., and Dasychone cingulata throughout
the year with different intensities during specific times.

Barnacle settlement is a complex process involving exploration of
the substrata by cyprids and fixation (Crisp 1976). It is influenced by
various factors including plankton abundance. Observations on daily
settlement of barnacle cyprids at the intake of the condenser cooling
system in Kalpakkam coastal waters showed two peaks, one in May—June
-and the other in October-November (Sasikumar et al. 1989). They no-
ticed variations in settlement at the outfall and forebay of the cooling
circuit. Low barnacle settlement during the operational period of this
power plant was ascribed to altered water temperature, presence of
chlorine, and high water velocity. While studying the biology of fouling
in the Visakhapatnam harbor, Ganapati et al. (1958) found settlement
of four species of barnacles: B. a. communis, B. a. variegatus, B. t.
tintinnabulum, and Chthamalus sp. With the exception of the Chthamalus
sp., all settled on test panels during the entire period of investigation.
The peaks of abundance were in April, May, and August, ¢orrelating
probably with local differences in hydrobiological and biological
conditions.

From Kakinada Bay, Rao and Balaji (1988) reported dense encrus-
.tations of B. amphitrite during most of the year. Heaviest seitlement was
from March-August. In the loew saline months of September and
October, there was a slight decline.
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Fecundity based on egg numbers and size of five species of barnacles
- from Porto Novo — B. a. amphitrite Darwin, B. variegatis Darwin, B.
reticulatus Utinomi, B. kondakovi Tarazovi and Zevina, and C. malayensis
Pilsbry — were studied by Dhandapani and Fernando (1994). They found
that in all species the number of eggs increased with the size of animals,
_ irrespective of species or stability of the substrata. Barnacles on unstable
substrata attained maturity earlier than those on stable substrata.

At Karapad Creek in Tuticorin, peak barnaclesettlement was found
from July to August (Renganathan et al. 1982). Barnacles may have
different breeding seasons governed by local hydrographical conditions.
Their settlement also depends on many factors such as light intensity,
substrate specificity, depth, nutrients, salinity, and temperature.

Peak abundance was in August and November on short-term panels
at Neendakara (Dharmaraj and Nair 1981). They were absent in
February due to salinity fluctuations resulting from the monsoon. John
(1964) recorded a high rate of occurrence of Balanus from September
to December and a much diminished but more uniform rate the rest of
the year; there was no settlement in June. There were fully developed
ova from November to April, indicating the breeding season. Nair (1967)
recorded B. amphitrite as the most important fouling animal at Cochin
harbor, occurring throughout the year. ‘Barnacles were found settling in
large numbers during the postmonsoon (September-December), in fair
numbers premonsoon (January-April), and a few during the monsoon
(May-August). The heaviest settlement of B. amphitrite was during No-
vember and December, when they contributed the major share of sur-
face coverage. Settlement was controlled by salinity. Balanus amphitrite
appears to be a continuous breeder in Cochin harbor (Nair 1967,
Meenakumari 1989). Pillai and Nair (1972) found that B. a. amphitrite
attained sexual maturity at a rostro-carinal diameter of 7.5 mm. They
noticed a synchrony in the development of the ovary and testis and that,
along with cross-fertilization, self-fertilization also took place. Even though
they settled in all months, there was considerable fluctuation in intensity,
which increased from August reaching a high in December. Salinity of
the surface waters fluctuated between 19.7 and 26.5 ppt during the
premonsoon (January—-April) and declined to 0.93 ppt during the mon-
soon (May-August). The low saline conditions continued until
November and then reached a maximum of 33.8 ppt in January. Obser-
vations by Balasubramanyan and Menon (1963), Nair (1967), and
Meenakumari and Nair (1984) showed that the quality and quantity of
fouling were least during the monsoon. Many barnacles were killed and
sloughed off during the periods of very low salinity prevailing -at that
time. When normal conditions returned, areas left,bare were recolonized



INDIAN BARNACLE ECOLOGY ) 9

by fresh ‘planktonic larvae brought to the site by tidal currents and other
movements of the medium (Nair 1967).

Nair and Nair (1987) made some fouling forecasts based on the
settlement of the fouling organisms at Cochin harbor. Of the fouling
groups studied, barnacles contributed the greatest intensity of
settlement. Based on the intensity per unit area of a test surface,
Nair and Nair predicted maximum fouling in December. The
horizontal and vertical distributions of barnacles are considerably- influ-
enced by salinity distributions. Their maximum settlement was found
near the bar mouth, and slowly reduced towards the upper reaches of
the estuary (Meenakumari 1989). Wallershaus (1972) also studied salin-
ity stratification in Cochin backwaters: an upper regime of low salinity
and a high one in deeper waters. The barnacles survived in the deeper
water even though they were eliminated in the upper strata during the
monsoon.

Menon et al. (1977) at Mangalore harbor found peak barnacle settle-
ments during March, May, November, and December. Here, barnacles
settled throughout the year, interrupted by the monsoon, with a major
peak of settlement in November-December and another one during
“March and May. At Bombay harbor, Karande (1967a) noticed restricted
breeding of barnacles from July to September and opined that low sa-
linity conditions were the causative factor. Rege et al. (1980) found that
B. a. amphitrite, irrespective of habitat, attained sexual maturity in Bombay
waters when reaching a basal diameter of 2-3 mm. For a given body
weight, the number of eggs produced was lowest in the population in-
habiting polluted waters, the fully grown adult barnacles had poor
breeding potential. In Ratnagiri waters, barnacle settlement was intense
from January to May and again from September to November and dur-
ing the monsoon months. The percentage of fertilized individuals of B.
amphitrite was low (Alam et al. 1988). Karande (1978) saw continuous
settlement throughout the year in B. variegatus and B. a. communis inhab-
iting the suboceanic islands of the Andamans. Settlement of spat was
particularly heavy during January to May with little or no fluctuations
in abundance, unlike that in many mainland ports such as ‘Bombay,
Cochin, Visakhapatnam, and Madras. o

While studing the breeding of animals of the Madras coast Paul
(1942) observed the following: A single breeding period, not lasting the
entire year (e.g., Polycarpa sp.). Continuous breeding all year with more
active breeding during a specific time of the year (e.g., Mytilus viridis).
Continuous breeding throughout the year without any special intensity
during any part of the year (e.g., B. amphitrite). Discontinuous breeding
related to phases of the moon (e.g., Platynereis).
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This was also true in the open-sea condition as at Madras, but- differ-
ent in enclosed harbor waters such as Cochin, Neendakara, and
Mangalore. Here, breeding of barnacles is continuous with variations in
intensity depending upon the prevailing hydrographic conditions (Nair
(1965, 1967;-Menon et al. 1977; Dharmaraj and Nair 1981; Meenakumarl
and Nair 1984; Meenakumari 1989).

India, being tropical, epibenthic animals, including barnacles, breed
continuously throughout the year: The constant settling of generations
of organisms, production of several offsprings in an year, their rapid
growth and attainment of sexual maturity at a surprisingly early stage are
all brought about as a result of the constant high temperature through-
out the year (Paul 1942, Nair 1965). The noted absence of seasonal
succession (Daniel 1954) in tropical waters is due to temperature, which
does not fluctuate as in higher latitudes. Salinity has been recognized: as
an important factor in the distribution of fouling organisms in several
locations in' India where water salinity is reduced by rainfall. Even though
salinity fluctuations are insignificant in the open ocean, in estuaries and
‘harbor areas fluctuations are pronounced due to land drainage conse-
quent to. precipitation. In barnacle settlement and succession in most
Indian hai‘bors, salinity acts as a ‘master factor’.

Development and Biocoenosis

During the development of biofouling communities (biocoenosis), spe-
cies composition and abundance are influenced by new recruits, physical
and chemical disturbances, mortality of adults, predation, overgrowth,
and several biological interactions; all, in turn, help in the development
of climax species. Such a community is established as a result of true
ecological succession (Coe and Allen 1937). Climax communities of
balanids, mussels, and serpulids were recognized by Daniel (1954) and
Ganapati et al. (1958). However, Antony Raja (1959) felt that the differ-
ences in the sequence of community development are not true, regular
or definite and are modified by prevailing ecological conditions. Rao
and Balaji (1994) noted-the emergence .of dominant species of barnacles
and oysters. However, Rao and Balaji (1994) opined that dominance was
not due to the discrete selection/presence of new surfaces by species or
‘to blologlcal succession. Rao and Balaji (1994) observed dominance of
the exotic species Mytilopsis sallei within 30 days in polluted ‘waters of
Visakhapatnam and dominance of different species (spirorbis, bryozo-
“ans, barnacles, sponges, oysters) in cleaner waters that was not orderly

cor directional. They felt that this should be recognized as a ‘multiple
stable point’ rather than a climax community.
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In Ratnagiri waters, the spread of many slow growing organisms was
inhibited by the fast breeders. Spreading of Chthamalus was controlled by
intense settlement of bryozoans (Alam et al. 1988). Heavy mortality - of
barnacles was noticed at Kakinada Bay, possibly due to overcrowding and

interspecific competitions. Barnacles were often suppressed by
massive settlements of Mercierella enigmatica (Rao and Balaji 1988).
Investigators dealing with fouling communities have often used the term
‘climax community’ to describe monopolies of successful species found
on test panels. Such climax communities of balanids were identified in
the Cochin harbor (Meenakumari 1989).

Succession of communities is an orderly and directional process
leading to a physical modification of the environment by the community
resulting in the establishment of a stable climax community (Odum
1969). Orderly biological interaction with a predictable outcome results
in" the bacterial biofilm — the precursor to macrofouling. It may trap
cyprids, provide food for immature barnacles, change the color of the
surface by making it more attractive, may sorb various chemicals helping
in gregariousness, reduce the toxicity of antifouling paint surfaces, and
affect the tenacity of attachment (Fischer et al. 1984). Development of
some fouling communities is not orderly or directional but the orderly
and directional process leading to succession of the constituents of the
slime film is clearly discernible in the initial stages of fouling community
development. However, the development of climax communities at the
macrofouling level leading to a competitive hierarchy is still uncertain as
is clear from the studies on fouling from Indian harbors.

The adhesive and compressive strengths of foulers play an important
role in community maintenance, thereby, resisting dislocation. Studies
on this are limited in India. Udayakumar and Karande (1986) deter-
mined that the adhesive strength of barnacles at Bombay was highest for
B. amphitrite. It was 1.14 X 10® Nm? for B. amphitrite and 0.13 x 108 Nm?
for C. malayensis. '

Temperature is the most important factor limiting the geographical
distribution of marine animals. The noted absence of seasonal succes-
sion (Daniel 1954) in tropical waters is due to temperature, which does
not fluctuate as in higher latitudes. Few studies (Ganapati and Rao 1962;
Rao 1975; Rao et al. 1981, 1988) were conducted on the effects of
temperature on Indian barnacles. Those by Ganapati and Rao (1962)
deal with respiratory movements (cirri beating) and temperature, and
those by Rao et al. (1981) and Rao (1975) on the effects of temperature
and oxygen consumption in B. f. tintinnabulum and B. a. amphitrite,
respectively. They observed peaks in oxygen consumption and respira-
tory movements at higher temperatures. However Rao et al. (1988) found
in C. withersi a slight shift in the peak towards 40°C compared to 30°C
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in B. t. tintinnabulum and B. a. amphitrite. They saw higher metabolic
rates in tropical barnacles compared to the boreo-Arctic species B.
balanoides, B. balanus, and C. stellatus (10-15°C) observed by Barnes and
Barnes (1969). According to Rao et al. (1988), low Q,, values (the op-
eration of homeostatic mechanisms at higher temperatures) and the
shift in metabolism-temperature curves towards higher temperatures
appear to’ be characteristics of tropical barnacles.

Barnacle settlement is also influenced by several complex factors,
often interactive in nature, such as light, gregareousness, tides, and the
nature, color and texture of substrata:

Light: Daniel (1963) found five times more settlement of B. amphitrite
during the day than night. Balanus tintinnabulum attached mostly during
day time, shaded from direct sunlight. Larvae of C. stellatus settled most
abundantly in direct sunlight. All three species settled at night under
artificial illuminiation. Daniel (1957) also observed that B. tintinnabulum
abounds in the sublittoral fringe of rocky coasts 3 meters below mean
sea level, on the shady sides of rocks where total depth is 6-7.5 meters.
Balanus amphitrite occurred in harbor structures most abundantly 0.3
meters below the surface at low tide, where illumination was of moderate
intensity, while C. stellatus was found in the supralittoral fringe of rocky
coasts where they were regularly exposed to the sun during low tide.
Kuriyan and Mahadevan (1953) found barnacle attachment chiefly on
surfaces deeply submerged. Settlement in blocks near the surface was
confined to its underside away from abundant light.

Gregarious Attraction: Barnacles exhibit gregarious attraction. The adults
of B. amphitrite, B. tintinnabulum, and C. stellatus attract the larvae of
their own and other species (Daniel 1955b). Gregareous attraction of a
particular species is directly proportional to the number of barnacles
already settled. Availability of shelters like edges and corners allow the
larvae to settle in large numbers (rugotropism), which, in turn, attract
more larvae.

Waves, Tides, and Currents: Waves, tides, and currents affect the dispersal
and growth of barnacles. Water movement facilitates the existence of
sessile animals as it transports additional food materials to them and also
removes waste materials. Currents additionally play a very important role
in the distribution of planktonic larvae of barnacles and prevent over-
crowding in any particular substratum. Sometimes water movements are
harmful when the larvae of littoral forms are swept far away to the open
ocean where settlement is impossible (Nair 1967). The velocity of water
currents on, the surfaces of substrata is important since the larvae of
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many foulers select suitable substrata for settlement in relatioh to the
velocity gradients of currents (Crisp 1974). The limiting velocity of B.
amphitrite is 0.6 to 1.8 knots (Smith 1946). The attachment and survival
of barnacles are chiefly influenced by water currents.

The tidal stage also affects barnacle cyprids although conflicting
views are expressed by various workers. Daniel (1957, 1963) stated that
the stage of tide influences the attachment of barnacles. He observed
maximum attachment of B. amphitrite during low tide as did Weiss (1947)
who found maximum settlement of B. improvisus cyprids. However, B.
tintinnabulum and C. stellatus preferred to settle at high tides.

Substratum: Investigations support the hypothesis that for major classes of
marine invertebrate colonizers on hard substrates, settlement and re-
cruitment are highly substratum specific and that larval recognition of
an environmental chemical cue is an obligatory requirement for the
settlement induction of plankton and subsequent metamorphic
development (Barnes 1956; Morse and Morse 1984, 1991; Morse 1988).
Preferential settlements on wood and metals were observed by Sasikumar
et al. (1989) Substantial settlement of barnacle cyprids was seen on all
wooden panels in 24 hours except for A. lebbeck and Tectona grandis,
which showed relatively lower numbers. When metal panels were used,
highest settlement in 24 hours was found on mild steel. Settlement on
aluminum was also relatively high. Copper coupons showed no settle-
ment at all. Substratum preference was studied by Chandrasekharan and
Gnanajothi (1988). They found the order of preference was molluscan
shells, fixed pillar erections, large ships, catamarans, fishing boats, and
rocks. The color of the substratum also influences settlement of barnacle
cyprids (Kuriyan and Mahadevan 1953, Daniel 1956b). They found that
red, black, and white attracted large numbers and blue, green, and gray
fewer sedentary forms.

Growth

The tenacity with which barnacles attach to surfaces and their conical
shape contribute to the drag of boats and ships. In ships, drag is directly
proportional to growth and biomass accumulation. Even after the death
of barnacles, their shells are found intact on ship hulls, contributing to
increased drag.

Various workers have recordéd the growth of barnacles from Indian
harbors. (Paul 1942; Ganapati et al. 1958; Nair 1967; Balakrishnan 1975;
1977; Karande 1978; Meenakumari and Nair 1988). Paul (1942) studied
the growth of B. amphitrite in Madras harbor, where they reach a rostro-
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carinal diameter of 8.8 mm in 16 days. This rapid growth of tropical
species immediately following settlement is important in ship fouling
because when settlement occurs within the first few days after a ship has
arrived in port, the barnacles will be quite large before the ship leaves
in two to three weeks. Smith (1946) showed that large barnacles are able
to survive a sea passage that is fatal to smaller individuals. Thus, rapid
growth is presumably an important factor affecting the persistence of
fouling on hulls.

John (1964) recorded rapid growth in October, slower growth in
July-August, and highest growth in January to April coinciding with
higher salinities in harbor areas. Nair (1967) found rostro-carinal diam-
eters of 12.1 mm in April in 36 days. Meenakumari and Nair (1988)
showed B. amphitrite communis attained 16.5 and 22 mm after 90 and 165
days, respectively. They computed theoretical growth curves (following
von Bertalanffy) and found that observed growth agreed well with the
computed growth. Growth rate was faster in the initial stages and slower
in older barnacles.

A comparison of 15-day growth showed maximum values of 8.8 mm
at Madras (Paul 1942), 6.5 mm at Cochin (Meenakumari and Nair 1988),
and 5.5 mm at Visakhapatnam (Ganapati et al. 1958). For the same
period, Nair (1967) recorded 5.4 mm and Balakrishnan (1977) 5 mm at
Cochin. The average maximum growth after 45 days at Madras was 12.6
mm (Paul 1942), 9.2 mm at Visakhapatnam (Ganapati et al. 1958), and
8.7 mm at Cochin (Nair 1967, Meenakumari and Nair 1988). The slower
growth rate at Cochin was ascribed to estuarine conditions at the harbor
versus typical marine conditions at Madras and Visakhapatnam. Balanus
amanryllis euamaryllis attained a basal diameter of 25 mm and height 28
mm in the Andamans (Karande 1978).

Sasikumar et al. (1991) found that B. variegatus grew 12 mm in
diameter after 200 days on nickel, stainless steel, and aluminum panels
at Kalpakkam. On mild steel panels, a maximum of 8 mm was attained
in 15 days (exfoliation caused termination of the study).

Biomass

Data on biomass accumulation on similar materials under identical con-
ditions are not available for comparison. However, a cursory evaluation
of fouling biomass accumulation at different locations shows higher
generation of biomass at Cochin. De (1984) made a comparison of
biomass generated at tropical harbors, namely, Bombay7 Kalpakkam,

Cochin, and Port Blair and found that these ports are 12-month fouling
ports. He reporied that studies conducted by the Naval Chemical and
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Metallurgical Laboratory, Bombay, showed a fouling accumulation of 5-
6 kg/m* at Bombay, 8 kg/m? at Kalpakkam, and 7-8 kg/m? at Port Blair,
on nontoxic panels. Biomass accumulation at Kakinada Bay (Rao and
Balaji 1988) indicated that fouling was moderate to moderately heavy,
the maximum recorded being 9.43 kg/m? wet weight on glass panels and
8.26 kg/m® on timber panels. In the Zuary Estuary, Anil and Wagh
(1988) saw depth differences in the settlement intensity of barnacles
that, in turn, contributed to increased biomass. From the offshore waters
of Bombay High (Raveendran and Wagh (1988), maximum biomass was
0.06 kg/m?2. At Cochin, Meenakumari (1989) recorded a fouling load of
12 kg/m? Balasubramanayan et al. (1973) 10-15 kg/m? on Al M575
sheathed fishing boat hulls, and Ravindran and Pillai (1984) 21.9 kg/m?
on Al M575 panels exposed in harbor waters. While adverse conditions
prevailing in the Cochin harbor waters during monsoons restrict breed-
ing and settlement of many fouling organisms, barnacles have a natural
tendency to overcome them and to grow to maturity within a very short
time. The higher values of weight accumulation recorded by different
workers (Balasubramanayan et al. 1972, Ravindran and Pillai 1984,
Meenakumari 1989) may be due to this. Even though all species contribute
to the fouling biomass, the major portion is from barnacles and bivalves.

Conclusions

In spite of numerous studies on the effects of various ecological factors
on barnacles in Indian waters, there are several areas that require fur-
ther elucidation. Except for taxonomy, the Indian lepidomorph bar-
nacles have received scant attention. Fecundity of different barnacle
species needs to be investigated, in detail, in different regions with
emphasis on environmental factors and substrate specificity because fe-
cundity is related to competition for settlement and to effects of adverse
circumstances. The adhesive strength of barnacles, including the
lepidomorphs, is another area to be explored in detail as it plays an
important role in community maintenance by resisting dislocation. The
techniques for rearing barnacle larvae under controlled conditions for
bioassay studies need to be intensified. Nontoxic methods of biofouling
control, particularly for barnacles, are gaining momentum as environ-
ment friendly replacements of toxic chemicals are now in use. In this
context, the settlement preferences of barnacle cyprids, their rugophilic
behavior, gregareousness, and substratum preferences should be
thrust areas in the studies of barnacle ecology. Finally, the attachment
mechanism of barnacle cyprids is another topic needing extensive
investigation as it relates to site selection, temporary attachment, and
permanent settlement.
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