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ABSTRACT: Celleporella hyalina colonies growing on Fucus serratus were collected from the field and 
induced to release larvae in the laboratory. From these larvae, colonies were established on glass slides 
and each cloned by fragmentation. Growth and sexual activity of genotypic replicates in each of 4 envi- 
ronments were monitored for 12 wk. The environments, representing seasonal contrasts in the field, 
were created from the 4 combinations of lower/higher temperature and lower/higher food supply. 
Growth, measured as the production of basal autozooids (responsible for feeding), and sexual activity, 
measured separately as the production of basal male, frontal male and female zooids, were significantly 
affected by genotype and environment. Genotypes differed in colonial growth rate and in the numbers 
of male and female zooids produced per colony. Within genotypes, growth was fastest at higher tem- 
perature and food supply. Higher food supply encouraged the production of autozooids and sexual 
zooids. Higher temperature strongly encouraged female production, but not male. Male production 
was greatest at higher food supply combined with lower temperature, when female production was 
very low. Colonies maturing in 'summer' conditions therefore invested heavily in females whereas 
those maturing in 'winter' conditions invested heavily in males. This phenotypic response might pro- 
mote fitness by ensuring that quantities of females are not produced under environmental conditions 
that would prolong embryogenesis and brooding beyond a critical time limit set by risks of colonial 
mortality. On the other hand, overlapping generations and sperm storage would provide opportunity 
for cross fertilization even dunng winter, when it would pay to invest in males. The genetically based 
component of variation in sexual allocation in C. hyabna may reflect polymorphism sustained by vary- 
lng mating opportunities. 
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INTRODUCTION 

Life-history traits, including the allocation of 
resources to somatic, male and female functions, show 
rich, natural variation (Stearns 1992). Theory predicts 
phenotypic adjustment of allocation to particular cir- 
cumstances encountered by individuals and genetic 
adjustment to more general circumstances encoun- 
tered by generations (Sibly & Calow 1986). It is, there- 
fore, necessesary to partition the phenotypic and 
genetic components in order to understand observed 

patterns of variation in life-history traits. For organisms 
such as most insects and vertebrates that can be prop- 
agated only by sexual reproduction, efficient partition- 
ing of phenotypic and genetic components of variation 
requires protracted breeding programmes (Falconer 
1989). Effective partitioning, at less expense, can be 
achieved when clonal propagation is possible. In this 
case, the response of each genotype sampled and 
replicated from within 1, sexually produced, genera- 
tion can be measured over a range of environmental 
conditions (Stearns 1992). This methodology is readily 
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applicable to aquatic, colonial invertebrates which, 
because of their modularity (sensu Harper 1977), can 
be propagated by division and continually monitored 
for their allocation to somatic or reproductive functions 
simply by counting the modules (Hughes 1989). We 
used this protocol to assess phenotypically and geneti- 
cally based variation in sexual allocation within a pop- 
ulation of the cheilostome bryozoan, Celleporella 
hyalina (L.). 

Celleporella hyalina is an encrusting bryozoan that 
in British waters typically lives on the fronds of the 
kelp Laminaria saccharina or of the fucoid Fucus serra- 
tus (Cancino 1986). It exhibits complete modular parti- 
tioning of feeding, male and female functions (Cancino 
& Hughes 1988). Colonies are comprised of a basal 
layer of feeding autozooids, from which easily dis- 
tinguishable male and female zooids are budded 
frontally, forming a second layer on top of the colony. 
Also, large numbers of males are formed in the basal 
layer by distal budding (basal males) and a few feed- 
ing zooids in the top layer by frontal budding (frontal 
autozooids). The sexual zooids are incapable of feed- 
ing. Counts of zooidal morphs thus serve to estimate 
relative investment into somatic, male and female 
functions (Hughes & Cancino 1985). 

Sexual allocation in Celleporella hyalina varies 
inter-colonially and seasonally (Cancino & Hughes 
1987). Using cloned replicates in the field D. J. Hughes 
(1992) produced some evidence of a genotypic compo- 
nent to this variation, but uncontrollable variables con- 
founded partitioning from environmental effects. We 
therefore repeated the experiment in the laboratory, 
with accurately controlled environmental conditions 
chosen to simulate seasonal contrasts in factors 
thought to have major influences on colonial growth 
and sexual allocation. We interpret the phenotypic 
component of variation in sexual allocation as an adap- 
tive response to seasonal conditions and discuss the 
genetic component in relation to mating opportunities. 

MATERIALS AND METHODS 

Celleporella hyalina colonies, attached to micro- 
scope slides, were cultured in the laboratory at 18OC 
on a diet of Rhodomonas baltica (Karsten) using the 
methods described in Hunter & Hughes (1993a). Hav- 
ing grown to a size of 10 to 15 mm2, each colony was 
divided into 4 using a hand-held, diamond-pointed 
cutter to make the planes of fracture pass through 
the bryozoan colony. Chips bearing the quartered 
colonies were then glued onto a second microscope 
slide (76 X 39 mm) using silicone sealant, with 2 geno- 
types per slide. On being returned to the culture 
tanks, the divided colonies were allowed to regener- 

ate until they had grown down onto the second glass 
surface. In each case, the glass chip bearing the origi- 
nal colonial fragment was then scraped away along 
with any extraneous silicone sealant, and the remain- 
ing colony reduced to < 8  feeding autozooids, all sex- 
ual zooids being carefully removed. In this attempt to 
standardize the condition of propagules a small clus- 
ter of autozooids was left on a flat, uniform surface. 
Slides bearing the newly formed colonies were 
stacked in plastic, histological staining racks and 
transferred to experimental tanks where they were 
subjected to contrasted environmental conditions. 
Colonies were spaced at least 30 mm apart, within or 
between slides, in order to eliminate the interaction of 
feeding currents (Okamura 1988). 

Temperature and food supply were chosen as physi- 
ologically relevant environmental variables that could 
be controlled with precision; food quality and quantity 
already having been shown to significantly affect colo- 
nial growth in the laboratory (Hunter & Hughes 
199313). 

Two extremes of temperature and of food supply, 
chosen to represent seasonal contrasts, were tested 
for their relative effects on measures of somatic 
growth and sexual allocation. All 4 combinations of 
temperature and food supply, hereafter referred to as 
'environments' (Table l ) ,  were used so that indepe- 
dent and interactive effects of the 2 factors could be 
assessed (but see below for statistical limitations). 
Since all colonies previously had been maintained at  
18"C, those destined for the lower-temperature envi- 
ronments were taken down gradually to B°C over a 
period of 1 wk in order to avoid temperature-shock 
reactions. It was assumed that fine-scale, microenvi- 
ronmental variation at the level of the glass slide was 
insignificant, but as a precaution, slides were rotated 
in position when the algal suspension was replaced 
thrice weekly (Hunter & Hughes 1993a). The number 
of colonies we could propagate and process within the 
time available was limited. On the one hand, how- 
ever, a relatively large number of genotypes was de- 
sirable to increase the chance of contrasts being rep- 
resented. On the other hand, a relatively large 
number of replicates was desirable to gauge intra- 
genotypic variation within treatments. A compromise 

Table 1. Specifications of the 4 experimental environments 
used to investigate colonial growth and sexual allocation in 
CeUeporeUa hyalina. 'Cells' are of the alga Rhodomonas baltlca 

E l 8°C 10 cells p1 ' 
E 2 8°C l00 cells pl - '  
E 3  18°C 10 cells p1-' 
E4 18°C 100 cells p1-' 
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was reached as follows. Twenty-six genotypes, each 
derived from a sexually produced larva settled in Oc- 
tober 1989 (methodology in Hunter & Hughes 1993131, 
were represented by 1 colony per environment. An 
extra, relatively fast-growing genotype was propa- 
gated into 24 daughter colonies. Six of these clone- 
mates were placed in each environment, along with 
the 26 non-clonemates. All colonies therefore re- 
ceived identical treatment and were measured in the 
same ways, as follows. 

At weekly intervals, colonies were drawn with the 
aid of a camera lucida and counts were made of basal 
autozooids, frontal autozooids, basal males, frontal 
males and females. The experiment ran for 12 wk, after 
which time it became impossible to accurately count 
the zooids of the largest colonies and, moreover, 
colonies began to fragment through localized die- 
back. 

Somatic allocation was scored as the final numbers 
of basal and frontal autozooids produced, the first also 
being taken as the measure of colony size at the end of 
the experiment. Sexual allocation was scored as the 
ratio of the final number of sexual zooids to the number 
of basal plus frontal autozooids. Gender allocation was 
scored similarly, but separately for male and female 
zooids. Other ecologically important parameters, 
including colonial age and size when producing the 
first males and females, are considered elsewhere 
(Hunter 1991, Hunter & Hughes 1995). 

Relationships between allocation and the 2 environ- 
mental factors, Temperature and Food, were examined 
by Generalized Linear Model (GLM, Minitab 1985). 
Temperature, Food and Genotype were treated as 
fixed, crossed factors. As genotypes were unreplicated 
within environments, Temperature and Food were 
tested against Temperature X Genotype and Food X 

Genotype respectively. Temperature X Food was 
unreplicated and so could not be tested for signifi- 
cance. Temperature X Food X Genotype was equated to 
residual error and this was used to test the significance 
of Genotype X Temperature and Genotype X Food. 
Logarithmic transformation was used to normalize dis- 
tributions and equalize variances. 

In the set of different genotypes, frontal males were 
produced only by 57.7% of colonies and females by 
50.0 %, the data matrices containing too many zeros to 
justify statistical treatment of allocation as a continu- 
ous variable. GLM analysis therefore was based on the 
presence/absence of frontal males and females in each 
colony at the end of the experiment, using a binomial 
error distribution, the deviance for each term being 
treated as x2 (Genstat 1987). 

The relative importance of factors and their inter- 
actions was further assessed from their percentage 
contributions to total variance or deviance. 

RESULTS 

General patterns of colonial growth and 
sexual development 

The final size of individual colonies ranged from 14 
to 2115 basal autozooids. When averaged across envi- 
ronments, there was an order-of-magnitude difference 
in final size between the slowest and fastest growing 
genotypes. 

Sexual development began once a number of basal 
autozooids had accumulated. Basal males were the 
first to appear, in some cases within the first week of 
colonial growth. Frontal males started to appear 
shortly after basal males, usually about the third week, 
but generally were much less numerous than basal 
males. Female zooids were produced from the third to 
fourth week onwards. 

Performance of genotypes 

The final number of basal autozooids was signifi- 
cantly influenced by Temperature, Food and Genotype 
(Table 2a). Temperature was by far the most important 
factor, followed by Food and the interaction between 
Temperature and Food (Table 3a). Higher temperature 
combined with higher food concentration promoted 
the fastest colonial growth (Fig. 1). Frontal autozooids 
(Fig. 1) were produced by relatively few colonies and 
their final abundance was significantly influenced only 
by colonial Size (Table 2a). 

Basal male allocation was significantly influenced 
by Size (Table 2a), the negative regression coeffi- 
cients differing significantly among environments 
(F3,96 = 5.9, p = 0.001) and being steeper at lower food 
concentration (Fig. 1).  The effect of Food was highly 
significant, whereas those of Temperature and Geno- 
type were only marginally so (Table 2a). Size ac- 
counted for 56.7 % of total variance, followed by Food 
and the interaction between Temperature and Food 
(Table 3a). Allocation was far greater when higher 
food concentration coincided with lower temperature 
(Fig. l ) .  

The number of colonies producing frontal males was 
significantly influenced by Food, Genotype and Tem- 
perature X Genotype (Table 2a). Food accounted for 
71.6% and Temperature X Food 10.7 % of total vari- 
ance (Table 3a). More colonies bore frontal males a t  
higher food concentration, but only 7 produced frontal 
males when lower food concentration coincided with 
higher temperature (Fig. 1). Frontal male production 
was the only measure of performance in which a geno- 
type/environment interaction accounted for more vari- 
ance than genotype itself (Table 3a).  
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Table 2. Celleporella hyahna. Probabilities of F-ratios [ X *  in last 2 columns of (a ) J  for the experimental factors Temperature, Food, 
their interact~ons and, where appropriate. the covariate colonial Slze. Dashes signlfy interactions that could not be quantified 
because the fdilure of many colonies to produce frontal autozooids generated an excessively unbalanced data set. Numerical 
entries are regarded as marginally significant (p < 0.1). "'p < 0.001, "p < 0.01, 'p  <0.05, ns non-significant. T X G, F X G: 

interdction terms for Temperature or Food and Genotype 

(a) Genotypes Basal Frontal Allocation to No. of colonies producing: 
autozooids autozooids basal males Frontal males Females 

... Size . . m  

Temperature S.. ns 0.082 ns . . m  

S.. S.. S.. Food ns 0.075 ... Genotype ns 0.053 . . . . m  ... T x G  ns - ns ns 
F x G  ns - ns ns 0.085 

(b) Replicates Basal Frontal Allocation to Allocation to Allocation to 
autozooids autozooids basal males frontal males females 

. m .  ... Size ns 0.054 
. m .  . . S.. . . Temperature ns ... ... Food 0.055 0.054 ns 

autozooids 
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Fig. 1 CeIleporella hyalina. Clonal performance. Each bar represents one of the 4 environments listed in Table 1. N: final num- 
ber of basal autozooids per colony, 'active clones'. number of clones producing specific zooidal types, 'allocation' (basal male 
zooids)/(basal+frontal autozooids). For basal autozooids, unadjusted means are presented with standard errors. Colony size was 
a significant covariate with frontal autozooids and basal males. In the cases of frontal autozooids slopes were not significantly dif- 
ferent among environments and so adjusted means are given, but in the case of basal males slopes were significantly different 

and therefore regression lines are displayed 
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Table 3. Celleporella hyalina. Percentage of variance [deviance in last 2 columns of (a)]  accounted for by the experimental 
factors Temperature, Food and Genotype, their interactions and, where appropriate, the covariate colonial Size. Entries in bold 
type signify statistically significant effects (see Table 2). Dashes signify interactions that could not be quantified because failure 

of many colonies to produce frontal autozooids generated an excessively unbalanced data set 

(a) Genotypes Basal Frontal Allocation to No. of colonies producing: 
autozooids autozooids basal males Frontal males Females 

Size 86.4 56.7 
Temperature 65.7 0.2 1.4 0.6 67.4 
Food 21.7 6.4 32.7 71.6 9.3 
T x F  9.3 - 6 5 10.7 9.9 
Genotype 2.0 4.0 1.2 6.7 7.1 
T x G  0.5 - 0 4 8.7 2.2 
F x G  0.4 - 0.5 1.7 4.1 
Error 0.4 3.0 0 6 0.0 0.0 

(b) Replicates Basal Frontal Allocation to Allocation to Allocation to 
autozooids autozooids basal males frontal males females 

Size 23.9 0.4 21.0 87.7 
Temperature 86.4 15.9 4.2 43.2 1.2 
Food 2.0 50.0 67.5 21.0 4.6 
T x F  11.1 8.6 27.7 9.8 0.1 
Error 0.5 1.6 0.2 5.0 6.4 

The number of colonies producing females was 
highly significantly influenced by Temperature and 
Genotype and marginally significantly by Food and 
Food X Genotype (Table 2a). Temperature accounted 
for 67.4 % of total variance followed by Temperature X 

Food at 9.9% (Table 3a). Very few colonies bore 
females at the lower temperature (Fig. 1). At the higher 
temperature, female production was strongly en- 
hanced by higher food concentration. 

Performance of replicates 

The final number of basal autozooids was highly sig- 
nificantly influenced by Temperature and marginally 
so by Food (Table 2b). Temperature accounted for 
86.4% of total variance, followed by Temperature X 

Food at 11.1 % (Table 3b). Higher temperature pro- 
moted faster growth, particularly when in combination 
with higher food concentration. The final number of 
frontal autozooids was significantly influenced by Size, 
Temperature and Food (Table 2b). Food accounted for 
50.0% of total variance, followed by Size, Tempera- 
ture, then Temperature X Food (Table 3b). More frontal 
autozooids were produced by larger colonies and at 
higher food concentration, particularly when also at 
lower temperature. 

Basal male allocation was significantly influenced by 
Temperature and Food (Table 2b). Food accounted for 
67.5OI0 of total variance, followed by Temperature X 

Food at 27.7 % (Table 3b). Allocation was high when 

higher food concentration coincided with lower tem- 
perature, but was minimal in the other environments. 

Frontal male allocation was significantly influenced 
by Temperature and marginally so by Size and Food 
(Table 2b). Temperature accounted for 43.2% of total 
variance, with Size and Food each accounting for 
21.0% (Table 3b). Allocation was greater in larger 
colonies and at higher food concentration, particularly 
when in combination with lower temperature. 

Female allocation was significantly influenced only 
by Size (Table 2b), which accounted for 87.7 % of total 
variance (Table 3b). 

Comparison between replicates and genotypes 

The genotype replicated within environments 
(Tables 2b & 3b) followed the same general trends in 
performance shown by the other genotypes (Tables 
2a & 3a).  Colonial growth increased in strong re- 
sponse to higher temperature and in lesser extent to 
higher food concentration. Basal male production was 
much higher when higher food concentration coin- 
cided with lower temperature. Frontal male produc- 
tion, also, was elevated by higher food concentration. 
Basal male production was negatively influenced by 
colonial size, although significantly so only for the 
unreplicated genotypes. The major difference con- 
cerned the production of females. Among unrepli- 
cated genotypes, higher temperature strongly in- 
creased the incidence of female production, although 
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Table 4. Celleporella hyalina. Allocation trade offs. (a) Sexual the highly significant effect of Genotype showed that - -  - 
versus somatic allocation. AS both variables, ln (sexual there was substantial variation in this response, The 
zooids/autozooids) and In (basal autozooids), were subject to replicated genotype produced females in all environ- 
sampling error, geometric-mean regression analysis was used 
(Ricker 19731. fbl Male versus female allocation. The relation- and increased in proportion , \ ,  

ship between numbers of male and female zooids produced to colonial size. 
was investigated by stepwise regression on logarithmically 
transformed data, using the number of males as the de- 
pendent variable and number of basal autozooids and female 

zooids as first and second dependent variables 

Slope t-ratio d f P 

(a) Sexual vs somatic allocation 
Genotypes -0.237 11.10 102 <0.0001 
Replicates -0.237 4.81 22 <0.0001 

(b) Male vs female allocation 
Genotypes 

Basal males 
Autozooids 0.450 3.36 0.001 
Female -0.001 0.02 0.984 

Frontal males 
Autozooids 0.720 4.09 <0.0001 
Female 0.124 1.27 0.207 

Repl~cates 
Basal males 

Autozooids 5.200 2.94 2 1 0.008 
Female -2.070 3.13 21 0.005 

Frontal males 
Autozooids 3.500 3.41 2 1 0.003 
Female -1.030 2.63 21 0.016 

basal autozooids 

frontal males 

Allocation trade offs 

Sexual versus somatic allocation. There was a 
highly significant, negative association between sex- 
ual allocation and final colonial size both among geno- 
types and replicates (Table 4a). Moreover, the repli- 
cated genotype equalled the best of the other 
genotypes in speed of colonial growth, but was below 
mid range in sexual allocation (Fig. 2). Colonies, there- 
fore, achieved faster growth at the expense of sexual 
allocation. 

Male versus female allocation. This trade off was 
examined using stepwise regression, on data pooled 
across environments, to assess the effect of female pro- 
duction on male, once the effect of colonial size had 
been accounted for. A significant, negative relation- 
ship between male and female production was found 
among colonies of the genotype replicated within envi- 
ronments, but not among those of the other genotypes 
(Table 4b). Evidence for this trade off, therefore, was 
equivocal. 

basal males 

females 

0.7 I 
n Fig. 2. Celleporella hyalina. 

Inter- and intragenotypic 
variation. Maximum and 
minimum values of perfor- 
mance (defined in 'Materi- 
als and methods') are plot- 

. ,.....' 
.:o ...,, . ,O.  .... 

. 0 .. 0 ted across environments 
'. ..., 

A.. A ' '  *..... ' 
'..... . .... (defined In Table 1). Solid 

1 2 3 4 0 1 2 3 4 lines connect intergeno- 
typic data, dotted lines 

Environments intra-genotypic data 
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DISCUSSION 

Effects of environment and genotype 

The 4 experimental environments (Table 1) pre- 
sented large differences in temperature and food con- 
centration. Temperature and Food, together with their 
interaction, accounted for 40.6 to 99.5 of total vari- 
ance in most measures of performance (Table 3). This 
strong environmental influence probably overshad- 
owed the effect of Genotype, which accounted for only 
1.2 to 7.1 % of total variance in performance (Table 3a). 
The effect of Genotype, nevertheless, was generally 
significant and was most noticeably expressed in the 
order-of-magnitude range in mean colonial growth 
rate among genotypes, in the production of frontal 
male zooids in all environments by 4 genotypes, in the 
production of female zooids in all environments by 3 
genotypes and of no females by 2. Interactions 
between genotype and the 2 environmental factors 
together accounted for 0.9 to 10.4 % of total variance in 
performance (Table 3a), but the effect was significant 
only in the case of Temperature X Genotype for the fre- 
quency of frontal male production and Food X Geno- 
type for that of female production. Both instances 
involved the envrionmental factor having lesser impor- 
tance as a main effect (Table 2a). One genotype pro- 
duced frontal males only at the lower temperature and 
another only at the higher, while 2 genotypes pro- 
duced females only at the higher food concentration. 

We conclude that sex allocation in Celleporella 
hyalina is sensitive to environmental conditions, prin- 
cipally through the triggering of female production by 
higher temperature and the trade off in allocation to 
males and females, in which females have priority. We 
also conclude that genetically based variation in sexual 
allocation and in responsiveness of allocation to envi- 
ronmental conditions may exist within relatively small 
sub-populations, as with the present case taken from a 
patch of Fucus serratus. 

An ecological interpretation 

Temperature and food supply appear to be key 
factors controlling sexual allocation in Celleporella 
hyalina. In most genotypes we studied, higher temper- 
ature triggered the production of females, which took 
priority in allocation. Increased food supply promoted 
the production of all types of zooid, but this strongly 
affected males only at lower temperature when female 
production was suppressed. 

At about 16 to 18°C the first females are formed in 3 
to 4 wk (present data), taking a further 3 to 4 wk to 
mature and release larvae (Cancino & Hughes 1988). 

At lower temperature this cycle would be slower, pro- 
longing exposure to the risks of substratum disintegra- 
tion (Cancino 1986), con~petitive overgrowth (O'Con- 
nor et al. 1980). predation, or damage by physical 
factors such as storms and exposure to freezing on win- 
ter low tides. Colonies settling towards the end of the 
seasonal pulse of recruitment (Seed & Hughes 1992) 
therefore should gain relatively little fitness by invest- 
ing in females, once temperature is in decline. 
Colonies settled somewhat earlier, however, already 
will have produced females and will carry them 
through the winter. Also, perhaps as in other taxa 
(Ryland & Bishop 1993), colonies may be able to store 
exogenous sperm until ova are ready for fertilization. 
Opportunities for cross fertilization therefore would 
persist and overwintering colonies would gain fitness 
by continuing to produce males. 

According to this interpretation, the optimal policy is 
to give priority to female allocation whenever the envi- 
roment allows generation time to be short and to allo- 
cate any remaining excess over somatic requirements 
to male production. Why, then, do some genotypes 
appear to produce females over a wide range of condi- 
tions and others scarcely at all? Similar extremes have 
been found among genotypes cloned and reared under 
more complex, field conditions (Cancino & Hughes 
1987). When experimentally forced to self fertilise, 
Celleporella hyalina suffers severe inbreeding depres- 
sion (Hunter & Hughes 1 9 9 3 ~ ) .  Fitness therefore 
depends on the accessibility of potential mates and, in 
the case of male function, on competition for mates 
(Charnov 1982). Variation in these factors might gener- 
ate shifting selection pressures that maintain polymor- 
phic life-history traits. Much will depend on the 
dynamics of fertilization (Petersen 1991). The extent to 
which spermatozoa are mixed by turbulence (Denny & 
Shibata 1989) is unknown and further work is required 
to characterize their movement in relation to bound- 
ary-layer flow and the inhalant currents of neighbour- 
ing colonies (Okamura 1985). We cannot, therefore, 
offer any firm explanation for genetically based varia- 
tion in the sexual allocation of C. hyalina, but spatial 
variation in mating opportunity, interacting with sea- 
sonal changes in generation time and brooding success 
seem good candidates for future examination. 

Experimental design 

Environments. The experimental diet was unnatural 
in presenting colonies with only 1 food organism and 
this at unnaturally high concentration (Fogg & Thake 
1987). Nevertheless, previous trials (Hunter & Hughes 
1991) had shown that Rhodomonas baltica promotes 
far better growth when presented alone to colonies 
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than when mixed with other algae commonly used in 
laboratory culture. Moreover, 'low' and 'high' concen- 
trations, as used In the present study, were found to 
support moderate and maximal growth rates respec- 
tively. Temperatures fell within the natural range, the 
higher level slightly exceeding the average summer 
maximum sea temperature of 16°C and the lower 
exceeding the average winter minimum of 4°C (Can- 
cino 1983). Colonies exposed during low tide would 
experience greater extremes of temperature. The 4 
environments therefore embraced seasonally con- 
trasted growth conditions: high temperature in sum- 
mer, low temperature in winter and periods of high 
and low food supply in either season. 

Genotypes. Larvae used to establish the clones were 
a random sample of those released by colonies 
attached to Fucus serratus, collected from a single 
locality. Experimental genotypes, however, were not 
randomly drawn from these larvae. The experiment 
began once a sufficient number of genotypes had been 
propagated into 4 replicates, perhaps inadvertently 
selecting for faster growers. This effect would have 
been lessened by the failure of many genotypes to 
regenerate in all 4 replicates, requiring the experiment 
to be delayed until slower-growing genotypes had 
become established. Thus, the order-of-magnitude dif- 
ference between the slowest- and fastest-growing 
experimental genotypes may not have grossly under- 
represented the natural range. 

Error. For each measure of performance, the intra- 
genotypic range was much less than the inter-geno- 
typic (Fig. 2) .  Moreover, intra-genotypic maxima and 
minima varied in parallel, showing consistency in 
response to environment. Intra-genotypic variation, 
nevertheless, was considerable. Final colonial size was 
much smaller in 2 of the 6 replicates exposed to higher 
temperature and higher food concentration. This opti- 
mal environment for autozooidal production would 
have exaggerated any intrinsic differences in growth 
potential. Such differences could have several origins. 
The most probable is a difference in number or health 
of basal autozooids, accidentally Inflicted when estab- 
lishing the colonial fragments. Loss or damage to even 
1 zooid among a small cluster of about 8 ('Methods'), 
although not necessarily affecting the specific growth 
rate, could significantly restrict the final size achieved 
(Seed & Hughes 1992). Following perhaps in decreas- 
ing order of probability are cytological differences 
among fragments derived from different parts of the 
parental colony (Suzuki et al. 1986) and the occur- 
rence, before or after fragmentation, of somatic muta- 
tions (Slatkin 1984). The origin of fragments from 
peripheral or central areas of the parental colony is 
known to influence subsequent growth in the encrust- 
ing bryozoan Mucropetraliella ellerii (Klemke 1993) 

and perhaps could have contributed to variation in sex- 
ual activity within environments in the present study. 
There is no evidence relating somatic mutation to dif- 
ferences in performance among clonemates In colonial 
invertebrates (Hughes 1.989), although the application 
of molecular techniques may yet show this to be signif- 
icant. With only 2 replicates per environmental factor, 
intragenotypic variation could easily masquerade as 
genotype-environment interaction. If such variation 
were caused by initial differences in fragmental size, 
there would be significant interaction between the 
final number of basal autozooids and 1 or more envi- 
ronmental factors. This was not the case: evidence of 
genotype-environment interaction was confined to 
measures of sexual activity uncorrelated with colonial 
size. Inherited cytological differences among clone- 
mates might have influenced sexual activity, but the 
quartering of parental colonies ensured that each frag- 
ment was derived from a similar proportion of periph- 
eral and central zooids, lessening the probability of this 
source of variation. Somatic mutation may be dis- 
counted since, had it occurred, its frequency would 
have been too low to generate statistically significant 
interaction terms. 

A prospectus 

We have demonstrated both phenotypic plasticity 
and genetic control of sex allocation in Celleporella 
hyalina. In the present case, variation in sex allocation 
was driven by combinations of food supply and ambi- 
ent temperature, but other kinds of factor also could be 
important. For example, Cancino et al. (1991) found 
that colonies of C. hyalina grown from the larval stage 
in complete isolation from conspecifics faded to pro- 
duce females, although they produced males in normal 
quantities. Opportunities for fertilization, as deter- 
mined by the distribution of neighbours, therefore may 
influence sex allocation in this and other bryozoans 
(Harvell & Grosberg 1988, Cancino et al. 1991). 
Because of its zooidal polymorphism and amenability 
to laboratory culturing, C. hyalina holds great promise 
as an experimental model for addressing questions on 
the evolution of life-history schedules (Stearns 1992) 
and mating strategies (Charnov 1982). 
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