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umma

This thesis investigates aspects of growth and

reproduction in the marine bryozoan Celleporella hvyalina
(L.).

It was found that C. hyalina could live and grow in the
laboratory on a range of algal diets. Chlorophyte algae

proved unsuitable, but Rhodomonas baltica proved outstanding
as a foodstuff. Astogeny of Rhodomonas fed colonies was the
same as that reported for naturally occurring colonies, and

resulted in the production of viable larvae. It was further
noted that female 2zco0ids were occasionally produced in the
basal layer.

C. hyalina colonies were able to grow and attain sexual
maturity in cell concentrations ranging from 10 to 300 cells
ul";' Growth was greatest at around 100 cells ul';‘ and was
suppressed at low and extremely high cell concentrations.
Food supply had a highly significant effect on growth
parameters, but sexual parameters were largely unaffected.
Cell 1ingestion rate increased as a function of cell
concentration, whereas feeding episode length declined with

increasing food supply. Feeding behaviour in C., hyalina is
described.

Highly significant genotype-environment interactions
were found at all levels for both somatic and sexual

parameters in 26 €., hvalina clones grown in four
temperature/food supply combinations (macroenvironments). The

number of autozooids per unit area was found to be strongly
temperature dependent. The number of ovicells was

consistently greater than the number of embryos produced.
Male investment was favoured under conditions of 1low
resource. Ranking of clonal performance varied considerably,

both between macroenvironments, and according to the measure
of fitness used.

Significant 1levels of intraclonal variation occurred
within replicates of a single genotype grown in four
macroenvironments. Variance was more prominent in somatic
rather than sexual parameters. The presence of one
statistical outlyer suggested that somatic mutations may
sometimes occur.

C. hyalina colonies grown in isolation produced embryos
sometimes as early as five weeks, but the number was low, and
a high incidence of abortion was observed. When removed from
isolation, the number of embryos increased significantly.

There was no evidence of settlement from larvae produced in
isolation.




General introduction

Bryozoans are an extremely widespread group of primarily
marine, exclusively colonial organisms (Ryland 1976). Like
most other colonial benthic invertebrates, bryozoans have the
capacity for sexual reproduction while simultaneously growing
asexually by means of vegetative propagation. Such clonal
organisrﬁs of modular construction (Harper and Bell 1980,
Hughes 1989), can often present an array of characters
suitable for biometric study, allowing comparisons of
morphological variation both within and between clones based
on a range of complex 2zoocecial features (eg Jackson and
Cheetham 1990, D.J.Hughes and Jackson 1990). Studies of this
type have provided evidence supporting the hypothesis that

environmental stability favours local genetic differentiation
(Schopf 1976, Schcipf and Dutton 1976). Morphometric studies
of fossil bryozoan species have yielded similar results

(Farmer and Rowell 1973, Pachut and Anstey 1979, Pachut
1982). Comparable studies on variability in reproductive
strategy, however, present more difficulties in that many

bryozoans possess hermaphroditic ramets (sensu Harper 1976).

Celleporella hyalina is a common, temperate-zone algal
epiphyte (Marcus 1938), and can be found in abundance on
laminarian and fucoid algae around the British coast (Hayward
and Ryland 1979). Shallow-water, algal epiphyte communities
not only inhabit ephemeral substrata, but also experience
.wide temporal fluctuations in prevailing environmental
conditions (Seed and O'Connor 1981, Cancino and Hughes 1987).

C. hyalina is of special interest because it shows complete



modular partitioning of male, female and feeding morphs

(Marcus 1938). The ease with which Celleporella can be
cultivated has facilitated the study of life-history

characteristics (Cancino 1986, Cancino ' and Hughes 1987,1988,
D.J.Hughes 1989,1991, in press). However, in the absence of a
suitable culture method for this bryozoan, previous studies
have, of necessity, been carried out in the natural
environment. These studies were, therefore, prone to the
difficulties of achieving adequate experimental control under
field conditions.

The laboratory culture of marine invertebrates has been
well documented for commercial species (eg Bardach et al
1972), Dbut 1in other cases, the development of culture
techniques has been restricted on account of the cost and

difficulties involved in constructing elaborate apparatus,

and finding suitable diets. In this thesis, the possibility

of the controlled laboratory culture of C. hvalina was

investigated by rearing colonies on a range of algal diets,
while monitoring subsequent growth and reproduction (chapter
1). In order for strictly controlled conditions to be

maintained in laboratory-cultured colonies however, it was

first necessary to gather information on feeding mechanism

and behaviour (chapter 2).

Previous studies have inferred the heritability of life-
history traits in €. hyalina (Cancino and Hughes 1987,

D.J.Hughes 1989). If life-history patterns are assumed to be
maintained by natural selection acting by differential

reproductive success, then it must also be assumed that

heritable variation exists for these traits within the



population (Pianka 1976, Stearns 1976, D.J.Hughes 1989).

Although ¢C. hvalina does not reproduce clonally in nature,

the division and transplantation of individual colonies to
pro'vide genetically identical replicates provides a means by
which the genotypic and environmental components of life-
history variation can be determined (chapter 3).

The serial propagation of individual genotypes can then
be used to determine the levels of variation possible within
a single clone (chapter 4). Celleporella further provides a
range of zooid morphs, all of which are potentially competing
features in terms of resource allocation. As such, these can
be taken as relative measures of clonal fitness both within
and between environments (D.J.Hughes 1991, 1in press).
Determination of the level of variation in clonal performance

between treatments may help to answer certain fundamental

questions with regards the maintenance of sexual reproduction

in populations (Bell 1982, 1987).

Bierzychudek (1989), noted that apomictic taxa tend to
occupy a broader geographical range, and tend to be more

tolerant of environmental extremes than their sexual

counterparts, and that such organisms may possess 'general

purpose' genotypes, where an organism's performance is
relatively unaffected by the environment that it experiences.
Evidence of clonal variation in growth rate, sex ratio and
reproductive allocation suggests that this is not the case in
C. hyalina (D.J. Hughes 1989), but the simultaneous presence

of male and fenmale zoéids on the same colony suggests that

opportunities for self fertilisation must arise (Cancino

1983) . Selfing would provide a means whereby successful gene




combinations in a particular environment could be conserved,
rather than being lost as a result of genetic recombination
involving different genomes (Templeton 1982). A previous
study (Cancino 1983) suggested that self fertilisation wvas
indeed possible 1in C. hvalina colonies, but these results
were largely inconclusive, on account of the experimental
method employed. Controlled laboratory culture would
facilitate the cultivation of isolated colonies, and would

therefore, allow determination of the occurence and extent of

selfing in C. hyalina populations (chapter 5).
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1.1 Introduction

Studies of diet in bryozoans can be divided broadly into
early accounts of gut contents in a number of marine speciles
(Hasper 1912, Hentschel 1922, Hunt 1925), and later attenmpts
at laboratory culture (Schneider 1959, 1963, Jebram 1968,
Bullivant 1968, Winston 1976, Kitamura and Hirayama 1984).
The early gut analyses revealed a wide variety of ingested
items, ranging from diatonms (Hasper 1912, Hentschel 1922,
Hunt 1925, Marcus 1941), which were for a long time thought
to be the main food source for marine bryozoans,

coccolithophores (Hentschel 1922))tobacteria (Hunt 1925), and

even nematocysts (Hentschel 1922).

Schneider (1959, 1963) first cultivated marine bryozoans

in the laboratory, rearing pBugqula avicularjia on the
colourless dinoflagellate Oxvrrhis marina, which had itself
been fed on a green flagellate, Dunaliella sp. It was found
that both species were ingested by the polypide, but
Runaliella cells left the gut undigested.

" Jebram (1968)

several bryozoan

stolonifera. Jebram went on to look at the effects of growing
Bryozoa in controlled water currents (1970, 1973). He found
that changes in the proportional morphology of the gut could

be produced according to the nutritional conditions. Further
experiments investigated the qualitative and quantitative

effects of many different algal diets (Jebram 1975, 1980a,

1980b, Jebram and Rummert 1978), leading to the conclusion



that variations in nutrition «could frequently cause
morphological modifications of zooids and zoaria in bryozoans
(Jebram 1982). Similar conclusions were reached by Winston
(1976), who looked at the effects of different unicellular
algae on the growth of Conopeum tenuissimum. In this case,
species of algae differing in food value were found to affect
both the pattern and the amount of colony growth, rather than
zooidal morphology.

The nutritional adaptability of bryozoans is another
question about which little is known. Stephens and Schinske
(1961) found Bugqula turrita to be capable of removing amino

acids directly from seawater. Winston (1978) noted that
colonies of Flustrellidra hispida contain many irregular
particles of sand, silt and organic detritus. It is quite

possible that bacteria and other coating material could be
digested from the surface of these inorganic particulates.
Best (1985) also contemplated the availability as food of
abraded algal particles and algal exudates. Dissolved organic
matter, including exudate from a brown-algal substratum, has

been demonstrated to serve as a nutrient source for

(De Burgh and Fankboner 1978).

(1991), have recently provided

evidence that certain bryozoan species may be capable of the
facultative absorption of dissolved organic matter in the
absence of an alternative food source. Schopf (1969) found

carbonate detritus in the rectum of deep-sea bryozoans,

indicating that detrital material is ingested at least under
certain conditions. However, phytoplankton would appear to



provide the main source of nutrition in most bryozoan
speciles.

Clearance rates (Bullivant 1968a, Menon and Nair 1972),
heat tolerance, growth and regeneration (Menon 1974), have

also been examined in laboratory-reared bryozoans, but with
the exception of Winston's (1976) study of Conopeum seurati,
very few data exist regarding life-history strategies adopted
under different nutritional regimes. Previous attempts to
culture marine bryozoans have usually been handicapped by
poor control of cell concentration and experimental design,

frequently having been carried out under unnatural conditions
over limited time periods. As a result, sexual maturity of
colonies has rarely been attained in the laboratory (Jebram

1977).

To avoid the difficulties of laboratory culture, recent
studies of the marine bryozoan Celleporella hvalina (L.) have

relied upon manipulations of water flow in the natural
environment (Cancino and Hughes 1987, D.J. Hughes 1989). This

method relies on the untested assumption that a reduced flow
rate is equivalent to a reduced food supply. Moreover, it is
potentially confounded by the uncontrolled effects of other
factors present under field conditions (Cancino and Hughes
1987). A more satisfactory experimental programme could be
designed if selected environmental variables were controlled

under laboratory conditions. This would be possible only if a
suitable culture method and an acceptable algal diet could be

found.

Jebram (1977) has reported C, hvalina to be one of those

species in which "rearing could be maintained for more or




less short times only." And although culture methods suitable
for a variety of bryozoans are already available (Wood 1971,
Jebram 1977, Emscherman 1987a), there remains a need for a
cheap and effective method, which 1is both spatially

economical, and maintainable over extended periods of time.




rials a hods

Colonies of Celleporella hyalina growing on the seaweed
Fucus serratus were collected from Church Island in the Menai

1.2 Mat

Straits between March and June, 1988. Fronds bearing colonies
were kept in complete darkness in plastic tanks containing
l10um filtered, running seawater for 24 h. Larvae are
initially positively phototactic (Ryland 1960), and rapidly
swim to the surface on exposure to a bright 1light source.
These larvae were collected by pipette and transferred to
glass dishes containing 0.2pIn filtered, U.V.-irradiated
seawater. Glass slides, which were conditioned in natural
seawater for approximately 14 days in order to make them
suitable as settlement substrata (Cancino 1983), were then
added to the dishes. Widespread settlement was achieved by
placing the dishes on a turntable and applying a jet of air
contrary to the direction of rotation (Crisp 1976).
Alternatively, when the available number was limited, larvae
were placed directly onto slides in a water droplet. Slides
were placed in petri dishes, covered by an opaque sheet, to
prevent evaporation (Campbell and Maturo, pers. comm. 1988).
It was found subsequently that addition of an
appropriate algal diet at this stage enhanced survival of the
settled larvae, allowing feeding to begin immediately on
completion of metamorphosis. The young colonies were
transferred to plastic boxes containing the experimental diet
in 1.251 of 0.2um-filtered, U.V.-irradiated seawvater. The
slides were suspendéd in plastic, histological staining
racks, allowing a relatively large number of animals to be

held in a relatively small volume of water. Each rack

was




tilted so that the bryozoans were facing downwards,
encouraging faecal material to drop away from the growing
colonies (Wood 1971). Culture vessels were held in a water
bath maintained at a constant temperature of 18°Ct1l°C.
Experimental diets were added to each container to
achieve a final concentration of approximately 100 cells.ul™?!
and this medium was changed three times weekly. Slides were
rotated in position every time the medium was changed, and it
was assumed that the position of the colonies had no effect
on growth, as long as there was no build up of debris.
Circulation 1in each culture vessel was maintained by
aeration. All colonies were carefully cleaned with a soft,
artist's brush at least weekly, and the plastic racks cleaned
and changed, in order to prevent the accumulation of adhering

algae, and in certain cases, heterotrich ciliates, which

could reach troublesome densities if not constantly removed.

The choice of algae for these experiments was limited to

cultures which were available in the laboratory as standard
invertebrate diets. These cultures were maintained in 201

glass vessels, and were harvested at a level of 51 daily, so

maintaining an optimum growth rate. Two cultures of any one

alga were generally grown simultaneously as insurance against
frequent population crashes, which characterise large-scale
culture and widespread use, with the associated problems of
infection. Cell counts were carried out using a
haemocytometer, which also allowed the condition of the algae

to bé monitored, and cell densities were calculated according

to the method of Cassell (1965).

The algae used in this series of experiments were:

10




Pavliova lutheri~Chrysophyta

Skeletonema costatum-Bacillariophyta

Rhodomonas baltica-Cryptophyta
Tetraselmis chuij-Chlorophyta

chlorella japonica-Chlorophyta
Runaliella tertjolecta-Chlorophyta

Two different food combinations were also tested:
MLM"'L_IMQH
R. baltica + 8, costatum

Two control conditions were set up, with colonies grown

both in filtered seawater and in filtered seawater to which

algal culture medium had been added (Corway medium).

Slides were selected with no more than three centrally

located, widely spaced colonies, and ten colonies were used

per dietary treatment.

Weekly counts were taken of feeding autozooids,

degenerated autozooids (brown bodies), fully formed buds,

basal wmales, frontal males and female zooids. Counts were

undertaken with a Wild M4A dissection microscope. Each colony
was drawn weekly using a camera 1lucida, and area and

perimeter were then calculated electronically using a

digitiser. Experiments ran for between 7 to 12 weeks
according to algal availability and colony survival. This
time scale under natural conditions would in any case be long
enough for this species to complete its life cycle. Twelve
weeks was chosen as an apt time to terminate experiments, as

the colony centre tends to senesce at this stage, often

leading to problems with infection. By this time, therefore,

11



it is often difficult to determine whether aberrant growth

patterns are due to diet, or some external factor.

12




1.3 Results
Celleporella survived and grew on both Pavlova lutheri

and Skeletonema costatum (figure 1l.la,b), but Rhodomonas
baltica proved to be outstanding as a diet (figure 1.1d).

Colonies were unable to survive on seawater and culture

medium alone (see table 1.1), and were also unable to persist

when given the chlorophyte DRunaliella tertjolecta.

Individual zooids were able to survive for short periods when

fed on a diet of Tetraselmis chuji or Chlorella japonica
(figure 1.1c, table 1.1), but in both cases, little or no

growth occurred, resulting in eventual colony death. Colonies
fed on Rhodomonas outperformed all other colonies in terms of
growth rate, final colony size, and the total number of
sexual zooids produced (table 1.2). Astogeny in Rhodomonas-
fed colonies (plate 1.1) was the same as that seen in
naturally occurring colonies (Cancino 1983), where distal
budding forms an underlying layer of autozooids, to which
sexual zooids are added after 2-3 weeks (figure 1.1d).

The proportion of autozooids that were active was found

to be greater as the level of nutritional adequacy increased

(figure 1.1). With diets such as Tetraselmis and Chlorella,
the entire colony tended to degenerate within 1-2 weeks,

leaving a single active autozooid. In colonies fed on
Pavlova, a large proportion of active autozooids degenerated
to brown bodies, but in this case, the process was more
gradual, leaving the colony with only a few active feeding
Rhodomonag-fed

colonies tended to develop a compact, circular form, whereas

zooids, often resulting in colony death.

colonies maintained on less suitable diets tended to become

13




lobate, resulting in a high perimeter:area ratio (figure
1.2).

Basal male zooids (plate 1.2) were invariably the first
sexual 2zooids to be produced, irrespective of diet (figure
1.1, table 1.3). These 2zooids were extremely variable in
size, ranging from the largest autozooids (1200 um), to less
than 400 um in length. The smaller basal males were clearly
distinct under the dissection microscope on account of their
small orifice relative to that of the autozooids, milky white
coloration during sperm production, and the lack of a
digestive tract. Male zooids possess a lophophore, but this
is colourless, and not normally visible, even at high-power
magnification. The male lophophore only becomes apparent when
extended, and this was only observed on a few occasions

during three years of research. In healthy colonies, basal

males were normally produced after 2-3 weeks, although 1in

certain colonies they occurred as early as the first week of
growth (see table 1.3). Very slow-growing colonies,
especially those on inadequate diets, frequently produced one
Oor more basal male zooid at a relatively small colony size.
Frontal budding gives rise to frontal male zooids,
female 2zo00ids, and occasionally frontal autozooids (plate
1.2) (Cancino and Hughes 1987) (although due to the
infrequency of their occurrence, frontal autozooids were not
counted in the current study). Frontal budding started in

older parts of the colony, progressing outwards as colony
size increased. Frontal male and female production started
near but not usually at, the colony centre, and in older

colonies approached the growing peripheral meristen.

14




Frontal male zooids (plate 1.2). were generally more
uniform in shape and size than their basal counterparts, and
were not usually greater than 500 um in length. They were
never observed before three weeks of growth, and were never
produced where the diet was found to be 'inadequate' (table
1.2), even where substantial numbers of basal males had been
produced.

Females were the final sexual zooids to be produced
(plate 1.2), but these were numerous only when Rhodopmonag was
present in the diet (table 1.3). However, a single Pavlova-
fed colony produced three female zooids in its sixth week of
growth, and a single Skeletonema-fed colony produced 1 female
zooid after eleven weeks (table 1.3). In Rhodomonas-fed
colonies, female zooids were produced after four weeks, oftenﬁ

showing a spectacular exponential increase. On very rare

occasions, female zooids were seen in the basal layer of the
colony. This was, however, generally associated with

extremely lobate, ‘'unhealthy' colonies. The basal females
were found to occur along the colony edge, where growth had,
for the most part, ceased suggesting malnutrition. Later
observations, however, suggested that the production of basal
females was not related to malnutrition, but was a feature of
specific genotypes (own unpublished results).

The single ovicell in the §Skeletonema-fed colony
contained an embryo on the final week of observation (table
1.3), but the three ovicells in the Pavlova-fed colony
remained‘empty until ' the colony died. Despite embryos having
been produced in both of the mixed diets (table 1.3), no
embryos were observed throughout the concurrent Rhodomonas

15




treatment. The reasons for this remain obscure, as subsequent
observations revealed profuse production of viable larvae on

a monospecific diet of Rhodomonags (eg see chapter 2).

Levels of sexual investment were found to be widely
different between experimental diets (table 1.3). Generally,
basal male production was favoured in diets of 1low
nutritional adequacy, with the production of frontal males
often being omitted, and female zooids being produced only
where colony growth was extensive.

The lack of significant differences between the effect
on colonial growth of Rhodomonas when presented alone, and
when combined with Pavlova or Skeletonema (table 1.4),

suggests that these last two algae are less nutritious than

Rhodomonas, but not themselves detrimental to colony growth.
Basal males were the only zooid type found to be affected by

the proportion of Rhodomonas in the diet (ANOVA, P<0.05),
with fewer basal male zooids being produced by colonies which

were fed Rhodomonas

component of variation was the colony factor (clonal

alone. In most cases, the greatest

identity), which suggests that colony growth may not simply
be dependent on diet, but also on colonial genotype.

Rhodomonas-fed colonies also appeared to be very clean in
comparison with other diets, in that little algal settlement

occurred on the colony surface, a phenomenon which was found

to lead in other cases to invasion by protozoans, and fouling

by heterotrich ciliates.

In general, Rhodomonas baltica proved outstanding as a
diet, enabling colonies of Celleporella hyalina to complete

16




their life cycle by the production of viable larvae in as
little as six weeks. A Celleporella population was maintained
in the 1laboratory for over two years with no signs of

malnutrition. This method has also proved successful with

other species (plate 1.3), notably Electra pilosa, Conopeum

reticulum, <Cryptosula pallasjana (Cheilostomata) and
Bowerbankia dgracjljs (Ctenostomata).

17




1.4 Discussion

A cheap and effective method involving simple apparatus

has been designed for the 1laboratory culture of marine
bryozoans. Rhodomonas baltica proved to be an excellent diet,

enabling colonies of Celleporella hvalina to complete their
life cycle within as little as six weeks. Rhodomonag sp. has

already been described as a suitable diet for Bugula neritina
(Kitamura and Hirayama 1984), but this appears to be the
first laboratory culture of a bryozoan that has resulted in
the production of viable larvae.

It 1is clear that -_different algal species are not of
uniform food value, both within and between bryozoan species.
Chlorophyte species proved unsuitable as diets, promoting

little or no growth, and eventual colony death. Species of
Dunaliella have previously been used in the culture of a

number of bryozoan species (Jebram 1968, Winston 1976), yet
this alga was unable to sustain even limited growth in C,
hyalina.

Promotion of growth, albeit of limited extent, by
Skeletonema was surprising, as it has previously been assumed

that bryozoans such as C, hyvalina, not possessing a gizzard,
could not digest thick-walled diatoms (Bullivant 1968a),
although these have in the past been found in the guts of a

number of marine species (Harper 1912, Hentschel 1922, Hunt

1925, Marcus 1941). However, Markham and Ryland (1987) found
that although gizzard-bearing bryozoans were efficient in

crushing the frustules of diatoms, gizzardless species were
actually more successful at sepafating the frustule valves,

providing evidence that even gizzardless bryozoans have some

18




potential to exploit diatoms, and perhaps other armoured

phytoplankton as a food resource (McKinney 1990).

Jebram (1977) has also listed Skeletonema as one of
those species "Yunable to sustain growth, or with toxic
effects 1if eaten by bryozoans as monofoods over extended
periods." Jebram's work has indeed shown that certain algal
species may not only be nutritionally deficient, but also
harmful to the organisms (Jebram 1968). This was probably not
the case for Skeletonema or Pavlova in the present study,
given that colonies fed mixed diets still performed
relatively well, although Rhodomonag alone was superior as a
diet.

Five characters have been described as being distinctive
of C. hyalina by Ryland and Gordon (1977). These are (1) a
schizoporelloid ancestrula, (2) the unilateral initial
budding pattern, (3) sexual zooids usually frontally budded
and larger than autozooids, (4) orifice of autozooids and
male zooids almost orbicular, with a broad, shallow sinus and
(5) ovicells with numerous frontal pores. Cancino and Hughes

(1988) , have already noted some modifications to characters 2
and 3, and scanning electron micrographs revealed that the

nine to twelve frontal 'pores' on the ovicells were actually
closed over by the cuticle, and are therefore 'windows'

(Banta 1973), rather than true pores.

Early patterns of astogeny have previously been thought
to be specifically distinct (Ryland and Gordon 1977, Hastings
1979, Gordon and Hasting; 1979, Ryland 1979), and although
most colonies observed by these authors showed a unilateral

budding pattern, Cancino and Hughes (1987) found that two
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simultaneous disto-lateral 2zooids or a single disto-medial
zooid can sometimes also be produced by the ancestrula.
Moreover, it was also noted that males were often produced in
the basal layer, being commoner in winter and near the
growlng colony edges (Cancino and Hughes 1987). Basal males
can be as large as autozooids and never feed. It was also
reported that certain autozooids, on degeneration after two to
three months, would start to function as males (Cancino and
Hughes 1987). This has never been observed in laboratory-
grown colonies, perhaps due to the relatively short periods
over which the colonies were observed (present study).

The current set of results however suggest a further
modification: the production, on rare occasions, of female
zooids in the basal layer of certain colonies. These colonies

tended to be highly lobate, in which expansion for the most
part had ceased, but the basal gynozooids were functional

and were seen to bear embryos. Marcus (1937, 1938) believed
that ¢. hyalina produced sexual zooids by frontal or lateral

budding according to season, and these could be as large as
autozooids. There is however, no evidence for such features
in European specimens of this species, and later work (eg see

chapter 3) suggests that the production of basal females may

be a feature of specific genotypes.

Cancino and Hughes (1988) also found a deviation from
the spiral astogenetic pattern reported as typical for
European and Californian colonies (Hayward and Ryland 1979,
Pinter 1973). Thus, colonies recruited in late autumn-early

winter gave rise to elongated, fan-shaped colonies, which

eventually attained a circular shape, but at a size three-
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four times bigger than spring-summer recruited colonies.

Temperature was postulated as the main factor influencing
budding pattern, although it was noted that the observed
effect was minimised under conditions of restricted water
flow, at a time during the winter when feeding of unprotected
colonies could have been suppressed by rough seas (Spratt
1980) .

In the above studies, however, the quality of diet may
have had an equally important influence on colonial growth

pattern. This dietary effect has been recorded in a number of

species, notably Conopeum tenuissimum (Winston 1976),
werbanki racilis (Jebram 1973) and Electra pilosa (Jebram

1980b) . Slow growth was observed in bryozoans cultured in a

medium of poor nutritional quality, resulting in elongated
colonies, whereas when colonies were cultured in a favourable
medium, dense mats of fast-growing zooids were produced (B.
gracilis), or colonies grew with zooids arranged in a
continuous sheet (C, tenuissimum). This was reflected by

results from the current study, where colonies grown on less

favourable diets tended to have extremely high perimeter to

area ratios (PARs), whereas Rhodomonas-fed colonies tended to

adhere to a tight, circular form, with classic, spiral

budding (Hayward and Ryland 1979, Moyano 1986). A high number
of 2001ids per unit area has usually been interpreted as a
response allowing maximum use of resources at a favourable

site, while an elongated colony, with fewer zooids per unit

area maximises substratum covered, facilitating the location
of more favourable sites (Winston 1976, Buss 1979a, 1986,

Jackson 1983). However, uniserial growth cannot always be
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regarded as a general fugitive strategy adopted by
competitively inferior forms (Bishop 1989). Competitive

ability in certain hydroid species has also been shown to be
a simple deterministic function of growth form, where
morphological variliation 1is continuous, but nevertheless
results in discrete competitive phenotypes (Buss and Grosberg
1990) . As such, a low zooid number per unit area can result
in competitive superiority. This undoubtedly is not the case
in Celleporella, however. Although modular polymorphism
allows considerable flexibility in colonial construction,
this species is completely lacking in defensive structures
and is a poor competitor (Cancino and Hughes 1987). Lobate
growth in C. hyvalina is probably best interpreted as a
response to low food availability or malnutrition. As such,
PAR values may provide a useful index of colony health.

Where clonal organisms are faced with temporary, sub-
lethal stress, it is assumed that maintenance of the soma
takes precedence over sexual investment under conditions of
resource limitation (Hughes and Cancino 1985). In plants,
this has generally been found to result in increased

proportional investment in the less costly male sex, where

ovule and seed production is a greater drain on resources
than pollen release (Willson 1979). Relative costs of sexual

investment in Celleporella appear to be reflected in the
sequence in which the gonozooid types are produced. Basal
males are invariably the first, followed by frontal males,
then females. This sequence may élso be regarded as an
increase in complexity of form. Cancino (1983) reported basal

males as being formed when two distal buds fail to fuse to
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form a normal feeding autozooid. The relatively simple
morphological derivation of basal males may provide a way in
which colonies can achieve reproductive success at a very low
colony size and at relatively low cost, with no additional
sacrifice to further colonial growth. These energetic
considerations may explain why basal males were produced
preferentially when colonies were grown on poor or moderate
diets. Similarly, Cancino and Hughes' (1987) observation that
basal males were more numerous during the winter months could
be explained as a result of low food availability. It is
interesting however, that one Skeletonema-grown colony
managed to produce a single ovicell and embryo, and one of
the Pavlova-grown colonies produced three ovicells, although
none of these ever bore embryos. In the latter, the
production of frontal males was completely omitted.

The full significance of sexual investment in C¢. hyvalina
is considered in chapter 3. Having found a suitable culture

method and diet for Celleporella it was then necessary to

find out exactly how much food the bryozoans were consuming

in order for a quantified diet to be administered. This is
attempted in the next chapter.
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Table 1.1

Characteristics of C, hvyalina colonies grown on a range of

algal diets.

Fs + Co-filtered seawater + Conway medium (algal growth

medium) .

Diet Growth _ Shape
Pa : Relatively poor, prone to infection Lobate
Sk ¢ Fair, but slow Lobate
RO : Excellent Circular
Te : Sustenance of individual zooids only, -

leading to colony death.

: As above -
Du : No growth ' -
Cl : Good Loosely
circular
C2 : Good Loosely
circular
Fs ¢ No growth -

Fs + Co:




Table 1.2

Performance of C. hyalina colonies grown on a range of algal

diets, after 56 days.

Abbreviations: Ch-Chlorella _ japonica, Du-D , liel] N
tertiolecta, Pa-Pavlova Jutheri, Ro-Rhodomonas baltica, Sk-
Skeletonema costatum, Te-Tetraselmis chuii, Cl-Rhodomonas +
Skeletonema, C2-Rhodomonas + Pavlova, Fs-filtered seawater,

Fs + Co-filtered seawater + Conway medium (algal growth

medium) .

X size (mm€) X total zooids sexual zooids
Pa s 3.69%2.91 36.2%27.89 3.216.38
Sk : 1.48*0.66 313+16.58 1.121.77
Ro : 40.2113484 590.71481.93 180.31282.19
Te : 0.40x0.13 6.0£0.82 -
Ch : 0.4610.21 10.816.40 0.4x0.52
Du . - - -
c1 : 10.6519.05 156.7+100.68 12.9%33.29
C2 e 16.49216.03 214.5+195.74 14.5118.56
Fs : - - -



Table 1.3

Production of sexual zooids by colonies of C. hyalina grown

on a range of algal diets, after a period of 56 days.

Skeletonema, C2-Rhodomonas + Pavlova, Fs-filtered seawater,

Fs + Co-filtered seawater + Conway medium (algal growth

mediun).

The numbers in brackets denote the week in which the sexual

zooids were first recorded for each experimental diet.

Embryos are recorded as either present or absent.

Diet Basal males Frontal males Females Embryos
Pa ¢ 1.7t4.37 (6) - 1.5£2.01 (6) no
Sk : 0.6x0.69 (2) 0.521.08 (6) - vyes
RO : 4.9%5.11 (3) 40.6151.30 (3) 134.81236.34 (4) Yes
Te : - - - no
Ch : 0.430.40 (3) - - no
Du : - - - no
Cl $¢ 7.1%4.46 (1) 3.419.03 (3) 2.416.90 (5) yes
C2 s 7.2+4.21 (3) 2.1%2.26 (3) 5.2%11.75 (7) yes
Fs : - - - no
Fs + Co: - - -

no



Table 1.4

Comparison of growth parameters between colonies when grown

Rhodomonas baltica when fed as a monofood, and when fed in
combination with Pavlova lutherj or Skeletonema costatum.

For each variable, the data are treated as a 3 factor
analysis of variance (ANOVA), with repeated measures on one

factor (time). The ‘'colony' factor (C) 1is nested within
‘diet' (D).

Abbreviations for sources of variation D: DIET (n=3)

C: COLONY (n=10)

T: TIME (n=8 obs.)

A) s i~ ~P - ) - A 3 A, € w? L o). ATV OLZ00 1AULS ANSIOormec ®

patural logs.
Source DF SS F P
D 2 1.515 0.758 0.17 0.845
C (D) 27 120.537 4.464 2.79 0.000
T 7 50.998 7.285 4.55 0.000
D*T 14 132.031 9.431 5.89 0.000
Exrror 1é9 302.512 1.601

Total 239 607.594




Table 1.4 (cont.)

L)
F.s . i
e » &
a e . - .

Source DF SS MS F P
D | 2 161.384 80.692 4.67 0.018
C(D) 27 466.493 17.278 2.32 0.001
T 7 91.014 13.002 1.74 0.101
D*T 14 255.694 18.264 2.45 0.003
Error 189 1408.844 7.454

Total 239 2383.430

DQLAS ANSLOXNEeC

source DF SS MS F P

D 2 20.707 10.353 0.27 0.767
C(D) 27 1043.574 38.651 7.38 0.000
T 7 82.636 11.805 2.25 0.032
D*T 14 243.383 17.385 3.32 0.000
Error 189 989.902 5,238

Total 239 2380.202




d) Analysis of Variance

natural logs.
source DF
D 2
C (D) 27
T 7
D*T 14
Error 189
Total 239

SS
27.301
944.397
92f138
329.356
1053.302

2446.494

MS

13.651
34.978
13.163
23.525

5.573

0.39

6.28

2.36

4.22

0.681
0.000
0.025

0.000



Figure 1.1
Growth of colonies of C. hyalina on a variety of algal diets.

(N=10). Data points are mean values 195% confidence limits

solid lines - somatic parameters

broken lines -~ sexual parameters

Solid circles - Feeding autozooids
Solid triangles - Fully formed buds
Solid boxes - Degenerated autozooids (brown

bodies)

Open circles - Basal male zooids

Open boxes - Frontal male zooids

Open triangles - Female zooids
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Figure 1.2
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