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Abstract On Okinawan coral reefs, individuals of the tubicolous polychaete Salmacina dysteri
(Huxley) (Annelida: Serpulidae) aggregate and form an arborescent “pseudo-colony” on various
substrates. This species is hermaphroditic, reproduces sexually and asexually, and broods
embryos within its tubes until the third setigerous stage. Frequent asexual reproduction
contributes greatly to pseudo-colony formation, since asexually-reproduced buds do not dis-
perse but remain on the parent pseudo-colony by attaching to the tubes. Sexually-produced
larvae which are capable of dispersal settled gregariously on colonies of the same species.
Although not frequent, union of colonies occurred in the field. This evidence strongly suggests
that pseudo-colony formation occurs by multi-clonal aggregation. Rapid colony growth pro-
moted by joining of hetero-clonal mates seems beneficial, because survival rate of pseudo-
colonies and the proportion of sexually-reproducing worms increased with pseudo-colony size.
The pseudo-colony formation process is discussed in comparison with other colonial organisms.
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Serpulid polychaetes dwell in calcareous
tubes usually attached to hard substrates.
They are distributed from freshwater caves
through brackish water to deep sea or hydro-
thermal vents all over the world. Many spe-
cies live in aggregations or form colonies,
and a few species even form serpulid reefs
(ten Hove, 1979; ten Hove & van der Hurk,
1993). Aggregating species frequently have
a lecithotrophic larval stage and settle close
to conspecific tubes (Crisp, 1977). As a cause
of mass occurence of serpulids, ten Hove
(1979) suggested the following factors: scis-
siparity (budding), larval incubation, gregari-
ousness or positive response to light during
the larval stage, and biotic factors (competi-
tion, presence of specific substratum, toler-
ance to various environmental factors).

Salmacina dysteri seems to be the best stud-
ied species among more than 100 known ser-
pulid species. It broods embryos in the tube,
is capable of asexual reproduction, and forms
a plate-like mass. Colony formation starts
with incubated larvae settling in an aggrega-

tion (Simon-Papyn, 1959); thereafter, asexu-
ally-reproduced buds contribute to “colony”
formation (Hanson, 1948). Detailed study is
lacking with regards to colony formation,
although the life history of S. dysteri has been
elucidated (Nishi, 1992, 1993a, b; Nishi &
Yamasu, 1992; Nishi & Nishihira, 1992, 1993,
1994).

Technically, serpulid species do not form
“colonies” per se (ten Hove, 1979). Boardman
et al. (1973) defined the term “colony” and
restricted it to those species which have phys-
iological connections among colony mem-
bers and a common ancestrula. According to
this definition, serpulid polychaetes do not
form colonies because they lack physiologi-
cal connections. However, the term “colony”
has been used in the broader sense to include
dense aggregations of individuals, such as
echinoderm colonies, sea-bird colonies, and
insect colonies, etc. (see Larwood & Rosen,
1979). Knight-Jones and Moyse (1961) called
aggregations of Filograna (Salmacina) im-
plexa a “pseudo-colony”. In the present paper,
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we use the term “pseudo-colony” for
Salmacina’s arborescent or plate-like “col-
onies”, which include both clonal and non-
clonal worms, and the term “aggregation” for
other polychaetes’ simple aggregations of
conspecific individuals, and the term “eu-
colony” for colonies in the sense of Boardman
et al. (1973), such as colonies of corals, bryo-
zoans, and compound ascidians, etc.

In a pseudo-colony of Salmacina the colony
should accept other clonal members to settle
on the “colony” as there are no restrictions
imposed by the lack of physiological connec-
tions (Nishi & Nishihira, 1993, 1994), and
apparently such acceptance readily occurs
(Nishi et al., 1996a). The behaviour of indi-
vidual worms of a pseudo-colony is very simi-
lar to that of individual modules in eu-
colonial scleractinian corals, bryozoans and
compound ascidians (Nishi, 1994). Under-
standing of multi-clonal colony formation is
important in evaluating the benefits of mono-
specific aggregations and pseudo-colonies. In
this paper, we describe the colony-forming
process of Salmacina in both the field and
laboratory, and discuss this strategy from
the viewpoint of cost and benefit of aggrega-
tion of sessile organisms.

Materials and Methods

Salmacina pseudo-colonies were collected
at Sesoko Beach, coral reef of Sesoko Island
from 1-10 m depth, during June to July,
1992. Larvae of the 3rd setiger stage were
gathered from 15 pseudo-colonies by break-
ing or open the tubes of brooding females,
and released into 6 petri dishes (9 cm diame-
ter, 120 m! capacity) to study larval settling
behavior. In the petri dish, fragments of dead
Acropora coral skeleton (about 5 cm length)
and adult Salmacina tubes with and without
worms (5cm long fragments of about 50
tubes) were set together. After one week,
almost all of the larvae had settled either
gregariously or solitarily on tubes, coral skel-
eton fragments or glass dish bottoms. When
the tubes of settled worms touched other
tubes, they were categorized as an aggrega-
tion.

To determine if juveniles were present in
pseudo-colonies, ten pseudo-colonies were
placed in individual plastic containers for 3

to b weeks without exchanging seawater,
and later fixed in Bouin’s solution. Paraffin
blocks were then prepared and sectioned in
10 um thick slices. Adult worms are usually
100 to 150 um in body width, and juveniles,
50-80 um. Juveniles, newly metamorphosed
from planktonic larvae (sexually-reproduced)
had 3 pairs of branchial filaments and a thin
semi-transparent tube. Their thoracic and
abdominal segments were shorter and had a
lower number of segments (4 to 8) than
adults (10 to 25). In contrast, the asexually-
reproduced juveniles, just after they are ex-
pulsed from the adult, had 4 to 5 thoracic and
7 to 10 abdominal segments (Nishi, 1994).
Therefore, it was possible to discriminate be-
tween sexually-reproduced juveniles and
asexually-reproduced ones from the body
size and morphology of the anterior part of
the body. For the estimation of larval set-
tlement in the field, 14 colonies were collect-
ed, fixed in Bouin’s solution and prepared as
above.

For monitoring the colony-forming process
in the field, 5 colonies containing about 10
worms each were collected, roughly sketched
to show the position of all worms, and then
stained with Alizaline Red S. For staining,
pseudo-colonies were incubated for one day
in a 5% Alizaline Red S filtered sea water
solution under the ambient light conditions
with sufficient aeration. Colonies were not
fed. After staining, the pseudo-colonies were
returned to the collection site in the field and
loosely tied to large dead corals with string.
Two weeks later, the pseudo-colonies were
collected, roughly sketched, stained again,
and then returned to the field for further
observation. This procedure was repeated
every 2 weeks for 2 to 5 months. This
method is useful for the determination of
asexual budding in each worm and recruit-
ment of planktonic larvae, but does not allow
assessment of sexual reprodution.

Results

Gregariousness of larvae during settlement
to metamorphosis

In total, 182 larvae (226 larvae released)
settled either solitarily (57 larvae on glass
surface; 61 on serpulid tubes, 14 on dead
coral skeleton) or in aggregations (35 on the
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Table 1. Settlement of Salmacina dysteri larvae in petri-dishes. Number of juveniles which settled
on tubes of the parent pseudo-colony are shown in parentheses. The surface areas of tubes and coral

skeletons were not measured and probably not equal.

Replicate No. of larvae Serpulid tubes Coral On dish bottom Number of
added settled empty* livex* Skelelon  ijitary  aggregation — aggregates
1 50 43 5(3) 11(5) 10 7 10 2
2 40 32 2(0) 6(2) 8 8 8 2
3 35 30 7(5) 5(2) 2 12 4 2
4 25 21 0(0) 3(1) 4 9 5 1
5 49 30 5(3) 9(4) 2 11 3 1
6 27 26 2(0) 6(3) 3 10 5 2
Total 226 182 21(11) 40(17) 29 57 35
* tubes without serpulid worms; ** tubes with living worms
glass surfaces, 15 on dead coral skeleton) con- 107 Sexually produced juveniles .
taining varying numbers of individuals .
(Table 1). Aggregations contained 3 to 10
individuals with an average of 3.57 (S.D.= *
1.63, N=10). 1 s
Nearly 1/3 of the larvae settled on the N o %®oe
parent pseudo-colonies, about 1/3 larvae set- U ° e
tled on the tubes without adult worms. The N ° o &
differences between the number of larvae 1 10 100 1000 10000 100000

which settled on tubes with living worms
and those that settled on empty tubes was
not significant (Chi-square test, p >0.05). The
difference between the number of larvae that
settled on the parent pseudo-colony and
those that settled on another substrate was
also not significant (Chi-square test, p>0.05).
About 1/4 of the larvae settled with their
tubes touching the tubes of other individuals,
but whether the larvae settled solitarily or
simultaneously in agregations is not clear
from this experiment and was not deter-
mined either in the larval settlement experi-
ment conducted by Nishi & Nishihira (1994).

Recruitment of sexually- and asexually-
reproduced juveniles

The pseudo-colonies were composed of
both sexually- and asexually-reproduced
worms in various proportions (Fig. 1). Small-
er pseudo-colonies showed a tendency to-
wards more asexually-reproduced juveniles
than larger ones. An opposite tendency was
seen in the proportion of sexually-
reproduced juveniles. However, the relation-
ships between proportion of sexually- or
asexually-produced juveniles and colony size
were not significant (r=0.323, p>0.05 and r

Proportion (%) in total worms
>
;
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Fig. 1. Relationship between size of the
pseudo-colony (expressed by log scale) and
proportion of recruits in Salmacina dysteri.

Top graph: sexually-produced juveniles. O:
sexually-produced worms occurred in the
separately-reared colonies after one month in
the laboratory; @: recently-settled, sexually-
produced juveniles in the colonies in the
field; bottom graph: recently-settled, asexually-
produced juveniles in the field.

=0.493. p>0.05, respectively). In the pseudo-
colonies separately reared in the laboratory,
a smaller proportion of sexually-reproduced
juveniles was found than same-sized colonies
in the field (Fig. 1).

Fecundity of pseudo-colony
The numbers of eggs and larvae were pos-
itively correlated to the size of the pseudo-
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colony (Fig. 2) as expected from the result of
size-dependent increase of  sexually-
reproducing worms (Nishi & Nishihira, 1994;

Nishi, 1994). The relationships between
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Fig. 2. Relationship between the size of the
pseudo-colonies, expressed as the total
number of worms, and the number of eggs
and larvae of Salmacina dysteri. The total
represents the number of oocytes in the

colony size and the total number of embryos
and larvae, number of larvae, number of
eggs, number of oocytes, were all significant;
colony size vs. total number of embryos and
larvae, r?2=0.724, p<0.01: colony size vs.
number of larvae, r’=0.826, p<0.01: colony
size vs. number of eggs, r?=0.629, p<0.01:
colony size vs. number of oocytes, r?=0.809,
p<0.01.

Pseudo-colony formation in the field

Five pseudo-colonies were monitored in
the field over 2 months, 3 (Fig. 3, A, B, C) of
which were studied just after the recruitment
of juvenile worms. Although the pseudo-
colony was formed first by asexually-
reproduced worms originating from the an-
cestral worm(s), asexually-reproduced worms
from the recruits were proportionately larger
in later stages of colony formation (B and D
in Fig. 3). Fig. 3 shows that lower numbers of
recruits occurred in the field than in the la-

coelom+eggs in tubes+brooded larvae. O, boratory.
oocytes; @, eggs; A, larvae; H, total.
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Fig. 3. Sequential change in the composition of worms of different life stages in a pseudo-colony of

Salmacina dysteri. A-E show different colonies.

--O--, total number of worms; —A—, asexually-

reproduced worms; —A-, newly recruited worms from planktonic larvae; —-@-, asexually-reproduced

worms from newly recruited worms.
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Discussion

This study and earlier works (Nishi &
Nishihira, 1993, 1994; Nishi et al, 1996)
suggested that Salmacina dysteri pseudo-
colonies are composed of different genets.
This speculation was based on the following
findings: 1) larvae showed a weak gregarious-
ness at settlement (Nishi & Nishihira, 1994,
and this study): an aggregation of juveniles
was observed in the congener, Salmacina tri-
branchiata (Jensen & Morse, 1984), which
might also form multi-clonal colonies; 2) a
batch of juveniles produced from a single
parent formed some aggregations when they
settled, and those produced from different
parents formed one aggregation (Nishi, 1994,
and this study); 3) at settlement, the larvae
did not show any preference for colonies
from which they originated (Nishi, 1994, and
this study); 4) union among two or more col-
onies was observed (Nishi, 1994); and 5) an
intra-colonial allozyme variation was found
among the worms within one colony (Nishi,
1994; Nishi et al., 1996).

From the electrophoretical analysis, the
frequency of multi-clonal pseudo-colonies in
the field is estimated at 509 or more in local
populations (Nishi et al., 1996). In that study,
only a limited number of worms were used.
Therefore, the electrophoretical analysis pro-
vided a minimum estimation of frequency of
multi-clonal pseudo-colonies, such that most
pseudo-colonies probably include aggrega-
tions of different genets. The union of
pseudo-colonies did occur in the field, but is
rare (< 59% out of 200 colonies observed over
4 years; Nishi, 1994). In the field, most larvae
settled solitarily and larval aggregations
were rare (Nishi, 1994). The larval recruit-
ment on the pseudo-colony is common both
in the laboratory and field, then the larval
habitat selection seems important in multi-
clonal pseudo-colony formation among some
factors concerning to colony formation.

Serpulid polychaetes secrete individual
calcareous tubes. Colony union and aggre-
gated settlement of larvae do not result in
physiological connections among worms;
therefore only multi-clonal pseudo-colony
formation is expected (Nishi, 1994). How-
ever, Salmacina dysteri showed a pseudo-

colony formation process and reproductive
ecology similar to eu-colonial organisms, as
found in previous studies (Nishi & Nishihira,
1992, 1993, 1994). Corals and other cnidarian
colonies are rarely formed by larval aggrega-
tion (Duerden, 1902; Edmondson, 1946; Wil-
liams, 1976), or by tissue fusion in the adult
stage (Grosberg, 1988) in the field. If a cnidar-
ian colony started by larval aggregation, but
fusion of polyps did not occur, the structure
of the colonies is likely to be similar to the
pseudo-colony of Salmacina dysteri.

The intertidal sea-anemone Anthopleura
elegantissima is well studied and may be com-
parable to Salmacina dysteri. The sea anem-
one is solitary and can reproduce asexually,
resulting in aggregation of clone-mates
which lack any tissue connections. Clones
are territorial; non-clone mates did not
appear other clones’ territories. Sexual repro-
duction is high in the central part of the
aggregation of clone-mates (Francis, 1975).
Similar trend of reproductive activity, such
as reproductive modes, sexual and asexual,
varied according to the position of the worms
in Salmacina pseudo-colonies (Nishi & Nishi-
hira, 1994) and has been observed in coral
eu-colonies of Pocillopora (Harrigan, 1972;
Rinkevich & Roya, 1985).

Salmacina dysteri pseudo-colonies grow
fast and attain 5 to 8 cm in diameter within 6
months of larval settlement (Nishi, 1994).
Rapid colony growth of S. dysteri seems to be
achieved by frequent asexual reproduction,
gregariousness and preferential settlement
on the pseudo-colony, and colony union.
This high growth rate is beneficial when re-
productive ability of the colony is size-
dependent, as in many eu-colonial species
(Jackson, 1985). If some beneficial factors
(e.g., size-dependent reproductive capacity
and survival rate of the colony; Nishi, 1994),
multi-clonal pseudo-colony formation is ben-
eficial for rapid colony growth, because large
numbers of larvae can settle on the colony. It
has been argued that formation of multi-
clonal colonies is not always beneficial in
eu-colonial species because some individuals
are present as intra-specific somatic cell para-
sites, since body-fusion causes physiological
connections (Buss, 1982). Individual worms
in serpulid pseudo-colonies lack physiologi-
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cal connections, and the only contact is with
their calcareous tubes; thus, the union of col-
onies occurs easily when they meet in the
field. In addition, recruitment of planktonic
larvae on the colony does not apear to be
inhibited in any way.

Furthermore, multi-clonal colonies proba-
bly obtain benefits by enhancing cross fertil-
ization and by reducing the possibility of
self-fertilization. The sperm of S. dysteri has
a long, cone-like head and a long flagellum
(Nishi, 1992), and fertilization occurs inter-
nally (Nishi & Yamasu, 1992). This type of
sperm is not usually released in the water
column (Jamieson & Rouse, 1987; Rouse &
Jamieson, 1987). Therefore, if colonies are
mono-clonal, and if sperm are not released,
successful fertilization is probably difficult
when the colonies are distant from each
other (Pennington, 1985; Yund, 1990).
Pseudo-colonies of S. dysteri usually occur at
low densities (<1 colony m~2), and are dis-
tributed solitarily (Nishi, 1994). Multi-clonal
pseudo-colony formation may facilitate the
avoidance of self-fertilization. Eu-colonial or-
ganisms, such as Acropora, usually avoid self-
fertilization by self-incompatibility (e.g., Hey-
ward & Babcock, 1986).

Salmacina and other serpulid polychaetes
form clonal or non-clonal colonies; thus, the
structure of the aggregation is comparable to
the crowdings of the mussel Mytilus or bar-
nacles. However, pseudo-colony members
behave as eu-colonial ones particularly with
regards to reproduction as shown in the pres-
ent study and Nishi & Nishihira (1994). Sal-
macina forms a well-defined arborescent
colony, quite different from other serpulid
aggregations of Hydroides, Pomatoleios and
Mercierella. Therefore, Salmacina seems
likely to be an ecologically intermediate form
between clonal eu-colonial organisms (such
as corals with physiological connections) and
non-clonal aggregating solitary organisms
(such as the polychaete Mercierella, the
mussel Mytilus, and barnacles).

Acknowledgements

We thank Dr. T. Kikuchi, Amakusa Marine
Biological Laboratory, Kyushu University,
and Dr. T. Yamasu, University of the Ryu-
kyus, for their help and encouragement

throughout the study. Thanks are also due
to the staff of the Department of Biology,
Division of General Education, University of
the Ryukyus, for their help during both the
field and laboratory portions. We greatly
acknowledged Dr. S. E. Reed, Sesoko Station,
University of the Ryukyus, for her critical
reading of the manuscript and linguistic cor-
rections, and Dr. A. Asakura and editors, Nat-
ural History Museum and Institute, Chiba,
for their useful comments on the manuscript.
This work was partly supported by the Grant
in Aid for Scientific Research on Priority
Area (#319), Project “Symbiotic Biosphere:
An Ecological Complexity Promoting the
Coexisting of Many Species” from the Minis-
try of Education, Science, Sports and Culture,
Japan.

References

Boardman, R. S., A. H. Cheetham and W. A. Oliver,
Jr. 1973. Introducing coloniality. In Boardman
R.S., A.H. Cheetham and W. A. Oliver, Jr. (eds.),
Animal Colonies. pp. v—ix. Dowden, Hutchinson
& Ross, Stroudsburg, Pennsylvania.

Buss, L. 1982. Somatic cell parasitism and the
evolution of somatic tissue compatibility. Proc.
Natl. Acad. Sci., USA 79: 5337-5341.

Crisp, M. 1977. The development of the serpulid
Pomatoleios kraussii. J. Zool,, London 183: 147-
160. .

Duerden, J. E. 1902. Aggregated colonies in madre-
porarian corals. Am. Nat. 36: 461-471.

Edmondson, C. H. 1946. Behaviour of coral planu-
lae under altered saline and thermal conditions.
Occ. Pap., Bernice P. Bishop Museum 18: 283-
304.

Francis, L. 1976. Social organization within clones
of the sea anemone Anthopleura elegantissima.
Biol. Bull. 150: 361-376.

Grosberg, R. K. 1988. The evolution of allorecogni-
tion specificity in clonal invertebrates. Quart.
Rev. Biol. 63: 377-412.

Hanson, J. 1948. Formation and breakdown of
serpulid tubes. Nature 161: 610-611.

Harrigan, J. F. 1972. The planula larva of Pocillo-
pora damicornis: Lunar periodicity of swarming
and substratum selection behavior. 213 pp. Ph.
D. thesis, Universiy of Hawaii.

Heyward, A.]J. and R.C. Babcock. 1986. Self- and
cross-fertilization in scleractinian corals. Mar.
Biol. 90: 191-195.



Colony formation in tubicolous polychaete

ten Hove, H. A. 1979. Different causes of mass
occurrence in serpulids. In Larwood G. and B. R.
Rosen (eds.), Biology and systematics of colonial
organisms, pp. 281-298. Academic Press,
London and New York.

ten Hove, H. A. and P. van den Hurk. 1993. A
review of recent and fossil serpulid ‘reefs’; ac-
tuopalaeontology and the ‘Upper Malm’ serpulid
limestones in NW Germany. Geol. Mijnbouw 46:
125-139.

Jackson, J. B. C. 1985. Distribution and ecology of
clonal and aclonal benthic invertebrates. In
Jackson, J. B.C,, L. W. Buss and R. F. Cook (eds.),
Population biology and evolution of clonal or-
ganisms, pp. 297-355. Yale University Press,
New Haven, Connecticut.

Jamieson, B.G.M. and G.W. Rouse. 1987. The
spermatozoa of the Polychaeta (Annelida): an
ultrastructural review. Biol. Rev. 64: 93-157.

Jensen, R. A. and D. E. Moyse. 1984. Intraspecific
facilitation of larval recruitment: Gregarious set-
tlement of the polychaete Phragmatopoma cali-
fornica (Fewkes). ]. Exp. Mar. Biol. Ecol. 83: 107-
126.

Knight-Jones, E. W. and J. Moyse. 1961. Intraspec-
ific competition in sedentary marine animals.
Symp. Soc. Exp. Biol. 15: 72-95.

Larwood, G. and B.R. Rosen. 1979. The biology
and systematics of colonial organisms. 589 pp.
Academic Press, New York and London.

Nishi, E. 1992. Sperm morphology of four serpulid
polychaetes, Pomatoleios kraussii (Baird), Spiro-
branchus giganteus corniculatus Pallas, Hydroides
elegans Haswell, and Salmacina dysteri (Huxley).
Galaxea 11: 9-14.

Nishi, E. 1993a. On the origin of brooding charac-
teristics of spirorbid polychaetes with the phylo-
geny of serpulids and sabellids polychaetes.
Proc. Jap. Sys. Zool. Soc. 49: 6-12.

Nishi, E. 1993b. Reproduction of serpulid poly-
chaetes in the aquarium at Sesoko Island, with
notes on the collar setal morphology of 3 species
of Salmacina and a Filograna implexa. Marine
Fouling 10: 11-16.

Nishi, E. 1994. Colony formation and life history of
Salmacina dysteri (Serpulidae, Polychaeta). 120
pp. Doctoral Dissertation, Kyushu University.

Nishi, E. and M. Nishihira. 1992. Colony formation
in the serpulid polychaete, Salmacina dysteri.
Zool. Sci. 9: 1293 (abstract).

Nishi, E. and M. Nishihira. 1993. Hermaphroditism,
brooding and gamete production in the serpulid
polychaeta, Salmacina dysteri (Huxley). Publ.
Amakusa Marine Biol. Lab. 12: 1-11.

Nishi, E. and M. Nishihira. 1994. Colony formation
via sexual and asexual reproduction in Salma-
cina dysteri (Huxley) (Polychaeta, Serpulidae).
Zool. Sci. 11: 589-595.

Nishi, E and T. Yamasu. 1992. Brooding and devel-
opment of a serpulid tube worm Salmacina dys-
teri (Huxley) (Sedentaria; Polychaeta). Bull. Coll.
Sci., Univ. Ryukyus 54: 107-121.

Nishi, E,, T. Yamasu and T. Kikuchi. 1996. Intra-
colonial allozyme variation in sedentary poly-
chaete Salmacina dysteri (Huxley). Pub. Amakusa
Mar. Biol. Lab. Kyushu Univ. 12: 55-62.

Pennington, J. T. 1985. The ecology of fertilization
of echinoid eggs: The consequences of sperm
dilution, adult aggregation, and synchronous
spawning. Biol. Bull. 169: 417-430.

Rinkevich, B.and Y. Loya. 1985. Intraspecific com-
petition in a reef coral: effects on growth and
reproduction. Oecologia 66: 100-105.

Rouse, G. W. and B. G. M. Jamieson. 1987. An ultra-
structural study of the spermatozoa of the poly-
chaetes Eurythoe complanata (Amphinomidae),
Clymenella sp. and Micromaldane sp. (Maldani-
dae), with definition of sperm types in relation to
reproductive biology. J. Submicroscopic Cyt. 19:
573-584.

Simon-Papyn, L. 1959. Installation experiméntale
du benthos sessile des petits substrats durs de
letage circalittoral en Meditterranee. Rec. Trav.
St. Mar. Endoume 55: 51-94.

Williams, G.B. 1976. Aggregation during settle-
ment as a factor in the establishment of coelen-
terate colonies. Ophelia 15: 57-64.

Yund, P.0.1990. An in situ measurement of sperm
dispersal in a colonial marine hydroid. Exp. Zool.
253: 102-106.

(Accepted 22 October 1996)

EEZERIVSAMITHAD
TIVF Y O0—F IVIEBHETE R

76 SRTRRY - 75 5 FEY

D FIEE Ny cho A
T260 FIEAThRXEHFIEN 955-2
2 B b RFERF BB R E K
T980-77 G BEEXRETHIE

HEABOY v THEIRICBWT, B rF YT HAR
DEERY 51 F T 1 OBHEER AT, O
Rl A T, BT EITY, YEEEEORTE
BI 3B ERT. EHARIC X > TTE YA
DT B ENL, BBACHE S, AEAMEIC K-



E. Nishi and M. Nishihira

THARS WA T EROBEELICEST MRELE B E, BHAOEFRMSHML, Kitidh s
3. BARLoAKRLRTES 50, FATEESL P OB bIEINY B 7%, BEICEHADOKS 3 &M
. ThOoDERNS, CoBoBKE, B—0D7 XHBAMDOS B2 NVF 70— F VEEEKERE
o—-vinbTERHEL, HohDso—VYAEEIH T>TVBEEZ SN, BEERICHED 5 EEBNE
BenF s a—FVIEBHATH 2EREMEN S 5. BHE Rz OB A OEY & B LSO EE LI

—100—



