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ABSTRACT: The effects of neighboring organisms on the growth and mortality of 3 encrusting bryo-
zoan species, Celleporaria aperta, Schizoporella serialis and Watersipora subovoidea, were studied on
PVC panels suspended in an intertidal area of Tomioka Bay, Japan. A total of 24 isolated colonies of C.
aperta (i.e. from which neighbors were experimentally removed) and 27 colonies with neighbors, 8 iso-
lated colonies of S. serialis and 14 colonies with neighbors, and 6 isolated colonies of W. subovoidea and
6 colonies with neighbors were monitored during the experiment. In all, 11 species belonging to differ-
ent taxa were identified as the neighbors. C. aperta, S. serialis and W. subovoidea growing in the midst
of neighbors grew more slowly than did the corresponding isolated colonies. Of the 3 species grown in
the midst of neighbors, W. subovoidea showed the fastest growth rate while C. aperta showed the slow-
est. Growth in S. serialis when with neighbors was inversely related to the size of the colony at the time
of contact and directly related to the duration of contact (in days) with the neighbors, while no signifi-
cant relationship was obtained between its growth and length of interface with the colonies of neigh-
boring organisms. In the other 2 species, growth was not significantly related with the 3 factors men-
tioned above. Mortality rates were different among the 3 species. No mortality occurred in isolated
colonies of any of the 3 species, nor in colonies of W. subovoidea grown with the neighboring organ-
isms. In contrast, when with neighbors, nearly 15% and 7 % of colonies of C. aperta and S. serialis died,
respectively.
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Effects of neighboring organisms on the growth
of three intertidal encrusting cheilostome

INTRODUCTION

Competition among sessile invertebrates under sev-
eral environmental conditions has been widely studied
(Connell 1961, Dayton 1971, Stebbing 1973, Jackson
1977, Osman 1977, Russ 1982, Lopez Gappa 1989,
Myers 1990, Steneck et al. 1991). Growth of sessile
invertebrates on a space-limited substratum could ulti-
mately lead to competition for space (Underwood 1979,
1992) and/or for food (Buss 1979, Best & Thorpe 1986,
Peterson & Black 1987, Okamura 1988, 1992). As sug-
gested by Buss (1979) and Fréchette et al. (1992), the
competition is influenced by 2 interdependent factors,
food and space, and both of these play a significant
role in determining the structure of species assem-
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blage in any shallow and coastal water habitats
(Underwood 1979, 1992).

Though detailed information is available on the
processes of competition amongst sessile inverte-
brates, very little information exists on the fine-scale
effects of physical contact with neighboring organisms.
Important works in this line include Lutaud (1983},
Lidgard (1984), Harvell & Padilla (1990), Harvell (1992)
and Harvell & Helling (1993). The neighboring organ-
isms can, for instance, deplete local availability of food
to the suspension feeding community by interfering
with the feeding currents (Buss 1979, LaBarbera 1981,
Okamura 1984, 1985, Best & Thorpe 1986). They also
affect growth rate, survival, shape and reproductive
output of the sedentary organisms (Broom 1982,
Peterson 1982, Okamura 1986, Peterson & Beal 1989,
Zajac et al. 1989, Romano 1990, Alino et al. 1992).

For this study, colonies were grown on artificial sub-
strata without and with neighbors. Faster growth
enables sessile invertebrates to occupy the maximal
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available space on a hard substratum in the shortest
time. In a sessile invertebrate community, the rate at
which a species grows is considered to be an important
factor influencing its competitive superiority (Nan-
dakumar et al. 1993). Species that can grow fast while
in contact with neighbors might occupy a dominant
position by overgrowing them.

In the present study, the effect of a heterogeneous
assemblage on the growth of the 3 bryozoan species
Celleporaria aperta, Schizoporella serialis and Water-
sipora subovoidea was examined. Of the 3 bryozoan
species studied, W. subovoidea occupied a higher posi-
tion in the competitive ranking of the sessile fouling
community than the other 2 species (Nandakumar et
al. 1993). There are no other major types of competitive
mechanisms involved here than simple overgrowth
over the neighboring organisms. We therefore hypoth-
esize that while in contact with the neighboring organ-
isms, the faster a species grows, the higher the com-
petitive ability of that species is.

MATERIALS AND METHODS

This study was conducted in Tomioka Bay, southern
Japan (32° 33' N, 130° 01’ E). A description of the study
area is given in Nandakumar et al. (1993). The present
study was carried out for a period of 4 mo in winter
(from 5 December 1991 to 31 March 1992) when the
seawater temperature varied from 13.2 to 18.4 °C.

Experimental design and measurements. Sixteen
plastic (PVC) panels, each measuring 12.5 x 12.5 x
0.3 cm, were suspended 1 m below the water surface
from a floating platform. The surfaces of the panels were
roughened with sandpaper. A number of colonies of
Celleporaria aperta, Schizoporella serialis and Water-
sipora subovoidea along with other fouling organisms
settled on the panels within 6 wk. The neighbors be-
longed to 4 taxa/groups: algae, polychaetes, bryozoans,
and ascidians. Panels were brought back to the labora-
tory and kept in running seawater to prepare experi-
mental colonies. To obtain solitary colonies on the pan-
els (hereafter referred to as isolated colonies), all the
neighboring organisms were removed using a scalpel.
To prepare colonles with their neighbors (hereafter
referred to as mixed), all organisms except those in a
3 cm diameter area around the target colony/colonies
were removed. This limited fouling settlement around
each colony, restricted the encroachment of other foul-
ing organisms to the experimental systems and pre-
vented large variability in size among the competing
species. The mixed and isolated colonies were grown
together on the same panel surfaces.

In these experiments, 24 isolated and 27 mixed col-
onies of Celleporaria aperta, 8 isolated and 14 mixed

colonies of Schizoporella serialis and 6 isolated and 6
mixed colonies of Watersipora subovoidea were moni-
tored. The positions of all colonies were marked using
a numbered grid (1 cm? dot interval) on a transparent
acrylic sheet the same size as the panel. This was laid
over the panel to fix the exact positions of the colonies
during observations. Panels were put in a tray contain-
ing seawater while the colonies were traced under a
stereomicroscope. The panels were observed 5 times
during the study at about 2 wk intervals after suspen-
sion (42, 56, 70, 82 and 96 d). A list of the neighboring
species and the type of interactions involved among
these and the 3 bryozoan species is given in Fig. 1.

During each observation, newly settled organisms
were removed using a scalpel so as to keep the exper-
imental design intact. The fresh settlement mainly
included microalgae or microscopic forms of the
macroalgae, juvenile forms of fouling organisms and
organic matter. Each observation involved retrieval of
the panels, removal of fresh settlers, tracing colonies
and their contacting neighbors and returning the pan-
els to the site. Mortality was also noted during each
observation which took about 36 to 48 h to complete.

From the sketches of the experimental panels the
areas of colonies were calculated using a digitizer.
From the changes in area, the growth (in area) of each
colony was calculated. The length of contact or inter-
face of each colony with its neighbors (i.e. the length of
contacting edge) was measured at the final observa-
tion and expressed as the percentage of perimeter of
the colony. This is a measure of intensity of over-
growth. The growth rate is defined as the increase in
area of the bryozoan colonies, since they are encrust-
ing in nature.

The thickness at the growing margin (0.5 to I mm
inside the perimeter) was measured at the end of the
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Fig. 1 Results of interactions between the neighbors (listed
above the matrix) and the 3 bryozoan species (left side of the
matrix). Arrows indicate the dominant winner (after x* test).
NS: no significant winner; FR: fusion, but forms erected
ridge; F: fusion; OG: overgrowth by either colony of the same
species; blank spaces: no interaction observed (data source:
Nandakumar et al. 1993, Nandakumar unpubl. data). Algae:
Colpomenia sinuosa, CS; Enteromorphasp., ES; algal complex,
AC. Polychaeta: serpulid worms, SW. Bryozoa: Bugula califor-
nica, BC; Celleporaria aperta, CA; Schizoporella senalis, SS;
Watersipora subovoidea, WS. Ascidia: Perophora japonica, PJ;
Diplosoma mitsukurii, DT, Botryllus schlosseri, BS
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experiment using a micrometer attached to the focus-
ing cylinder of a microscope (+ 2 nm). By initially focus-
ing on the bare plate and then on the growing margin,
the difference in readings could be taken as the thick-
ness of the margin of the colonies.

During this study, the growth rate of bryozoan
colonies was calculated using the formula

S = ebt+a

where Sis the size of the colony, e is the initial size, e’
is time in days and e® is the increase in colony size per
day or growth rate.

Calculation and statistics. Data on sizes of isolated
and mixed colonies were linearized by log transforma-
tion. Regression coefficients of log colony size vs time
for growth of each colony were calculated. Thus each
colony provided single a and b values or intercept and
slope, respectively. Only the slopes (= growth rates, b)
were compared because the intercept depends on the
exact time of contact between the test colonies and the
neighboring species. This was not known (subject to
an error of a sampling interval).

The b values of the isolated colonies of each species
were compared with those of the mixed colonies of the
respective species using an unpaired 1-tail ¢-test (Sokal
& Rohlf 1981). The mean reduction in growth rate of
the mixed colonies as compared to their isolated coun-
terparts was calculated from the ratio e’ mixed /e®iso-
lated. In order to compare the growth rates (b) of the 3
species, a t-test was done on the b values (mixed and
isolated colonies of the 3 species compared sepa-
rately). In addition, the relationship between growth
rate of the mixed colonies and their size at the time of
contact, duration of contact and final length of inter-
face with neighbors were tested using simple regres-
sion analysis.

RESULTS
Vertical relief

Among the 3 cheilostome bryozoan species studied
here, Celleporaria aperta was found to produce axial
buds while the 2 other species, Schizoporella serialis
and Watersipora subovoidea, produced only frontal
buds. Thus the mixed C. aperta colonies showed a
linear increase in thickness with area (r* = 0.861, p <
0.001, n = 27). However, the thickness of control
(isolated) colonies (1.202 + 0.24 mm) was not sig-
nificantly different from the mixed colonies (1.135 +
0.23 mm) (ANOVA, F,,9 = 0.0796, p = 0.38). In the
study area, the average thickness of W. subovoidea
and S. serialis was 1.48 = 0.27 and 1.20 = 0.30 mm,
respectively.
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Fig. 2. Average growth (x SD, vertical bars) of bryozoan

colonies grown with and without neighbors during the exper-

iment. CA: Celleporaria aperta; SS: Schizoporella serialis;
WS: Watersipora subovoidea

The average growths of isolated and mixed colonies
with time are plotted in Fig. 2. It is clear that the
growth in isolated colonies of Celleporaria aperta and
Schizoporella serialis was significantly higher than
their mixed colonies. But, in Watersipora subovoidea,
such a significant difference between isolated and
mixed colonies was not observed in the graphs. The
mean growth rates of 3 species while isolated and
mixed were 0.069 = 0.0151 and 0.0195 + 0.0101 mm?*
d~! (C. aperta), 0.0538 + 0.0142 and 0.0214 + 0.0185
mm? d~! (S. serialis) and 0.0657 + 0.058 and 0.0465 =
0.0057 mm? d~! (W. subovoidea). The t-test between
the b values of isolated and mixed colonies of the 3
species showed significant difference (t = 13.57, p <
0.001; t=4.27, p < 0.001 and t = 5.78, p < 0.001 for C.
aperta, S. serialis and W. subovoidea, respectively).
However, the mean reduction in growth among the
mixed as compared to the isolated colonies of the 3
species followed the order W. subovoidea (29.22 %) >
S. serialis (60.22 %) > C. aperta (70.28 %).

The comparison of growth rates of the 3 species
while isolated and mixed gave the following results.
While there were significant differences between the
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and the final lengths of interfaces with the neighbors
are given in Fig. 3. While the colony sizes at the time of
contact with neighbors and the lengths of interfaces

growth rates of isolated colonies of Watersipora sub-
ovoidea and Schizoporella serialis (t-test, p < 0.05) and
S. serialis and Celleporaria aperta (t-test, p < 0.05), no

significant difference was detected between the between the neighboring organisms were found to
growth rates of W. subovoidea and C. aperta (t-test, p have a trend of inverse relationship with growth rate,
= 0.36). But, for the mixed colonies, while there were the duration of contact with the neighbors had no sig-
significant differences between W. subovoidea and S. nificant adverse effects on growth rates (Fig. 3). How-
serialis and W. subovoidea and C. aperta (t-test, p < ever, in Schizoporella serialis statistically significant

relationships were observed between growth rate and

0.001), no significant difference was detected between
the colony size at the time of contact and duration of

S. serialis and C. aperta (t-test, p = 0.14).

The relationship between the growth rates and sizes contact {see Fig. 3 for r* and p values).
of test colonies at the time of contact with neighbors (+ Mortality among the mixed colonies during the
10 d, 1 sampling interval), their durations of contacts experiment was minimal for all 3 species studied.
oss CA SS WS
.04 06 058
® o 5 = ' [J =-.0001x +.0359,r2= .4 ¢
04 y=-18838 107 + .szis,rZ_ 1162 o YO R T 056 y =-1.3091x 1075 + .0515,r% = .1645
035 n=27; p=0.082 .05 n=14;p=0.015 n=6;p=0.425
2 054
£ % @
s s @ 052
Ed = s 05
e T z
o - =}
<) =048
< = o
© o @D 046 b
2 = °
[} 044
®
0 ey d — 012] o
L hd 04
01 2 3 4 5 6 7 8 9 0 1 2 8 a4 5 8 7 8 150 200 250 300 350 400 450 500 550 600
CA initial colony size (cm 2 SS colony size tem?) WS colony size (em® )
045 .06 058
o y = .0003x + .01,r* = 078 [ y = .0009x — .023,% = .2932 3 y = .0005x + 0222, 2 = .4737 J
’ n=27;p=0158 .05 n=14; p = 0.046 056 n=6;p=0.131
g 0 054
g ° ® o
s Gle ° ® o & S a2
£ .025 ® el <
Z g -///,./t E 3 0
e [ J 5 S
= [ ] = S
3 018 ’ ! O 8 048 .
e » .046
© olg 7] E3 PY
005 ] @ 044
0le— il 042 Y
° hd 04
25 30 35 40 45 50 55 25 30 35 40 45 50 55 38 40 42 44 46 48 50 52 54 56
Duration of contact fdays) Duration of contact (days Duration of contact (days)
045 .06 058
04 ® - 0001x + 0234, 2= 0725 ° ® y--.0001x+.0237, = 0029 23 i
n=27;p=0174 05 n=14;p =0.855 6 y = —2.5377 1075 + .0476,% = .0054
035 54 n=6;p=0.890
g 0a]® o® ° 5 o4 8
£ o5 ® z ° g 052
< ° ® 5 03 5 .
= ° =] ® A .05
z 02 ] 3 'L ES
2 5 ° LX) ® o 2 02 \\'i S o
& e o e < ° <
w [} Qo4 —\’—\‘
g o ° %ot @ z 6 °
005 ° ® o (144
ot — A -1 i ®
0] — e 042 °
[ 4 0
+
0 10 206 a0 .=;. 50 60 70 B0 90 100 a0 30 40 50 60 70 80 20 30 40 50 60 70 80
Len:thnrexif 1}r11£erffa‘(-:- 'I‘\'th the Length o_finterf.alcr.- }\-ith the Length of interface with the
ghbors (% neighbors (% neighbors (%

Fig. 3. Regression analysis of the relationship between the growth rates of 3 bryozoan species (CA: Celleporaria aperta;

SS: Schizoporella serialis; WS: Watersipora subovoidea) and their initial colony sizes at the time of contact with the neighbors,

duration of contact and length of interface (as % of colony penmeter) with the neighboring organisms. Each column corresponds
to the bryozoan species abbreviated at the top
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Table 1. Mortality of the 3 bryozoan species during the experiments. A: control colonies grown individually; B: colonies grown
with neighbors; N: initial number of colonies

Species Type N No. of colonies which died during Total Y%
observation period of:
42d 56 d 70 d 82d 96 d

Celleporaria aperta A 21 0 0 0 0 0 0

B 27 0 0 0 2 2 4 14.8
Schizoporella serialis A 6 0 0 0 0 0 0

B 14 0 0 0 0 1 1 7.1
Watersipora subovoidea A 6 0 0 0 0 0 0

B 6 0 0 0 0 0 0 0

However, the data showed that the death of test
colonies occurred towards the end of the experiment
(4th and 5th observations; Table 1), i.e. after experi-
encing a prolonged contact with neighbors. A total
mortality of 14.8% was observed in the Celleporaria
aperta colonies while 7.1 % mortality was observed in
the colonies of Schizoporella serialis. No mortality was
observed in the mixed colonies of Watersipora sub-
ovoidea or in 1solated colonies of the 3 species.

DISCUSSION

Among colonial organisms living next to other spe-
cies, growth is reported to be notably retarded (Oka-
mura 1992). However, reports suggesting enhanced
survival of colonies with increasing density of con-
specifics in bryozoans are also available (Buss 1981,
Keough 1986). Buss (1990) mentioned that the effect of
competition is very evident when one of the competing
colonies ceases to grow or dies.

In this study, the 2 species of bryozoans (Celleporaria
aperta and Schizoporella serialis) living in association
with the neighbors showed significant reduction in
growth as compared to their isolated counterparts
(Fig. 2 and t-test results). The third bryozoan species,
Watersipora subovoidea, was found to be least affected
by the contact of neighbors (Fig. 2). Sebens (1986) and
Nandakumar et al. (1993) observed that the growth
rate of a species plays an important role in the success
of interspecific competition. Among 3 species studied
here, W. subovoidea showed significantly better
growth than the other 2 species while grown with
neighbors. In an earlier study on interspecific competi-
tion among sessile organisms from the same study
area, W. subovoidea was shown to occupy a higher
rank in the competitive hierarchy than the other 2 spe-
cies (Nandakumar et al. 1993). These results thus bring
out the importance of growth rate in the competitive

success of these 3 species and agrees well with the
hypothesis tested during the study.

Reduced growth observed in the bryozoan colonies
while in contact with neighbors could be due to the
physical contact of the neighboring organisms result-
ing in the death of the marginal zooids (Karande &
Udhayakumar 1992), the production of chemical toxins
by the neighboring ascidians and sponges (Jackson &
Buss 1975), or the interference in feeding current
(Okamura & Doolan 1993). In the present study, since
the area of fouling settlement around the test colonies
was limited to 3 cm diameter, most of the neighboring
species appearing within this area made physical con-
tact with the test organisms. The reduced growth rates
observed among the mixed colonies was thus attrib-
uted to the physical contact with the neighboring
organisms.

The cheilostome bryozoan Membranepora mem-
branacea L. has been well studied for the finer changes
occurring at the growing margins of colonies by
Harvell & Padilla (1990), Harvell et al. (1990}, Harvell
(1992) and Harvell & Helling (1993). Harvell & Helling
(1993) stated that reproduction is induced at the dam-
aged sites of colonies. This behavior, however, was not
found to be uniform, and they concluded that repro-
duction depended on the configurations of the dam-
aged edges. They also reported enhanced reproduc-
tion rates at the contact points with conspecifics.

In the present study, bryozoans living in contact with
their neighbors showed a significant reduction in
growth. The growth rate showed a negative relation-
ship with the length of interface and size of colonies at
the time of contact with the neighboring organisms
(Fig. 3). However, the duration of contact showed a
positive relationship with the growth rate among the 3
species. The results of these analyses show one clear
point, i.e. that the length of interface and the colony
size at the time of contact are the more important fac-
tors influencing growth rate in these 3 species of bryo-
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zoans than the duration of contact with the neighbors.
The importance of colony size on the competitive suc-
cess of sessile organisms has been well documented by
Buss (1980).

In short, the results of this experiments showed that
similar groups of neighboring organisms caused
effects of varying extents on the 3 bryozoan species.
That is, in spite of having close similarities in the
nature of growth (all 3 are encrusting cheilostomates),
the effect of similar groups of neighbors differed con-
siderably.

Earlier studies on bryozoans reported incidence of
high mortality in crowded situations (Rubin 1985,
Harvell et al. 1990, Karande & Udhayakumar 1992). In
the present study, however, more mortality was
observed among the competitively inferior species
Celleporaria aperta and Schizoporella serialis towards
the end of the experiment (Table 1). Colony mortality
increased with the duration of contact with the neigh-
bors (Table 1). This again leads us to believe that the
longer the duration of contact with the neighbors, the
more severe its effect on a colony's longevity.
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