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SUMMARY

The invertebrate communities associated with intertidal mytilid mussel
species were investigated on a variety of wave-exposed rocky shores around the
coasts of the British Isles, Irish Republic (Mytilus edulis) and Chile, South America
(Perumytilus purpuratus). A total of 192 different taxa were identified in Mytilus
edulis beds at various rocky shore sites in the British Isles and Irish Republic, while

35 taxa were identified to higher taxonomic levels in Perumytilus purpuratus beds in
Chile, South America.

Significant small-scale spatial variations in community structure were
observed at two locations in Wales, while significant large-scale spatial variations In
community structure were observed within mussel beds both in the British Isles and
Irish Republic and in Chile. Additionally, the communities associated with M. edulis
and P. purpuratus differed significantly, when compared at the same taxonomic
levels. The structure of the invertebrate communities associated with M. edulis
populations showed significant intra-annual variation, while those associated with M.
edulis and P. purmpuratus displayed significant inter-annual variation.

The spatial and temporal variation observed in the structure of the
invertebrate communities associated with intertidal mussel beds were deemed to be
the result of a variety of natural processes, along with stochastic events. Variation in
measured environmental factors in the mussel beds did not fully account for the

observed variation in community structure, although some factors, such as mussel
density were shown to have some structuring effect.

It is concluded that the structure of the invertebrate communities associated
with intertidal mussel on rocky shores are highly variable, both spatially and
temporally. However, a small subset of taxa often display the same multivariate

patterns as the entire data set; a phenomenon which could be utilised in any
monitoring or impact studies involving mussel communities.
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General Introduction



GENERAL INTRODUCTION

Mussel biology and distribution

Mytilid mussels, especially those belonging to the genus Mytilus, are amongst
the most intensively researched marine organisms with entire books devoted solely
to their study (e.g. Bayne, 1976; Stefano, 1990; Gosling, 1992). There are many

reasons for such scientific interest; e.g. these mussels are widely distributed and

exceedingly abundant throughout the world’s oceans; they are important ecologicaily

as dominant space-occupying organisms, particularly in coastal and estuarine waters
(e.g. Seed and Suchanek, 1992); they are important economically as food and
fouling organisms (e.g. Hickman, 1992). In addition, from as early as 1976, when the
Mussel Watch Monitoring Program was initiated, mussels have been widely used as
sentinels or biomonitors of coastal water quality (e.g. Goldberg, 1986; Widdows ana
Donkin, 1992). Some species, such as the common blue mussel (Mytilus edulis

Linnaeus), have also proved to be a model organisms in studies of physiology,
biochemistry and population genetics (see relevant chapters in Gosling, 1992).

Mussels of the genus Mytilus are widely distributed throughout the cooler

waters of the northern and southern hemispheres, where they occur in a variety of
shore habitats, ranging from sediment shores of unprotected bays to gravel or pebble

shores in semi-exposed conditions, true rocky shores exposed to considerable wave
action and sublittorally in natural sediment or attached to pier pilings etc. (Bayne,
1976). Their success is most pronounced in exposed or moderately wave-exposed
locations in temperate seas, particularly on horizontal or gently shelving rocky

substrata, where they commonly dominate the communities of littoral and sub-littoral
shores as the primary space occupier (Seed and Suchanek, 1992), often forming
long-lived beds with discrete boundaries (Geesteranus, 1942: Kuenen, 1942:
Verwey, 19352; Seed, 1976). In tropical and sub-tropical latitudes, this genus is
replaced by other dominant zone-forming genera such as Perna and Sepftifer, while
dense populations of highly specialised species have also been reported from cold-
seep areas and sites of hydrothermal vent activity in the deep sea (e.g. Hessler et al.
1988, Jahnke et al, 1995; Van Dover and Trask, 2000). Of the many factors that are
responsible for the success of mytilid mussels, the evolution of the heteromyarian

form associated with the neotenous retention of the byssus is of particular
significance (Seed, 1983; Morton, 1992). The secretion of byssus threads by a

special gland at the base of the foot provided an effective means of attachment onto
hard surfaces and enabled various bivalve classes. Including mussels, to become

independent of the soft sediments inhabited by their ancestors. The broadly



triangular heteromyarian form of the ‘typical’ mussel coupled with secure byssal
attachment throughout life enabled bivaives like epibyssate mussels to live in high
population densities on hard or moderately consolidated substrata. Other factors
contribute to the success of mytilid mussels, including their supreme efficiency as
filter-feeding organisms (e.g. Shumway, 1989) and high fecundity, producing large
numbers of planktotrophic larvae which ensure rapid and widespread dispersal

(further facilitated by bysso-pelagic drifting of juveniles) (e.g. Seed and Suchanek,
1992).

Several factors affect local distribution patterns of mussels, including

predation and competition, along with physical factors such as exposure, substratum
type and angle and tidal elevation (Sanders, 1968, 1969). In general the upper
distributional limits for Mytilus spp. are constant over long periods of time and set by
physiological intolerance to extremes of temperature and desiccation (Suchanek,
1985; Almada-Villela et al, 1982; Tsuchiya, 1983; Seed and Suchanek, 1992). The
lower distributional limits are under strong influence from biological factors such as
competition with other sessile organisms (e.g. Suchanek, 1981) and predation, for
example by predatory starfish and gastropods (e.g. Seed, 1969a; Kitching and
Ebling, 1967, Menge, 1983; Paine, 1974; Paine, 1971; Paine et al, 1985). Once
established, mussels, by virtue of their competitive superiority, quickly become the
dominant space-occupying members of the community, with the potential to
completely eliminate most other sessile species. After larval settlement on the rock,
a monolayer mussel bed is formed in the early stages of patch growth (Tsuchiya and
Nishihira, 1986). With growth, mussels require more space for attachment, and
some individuals on the periphery of the patch are pushed outward while some inside
the patch are shifted upward, resulting in the formation of a double or multi-layered
mussel bed. Mussel bed populations are among the most dense of all suspension-
feeding bivalves, reaching densities of 21000 individuals.m™ (Nixon et a/, 1971) and

can range from a complete cover of mussels to a mosaic of patches or islands of
different size (Seed, 1996). Seed (1968) stated that the highest densities of mussels
tend to be associated with:

1. Shores receiving moderate to severe wave action - probably a direct influence

of the amount of water (and larval stages) passing over them:
2. The lower levels of the shore:

3. Slow draining, horizontal platforms, especially where surfaces are roughened or
broken by discontinuities. |

It is clear that in the absence of adequate levels of disturbance, mussels as

superior spatial competitors, can effectively monopolise large areas of the rocky



intertidal zone by denying access to the weaker more opportunistic species. Such

loss of species richness, however, applies only to those species that compete for the

primary resource — attachment space — on the rock surface. Aggregations of
mussels can drastically modify the local environment through enhanced water
retention, biodeposition of faecal and pseudofaecal material (= ‘mussel mud’), and
the provision of additional attachment surface and shelter by the mussel themselves
(e.qg. Bayne, 1976) — features which serve to encourage species enrichment in
habitats wherever mussels are present in abundance. Mussels are thus keystone
species within the rocky intertidal (Seed, 1996) and effective ‘ecosystem engineers’,
a term used by Lawton and Jones (1995) to describe species that either directly or
indirectly modulate the availability of resources to other species by causing physical
state changes in biotic or abiotic materials, thereby modifying, maintaining and
creating habitats. Levin and Paine (1974) suggested that it is appropriate to view
communities of sessile biota, such as mussels, as being composed of a mosaic of
small patches with differing species compositions and developmental histories. In
addition, since such mussel patches are isolated from similar patches, they can be

treated as islands for associated communities (Tsuchiya and Nishihira, 1985, 1986).

Invertebrate communities associated with mussel beds

Mussel bed communities are extremely well delineated, bounded by the
physical limits of the mussels, which, in the intertidal, are in turn restricted by physical
and biological factors to a well definable zone (Suchanek, 1980). As structurally and

functionally complex entities mussel patches provide refuge and suitable habitat for a

broad suite of associated organisms, while the majority of taxa occurring in mussel
beds cannot exist without the protection provided by the mussels, especially on
wave-exposed shores (Tokeshi and Romero, 1995). Many authors have stated that
the associates of mussel communities show a marked pattern of distribution
throughout the matrix, derived from the microhabitat differences encountered by
associated fauna (e.g. Tsuchiya and Bellan-Santini, 1989; Ong Che and Morton,
1992; Lintas and Seed, 1994). The biota associated with mytilid beds can thus be
divided into three major functional categories, with some of these organisms living
attached to the mussel shells (epibiota), others typically living amongst the rich
sediments and shell fragments which accumulate at the base of the bed (infauna)
and mobile organisms roving freely through the complex matrix of shells and
interconnecting byssus threads (Suchanek 1985). Several authors have
documented the communities associated with Mytilus edulis from a variety of

habitats. For example, up to 96 taxa have been identified from Mytilus edulis beds



on rocky substrata at a variety of intertidal locations (e.g. Briggs, 1982; Tsuchiya and
Nishihira, 1985, 1986, Lintas and Seed, 1994; Svane and Setyobudiandi, 1996). In
addition, similar numbers of taxa have been identified from Mytilus edulis beds on
soft substrata at a variety of locations (e.g. Asmus, 1987; Commito, 1987; Dittman,
1990). Other authors have investigated the communities associated with other
mussel species; Suchanek (1980) identified 303 taxa from Mytilus californianus beds
on the Pacific coast of North America, up to 171 taxa have been identified from
subtidal Modiolus modiolus beds In the UK (Brown and Seed, 1977, Witman, 1980),

up to 52 from intertidal Sepfifer virgatus beds in Hong Kong (Ong Che and Morton,
1992; Seed and Brotohadikus, 1994), 56 from intertidal Brachidontes rostratus beds
in south-eastern Australia (Peake and Quinn, 1993) and 28 from deep-sea
Bathymodiolus spp. at hydrothermal vents.

A striking feature of many of these studies is that similar taxa, often from the

same genus, regularly recur within these communities worldwide. Moreover, with the
exception of Mytilus californianus — a much larger bodied mussel, which forms thick

multi-layered beds - the number of associated taxa is broadly comparable between
species, with representatives from most of the main phyla. Such observations
suggest that the pattern of parallel communities on rocky shores may be replicated
on a much finer scale within mussel patches (Seed, 1996). Despite these high levels
of diversity, mussel communities are typically dominated by a few very abundant
species (e.g. Seed, 1996). For example, Ong Che and Morton (1992) demonstrated
that Septifer virgatus beds in Hong Kong were dominated by three species,
accounting for 75% of the total numbers. In the same mussel beds, more than 90%
of the associated molluscan fauna was comprised of three bivalve species

(Hormomya mutabilis, 37%; Isognomon legumen, 30%; Lasaea nipponica,.- 27%)

(Seed and Brotohadikusumo, 1994). Suchanek (1978, 1980) found that in studies of
Mytilus californianus beds in western North America, in some cases, a single species

dominated the sample by more than 50%. Many taxa associated with mussel beds
often occur only occasionally and may be considered to be accidental or transient,

rather than permanent members of the community (e.g. Seed and Brotohadikusumo,
1994).

Biodiversity

Biodiversity has recently become an important Issue, both in scientific
(Wilson, 1988; Ehrlich and Wilson, 1991) and political (United Nations Environment
Programme, 1992; World Resources Institute, 1993: Heywood and Watson, 1995)

terms. Most scientists agree that biodiversity is of inestimable value and that its loss



or enforced change could invoke currently inestimable changes upon many aspects
of the globe. In addition, sustained biodiversity plays a key role in ecosystem
function and species that have co-evolved depend on functions of the ecosystem in
which they live. Each species depends upon other species for its continued
existence so that the removal of one or many species in an ecosystem may remove a
vital ecological pathway that permanently alters ecosystem function and structure
(Norton, 1986).

There are generally considered to be three main components of biodiversity;
genetic, specific or taxonomic and ecological or habitat diversity, along with a wide
variety of definitions of the term, although in its most basic form, biodiversity refers to
the numbers of species in ;:Iiﬁerent places (Ricklefs and Schulter, 1993). Wilson
(1992) defined biodiversity as the variety of organisms considered at all levels, from |
genetic variants belonging to the same species through arrays of species, genera,
families and still higher taxonomic levels, including the variety of ecosystems, which
comprise both the communities of organisms within particular habitats and the
physical conditions under which they live. This definition allows biodiversity to be
considered at all levels from global (gamma diversity) to local (alpha diversity) and
take into account species turnover between habitats (beta diversity) (Gaston, 1996).

Many relationships have been investigated between biodiversity and latitude,
climate, biological productivity, habitat heterogeneity, habitat complexity and
disturbance. Any complete theory of species numbers must explain how the number

of species in a particular area is regulated; how the species are formed; where they

come from and how interactions between species set an upper limit to their number
(Ricklefs, 1980).

Aims of the current study

Due to the small size and immobility of sessile invertebrate species of marine
epifaunal communities, such. as mussels, these habitats are ideal for studying

Since
mussels, particularly of the genus Mytilus, occur throughout the cooler waters of the
northern and southemn hemispheres, in a variety of shore habitats (Bayne, 1976),

these communities might prove to be ideal for Investigating the effects of

anthropogenic activities in coastal seas. However, it is clear from many recent

patterns of change in species composition and diversity (Osman, 1977).

empirical studies, that a complete understanding of the structure of any community is

possible only when temporal variation is éncompassed (Morris, 1990). Many authors
have pointed out the difficulty, in studies of intertidal benthic communities, in



discriminating between community changes due to anthropogenic activities and
those caused by natural variation (e.g. DelValls et al, 1998).

This thesis aims to provide a detailed description of the invertebrate
communities associated with two intertidal mytilid mussel species on rocky shores;
Mytilus edulis in the British Isles and Irish Republic and Perumytilus purpuratus In
Chile, South America. Initially, it was necessary to. establish a suitable sampling
protocol, including an appropriate sample size and methodology with which to
investigate accurately the structure of these communities (Chapter 2). Habitat
structure and heterogeneity are known to affect the structure of such communities, so
Chapter 3 provides information on the size structure of all the mussel populations
studied, along with information on the age structure and growth rates of Mytilus
edulis and Perumytilus purpuratus. This information is used in later chapters, in an
attempt to relate structure of the associated communities to the physical parameters

of the mussel matrices themselves. Chapter 3 also provides a basic description of
the communities associated with the two mussel species, at the different sites in this
study. Chapter 4 will deal with the small-scale (intra-site) variation in the structure of
communities associated with Mytilus edulis on two rocky shores on the coast of
Anglesey, North Wales. The effects of tidal elevation, position within a mussel patch,
angle of substratum and epifloral covering, on the structure of the associated

iInvertebrate communities are investigated. Chapter 5 will deal with larger-scale

spatial variations in the structure of the communities associated with Mytilus edulis
and Perumytilus purpuratus on rocky shores at a variety of sites throughout the
British Isles and lIrish Republic and Chile, South America respectively. Inter-site
variations in community structure are investigated for each mussel species, while
larger, geographical comparisons are made between the communities associated
with Mytilus edulis and Perumytilus purpuratus. Chapter 6 deals with the temporal
(seasonal and annual) variation in the structure of the invertebrate community
associated with Mytilus edulis on three rocky shores on the coast of North Wales.
Chapter 7 involves an experimental investigation using panels of manipulated mussel
density, to investigate the effect of mussel density and habitat heterogeneity on the
structure of the invertebrate associates of Mytilus edulis on a rocky shore on
Anglesey, North Wales, where the mussel species is already present in established

beds. Attempts are made in each of the above investigations. to relate spatial and
temporal varations in community structure to measured abiotic parameters of the
mussel matrices. Finally, | discuss the results and implications of this work, with
particular reference to the potential use of the invertebrate communities associated

with intertidal mussel beds in monitoring the effect of anthropogenic activities in



coastal areas. In writing this thesis my intention was that each chapter should stand
on its own, whilst attempting to avoid excessive repetition.



Chapter 2

General Methodology



INTRODUCTION

Many investigations have found that a prerequisite to precise estimates of the
abundance of organisms in any habitat is a prior knowledge of the sampling
variability (e.g. Elliot, 1977, Green, 1979; Vezina, 1988). Since most ecological
communities are too large to be studied in their entirety, for practical and
conservation purposes, representative samples must be taken (Weinberg, 1978).
Various authors have pointed out the importance of both the size of the area sampled
(quadrat) in any ecological study and the overall sample size (humber of quadrats)
(e.g. Greig-Smith, 1952; Wiegert, 1962). The optimal sample size should be large
enough to include most or all of the species in the community, but as small as
possible to reduce the time required for laboratory sorting (Hawkins and Hartnoll,
1980). There are three basic formats for data collection in such species/area studies

(Goodall, 1952), these are to collect:
1. Random quadrats of different sizes within the community under study, and to
determine the number of species within each quadrat. However, using this

technique, the provision of satisfactory confidence limits of the organisms within
each area would involve considerable time and labour.

2. The smallest quadrat at random and then to add to it increasing contiguous areas
In order to provide data from larger quadrats. The data gained might be quite

atypical, and an assumption with this approach is that there is homogeneity in the
community.

3. A large number of small quadrats taken at random within the community, and

combine the information from them in order to derive the species content of larger
areas.

The third approach was chosen in the present study because of the practical and
theoretical considerations, listed below:

1. ltis the most economical in the use of field and laboratory time.
2. It permits an accurate description of the change of species number with sample

size.

3. It Is practicable on very irregular terrain, and in areas of mixed communities
whose boundaries are not evident, both of which are often typical of mussel beds.
4. The data obtained in this way are also valuable for the determination of specles
abundance and confidence limits and species distribution patterns, much more so

than data obtained by the other two sampling approaches mentioned.

5. ltis the least intrusive sampling method on the habitat. since only small samples
are taken.
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This chapter details the calculation of a suitable sample size, along with field
and laboratory procedures undertaken in order to describe the temporal and small
and large-scale spatial variation in the structure of invertebrate infaunal assemblages
associated with intertidal mussel populations. Descriptions and photographs where
available, are provided of the study sites within the British Isles, Irish Republic and
Chile, South America, from which field samples were collected during the course of
the study. Details are provided on the main statistical techniques and procedures
utilised to describe both the biotic and environmental data in the present study.

GENERAL METHODQLOGY
Site Details

During this study a number of rocky intertidal shores with extensive mussel
communities, both in the British Isles and lrish Republic (Figure 1) and in Chile,
South America (Figure 2), were investigated in order to study the temporal, spatial
and small and large-scale geographical variation associated with mussel bed
communities. The selection criteria for the shores were that they were subject to
similar conditions of wave-exposure and that Mytilus edulis and Perumytilus
purpuratus formed continuous beds on rocky substrata in the mid-shore area.
Communities of M. edulis in the British Isles and Irish Republic and P. purpuratus in

Chile, were chosen because of the mussels similar overall morphology and the fact

that they formed similar multi-layered beds on each shore, such that, at each site the

mussels and their associated communities could be compared using similar sampling
techniques. A description of each site follows. |

Point Lynas, Anglesey (Wales) Position: 53°25.13’N 04°17.20'W

A north-easterly facing headland on the north coast of Anglesey, exposed to
moderate wave action. M. edulis occurs as tightly packed beds at this site, both on

the sloping rocks of the headland and in crevices and gullies. For much of the year,

the mussel shells themselves are covered by thick growths of ephemeral green
algae, such as Ulva lactuca. The waters immediately surrounding this site were often

observed to contain a large amount of suspended sediment, which during low tide

settled out of suspension and covered parts of the shore. The mean tidal range at

Amiwch, 3km to the west, is 6.3m during spring tides and 3.2m at neaps (Admiralty
Tide Tables, 1999).

11



Figure 1 Map of the British Isles and Irish Republic showing the location of sample
sites. 1 = Point Lynas, 2 = White Beach, 3 = Criccieth, 4 = Arisaig, 5 = Kilkee, 6 =
Doonbeg, 7 = Robin Hood's Bay, 8 = Filey Brigg.
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Figure 2 Map of Chile, South America showing the location of sample sites.
Geographical range of sites is indicated on large-scale map of South America, while
distribution of sample sites are shown in maps of Chile and Concepcion area. 1
Las Cruces, 2 = Cocholgue, 3 = Desembocadura exposed site 1, 4

Desembocadura exposed site 2, 5 = Desembocadura sheltered site 1, 6
Desembocadura sheltered site 2, 7 = Maule, 8 = Coronel, 9 = Valdivia.
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Figure 3 Photographs of sample sites in the British Isles used in the present study.
a) Point Lynas, Wales, b) White Beach, Wales, c) Criccieth, Wales, d) Robin Hood’s

Bay, England, e) Filey Brigg, England. (Note that photographs of sample sites in
Scotland and the Irish Republic are not available).






c) Criccieth, Wales
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e) Filey Brigg, England
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Figure 4 Photographs of sample sites in Chile, South America used in the present
study. a) Las Cruces, b) Cocholgue, c¢i) Desembocadura sheltered site, cii)
Desembocadura exposed site, d) Maule, e) Coronel. (Note that photographs of
sample sites in Scotland and the Insh Republic are not available).



a) Las Cruces, VI Region

b) Cocholgue, VIl Region
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ci) Las Desembocadura, VIl Region




d) Maule, VIl Region

e) Coronel, VIl Region
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White Beach, Anglesey (Wales) Position: 53°19.05'N 04°05.35'W

A northerly facing shore at the north-eastern corner of Anglesey, only
exposed to moderate wave action. M. edulis forms solid, tightly packed beds, which
extensively cover the gently sloping rock platforms present at this site. Mussels in
the mid-shore are covered with epifloral species such as Ulva lactuca to varying
degrees throughout the year, although to a lesser extent during the summer when
bleaching occurs. This site is popular with local fishermen and it is possible that the

mussels and their associated communities are subject to disturbance through

trampling. The mean tidal range at Trwyn Dinmor, 2.5km to the east, is 6.6m during
spring tides and 3.4m at neaps (Admiralty Tide Tables, 1939).

Criccieth, Gwynedd (Wales) Position: 53°564.58'N 04°14.00'W

A south-westerly facing shore at the southern base of the Llyn Peninsula, in
the far north-eastern corner of Porthmadog Bay. This site Is subject to a
considerable amount of fetch from Porthmadog Bay and is thus exposed to moderate
to high wave action. M. edulis forms solid beds, coverings the large boulders, which
are strewn across the middle and lower levels of the shore. Mussels also form
patches higher on the shore on the vertical rocky cliffs, which border the shore. The

mean tidal range at Criccieth, is 4.6m during spring tides and 1.6m at neaps
(Admiralty Tide Tables, 1999).

Arisaig, Ardnamurchan Peninsula (Scotland) Position: 56°49.89'N 05°46.51'W
An exposed site on the north coast of the Ardnamurchan Peninsula, on the

West Coast of Scotland. Here mussels form tightly packed beds on the gently
sloping rock platform, which descends into deep water. Despite being sheltered to a

small extent, by offshore islands such as Eigg, the site is exposed to a high degree of

wave action. The mean tidal range at Loch Moidart, 10km to the east, is 4.3m during
spring tides and 1.9m at neaps (Admiralty Tide Tables, 1999).

Kilkee, Co. Clare (Irish Republic) Position: 52°41.01’'N 09°39.29\\W

A large, westerly facing bay on the West Coast of Ireland. Mussels form

extensive beds covering the horizontal rock platforms, which surround the bay. The
site Is exposed to the full fetch of the Atlantic and thus a high degree of wave action.

Samples were collected from a wave exposed location on the north-west end of the
platiorm on the southern side of the bay. The mean tidal range at Liscanor, 20km to

the north, is 4.1m during spring tides and 1.6m at neaps (Admiralty Tide Tables,
1999).
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Doonbeq, Co. Clare (Irish Republic) Position: 52°44.47°’N 09°31.57°'W

A westerly facing 2km long sandy beach on the West Coast of Ireland.
Mussels form thick, extensive beds on a large rocky platform at the far northern end
of the Bay. The site is exposed to the full fetch of the Atlantic and thus a high degree
of wave action. Mussel samples were collected from one of the many horizontal rock

platforms, which surround the bay. The mean tidal range at Liscanor, 15km to the

north, is 4.1m during spring tides and 1.6m at neaps (Admiralty Tide Tables, 1999).

Robin Hoods Bay, Yorkshire (England) Position: 54°27.11'N 00°31.01'W

A predominantly north-easterly facing shore, on the East Coast of England.
Robin Hoods Bay extends from Old Peak, or South Cheek, about 6km to Ness Point,
or North Cheek. Mussel samples and their associated infauna were collected from
the far north end of the Bay, where they form solid, tightly packed beds, which
extensively cover the horizontal wave cut shale platforms. The sampling area was
beyond the main protected part of the Bay and thus was subject to a high degree of
wave-action. The mean tidal range at Whitby, 7km to the north-west, is 4.8m during
spring tides and 2.4m at neaps (Admiralty Tide Tables, 1999).

Filey Brigq. Yorkshire (Enagland) Position: 54°12.46’N 00°15.02'W

A northerly facing promontory, around 1km long, at the far northern end of
Filey Bay, on the east coast of England. The site is exposed to a high degree of

wave action. Mussels form thick extensive beds over the entire lower levels of the
stepped rocky platform on the exposed north side of the Brigg. This site is very
popular with local fishermen and it is possible that the mussels and their associated
communities might be subject to disturbance through trampling. The mean tidal

range at Filey Bay, is 4.8m for springs and 2.5m for neaps (Admiralty Tide Tables,
1999).

Las Cruces, VI Region, Chile Position: 33°29.30’S 71°39.20'W

A highly wave exposed westerly facing shore due west of Santiago. P,
purpuratus forms thick beds on the sloping rock platforms and boulders of the middle
and lower shore areas, where there is considerable surge and wave action.

Cocholgue, VIll Region, Chile Position: 36°35.15'S 72°58 30'W

An enclosed, westerly facing fishing bay 20km north of Concepcion. P,
purpuratus forms extensive beds on the horizontal rock platforms, which form the
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substantial part of the middle to lower intertidal area. The rock surfaces are highly
eroded and interspersed with many pools of varying sizes, along with surge gullies.

The site is sheltered to some extent from the full force of the Pacific waves, since it

lies within a protected bay. However,.the mussels are still exposed to a high degree
of wave action at this site.

Las Desembocadura, VIl Region, Chile Position: 36°48.20’S 73°10.05°'W

A large circular sandy bay situated to the west of Concepcion, near the
mouth of the River Bio Bio. The bay is interspersed with large rocky outcrops and
lined by rock platforms to the north and south. P. purpuratus forms consolidated
beds attaching to rocks in the mid and low shore levels. The large size of the bay
and range of exposure conditions it encompasses, enabled mussel samples to be

collected from a variety of habitats, ranging from highly wave-exposed rock platforms
at the far north and south ends of the bay (Desembocadura exposed sites 1 and 2,
respectively), to more sheltered locations within the bay itself, to the north
(Desembocadura sheitered site 1) and south (Desembocadura sheltered site 2).

Maule, Vill Region, Chile Position: 37°01.25'S 73°10.05'W

A small enclosed, westerly facing bay, close to the site at Coronel (below). P.
purpuratus forms extensive beds on the horizontal rock platforms that occur
throughout the intertidal area of the shore. The site is sheltered to some extent from
the full force of the Pacific waves, since it lies within a protected bay. However, the

mussels are still exposed to a high degree of wave action at this site.

Coronel, VIil Region, Chile Position: 37°03.38'S 73°09.50'W

A large westerly facing 2km long sandy bay, 20km South of Concepcion. P.
purpuratus forms beds on the gently sloping rocky platforms, extending into the lower
shore area at the far northern end of the bay. The site is subject to a high degree of
wave action. This site is located in the heart of the main coal producing area of Chile
and coal dust and fragments are mixed in with the sand of the bay. In addition, the

bay Is a popular beach, lined with many bars and cafes and can be very crowded,
particularly during the summer.

Valdivia, X Region, Chile Position: 39°51.00’S 73°24.00'W

A long, west facing 2km long sandy bay, lined by rock platforms to the north
and south. Mussel samples were collected from the highly wave exposed rock
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platforms at the south end of the bay, where P. purpuratus formed thick, tightly
packed multilayered beds on the middle and lower shore areas.

Field collection and processing of samples

The selection criteria for all the sites in the British Isles, Irish Republic and
Chile, from which samples were collected, were that M. edulis and P. purpuratus of
similar overall size and shape, formed continuous beds on rocky substrata in the mid-
shore area, such that the habitat provided by each mussel population for colonisation
by infaunal invertebrates was broadly similar. Sites were selected such that as far as
possible, conditions of wave-exposure were similar between all locations. More
detailed descriptions of sampling procedures are provided, where necessary, in
relevant chapters. On each occasion, eight replicate areas of 25cm? were scraped
from the rock surfaceé. using a paint scraper and placed in labelled containers. With
the exception of the investigation of small-scale spatial variations in community
structure, the quadrats were taken randomly from horizontal surfaces within the
central areas of the mussel beds at mid shore level, thus ensuring that any spatial
variation effects, due to differing topographies within each shore were minimised. On
collection, samples were placed immediately in a cool box and returned to the

laboratory. Where this was not possible (samples from England, Scotland and
Ireland), samples were placed immediately in 7% formalin.

Each sample of mussels and its associated macro- and meiofauna from the
sites in the Biritish Isles and Irish Republic, were sieved through a 63um mesh, with
63um filtered seawater. All material passing through the sieve was retained and
placed in containers to settle for 48 hours, after which the seawater was decanted
and any remaining material (classed as fine sediment) dried to constant weight at
60°C for 48 hours. The mussels and their associated fauna retained on the sjeve
were then fixed in 7% formalin, placed in labelled containers, and stored in the
laboratory to await sorting. Samples were placed in 7% formalin, in order that the
organisms retained their true colour, which facilitated identification. Prior to sorting,
samples were removed from their labelled containers and washed through a 63um
sieve with copious quantities of freshwater, in order to remove all traces of formalin.
The material retained on the sieve was washed into a Bogorov tray and sorted under
a dissecting microscope, while larger material, including mussels was sorted in Petri
dishes. Samples from Chile and those taken in Wales as part of the study of
temporal variation associated with the mussel communities, were not sieved or
preserved In formalin, but were sorted iImmediately after collection by dividing into
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smaller sub-samples in Petri dishes containing 63um filtered seawater and examining

under a dissecting microscope.

All organisms, including small mussels (<5mm) present in the samples from
the British Isles, Irish Republic and Chile were removed, identified to the lowest

taxonomic category possible and counted. Where species did not conform to any
available description or identification was not possible, the specimens were scale
drawn, notes taken and each assigned to a morpho-species. Keys to most of the
species in Chile were not available, while many of the species present in the samples
had not been previously described. In addition, time was the limiting factor during
this study, so to reduce 'sorting times and enable a greater volume of material to be
processed; identification of organisms was generally only made to higher taxonomic
levels. Polychaetes were identified to family level, while most other organisms were
identified to class level. Others, such as nematodes and nemerteans were identified

to phylum level. To reduce sorting time again, a measurement scale was assigned
for the abundance of infauna. Taxa present in quadrats in numbers <25 were

counted individually, while greater abundance were placed in various categories, as
follows:

- approximately 25-50 individuals per quadrat = 25

- approximately 50-100 individuals per quadrat = 50

- greater than. 100 individuals per quadrat = 100

Where samples were collected at sites in the British Isles and Irish Republic to

provide a comparison with samples collected in Chile, species identification and

enumeration was conducted in the same way, in order to standardise methodologies
as much as possible, for comparative purposes.

Once all organisms had been removed from each of the samples from the
British Isles and Irish Republic, all remaining material (small stones, shell fragments
and byssal threads, classed as coarse sediment) was dried to constant weight at
60°C for 48 hours. This material was not collected from Chilean mussel samples.
The sediment content of mussel samples collected in the investigation of small-scale
variation in the structure of the communities was further subdivided into the following
fractions, using graded sieves, and weighed; <63um, 63-125um, 125-250um, 250-
500pm and >500um.

The length (anterior-posterior axis) of each mussel >5mm, was measured
with vemier callipers, to the nearest 0.1mm and length-frequency distributions
constructed. The total volume of the mussels from each quadrat was measured by
calculating their displacement in a 200ml measuring cylinder. Total biomass of
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mussels in British samples only, was obtained by drying the mussels in an oven at
60°C for 48 hours and then weighing. Small mussels <5mm were not included in the
size distributions, since these individuals are scaled to the same size as the rest of

the associated fauna and thus play an interactive, rather than a structural, role at this
stage in their life.

Age structure of mussel populations

In order to investigate the growth history of populations of M. edulis in the

British Isles and P. purpuratus in Chile, samples of.the largest individuals were

collected from the mid shore zones of mussel beds at several locations in each
country. Mussels were collected from Point Lynas, White Beach and Criccieth in the
British Isles, during July 1998 and Desembocadura exposed sites 1 and 2,
Desembocadura sheltered site 2 and Coronel in Chile, during January 1997. Only
shells with an intact periostracum were selected, since the analysis of external
growth rings and internal growth bands is often difficult and frequently impossible in
severely abraded shells or those damaged by the action of shell-boring algae. Since
determination of the age of individual mussels by counting the number of surface
growth rings was often difficult or impossible, it was necessary to study the internal

microgrowth bands present in the prismatic layer of the shells. Mussels were boiled
to remove all the flesh, whilst the external surfaces were scraped and scrubbed
clean. One shell valve was then selected for embedding in Metaset resin (Buehler

UK Ltd). All embedded shells were sectioned through the umbone, along the
anterior-posterior axis, using a diamond saw. The cut surface of one section from
each mussel was then ground smooth on increasingly finer grades of wet and dry
paper, using a rotating table. The ground surface of each section was polished using

household Brasso and washed in mild liquid detergent, before being placed in 1%
Decal for 30 minutes, in order to etch the exposed surface of the mussel shell.
Acetate peel replicas of the dry and etched shell sections were then prepared, by
immersing replication material (Agar Scientific Ltd, UK) In_ethy! acetate solvent for a
few seconds, before applying it to the etched surface of the shell section. Dry
acetate peels were removed, trimmed and mounted onto glass microscope slides
and viewed using a light microscope. Twenty M. edulis shelis were prepared in this
manner from each site in the British Isles, whilst only ten P. purpuratus shells were

prepared from each site in Chile, since these shells were highly eroded and numbers
of shells with an intact periostracum were limited.

The annual growth and longevity of individual mussels was established by -
observing changes in the tidal microgrowth band patterns present in the middle

25



prismatic layer of each shell. Annual checks within each shell were identified by the
narrow banding deposited during the winter (November to April in the British Isles,
May to September in Chile). Each winter growth cessation was marked directly onto
the acetate peel replica. The age of each mussel was noted and the distance
between each successive check and the umbo measured to the nearest 0.1mm
using vernier callipers. Von Bertalanffy Growth (VBG) constants in the VBG equation
Li=Lmax (1-€™) were determined from the measurements of size at age using the

software package Fishparm, and fitted growth curves were subsequently generated

and plotted for all mussel populations. (L = length at time (t); Lmax = asymptotic

growth maximum; k = the VBG constant and t; = the estimated date of settlement
when length is zero).

Species data analyses

Species data were analysed using the PRIMER $ (Plymouth Routines in
Multivariate Ecological Research) package for multivariate community data analysis.

Various procedures within this package were utilised to describe both the biotic and
environmental data.

Univariate measures of mussel community structure
The limitations of single-figure diversity indices for describing ecological data
have been stated by many authors (e.g. Green, 1979); however their use in the

present study is justified as a method to facilitate the comparison of equally sized
samples between sites. Univariate measures calculated were: number of taxa, the
total number of individuals and the following diversity indices: Shannon-Weiner
diversity (H'), Margalef's species richness (d) and Pielou’s evenness (J). In order to
compare infaunal communities over various temporal, spatial and geographical
scales, each univariate measure was calculated for all eight replicate quadrats,
comprising one complete sample. A one-way ANOVA/Mood’s median test was used
to test the significance of spatial or temporal differences in univariate measures of
diversity. Where applicable, diversity indices were also calculated from pooled data
across sample replicates.

Inter-relationships between the measured environmental variables from each
of the sample replicates and diversity indices were examined using Pearson product

moment correlation coefficients. All environmental variables used in the analysis

were first log transformed to reduce the characteristically skewed nature of such
environmental data.
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Multivariate measures of mussel community structure

The two-stage approach advocated by Field et al (1982) for analysing
multivariate data has been followed. This involves exploring the sample and species

associations and then comparing the findings with the environmental information in
order to search for an environmental interpretation of the community patterns.

A range of non-parametric multivariate techniques included in the PRIMER
V5 package was applied to the species/sample matrices in order to summarise the
faunal community data at each of the sites in the British Isles, Irish Republic and
Chile. This involved initially constructing a triangular similarity matrix from the biotic
data matrix using the Bray-Curtis similarity coefficient. Species abundance in the
data matrix was first subject to either a square-root transformation, where emphasis

In the analysis is placed on abundant species, or a presence/absence transformation,
which allows the rarer species to influence the analyses (Elliot, 1977).

Similarity coefficients were then grouped using group average linkage cluster
analysis, a hierarchical classification technique (Lance and Williams, 1967), and the
results displayed as dendrograms. The Bray-Curtis similarity matrix was further
employed to produce non-metric multidimensional scaling (MDS) ordinations of inter-
sample relationships (Kruskal and Wish, 1978). Such ordination methods serve to
summarise community data by producing a “map” or configuration in a two-
dimensional space in which similar samples are close together and dissimilar
samples are further apart. The non-metric solution seeks for an ordination in as few

dimensions as possible (preferably two) which minimises the stress value. A large
- stress value (>0.2) indicates that the configuration or “map” for a particular dimension
poorly represents the sample dissimilarities. As such, stress values can be regarded
as a measure of the goodness of fit of an ordination diagram in representing the
similarity values (Clarke and Green, 1988). Ordinations produced using non-metric
MDS at each site were tested, where applicable, against ordinations showing cyclic
patterns of seasonal change, seriation patterns indicating underlying gradients in the
data, or against other independent similarity matrices. This was achieved by defining
them in only one dimension, so that the correlation of their ranks can be used as a
measure of their agreement. The RELATE routine achieves this by calculating

Spearman rank correlation between each of the corresponding similarity matrices,

the significance of which is then ascertained through a permutation procedure
(Clarke and Ainsworth, 1993).

The triangular similarity matrices were further utilised in the ANOSIM
procedure to test for significant differences in community structure between samples.

ANOSIM generates a value of R, which is scaled to lie between -1 and +1, a value
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of zero representing the null hypothesis, such that there is no significant difference In
community structure between samples. A value of +1 indicates significant

differences, while a value of —1 indicates greater dissimilarity among replicate units

within samples than occurs between samples (Chapman and Underwood, 1999).

Similarity percentage analyses (SIMPER) were performed on the

species/sample matrices to elucidate characteristic faunal groupings and to
determine which species contribute to the Bray-Curtis dissimilarity between samples
(Clarke, 1993). However, where a holistic approach was required to identify species
contributing to sample differences, such as when community changes are occurring

in a continuum, the BVSTEP procedure in PRIMER was used. This procedure
undertakes a stepwise selection of species from the main biotic data matrix, in an

attempt to search for a species subset which, when subject to ordination techniques,
displays the same pattern as the entire data set.

Analysis of environmental parameters in the mussel bed
To search for initial relationships between environmental variables measured

in the mussel beds and the infaunal communities, Pearson product moment

correlation coefficients were calculated between all environmental variables and
univariate measures of diversity.

The second stage in analysing the multivariate data was to test whether the
community patterns found at each site could be related to environmental gradients.

Correlation-based principal components analysis (PCA) was used to ordinate the
environmental variables, the data having previously undergone a log transformation.

PC1 was then plotted against each of the univariate measures of community diversity

at each of the three locations and Pearson product moment correlation coefficients

calculated to search for any relationships. Triangular similarity matrices based on
normalised Euclidean distance were constructed from the environmental data
obtained from each of the mussel bed samples. These ordinations derived from

environmental data and the averaged biotic data from each sample were then
compared using the RELATE routine.

Relationships between environmental measures and biological variation were

further explored using the BIOENV procedure in PRIMER (Clarke and Ainsworth,
1993). This approach detects patterns of variation in the species data, which can be

‘best’, explained by the observed environmental variables, using rank correlation

coefficients. Prior to inclusion in the BIOENV procedure, Pearson product moment
correlation coefficients were calculated between all log-transformed environmental

parameters at each site to establish whether any of them were co-linear. |f any co-
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linear relationships were seen to exist (r>0.95), a single variable was used as a

representative of the correlated variables in the analysis.

Sample size calculation

A quadrat size of 25cm? (5x5cm) was selected, since it has been shown
previously that in communities, such as those associated with mussel beds, where
species are patchily distributed, the combination of separate small areas will give a
higher species count than a contiguous area of the same size (Pringle, 1984).

There are various methods by which the data in the form of the species count
of a number of random quadrats of equal size can be used to determine the species
content of areas of larger size. The simplest of these is to order the samples
randomly and then construct a straightforward cumulative species/area curve (Ursin,
1960). However, these curves are irregular, and their shape is dependent on the
position in the sequence of those quadrats containing numbers of the rarer species; a
re-randomisation of the quadrats can totally change the curve. It was thus suggested
by Ursin (1960) that totally independent samples at each size enabled improved
statistical analysis. However, the number of samples required to construct such
curves Is very high, being 210 for one replicate for each point on the curve from one
to twenty quadrats. In addition, irreqular curves will still result for the same reasons

described earlier. In an attempt to reduce the irregularities of the curve, Ursin (1960)
suggested the construction of ‘semi-cumulative’ curves, where the mean number of

species Is determined for all mutually independent sets of quadrats taken 1.2.3 4...n
at a time from the pool of n quadrats. However, this method can still lead to
irregﬁlarities in the curve for sets of >n/2 quadrats, where only one mutually
independent set can be drawn from the pool. Various methods using probability
theory have been used in the derivation of species/ area curves, most of which are
lengthy, cannot be extrapolated beyond the original sample size and make no
compensation for species with zero counts in the original sample. Hawkins and
Hartnoll (1980) suggested a method using the frequency of occurrence in random
quadrats, which permits indefinite extrapolation beyond the original sample size and
permits a partial compensation for zero counts. This method was used to calculate
sample size In this study and is summarised as follows.

Assume that N quadrats contain a total of S species, and that the ith species
occurs in n; quadrats. The probability of the ith species occurring in a quadrat is ny/N,

and the probability of it not appearing is 1-( n/N). The probability of it not occurring in

q quadrats is [1-( n/N)], and of it not occurring 1-[1-( n/N)I®. Thus the number of
species expected in q quadrats will be:
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This formula may be used to calculate the expected species number in any number
of quadrats, either smaller or larger than N and would be expected to provide an
acceptable prediction if the sample of N quadrats contained information on the
frequency of all the species in the community. Some species will have a zero
frequency in the sample, but have a finite probability of appearing in a sample of that
size. The number of species with low probability of occurrence in a quadrat (i.e. of
1/N or 2/N) will be underestimated. This will substantially affect the predicted species
number at sample sizes up to N quadrats. The number of species with even lower
probabilities, of less than 1/N, will not be indicated by the sample. Thus a correction
factor must be applied to the formula to allow for rarer species within the community.

The correction factor is as follows and is only necessary for those frequencies where;
[1-(n/N)]" > 0.1

No correction can be made with regard to species with a frequency of less than 1/N

on the basis of information in the sample, although the effects of not doing so will be
minimal for areas up to N quadrats.

Thus for each value of.q an increment must be made to the predicted number of
species in respect of each of the frequency classes where it is required. This is the

probability of occurrence of one species of that frequency in q quadrats multiplied by
the number of un-represented species as calculated above, namely:

(I[IWH D[ 5,;/N)]” -

In order to use this probability theory method to calculate the predicted
species/area relationship for mussel bed communities, fifteen replicate 25cm?

quadrats were collected from mussel patches at both Criccieth and White Beach and
the resulting species abundance data entered into the model.

RESULTS

Table 1 details the number of taxa encountered in increasing numbers of
25cm?’ quadrats at White Beach and Criccieth, while Table 2 provides information on
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Table 1 Observed taxa/area relationship of infaunal communities associated with
mussel beds at a) White Beach, Anglesey and b) Criccieth, Gwynedd.

a) White Beach

Quadrat No. Taxa Cumulative Area Cumulative Taxa % Increase

No. cm?) (Taxa)

1 8 25 8 100.0

2 11 S0 12 50.0

3 7 15 15 25.0

4 7 100 16 6.7

5 O 125 20 25.0

6 12 150 25 25.0

7 12 175 28 12.0

8 5 200 28 0.0

9 5 225 30 7.1

10 S 250 30 0.0

11 11 275 32 6.7
12 9 300 33 3.1

13 6 325 33 0.0

14 6 350 34 3.0

15 10 375 34 0.0

b) Criccieth

Quadrat No. Taxa Cumulative Area Cumulative Taxa % Increase
No. cm® axa

1 14 25 14 100.0

2 12 50 21 50.0

3 10 75 24 14.3

4 13 100 29 20.8

5 5 125 29 0.0

6 4 150 29 0.0

7 10 175 32 10.3

8 4 200 32 0.0

0 6 225 33 3.1

10 3 250 33 0.0

11 11 275 33 0.0

12 15 300 33 0.0

13 10 325 33 3.0

14 11 350 34 29

15 6 375 35 0.0
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calculated values of the probability of occurrence of each of these taxa in a quadrat.
These data were then entered into the probability theory model described earlier, and
resulting taxa/area curves plotted for each location (Figure 3). At both sites, the
model predicts that eight to nine 25cm? quadrats should be taken in order to sample
adequately the communities associated with the mussel populations. As such, in
studies of the temporal, spatial and geographical variation in the structure of

invertebrate communities associated with M. edulis in the British Isles and lrish

Republic and P. purpuratus in Chile, eight replicate 25cm? quadrats were taken from
mussel beds.
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Chapter 3

Size structure and growth rate of
Mytilus edulis and Perumyftilus purpuratus populations
together with a brief note on their
associated invertebrate communities
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ABSTRACT

The size structure and growth rates of Mytilus edulis and Perumyftilus purpuratus
were investigated at a variety of locations throughout the British Isles, lrish Republic
and Chile, South America. Investigations showed inter-site differences in the size
structure of M. edulis populations throughout the British Isles and Irish Republic
during the summer of 1999, although smaller (<10mm) mussels dominated most of
the mussel populations. The maximum length attained was 33mm, at Criccieth and
White Beach, North Wales and Filey Brigg, NE England while few individuals larger
than 25mm were found at any of the other sites. Mussel density varied between 55
and 176 individuals per 25cm? while mussel volume and biomass also showed
significant inter-site variations. P. purpuratus populations in Chile showed
considerable inter-site variations in size structure. The maximum size attained was
37mm at Desembocadura exposed site 1, although mussels greater than 20mm were
common at all sites. These mussel populations contained fewer small individuals
than their British and Irish cohnterparts.- Mussel density did not vary significantly
between sites, with around 20-30 individuals per 25cm?® at all sites. The size
structure of mussel populations in North Wales, along with mussel density, volume
and biomass showed some seasonal variation, while M. edulis and P. purpuratus
populations both showed annual variations iIn size structure. M. edulis showed
significantly different growth rates at three different sites in North Wales, while the
growth rate of P. purpuratus also showed significant inter-site variation. M. edulis
displayed a significantly faster growth rate than Perumytilus purpuratus, although P.
purpuratus attained a greater maximum age. A total of 182 taxa were identified from
the M. edulis communities in the British Isles and Ireland, while substantially fewer
were identified to higher taxonomic levels, from the P. purpuratus beds in Chile.
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INTRODUCTION

Structural complexity of tr;e environment has often been considered an
important determinant of biotic diversity and biologists have long held the view that
structurally complex habitats support more species than structurally simple ones
(Smith, 1972; Kohn and Leviten, 1976). The notion that the number of species able
to survive in any one habitat is directly proportional to the number of microhabitats
has been quantified for a variety of communities including rocky intertidal shores
(Archambault and Bourget, 1996), subtidal reefs (Pimm, 1994), groups of birds

(MacArthur, 1972), chydorid cladocerans (Whiteside and Harmsworth, 1967),
gastropods of the genus Conus (Kohn, 1967; Kohn and Leviten, 1976) ana lizards
(Pianka, 1966). Harner and Harper (1976) illustrated in a study of plant species
diversity that environmental heterogeneity was strongly correlated with species
diversity and accounted for 84% of the variation in species numbers. Thus, in this
study of mussel community structure, any variation in the density and size
distributions of the mussels might result in changes in the diversity of the associated
invertebrate communities.

Size-frequency distributions within some bivalve populations are
characteristically polymodal, each mode representing an individual year class
(Richardson et al, 1995). In many mussel populations however, size classes may
overlap to such an extent that while size-frequency distributions provide information
on the heterogeneity of the habitat provided by the mussels, they are of limited value
for estimating population growth rate (e.g. Kautsky, 1982; Richardson et al, 1990).
Growth in Mytilus has been extensively documented. The growth history of each
mussel is permanently recorded in the shell, either as a series of annual checks in
the periostracum (Seed, 1969a; Davenport et al, 1984) and/or inner nacreous layers

(Lutz, 1976; Kautsky, 1982), or as microgrowth bands present in the middle prismatic
layer (Richardson, 1989; Richardson et al, 1990). Surface growth rings produced
during periods of suspended shell growth have previously been used to determine
the age of individual M. edulis (Seed and Richardson, 1990). However, periods of
suspended shell growth may also be associated with seasonal changes in

temperature or food availability, prolonged stormy weather, or even with the annual

reproductive cycle and cannot therefore be assumed to be of annual origin (Seed,
1976).

Several authors have demonstrated that mussel growth rates and population
structure vary according to environmental conditions, such as temperature
(Richarason et al, 1990; Sukhotin and Kulakowski, 1992), food supply (Incze et al,

1980; Page and Ricard, 1990) and aerial exposure (Rodhouse et al, 1984: Sukhotin
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and Maximovich, 1994). Longevity of mussels in areas of rapid growth has been
shown to be considerably less than in those areas where they display slow growth
(Seed, 1968). Sanders (1968) concluded that, with increasing habitat age and
prolonged habitat stability, diversity increases and the community evolves into a set
of species that are biologically accommodated. In contrast, young communities,
which are controlled primarily by physical factors, have eurytopic species, wide
population fluctuations and many opportunistic species. Thus, the age structure of

the mussel populations might also affect community diversity and as such, has been
determined in this study for some of the mussel populations from the British Isles and
Irish Republic and Chile.

Details of the size distribution of mussel populations at all of the sample sites

In both the British Isles, lrish Republic and in Chile, South America are provided in
this chapter. Growth rates of M. edulis and P. purpuratus have been determined, by

examination of the tidal microgrowth bands present in the prismatic layer of the

shells. A brief summary of the suite of species associated with these mussel beds is
also provided.

METHODOLOGY
Details of the methodology for this work are provided in Chapter 2.

RESULTS
Size structure of mussel populations

Sites in the Bntish Isles and Irish Republic

The mussel populations from eight study sites in the British Isles and Irish
Republic did not exhibit polymodal size distributions (Figure 1). The populations at

Arisaig, Kilkee, Filey Brigg and Robin Hood’s Bay were dominated by smaller
mussels with a shell length of between Smm and 10mm and had relatively few large
mussels. Populations at Is’oint Lynas, Criccieth and Doonbeg were dominated by
medium sized mussels (12mm to 20mm) with few small mussels. The population at
White Beach, however, was exceptional in having a relatively uniform distribution of
mussel sizes. The maximum size observed was 33mm, at White Beach, Criccieth
and Filey Brigg. Mussel density (per 25cm?) was highly variable between each
location, with highest densities at Filey Brigg and lowest densities at White Beach
(Table 1). Mussel volume and biomass per unit area were highest at White Beach
and Filey Brigg and lowest at Point Lynas and Doonbeg.

Little seasonal variation in size structure of the mussel populations at Point
Lynas and White Beach was apparent between January 1998 and November 1998
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Figure 1 Size distributions of Mytilus edulis from eight sites in the British Isles and

Irish Rgpublic, in July 1999. Distributions are based on a musse! bed sample area of
200cm”.
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Table 1 Mean density, volume and biomass of mussels per 25cm? area of mussel
bed at eight sites in the British Isles and Irish Republic. 95% confidence intervals are

marked, such that significant differences (p<0.05) are represented by non-
overlapping intervals.

Site Mussel Mussel Mussel
Density Volume (ml Biomass
Point Lynas, Wales 64+11 19.1+3.0 11.64+2.24
White Beach, Wales 5513 34.3+1.7 25.30£1.33
Criccieth, Wales 06+7 24.51+2.0 19.8312.24
Arisaig, Scotland 16319 19.412 .4 19.67%1.26
Kilkee, Irish Republic 8718 19.842.7 14.4810.97
Doonbeg, Irish Republic 7915 19.1+0.9 14.461+0.64
Robin Hood’s Bay, England 14918 27.912 .1 17.34+1.29
Filey Brigg, England 176110 31.5+3.3 22.49+1.73
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(Figure 2 and 3), although slight variations were observed in the frequency of
mussels at the smaller end of the size range (5 to 10mm). The mean density of
mussels at the two locations, particularly White Beach, showed little seasonal
variation, while mussel volume and biomass per unit area displayed slight monthly
fluctuations, although with little consistency between sites or seasons (Table 2). By
contrast, however, the mussel population at Criccieth showed considerable seasonal
variation in size structure between January 1998 and November 1998, notably with
an absence of large mussels (>24mm) in July and small mussels (<16mm) in
September (Figure 4). The modal size increased gradually throughout the year, from
12mm in January to 30mm in November. Mussel density also showed considerable
seasonal fluctuations, with higher values during the summer months (May and July)
than in the winter months (November and January) (Table 2). By contrast, mussel
volume and biomass were greater during the winter months than the summer. These
seasonal patterns in mussel density, volume and biomass were similar between 1998

and 1999. The size structure of the populations at Point Lynas and White Beach
remained relatively stable between 1998 and 1999 (Figure 5). However, the

population at Criccieth fluctuated in density, particularly between summer and winter,

while there was an overall trend towards increasing maximum size between July
1998 and January 1999.

Mussel populations from the Chilean sites did not display any apparent

polymodal size distributions (Figure 6). The populations at Las Cruces,
Desembocadura sheltered site 1, Cocholgue and Valdivia were generally dominated

by large mussels (16mm to 27m), with few small mussels. Populations at
Desembocadura (exposed sites), along with Maule and Coronel had much more
uniform size distributions. The largest mussels occurred at the Desembocadura
exposed sites, where they reached a maximum length of 37mm.

Mussel density did not vary greatly between the nine sites (Figure 7).
However, there was a great deal of within site variation in the density of mussels
within mussel beds at each of the locations, with the exception of Desembocadura
exposed site 1. The size structure of the mussel populations at the three sites at
Desembocadura and Coronel showed slight annual differences between 1997 and
2000 (Figure 8), whilst mean mussel density did not vary significantly (Figure 9).

The size structure of the mussel populations in the UK and Chile did not differ
greatly. However, mussel beds in the British Isles and Irish Republic generally had

more small, juvenile mussels, while the density of P. purpuratus in the Chilean
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Table 2 Mean density, volume and biomass of mussels per 25cm? in mussel beds
from Point Lynas, White Beach and Criccieth, Wales at intervals between January
1098 and July 1999. 95% confidence intervals are marked, such that significant

differences (p<0.05) are represented by non-overlapping intervals.

Site

Point Lynas

White Beach

Criccieth

Date

January 1998
March 1998
May 1998

July 1998
September 1998
November 1998

January 1999

July 1999

January 1998
March 1998

May 1998
July 1998
September 1998

November 1998
January 1999

July 1999

January 1998
March 1998
May 1998

July 1998
September 1998
l\iévember 1998
January 1999

July 1999

Mussel Density

06t7
71815

8419

100x12

44

10218

9319

02114

64x11

71916
6014
6316
62+7
5914
1216
6715

9513

3513

3513

79£10

7618
3912
3112
3514

96x7

mi

23.412.2
17.531.5
28.3x0.7
17.0+1.3
25.412.2
23.613.1

19.112.2

19.113.0

51.914.2
45.513.9
36.013.3

35.112.2
35.014.0
31.512.5
33.512.0

34.311.7

26.112.5

25.21+1.2

24.812.8

19.38+2.1

20.511.6
38.313.3
42.912.0
24.512.0

Mussel Volume Mussel Biomass

g
22.72+1.55
11.974£2.53
16.5410.86
15.9110.92

21.3811.48
19.57+1.32

13.5511.91

11.6412.24

46.814.09
42.7214.12
35.2712.69
26.7111.96
34.5814.00
31.901+1.67

28.83+1.70

25.30+1.33

22.751+2.58
26.061+1.31
19.64+1.25
12.0710.37
20.8311.06
28.7711.26
40.16x1.75

19.8312.24
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Figure 6 Size distributions of Perumytilus purpuratus from nine sites in Chile, South
America. All mussels were collected in January 1999, with the exception of Valdivia,

where mussels were collected in January 1998. Distributions are based on a musse!
bed sample area of 200cm?.
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mussel beds was substantially less than that of M. edulis in the British Isles and Irish
Republic.

Age structure of the mussel populations

When viewed under the light microscope, acetate peel replicas of polished
and etched M. edulis and P. purpuratus shells revealed three shell layers; 1) a thin

outer periostracum, 2) a middle prismatic layer and 3) an inner nacreous layer. A
series of growth increments separated by distinct narrow growth bands were
observed in the prismatic layer (Figure 10). The width of the bands varied seasonally
with wider increments deposited during the summer (May to September in the British

Isles and October <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>