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A SUBJECT-INDEXED BIBLIOGRAPHY OF THE SYMBIOTIC
BARNACLES OF THE GENUS OCTOLASMIS GRAY, 1825
(CRUSTACEA: CIRRIPEDIA: POECILASMATIDAE)

William B. Jeffries and Harold K. Voris

ABSTRACT .- A guide to published research on the pedunculate barnacle genus
Octolasmis is presented. It is comprised of seven sections, each of which includes an outline
of the subject area treated in the section and a list of the publications known to us on the
subject.

INTRODUCTION

Members of the phylum Arthropoda, i.e., the jointed-legged animals, including common
insects, ticks, spiders, horseshoe crabs, lobsters, and crabs are considered to be among the
most successful animals on earth. Some perspectives that support this assertion are the
sheer number of species, their reproductive success, and the diversity of ecological niches
occupied. Using those criteria, the Crustacea are among the most successful marine animals
and, we would argue, a dynamic example of that success is the pedunculate barnacle genus,
Octolasmis.

Pedunculate barnacles have a history dating back to the upper Silurian, but even at that
early date a unique life style, i.e., a symbiotic association with another living animal, had
already evolved (Wills, 1963). Although Lepas is the pedunculate barnacle most commonly
seen attached to flotsam and jetsam, it is the symbiotic life style that recent octolasmids
continue to exploit with corals, echinoderms, mollusks, horseshoe crabs, crabs, lobsters,
isopods, fish, and sea snakes.

Adults of Octolasmis are most likely to be seen on animals that humans encounter
regularly, such as edible crabs and lobsters. The species most likely to be seen, O. warwickii,
is always attached externally on the carapace, antennae, and proximal segments of locomotory
appendages of these decapods. Another species likely to be seen, O. fridens, is commonly
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attached externally on the mouthparts, along the inner carapace margin, on proximal leg
segments, on the bases of epipodites, podobranchs and arthrobranchs, and lining the excurrent
branchial passages of lobsters. Interestingly, it is attached internally on crabs, frequently in
the branchial chambers, on the inner sides of gills. Still other species, such as O. angulata,
O. bullata, O. lowei, and O. neptuni are always found internally, usually within the gill
chambers of crabs and lobsters.

The mud crab or mangrove crab, Scylla serrata, is a favored food from South Africa to
Australia and the Philippines. Widespread natural populations of the crabs abound in tropical-
temperate shallow seas where the individuals commonly harbor O. cor and O. angulata in
the gill chambers. Edible lobsters also frequently bear octolasmids in the warm, shallow
seas, e.g., Thenus orientalis typically has O. warwickii on the outer carapace margin, O.
tridens on the inner carapace margin, and O. lowei in the gill chambers (Jeffries e al., 1982,
1984).

As fascinating as the live adult barnacles are to observe - in nature and in the laboratory
- with their white calcareous plates, pastel body coloration, and unceasing activity - searching,
feeding, and copulating - they are but one part of the life cycle (Figure 1). Anatomically,
each animal is at once male and female, yet pairing seems to be the normal prelude to the
perpetuation of the species. The ensuing egg masses are deposited in the capitular cavity as
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Fig. 1. The typical life cycle of Octolasmis includes a sessile adult, six planktonic naupliar larvae and
a cypris larva. In several species the cyprides are known to collect on crabs that are approaching
ecdysis and to postpone settlement until the crab has completed molting. The duration of the adult
barnacle’s life is governed by the length of the host’s intermolt period. Thus, the barnacle must grow
to maturity and reproduce prior to the host’s next molt. It is the exploitation of ephemeral animate
substrates that has been a central factor in the evolutionary radiation of Octolasmis.
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ovigerous lamellae and, in a matter of days, the progeny begin their first movements. Soon
thereafter they swim free in the capitular cavity, and shortly enter the outside world through
the capitular aperture of the parent. As actively swimming, phototactic, nauplius N1 larvae
barely visible to the unaided eye and bearing no resemblance to the parent, they have been
exquisitely fashioned by evolution to exist as part of the marine plankton in the photic zone.

Within 24 hours after hatching, they molt to the first of the plankton-eating (mostly algae)
nauplius stages, N2. Thereafter, each nauplius in turn molts, in O. cor at approximately 2-
day intervals, becoming N3, N4, N5, and N6 stages. Each stage is somewhat larger, more
complex, and better equipped than its predecessor to support two essential activities,
swimming and voracious feeding (Figure 1). The Nauplius 6 is the last feeding larval stage,
lasting nine days, before it molts to the non-feeding cypris larval stage (Jeffries et al., 1995).
The Octolasmis cyprids may live over 150 days, but how long they remain competent to
continue the life cycle, i.e., to attach and metamorphose to the adult body form, has not been
determined. We do not know by what visual and chemical cues they are guided, but unerringly
cyprids are attracted to the appropriate host, which for O. cor is a S. serrata, (instar 13 or
larger) preferably one nearing molt (Jeffries et al., 1989, 1992). The settlement site on the
host chosen by the cypris larva becomes the attachment point of the peduncular basal disc
of the adult barnacle, determining thereby its permanent location.

Wherever the demand for edible crabs exceeds the supply that natural populations can
support, attempts at crab husbandry flourish. Sometimes, as in the Straits of Johore, floating
rafts and kelongs provide support for large cages in which crabs are held and fed until
marketable. Elsewhere, as in the Philippines and in Thailand, ponds adjacent to the sea are
equipped with sluice gates which allow a tidal ebb and flow of sea water while containing
the crabs for successful aquaculture. In such crab-holding situations crab densities greatly
exceed natural populations, Octolasmis infestations soar, and crab mortality increases.

The purpose of this paper is to provide an organized guide to the published research and
knowledge on barnacles of the genus Octolasmis Gray, 1825. Itis intended to give efficient
access to the major subject areas and background research efforts that have been reported in
the literature.

This work is organized into seven sections. Each section has two parts. The first part
outlines the subject areas included in the section and cites a few of the most typical and or
important references under the subjects. The second part lists all the publications known to
us that include material germane to the sections’ subjects.

TAXONOMIC TREATMENTS OF OCTOLASMIS

Most published works on the genus Octolasmis are descriptive in the classical sense of
introducing new species, and drawing morphological comparisons between species within
the genus. This section includes references to those papers which provide species descriptions,
diagnostic drawings and descriptions of whole specimens and specific anatomic parts,
taxonomic keys, general geographic distribution information, and the names of repositories
where specimens are held. Many of the original species descriptions can be found in just a
few important references (Aurivillius, 1892, 1894; Darwin, 1851; Hiro, 1936, 1937, 1939c;
Hoek, 1907; Pilsbry, 1907).
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Particularly useful to the beginner are reports which include, along with Octolasmis species
descriptions, keys to the species of a particular region, e.g., the Indian species (Annandale,
1909), the North American species (Pilsbry, 1907), the South African species (Barnard, 1924)
and the Philippine species (Rosell, 1972).

Pertinent references:

Annandale, 1905, 1906, 1907, 1909; Jeffries & Voris, 1979, 1983;
Aurivillius, 1892, 1894; Jeffries et al., 1982, 1984, 1985, 1988, 1989a,
Barnard, 1924, 1926; 1989b, 1991, 1992;
Borradaile, 1903; Kim, 1985;
Brian & Dartevelle, 1954, Korn, 1995
Broch, 1922, 1924a, 1924b, 1927, 1932, Kriiger, 1911;
1947, Kujawa, 1971;
Bullock, 1964; Lacombe & Jakowska, 1975;
Causey, 1960, 1961; Lanchester, 1902;
Coker, 1902; Lang, 1976, 1977b, 1977c, 1979;
Colon-Urban et al., 1979; Lee, 1992;
Daniel, 1955; Lessona & Tapparone-Canefri, 1874;
Darwin, 1851; Moazzam & Rizvi, 1978, 1982;
Dawydoff, 1952; Monod, 1922, 1974;
Day & Morgans, 1956; Moyse, 1987;
De Filippi, 1861; Newman, 1960a, 1960b, 1961a, 1961b, 1967,
DeTurk, 1940; 1986, 1987,
Dinamani, 1964, 1965, 1967; Newman et al., 1969;
Fernando, 1978; Newman, & Abbott, 1980;
Foster, 1980, 1987; Nilsson-Cantell, 1921,1925, 1927, 1928,
Gannon, 1990; 1930, 1934a, 1934b, 1937, 1938;
Gannon & Wheatly, 1992; Pearse, 1951;
Gittings, 1985; Pilsbry, 1907, 1928;
Gittings et al.,1986; Rosell, 1967,1972;
Gray, 1825; Shields, 1992;
Gruvel, 1892, 1900, 1902, 1905; Spears et al., 1994
Haefner, 1985; Stebbing, 1894, 1895;
Hashmi & Zaidi, 1965; Stubbings, 1964, 1967;
Henry, 1954, Utinomi, 1958, 1968, 1970;
Hiro, 1933, 1936, 1937, 1938, 1939a, 1939b, Verrill, 1922;
1939c¢; Weltner, 1922;
Hoek, 1875, 1887, 1907, 1913; Wu, 1967,
Holthuis & Mikulka, 1972; Young, 1995
Hudson & Lester, 1994; Zevina, 1975, 1982;
Hulings, 1961; Zullo, 1982, 1991;
Humes, 1941;

THE HOSTS OF OCTOLASMIS

Although it has been reported that a few Octolasmis species were collected with bottom
debris, and some were attached to the protective coverings of animals, e.g., mussel shells
and sandy tubes of marine worms, most have been found attached to live animals representing
the phyla Cnidaria, Echinodermata, Mollusca, Arthropoda, and Chordata. Of these, by far
the most common associations and the largest populations are with marine arthropods, in
particular decapod Crustacea (Annandale, 1909; Aurivillius, 1894; Daniel, 1955; Darwin,
1851; Hiro, 1937, and Jeffries et al., 1982).

Octolasmis species descriptions are usually accompanied by the name of the host. But
especially useful are a few references that include several species of Octolasmis and a list of

578



THE RAFFLES BULLETIN OF ZOOLOGY 1996 44(2)

their multiple hosts, e.g., Anderson (1994), Annandale (1909), Daniel (1955), Hiro (1937),
Jeffries, et al. (1982), Pilsbry (1907), Rosell (1972). More extensive information concernig
the hosts is essential to understanding the habitat and the geographic range of each octolasmid
species.

Pertinent references:

Anderson, 1994,

Annandale, 1905, 1906, 1907, 1909;

Arudpragasam, 1967;

Aurivillius, 1892, 1894;

Barnard, 1926;

Borradaile, 1903;

Brian & Dartevelle, 1954;

Broch, 1922, 1924a, 1924b,1927, 1932, 1947,

Bullock, 1964;

Causey, 1960, 1961;

Coker, 1902;

Colon-Urban et al., 1979;

Daniel, 1955;

Darwin, 1851;

Dawydoff, 1952;

Day & Morgans, 1956;

De Filippi, 1861;

DeTurk, 1940;

Dinamani, 1964, 1965;

Foster, 1980, 1987,

Gannon, 1990;

Gannon & Wheatly, 1992;

Gittings, 1985;

Gittings et al.,1986;

Gray, 1825;

Gruvel, 1892, 1900, 1902, 1905;

Haefner, 1985;

Hashmi & Zaidi, 1965;

Henry, 1954;

Hiro, 1933, 1936, 1937, 1938, 1939a, 19390,
1939c¢;

Hoek, 1887, 1907, 1913,

Holthuis & Mikulka, 1972;

Hudson & Lester, 1994,

Hulings, 1961;

Humes, 1941;

Jeffries & Voris, 1979, 1983;

Jeffries et al., 1982, 1984, 1985, 1988, 1989a,
1989b, 1991;

Kujawa, 1971;

Lacombe & Jakowska, 1975;

Lanchester, 1902;

Lang, 1977a, 1977b, 1977c;

Lee, 1992,

Lessona & Tapparone-Canefri, 1874;

Lyons, 1970;

Matheswari & Fernando, 1989;

Millard & Brockhuysen, 1970;

Millikin & Williams, 1984,

Moazzam & Rizvi, 1978, 1982;

Monod, 1922, 1974,

Moyse, 1987;

Newman, 1960a, 1960b, 1961a, 1961b, 1967,

Newman & Abbott, 1980;

Nilsson-Cantell, 1930, 1934a, 1934b, 1937;

Pearse, 1932, 1933, 1947, 1951;

Pilsbry, 1907, 1928;

Quinn & Kojis, 1987;

Rosell, 1967, 1972,

Ross, 1983;

Stebbing, 1895;

Stubbings, 1964, 1967,

Utinomi, 1968, 1970;

Verrill, 1922;

Voris et al., 1994;

Voris & Jeffries, 1997,

Walker, 1974;

Wells, 1966;

Wu, 1967,

Zann et al., 1975;

Zann & Harker, 1978;

ECOLOGY OF OCTOLASMIS HOSTS

The best information to date supports the assertion that there are no “free-living” adult
octolasmids. All species are found attached to animal hosts under natural conditions.
Therefore, the obligatory nature of the symbiotic relationship demands information about
host habitats and ecology as a precondition to even a rudimentary understanding of the ecology
of Octolasmis species.

Most authors have named the geographical locations where their Octolasmis hosts were
collected, but scarcely anything more. Annandale (1909) provided some basic additional
information about the collections, such as “...shallow water, littoral, or pelagic”. The best
of these reports, such as Causey (1960), Dinamani (1964), Gittings et al. (1986), Hiro (1937b),
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detailed the measured depths of collections, and thus are of special interest. Foster (1987)
generalized about depth ranges of extant barnacle genera, noting that, Octolasmis spp. are
mostly found in fairly shallow water, and only a few are found in depths greater than 1,000
m.

Pertinent references:

Annandale, 1905,1906, 1907, 1909; Hulings, 1961;
Aurivillius, 1892, 1894; Humes, 1941;
Borradaile, 1903; Jeffries & Voris, 1979, 1983;
Brian & Dartevelle, 1954; Jeffries et al., 1982, 1984, 1985, 1988, 1989a,
Broch, 1922, 1924b, 1927, 1932, 1947, 1989b, 1991;
Bullock, 1964; Lanchester, 1902;
Causey, 1960, 1961; Lang, 1976, 1977b;
Coker, 1902; Lessona & Tapparone-Canefri, 1874;
Colon-Urban et al., 1979; Lyons, 1970;
Daniel, 1955; Matheswari & Fernando, 1989;
Darwin, 1851; Moazzam & Rizvi, 1978;
Dawydoff, 1952; Monod, 1922, 1974,
Day & Morgans, 1956; Moyse, 1987,
De Filippi, 1861; Newman, 1960a, 1960b, 1961a, 1961b, 1986;
DeTurk, 1940; Newman & Abbott, 1980;
Dinamani, 1964, 1965; Nilsson-Cantell, 1927, 1928, 1930, 1934a,
Foster, 1980, 1987; 1934b, 1937, 1938;
Gannon, 1990; Pilsbry, 1907, 1928;
Gannon & Wheatly, 1992; Quinn & Kojis, 1987;
Gittings, 1985; Rosell, 1967, 1972;
Gittings et al.,1986; Shields, 1992;
Gruvel, 1902, 1905; Spivey, 1976, 1981;
Haefner, 1985; Stubbings, 1967,
Hashmi & Zaidi, 1965; Utinomi, 1968, 1970;
Henry, 1954; Venkateswaran & Fernando, 1982;
Hiro, 1933, 1936, 1937, 1938, 1939a, 1939b, Verrill, 1922;
1939c; Walker, 1974,
Hoek, 1887, 1907, 1913; Wells, 1966;
Holthuis & Mikulka, 1972; Young, 1995;

Hudson & Lester, 1994;

ATTACHMENT SITES ON HOSTS

As noted in the previous section, host ecology - really, the macroecology of Octolasmis
- is just a beginning. Examination and understanding of the microhabitats where octolasmids
live on their hosts, that is, a microecological approach, is the logical path to a definitive
understanding of octolasmid ecology.

Published descriptions of the attachment of the octolasmids to various sites on the hosts’
anatomical parts have covered the range from very general statements, e.g., attached to the
host’s exoskeleton or to its gills, to very precise and, therefore, more useful, designations,
e.g., attached to the epipodite of the second maxilla, or to the inside, proximal third, of left
gill three. The references that provide such details of distribution are few in number and are
exemplified by Anderson (1994), Arudpragasam (1967), Bullock (1964), Gannon (1990),
Jeffries & Voris (1979, 1983), Jeffries et al. (1982, 1984, 1988, 1989b, 1991), Venkateswaran
& Fernando (1982), and Walker (1974).
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Pertinent references:

Anderson, 1994, " Hoek, 1887;
Annandale, 1905, 1906, 1907, 1909; Holthuis & Mikulka, 1972;
Arudpragasm, 1967; Hudson & Lester, 1994,
Aurivillius, 1892, 1894, Hulings, 1961;
Borradaile, 1903; Humes, 1941;
Brian & Dartevelle, 1954; Jeffries & Voris, 1979, 1983;
Broch, 1922, 1924a, 1924b, 1927, 1932, Jeffries et al., 1982, 1984, 1985, 1988, 1989a,

1947, 1989b, 1991;
Bullock, 1964; Lanchester, 1902;
Causey, 1960, 1961; Lang, 1976, 1977b, 1977c, 1979;
Coker, 1902; Lee, 1992;
Colon-Urban et al., 1979; Lessona & Tapparone-Canefri, 1874;
Daniel, 1955; Lyons, 1970;
Darwin, 1851; Matheswari & Fernando, 1989;
Dawydoff, 1952; Moazzam & Rizvi, 1978, 1982;
Day & Morgans, 1956; Monod, 1922, 1974,
De Filippi, 1861; Newman, 1960a, 1960b, 1961b;
DeTurk, 1940; Newman & Abbott, 1980;
Dinamani, 1964, 1965; Nilsson-Cantell, 1937;
Foster, 1980, 1987, Pearse, 1951;
Gannon, 1990; Pilsbry, 1907, 1953;
Gannon & Wheatly, 1992; Quinn & Kojis, 1987;
Gittings, 1985; Spivey, 1976;
Gittings et al.,1986; Stubbings, 1964, 1967,
Gruvel, 1902, 1905; Venkateswaran & Fernando, 1982;
Haefner, 1985; Verrill, 1922;
Hashmi & Zaidi, 1965; Voris et al., 1994;
Henry, 1954; Walker, 1974,
Hiro, 1933, 1936, 1937, 1938, 1939a, 19390, Wells, 1966;

1939c¢; Wu, 1967,

THE LIFE HISTORY OF OCTOLASMIDS

Although the genus Octolasmis was introduced by Gray in 1825 and a few additional
species were introduced by Darwin in 1851, it was very late in the century when Aurivillius
(1892, 1894) introduced six new species. However, it was not until the beginning of the
twentieth century that the first descriptions of the nauplius larval stages, N1 and N2 were
reported by Coker (1902) for O. miilleri. It was seventy plus years later that the complete
life cycle of O. miilleri was described by Lang in 1976. Lang’s dissertation (Lang, 1977b)
also included descriptions of most of the larval stages of O. forrestii. Emulating Lang’s
culture methods, Colon-Urban et al. (1979) were able to culture and describe nauplius stages
N1- N4 of the deep-water species, O. aymonini geryonophila.

Jeffries and Voris (1983) reported that although brood size was highly variable in O.
miilleri, it was related to barnacle size. Matheswari and Fernando (1989) reported that egg
numbers, length and breadth, were related to the capitular length and breadth of the parents
in five Octolasmis species. More recently, culture methods and the life cycle stages of O.
angulata and O. neptuni were described by Lee (1992). Jeffries et al. (1995) described the
life cycle stages of O. cor, along with methods for their laboratory culture.
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Pertinent references:

Coker, 1902; Lang, 1976; 1977b, 1977c, 1979;
Colon-Urban et al., 1979; Lee, 1992;

Jeffries & Voris, 1979, 1983; Matheswari & Fernando, 1989;
Jeffries et al., 1985, 1988, 1989a, 1992, 1995; Moyse, 1987;

Kim, 1985; Zann & Harker, 1978;

THE MICROANATOMY AND PHYSIOLOGY OF OCTOLASMIS

Other invertebrate species better known than Octolasmis have achieved notoriety for
many reasons - some because they are ubiquitous, because they illustrate some salient feature
valuable in phylogeny, or simply because they readily lend themselves to research in say
embryology, cell biology, biochemistry, or genetics. The genus Octolasmis is not remarkable
in any of these areas and remains somewhat enigmatic because our knowledge has not
advanced much beyond the level of informed natural history and basic taxonomy.

A few noteworthy exceptions include, Arudpragasm (1967) who tried to relate capitular
plate armament to current flow in the host, Scylla serrata, gill chamber; Lacombe & Jakowska
(1975) who described the cement glands of O. miilleri on Callinectes sapidus; Gannon &
Wheatly (1992) who related high O. miilleri infestations in the gill chambers of C. sapidus
to host respiratory stress; and Moyse (1987) who published a review paper that related
lepadomorph barnacle larval shape, including Octolasmis spp., to locomotory behavior.

Recently, a comparative study of the capitular plates of most Octolasmis spp. has been
reported, testing the idea that the plates provide protection and support for the capitulum. In
addition, it was demonstrated that much of the plate variation is explained by the barnacle
location on hosts and by host characteristics (Voris & Jeffries, 1997).

Pertinent references:

Arudpragasam, 1967; Newman, 1960a, 1960b, 1961b;
Elfimov, 1995; Norse & Estevez, 1977;

Gannon & Wheatly, 1992; Overstreet, 1978, 1983;

Lacombe & Jakowska, 1975; Shields, 1992;

Jeffries et al., 1995; Venkateswaran & Fernando, 1982;
Lang, 1976, 1977b ,1977c, 1979; Voris & Jeffries, 1997

Lee, 1992; Zann & Harker, 1978;

Moyse, 1987,

ECONOMIC AND COMMERCIAL CONSIDERATIONS

Octolasmis spp. are likely best known to crab fishermen, who readily associate crab
vitality with lapsed time since the last crab molt. They are well aware of the effects of
barnacle infestation of the gill chambers, and they recognize that the chances of getting a
badly infested crab to market alive are diminished thereby. Jeffries et al. (1992) reported 30
percent infestation by O. cor and O. angulata in natural populations of 856 Scylla serrata
in Phuket, Thailand and found that infestations by more than one barnacle were uncommon
among crabs of less than 70 mm carapace width (instar 13). As mangrove crabs increase in
size thereafter, the incidence of Octolasmis infestation rises dramatically. Gannon & Wheatly
(1992) demonstrated convincingly that physiological stress is imposed on Callinectes sapidus
by large infestations of the gill chambers by O. miilleri.

582



THE RAFFLES BULLETIN OF ZOOLOGY 1996 44(2)

Pertinent references:

Arudpragasm, 1967, Lang, 1976, 1977b;

Bullock, 1964; Lee, 1992;

Coker, 1902; Monod, 1922;

DeTurk, 1940 Overstreet, 1978, 1979, 1983;

Gannon, 1990; Pearse, 1932, 1947, 1952;

Gannon & Wheatly, 1992; Quinn & Kojis, 1987;

Hudson & Lester, 1994, Ross, 1983;

Jeffries & Voris, 1983; Shields, 1992;

Jeffries et al., 1982, 1984, 1985, 1989a, 1991, Venkateswaran & Fernando, 1982;
1992, 1995; Voris et al.,1994;

Kim, 1985; Walker, 1974.
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