)

r—y Pure

Bangor University

DOCTOR OF PHILOSOPHY

Demography of animal modular colonies.

Cancino, Juan Miguel

Award date:
1983

Awarding institution:
Bangor University

Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright owners
and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.

» Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
* You may not further distribute the material or use it for any profit-making activity or commercial gain
* You may freely distribute the URL identifying the publication in the public portal ?

Take down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Download date: 04. Apr. 2025


https://research.bangor.ac.uk/portal/en/theses/demography-of-animal-modular-colonies(40c142f0-5e17-44d1-8871-b834c2e566b6).html

DEMOGRAPHY OF ANIMAL

MODULAR COLONIES

A THESIS

Submitted to the University of Wales

by
JUAN MIGUEL CANCINOC
o
IN CANDIDATURE FOR THE DEGREE OF

PHILOSOPHIAE DOCTOR

School of Animal Biology
University College of North Wales

Bangor

June 1983



TABLE OF CONTENTS

—_— ——.— L —

Declaration
Acknowledgements

Summary

General Introduction
Chapter 1:
Laminaria saccharina (L.) Lamour as a Habitat for

Celleporella hyalina (L.) and other encrusting

bryozoans.

1.1. Introduction

1.2. Materials and Methods
1.3. Results

1.3.1. The Plant

1.3.1.1. Plant Population Structure

1.3.1.2. Survival and Growth of Marked Plants
1.3.1.3. Survival of Tissue on the Frond

1.3.2. The Epifauna

1.3.2.1. Population Dynamics of C. hyalina on

fronds of L. saccharina

A: A Simple Model
B: Data on Settlement and Survivorship

1.3.2.2. Distribution Patterns of C. hyalina on

fronds of L. saccharina

1.4, Discussion

1.4.1. The Plant

1.4.2. The Epifauna

1.4.2.1 The Epifauna on L. saccharina

1.4.2.2. The Epifauna on Other Substrata

13
16

16
16

16
18
13

19
19

20

22
24

24

29
29
37




Plate 1.1.
Tables 1.1 to 1.6

Figures 1.1. to 1.23

Chapter Z:

The Life History of Celleporella hyalina (L.)

I. Zooidal Polymorphism and Astogeny 41
2.1. Introduction - 43
2.2. Materials and Methods 46
2.3. Results 49
2.3.1. Early Astogeny and Zocoidal Polymorphism 49
2.3.2. Interaction between colonies 51
2.3.3. Effects of season and water flow on

colony shape and growth rate 51
2.3.4. Other patterns of early astogeny and

premature metamorphosis 52
2.4 Discussion 54

Tables 2.1 to 2.3
Plates 2.1 to 2.5
Figures 2.1 to 2.8
Chapter 3:

The Life History of Celleporella hyalina (L.).

II. Experiments on the effect of water flow and
on growth

neighbouring colonies/ and sexual reproductive

output 60
3.1. Introduction 62
3.2. Materials and Methcds 65

3.13. Results 67




3.3.1.

3.3.1.

3.3.1.

3.3.1.

3.3.1.

3.3.2.

3.3.3.

3.3.4.

3.4,

Water flow regime and its effect on
colony growth, 3ize at first
sexual reproduction and on reproductive
output

Preliminary results: spring - summer
1980

The dynamics of growth and sexual
reproduction of individually identified
colonies

Effect of translocation between
Lreatments

A summary of the effect of water flow
conditions

Effect of number of neighbouring
colonies on size and reproductive output
Investment in autozooids vs investment
in sexual zooids

Sex Ratio

Discussion

Tables 3.1 to 3.8

Figures 3.1 to 3.15

Chapter 4:

Investigation of the Possibility of self-

fertilization in Cellepcrella hyalina

4,1
4.2.

4. 3.

Introduction

Materials and Methods

Results

69

70

71

71
72

82
84

88

90



4.4, Discussion
Tables 4.1 and 4.2
Figures 4.1 to 4.7
General Discussion
References

Appendix 1

Appendix 2

92

95

99



Acknowledgements

I am grateful to my supervisor Dr. R.N. Hughes for his

guidance, encouragement and help during the various stages of the

research and of preparing this thesis.
I thank Mrs. E. Vera for all the time spent in typing and
drawing most of the figures included in this thesis, and to Mr A.

Vera for his understanding, and for their constant help during the

whole time I stayed in Bangor.

I am grateful to Mr P. Cunningham for his help in making the
thesis ready for binding and drawing figures contained in Chapter
3. I am also very grateful to Miss C. W. Gill for her moral
support, help and care during the time this thesis was written.

I also thank my fellow postgraduate students and several

members of the Academic and Technical staff for their constant

help and for making my stay in Bangor pleasant. I have mentioned

their names at the end of each chapter.

During my studies I was supported by a Scholarship flom the
British Council, for which I am grateful. I also thank my
University in Chile (Universidad Catolica de Chile) for financial
support during the last 7 months of my residence in Great Britain.

Last, but not least I would like to thank very specially Dr.

J. C. Castilla (Universidad Catdlica de Chile), for his constant

interest 1in my academic studies and for his encouragement and

help.



Summary

Demographic aspects of the encrusting bryozcan Celleporella

hyalina (L.) were investigated both at the colonial and the

zooidal level. In the Menai Straits C. hyalina is the commonest

e my— ey Nl -

epiphyte on the fronds of Laminaria saccharina (L.) Lamour. The

life-span of C. hyalina on this substratum ranges from a few days

to 5 - 6 months according to season and settlement 1location,
substratum abrasion being the main mortality factor. Experimental

rearing in the natural environment showed that on a permanent

substratum C. hyalina survives more than 18 months. From April to

September C. hyalina invests, at simultaneously high rates, 1n

somatic growth and sexual reproduction, whilst during the rest of
the year investment is mainly in growth, but at a low rate. In
comparison with colonies experimentally grown in restricted water
flow conditions, cglonies of C. hyalina in higher water flow
regimes achieved: (a) bigger colony size, (b) higher reproductive
output (RO) (reproductive zoolds/autozooids) and (c¢) higher
investment 1in female functions. RO increases asymptotically as
body size increases and can be experimentally depressed by

reducing water flow, which presumably diminishes the supply of

food to the colony. Colonies of C. hyalina start sexual

reproduction at a small size and do not delay sex in favour of

achieving a bigger size, probably because: (a) unpredictable life-

expectancy in the natural environment favours an early

reproduction, (b) viable larvae need brooding for 3 - 4 weeks and

(¢) the modular construction allows partitioning of functions

among zooids in the colony, minimizing interference between sexual



activities and colonial growth. Resources are probably allocated
to growth and reproduction in a similar way in other species of
colonlal organisms. Increasing the number of neighbouring
colonies of C. hyalina reduces size and RO. Colonies isoclated

from foreign sperm produced larvae up to 40 days after isolation,

suggesting that either self-fertilization or storage of foreign

sperm takes place.



General Introductlion

Organisms can be regarded as input-output systems that
capture and transmit energy, information and material in such a
way that the production of successful offspring throughout the
organism's life-span is maximized (Pianka and Parker 1975, Pianka
1976, 1981, Calow 1977, 1979, 1981; Calow and Townsend 1931,
Solbrig 1981 ). Although maximization of reproductive output can
be assumed to apply to all organisms, the diversity of 1life
histories and reproductive methods known, allows an extremely hign

number of successful ways of timing and allocating resources for
reproduction. The demographic consequences of a particular
reproductive method have been the subject of many notable papers
(e.g. Cole 1954, Gadgil and Bossert 1970, Charnov and Schaffer
1973, Stearns 1976, 1977, 1980, May 1977, etc). In recent years

numerous papers (especially those by Pianka 1976, 1981, Calow

1977, 1979, 1981), have stressed the physiological consequences of
reproduction. This approach successfully deals with c¢osts and

benefits of a given reproductive method, taking into consideration

the whole organisn. Using energy as a common denominator,

different activities of the organism can be directly compared,
bringing together aspects of optimal foraging, behaviour, personal
defense, reproduction, etc. (see Pianka 1976 and book edited by
Townsend and Calow 1981). Similar approaches can be applied ¢to

populations and ecosystems (Slobodkin 1962).

Growth, reproduction and other activities of the organism,
use the energy remaining after the metabolic "levy" has been taken



from the input to the organism (Calow 1981). Since energy used in
reproduction is not available for other activities, present
reproductive output is associated with costs that must be paid 1n
terms of future growth and residual reproductive value
(Wittenberger 1979, Calow 1979, 1981). In solitary animals 1t 1s
well established that growth and reproduction are virtually
mutually exclusive (Williams 1975, Pianka 1976, Muenchow 1978,
Amir 1979, Calow 1981, Bell 1982). Similar principles seem to
apply to plants (Harper 1977, Solbrig 1981, but see Cohen 1971,
1976, and Amir 1979) and to many clonal organisms with dissoclated
modules, (Williams 1975, Muenchow 1978, Hughes and Cancino, in !

press). Information regarding colonial organisms 1is, however,
almost non-existent (Bell 1982, Hughes and Cancino, in press).
Throughout this thesis, a colony is regarded as a group of

units or modules (synonymous with "ramet", Harper 1977) physically

connected and sharing a common genotype. Production of new
modules through budding, will be regarded as somatic growth
(Hughes and Cancino, 1in press). Since every unit is an entity in
itself, the proliferation of modules has been regarded by many
authors as asexual reproduction ( e.g.Sebens -1979, Bell 1§82).
From the demographic point of view, there are two levels of
organization within c¢lonal organisms: one is at the level of
modules - n, the other at the level of genotypes - N, ("ramets"
and "genets" of Harper 1977, 1980).

Colonial organisms are usually sedentary and because the

modules in many species remain attached (e.g. Hydrozoa, Anthozoa,

Bryozoa, Tunicata) they offer a unique material to test the

applicability of 1life history theory to clonal organisms. All



living bryozoans are colonial (Ryland 1970, 1979b, Nicol 1978) and
many species are polymorphic (Silen 1977). In some species with
zooidal polymorphism the following types of zooids are recognized:

autozoolds that [feed; androzooids that produce sperm; and

gynozooids that produce eggs. Other special kinds of zoolds,

presumably for defense, are avicularia and vibracula (Silen 1977,

Cook 1979, Ryland 1979b). Counting the number of 2zooids of
different morphologies allows a rough estimate to be made of the

relative investment per function. Such an approach, however, 1is

not found in the literature.

Investigations of breeding seasons in Bryozoa are usually
based on collections of colonies, of unknown age, at regular
intervals; (e.g. Ryland 1963, Gordon 1970, Eggleston 1972, Hayward
and Ryland 1975); or on observations of 1larval settlement on

experimental substrata placed in the natural habitat (e.g. Ryland

1960, Withers and Thorp 1977, Vial and Wass 1981). Only Hayward
and Ryland (1975) and recently Dyrynda (1981a, b), Dyrynda and
King (1982) and Dyrynda and Ryland (1982) have simultaneously

investigated growth and reproduction in species of Bryozoa.
Growth and reproduction have, however, not been followed 1in
individually identified colonies.

This thesis deals with demographic aspects of the encrusting

bryozoan Celleporella hyalina (L.) both at the colonial level

("genets") and at the zooidal level ("modules"). Colonial growth

and survival was followed on fronds of Laminaria saccharina L.

(Lamour), the commonest habitat of C. hyalina in the Menai
Straits. The dynamics of growth and production of sexual zooids




was investigated experimentally in colonies grown in the natural

environment but under different conditions of water flow, the
assumption being that water flow and food levels are correlated.
If this assumption be true, we can learn about the way resources

are allocated to scmatic growth and reproductive output in C.

hyalina. Male and female zooids in C. hyalina have different

morphologies and do not eat, thus providing a suitable material
for quantifying investment in gender, male vs female function, and
in growth vs sexual reproduction. The possibility of inbreeding
was also experimentally investigated.

Most of the observations on C. hyalina are probably relevant

to other species of Bryozoa (i.e. Callopora lineata, Membranipora

- [ —
N ———— ———

membranacea, Electra pilosa), that also use L. saccharina as a

substratum. During the 3 years of the present study I gathered
some information regarding growth of Electra pilosa, E.
monostachys, Callopora dumerilli, C. lineata and Cryptosula
pallasiana. Due to shortage of time those data are not presented

as part of this thesis.

Errata:
Lunning, K. 1in Chapter 1 and in References
should read Luning, K.



Chapter 1

Laminaria saccharina (L.) Lamour as a habitat for Celleporella

P e ki

hyalina(L.) and other encrusting bryozoans.
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1.1. Introduction

Macroalgae provide marine invertebrates with a diversity of

resources including: substratum for both sessile and non-sessile
sedentary organisms, shelter and food (Hayward 1980, Seed and
O'Connor 1982b). Different groups of algae offer these resources

to different degrees; brown macroalgae, by virtue of their
dominance on most temperate rocky coasts, their large size, broad

fronds and usually massive holdfasts, are used as substrata and
provide shelter to many marine invertebrates (Colman 1940, Ryland
1962, Jones 1971, 1972, 1973, Moore 1971, 1972, 1973c, 1978,
Hayward 1980, Cancino and Santelices 1981, Seed and O'Connor

1981b). The sessile epifaunal communities occurring on fronds of
macroalgae are subjected to very different constraints from those

experienced by epifaunal communities on hard non-renewable marine
substrata (Seed and O'Connor 1985b, Barnes and Hughes 1982).
Predation and competition, ¢two major organising forces in rocky
shore communities (Connell 1961, Paine 1966, Dayton 1971, Menge
and Sutherland 1976), seem to be relatively less important within
macroalgal epifaunal communities (Stebbing 1973a, b, Hayward 1980,

Seed and O'Connor 1981b). According to Seed and O'Connor (1981b)

two major factors organising algal epifaunal communities are a)

seasonal generation of new frond surface avallable for
colonization (relieving inter- and intra-specific competition);
and b) 1larval selection of habitats and position on the plant,

resulting in partitioning of substratum. Another important factor

is that most sessile epifaunal species are colonial and by virtue

of their modular construction (Chapman and Stebbing 1380) they are

able to re-direct growth towards the most f{avourable areas of
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substratum (Gordon 1972, Ryland and Stebbing 1971, Stebbing 1973a,
b, Buss 1979a, Jackson 1979). Most larvae of epifaunal species
are highly selective with regard to both plant species used as

substratum and position on the frond (Ryland 1959b, Ryland and
Stebbing -
Stebbing 1971, (1972, Hayward and Harvey 1974a, Hayward 1980, Seed
and O'Connor 1981b). These {factors tend to create dense
monospecific stands. .
Intra-specific overgrowth within bryozoans has been reported

to be uncommon (Stebbing 1973a, b, Seed and Boaden 1977, O'Connor

et al. 1980, Wood and Seed 1980, Seed and O'Connor 1981b), it can

be expected, therefore, that intra-specific overgrowth is not an
important mortality factor within monospecific stands. Data on

the survivorship of individually identified colonial epiphytes on
macroalgae, necessary to confirm this prediction, are not

available in the literature.
Most studies dealing with epifaunal communities on brown
macroalgae have been carried out on Fucales and to a lesser extent

on Laminariales. Many studies in Europe have dealt almost

exclusively with the diverse epifauna on Fucus serratus (e.g.

Hagerman 1966, Ryland and Stebbing 1971, Stebbing 1973a, b,

Hayward and Harvey 1974a,b, Hayward and Ryland 1975, Boaden et al.

1975, 1976a,b, O'Connor et al. 1979, 1980, Seed and Boaden 1977,
Seed et al.1981, Seed and O'Connor 1981a,b, Wood and Seed 1980,
Wood 1983). Although several studies have been carried out on the
holdfast communities of Laminariales (Scarrat 1961, Jones 1971,

1972, 1973, Moore 1971, 1972,1973a,b,c,d, McKenzie and Moore

1981), studies of epifauna occcurring on the fronds of Laminariales



are few (Ebling et al. 1948, Sloane et al 1957, L'Hardy 1562,
Kitching and Ebling 1967, Ryland and Stebbing 1971, Norton 1971,

1973, Stebbing 1972, Seed and Harris 1980). Studies on epifauna

of Macrocystis pyrifera on the Pacific Coast of North America

(Bernstein and Jung 1979, Dixon et al. 1981, Yoshioka 1982a,b) and

that of Laminaria saccharina (Seed 1976) at Friday Harbour have
also contributed to the knowledge of epifaunal community structure
and dynamics on Laminariales.

Fronds of certain laminarians have been regarded as largely
unacceptable to most species of sessile epiphytes (Seed and

O'Connor 1981b), but this is certainly not the case of Laminaria

saccharina, Sacchoriza polyschides, and Macrocystis pyrifera

(L'Hardy 1962, Norton 1973, Bernstein and Jung 1979). Although

the epifaunal communities on these macroalgae are less diverse

than those on Fucus, these macroalgae act as substrata for several

sessile species of Bryozoa, Hydrozoa, Polychaeta, Cirripedia and
Urochordata (L'Hardy 1962, Norton 1971, Bernstein and Jung 1979,
Seed and Harris 1980). The epifaunas of laminarian fronds are,
moreover, fast-changing structures both in chemical c¢omposition
(Black 1954, Kain 1979) and physical dimensions (Kain 1979 and
below). Obviously such changes are of primary importance
determining epifaunal life-span, <c¢olonization and probably degree
of interaction amongst the members of these communities.

The fronds of Laminaria spp. behave like moving-belts of
tissue (Mann 1972); frond tissue being generated at the base and
abraded at the frond tip, (Parke 1948, Kain 1979). The growth of
the fronds follows a seasonal pattern with maximum rates in 1late

winter-spring and a minimum in summer-autumn (Parke 1948, Mann



1972, Kain 1979). Provided that light is not limiting, growth is

in general controlled by the amount of nitrogen 1in the water
(Chapman and Craigie 1977, Lunning 1979, Dieckman 1980,

Anderson et al. 1981, Gagne et al. 1982). It has been shown

experimentally (Chapman and Craigie 1977), that the reduction in
growth rate during the summer is due to nitrogen depletion.

Growth of Laminaria spp. occurring in areas with abundant supplies

of nitrogen all year round follow the seasonal pattern of light

(Dieckman 1980, Anderson et al. 1981, Gagne et al. 1982).

N ——

Although nitrogen and light are the two main factors controlling

the seasonal pattern of growth of Laminaria, many other factors
have been reported to affect it. (For further details see
Discussion).

The sporophytes (macroscopic plants) of Laminaria saccharina

(L.) Lamour are found in Britain from the lower- midlittoral to
about 25 m depth in the sublittoral zone (Burrows 1961, Norton and
Milburn 1972). The species occurs on all types of substrata
providing that they are sheltered from wave action (Burrows 1461,
Kain 1962, Lewis 1962, Kain 1979; also see Druehl 1967 for
distribution at Vancouver Island). The species occurs in the

Atlantic from Portugal in the East to Massachussets in the West

and i1t is also present in the Northern Pacific from California to

inside the Polar Circle (Burrows 1961, Lunning et al. 1978, Hoek

1982). Many eco-physiological studies have shown that the species
Zrows well wunder widely ranging conditions of temperature,
salinity, irradiation, etc. (Burrows 1961, Druehl 1967, Kain 1969,

Lunning et al. 1973, Johnston et al. 1977, Lunning 1979, Fortes

10



and Lunning 1980, Hoek 1982, further references and review in

Kain 1979). The main work on the biology of L. saccharina is that
of Parke (1948), who studied populations in Devon (South England)
and Argyll (Scotland). Most of the recent works on this species

come from Lunning and co-authors. References on L. 1longicruris

are also relevant to L. saccharina since these two algae are

probably con-specific (Chapman 1974, Lunning et al. 1978, Kain

1979).

A population of L. saccharinaoccurs 1in Anglesey, Wales
towards the eastern mouth of the Menail Straits. The sea-water in
this area of the Menai Straits, and as far westwards along the

Straits as Brittania Bridge, 1is influenced by the oceanographic
conditions in Liverpool Bay (Jones 1962). The cycle of nitrate-
nitrogen follows the pattern typical for coastal waters, (Ewins
and Spencer 1967, Lennox 1979); the cycles of active silicate and
phosphorus are, nowever, slightly different from those of coastal
waters (Jones 1962, Ewins and Spencer 1967). It had been reported
(Ryland 1959a) that fronds of the 1local L. saccharina were

inhabited mainly by the encrusting bryozocan Celleporella hyalina

(L.), (=Hippothoa hzalina). C. hyalina also occurs as a major
component on the epifauna of L. saccharina in France and the Isle
of Man (L'Hardy 1962, Eggleston 1963, 1968, 1972), of Sacchoriza

polyschides 1in Ireland and the Isle of Man (Ebling et al. 1948,
Kitching and Ebling 1967, Norton 1971), of Macrocystis pyrifera in

California (Bernstein and Jung 1979), and at a lesser extent of

Fucus serratus (O'Connor et al. 1980) in Britain.

The present study was undertaken to gather information about

both the biology of L. saccharina and that' of the encrusting

L =TT
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epifauna. With regard to the plant, it will provide the first
data of seasonal growth in this area of Britain, representing
slightly different oceanographic conditions from previously
published records. With regards to the epifauna, it will provide

the first major study of the epifauna of L. saccharina in Britain.

The general objective of the work was to understand the
relationship between plant and epifauna. Justifications of this
objective are: a) the few existing studies of epifiaunal
communities on fronds of Laminariales; b) the lack of a study
integrating the biology of the plant and that of the epifauna; and
¢c) lack of direct observations of survival times of individually
ldentified sessile epihytes on this substratum. This last point

1s 1mportant in evaluating the role of competition on epiphyte

mortality in this community.

12



1.2. Materials and Mgphods

Sixty one plants of L. saccharina were marked over a period

of 602 days (Table 1.1), starting on 26 October 1980. The area
studied was at Trwyn-y-Penrhyn, Menai Straits, Anglesey, Wales (SH
629 T797). Five rocks, (A to E in Appendix 1), were selected in

the sublittoral zone (sensu Lewis 1964), located between 60 and 80

cm apbove chart datum. On each rock, plants were individually
marked with strings of different colours tied around the stipe
(Plate 1.1). Frond growth was measured by following the
displacement of a 4 mm diameter hole, (Plate 1.1), which was
punched 10 c¢cm from the base of the frond. Measured growth
therefore, was the sum of both primary and secondary elongation
(Parke 1948). A new hole was punched when the o0ld one was about
to reach the end of the frond. Plants were measured on 24
occasions (Table 1.1), at intervals of 15 to 31 days. On average
23 plants (SD 5.32, 15 minimum, 39 maximum) provided information
about growth on 23 occasions (Table 1.1). Total length of the
plant, length of the stipe and position of the hole were recorded
on each occasion (all to the nearest 0.5 cm). From these data,

the length of the frond, its growth rate and the rate of loss of
tissue from its tip were calculated.

The present study was concerned with animals on the frond of

L. saccharina and further analysis dealt only with the frond, but

T nlikl——

data on the stipe and total algal length are given in Appendix 1.
Regression and correlation analyses were carried out between mean
frond length, (mean value between two success,ve observations), and

the growth rate per day observed during that interval. When a

13



statistically significant correlation was found, and observations

existed for a similar period in another year (e.g. May 1981, May
1982), an analysis of covariance (Snedecor and Cochran 1967), was
carried out. Data were pooled when the analysis of covarlance

showed no significant difference between years. In such cases

only the pooled regression equation is given for that period (see

Table 1.2). When differences between years were significant,
separate regression equations are given. Rate of loss of tissue
was treated 1in the same way as growth rate. Regression and

correlation analyses were also carried out between growth rate and

rate of loss of frondal tissue.

To determine if plants of different sizes were growing, oOr
1osiﬁg tissue at proportionally the same rate, data were
standardized using an arbitrary frondal length of 100 ecm. The

standardized value of growth rate, or loss per day, was then
plotted against mean frondal length. Since the scatter plots so
obtained fitted curvilinear regressions, the values were
transformed to natural logs. As before, data were pooled 1if a
one-way analysis of variance (Kruskal-Wallis, Siegel 1956),
carried out on the data before logarithmic transformation, showed

no significant difference between years.

Survival ¢time of the frond tissue was calculated throughout
the year using a graphical method. Plant size was plotted against
time and growth rate was integrated starting at each observation

date. Survival time was estimated as the predicted time taken for

newly formed tissue to reach the tip of the blade. Animal
residence time was calculated in a similar way. (See Results for
further details). Plant mortality was estimated from 1loss of

14



marked plants. The disappearance of a whole plant, or that of its
frond, was regarded as death.

Surface water temperature was measured every 2 - 3 days at
the  Menai Bridge Pier (8 miles from the site studied).
Information of the cycle of nutrients was obtained from Jones
(1962), Ewins and Spencer (1967) and Lennox (1973).

The bryozoan populations on the fronds were studied by two
methods. First, plants were randomly chosen and 3 transverse
sections, Proximal, Central and Distal, cut in each frond. the
Sections wére 15 cm long and chosen so that the proximal one
included the bryozoan ancestrulae settled nearest to the base of
the frond. The distal section corresponded to 15 cm at the tip of
the frond and the central one to the midpoint between the other
two. Second, non-destructive repetitive samples were taken of
areas 15 cm long on fronds of marked plants. Punched holes were
used as reference points for these areas. All visible bryozoan
colonies were mapped on acetate sheets. This technique was
generally adequated to gather information about settlement, colony
growth, survival and contact between 1individually identified
colonies. Additional information on settlement of bryozoans and

plant population structure was obtained on 9 occasions, over which
a total of 967 plants were measured. A digitizer was used to

measure areas of fronds and colonies on these plants.

15



1.3. Results

The results are presented in two sections, the first dealing
with the plant and the second with the epifauna.

1.3.1. THE PLANT

1.3.1.1. Plant Fcpulation 3Structure.

The size of the fronds of the population studied varied
during the year (Fig. 1.1). Most of the plants had fronds shorter

than 100 cm from December to March, bigger plants being common

from March to November. Fronds shorter than 20 cm were present 1in

a variable percentage among all samples except in December 1981
(Fig. 1.1).

This fluctuation in size of the fronds was due to three
factors: a) recruitment of new plants, b) mortality of whole
sporophytes and c¢) balance between growth and loss of tissue on

the fronds of older plants. Most of the plants with fronds

shorter than 20 cm (Fig. 1.1) were newly recruited sporophytes.

These were less frequent during the winter months (absent in

December 1981) than during the rest of the year.
1.3.1.2. Survival and Growth of Marked Plants.

The mean mortality rate between successive observations of

well grown marked sporophytes (fronds longer than 30 cm), was 9%

(Fig. 1.2, see Table 1.1 for observations dates and number of

plants observed). Mortality rates higher than 10% were recorded
on 6 occasions (Fig. 1.2.b). High mortality rates, apparently,
were not correlated with season. Fifty per cent of the marked

plants died after 6 - 8 months (Fig. 1.2.a). The influence of age

and plant size on the mortality rate were not investigated.
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Fronds of marked plants were smaller during winter (December
to February) than during the summer (June to September) (Fig.
1.3). This seasonal pattern was the result of the balance between
growth rate (Fig. 1.4) and loss of tissue at the distal end of the
frond (Fig. 1.5).

Frondal growth rate was at a maximum in April-May and at a
minimum in November-December (Fig. 1.4). The rate of loss of
tissue from the tip of the frond was lower from January to March
1981 (January to May in 1982) and higher from April to December
1981. The rates of loss of tissue were higher than the rates of
growth from July 1981 to February 1982 (plants decreasing in size,
Fig. 1.3) the reverse being the case between February and July
1981 and between March and June 1982 (plants increasing in size).

The growth rate of the fronds was not correlated with water
temperature (Fig. 1.6). Plant growth rate decreased while the
temperature was s8till rising and minimum growth rates were
recordedf 2 - 3 months earlier than the lowest temperatures (Fig.
1.4 and 1.6).

Frondal growth rate was positively correlated with plant
size for most of the year (Fig. 1.7, Table 1.2). In November and
December 1980 and 1981, however, all plants were growing at a very
low rate and the correlation between growth rate and plant size
was not significant.

All plants grew proportionally at the same rate from
September to February (no significant correlation existed between

frond size and growth rate per 100 cm of frond, Fig. 1.8.A). From

February to June, however, smaller plants grew proportionally

faster than bigger ones (Fig. 1.8.B). During July and August the
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correlation changed sign, that 1s, bigger plants kept growing at
proportionally higher rates than smaller plants. The rate of loss
of tissue was correlated with mean frond size and with frondal
growth rate on only a few occasions (Table 1.2). This was
probably due to the loss of variable amounts of distal frond and
to the fact that loss of tissue was not a continuous process.
1.3.1.3. Survival of Tissue on the Frond.

The mean survival time of frond tissue ranged from 2 to §
months according to the time of the year at which it was generated
(Fig. 1.9, 1.10). This seasonal pattern was the result of the
interactions between growth rate, rate of loss of tissue and the
total frondal length at different times of the year (Fig. 1.9).

Due to differences in plant size and to mortality of whole plants,

the individual estimates of survival time of frondal tissue (Fig.
1.10) were highly variable. Tissue generated in autumn survived

about twice as long as tissue generated in spring.

1.3.2. THE EPIFAUNA

Fronds of L. saccharina provide a substratum for encrusting

Bryozoa, Hydrozoa, Polychaeta, Cirripedia and Urochordata (see
Introduction). The present study concerned only encrusting

Bryozoa, particularly Celleporella hyalina, but other sedentary

organisms will be subjected to similar constraints since they

coexlst on a common substratun.

Celleporella hyalina is the commonest entrusting bryozoan on

fronds of L. saccharina (Table 1.3), representing about 99% of all

colonies found on this substratumn. All other species of
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encrusting bryozoan found during this study (E;egtra pilosa,

Callopora lineata and Membranipora membranacea) represented a very

low percentage of colonies. Althcugh colonies of E. pilosa and M.

membranacea grew larger than those of C. hyalina, the latter was

the most important species in terms of total area covered. The

>
maximum colony size recorded for E. pilosa was 8 cm2 and 150 cm™

Skl —.

for M. membranacea. C. lineata was always smaller than C. hyalina

(maximum recorded size 0.80 cm? and 2.50 cm? respectively).
1.3.2.1. Population Dynamics of C. hyalina on fronds of L.

saccharina: A, a simple model.

According to evidence already presented (Fig. 1.10) it can
be expected that colonies of C. hyalina will survive for different
lengths of time depending on the time of the year at which they

settle. The life expectancy of C. hyalina would be equal to that

of the newly formed tissue of fronds of L. saccharina (Fig. 1.10)

only 1if: a) settlement occurs at the zone of transition (between
stipe and frond) and b) if post-settlement mortality, due to
factors other than deterioration of the substratum, is equal to
zero. However, neither (a) nor (b) seems to be true.

Larvae of C. hyalina do not settle on the youngest part of

e ol e g ——-

the fronds of L. saccharina. Settlement nearest to the transition

L T TN

zone occurred on average 12 cm from the base of the frond (Fig.
1.11). This distance varied throughout the year, being minimal

from September to November and maximal in late April (Fig. 1.11).
The proximal settlement-free zone was positively correlated with
frond size (Table 1.4). At the time of the year when the distance
of first settlement moved further from the transition =zone,

(January to April, Fig. 1.11), a percentage of fronds were found

without C. hyalina (Table 1.4). Six per cent of fronds were also
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found without C. hyalina on November 1981, but these were very
small sporophytes.

Taking 1into account seasonal differences 1n the distance
from the frondal base at which the most proximal settlement

occurred (Fig. 1.11), a curve of life expectancy for C. hyalina

was generated (Fig. 1.12, 1.13). On average, a maximum life-span
of 7 months and a minimum of only 20 days 1is predicted 1if
mortality of whole plants is taken into account (Fig. 1.13).

These values would be reduced if the larvae settled further from
the stipe than the mean distances given in Fig 1.11, or if factors
other than substratum degradation affect colony sSurvivorship.
Population Dynamics of C.  hyalina on fronds of L.
saccharina: B, some data on settlement and survivorship.
Repetitive sampling of areas on 12 marked plants (Fig. 1.14)
showed that settlement occurred in 1981 from early June to
November. The first settlement on area A, 10 c¢m from the
transition zone on 5 May 1981, was detected on 3 June 1981, new
colonies being continually recruited to this area until the
substratum reached the end of the frond. Settlement on area B, 10

cm from the transition zone on 4 July 1981, was first detected on

1 August 1981, Subsequent settlement followed a temporal pattern

similar to that in area A. In both areas the heaviest settlement

took place during August.

The survivorship schedules of C. hyalina on fronds of L.

saccharina are strongly affected by the continuous arrival of

larvae. As a result of the dynamics of the generation and

abrasion of frond tissue, the time of settlement on a given area
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of the frond is an important factor affecting 1life expectancy.
Colonies recruiting first at a given area should survive longer
than later recruits. Fig. 1.15 clearly shows that this 1is so.
Survivorship of the whole population of recruits was near to
1 for 2-3 months in area B, whereas in area A there was lncreasing
mortality rate with age (Table 1.5). Three factors: a) 1life

expectancy of the substratum at settlement, b) number of 1larvae

settling at a given time, and c¢) biological interactions, are
likely to be responsible for the differences observed between the
two survivorship schedules. Survivorship of colonies was very
high until about 1 month before reaching the end of the frond
(Fig. 1.16), life expectancy of the substratum being therefore
quite important. Most colonies in area B recruited when this area

had a life expectancy of 3 to 5 months whilst most colonies in A
recruited when life expectancy was only between 2 and 4 months.
An increasing number of later recruits (Fig. 1.17.A) produced the
continuously decreasing survivorship curve in area A. The early

colonization of area B (Fig. 1.17.B) resulted in a survivorship

that approached closely that of the substratum.

Biological interactions seemed also to contribute to the

differences observed between the survivorship schedules of the two
areas. A close inspection of the curves in Fig. 1.16 reveals

earlier mortality among later recruits than among
slightly/ earlier recruits. Both the number of old colonies and

the proportion of colonies touching neighbouring ones, increased
with age of the frond (Fig. 1.17). A larva arriving when most of

the area is covered by older colonies may be forced to settle in a

less favourable place than those arriving first. Most earlier

colonizers died later than colonies recruiting later, whence it
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seems that older, bigger colonies are more resistant to abrasion or
cvergrowth.

The advantages of early recruitment to a given area and
those of gsettling on 1low density areas are also revealed by
following colony growth. Colonies that recruited earlier and at
lower density reached a bigger size than colonies settling 1later
at higher density (Fig. 1.19). The differences in growth rate
between colonies recruited in June and those recruited on other
months (Fig. 1.19.A) can be explained in terms of sea temperature
(Fig. 1.16). In area B (Fig. 1.19.B), the colonies stopped
growing 1.5 months after settlement, perhaps due to the combined

effects of lower temperature (Fig. 1.16) and high density (Fig.

1.17.B).

1.3.2.2. Distribution Patterns of C. hyalina on fronds of L.

saccharina.

According to evidence already presented, the heaviest

settlement of C. hyalina on L. saccharina occurred in August.

el —

Seven plants were therefore sampled in September to estimate
population structure and distribution along the fronds when
occupation of the substratum is probably at its highest.

The distribution of the colonies of C. hyalina on the fronds
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of L. saccharina is not random, the larvae preferring to settle on

concave surflaces (Ryland 1959b), with the result that a high

concentration of colonies occurs along the two rows of depressions

along the frond (Plate 1.1). On plants sampled in September,

there was a more obvious bimodal pattern of colony distribution

across the width of fronds in the proximal and central areas than
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at the distal tip of the frond (Fig. 1.20). The difference
between these patterns of distribution can probably be explained
in terms of age of the frond and continuous recruitment of larvae
to areas previously colonized.

There was a size gradient of C. hyallina colonies along the

fronds of L. saccharina, the biggests colonies being found at the

—————

distal end of the frond and only small ones belng present towards
the proximal area (Fig. 1.21). This result was expected, since
the tissue at the proximal end of fronds was too young for bigger
colonies to be present. Although towards the distal end an
increasing proportion of the frond was cover by older colonies,

ancestrulae were the commonest size class 1in all 3 areas sampled

(Fig. 1.21, 1.22, 1.23). The highest percentage cover by C.
hyalinaﬁﬁgecorded_ at the central area of one frond (31%, Fig.
1.22), the average percentage cover, however, was highest at the
distal end (Fig. 1.22). When the area occupied by the colonies
other than ancestrulae was subtracted from the total area of
substratum sampled and the density of ancestrulae on this "colony-
free" area was calculated, the densities of ancestrulae in the 3
areas of frond shown to be significatively different (Fig. 1.22,
Kruskal-Wallis one way analysis of variance, H= 14.32, 2 d.f., P«
0.001), suggesting a preferential settlement towards the younger
part of the frond.

In central and distal areas of the frond, between 50% and

100% of colonies touched neighbouring ones after they reached 2 mm

in diameter (Fig. 1.23). The density of ancestrulae on the

proximal area was higher than those previously observed (Fig.

1.17). Under such crowded conditions it would be expected to find
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some early mortality due to biological interactions, after which

the survivorship would follow that of the substratum.

1.4 Discussion
1.4.1. THE PLANT

The seasonal pattern of growth of Laminaria saccharina 1in

the Menai Straits was similar to that previously reported for this
and other species of the genus (Parke 1948, Mann 1972, Chapman and
Craigie 1977, Linning 1979, Kain 1979, Chapman and Lindley 1980,
Gagne et al. 1982). In Nova Scotia, Chapman and Craigie (1977)

and Gagné et al. (1982) found that growth of L. longicruris was

controlled by the availability of nitrogen. In places where
nitrogen was only abundant in winter, growth rate increased at

this time and continued until 1late spring. However, where

nitrogen was abundant in the water throughout the year, the growth

followed the pattern of light (Gagne et. al 1982). This latter
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pattern has also been found for L. longicruris 1in Quebec,

(Anderson et al. 1981), L. pallida in South Africa (Dieckman

1980), and L.digitata in Helgolander (Lunning 1979). Nitrogen and
light are not the only factors regulating growth pattern, as shown

by L. longicruris growing over summer in waters with low nitrogen
content at Callahan Island, Nova Scotia, (Gerard and Mann 1979)

and by L

L
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saccharina and L. hyperborea which stopped growing at

the beggining of the summer although nitrogen was still present in
the water (Lunning 1979, Helgolander). Inhibition of growth in
summer has also been thought to be due to high temperature

(Gessner 1955, in Anderson et al. 1981), or to the combined
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effects of irradiance and nutrient level (Chapman et al. 1978).

Other factors that have been reported to affect growth pattern of

Laminaria spp. are: low temperature (Anderson et al. 1981), plant

morphology and water movement (Gerard and Mann 1979); reproductive
cycle (spore formation) (Kain 1971, Lunning 1979, Dieckman 1980);
plant reserves of organic and inorganic nutrients (Chapman and

Craigie 1977, Anderson et al. 1981, Gagne et al. 1982); genetic

differences and endogenous rhythms (Dieckmann 1980, Gagne et al.
1982), and interactions with epiphytes (Gerard and Mann 1979,
Dieckman 1980). For effects of temperature, light intensity and

day length on growth of L. saccharina see Fortes and Lunning

(1980).

The cycle of nitrogen in the Menai Straits follows the
typical pattern for temperate coastal waters, with a winter
concentration of 15 g at 1-1N03- and a summer one between 0.5 and

3 g at 1-1N03_ (Ewins and Spencer 1967, Lennox 1979). The NOB"

saturation concentration for growth of L. saccharina is 10 g at
-1

1 (Chapman et al. 1978). Values higher than this are found in the

Menai Straits from November-December until the onset of the spring

phytoplankton bloom in April-May (Lennox 1979). Growth of L.

saccharina started in January-February 1981 and in January 1982

(Fig. 1.4). If the cycle of nitrogen followed the pattern

previously reported for the Menai Straits, factors other than
nitrogen must have been controlling growth during these periods.
Two such factors could have been 1low temperature and low
irradiance. The latter is likely to have been the most important

one as lowest temperature and lowest growth rate did not coincide.

Furthermore, the amount of suspended matter in the Menai Straits
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increases in winter (Buchan et al. 1967, 1973), reducing light

penetration considerably. Field and laboratory studies on L.

— -

saccharina and related specles have previously shown both the

importance of irradiance and the ability of the species to grow at
low temperatures (Mann 1972, Johnston et al 1977, Chapman and
Lindley 1980, Anderson et al. 1981, Hoek 1982). In the Menai

Straits growth of L. saccharina was faster in May 1981 and April

1982, the time of the year when the concentration of NO, may be

3
expected to drop below 10 g at 1'1 (Ewins and Spencer 1967, Lennox

1979). This high growth rate in May-April and the growth later
in the year 1s probably sustained, in part, by internal reserves

of nitrogen (Chapman and Craigie 1977, Gagné et al. 1982).

The positive correlation between frond size and growth rate

found 1in the present study had previously been reported for L.

elerw—

saccharina (Lunning et al 1973), and attributed to photosynthetic
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area and carbon requirements for growth. Most of ¢the frond

elongation in L. saccharina takes place in the proximal 10 cm

A — -

(Parke 1948), but only 30% of the material needed for frond
elongation is photosynthesised in this area, the extra 70% being

translocated from older areas of the frond (Lunning et al. 1973).

It 1is assumed that larger fronds, having bigger photosynthetic
areas, are able to contribute more material for growth than

shorter fronds. bxperiments on L. longicruris have, however,

supported these results only partially (Chapman and Craigie

1978).

Smaller plants have been found to have a higher turnover

rate of tissue than larger ones (Mann 1972). In the present study
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from February to June smaller plants produced frond tissue faster
per unit length than larger plants (Fig. 1.8.B). During July and
August the relation was reversed, larger plants being able to keep
growing for a longer time, probably due to higher reserves of
nitrogen. Parke (1948) and Lunning (1979) have stated that first
vear plants keep growing for a longer time in the slow-growing
season than older ones, the differences being attributed (Lunning
1979) to higher amounts of energy spent on sporogeneous tissue by
older plants. In the present study plant age was not determined,
sorus formation however was observed sporadically and in very few
plants, therefore nitrogen and energy reserves were most likely to

have been committed mainly to growth.

The fluctuation 1n size of L. saccharina fronds throughout

the year has been reported by several authors, (Spence 1918,
Parke 1948, Lunning 1979, Kain 1979). The maximum size 1is
reached in mid-summer and frond size increases as shelter and
depth increases (Parke 1948, Linning 1979). Due to mechanical
reasons, a specific maximum plant size probably exists for a given
place, depending on the degree of exposure to wave action and
tidal level. This "optimum size"™ is likely to change throughout
the year as a result of changes in both casting force (water
movement) and frond strength, (frond thickness and width are
correlated with growth rate and plant age, Parke 1648, Mann 1972,
Gerard and Mann 1979). The rate of frond loss is, however, highly
unpredictable. The only generalization possible to make is that
some loss occurs all the year round. Loss-rates are variable
between and within populations depending on exposure, tidal level,

Lime of the year, plant age (Parke 1948, Johnston et al. 1977,

L ]
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Lunning 1979) and, as found in the present study for a few months
of the year, loss-rate was negatively correlated with plant size.
All these factors contributed in making frond survival time highly
variable.

Survival time of the frond tissue 1is wvariable between
populations and throughout the year. The minimum and maximum

values of frond survival found for L. saccharina in the Menai
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Straits were well within the limits reported for this species

(Parke 1948, L'Hardy 1962, Lunning 1979). The seasonal pattern of
frond survival time found in the present study agreed in general

with that of L

&
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saccharina in Devon, but it is different from the

one reported for Argyll (data in Parke 1948, Plate IX - XI). The
intertidal population 1n Devon showed lowest frond-tissue survival
(2 - 3 months) in March-April and highest (6 - 8 months) from June
to October. The subtidal population in Argyll showed less
variable survival times throughout the year, (5 months between May
and August and 6 - 7 months the rest of the year). These inter-
population differences in frond-tissue survival time are probably
due to different levels of exposure to wave action, plant age and

tidal level also affect survival time (Parke 1948, Luning 1979).
It can be c¢oncluded that sessile epifaunal species using

fronds of L. saccharina as a substratum should necessarily be

“ele—

short-=lived. Organisms with a 1life c¢cycle longer than 6 - 7
months, (from settlement to larval production), would not be able
to establish a breeding population. Because of the seasonal

pattern of frond-tissue survival time, it can be expected that

epiphyte recruitment will be maximal in the autumn. The following
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section deals with the epifaunal community on this substratum.
1.4.2. The Epifauna.
1.4.2.1. The Epifauna on L. saccharina.

Epiphytes occuring on fronds of Laminaria spp., or on any

other substratum with an age-dependent mortality, can be expected
to achieve a maximum longevity by settling on the youngest area of
Lhe frond. Survival time could be prolonged further by
directional growth towards the meristematic region of the alga.
Both mechanisms have been reported for numerous epiphytes on
seaweeds (Ryland 1959, Lutaud 1861, L'Hardy 1962, Ryland and

Stebbing 1971. Reviews in Ryland 1976, 1977, Hayward 1980 and Seed
and O'Connor 1481b).

Growth towards the meristematic region of the alga seems not
to be a response to the age gradient of the frondal tissue but
rather a consequence of responses of both the settling larva

(taxes) and the growing colony (tropisms) to other factors such as

l1ight and water currents (Ryland 1977). The directional growth of

Membranipora membranacea on fronds of Laminaria hyperbora, Fucus
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serratus and Sacchoriza pclyschides (Ryland and Stebbing 1971

Norton 1973) is a positive rheotactic mediated response (Norton

1973, Ryland 1977). The orientated growth of Scrupocellaria

reptans and Electra pilosa toward younger areas of the substratum

(Ryland and Stebbing 1971, Stebbing 1971a) seems to result from

the orientation of the larva at settlement, this determining the
initial direction of growth. In these cases the responsible

stimull are 1light and water current respectively (Ryland 1974,

1977). Although directional growth towards the younger areas of

the substratum can be achieved in response to different stimuli
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according to the species of epiphyte, the ecological consequences
of such behaviour are similar on all epiphytes. Orientated growth
towards younger areas of the substratum might lead colonies toward
areas free of competition thus increasing survivorship (Ryland and
Stebbing 1971, Stebbing 1971a). Due to the short life-span of
frond tissue of Laminariales, orientated growth of epiphytes may

significantly increase residence time. This is likely to be more

pronounced  among fast growing epifaunal species (e.g. M.
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membranacea and E. pilosa; hydroids, etc., Menon 1972, Bernstein
and Jung 1979, Yoshioka 1982b), and in summer and autumn when the
plants are growing more slowly. Because of their small colony

size, their concentric pattern of growth and their slow growth-

rate (this is in comparison with M. membranacea and E. pilosa,
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personal observation), orientated growth does not significantly

increase the life-span of species such as Callopora lineata and
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Cellepcrella hyalina.
Preferential settlement towards the younger areas of the

substratum has been reported for bryozoans (Celleporella hyalina,

Membranipora membranacea, Alcyonidium polyoum, Scrupocellaria

reptans, Bugula flabellata and Crisia eburnea; BRyland 1959b,
Ryland and Stebbing 1971, Stebbing 1971a, 1972, Elliot 1982),

Serpulids (Spirorbis corallinae, Stebbing 1972) and hydroids (see
review in Stebbing 1972). The mechanisms underlying selection of

the younger areas remain unexplained, two ideas have however been

put forward: a) older areas of fronds usually bear heavy
encrustations, and are likely to die sooner, larvae may therefore

avold competition and increase prospects of survival by settling
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on the younger areas (Ryiand and Stebbing 1971, Stebbing 1971 a)/
and b) larvae may be responding to factors associated with the age
gradient (e.g. microbial films, metabolic gradients, etc.,
Stebbing 1972; review in Seed and O'Connor 1981b). There is
evidence (Grosberg 1981) that larvae of invertebrates are able to
detect members of competitively dominant species and avoid
settling near then. Absence of subordinated species from fronds

of macroalgae on which competitively dominant species are present
( Ebling et al. 1948, Kitching and Ebling 1967, Norton 1971,
Bernstein and Jung 1979) can be the result of larval avoidance of
other species at settlement. This could therefore be a mechanism
explaining absence of newly settled colonies on o0ld encrusted
areas of frond, but does not explain how the 0ld colonies came to
be in that area.

Detection of age gradients on the plant could be achieved
using clues such as microbial films and metabolic gradients. Many
Bryozoa are known to require microbial films for a successful

settlement (Ryland 1974, Scheltema 1976, Mihm et al. 1981,

Brancato and Woollacott 1982), this could provide a factor

assoclated with age of the substratum through which the larvae are
able to differentiate between young and old tissue (Stebbing
1971a). Two results on the present study are relevant to this
problem: Firstly: distance from the stipe of the first detected

settlements of C. hyalina on fronds of L. saccharina (Fig. 1.11)

A

varies throughout the year, following the pattern of plant growth.

Secondly: this distance is positively correlated with plant size,
slopes of linear regressions being higher from January to June

than during the rest of the year (Table 1.4). Time for microbial
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growth on the frond may be the main factor responsible for this
pattern of settlement. Plants growing at higher rates have
relatively younger tissue near to their stipes than plants growing
slower. The same result regarding distance of first settlements
could be expected if the colonies at the time of observation have
already moved from their original position of settlement by virtue
of plant growth. Furthermore, the similarity in the temporal
pattern of settlement found on two areas of L. saccharina fronds
(Fig. 1.14), despite the different position on the frond, suggests
that the availability of larvae plays a major role in recruitment,
age of the substratum probably being a subsidiary factor promoting

settlement. Experiments, (such as those of Stebbing 1972), are

needed to test larval preference for tissue of different ages.

It can also be argued that the larvae could be detecting
factors other than microblal films. It is known that chemical
gradients (concentration of mannitol, laminarian mineral reserves

and antibiotic products) exist along the fronds of Laminaria spp.

(Black 1954, Hornsey and Hide 1976b, Kain 1979). Mannitol is
regarded as indicative of the amount of photosynthesis; it reaches
the highest concentration one-third of the way up the frond,

decreasing both towards the stipe and the tip (Black 1954). This

gradient should be maintained by photosynthesis. The gradients of
laminarian and minerals are present in the plant only during the
low growing season and high mineral concentrations respectively

(Black 1954, Haug and Jensen 1954, Hatcher et al. 1977, Kain

1979), therefore they cannot be used as age indicators at least
during part of the year. Antibiotiec production by the algae may
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play a role in determining which part of the alga is colonized.

L. saccharina and L. digitata produce antibacterlial substances in

higher concentrations in winter towards the frond tips (Hornsey
and Hide 1974, 1976a,b). It is unknown if these substances are
able to affect adult epiphytes in the same way that those produced

by Sargassum (Sieburth and Conover 1965). These substances are

however likely to interfere with 1larval settlement if the

formation of a microbial film is inhibited. In L. saccharina
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antibiotic production is zero between May and October (Hornsey and
Hide 1976a). This coincides with the higher observed percentage
of encrusted fronds (Table 1.4) and with the higher settlements of

C. hyalina on this alga (Fig. 1.14) in the Menai Straits.

Epiphytes were also more common on L. saccharina in France between

March and September (L'Hardy 1962), suggesting that this pattern
may be of general occurrence. This could however be just a result
of 1larval availability. This is also the time of the year at
which 1life expectancy of the substratum is highest (Fig. 1.10)
providing another selective force for heaviest settlement during
this period.

The results presented in this study indicate that settlement

of C. hyalina towards the younger areas of L. saccharina increases

e ——

both the maximum survival time and the mean probability of
survival until the substratum desintegrates. Longer living
colonies will have more time to grow and to sexually reproduce,

therefore they are likely to produce more larvae than colonies

that 1live for a shorter time. Selective advantage is therefore

confered to those individuals able to detect the younger parts of

the frond. Colonization of the whole frond of L. saccharina,
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however, sSeems to be only possible if frondal growth stops

(personal observation), a situation also reported for S .

iyl —

polyschides (Norton 1971). Settlements of S. reptans were
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obtained on the younger areas of fronds of L. digitata collected
in August-September, at which time growth of this alga 1is 1low
(Kain 1979). Evidence therefore suggests that growth of the plant
may be directly influencing selection of areas for settlement,
very young or actively growing areas not belng available for

colonization. This may explain the puzzling results of Ryland

(1959b) on settlement of C. hyalina. He found that L. saccharina

was nct preferentially selected by larvae of C. hyalina when a

choice of different algae was given, the pieces of L. saccharina.

of fered, however came from the youngest part of the frond (Ryland
1959b, pp:629-630).

Selection of younger areas of fronds of different species of
brown macroalgae (or other substratum with age gradient) by larvae
of sessile epifauna is probably the result of different selective
forces operating in each epiphyte community. Fast renewal of the
frond of Laminaria spp. probably confers a selective advantage to

epiphytes settling on the youngest areas. Settlement of epiphytes

on younger areas of Fucus serratus does not necessarily guarantee

a longer survival time since defoliation occurs due to plant

reproduction (Knight and Parke 1950). In this case, and in that
of epizoites on Flustra foliacea (a substratum lasting for up to

12 vyears, Stebbing 1971b), selection of younger parts of the

fronds can be thought as a competition-avoidance mechanism

(Stebbing 1971a, BRyland and Stebbing 1971, Seed and O'Connor
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1981b), rather than selection of a persistant substratum. On

L. saccharina, the correlation between the survival time of the

il

sessile epifauna and that of the frond tissue 1s obvious. From
studies of the survival time of frond tissue (Fig. 1.10) it 1is
clear that a maximum life-span would be reached if the epiphyte
were to settle in August-September. Earlier arrival on the frond,

however, could be at premium since individuals of C. hyalina

arriving earlier reached a bigger size than those arriving later.

On the other hand, too early an arrival reduces life-span (Fig.
1.10). Size and number of sexual zooilds 1in bryoczoans are
positively correlated (Hayward and Ryland 1975, Wood 1983, see
Chapter 3 for C. hyalina). Early recruits, therefore, are likely
to produce more larvae than individuals settling later on the
season. Hayward and Harvey (1974) and Hayward and Ryland (1975)

found that in Alcyonidium hirsutum, growth rate, final colony size
and mortality were not affected by the density of colonies.
However, a negative correlation between density and colony size
has been found for A. hirsutum in the Menai Straits (Wood 1983).

A very high percentage of the larvae of C. hyalina settled

on L. saccharina fronds formed colonies that survived until the

substratum reached the frondal tip. The main cause of mortality

was due to substratum abrasion. These results contrast with those

obtained for A. hirsutum (Wood 1983), where only 17% of the total

g —

mortality was due to loss of the substratum. Seed and O'Connor
(1981b) reported that the number of Spirorbls dying due to frond

loss increased from the base to the tip of F. serratus, other

factors (detachment or overgrowth) being more important as
mortality factors toward the base of the plant. In the present
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study it was found that inter- and intra-specifiic overgrowth was

virtually absent from L. saccharina f{ronds.

Although C. hyalina 1is overgrown by M. membranacea

iyl N —

(Bernstein and Jung 1979, personal observation), and in a few

cases by E. pilosa (see Chapter 2), the density of the two latter

species found in the present study was too low to account for a

significant amount of the mortality of C. hyalina. Growth of C.

hyalina wusually stops when a conspecific colony is touched (see

Chapter 2). This 1is the typical outcome of 1intra-specific
contacts on bryozoans (Stebbing 1973a,b; Hayward and Harvey 1974b;

Hayward and Ryland 1975, Seed and Boaden 1977, O'Connor et al.
1980, Wood and Seed 1980, Seed and O'Connor 1981b). The present
findings confirm that intra-specific competition for substratum is

not a major factor of mortality of colonial epifauna on algae.

Monospecific stands, as of Celleporella hyalina on fronds of

L. saccharina, have been thought to be effective mechanisms

preventing inter-specific competition (Crisp 1979, Schmidt 1982)'
and a meansof increasing the probability of c¢ross-fertilization in
hermaphrodite sessile animals such as tunicates, barnacles and
bryozoans (Ryland 1973, Crisp 1979, Schmidt 1982). It is known
that self-fertilization is possible in barnacles and tunicates,

but survival of the progeny is low (Barnes and Crisp 1956,

Sabbadin 1971). Currently it is generally accepted that most

species of bryozoans cross-fertilize (see Chapter 4). C. hyalina,
like most bryozoans, 1is a simultaneous hermaphrodite. In the

present study, males and females were observed in small colonies

of C. hyalina (4 mm diameter, March 1981}, and since most colonies
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were touching neighbouring ones, cross-fertilization was probably

taking place in this population. The possibility of larval

production by isolated colonies of C. hyalina will be discussed 1in
Chapter 4.
Intra-specific competition within monospecific stands

has been reported for barnacles (Crisp 1964) and Spirorbis

(0'Connor and Lamont 1978). It is also 1likely to occur in
bryozoans since denser settlements produce smaller colony sizes
than more sparse sSettlements. This 1is 1likely ¢to affect

reproductive output. This will be the subject of further

investigation (see Chapter 3).
1.4.2.2. The Epifauna on Other Susbtrata.

The U4 species of encrusting bryozoa (Celleporella hyalina,

Electra pilosa, Callopora lineata and Membranipora membranacea),

found on Laminaria saccharina fronds in the Menai Straits have
been reported for a wide diversity of substrata along with their
distributional ranges (Tables 1.6). In a particular place,
however, these bryozoans occur 1n abundance 1in only a few

substrata, usually brown macroalgae. M. membranacea 1is restricted

to Phaeophyta, the other 3 species of bryozoans occur in a wider
range of substrata (Table 1.6).

The algae providing substratum for C. hyalina, E. pilosa,

C. lineata and M. membranacea can be classified as : a) those with

short-lived frondal tissue (e.g. Laminaria spp, S. polyschides,

and M. pyrifera; see North 1961, Norton and Burrow 1969, Kain

1979), and b) those with longer-lived frondal tissue (e.g. F.

serratus, F. vesiculosus, R. californica; see Knight and Parke

1950, Bernstein and Jung 1979). Epiphytic communities on the
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former group of algae ( Ebling et al. 1948, Sloane et al. 1957,
L'Hardy 1962, Norton 1971, Seed 1976, Bernstein and Jung 1979,
Seed and Harris 1980, Dixon et al. 1981, and the present study)
are less complex than those occurring on the latter group of algae
(Hagerman 1966, Stebbing 1973a, Boaden et al. 1975,1976, Seed and
Boaden 1977, Bernstein and Jung 1979, O'Connor et al. 1979, 1980;
Seed and O'Connor 1980, 1981, Wood and Seed 1980). Although
competitive abilities could be occasionally important for
epiphytes 1living on algae of group (a) (e.g. on M. pyrifera,
Bernstein and Jung 1979), the species on this substratum depend

mostly on their colonizing abilities. Fast growth, early and

continuous sexual reproduction being the key factors. The
synchrony between growth and reproduction of M. membranacea and

that of Laminaria spp. in the Isle of Man has been discussed by

Eggleston (1972), for M. membranacea in California see Bernstein
and Jung (1979) and Yoshioka (1982b). Epiphytes occurring on

algae of group (b), (e.g. on F. serratus and R. californica)

depend to a greater degree on competitive ability to maintain
their position on the plant (Stebbing 1973a, b, Seed and Boaden

1977, Bernstein and Jung 1979, O'Connor et al. 1980, Wood and Seed

1980, Seed and O'Connor 1981b).

The competitively dominant species occurring on F. serratus

(i.e. Frustrellidra hispida, Alcyonidiun hirsutum and A. polyoum)

do not settle in high numbers on Laminaria spp. (Ryland 1959b),
being probably excluded from this substratum by virtue of their

long pre-reproductive life-span (Seed and O'Connor 1981b, Elliot

1982, Wood 1983). Species of Bryozoa normally occurring in high
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densities on Laminaria spp., however, also settle on F, serratus

(Table 1.6). On this substratum, overgrowth by F. hispida or

Alcyonidium spp. can Dbe avoided through partitioning of the

substratum and habitat selection. E. pilosa and M. membranacea,

species commonly overgrown on F. serratus in JStrangford Lough,

Northern Ireland (O'Connor et al. 1980), are more abundant on

different 1levels of the plants or in different habitats than A.

hirsutum and F. hispida. M. membranacea is especially abundant in

quiet silt-free waters (Sloane et al. 1957, Kitching and Ebling

1967, O'Connor et al. 1979). C. hyalina is more tolerant of low

water movement and high sediment concentration than most bryozoans
(Sloane et al. 1957, Kitching and Ebling 1967, but see Moore
1973d), and is therefore able to use plants in habitats relatively

free of competitive dominant species (e.g. on L. saccharina in the

p—————

Menai Straits). Partitioning of S. polyschides among M.

membranacea, C. hyalina, E. pilosa and C. 1lineata has been

il ——

described by Ebling et al. (1948), Kitching and Ebling (1967) and
Norton (1971). Partitioning of fronds of M. pyrifera among

Spirorbis spirillum, C. hyalina, and Lichenopora buskiana have

been discussed by Bernstein and Jung (1979). Continuous
generation of substratum through plant growth and active larval

choice are probably the major factors responsible for these
patterns of distribution, and for the generally recognized 1low
incidence of competitive 1interactions 1in organising epiphyte

communities on seaweeds (Stebbing 1973, O'Connor et al. 1980, Seed

and O'Connor 1981).

Finally, at Trwyn-y-Penrhyn, Menai Straits, there is an
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extensive bed of L. saccharina long known to be used mainly by C.

hyalina (Ryland 1959a). The colonizing abilities of the bryozoan,

its early sexual maturity, 1ts ability to produce larvae all year
round (Eggleston 1963, 1968, Chapter 3), and the virtual absence
of other encrusting bryozcans are likely to be some of the reasons
for its success in this highly dynamic and ephemeral habitat. C.
hyalina uses a great diversity of substrata (Table 1.6) within its

geographical range. In Wales it wuses concavities of L.

saccharina, in California it has been reported on ridges of fronds

of M. pyrifera (Bernstein and Jung 1979), and forming small erect

reefs on rocks (Winston 1979); such versatility is probably one of

the reasons for its wide distribution.
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Table 1,2

Regression and correlations between different

parameters measured on L. saccharina throughout

the year. Observation dates are given in Table 1.1.
MF Mean Frond Size; GD Growth rate per day;
LD Frond Loss per day; LMF Natural log of MF;
LLGD Natural Log of GD; N - Number of plants;
r : correlation coefficient; b slope; a y intercept;
Levels of significance : N.S. non-significant.
* 0,05 > p>0,01
** 0.01 > p>0,001
** Dp <0,001

For further information see text,



¥ % ¥
¥ ¥ X

X ¥ ¥
'3

"S°N

BEY 1

¥6£9¢°0-

LOL9°0

0L68C°0
cO-46£L£6°0

8868 °0

(Z8/1861) AVH

6¢

¥¥ ¥
¥ ¥ ¥

X ¥ X%
¥ X ¥

"S°N *S°*N
CLHET O
C0-4%098¢ " 0O—
160570 *S°N
6706 ¢ XX ¥ WL1G° ¢
9GTISRP "0~ wxxx [E0TG O~
609L°0 90LL°0
1620L°0 ¥¥¥ S YANADES.
O-dEY01I8 0 yxx <¢0-dI¢£9°0
C68L°0 LOLL'O
1¢ 1¢C
dLV1 ATIVd

(2861) TId4aV

¥ %
¥ ¥

¥ %
X ¥

*S°N 'S*N
lm.lz. Imlz
G8GL"*1
Y8 LOY * O-
9619°0 "S*'N
89%7€°0 ¥ €O09%1°0
C0-A%96GS°0  xxy CTO0-T9E16S°0
6669°0 0GLL°0
27 €
1IV1 ATaVA
(2861) HIUVKW

-

0

i

AR SR

a1/as

a1/ W

a9T1/ IR

as/an



X ¥ ¥
XX ¥

.mlz
YEVEY

¥ ¥ ¥
¥ ¥

imnz
%X

1L90% "0~

019¢€9°0-
0G9%°0

0lLB8C0O-
CO=dh%t "0
LEYT7°0

8010° ¢~
98%0%°0
86¢LL°0

10-366G95 " O-
C0-4922¢% "0
L9GL"'0
74
(1861
LSNanv

"S°N
23

¥ ¥

"S°N
¥ XX

S6CLT°0
£6CES0
99(5°0

10-4d9¢8LL° 0~
CO-HLIGSY " O~
0LE%°0

GO6L° ¢~
0016% "0
BIYY°O

RL61C° 0~
c0-4%%7568°0
9¢98°0

ct

(1861
A0

¥ ¥ ¥
% ¥ X

¥ ¥
% ¥

"S°N

clLil’ ¢
9eL1%° 0~
96¢9°'0

AT YRS,
C0~d9109L°0
B866L°0

8¢t

1861
AN{1{

29!

AR I N v

a’1/ao

a1/ In

IOT/INT

ao/ i



*S°N

*S°N 79011°0O-
¥ ¥ ¢0-46089Y%° 0O-
68¢h "0

"S°N
6t

(1861 -
/086T1) YIATWIAON

*S°N

SN 09%GT1 * 0O~
¥ ¥ ¥ CO0~d7911¢ *0O-
AR R

lmiz

*S°N cO-d7%6%G6°0-
¥¥ ¥ £0~-496£66°0
7086°0

€¢

(1861) ¥ALOLDO

-mlz
¥ ¥

"S'N

10-d£60EL1°0
c0-d99¢9%1°0
£665°0
t ¢

(1861) YITWIALIRS

“ 0

Na

AR I

d1/as

a1/ dn

ao1/anT

as/an



lMiz
X ¥

"S°N

¢S9IT1°0
C0-d196LL"°0-
L1¢%7°0

.m.z

10-3616¢C°0
¢0-3.678%°0
112970

7

lm.z

*S'N  10-HS6.67°0
¥y  ¢0-d69€¢CE° 0
1299°0

12

(2861/1861)
AVNEgas

869tE "O-
BOLY "1
96%° 0

-miz.

*S°N

10-389%¢9° 0~
CO-dLTGYC" O
898670

9¢

(Z861/1861)
RKMVONY

-m-z.
Lt

(1861/0861)
JAGWAD AA

a’1/as

a1/dn

ao’1/anT

ad/an



Table 1.3

of 1.. saccharina.

Mean density of encrusting bryozoans on fronds

Sampling units are cross—sectlons

of fronds 15cm in length (see diagram of frond in

Fig., 1.21).

DATE

No.
sampling
units

x area (s)
2
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