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competitive outcome and succession
of sessile organisms

Kanavillil Nandakumar*

ABSTRACT: Competitive interaction among sessile organisms was studied by suspending PVC (poly-
vinylchloride) panels in 4 different seasons at Tomioka Bay, south Japan. Panels were suspended in
such a way that only 1 side received direct sunlight. Panels were monitored by intermittent photogra-
phy for a maximum period of 14 mo. On the sunlit side of the panels, 35 species belonging to 8 taxo-
nomic groups were encountered. A total of 7980 interspecific interactions among these organisms were
monitored and the competitive relationships among them were ascertained. Competitive relationships
on panels suspended in November 1991 (autumn) and August 1992 (summer) and monitored until
December 1992 resulted in a simple hierarchy. On the other hand, panels suspended in February {win-
ter) and April 1992 (spring) and monitored until December 1992 did not result in a hierarchy. Observa-
tion of panels after 4 mo of initiation 1n all 4 seasons showed different levels of competitive dominance
for the same set of species. At the end of the study, the colonial ascidians Diplosoma mitsukurii and
Didemnum moseleyi dominated on the panels initiated in autumn and summer, whilst no such hierar-
chy could be observed on the panels initiated in winter and spring. However, at the end of 4 mo of ini-
tiation, hierarchy could be detected in all 4 seasons. The branching bryozoan Zoobotryon pellucidum
occupied the topmost position in the hierarchical order in panels initiated in winter and spring when
observed after 4 mo of initiation. Reversal of organisms' positions in the hierarchical order with the
change in panel initiation season could be observed on the panels at the end of study. The results
showed the competitive interactions among these organisms, the time of panel initiation and/or the ini-
tial colonizers of the panel surfaces which significantly affected the subsequent species composition
and the succession of species on these panels.
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INTRODUCTION

Interspecific competition for space and food among
subtidal and intertidal organisms has been widely
studied by many workers (Dayton 1971, Harger 1972,
Stebbing 1973a, b, Jackson & Buss 1975, Buss 1979,
Jackson 1979, 1983, Benayahu & Loya 1981, Under-
wood & Jernakoff 1981, Logan 1984, Sebens 1985, Best
& Thorpe 1986, Okamura 1986, Harvell et al. 1990, Ste-
neck et al. 1991). Among hard-bottom sessile organ-
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1sms, as vegetative growth proceeds, they contact each
other, and one of the following outcomes occurs:
(1) overgrowth of one species by the other or (2) cessa-
tion of growth along the margin of contact between the
species. The former process is termed as overgrowth
and the latter as standoff (Buss 1990).

Overgrowth interaction among sessile organisms has
been described as an important determinant of distrib-
ution and abundance of organisms at a given locality
(Connell 1961a, b, Dayton 1971, Lang 1973, Stebbing
1973a, b, Sutherland 1974, Jackson 1977, Osman 1977,
Paine 1984, Underwood & Anderson 1994) The out-
come of competitive interaction has been reported to
be influenced by many factors such as colony morphol-
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ogy, vertical relief, angle of contact, colony size, pres-
ence of predators and genetic variation of interacting
colonies (Buss 1980, 1990, Grosberg 1981, Jackson
1983, Nandakumar & Tanaka 1993, 19944, b, Turner &
Todd 1994). While studying the spatial relationship
among encrusting organisms in the subtidal zone of
New England, USA, Sebens (1986) reported that the
outcome of interactions was not significantly corre-
lated with the warm or cold seasons. Sutherland (1974)
reported the existence of multiple stable points or cli-
maxes of succession of fouling communities on panels
initiated in different periods of a year. However, to
date, comprehensive studies addressing the effect of
timing of substratum exposure on the competitive
dominance of subtidal sessile organisms appears to be
sparse.

Underwood & Anderson (1994), while studying the
effect of types of substratum on the development and
diversity of fouling erganisms, found that faunal com-
position depends on the type of substratum, the timing
of panel immersion and the initial colonizers of panel
surfaces. However, Greene & Schoener (1982) and
Anderson & Underwood (1994) found that the degree
of diversity among fouling organisms becomes narrow
over time,

Many earlier workers described the competitive
relationships among hard-bottom sessile organisms as
following either the pattern of network or of hierarchy
(Buss & Jackson 1979, Kay & Keough 1981, Quinn
1982, Russ 1982). The usual interference phenomenon
observed among sessile organisms is the simple over-
growth of one of the interacting species. Therefore,
the degree of competence of a sessile species is moni-
tored by its capacity to overgrow its neighbors (Rubin
1982, Karande & Swami 1988). On hard substrata,
organisms can be classified according to their body
plan (i.e. solitary, colonial) (Woodin & Jackson 1979,
Greene et al. 1983). Colonial organisms were consid-
ered as superior competitors to the solitary types that
are usually the initial colonizers of the substratum
(Nandakumar et al. 1993). The importance of initial
colonizers on subsequent community development
was studied by Sutherland & Karlson (1977), who also
suggested that the composition of a fouling commu-
nity depends on the timing of panel suspension and
the types of initial colonizers. These facts suggest that
competitive relationships among sessile organisms
may vary with the timing of substratum exposure and
the nature of the initial colonization. While reporting
the influence of competitive ability on the choice of
habitat in marine invertebrates, Grosberg (1981)
noted that very little information is available on the
ecological and evolutionary relationships among fac-
tors such as seasonal recruitment, substratum selec-
tion and post-settlement events. The present study

was carried out to monitor the importance of timing of
substrata initiation on the competitive dominance in
sessile organisms.

MATERIALS AND METHODS

Study area and panel suspension. This study was
conducted in Tomioka Bay, south Japan (32° 33' N,
130° 02' E; Fig 1). A description of the study site is
given elsewhere (Nandakumar et al. 1993). Four
polyvinylchloride (PVC) panels (25 x 25 x 0.3 cm) were
suspended at 1 m depth from a floating pier anchored
about 10 m away from the shore in each season. Panels
were exposed in the months of November 1991
(autumn), February 1992 (winter), April 1992 (spring)
and August 1992 (summer). All panels were monitored
photographically until December 1992. Photographs of
a 10 x 10 cm area at the center of the panels were taken
at fortnightly intervals until the end of the study (for
details of photosampling see Nandakumar et al. 1993);
altogether, 193 photographs were taken and analyzed.
Weekly fluctuations in seawater temperature at the
study site are given in Fig. 2.

Panels were suspended vertically in such a way that
only 1 side of the panels received direct sunlight. How-
ever, in the present paper only interactions occurring
on the sunlit faces were considered. Since there was no
significant variation with respect to the total area cover
(1-way ANOVA, p > 0.35), number of species (1-way
ANOVA, p > 0.36), species composition and sequence
of colonization among the 4 panels suspended in each
month, the respective 4 panels of each month were
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Fig. 1. Map of study area showing the sampling point
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grouped together before making species interaction
matrices, hierarchical orders and further statistical
analysis. For preparing the interaction matrices and
orders of hierarchy, species which covered more than
1% of the observed panel area (10 x 10 cm) at least
once during the many repeated observations were
included.

Measurement of species interaction. The merits of
repeated panel observation in overgrowth interaction
studies of sessile invertebrates have been shown by
Schoener & Greene (1981) and Nandakumar et al.
(1993). In the present study, repeated observation of
the fixed panel area provided accurate assessment of
the outcomes of interaction. As in earlier studies
(Rubin 1985, Lopez Gappa 1989, Nandakumar et al.
1993), in the present study 3 kinds of interaction out-
come were monitored: win, loss and standoff. The win-
ner of overgrowth interaction among colonial organ-
isms was defined as the species showing an upward
elevation of the growing edge over the other to the
extent that it covers the opening of the zooid of other
species (as In the cases of Acidia and Bryozoa). How-
ever, in other colonial organisms, such as sponges, sim-
ple elevation of the growing edge over the other was
defined as a win for the former species. Wherever soli-
tary organisms were involved, the upward elevation of
colonial organisms over the solitary one or the settle-
ment and growth of solitary species over the colonial
one was considered as a win for the corresponding
species. Standoff was considered as the cessation of
growth along the margin of contact between colonies
of different species. Each standoff interaction was
monitored repeatedly to make sure that the cessation
of growth along the margin of contact had actually
occurred.

Since the entire study depended on photography,
only the 2-dimensional growth of sessile organisms
was considered. Where vertically growing organisms
were involved, the interaction was considered only
when contact between the attachment bases could be
clearly seen in photographs (Sebens 1986). Shade
effects of the vertically growing species were consid-
ered negligible; intraspecific interactions were not
considered during this study.

Competitive relationships. The competitive rela-
tionships among sessile organisms were mainly
grouped into 2 patterns: hierarchy (transitive relation-
ship where Species 1 always wins over Species 2 and 3,
Species 2 always wins over Species 3; Buss 1980} and
network (intransitive: Species 1 may or may not win
over Species 2; Species 2 may or may not win over Spe-
cies 3; and Species 1 may or may not win over Species
3; Buss 1980). In this study, species dominance was
used as a relative measure to express the abundance of
a species (with respect to the area cover) in comparison

with others. However, the term competitive dominance
of a species indicates significant competitive success
(after statistical testing) of that species over others.

Residence time of species. Residence time (presence
of species on panels) in months of major species was
monitored on panels initiated in autumn and winter.
This was done to improve understanding of the fre-
quency of invasion and exclusion of the species from
panels with respect to their time of immersion.

Data analyses. To determine competitive domi-
nance, x* contingency test was applied (Sokal & Rohlf
1987) to the outcome of interactions of each species
pair. The null hypothesis was that there is an equal
probability for win and loss measured as competitive
ability between each pair of interacting species. Meth-
ods of x* analysis and judgment of the outcome are
given in Nandakumar (1995). The results are given in
the form of species interaction matrices.

RESULTS
Species composition

Altogether, 35 species belonging to 8 major taxo-
nomic groups were recorded during this study. A few
species could not be clearly identified from the pho-
tographs due to their close similarity to the related spe-
cies; these were grouped together to form small sub-
groups. The list of species with their sub-groups and
abbreviations are given in Table 1.

Fluctuation of species number

The fluctuation in number of species on panels initi-
ated in 4 seasons are given in Table 2. The panels ini-
tiated in autumn, spring and summer were colonized
faster (within 2 to 3 mo of submersion) than the ones
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Fig. 2. Weekly fluctuation of seawater and air temperatures at
the study area during the study period



194 Mar Ecol Prog Ser 131. 191-203, 1996

Table 1. List of sessile organisms encountered during the
study with their groupings and abbreviations

Sl. no./Taxon. group Abbreviation
Species
1 Algae
1 Enteromorpha linza ES
2 Enteromorpha sp.
3 Ulva faciata us
4 Ulva pertusa
5 Colpomenia sinuosa CS
6 Ectocarpus sp. AC
7 Scytosiphon lomentaria
8 Petalonia facia
9 Lomentaria sp.
10 Binghamia californica
11 Champia bifida
2 Coelenterata
12 Obelia dichotoma oD
3 Porifera
13 Haliclona sp. HS
14 Sponge species 2 S2
15 Sponge species 3 S3

4 Polychaeta
16 Hydroides elegans SW
17 Serpula kaempferi
18 Spirorbid worms

5 Bryozoa
19 Schizoporella serialis SS
20 Watersipora subovoidea WS
21 Celleporaria aperta CA
22 Zoobotryon pellucidum Zp
23 Bugula neritina BN
24 Bugula californica BC
6 Molluscs
25 Mytilus viridis MV
7 Crustacea
26 Megabalanus rosa MR
27 Balanus trigonus BT
8 Ascidia
28 Didemnum moseleyi DM
29 Diplosoma mitsukurii DT
30 Botryllus schlosseri BS
31 Botryltloides sp. BO
32 Perophora japonica PJ
33 Aplidium pliciferum AP
34 Styela plicata SP
35 Lissoclinum sp.? LC

initiated in winter. The number of species differed sig-
nificantly (ANOVA, p < 0.05) on these panels during
the first 4 mo after submersion, but as the time elapsed,
the difference became insignificant (Table 2). The
trend of colonization over time on panels initiated in
different seasons showed faster colonization during
the first 4 mo after immersion than during the later
periods (Table 3). Panels submerged in winter were

Table 2. Changes in the number of species over time on pan-
els initiated in different seasons. Spearman'’s rank correlation
coefficient was used to test the pace of colonization on the
same set of panels over time in arbitrary time intervals. In
each of 4 seasons 4 panels were observed over definite time
intervals (see ‘Materials and methods'). Figures in parenthe-
ses show the number of times each panel was observed and
thus the sample size (n) for the analysis. **Highly significant
(p < 0.01); *significant {p < 0.05); ns: not signiticant (p > 0.05)

Season Immersion penod
0-4 mo 4-8 mo 8 mo-
end of study
Autumn 0.9 (8) -0.3 (6) ns -0.4 (6) ns
Winter 1.0(8)" -0.1 (6} ns 1.0 (2) ns
Spring 0.7 (7) -0.7 (4) ns
Summer 0.8 (8)

initially colonized by the brown alga Colpomenia sinu-
osa which in turn delayed the colonization of organ-
isms such as colonial ascidians. Even the ascidians that
settled could not survive as long as they did on the
panels submerged in autumn.

Residence time

Residence time of major sessile organisms encoun-
tered during autumn and winter is given in Table 4.
There was no significant difference in residence time
between solitary and colonial organisms on panels ini-
tiated in either of the 2 seasons (ANOVA, p > 0.05).
However, among the tested organisms, serpulid worms
showed maximum residence time in both seasons
(Table 4). The short residence time emphasized the

Table 3. Changes in number of species over time on panels
initiated in different seasons. Species number on panels (sus-
pended in different seasons) after fixed time intervals (2, 4
and 8 mo after initiation) was compared using 1-way ANOVA

Seasons df 2 mo df 4 mo df 8 mo
Autumn x 1,6 F=162.0 1,6 F=6.153 1,6 F=1.882
Winter p = 0.0001 p =0.0478 p=0.2192
Autumnx 1,6 F=0682 1,4 F=1333 1,4 F=3.226
Spring p =0.4583 p =0.0217 p =0.1469
Autumnx 1,6 F=0857 1,6 F=120

Summer p = 0.3903 p=0.0134

Winterx 1,6 F=15698 1,4 F=0.025 1,4 F=0.828
Spring p=0.0074 p =0.8815 p=04144
Winter x 1,6 F=54.857 1,6 F=0.458

Summer p =0.003 p =0.5239

Spring x 1,6 F=0 1,6 F=0.533

Summer p=0 p = 0.5057
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Table 4. Mean residence time of sessile organisms (in months) on panels suspended in November (autumn) 1991 and February
{winter) 1992 and monitored until December 1992. #: presence of species even at the end of the study

Species
Mean + SD

Diplosoma mitsukuri 3816
Didemnum moseleyi 29+21
Botryllus schlosseri 3.1+£23
Botrylloides sp. 2+0
Lysoclinum sp. 23+06
Styela plicata 44123
Balanus trigonus 12104
Zoobotryon pellucidum 1.6+0.8
Watersipora subovoidea 4+2
Celleporaria aperta 4.7 x2.1
Bugula neritina 3.3+£23
Bugula californica 19x14
Serpulid worms 7628
Haliclona sp. 294138
Colpomenia sinuosa 24+12

Autumn Winter
Range (n) Mean + SD Range (n)
2-6.5 (6) 18+1.7 0.5-5# (9)
1-5.5 (4) 3429 1-7# (5)
1-6.5 (5) 4.5+12 3.5-6 (4)
2 (1) 0.8+03 0.5-1 (3)
2-3 (3) 2490 2 (1)
1-6 (4) 69+06 6-7.58 4)
1-1.5 (2) 17405 1-2 (6)
1-3# 6) 1+0 1-1 (5}
2-6# (2) 2411 1-3.5 (4)
1-7 (5) 1£0 1 (1)
0.5-6 (6) 1+0 1 (1)
0.5-3.5 (4) 12204 1-2 5)
5-10# (5) 4.5+32 0.5-8# (6)
1-5 (5) 28=+14 1-4# (6)
1-4 (5) 26=+04 2-3 (5)

rapid invasion and exclusion of species from
the panels in this locality.

Fluctuation in species area cover
Autumn series

Panels exposed in autumn were dominated
initially by the algal complex and colonial
organisms such as colonial ascidians and
bryozoans. This was followed by the sponge
Haliclona sp. and serpulid worms. It could
be seen that the period of dominance (with
respect to the area cover) of each colonial spe-
cles lasted longer period (i.e. more than 4 mo)
than those observed in panels initiated in
other season (Figs. 3 to 6).

Winter series

These panels showed initial dominance of
algae which extended for a period of 4 mo.
The colonial organisms such as ascidians, bry-
ozoans and sponges did not demonstrate as a
long dominance period as they did in the
autumn initiated panels.

Spring series

Panels initiated in spring showed domi-
nance of solitary species such as barnacles
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Fig. 3. Fluctuation of areal cover of sessile organisms on the sunlit faces
of panels suspended in November 1991 and monitored until December
1992. For definitions of abbreviations see Table 1. Vertical bars indicate
SD (n = 4). Trace organisms are those that covered <10% of the
observed panel area; thin bars indicate <1%; thick bars show 1to 5%
and () shows 5to 10%; complex represents total organic and inorganic
matter on the panels including the remaining organisms; foul + complex
shows total settlement
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ated in different seasons when they became
2, 4 and 8 mo old (interseasonal comparison).
The results showed no significant difference
in area cover of any of the above 3 groups
after 2 mo of panel suspension (Table 5}. But,
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" as time elapsed, a difference in percentage
area cover could be detected, i.e. at 4 and
8 mo (Table 5). This showed the effect of tim-
ing of panel immersion and duration of panel

exposure on the development and/or succes-
sion of sessile organisms.

PERCENT COVER

Interaction results

Altogether, 7980 interspecific interactions
were monitored. Results of overgrowth inter-
actions recorded on panel surfaces after

4 mo and at the end of the study are given in
Figs. 7 & 8, respectively. The competitive
relationships after 4 mo and at the end of the
study are given in Figs. 9 & 10, respectively.
Comparison of the competitive relationships
after 4 mo and at the end of the study

b showed considerable differences on panels

1992

Fig. 4. Fluctuation of areal cover of sessile organisms on the sunlit faces
of panels suspended in February 1992 and monitored until December

1992. Symbols and abbreviations as in Fig. 3

and serpulid worms during the initial period of com-
munity development. Even though colonial ascidians
and bryozoans were present for a considerable period
of time, neither of these organisms occupied as large
an area as was found in the autumn initiated panels
(Figs. 3 to 6).

Summer series

Panels initiated in summer were dominated by bar-
nacles and serpulid worms in the initial phase; how-
ever, the colonial ascidians showed increased area
cover towards the end of the study (Figs. 3 to 6).

Relationship between the time of panel immersion
and percentage area cover

In order to ascertain the relationship between the
time of panel suspension and species area cover, a
1-tail f-test was carried out. This was done by compar-
ing the percentage area cover of ascidians, bryozoans
and other solitary invertebrates occupying panels initi-

suspended in autumn and winter, while
spring panels did not show much variation.
In the autumn initiated panels, after 4 mo of
submersion the brown alga Colpomenia sin-
uosa occupied a higher position than the
bryozoans, while the respective positions
were reversed at the end of the study (Figs. 9 & 10).
However, on both of these occasions the ascidians
retained their position in the hierarchical order. Simi-
larly, visible changes in the species hierarchy could
be detected in the winter initiated panels. Meanwhile,
a well-defined hierarchy could be detected on the
panels after 4 mo of initiation, and a lack of hierarchy
on the same panels could be seen at the end of the
study.

With respect to the time of panel suspension, differ-
ent orders of hierarchies could be detected (Figs. 9 &
10}). The results show clear evidence of reversed posi-
tions in the hierarchy depending on the time of panel
submersion. The colonial ascidians competitively
dominated in the species interactions and thus occu-
pied the topmost position in the hierarchy in autumn
and summer initiated panels. Reversals of positions of
brown algae, sponges and bryozoans also could be
detected in the autumn and winter initiated panels
(Figs. 9 & 10). In addition, the reversed positions of
sponges and brown algae in the hierarchy by the end
of the study also document a clear example of
time dependent competitive outcome on experimental
panels.



Nandakumar: Competition for space among sessile organisms 197

Competitive relationships

Competitive relationships among the ses-
sile organisms which developed on panel
surfaces suspended in different months and
were analyzed after 4 mo and at the end of
the study are given in Figs. 11 & 12. The com-
petitive relationships resulted in hierarchy on
panels suspended in all 4 seasons and ob-
served after 4 mo of submersion. The autumn
and summer initiated panels resulted in hier-
archy at the end of the study, while a lack of
hierarchy could be observed on panels
exposed in winter and spring. In winter the
competitive relationship resembled a net-
work (Fig. 12).

DISCUSSION

Species interaction and competitive
hierarchies

Sebens (1986) suggested that the ultimate
aim of studies on interspecific competition is
to explain community development and per-
sistence of multispecies systems through time.
The competitive hierarchies of taxonomic
groups on panels suspended during 4 seasons
were found to be different from one another
(Figs. 9 & 10). The orders of species hierarchy
were found to be different from those ob-
served in Australia by Russ (1982) and on an
earlier occasion at the present study area by
Nandakumar et al. (1993). The competitive
hierarchy observed in an earlier observation
carried out during autumn (from September
1991 to January 1992) from the same locality
showed the competitive dominance of colo-
nial ascidians, especially Diplosoma mit-
sukurii, followed by sponges, bryozoans,
brown algae, serpulid worms, and green al-
gae (Nandakumar et al. 1993). A more or less
similar type of hierarchy was reported from
Australia by Russ (1982). However, on the
panels suspended in autumn in the present
observation, the hierarchy changed with the
replacement of the second spot of sponges by
bryozoans at the end of the study (Fig. 10) and
by brown algae 4 mo after the panel initiation
(Fig. 9). This change could be due to the
change in time of panel initiation. In the ear-
lier study, the panels were initiated in Sep-
tember 1991 and observed for a period of
4 mo (Nandakumar et al. 1993).
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Fig. 5. Fluctuation of areal cover of sessile organisms on the sunlit faces
of panels suspended in April 1992 and monitored until December 1992.
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357 2y TRACE ORGANISMS

PERCENT COVER

1992 1992

Fig. 6. Fluctuation of areal cover of sessile organisms on the sunlit faces
of panels suspended in August 1992 and monitored until December
1992. Symbols and abbreviations as in Fig. 3
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Most of the earlier studies showed colonial ascidi-
ans as the most dominant organisms, occupying the
topmost position in the hierarchical order. However,
in the present study, this was not found to be true in
some of the panel sets which were initiated in differ-
ent periods of an year. In the present study, panels
initiated in winter and spring showed the branching
bryozoan Zoobotryon pellucidum as the competitively
dominant species at the end of the first 4 mo of
immersion (Figs. 11 & 12, Table 2). While the panels
initiated in winter resulted in a lack of hierarchy at
the end of the study, those initiated in spring resulted
in a co-dominance of the bryozoan Z. pellucidum and
the ascidian Botryllus schlosseri. Some earlier studies
have also shown a strong relationship between the
time of colonization of a species and its position in the
order of hierarchy (Sutherland & Karlson 1977,
Sebens 1986).

In a classic study on the succession of fouling organ-
isms on panels at Beaufort, North Carolina, USA,

abbreviations see Table 1

Sutherland (1974) reported the existence of multiple
stable points in a community. He also reported that the
order of larval recruitment played an important role in
determining the monopolizing species during the ini-
tial stages of community development. The present
study also showed the existence of seasonal effect on
the competitive relationship of sessile organisms
(reversals of positions in the hierarchical order; Figs. 9
to 12). The order of hierarchy varied widely both
between panels exposed in different seasons and with
their exposure time/duration (Figs. 9 & 10). Various
degrees of competence exhibited by the encrusting
organisms such as encrusting bryozoans and colonial
ascidians were primarily characterized by intransitive
relationships (Jackson & Buss 1975, Buss & Jackson
1979, Rubin 1982). That is, a competitive network per-
mits relatively high diversity levels in environments
with low levels of disturbance. The present study area
was a relatively well protected one with no strong
wave action and/or disturbance from predators such as
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Autumn Winter Spring Summer
nitinted initiated initiated initiated
Ascidia Bryozoa Bryozoa Ascidia
Ascidia
Brown B :
o ryozoa
algae Sponge Sponge
d bl
E' Bryuzoa Brown Brown Serpulid
E worms
8] algae algae
2 Sponge
- : Barnacles
2 1 Serpulid Ascidia S”pu!'d
I‘ worms worms
Barnacles .
Green algac Serpulids Barnacles
Barnacles
Green algac
Green

aluae

Fig. 9. Order of hierarchy among the taxonomic groups of ses-

sile organisims observed on panels initiated in different sea-

sons after 4 mo of initiation. Arrows point to the superior
groups

sea urchins or crabs (Nandakumar 1993). Therefore,
the probable reasons for this variation in the order of
hierarchy could be attributed to the change in seawa-
ter temperature at the time of panel immersion (Fig. 2),
and its impact on the biology and life cycles of various
organisms. Lower seawater temperatures might have
made the recruitment and growth of larvae of the
better competitors, such as colonial ascidians and
sponges, difficult.

In this locality, the seawater temperature recorded
reached nearly 13°C during winter, and around 28°C

NOV A FEB A
DT
oM]  [PJ] (7]
7
(18]
1
[ss] [id] _
- cs] [o1]

(eS| [BT] [SW] [AC]

AUG A

Fig. 11. Hierarchy observed on the panels after 4 mo of initia-
tion. Charts are prepared from the results of y° analyses.
Month of panel suspension is mentioned in the respective
hierarchy charts. For definitions of abbreviations see Table 1

Autumn Winter Spring Summer
initiated initiated initiated initiated
4 Ascidia Bryozoa Ascidia
Ascidia
g A
Bryozoa | Bryozoa
| Sponge
Brown % oan
% | algae Brown Serpulid
3] ? algae orms
g Sponge Serpulid I‘ Barnacles
T worms
Serpuhd
worms
Barnacles
Barnacles
Green
i B algae

Fig. 10. Order of hierarchy among the taxonomic groups of ses-

sile organisms observed on panels initiated in different seasons

and monitored until the end of the study. Arrows point to the su-

perior groups. ?: lack of clear competitive dominance or clear
hierarchy

during summer (Fig. 2). The initial recruits to the panel
surfaces during the cold seasons occupied a majority of
the panel area and might have prevented the recruit-
ment of fresh arrivals for a considerable period of time.
This resistance of initial recruits to fresh arrivals and
the slow growth and fast disappearance (Table 4) of
the late recruits might have led to the co-dominance or
lack of hierarchy on panels suspended in winter and
spring (Nandakumar 1993). More or less similar obser-
vations (with respect to the resistance offered by initial
recruits to latecomers) were made by Sutherland &

FEB

|s3l[s2|HS

»
[
|
|

AUG

Fig. 12. Hierarchy observed on the panels at the end of the
study. Charts are prepared from the results of x? analyses.
Month of panel suspension 1s mentioned in the respective
hierarchy charts. For definitions of abbreviations see Table 1
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Karlson (1977) from Beaufort Bay. In addition, organ-
isms such as sponges and ascidians (Gordon 1972,
Russ 1982, Sebens 1986) and bryozoans (Todd & Tur-
ner 1988) were reported to survive overgrowth for a
considerable period of time. This survival ability of ses-
sile organisms might also have contributed to the
observed seasonal trend in the present study.

Overgrowth interaction and its relationship
to species dominance

Biological interactions are considered to be one of
the major factors determining the species composition
in a given epifaunal community. Odum (1969) de-
scribed succession as an orderly and directional
process prone to physical disturbances and culminat-
Ing in a stable climax. This paradigm was however
challenged by Connell (1972). In another example,
while studying the fouling community at Beaufort Bay,
Sutherland (1974) reported the existence of multiple
stable points which were mainly governed by the pat-
tern of initial larval recruitment on a fresh substratum.
In my study, I compared species dominance patterns
(with respect to the area cover) to that of the outcome
of competitive interactions. Even though the period of
study was short as compared to many earlier studies on
succession, the results appear to be in agreement with
those of Sutherland (1974). That is, neither was the
development of community unidirectional nor was the
species dominance unimodal. But, the community was
a multispecies dominated one, with the dominance of
species of only short duration.

Species number increased significantly with time in
the first 4 mo after panel immersion (Table 2). How-
ever, in the winter initiated panels, the peak was
observed after 5 to 6 mo of panel immersion (Fig. 2). In
all the panels, after attaining the peak, the species
number reduced and fluctuated around an equilib-
rium. This pattern is in agreement with the results of
Osman (1977, 1978) and Hirata (1987), but contradicts
those of Schoener (1974). This pattern shows the rapid
successional changes occurring in the initial stages of
community development, mediated by intensive over-
growth interactions.

Some specific examples could be cited as to the
importance of the competitive interactions which
might have led to the elimination of species. In the
autumn initiated panels, disappearance of the algal
complex could be attributed to the overgrowth of the
colonial ascidian Diplosoma mitsukuril; in the winter
initiated panels, the disappearance of the algal com-
plex could be due to the overgrowth by the brown alga
Colpomenia sinuosa, and the disappearance of the
colonial ascidian Botryllus schlosseri could be attrib-

uted to the overgrowth of the branching bryozoan
Zoobotryon pellucidum. At the same time, the disap-
pearance of the colonial ascidian D. mitsukurii in the
autumn initiated panels could not be attributed to
overgrowth interactions because the interaction results
showed D. mitsukuril as the competitively dominant
species, not defeated by any other species. The results
showed that the dynamics of serpulid worms in the
panels were also arguable as far as the influence of
overgrowth interactions are concerned.

Thus, community development and succession could
be described as having multiple and short-lived spe-
cies dominancy periods. Even though competitive
interactions appear to be playing vital roles in govern-
ing the species composition at this locality, factors such
as the initial invaders of the substratum, the time of
panel initiation, and the duration of panel exposure
prove to be very important in determining the compo-
sition, succession, and/or development of the sessile
invertebrate community. Nevertheless, the seasonally
dependent competitive relationships found in the pre-
sent study among sessile organisms are highly inter-
esting and show the importance of timing panel
immersion and the pattern of initial recruitment on
competitive relationships in these types of organisms.
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