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Mortality and avoidance of competitive 
overgrowth in encrusting Bryozoa 
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ABSTRACT: Forty-five species of sessile animals, including 32 species of cyclostome and cheilostome 
bryozoans, settled on experimental panels over a 1 yr period. Colonies were readily overgrown by 
tubes of the serpulid Pomatoceros triqueter (L.) which became the dominant species on the panel 
community. However, a number of bryozoan species avoided competitive exclusion by settling 
preferentially or by growlng epizoically onto the tubes which were, therefore, acting as spatial refuges 
from overgrowth by the serpulid. Since bryozoans are inferior interference spatial competitors but are 
known to have greater longevity than P. triqueter, vegetative growth of the surviving colonies and 
subsequent pre-emptive exploitative competition are probably the main processes which give rise to 
the replacement of the serpulid to produce the bryozoan-dominated communities on nearby boulders. 

INTRODUCTION 

Bryozoa are one of the predominant taxa in a variety 
of sublittoral epibenthic environments, including the 
undersides of foliaceous corals (e.g. Jackson 1979, 
Palumbi & Jackson 1982, Winston & Jackson 1984), 
rock faces (Castric 1974, Keough & Downes 1982), 
shells (Harmelin 1977, Kay & Keough 1981), boulders 
(Osman 1977, Rubin 1982) and artificial pilings 
(Lichtschein de  Bastida & Bastida 1980, Kay & Keough 
1981). Their predominance, together with other colo- 
nial taxa, over solitary groups is believed to be due to 
their ability to grow vegetatively: this, in turn, enables 
them to be superior overgrowth interference com- 
petitors since, in their expansion, they occlude the 
feeding and respiratory orifices of solitary species 
(Jackson 1977a, Keough 1984). They may also be  
superior pre-emptive exploitative competitors (sensu 
Schoener 1983) since, having occupied space on the 
primary substratum, they are able to prevent its occu- 
pation by other species through growth (Karlson 1978, 
Sebens in press) or larval recruitment (e.g. Standing 
1976, Sutherland 1978, Day & Osman 1982). 

The community on the underside of boulders in the 
shallow sublittoral off southwest England is dominated 
by bryozoans, particularly cheilostomes (Rubin 1982), 
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whereas artificial panels which were submerged in a 
similar environment off northwest France for up to 3 yr 
were dominated by the solitary serpulid Pomatoceros 
triqueter (Castric 1974). This species rarely occupies 
>5 % of the space on the undersides of the boulders. 

In this paper I describe the outcome of spatial 
encounters between Pomatoceros triqueter and bryo- 
zoans on artificial panels submerged in the vicinity of 
the boulders. I also report on growth and larval settle- 
ment strategies employed by some bryozoan species to 
avoid overgrowth mortality of very young colonies and 
discuss these in the context of the roles of interference 
and exploitative competition in structuring the boulder 
community. 

MATERIALS, METHODS AND STUDY SITE 

Forty-eight 150 X 150 X 4 mm black perspex panels 
were submerged on 10 Feb 1981. The panel frame 
consisted of a cast-iron single bed with the springs 
removed. The panels were bolted onto metal straps 
which were themselves bolted onto the frame. This 
remained in a horizontal position. 

Four panels, selected by using random number 
tables, were collected using SCUBA on 9 separate 
occasions over a 1 yr period. These panels were placed 
in 5 % neutralised seawater formaldehyde until they 
could be  examined under the stereo-microscope for 



292 Mar Ecol. Prog Ser 23:  291-299, 1985 

identification and counting of individuals; each colony panels, since the larval period of many bryozoans is 
was scored as 1 individual. Percent cover was deter- short (Hayward & Ryland 1979). 
mined by superimposing an acetate sheet with 15 X 15 
= 225 equidistant po~nts  marked onto it, such that a 
margin 12 mm wide was not sampled around the RESULTS 
periphery of each panel, thereby avoiding possible 
edge effects. During the early months of submergence of the 

R-type cluster analysis was carried out on the fre- panels, colonization occurred by a number of species 
quency data matrix, in order to group species quantita- belonging to both solitary and colonial taxa, including 
tively with a similar pattern of occurrence over the spirorbids, a few Pomatoceros triqueterand cyclostome 
duration of the experiment. This was carried out using and cheilostome bryozoans. In July 1981 there was a 
the CLUSTAN program (Wishart 1978). The technique massive spatfall of P. triqueter; subsequently these 
followed was that of Field et al. (1982): raw data were overgrew all other species which they encountered on 
root-root transformed and standardised, and the simi- the primary substratum through distal and lateral 
larity index used was the Bray-Curtis coefficient (Bray expansion of their tubes. The species overgrown con- 
& Curtis 1957). However, unlike Field et al., Principal sisted predominantly of cyclostome bryozoans (Fig. 1 & 
Components Analysis was used in the ordination, the 2), spirorbids and Anomia ephippium L. Overgrowth 
number of species was not reduced and the single- mortality of P. triqueterthrough occlusion of the orifice 
linkage clustering method was followed. by bryozoans was never observed. Tubulipora liliacea 

The site chosen for submergence of the panel frame (Pallas) suffered particularly high mortality as a result 
was 50 m to the south of Plymouth Breakwater, outside of overgrowth by P. triqueter (Fig. 2). Crowding by the 
Plymouth Sound in southwest England (map ref 50" serpulid also had an effect on some of the colonies 
21' N, 04" 08' W) at a depth of 8 m. The frame was which survived: these exhibited elongate and separate 
placed < l  m away from the base of the limestone zooecia extending away from the panel surface 
blocks of which the Breakwater is composed. It rested (Fig. 3). Some cheilostome colonies which had already 
on a substratum of sand and 10 m away from an established were able to escape overgrowth mortality 
accumulation of boulders which were up to 50 cm long. by growing epizoically onto tubes of neighbouring P. 
These acted as a probable source for colonization of triqueter (Fig. 4). 

Fig. 1. Escharoides coccinea. Colony partly overgrown by Pomatoceros triqueter. Scale bar = 100 pm 
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Fig. 3. Tubulipora ljliacea. Colony, spatially restricted between 2 Pomatoceros triqueter tubes, has produced elongate zooecia. 
Scale bar = l mm 

surface, were available for colonization. The mean 
percentage cover of these areas collectively was 58.62. 
The only areas which were not regarded as available 
for colonization by cheilostome larvae were other colo- 
nial species (mean percentage cover = 8.22). These 
were mostly established cheilostomes. The expected 
frequencies for each species (the number of these very 
young colonies which would have occurred on the P. 
triqueter tubes if larval settlement had been random) 
were derived from the mean percentage cover values 
for the serpulid given above, with a correction to take 
account of the presence of these other colonial species. 

Table 1 shows that this null hypothesis should be 
rejected for 7 of the 9 species, viz. their ancestrulae 
occurred preferentially on the sides of Pomatoceros 
triqueter tubes (all P < 0.001). In 3 of them - Callopora 
rylandi Bobin & Prenant, Chorizopora brongniartii 
(Audouin) and Escharoides coccinea (Abildgaard) -all 
of the ancestrulae occurred on the tubes. If one also 
considers that 3 of the 9 species - C. rylandi, 
Cauloramphus spiniferurn (Johnston) and Mern- 
braniporella nitida (Johnston) - were never recorded 
on younger poorly colonized panels also present on the 
frame at this time (Rubin unpubl.), it is possible to 
discern 5 patterns of settlement selection: (1) larvae 

settled exclusively on P. triqueter tubes and never on 
other available areas of mature panels nor on poorly 
colonized panels present at the time (C. rylandi); (2) 
larvae settled on P. triqueter tubes but also settled 
elsewhere on other available areas of mature panels 
and on poorly colonized panels present at the time 
(Celleporina hassallii [Johnston], Schizornavella 
linearis [Hassall]); (3) as (2) but no settlement on poorly 
colonized panels present at the time (C. spiniferurn, M. 
nitida); (4)  as (2) but no settlement on other available 
areas of mature panels (C. brongniartii, E. coccinea); 
(5) settlement pattern not significantly different 
(P > 0.05) from random (Celleporella hyalina [L.], Mi- 
croporella hyalina [Pallas]). Settlement type (1) sug- 
gests a highly selective settlement behaviour pattern 
and type ( 5 )  little or no substratum selectivity. 

The inverse (R-type) analysis of the data (Fig. 7) 
grouped together 35 species on the panels into a 
single, large cluster, whereas the more abundant 
species were more scattered on the ordination plot. In 
particular, Pomatoceros triqueter plotted away from 
the rest of the species in the community, while Cel- 
leporella hyalina, Escharoides coccinea and Micropo- 
rella ciliata plotted together in a cluster intermediate 
in position between P. triqueter and the large cluster. 
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Fig. 4.  Escharoides coccinea. Colony 
partly overgrown by a Pomatoceros 
triqueter tube but escaping over- 
growth at its distal end by epizoic 
growth onto another tube. Scale bar 

= l m m  

Fig. 5. Chorizopora brongniartii. Ancestrula and first peri-ancestrula on the side of a Pomatoceros triqueter tube. Scale bar = 
100 pm 
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Fig. 6. Celleporina hassallii. Ancestmla and first peri-ancestrula on the side of a Pomatoceros triquetertube. Scale bar = 100pm 

Electra pilosa occurred as another outlier, reflecting its 
high abundance in the early stages of the experiment, 
in contrast to most of the other species. 

DISCUSSION 

Role of different competitive mechanisms in 
structuring epibenthic communities 

Although a number of authors (e.g. Jackson 1977b, 
Scheltema et al. 1981, Schmidt 1983) have shown that 
aggregated, established solitary animals can inhibit 
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Fig. 7. Cluster diagram resulting from the R-type Principal 
Components Analysis of the frequency data matrix. Abbrevia- 
tions: Ae Anomia ephippium, Ch Celleporella hyalina, Ec 
Escharoides coccinea, Ep Electra pilosa, Jp Janua pagen- 
stecheri (Quatrefages), MC Microporella ciliata, Pm Para- 
laeospira malardi Caullery & Mesnil, Pt Pomatoceros trique- 

ter, S1 Schizomavella linearis, T1 Tubulipora liliacea 

settlement by the larvae of colonial species - while 
others (e.g. Stebbing 1973, Jackson 1977a) have 
demonstrated that solitary animals, such as serpulids, 
are able to avoid overgrowth mortality by colonial 
species through vertically elevating the orifice away 
from the substratum - the overgrowth of cheilostome ,I 

bryozoans by Pomatoceros triqueter is obviously a dif- 
ferent phenomenon altogether. In particular, it con- 
tradicts the suggestion that solitary groups are inferior 
overgrowth interference competitors to colonial ones 
and shows that not all serpulids are ineffective space 
competitors (cf. Jackson 19?7a), although small spiror- 
bids may be (Keough 1984). 

There are other examples in which solitary animals 
have been shown to be superior interference spatial 
competitors: Castric (1974) reported that Pomatoceros 
triqueterwas capable of overgrowing thinly encrusting 
bryozoans, and E. Voigt (pers. comm.) showed that 
cheilostomes growing on hard substrata of Cretaceous 
age had been overgrown by serpulids while they were 
still alive. Furthermore, Haderlie (1974) demonstrated 
that barnacles were capable of displacing bryozoans 
by undercutting them, while Montanari & Relini (1974) 
found that colonies of the ascidian Botryllus schlosseri 
fragmented when they came into contact with small, 
recently settled barnacles and serpulids. 

If, as appears likely, the cheilostome-dominated 
community on the underside of nearby boulders is a 
later successional stage than the one on the panels, the 
problem arises of how a strong overgrowth spatial 
competitor can eventually be replaced by weaker ones. 
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(Since there are occasional boulders which are almost 
entirely covered by Pomatoceros triqueter, it is 
unlikely that the difference between the 2 com- 
munities can be explained in terms of preferential 
larval settlement, with P, triqueter preferring panels 
and cheilostomes preferring boulders.) Although esti- 
mates of the longevity of P. triqueter in northern Euro- 
pean waters vary from 18 mo (Fsyn & Gjsen 1954) to 30 
mo (Castric 1983), many cheilostomes live longer than 
this (Eggleston 1972, Winston & Jackson 1984), even 
though partial senescent mortality does occur in the 
latter (Jackson & Winston 1981). In this paper 2 
strategies for reducing the overgrowth mortality of 
cheilostomes by P. triqueter have been described, viz. 
epizoic growth onto neighbouring tubes (Fig. 4) and 
selective larval settlement onto the tubes (Table 1; 
Fig. 5 & 6). Therefore it is likely that, by avoiding 
competitive exclusion in the early stages of community 
development, by having greater longevity, and by sub- 
sequently inhibiting further settlement of P. triqueter, 
cheilostomes are eventually able to replace the ser- 
pulid in the development of the community. In other 
words, it is the pre-emptive exploitative competitive 
ability of this group of colonial animals and not 
superior interference competitive ability which 
enables them to dominate in certain epibenthic com- 
munities. 

Greene & Schoener (1982) and Greene et  al. (1983) 
also recognised the importance of longevity and of 
subsequent pre-emptive exploitative competition in 
structuring epibenthic communities on artificial 
panels, although they found that various species of 
solitary animal eventually became dominant through 
having greater longevity. All of these apparently con- 
tradictory results serve to underline the importance of 
having a detailed knowledge of the life-history charac- 
teristics of the participating species before making 
predictions or generalizations concerning the role of 
spatial interactions in structuring epibenthic com- 
munities. 

The clustering together of Celleporella hyalina, 
Escharoides coccinea and Microporella ciliata on the 
ordination plot (Fig. 7) suggests that spatial competi- 
tion between these cheilostomes, the most abundant 
on the panels, was not a major factor in structuring the 
panel community (although some interspecific over- 
growth between them did occur). This is despite the 
fact that they have very different overgrowth competi- 
tive abilities (Rubin 1982), with E. coccinea being a 
very strong competitor and M. ciljata a weak one. C. 
hyalina is a particularly weak overgrowth competitor 
(Rubin unpubl.) and exists predominantly as an 
epiphyte (Hayward & Ryland 1979). The plotting of 
Pomatoceros triqueter as an outlier in Fig. 7 reflects its 
numerical dominance throughout most of the period of 

panel submergence, very largely as a result of its 
formidable overgrowth competitive ability. 

Recruitment and location of spatial refuges by 
cheilostome larvae 

I suggest that, by selective epizoic settlement onto 
Pomatoceros triqueter tubes, cheilostome larvae were 
locating spatial refuges from overgrowth mortality of 
the very youngest zooids. Although it is known that 
larger colonies are able to suffer partial mortality with- 
out loss of the entire genet (Jackson 1977a, Jackson & 
Winston 1981, Palumbi & Jackson 1982), a characteris- 
tic of modular organisms in general (see Harper 1981 
for review), mortality of even a very few zooids in the 
initial stages of colony growth would have a much 
more serious effect: the need to maintain the viability 
of the ancestrula may be particularly important since, 
if it were killed off, perhaps by overgrowth, transloca- 
tion of nutrients across the growing colony would be 
seriously affected. D'Hondt (1976) found that, by kil- 
ling off the ancestrula in very young colonies of Alcy- 
onidium polyoum, further colony growth was inhi- 
bited. Furthermore in a number of species, including 
Celleporina hassallii and Schizomavella linearis, fron- 
tal budding commences directly above the ancestrula 
(Fig. 8; Schaaf 1974); presumably, therefore, mortality 
of the ancestrula would also inhibit this type of growth. 
Undoubtedly the statement by Silen (1977, p. 213) that 
'the ancestrula has no special function in the life of the 
developed colony except constituting the primary or 
sometimes the only holdfast' requires qualification and 
it would be interesting to ascertain the minimum size 
which a colony needs to reach, beyond which mortality 
of the ancestrula would no longer inhibit growth. 

While it has been recognised that small, isolated 
substrata can act as refuges for competitively subordi- 
nate species (Harmelin 1977, Jackson 1977b, Kay & 
Keough 1981, Keough 1983), together with environ- 
ments inimical to the growth of competitive dominants 
(Harmelin 1980), refuges in the form of microhabitats 
which can be located by larvae and which would, in 
turn, confer increased fitness on the adults by avoiding 
overgrowth mortality have been recognised by a 
number of authors. Larval settlement patterns 
designed to locate such refuges include: (1) aggrega- 
tive settlement by competitively subordinate bryo- 
zoans (Buss 1981); (2) selective settlement by bryo- 
zoans onto live adult colonies of their own species 
(Gordon 1970); (3) selective settlement by species close 
to competitive subordinates (Buss 1979, Keen & Neill 
1980); (4) selective settlement by a subordinate species 
away from competitive dominants (Grosberg 1981, 
Sebens 1983); (5) selective epizoic settlement onto 
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Fig. 8. Celleporina hassallii. Young colony with first frontally-budded zooid growing directly above the  ancestmla. Scale bar = 
l mm 

inert parts of a competitive dominant (this study). In 
addition, Young & Chia (1981) have shown that larvae 
of competitively subordinate species can delay settle- 
ment when competitive dominants are present: this 
would increase the likehood of one of these types of 
refuge being located. 
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