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Abstract

Spirobranchus giganteus (Pallas) is an obligate associate of
live coral. Its distribution on corals was studied at three
locations along the bank reef on the west coast of Barbados
in 1986. The degree of colonisation by worms (no./surface
area of coral) differed between coral species. This implies
differences in larval preference at settlement and/or differ-
ences in mortality following settlement. The degree of
colonisation was not correlated with total surface area nor
mean coral colony size, nor with the rank of the coral in an
aggression hierarchy. Diploria strigosa, Porites astreoides
and Millepora complanata were most heavily colonised.
Montastrea annularis, Madracis spp. and Agaricia spp. were
moderately colonised and Porites porites, Diploria laby-
rinthiformes, Montastrea cavernosa and Siderastrea siderea
were sparsely colonised. Colpophyllia natans, Dendrogyra
cylindricus, Dichocoenia stokesii, Eusmilia fastigata, Mean-
drina meandrites and Mycetophyillia spp. were not colonised.
Worm abundance differed between study sites, possibly re-
flecting a difference in larval availability at the three sites.
Worms were significantly clustered at all sites, suggesting an
attraction for conspecifics at settlement.

Introduction

A coral reef may be regarded either as a densely populated
habitat where competition for space is high (Smith 1978,
Anderson et al. 1981, Hunte and C6té 1989) or as a habitat
in which populations are limited by the number of larvae
surviving the plankton and recruiting to the reef (Doherty
1983, Victor 1984, 1986). Whether space or larval availabil-
ity ultimately limits the abundance of coral-reef organisms,
itis evident that coral reefs are complex ecosystems in which
species diversity is high and commensal associations are
common. Understanding the habitat selection processes
which may underlie the distribution patterns of coral-reef

organisms, particularly the sessile commensal organisms, is
an important step in understanding the complexity of coral-
reef systems; but little is known about habitat selection in
commensal reef organisms. Studies of sessile marine inverte-
brates have suggested that distribution is controlled either
by larval preference at settlement (Meadows and Campbell
1972a, b, Scheltema 1974, Strathmann and Barnscomb
1979, Al-Ogilvy 1985) or by differential mortality of juve-
niles and young adults after settlement (Connell 1985).

Spirobranchus giganteus is a serpulid polychaete that is
an obligate associate of live hermatypic coral. It is dioecious,
with a planktonic larval phase of 9 to 12d . It is found in
tropical and sub-tropical seas, and has been divided by
Hove (1970) into two subspecies, S. giganteus corniculatus in
the Pacific and S. giganteus giganteus in the Atlantic and
Caribbean.

The relationship between Spirobranchus giganteus and:
its host coral is poorly understood. The worm does not bore
or excavate the coral but builds its tube on the surface of the
colony. Thereafter, tubes are covered by living coral, up to
the margin of the tube opening. Strathmann et al. (1984)
suggested that using live coral as a substrate reduces compe-
tition between S. giganteus and other sedentary species for
space, food and oxygen. Other serpulids occupy crevices and
the underside of rocks (Serpula vermicularis, Salmacina in-
crustans, Pomatoceros triqueter), or are highly gregarious on
rocky shores (Mercierella enigmatica, Galeolaria caespitosa,
Spirobranchus polycerus). However, exposure on the coral
surface may increase risk of predation (Strathmann et al.
1984). The effect of the worm on the coral is also difficult to
evaluate. S. giganteus probably confers some structural
weakness to the coral since its presence results in a hollow
tube within the skeleton. However, Strathmann et al. (1984)
showed that the currents created by the branchial crown of
the worm draw water up from the coral surface. This may
enhance water circulation and, consequently, the rate of
arrival of food particles to the coral polyps. DeVantier et al.
(1986) suggested that the coral—worm relationship was mu-
tualistic, the coral providing the worm with support and
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protection and the worm providing a refuge, for polyps
adjacent to the tube, from the starfish predator Acanthaster
planci.

One approach to clarifying the relationship between
Spirobranchus giganteus and corals is to investigate habitat
selection by the worm for different corals. The purpose of
the present paper is to begin the study of habitat selection by
investigating the distribution of the worm on corals at three
locations along the bank reef on the west coast of Barbados,
West Indies. Specifically, we investigate whether the degree
of colonisation by worms (no./surface area of coral) differs
between coral species; whether the degree of colonisation is
correlated with total surface area, mean colony size or rank
of the coral in an aggression hierarchy; whether the coloni-
sation pattern differs between study sites; and whether the
distribution of worms on a coral species is clustered, even,
or random.

Materials and methods
Study sites

The distribution of Spirobranchus giganteus (Pallas) was
studied at three locations along the bank reef on the west
coast of Barbados in 1986 (Fig. 1). The reef extends the
length of the island and varies in width from ca 30 to 100 m.
It Ties ca 500 to 900 m offshore and is bordered by deeper
areas of sand on its landward and seaward sides. The Gold-
en Palms study site (GP) was located 580 m offshore. The
depth ranged between 10 and 16 m and the reef ridge was
ca 100 m wide. The site had many sandy patches and gor-
gonians. The Sunset Crest study site (SC) was south of the
GP site, ca 630 m offshore. Reef depth varied from 13 to
19 m. The reef ridge was 50 to 60 m wide with occasional
sandy patches. The Speightstown site (SP) was the deepest
and most northern site, situated ca 900 m offshore. The reef
ridge had a maximum width of 30 m and sandy patches
were small and infrequent. Depth ranged between 16 and
22 m.

Survey methods

Each study site was 2 500 m? and was marked with ropes
permanently fixed along the north and south margins. The
site dimensions were 50x50m at GP and SC, and
25x100 m at SP. Forty 1 m? quadrats were randomly se-
lected at each site (Zar 1984). The selected quadrats were
located underwater by pairs of divers using wrist compasses
and a spool of rope flagged at 1 m intervals. When a quadrat
was located, it was delimited by a 1 m? aluminium frame. In
each quadrat, corals were identified, the planar surface area
of each coral-colony was quantified and the number of
worms on each coral-colony counted (see Weinberg 1981
for advocacy of the quadrat-frame method over the tran-
sect). One diver measured the largest diameter of each
coral head within the frame, holding the tape horizontally
above the colony to get a planar view. The other diver
identified the coral and both divers examined each coral
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Fig. 1. Barbados showing locations of the three study sites —
4 GP: Golden Palms; a SC: Sunset Crest; a SP: Speightstown

head for worms. Corals were identified to species by polyp
structure (e.g. Montastrea annularis and M. cavernosa,
Diploria labyrinthiformes and D. strigosa) or colony struc-
ture (c.g. Porites astreoides and P. porites) when feasible.
For others (dgaricia, Madracis, Mycetophyllia), identifica-
tion to species was considered unreliable in the field. These
were identified to genus only.

Since most corals are not flat, a realistic estimation of
coral-colony surface-area requires a relief factor (see Pichon
1978). Relief factors (or surface indices) for the conversion
of planar surface-area into actual surface-area have been
developed for British Honduras reefs (Dahl 1973) and Bar-
bados fringing reefs (Stearn et al. 1977). Following Dahl
(1973) and Stearn et al. (1977), corals in this study were
divided into massive, ridge-like and branching forms, and
separate conversion factors were used in surface area calcu-
lations for each category. Estimation of the surface area of
massive corals was based on the assumption that colonies
were roughly hemispherical, and hence that surface
area=_2 7 r*> (Dahl 1973). This conversion factor was used
for Diploria strigosa, Siderastrea siderea, Montastrea ca-
vernosa, Colpophyllia natans, Meandrina meandrites,
D. labyrinthiformes, M. annularis, Porites astreoides, Di-
chocoenia stokesii, Dendrogyra cylindricus and Agaricia spp.;
all of which are roughly hemispherical on the Barbados
bank reef. Dahl’s (1973) conversion factor (x5.6) for
colonies in the form of plate-like ridges was used for Mille-
pora complanata. The appropriate conversion factor for
branching corals varies interspecifically, since the degree of
branching varies. For example, Dahl (1973) used a factor of
x 3 for Acropora palmata and Stearn et al. (1977) and Lewis
(1981) used a factor of x 13 for Porites porites and Madracis
mirabilis, respectively. We used a conversion factor of x 13
for both Porites porites and Madracis spp.

Statistical analysis

Coral surface-area and worm density-data were tested for
normality using a Shapiro-Wilk W-statistics (SAS 1985). In
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all but one case, parametric analyses were not possible as the
data were not normally distributed and could not be nor-
malised using the various transformations available (Sokal
and Rohlf 1981). Total coral-surface-area values collected
from the forty 1 m? quadrats at each site were normally
distributed and a parametric ANOVA (analysis of variance)
was used on these data to determine whether the total sur-
face area of corals differed between sites. In all other cases,
nonparametric analyses were used. Either a Kruskal-Wallis
test (one-way ANOVA) or a General linear models proce-
dure (two-way ANOVA) was used to determine: whether
coral species differed in surface area within a site; whether
the surface area of each coral species differed between sites;
whether coral species differed in their degree of colonisation
at each site; and whether the pattern of colonisation differed
between sites. When ANOVA detected differences, a Tukey’s
studentised range test was performed to determine where the
differences occurred (Zar 1984, SAS 1985). Spearman’s rank
correlation analyses were used to determine whether the
degree of colonisation of coral species was correlated with
their abundance, their mean colony size or their rank in an
aggression hierarchy; and to determine which sites differed
in colonisation pattern. A goodness-of-fit poisson distribu-
tion test was used to investigate the distribution of corals at
each site, and the distribution of worms on a given coral
species at each site.
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Results

Abundance and distribution of corals

The total coral-surface-area, the surface area of each coral
species, and the number of colonies of each coral species are
shown for the forty 1 m? quadrats surveyed at each site in
Table 1. Total coral surface area (per 40 m2of reef) at GP
was 21.44m?, at SC 54.0m?, and at SP 97.83 m?; total
number of coral colonies (per 40 m? reef) was 312 at GP, 388
at SC, and 732 at SP (Table 1). Note that the surface area of
coral can exceed that of the reef area surveyed since the
former is the actual (three-dimensional) surface area of coral
and the latter is the planar surface area of reef. The numbers
of coral species observed were 12 at GP, 13 at SC, and 15 at
SP (Table 1). Total coral-surface-area differed significantly
between sites (Table 1; parametric one-way ANOVA,
p<0.001), surface area at GP being significantly lower than
at SC and SP in pair-wise comparisons (Tukey’s test,
2<0.001 in both cases). Considering species separately, sur-
face area differed significantly between sites for 11 of the 12
species (the exception was Millepora complanata) which oc-
curred at more than one site, (Kruskal-Wallis test; Table 2).
In pair-wise comparisons, ten species differed in surface area
between GP and SP, ten between SC and SP, and six be-
tween GP and SC (Tukey’s test, Table 2).

Within each study site, the surface area of coral species
differed significantly (Table 1, Kruskal-Wallis test, p < 0.001
for each site). Most coral species were randomly distributed
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Table 1. Coral surface area (SA, m?/40 m?), percent coral cover (Cover) and number of colonies (1) of each coral species at three study sites

Site and species
Golden Palms

Total
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at each study site (Poisson goodness-of-fit test; p < 0.05); the
exceptions were at GP where Montastrea cavernosa and
Diploria labyrinthiformes were significantly clustered (Pois-
son test, p<0.05), and at SP where Porites astrecides and
Agaricia spp. were significantly clustered (Poisson test,
p<0.05).

Abundance and distribution of worms

Not all coral species were colonised by Spriobranchus gigan-
teus at each site, and six corals were not colonised at any site
(Table 3). All corals that were colonised are subsequently
referred to as colonisable corals. Worms were least abun-
dant at SP where there was most total coral and most
colonisable coral; and most abundant at GP where there was
least total coral and least colonisable coral (Table 4). This
suggests that worm abundance at SP was not limited by
availability of colonisable coral.

Table 2. Probability values for Kruskal-Wallis tests (K-W) to de-
termine which coral species differed in surface area between sites,
and for Tukey’s tests to identify sites at which coral species differed
in surface area. Asterisk indicates coral not present at all sites.
GP: Golden Palms; SC: Sunset Crest; SP: Speightstown

Coral K-W Tukey’s test
GP-SC  GP-SP  SC-Sp

Montastrea annularis 0.001 0.001 0.001 0.991
Siderastrea siderea 0.001 0.001 0.485 0.001
Montastrea cavernosa 0.001 0.045 0.001 0.167
Colpophyllia natans 0.002 0.045 0.001 0.001
Diploria strigosa 0.001 0.082 0.001 0.001
Porites astreoides 0.001 0.461 0.001 0.001
Diploria labyrinthiformes  0.004 0.551 0.008 0.002
Agaricia spp. 0.001 0.001 0.001 0.042
Porites porites 0.001 0.535 0.001 0.001
Meandrina, meandrites 0.019 0.148 0.176 0.005
Madracis spp. * * 0.001 0.001
Millepora complanata 0.085 0.442 0.156 0.029
Mycetophyliia spp. * * 0.001 0.001
Eusmilia fastigata * * 0.082 0.082
Dichocoenia stokesii 0.003 0.006 0.002 0.711
Dendrogyra cylindrus * 0.229 * 0.229

The number of worms m 2 of coral (degree of colonisa-
tion) is shown separately for each coral species in Table 5.
Corals differed significantly in their degree of colonisation at
each site (Kruskal-Wallis test: GP, p<0.001; SC, p<0.001;
SP, p<0.003; Table 5). The degree of colonisation of a coral
species was not correlated with its abundance rank, i.e., the
more colonised corals were not the more abundant (Spear-
man’s rank correlation coefficient: GP, r,=0.10, p>0.8; SC,
re=0.15,p>0.7; SP, r,=0.29, p>0.6). Moreover, the degree
of colonisation of a coral species was not correlated with its
mean colony size (Spearman’s rank correlation coefficient:
GP, r,=0.26, p>0.5; SC, r,=0.64, p>0.05; SP, r,=0.10,
p>0.5). Finally, combining data for all sites (Table 5), the
degree of colonisation of corals was not correlated with their
rank by degree of aggressiveness (as determined by patterns
of overgrowth on contact; Lang 1973), ie, the more
colonised corals were not the least aggressive (r,=0.45,
p>0.2). .

The variation in degree of colonisation of coral species at
a site may be referred to as the colonisation pattern at that
site. The colonisation pattern differed significantly between
sites (two-way ANOVA, p<0.001). Spearman’s rank corre-
lation analyses indicated a significant correlation between
the colonisation patterns at GP and SC (r,=0.90, p <0.001)
but no correlation between those at SC and SP (r,=0.15,
p>0.7) or those at GP and SP (r,=0.34, p>0.3). This sug-
gests that the colonisation patterns at GP and SC are similar
but differ from that at SP.

In those instances where there were enough worms to
permit analysis, the distribution of worms on coral species
was investigated. In all cases (Diploria strigosa at GP and
SC; Montastrea annularis at SC; Porites porites at SP),

Table 4. Spirobranchus giganteus Abundance at each site. GP:
Golden Palms; SC: Sunset Crest; SP: Speightstown. SA: Surface
Area

Abundance GP SC Sp
No. at site (40 m?) 85 83 55
SA off all corals (m?) 21.44 54.00 97.83
SA of colonisable corals (m?2) 17.52 48.27 89.46
No. m™2 on all corals 4.36 1.59 0.27
No. m~2 on colonisable corals 5.48 1.79 1.04

Table 3. Corals not colonised by Spirobranchus giganteus, and their abundance rank at each site. Asterisks indicate corals not colonised at

any site
Golden Palms Rank Sunset Crest Rank Speigthstown Rank
Colpophyllia natans* 4 Colpophyllia natans* 5 Montastrea cavernosa 3
Meandrina meandrites * 5 Meandrina meandrites * 6 Colpophyllia natans* 4
Dichocoenia stockesii* 9 Porites porites 11 Siderastrea sidera 5
Porites porites 11 Dendrogyra cylindrus * 12 Meandrina meandrites * 9
Dichocoenia stockesii* 13 Diploria strigosa 10
Mycetophyllia spp. * 11
Diploria labyrinthiformes 12
Eusmilia fastigata 13
Millepora complanata 14

Dichocoenia stockesii 15
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Table 5. Spirobranchus giganteus. Number of individuals per m? on each coral species (degree of colonization), presented separately for the
three study sites and for the sites combined. GP: Golden Palm; SC: Sunset crest; SP: Speightstown

Coral GP Coral SC Coral SP Coral Combined
Diploria strigosa 11.74 P. astreoides 7.22 P. astreoides 2.90 D. strigosa 7.61
Millepora complanata 11.11 M. complanata 5.26 M. annularis 0.83 M. complanata 6.38
Porites astreoides 9.30 D. strigosa 4.19 P. porites 0.71 P. astreoides 533
Agaricia spp. 392 Agaricia spp 3.95 Agaricia spp.  0.21 M. annularis 1.63
Montastrea annularis 2.48 M. annularis 2.47 Madracis spp.  0.20 D. labyrinthiformes  0.88
Montastrea cavernosa 1.38 D. labyrinthiformes 1.17 P. porites 0.70
Diploria labyrithiformes 0.73 S. siderea 0.49 S. siderea 0.32
Siderastrea siderea 0.26 M. cavernosa 0.23 M. cavernosa 0.25

worms were significantly clustered (Poisson goodness-of fit
test, p <0.05 in all cases). This clustered distribution did not
result from a clustered distribution of substrate, since the
corals themselves were randomly distributed (see Results,
Abundance and distribution of corals).

Discussion

In this study, Spirobranchus giganteus was not distributed
randomly among coral species. Six species of coral were
never colonised at any of the study sites. Moreover, at each
site, the number of worms per surface area of coral differed
significantly among the coral species colonised. This coloni-
sation pattern was similar at the GP and SC sites, but dif-
fered somewhat at SP. The number of worms present was
similar at GP and SC but lower at SP (Table 4), and conse-
quently fewer coral species were colonised at SP than GP or
SC (Table 5). This may largely explain why the analyses
detected a difference in colonisation pattern at SP.

The non-random distribution of worms on corals could
result from preference of larvae at settlement and/or differ-
ential mortality following settlement. Post-settlement mor-
tality was not investigated in this study. However, many
sessile marine polychaetes are known to display substrate
preference at settlement (Wilson 1948, 1958, 1968, 1970, Gee
and Knight-Jones 1962, Williams 1964, Eckelbarger 1978,
Jensen and Morse 1984, Al-Ogilvy 1985, Pawlik 1988); and
planktonic larvae of S. giganteus in the Pacific are attracted
to certain corals over others (Marsden 1987). Moreover,
Marsden et al. (1990) have shown that planktonic larvae of
S. giganteus in Barbados prefer certain coral species over
others in the laboratory. The larval preference pattern close-
ly matches the distribution pattern of worms on corals de-
scribed here. This suggests that larval preference is impor-
tant in generating the non-random distribution of worms on
corals observed.

The factors determining the preference of Spirobranchus
giganteus for certain species of coral are not clear. The de-
gree of colonisation of a coral species was not affected by its
relative abundance, by its mean colony size, or by its aggres-
siveness toward other corals. The preference pattern may
therefore depend on more subtle interactions between the
corals and S. giganteus. Hunte et al. (1990) demonstrated
that body size and body proportions of S. giganteus differ

on different species of coral. Interestingly, worms are larger
on those corals which are preferred by larvae and are most
heavily colonised in the field (Hunte et al. 1990). A larger
body may indicate greater gamete production and/or longer
life span, i.c., the fitness of S. giganteus may differ on differ-
ent corals.

Spirobranchus giganteus was less common at SP than at
GP or SC. This did not result from a scarcity of corals, since
corals were more common at SP than GP or SC. It could
result from fewer larvae being available to settle and/or
higher mortality following settlement. The reef at SP is deep-
er (16 to 22 m) than at either GP (10 to 16 m) or SC (13 to
19 m), and worm abundance is lowest at SP and highest at
GP. Larvae of S. giganteus are photopositive during early
planktonic life (Marsden 1984, 1986), those at SP must
therefore descend greater distances than those at shallower
sites to find suitable coral substrates. Descent to greater
depth may result in reduced survival during presettlement,
increased displacement by currents and less effective percep-
tion of the underlying coral; all factors that could result in
fewer larvae available to settle.

The colonisation pattern of worms on coral was similar
at GP and SC, but differed somewhat at SP. This may
largely be an artifact of lower worm abundance at SP which
results in fewer coral species being colonised (Table 5). How-
ever, differences are evident with Diploria strigosa and Po-
rites porites. D. strigosa was heavily colonised at GP and SC
but was not colonised at SP; P. porites was moderately
colonised at SP but not colonised at GP or SC (Table 5).
Interestingly, D. strigosa was rare at SP compared to GP
and SC, and P. porites was rare at GP and SC compared to
SP (Table 1). This may suggest that if a coral is relatively
rare, it is undercolonised, i.e., has fewer worms per surface
area of coral than expected. Undercolonisation of rare
corals may be the consequence of larval attraction to corals
being a chemical response in S. giganteus (Marsden 1987,
Marsden et al. 1990). The rarer a species of coral relative to
others, the weaker the signal may be, and the lower the
probability of contact of larvae with the coral. If the
strength of the signal decreases faster than the decrease in
surface area of the coral, rarity could lead to undercolonisa-
tion, i.e., fewer worms per surface area than expected.

Spirobranchus giganteus not only prefers particular
corals, but may also be attracted to consepecifics. In all cases
where sufficient data were available to permit analysis, indi-
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viduals of S. giganteus were significantly clustered. Such a
distribution is common in tubiculous polychaetes and is
attributed to the attraction of settling larvae to tubes of
conspecific adults (Wilson 1948, 1958, 1968, 1970, Eckel-
barger 1978, Jensen and Morse 1984, Pawlik 1988). A
clustered distribution presumably enhances reproductive
success in sessile adults with external fertilization.
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