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Summary 

The Marine and Coastal Access Act 2009 created a new type of Marine Protected Area (MPA), 
called a Marine Conservation Zone (MCZ).  MCZs, together with other types of existing MPAs, 
will deliver the Governmentôs aim for the formation of an óecologically coherent network of well 
managed Marine Protected Areasô.  
 
Through stakeholder engagement and consultation the Department for Food and Rural Affairs 
(Defra) has developed seven design principles which are to be applied to the UK network of 
MPAs; 

 
o Representativity  

o Replication  
o Viability  

o Adequacy  

o Connectivity  
o Protection  

o Best available evidence  
 

The objective of this study is to address the design principle of viability through the assessment 
of 37 species and 25 habitats which are likely to be protected by the MPA network (known as 
features of conservation importance ï FOCI).  
 
A viable MPA has been defined within the scope of this study as being an area large enough to 
encompass most naturally occurring ecological processes and the home ranges of the species 
or groups of species characteristic of habitat communities which are the target for protection.  
 
The specific objectives of this viability assessment were to review existing literature to identify 
adult home ranges for species of conservation importance and to identify the minimum site area 
required for each habitat of conservation importance. This review focused on published peer-
reviewed journal articles but where gaps exist, was supplemented with data and reports 
produced by Marine Ecological Surveys Ltd as well as other grey literature. 
 
As most species in this review are sessile or sedentary the reviews consider several factors 
other than home range, important to the ecology, and hence viability of species and habitats. 
The resulting viability assessments, for species and habitats of conservation interest, are based 
on the following factors: 
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Home range of adults ï migrations, foraging and normal patterns of movement to meet the 
biological needs for shelter and reproduction were researched for the species of conservation 
interest as well as species deemed to be ócharacteristicô residents of the habitats of conservation 
interest. The vast majority of species were found either to be entirely sessile or to undertake only 
very limited movements. Home range is therefore not considered to be a useful indicator of the 
area required to ensure the persistent viability of marine species or habitats. 
 
Minimum Viable Population (MVP) ï ensuring that a population has a reasonable chance of 
survival is considered to be a critical element of viability. A reduction of genetic fitness can 
reduce the ability of a species or group of species to survive environmental change, since 
inbreeding can introduce unfavourable mutations as well as reducing evolutionary potential. 
Published studies on the viable population sizes i.e. the size required to ensure the persistence 
of populations and protect against in-breeding and genetic mutations, were reviewed. Although 
studies relating specifically to marine invertebrates were few in number a viable population size 
of 5000 individuals has been estimated for a wide range of taxa. Species densities reported in 
the literature and/or derived from the MESL database were used to calculate the effective 
population size into the MPA size required to support a viable population. The use of population 
densities in viability assessments is thought to be a useful indicator of the minimum viable MPA 
area, although the precise values derived in this assessment should be used with caution given 
the absence of targeted genetic viability studies.  
 
Dispersal and Self-Seeding ï the continued viability of an MPA can only be achieved if it is self 
perpetuating, and hence it should be large enough to encompass dispersal and recruitment. 
Review of the literature revealed sparse and often contradictory information regarding the 
dispersal of marine species. The majority of species in this study have a planktonic phase in 
their development and research suggests that dispersal commonly occurs over large distances 
(often exceeding 50 km). However, the uncertainties which surround the dispersion models, and 
the contradictory evidence reported by some genetic studies, make it difficult to ascribe high 
confidence levels to these dispersal measures. Most invertebrate marine species exhibit larval 
dispersal and where this is to be protected, very large (>1000 km2) MPAs would be necessary. 
The results of this investigation indicate that self-seeding is only appropriate for species that do 
not have a widely dispersing larvae or where they occur in enclosed areas such as bays, lochs 
and estuaries. For the majority of species with widely dispersing larvae connectivity is more 
important for protecting recruitment and dispersal distances are provided here for guidance. 
 
Spatial and temporal dynamics - when considering the size and design of marine MPAs the 
area protected should be based on what Pickett and Thompson  refer to as the óminimum 
dynamic areaô. This is the smallest area with a natural disturbance regime that allows for the 
normal processes of local extinction, re-colonisation and succession and hence the preservation 
of species. The determination of a minimum dynamic area is based on knowledge of 
disturbance-generated patch size, frequency, and longevity, and the mobility of the preserved 
species. Thus, in order to capture biodiversity patterns and processes in MPA network design, a 
clear understanding of their spatial and temporal variability is required. Very little 
quantitative research has been undertaken on the dynamics of marine ecosystems but 
nevertheless where information was available, the spatial and temporal variability of species and 
habitats have been discussed in the relevant habitats sections in the report. 
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This review has revealed considerable gaps in our understanding of marine species and 
habitats. Significant resources would be required to secure the data necessary to undertake 
robust viability assessments for MPA design and until such a time as these data become 
available a precautionary approach, based on the best currently available evidence, to viability 
is recommended.  
 
The use of home ranges was found to be of limited use in MPA design for many of the species 
and habitats reviewed here. The vast majority of species covered in this report are sessile or 
not wide ranging and so the area required to conserve the movements of individuals was often 
markedly smaller than the area estimated to contain a genetically viable population. This may 
not be the case however, where more mobile species are the focus of conservation efforts.  
 
The use of dispersal distances in determining MPA size has also proven to be problematic 
since the size of MPA required for self-seeding populations was found to be prohibitively large 
where species have a planktonic phase in their development. Furthermore, the extents 
identified using this information far exceeded the extent of MPAs in other parts of the world 
which have been proven to be viable over a number of years (see Mitella and Palinurus 
examples). Designating a series of smaller MPAs with appropriate spacing to maximise 
connectivity is considered to be a more effective way of protecting these species and habitats. 
 
Where species undergo direct development, dispersal would be encompassed in an MPA area 
which protects genetic diversity. Establishing the area required to support the minimal viable 
population is therefore considered to be the most useful component of viability assessments 
and more focused research in this area would be very beneficial to the design of the UKôs MPA 
network.  
 
The variability and dynamics of the species and habitats studied here was found to be an 
important component in assessing the requirements of a viable MPA, despite the lack of 
quantitative data. Where variability is important to the persistence of a habitat or species, this 
should be encompassed in the MPA design. 
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1 Introduction 

The Marine and Coastal Access Act 2009 creates a new type of Marine Protected Area (MPA), 
called a Marine Conservation Zone (MCZ).  MCZs, together with other types of existing MPAs, 
will deliver the Governmentôs aim for the formation of an ôecologically coherent network of well 
managed Marine Protected Areasô. This network will conserve rare, threatened, and 
representative species and habitats to conserve or enhance biodiversity and ecosystems [1]. 

Ecological coherence is still an evolving concept in the scientific community and there is no 
universally accepted definition. However the UK has worked closely with other countries to 
develop a working understanding of an ecologically coherent network through the OSPAR 
process.  

The principles which will underpin the design of the MPA Network of sites are: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A series of research initiatives on these design principles have now been commissioned by 
Natural England and The Joint Nature Conservation Committee (JNCC) which will, in 
combination, inform the design of the UKôs MPA network. This study deals with one component 
of this, the design principle of viability.  
 
 

¶ Representativity ï the MPA network should represent the range of marine habitats 
and species through protecting all major habitat types and associated biological 
communities present in each of the seas in our marine area.  

¶ Replication ï all major habitats should be replicated in each regional sea and 
distributed throughout the network. The amount of replication will depend on the 
extent and distribution of features within regional seas.  

¶ Viability ï the MPA network should incorporate self-sustaining, geographically 
dispersed component sites of sufficient size to ensure species and habitats 
persistence through natural cycles of variation.  

¶ Adequacy ï the MPA network should be of adequate size to deliver its ecological 
objectives and ensure the ecological viability and integrity of populations, species 
and communities (the proportion of each feature included within the MPA network 
should be sufficient to enable its long-term protection and/or recovery). 

¶ Connectivity ï the MPA network should seek to maximise and enhance the 
linkages among individual MPAs and between regional networks of MPAs using the 
best current science. For certain species this will mean that sites should be 
distributed in a manner to ensure protection at different stages in their life cycles.  

¶ Protection ï the MPA network is likely to include a range of protection levels. 
Ranging from highly protected sites or parts of sites where no extractive, 
depositional or other damaging activities are allowed, to areas with only minimal 
restrictions on activities that are needed to protect the features.  

¶ Best available evidence ï network design should be based on the best information 
currently available. Lack of full scientific certainty should not be a reason for 
postponing decisions on site selection.  
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Aims & Objectives 

The aim of the current project is to address the MPA design principle of VIABILITY. 
 
Marine Ecological Surveys Limited was commissioned by Natural England to build on the work 
of Roberts et al., [2] and to provide viability assessments for 37 species and 25 habitats of 
conservation importance. These species and habitats are listed under one or more of the 
following conservation designations: the Wildlife and Countryside Act (1981), UK Biodiversity 
Action Plans (BAP), the OSPAR convention (Threatened or Declining), the IUCN óRed Listô and 
Annex I of the EU Habitats Directive (1992).   
 
The specific objectives of this viability assessment are as follows: 
 

¶ To review existing literature to identify mature adult species home ranges for the 
species of conservation importance (Table 1-1). 
 

¶ To review existing literature to identify the minimum site area required for each habitat 
of conservation importance (Table 1-2) in order to maintain the integrity of the habitat.  
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Assessing viability 

 
 
 
 
 
 
As most species in this review are sessile or sedentary the reviews consider several factors 
other than home range, important to the ecology, and hence viability of species and habitats. 
The resulting viability assessments, for species and habitats of conservation interest, will 
therefore, need to consider broader ecological factors. It is beyond the scope of this research to 
investigate all of the ecological processes and functions which contribute to the viability of 
individual species and habitats in the marine environment and so we have identified four core 
aspects of viability on which this study will focus: 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
  

Home range of adults ï migrations, foraging and normal patterns of movement represent 
an essential component of MPA design. Thus, as a bare minimum the area protected 
should encompass the home range of the resident species. The home range of a species 
or group of species can also be considered as a proxy for a number of other ecosystem 
functions since the home range of a species will encompass the area required for the 
provision of adequate food and shelter. Where species have a dispersal stage the home 
range will not encompass the whole life cycle. 
 
Minimum Viable Population ï ensuring that a population has a reasonable chance of 
survival is considered to be a critical element of viability. A reduction of genetic fitness can 
reduce the ability of a species or group of species to survive environmental change, since 
inbreeding can introduce unfavourable mutations as well as reducing evolutionary potential.  
 
Dispersal and Self-Seeding ï in order to ensure true viability of a species or a group of 
species the area of protection needs to contain a self perpetuating population. However, 
this is often not practical in the marine environment where many species have a planktonic 
stage in their development that allows dispersal on a massive scale. To ensure the self-
seeding an MPA would need to be as large as the mean larval dispersal distance of the 
target species, which in many instances would mean that very large MPAs (>1000 km2) 
would be necessary. An alternative, therefore, lies in the creation of a series of spatially 
distinct, yet ecologically connected MPAs.  
 
Spatial and temporal dynamics - when considering the size and design of marine MPAs 
the area protected should be based on what Pickett and Thompson  refer to as the 
óminimum dynamic areaô. This is the smallest area with a natural disturbance regime that 
allows for the normal processes of local extinction, re-colonisation and succession and 
hence the preservation of species. The determination of a minimum dynamic area is based 
on knowledge of disturbance-generated patch size, frequency, and longevity, and the 
mobility of the preserved species. Thus, in order to capture biodiversity patterns and 
processes in MPA network design, a clear understanding of their spatial and temporal 
variability is required.   
 

A viable MPA is defined as an area that should be large enough that most ecological 
processes are able to operate within it and is sufficient to encompass the home ranges of 
the species or groups of species (referred to here as habitats) which are the target for 
protection.  
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Table 1-1 List of the species for which a viability assessment has been undertaken and the 
conservation listings in which they appear 

SPECIES 
COMMON 
NAME 

CONSERVATION LISTING 

WILDLIFE & 
COUNRYSIDE 

ACT (1981) 

BIODIVERSITY 
ACTION PLAN 

(BAP) 

OSPAR 
(THREATENED 
OR DECLINING) 

OTHER 

Anotrichium 
barbatum 

Bearded red 
seaweed 

 ×   

Cruoria 
cruoriaeformis 

A red seaweed  ×   

Dermocorynus 
montagnei 

A red seaweed  ×   

Lithothamnion 
corallioides 

Coral Maerl  ×   

Padina pavonica Peacockôs tail  ×  
Nationally 
scarce 

Phymatolithon 
calcareum 

Common Maerl  ×   

Alkmaria romijni 
Tentacled 
lagoon-worm 

×   
Nationally 
scarce 

Armandia cirrhosa 
Lagoon 
sandworm 

× ×  
Nationally 
rare 

Gobius cobitis Giant goby ×    

Gobius couchi Couchôs goby ×    

Hippocampus 
guttulatus 

Long snouted 
seahorse × × ×  

Hippocampus 
hippocampus 

Short snouted 
seahorse × × × 

CITES/ 
Bern 
Convention 

Victorella pavida Seamat × ×  
Nationally 
rare 

Amphianthus 
dohrnii 

Sea-fan 
anemone  ×  

Nationally 
rare 

Edwardsia ivelli 
Ivelôs sea 
anemone × ×  

IUCN (data 
deficient) 

Edwardsia timida 
Timid burrowing 
anemone  ×  

Nationally 
scarce 

Eunicella 
verrucosa 

Pink sea-fan × ×  
IUCN 
vulnerable 

Funiculina 
quadrangularis 

Tall sea pen  ×   
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Table Error! No text of specified style in document.-2 List of the species for which a viability 
assessment has been undertaken and the conservation listings in which they appear 

SPECIES 
COMMON 
NAME 

CONSERVATION LISTING 

WILDLIFE & 
COUNRYSIDE 

ACT (1981) 

BIODIVERSITY 
ACTION PLAN 

(BAP) 

OSPAR 
(THREATENED 
OR DECLINING) 

OTHER 

Haliclystus auricula 
A stalked 
jellyfish  ×   

Leptopsammia 
pruvoti 

Sunset cup 
coral  ×   

Lucernariopsis 
campanulata 

A stalked 
jellyfish 

 ×   

Lucernariopsis 
cruxmelitensis 

A stalked 
jellyfish  ×   

Nematostella 
vectensis 

Starlet sea 
anemone × ×  

IUCN 
vulnerable 

Pachycerianthus 
multiplicatus 

Fireworks 
anemone 

 ×   

Swiftia pallida 
Northern sea 
fan  ×   

Arrhis phyllonyx 
A deep-sea 
shrimp  ×   

Gammarus 
insensibilis 

Lagoon sand 
shrimp × ×   

Gitanopsis 
bispinosa 

An amphipod 
shrimp 

 ×   

Mitella pollicipes 
Gooseneck 
barnacle  ×   

Palinurus elephas Crayfish  ×   

Arctica islandica Ocean quahog   ×  

Atrina pectinata Fan mussel × ×   

Caecum 
armoricum 

Defolinôs lagoon 
snail ×   

Nationally 
rare 

Nucella lapillus Dog whelk   ×  

Ostrea edulis Native Oyster  × ×  

Paludinella littorina Sea snail ×   
Nationally 
rare 

Tenellia adspersa Lagoon sea slug × ×  
Nationally 
rare 
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Table Error! No text of specified style in document.-3 List of the habitats for which a viability 
assessment has been undertaken and the conservation listings in which they appear 

HABITATS 

CONSERVATION LISTING 

EU HABITATS DIRECTIVE 
(ANNEX I) 

BIODIVERSITY 
ACTION PLAN 

(BAP) 

OSPAR 

(THREATENED OR 
DECLINING) 

Intertidal Mytilus edulis beds 
on mixed and sandy 
sediments 

Biogenic reef × × 

Carbonate mounds  × × 
Coastal saltmarsh Estuaries 

Salicornia and other annuals 
colonising mud and sand 
Spartina salt meadows and 

Mediterranean and thermo-
Atlantic halophilous scrubs 
 

×  

Cold-water coral reefs Reefs × × 
Deep-sea sponge 
aggregations 

 × × 
Estuarine rocky habitats

 

Estuaries ×  
File shell beds

 

 ×  
Fragile sponge & anthozoan 
communities on subtidal 
rocky habitats

 
 ×  

Intertidal underboulder 
communities

  ×  
Intertidal mudflats Mudflats and sandflats not 

covered by seawater at low 
tide 

× × 

Littoral chalk communities  × × 
Maerl beds  × × 
Modiolus modiolus beds Biogenic reefs 

Large shallow inlets and 
bays 

× × 

Mud habitats in deep waters:  
Sea-pen and burrowing 
megafauna communities 

 × × 

Ostrea edulis beds   × 
Peat and clay exposures

 

 ×  
Sabellaria alveolata reefs Biogenic reefs ×  
Sabellaria spinulosa reefs Biogenic reefs × × 
Saline lagoons Coastal lagoons ×  
Seagrass beds  × × 
Sheltered muddy gravels  ×  
Subtidal chalk Reefs ×  
Subtidal sands and gravels  ×  
Tide-swept channels  ×  
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2 Methodology 

Literature review 

The primary objectives of this assessment were met through thorough review and analysis of 
the peer-reviewed literature. Where possible the review has been based on primary literature 
and a total of 650 articles were reviewed. For some species and habitats this has not been 
possible due to the lack of relevant research. In these instances grey literature, where available,    
has been used to provide supplementary evidence. 
 
For six species of conservation importance the biological and ecological information was not 
adequate to undertake a viability assessment. Some of the rare and scarce species that have 
restricted distributions have been the subject of little, if any, academic research. Where 
knowledge of the biology, especially the mode of reproduction, of a species is limited or even 
completely lacking it has been necessary to select a proxy species, as defined below, to inform 
the analysis.  

Proxy species 

A proxy species is defined as a species with similar life history characteristics and/or 
occupying the same or similar ecological niche as the species of interest. 
 
The process for the selection of proxy species was initially based on a search of the taxonomic 
hierarchy (Genus:Family:Order) until a species that fulfilled the above criterion was identified. 
The list of proxy species was circulated to Natural England and JNCC for approval before use.   
 
The life-history and ecological niche of closely related species or groups were reviewed in order 
to select the proxy species most likely to be representative of the species of interest. Where a 
proxy species has been used for part of all of a viability assessment the data are denoted with a 
* and the proxy species is clearly identified within the text.  

Characteristic Species 

Acknowledging that a viability assessment of all species associated with the habitats of 
conservation interest would be a prohibitively time consuming exercise it is necessary to select 
the most appropriate species for each habitat.  
 
The criteria that have been used to select the species which are characteristic of the habitats of 
conservation importance are:  
 

¶ those species which have a strong influence on the ecology of that community and  

¶ those species that are ócharacteristicô of the habitat in question and are part of the 
signature assemblage 
 

Species that have a strong influence on the ecology of the community include habitat 
engineers, such as the biogenic reef builders. These species significantly enhance structural 
complexity and thereby support an associated community that may otherwise not be present. 
Other ecologically important species include those, whose interactions, such as predation, 
grazing or competition, maintain community structure and function.  
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Characteristic species have been defined as those that are ófaithful and frequentô in the habitat 
[3]. However, the abundance, frequency or faithfulness of a species within a habitat is not 
necessarily a good indicator of the contribution of a species to the viability of a habitat. We have 
therefore, used the following qualifications to the selection of characteristic species: 
 
Ecologically important: those characteristic species that play important functional roles, such 
as elemental and energy cycling, contribution to overall productivity and propagule and larval 
supply.  
 
Functional group: where we identified several species from the same functional group (e.g. 
interstitial predatory polychaetes) the most ófaithful and frequentô species was selected following 
a review of the peer-reviewed literature. In some cases the only information available regarding 
the component species within habitats of conservation importance was from the Marine Habitat 
Classification [4]. 
 
Ecological dependence: Some species may be considered characteristic of particular habitats 
but will have a low level of ecological dependence on that habitat. For example, species such 
as the common starfish Asterias rubens and the common shore crab Carcinus maenas were 
found to be ófaithful and frequentô in a high proportion of the habitats. These species are 
óubiquitousô, highly mobile and in the absence of any evidence to suggest a specific affinity with 
a particular habitat of conservation interest have low ecological dependence on the habitat and 
have, therefore, been excluded from the viability analysis.  
 
Conversely, the habitat may or may not be where a particular species spends most of its life, 
but if it cannot complete the life cycle without the habitat, dependence is high. For example, 
seasonal or intermittent visitors, in particular fish and birds, that visit particular habitats for 
spawning or nursery grounds will have a high level of ecological dependence on those habitats.  
Such visitors can influence the abundance and biomass of organisms in a community over time 
[5, 6]. However, the suitability of MPAs as a conservation tool for large and highly mobile 
components of the marine ecosystem such as fish and birds is questionable since they cover 
extremely large distances in their lifetimes often using resources from different regions or even 
continents. The conservation and management of marine fisheries are being addressed 
elsewhere within the context of the Marine and Coastal Access Act (2009) and the European 
Common Fisheries Policy. 
 
Over 210 marine species were selected as characteristic species for the habitats of 
conservation importance. The life-history traits including home range, reproductive strategy and 
dispersal distance, were researched for all characteristic species. This exercise required an 
extensive search of electronic databases, journals, books and reports. There was very little 
information on the life history characteristics of species in faunal groups such as hydroids and 
bryozoans and in these instances it was only possible to derive life history traits at a lower 
taxonomic resolution. These coarse life-history assessments should be treated with some 
caution since there is often considerable variability in life history traits within a family or genus. 
Where more than one measure (for example larval dispersal distance or time in the plankton) 
was reported in the literature we have adopted a precautionary approach and given a range of 
values. 
 
There is a high level of variability in both the quality and quantity of life history data available for 
the species and habitats of interest. To this end, confidence levels have been assigned to 
individual data items included in the assessments based on the rationale detailed in Table . 
Colour coding has been used in each cell of the viability assessment summary boxes in the 
species and habitat reviews to indicate the confidence in individual data items. 
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The full list of characteristic species used in the viability assessments is given in Appendix 
Table 6-4. 
 
Table 2-1 Confidence levels applied to the viability assessments 

CONFIDENCE 
LEVEL 

EXPLANATION 

High Confidence is high where the information presented has been derived from 
primary peer-reviewed literature sources that make specific reference to the 
biological characteristic presented. 

Moderate Confidence is moderate where data has been derived from grey literature 
without reference to primary research or inferences from a mixture of primary 
sources and informed judgements.  

Low Confidence is low where analysis has been derived by "informed judgement" 
where very little or no information is present or where a proxy species has been 
used. 

Viability Assessments  

Viability assessments for the species and habitats of conservation interest listed in Table 1-1 
and Table Error! No text of specified style in document.-3 have been made using the following 
information: 

Home range of adults  

A literature review was undertaken in order to ascertain the area used by species and groups of 
species for migrations, foraging and reproduction. Most species (87 %) in this review, however, 
are sessile and therefore, do not have a home range greater than the size of the individual.  

Population size and density  

The minimum viable population (MVP) is an estimate of the number of individuals required for a 
high probability of survival of a population over a given time [7]. A commonly used but 
somewhat arbitrary definition is >95% probability of persistence over 100 years [8]. 
Unfortunately, marine invertebrates are poorly investigated taxa in terms of viable population 
studies. Traill et al., [7] found only three studies which assessed the MVP for marine 
invertebrates in a review of over 2000 peer reviewed articles. Although studies relating 
specifically to marine invertebrates were few in number a viable population size of 5000 
individuals has been estimated for a wide range of taxa This effective population size is in good 
agreement with the median MVP identified by Traill et al., [7] in their review of 212 species as 
well as the recommendations of Frankham [9] based on genetic information.  
 
In order to convert the effective population size into an estimate of the area required to support 
it, population densities were sought from the peer-reviewed literature; unfortunately these were 
found to be entirely lacking. This element of the viability assessment therefore draws strongly 
upon MESL reports from surveys around the UK coastline. The data from these studies have 
been collected for research studies and environmental impact assessments for a range of 
clients and funding bodies, reports which are publicly available. All of the species identification 
and sample analysis has been carried out by the MESL Laboratory which participates in the 
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NMBAQC (National Marine Biological Analytical Quality Control) scheme. Abundance data 
recorded in quantitative grab samples were extracted, where available, and these data are 
summarised in Appendix Table 6-1. The published MESL reports that relate to the data used 
are listed in Appendix Table 6-2.  
 
Species were present in the MESL database in variable numbers of samples and abundances 
and so an indication of the level of data, and therefore the level of confidence, in the estimates 
of Minimum Viable Population (MVP) numbers have been provided. Where only a small number 
of records (<10) were present only a low confidence can be ascribed to the resulting density 
estimates. Where between 10 and 50 records were identified the confidence level ascribed to 
the density estimates was moderate and where greater than 50 records were identified the 
confidence level was deemed to be high. The colour coding for confidence levels, as shown in 
Table 2-1, has been applied. 

Dispersal and Self-Seeding 

The mode of reproduction including dispersal modes and distances were sought for both the 
species of conservation interest and the characteristic species within the habitats as part of this 
study. The reproductive and dispersal modes were recorded using the standard abbreviations 
listed in Table 2-2 below.  
 
Table 2-2  Codes used to describe reproductive and dispersal modes used by marine species  

CODE DESCRIPTION 

A Asexual reproduction  

AB Asexual budding 

AV Asexual with vegetative 

BR Brooding 

DIR Direct development (i.e. no larval stage) 

E Eggs or egg capsule 

FS Free spawning, normally with external fertilization 

J Dispersing juvenile stage 

L Pelagic larval stage  

LEC Lecithotrophic (non-feeding) larva 

PLK Planktotrophic (feeding) larva 

S Spores (algal) 

 
Much of the literature on larval dispersal provided data on the larval period (i.e. number of days 
in the plankton) rather than an actual dispersal distance. In the absence of information available 
on dispersal distance this has been estimated on the basis of data obtained from a dispersal 
and drift modelling exercise carried out by Roberts and others [2]. In general, the swimming 
ability of invertebrate larvae is weak (and they are very small) and is totally overwhelmed by 
water movements and so is not considered important in the estimation of dispersal distances. 
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The conversion factor we have used to convert dispersal periods into distances is based on 
dispersal by tidal currents plus, since wind driven water movement is important in UK waters, 
added wind-generated dispersal. In all the cases where the distance has been estimated in this 
way the confidence level has been reported as low. A summary of the conversions used is 
presented in Table 2-3.  
 
Where there was no information available on larval period or dispersal distance, but evidence of 
larval type was available we have used the following estimate: lecithotrophic larval period 1 ï 10 
days and planktotrophic larval period 11 ï 30 days. The dispersal distance data that has been 
estimated using this approach has been given a low confidence (coloured red) and has been 
denoted with a # symbol and noted at the foot of the table. The influence of actual location and 
the prevailing local conditions will need to be considered at the MPA planning phase.  
 
Table 2-3 Conversion factors used to derive larval dispersal distances based on the work of 
Roberts and others [2] 

DAYS IN 
PLANKTON 

< 1 1 - 10 11 - 30 31 - 50 > 50 

DISPERSAL 
DISTANCE 
(km) 

< 4 4 - 10 11 - 40 41 - 49 > 49 

 
To ensure that an MPA is self-seeding it needs to cover an area that will retain a significant 
proportion of the offspring produced by the target population. The area required will be 
determined by the mode of reproduction, the larval period and the distance travelled in that 
period. However, knowledge of larval dispersal is still uncertain. Not only is there a lack of 
accurate data on dispersal potential for most species, but also the complexities and 
uncertainties of the hydrodynamic processes affecting larval transport mean that local 
processes may be very important. Larvae will be dispersed by the prevailing water currents, 
caused by tidal motions, wind stress, atmospheric pressure gradients, wave motions, river out-
flows and large scale oceanographic circulations. Water movements are therefore highly 
complex and site-specific and dispersal distances may need to be modified for individual 
locations as part of the MPA planning process.  
 
In order to use dispersal as a principle in MPA design a precautionary approach has been 
adopted which assumes that larvae have an equal chance of being carried in any given 
direction. In most instances this distribution will be elliptical since reciprocal tides are usually the 
dominant force behind water movements. We have, however, for the purposes of this study 
used the dispersal distance to calculate the area, as a circle, that would encompass all larval 
dispersal. Since the majority of data that exists for marine species are given in ranges it would 
be impossible to ascertain the true mean and so the maximum distance given for larval 
dispersal potential has been used in this study. We have assumed the dispersal distance to be 
the diameter of the circle of dispersion (Figure 1). 
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Figure 2-1 Calculation of MPA size based on self-seeding populations from dispersal distance 

Spatial and temporal dynamics  

The spatial and temporal dynamics of the species and habitats of conservation interest listed in 
Tables 1 and 2 have been reviewed as far as possible within the scope of this investigation. 
Unfortunately quantitative data on the spatial and temporal variability of species and 
communities was largely lacking from the literature but nevertheless, qualitative information has 
been included in the assessments whenever it was available.   



13 

3 Results 

Species of conservation importance 

Anotrichium barbatum (Bearded red seaweed) 

The rhodophyte algae Anotrichium barbatum has rose-pink thalli that form tufts up to 60 mm 
high; the dichotomously branched filaments are flaccid and delicate. The distinguishing feature 
of this plant is the reproductive structures borne on whorls of trichoblasts (hair-like projections). 
A. barbatum is currently only known from one location in Cardigan Bay, Wales (Oyster Bank) 
where it attaches to gravel-pebble sized rocks and shells or is epiphytic on algae to a depth of 
10 m [10, 11]. Recent observations of this alga in areas other than Cardigan Bay have been 
due to misidentification of the introduced species A. furcellatum [11]. Oyster Bank is a sheltered 
area with mud and sandy sediments, that is stabilized by pebbles and shells and is also home 
to other rare red algae including Dermocorynus montagnei and Polysiphonia sanguinea [10]. 
 
Anotrichium barbatum appears to have been subject to intense collection for the preparation of 
herbariums during the 19th century when it was found at several locations in the English 
Channel. Records of it in the last 20 years, however, are very sparse and it is therefore classed 
as nationally rare and thought to be in decline [12]. Oyster Bank is an SAC but the area is used 
by boat traffic and dredgers and the development of a harbour and water sports centre is 
planned for this site [10]. A. barbatum is thought to be at the most northerly limit of its 
distribution in Cardigan Bay and, as an isolated population that may have limited reproductive 
capability, it may not recover from environmental or anthropogenic impacts [10].  

Anotrichium barbatum life history traits 

¶ Adult home range - A. barbatum is a sessile alga [11]. 

¶ Mode of reproduction - the gametophytes (reproducing organs) of A. barbatum are 
dioecious or monoecious producing spermatangia, cystocarps or both. The 
tetrasporongia (meiospores) produce four spores by meiosis which are released from 
the cystocarp and settle to produce haploid plants. Spermatangia have been observed 
in August and cystocarps in May-October, while the tetrasporangia have been observed 
in June-October [10]. See Figure 3-1. 
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Figure Error! No text of specified style in document.-2 Schematic of the generalised triphasic 
reproductive cycle of the red algae (Rhodophyta) 

¶ Fecundity - not known. 

¶ Dispersal - no direct observations on dispersal distance or information on the duration 
that propagules stay in the plankton have been recorded for this species.  

¶ Recruitment - no information found. 
 

Table 3-4 Summary of the viability assessment for Anotrichium barbatum 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - AV and S - < 10 [11, 13] 

Viability of Anotrichum barbatum 

A. barbatum is a sessile alga and therefore home range does not need to be considered in the 
design of a viable MPA for this species. There are large gaps in our knowledge of the biology 
and ecology of this localised species that should be addressed before specific management 
strategies can be implemented. In particular data pertaining to the minimum viable population 
are completely lacking.  With a maximum dispersal distance of 10 km an area less than 79 km2 

has been estimated to be adequate for the protection of a self-seeding population of A. 
barbatum. However, since the dispersal distance has been given a low confidence this estimate 
should be treated with caution. In addition, current knowledge indicates that the distribution of 
this species is restricted to a single location, protection of a large area would not be necessary. 
Until further research is carried out the best option would appear to be site specific 
management of the extent of this species in Cardigan Bay.  
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Cruoria cruoreaeformis (Crustose red seaweed) 

Cruoria cruoreaeformis is a perennial non-calcareous encrusting alga that forms crusts about 
200 µm thick on live maerl [14, 15]. Live crusts are bright red and appear velvety in texture [16]. 
Culture studies and observations indicate C. cruoreaeformis only grows on live maerl [17, 18]. It 
often occurs where other crustose red algae, such as Peyssonnelia spp., are also growing [15, 
16].  
 
Cruoria cruoreaeformis is classified as rare, although it can be locally abundant in suitable 
habitats [19-21]. C. cruoraeformis has only been recorded from maerl beds in the UK and, less 
frequently from gravel beds elsewhere [17, 19]. 

Cruoria cruoreaeformis life history traits 

¶ Adult home range - C. cruoreaeformis is a sessile, photosynthetic alga [15]. 

¶ Mode of reproduction - reproduction in C. cruoreaeformis can be tetrasporophyte 
(haploid reproducing phase) or gametophyte (diploid reproducing phase), which are 
isomorphic [15]. Gametophytes are monoecious and bear carposporophytes [15]. 
Tetraspores (meiospores) are produced in the tetrasprorangium by meiosis and are 
released continuously; they will settle and grow close to the mature crusts [15]. See 
Figure 3-1. 

¶ Fecundity - no information found. 

¶ Dispersal - dispersal is limited as spores settle close to the parent plant [15]. 

¶ Recruitment - no information found. 
 
Table 3-5 Summary of the viability assessment for Cruoria cruoreaeformis 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF REPRODUCTION LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - AV and S - < 1 [13, 20-22] 

Viability of Cruoria cruoreaeformis 

C. cruoreaeformis is a sessile alga and therefore home range does not need to be considered 
in the design of a viable MPA for this species. There are large gaps in our knowledge of the 
biology and ecology of this species that should be addressed before specific management 
strategies can be implemented. In particular data pertaining to the minimum viable population 
are completely lacking.  With a dispersal distance less than 1 km an area less than 0.8 km2 has 
been estimated to be adequate for the protection of a self-seeding population of C. 
cruoreaeformis. However, since the dispersal distance has been given a low confidence this 
estimate should be treated with caution. Since C. cruoreaeformis is thought to only grow on live 
maerl the protection of maerl habitats will be central to the conservation of this species.  
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Dermocorynus montagnei (Red seaweed)  

Synonym: Grateloupia montagnei [23]  
 
Dermocorynus montagnei is an encrusting non-calcareous rhodophyte, which displays small 
(2mm) papillae. The crusts are brownish-red and the papillae have a purple tinge to them [15, 
24]. Dermocorynus crusts often cover small stones and have an irregular outline.  
 
D. montagnei is found exclusively on small (5-10 mm) mobile pebbles and fragments of maerl in 
subtidal, shallow inlets and bays [23, 25, 26]. D. montagnei is considered rare and probably 
under-recorded mainly due to its size and restricted habitat [20]. D. montagnei is strongly 
associated with maerl beds and is often found attached to maerl fragments [24]. 

Dermocorynus montagnei life history traits 

¶ Adult home range - D. montagnei is a non-migratory, crustose seaweed [24]. 
¶ Mode of reproduction - The gametophyte can be tetrasporangial (haploid reproducing 

phase) or gametangial (diploid reproducing phase) [23, 27]. Small erect papilli arise from 
the crust and reproductive organs (spermatangia and carposporangial) develop when 
the papilli are around 500 µm long.  Fertilization occurs once the functioning male and 
female gamete fuse and enter the carpogonium. Carpospores germinate and spores are 
released to settle on suitable substrata where cells divide to form a growing disc. Culture 
experiments by Guiry and Maggs [24] found papilli started to form at 104 days post-
settlement. At around 180 days post-settlement papilli reached 1mm long and started to 
release tetraspores (meiospores). See Figure 3-1..  

¶ Fecundity - no information 
¶ Dispersal - Spores are non flagellate and dispersal is thought to be limited [24] but no 

direct measurements are available. 
¶ Recruitment - no information. 

 
Table 3-6 Summary of the viability assessment for Dermocorynus montagnei 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF REPRODUCTION LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - AV and S - < 1 [13, 20, 26] 

Viability of Dermocorynus montagnei 

D. montagnei is a sessile alga and therefore home range does not need to be considered in the 
design of a viable MPA for this species. There are large gaps in our knowledge of the biology 
and ecology of this species that should be addressed before specific management strategies 
can be implemented. In particular data pertaining to the minimum viable population are 
completely lacking. With a dispersal distance less than 1 km an area less than 0.8 km2 has 
been estimated to be adequate for the protection of a self-seeding population of D. montagnei. 
However, since the dispersal distance has been given a low confidence this estimate should be 
treated with caution. Since D. montagnei is associated with live maerl the protection of maerl 
habitats will be central to the conservation of this species.  
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Lithothamnion corallioides (Coral maerl) 

Lithothamnion corallioides is a non-jointed coralline red algae known to exist in two forms; a 
crustose form that attaches to substrata such as pebbles, and as free-living rhodoliths, which 
can form extensive maerl beds. In the UK Lithothamnion corallioides is predominantly found in 
its free-living form [19, 28]. Maerl are slow-growing (0.4-1mm/yr) and some beds in Europe are 
thought to be over 8000 years old [19, 29]. L. corallioides exhibits a more limited range than 
another important UK species, Phymatolithon calcareum which is able to grow in more 
sheltered environments [19]. L. corallioides can be epilithic growing on the surfaces of pebbles 
and rocks. L. corallioides may also form beds of live and dead calcareous thalli (individual 
branches), which interlock creating their own complex habitats (maerl beds). These beds 
support high functional and taxonomic diversity [19, 30]. 
 
Lithothamnion corallioides, in its free-living form, is present on sandy-mud or silty sediments in 
sheltered bays and estuaries. Extensive maerl beds are only found in areas with moderate to 
strong bottom-currents but where there is little wave action [19, 28, 31]. This species is capable 
of photosynthesis in relatively low light conditions, although turbidity remains a limiting factor 
controlling its distribution. In the UK L. corallioides is found at a range of depths up to 30 m, but 
is found in greater density at depths of 5-10 m, although it has been recorded at depths 
exceeding 200 m in the Azores where light is able to penetrate [32, 33]. 
 
The BIOMAERL project [34] found maerl beds support a wide range of other marine species 
including some that are seemingly obligate to the maerl habitat, such as the red algae Cruoria 
cruoreaeformis [17] that are considered rare. 

 
The habitat provided by maerl constitutes important nursery and feeding grounds for fish 
species (including cod, Gadhus morhua, and pollock, Pollachius pollachius) [35] and there is 
evidence that they provide important refugia for bivalve brood stocks and can improve 
productivity [35-37]. 
 
L. corallioides is sensitive to anthropogenic stressors, such as dredging and pollution. Recovery 
in this species is low due to its slow growth and low recruitment rates [38]. Maerl is a slow 
growing, long lived algae that is considered a non-renewable resource in areas where it is 
extracted [39]. Experiments have shown flumes of dredge spoil can reduce primary productivity 
by up to 70% [33, 40], severely damaging maerl communities. Experimental dredging in an area 
of the Clyde Sea revealed recovery was minimal, even in the fourth year of post-impact 
monitoring [37].  

Lithothamnion corallioides life history traits 

¶ Home range of adult - sessile in the UK [19, 41]. 

¶ Mode of reproduction - crustose algae form erect branches, which break off and grow as 
free-living maerl thalli. In the UK crustose forms of L. corallioides are extremely rare and 
vegetative reproduction is therefore the main or only form of reproduction [19, 42, 43]. 

¶ Fecundity - no information found but assumed to be low as sexual reproduction rare. 

¶ Dispersal - vegetative reproduction restricts the ability of maerl to re-colonise and 
disperse [19]. 

¶ Recruitment - thought to be low [38]. Populations are self-sustaining, therefore removing 
and damaging areas of maerl can lead to unviable populations [37]. 
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Table 3-7 Summary of the viability assessment for Lithothamnion corallioides 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF REPRODUCTION LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - AV 0 < 1 [19, 43, 44] 

Viability of Lithothamnion corallioides 

L. corallioides is a sessile alga and therefore home range does not need to be considered in the 
design of a viable MPA for this species. There are large gaps in our knowledge of the biology 
and ecology of this species that should be addressed before specific management strategies 
can be implemented. In particular data pertaining to the minimum viable population are 
completely lacking. With a dispersal distance less than 1 km, an area less than 0.8 km2 has 
been estimated to be adequate for the protection of a self-seeding population of L. corallioides. 
However, since the dispersal distance has been given a low confidence this estimate should be 
treated with caution. In addition, for such heavily exploited and vulnerable habitats the minimum 
viable area may be more realistically defined as the extent of habitat remaining plus adjacent 
areas of suitable habitat to allow for recovery. 

Padina pavonica (Peacock's tail) 

Padina pavonica is a lightly-calcareous brown algae that has a distinctive fan-shaped frond, 
which grows into a funnel. Green and brown bands are conspicuous on the outside of the frond, 
while the inner frond is green [45]. Hair-like projections are found on the surface of the thallus, 
which grows in concentric bands from superficial cells [46]. Liddle [47] described a high degree 
of plasticity in the morphology and growth of P. pavonica. The presence of encrusting coralline 
algae has been suggested to enhance colonization of P. pavonica [48].  
 
P. pavonica is considered nationally rare/scarce and may be sensitive to climate change [49]. 
However increased temperatures may initiate gametophyte production and help distribute the 
species more widely in the UK [50]. 

Padina pavonica life history traits 

¶ Adult home range - P. pavonica is a sessile, photosynthetic alga [45]. 

¶ Mode of reproduction - P. pavonica exhibits alternating haploid and diploid generations. 
Sexually reproducing plants are rarer than their tetrasprongial counterparts, especially in 
UK waters [47, 51]. It is uncertain what conditions would induce gametogenesis (sexual 
reproduction) although temperature may be of some importance as sexually reproducing 
plants have been observed in the Mediterranean. It is also unclear if this species is 
dioecious or monoecious [51]. Tetrasporangial sori (reproductive structures) divide by 
meiosis into four spores, which are released, settle and divide by meiosis [52]. 

¶ Fecundity - unknown 

¶ Dispersal - unknown 

¶ Recruitment - no information found 
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Table 3-8 Summary of the viability assessment for Padina pavonica 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF REPRODUCTION LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - S - < 10 [47, 51, 53] 

Viability of Padina pavonica 

P. pavonica is a sessile alga and therefore home range does not need to be considered in the 
design of a viable MPA for this species. There is still much uncertainty regarding the life history 
traits of this species, particularly with regard to the frequency of sexual reproduction and the 
dispersal of spores. Data pertaining to the minimum viable population are also completely 
lacking. With a dispersal distance up to 10 km an area less than 79 km2 has been estimated to 
be adequate for the protection of a self-seeding population of P. pavonica. However, since the 
dispersal distance has been given a low confidence this estimate should be treated with 
caution. In the absence of adequate information a precautionary approach should be taken to 
protect this species at a range of MPA sizes and connectivity. Long-term monitoring of 
protected sites would be necessary to evaluate the appropriateness of the management 
strategy employed. 

Phymatolithon calcareum (Common maerl) 

Phymatolithon calcareum is a non-jointed coralline red algae. It can occur attached to pebbles 
and other substrata in its crustose form, or as free-living rhodoliths which form maerl beds and 
provide their own complex habitat for other organisms. These beds can consist of live 
rhodoliths, dead maerl or a mixture of the two. P. calcareum is most likely encountered in its 
free-living form in the UK [19, 28, 38, 41]. Maerl are slow-growing (0.4-1mm/yr) and some beds 
in Europe are thought to be over 8000 years old [19, 29].  
 
P. calcareum is found on clean gravel or coarse sand substrata and extensive maerl beds are 
found in areas where moderate to strong bottom-currents reduce siltation. P. calcareum is often 
found together with Lithothamnion corallioides but is found on more wave exposed areas [31, 
38].  
 
Maerl beds in general are found at a range of depths to 30 m in the UK, but are more commonly 
found between 5 and 10 m. In areas such as the Azores maerl species have been recorded to 
depths exceeding 200 m, where light can penetrate to these depths [33, 38].  
 
Maerl beds support high functional and taxonomic diversity [17, 19] and many species, are 
thought to be endemic to the maerl bed habitat [15], several which are protected under the Bern 
Convention [28, 38]. Kamanos [54] found maerl beds form important habitats for commercially 
important fish species such as cod in terms of feeding and nursery areas and work by Hall-
Spencer and Moore [37]  showed maerl habitats increased the productivity of shellfish. 
 
P. calcareum is considered a non - renewable resource as it is a slow growing, long lived 
species [39] and its reproductive strategy means it has low dispersal potential and recovery is 
inhibited [38].  
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Phymatolithon calcareum life history traits 

¶ Adult home range - P. calcareum is a sessile and photosynthetic organism [19]. 

¶ Mode of reproduction - No gametophytes of this species have been observed in UK 
waters so they are thought to only reproduce vegetatively [42]. 

¶ Fecundity - no information found. 

¶ Dispersal - vegetative propagation means dispersal is very limited [44].  

¶ Recruitment - no information found. 
 

Table 3-9 Summary of the viability assessment for Phymatolithon calcareum 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL 

REFERENCES 
(DAYS)  (km) 

0 - V 0 0 [19, 43, 44] 

Viability of Phymatolithon calcareum 

P. calcareum is a sessile alga and therefore home range does not need to be considered in the 
design of a viable MPA for this species. There are large gaps in our knowledge of the biology 
and ecology of this species that should be addressed before specific management strategies 
can be implemented. In particular data pertaining to the minimum viable population are 
completely lacking. The limited literature on this species suggests that dispersal only occurs 
through vegetative propagation and in the absence of adequate information a precautionary 
approach should be taken to protect this species.  

Armandia cirrhosa (Lagoon sandworm) 

Armandia cirrhosa is a small (< 8mm long) burrowing saline lagoon polychaete worm that is 
known largely from the Mediterranean. Very little is known about its biology [55] and so the 
wider Armandia genus has been used to represent this species.  

 
Armandia cirrhosa has only been recorded in a few lagoonal habitats in the UK, including Small 
Mouth Spit and East Fleet Sandbank in Portland Harbour, Dorset [56] Individuals acquired from 
the Dorset lagoons were found to inhabit muddy/sandy substrates although a preference for 
shingle-rich and gravelly substrates were described from Hampshire sites [57]. A. cirrhosa is 
thought to have disappeared from the Keyhaven-Lymington Lagoon in Hampshire due to habitat 
degradation [58]. 

Armandia cirrhosa life history traits 

¶ Adult home range - sedentary, burrow dwelling.  
¶ Mode of reproduction - Armandia spp. are free spawning and exhibit high mortality after 

the spawning season [59]. 
¶ Fecundity - no information. 
¶ Dispersal - species of the genus Armandia, including A. brevis, exhibit planktotrophic 

[60] larvae that have the potential to stay in the water column from three weeks to 
several months. During this time they go through a series of metamorphic (setiger) 
stages before settling and recruiting to the adult population [61]. They are thought to 
have a high dispersal potential of up to 1000 km [62, 63].  

¶ Recruitment - not known. 
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Table 3-10 Summary of the viability assessment for Armandia cirrhosa 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL 
REFERENCES 

(DAYS)  (km) 

< 1 47 *FS-L -PLK *21 ï up to several 
months 

*15 -1000 [62, 63] 

*Armandia spp. as a proxy 

Viability of Armandia cirrhosa 

Armandia cirrhosa is a burrow dwelling polychaete and an MPA area of less than 1 km2 would 
be required to encompass its home range. There is very little reliable information on the 
dispersal potential of this species with estimates of dispersal potential between 15 and 1000 km 
and so estimates of the area required for a self-seeding population should be treated with 
caution. This species is only found in lagoons and since water movements are usually restricted 
in these environments it is likely the lagoon system itself would provide adequate protection for 
the persistence of this species. The area required to ensure the continued genetic viability of an 
A. cirrhosa population is estimated to be 47 m2 and so it is possible that only part of a lagoon 
would be required for a viable A. cirrhosa MPA. 

Alkmaria romijni (Tentacled lagoon worm)  

Alkmaria romijni is a small (< 5 mm long) tube dwelling polychaete worm found in areas of 
sheltered muddy-mixed sediments, fine sand and soft substrate to depths of a few meters in 
brackish water and coastal lagoons. The tube, which lies within the top 1-2 cm of the sediment 
[55] is constructed of mud, faecal pellets and a thin transparent film encrusted with quartz 
grains and clay particles [64]. A. romijni is thought to have a wide salinity tolerance (4ă - 
>25ă) [55, 65, 66]. A. romijni has been recorded at twenty-seven sites in the UK and is now 
thought to be more widespread than originally described [66]. JNCC have recommended a 
reduction in protection status under the Wildlife and Countryside Act (1981), whilst maintaining 
protection of the lagoon habitat [67].  
 
Cardose et al. [68] found that an increase in Enteromorpha spp. caused by eutrophication can 
significantly reduce the biomass of A. romijni. Recovery of the A. romijni population was seen 
after management of the Portuguese lagoon [69]. 

Alkmaria romijni life history traits 

¶ Adult home range - sessile tube dwelling deposit feeder [65]. 
¶ Mode of reproduction - the larvae of A. romijni is incubated in the maternal tube for 12 

days before release as a juvenile. Total larval development lasts 3 months [70]. 
¶ Fecundity - unknown. 
¶ Dispersal - the juvenile is free living and non-feeding on the surface of the sediment and 

will develop its own tube within 20 days. During this time the juveniles may disperse 
widely [70, 71]. 

¶ Recruitment - not known. 
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Table 3-11 Summary of the viability assessment for Alkmaria romijni 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL 
REFERENCES 

(DAYS)  (km) 

0 - BRïDIR-J 20 10-100 [70-72] 

Viability of Alkmaria romijni 

As a sessile tube dweller the home range does not need to be considered in the design of a 
viable MPA for A. romijni. There are large gaps in our knowledge of the biology and ecology of 
this species that should be addressed before specific management strategies can be 
implemented. In particular data pertaining to the minimum viable population are completely 
lacking.  With a maximum dispersal distance of 100 km an area of 7854 km2 has been 
estimated to be adequate for the protection of a self-seeding population of A. romijni. However, 
since the distribution of this species is restricted to lagoons systems it is likely that a significant 
proportion of the larvae would be retained and that a self-seeding population will be adequately 
protected by the lagoon itself.  

Gobius cobitis (Giant goby) 

The Giant goby Gobius cobitis has a deep body with a short tail stalk and can reach a total 
length of 27 cm [45]. It has a speckled appearance that is pale to olive brown with darker 
patches on the lower half of the body although males will appear darker during the breeding 
season. G. cobitis is found in channels and rock pools within sheltered intertidal shores, 
particularly in areas of mixed substrata, often with a freshwater input [73-76]. They have a 
bottom-dwelling habit and can be gregarious [77]. 
 
G. cobitis feeds on small amphipods, insects and their larvae and a high proportion of green 
algae (Ulva spp.) [75]. Other intertidal fish assemblages (such as blenniidae) will have a 
profound effect on the distribution of Gobiidae across their local habitat [78, 79]. Due to its 
residency in the intertidal area it is thought to be under pressure from coastal development [73]. 

Gobius cobitis life history traits 

¶ Adult home range - this species is mobile and will utilize different microhabitats in the 
intertidal area at low and high tide [78]. 

¶ Mode of reproduction - the breeding season is between May - June in the British Isles 
and earlier in Europe [74]. Males show territorial behaviour at nest sites prior to and 
during nesting when they will fan eggs [73, 74, 76]. Male and female courtship behaviour 
precedes spawning and fertilization of eggs at the nest site, a process which can take up 
to 10 hrs. Fertilized eggs are attached to the underside of rocks and boulders in 
channels and tide pools by threads [73]. 

¶ Fecundity - sexual maturity is reached within 2-3 years and females lay two clutches per 
year [74]. 

¶ Dispersal - eggs hatch 22-24 days after spawning releasing a planktonic larvae that 
gradually settles on the substrate as a fully benthic juvenile around 35 days after 
hatching.  They are thought to remain in the intertidal area thereafter [74, 76] and it 
takes a further 9 days for the juvenile to develop into the adult stage.  

¶ Recruitment - juveniles move out of the smaller high intertidal pools to larger more 
complex habitats at the end of recruitment [80] while adults move to deep channels that 
are permanently linked with the sea [78]. 
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Table 3-12 Summary of the viability assessment for Gobius cobitis 

HOME 
RANGE  

(km) 

AREA 
FOR MVP  

(m
2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

1-10 km - Spawn (Embryos attached 
at nest site)-J 

35 40-49 [74, 76] 

Viability of Gobius cobitis 

An area of 1 km2- 10 km2 would be required to protect the home range of G. cobitis although it 
is not currently known if an area of this size would contain adequate genetic variability to ensure 
the persistence of this species. G. cobitis is reported to have a dispersal potential between 40 
and 49 km and so a much larger MPA, 1257-1886 km2 would be necessary to protect a self-
seeding population. It is likely that a series of connected MPAs would be more appropriate for 
the conservation of this species. Since G. cobitis occurs in only restricted habitats some 
consideration should be given to the protection of sheltered intertidal shores with mixed 
substrata, in areas where the species is known to occur. 

Gobius couchi (Couch's goby) 

Gobius couchi is typically brown with darker brown patches along the lateral line and one 
positioned on the pectoral fins [81]. This species is thought to have longevity of up to 10 years 
[82]s. There is a lack of information on the status and reproduction of this species [83]. Gobious 
couchi is an intertidal epibenthic member of the Gobiidae that lives in rockpools and crevices 
with a complex habitat of rocks and boulders, with some degree of algal cover and sand/broken 
shell substrate and a depth range of 2.5-14 meters [84, 85]. They exhibit a preference for pools 
with Enteromorpha and other filamentous green algae and are often found on the high shore 
[82]. G. couchi have been associated with a range of microhabitats including sand, rock, mud 
and shell substrates in the Mediterranean [86]. 
 
G. couchi utilizes various algal species including Ulva spp. for food and vegetative cover which 
is particularly important during the breeding season [82]. They feed on a variety of small 
amphipods, gastropods, bivalves, Protozoa, polycheates, oligocheates as well as insects and 
their larvae [82, 87]. G. couchi is considered one of the rarer gobies and has a localised 
distribution in the UK, although this may be due to misidentification [86, 88]. As a resident of the 
intertidal area, which is vulnerable to anthropogenic and natural changes, this species is 
sensitive and thought to be in decline. It is considered to be of global importance due to its 
vulnerability, but this is mainly due to lack of information [83]. 

Gobius couchi life history traits 

¶ Adult home range - G. couchi is a mobile (swimming) species that is not known to 
migrate [84, 87].  

¶ Mode of reproduction - as with other Gobiidae, males entice females to spawn on male 
nest and then fertilize eggs. Territorial males guard nest sites and fan eggs once 
fertilized [73, 87]. Broods are laid on the underside of rocks and guarded by the male. 
These may include two broods possibly from different females [82]. G. couchi is thought 
to spawn in the spring [89]. 

¶ Fecundity - no information found. 
¶ Dispersal - once hatched the juveniles are planktonic before recruiting to the benthos. 

Juveniles will stay within the intertidal zone and there is probably a degree of partitioning 
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on the shore between adults and juveniles as with other Gobiidae [74, 80]. There is no 
information on the larval period and so the value for the congener G. cobitis is used. 

¶ Recruitment - no information found. 
 
Table 3-13 Summary of the viability assessment for Gobius couchi 

HOME 
RANGE  

(km) 

AREA 
FOR MVP  

(m
2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

1-10 km - Spawn (Embryos attached 
at nest site)-J 

35* 40-49 [74, 76] 

*Gobius cobitis 

Viability of Gobius couchi 

An area of 1 km2- 10 km2 would be required to protect the home range of G. couchi although it 
is not currently known if an area of this size would contain adequate genetic variability to ensure 
the persistence of this species. The dispersal potential of G. couchi is not reported in the 
literature but assuming it is similar to that of G. cobitis MPA, 1257-1886 km2 would be 
necessary to protect a self-seeding population. It is likely that a series of connected MPAs 
would be more appropriate for the conservation of this species.  

Hippocampus guttulatus (Long-snouted seahorse) 

Hippocampus guttulatus are distinct from other seahorse species by way of a ómaneô of fleshy 
appendages that run from the head to the dorsal fin. Adults can reach heights of 150 mm and 
they live for 4.5 ï 5.5 years [45, 90]. H. guttulatus is found in shallow inshore waters and littoral 
lagoons, associated with algae and seagrass beds (Zostera and Posidonia) but not exclusively 
[91]. This species prefers complex habitats with dense vegetation [92]. 
 
Hippocampus spp. exhibit monogamous mating, small brood size, narrow range, limited 
dispersal, a high degree of parental care and low population densities (0 ï 0.7m-2), suggesting 
that they are sensitive to disturbance [90, 93]. However they also exhibit short generation times 
and an early age of sexual maturity (120-129mm/0.85-0.95 years), implying rapid recovery 
under optimal conditions [90].  

 
This species is habitat specific to beds of the eelgrass Zostera spp., which are declining and 
considered rare in European waters [92]. They are often caught as a by-catch by fishing vessels 
[94, 95] but are not usually traded [96].  

Hippocampus guttulatus life history traits 

¶ Adult home range - the home range of adults is between 0.005 ï 67 m2 (mean 12.1 m2) 
and overlap [90, 93]. Site fidelity is thought to be higher in breeding pairs compared to 
juveniles and single animals [90].  

¶ Mode of reproduction - sexes are separate and fertilization is internal. Females place 
eggs in the maleôs pouch where they are fertilized and brooded for 3-5 weeks [93]. 
Mating pairs are monogamous during breeding season, although instances of polygamy 
have been noted [93, 97]. 

¶ Fecundity - no information found. 
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¶ Dispersal - following development in the brood pouch, juveniles are planktonic 
immediately after birth for 6-8 weeks. They are fully recruited to the seagrass habitat at 
approximately 3 months [90, 93].  

¶ Recruitment - no information found. 
 
Table 3-14 Summary of the viability assessment for Hippocampus guttulatus 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0.005 - 67 m
2
 - BR-J-PLK 42 - 56 >49 [90, 93] 

Viability of Hippocampus guttulatus 

An area of 0.005 m2- 67 m2 would be required to protect the home range of H. guttulatus 
although it is not currently known if an area of this size would contain adequate genetic 
variability to ensure the persistence of this species. The larvae of H. guttulatus are reported to 
have a long planktonic period and hence an MPA area greater than 1886 km2 would be 
necessary to protect a self-seeding population. However, this species is highly habitat specific, 
to eelgrass and dense aquatic vegetation, and so conservation of those specific habitats known 
to currently support seahorses should be considered. It is likely that a series of connected 
MPAs would be more appropriate for the conservation of this species. 

Hippocampus hippocampus (Short-snouted seahorse) 

Hippocampus hippocampus has the distinctive seahorse posture, with its head set at a right 
angle to the body. It exhibits a short (one third less then head length) up-turned snout and 
adults can reach 150 mm in height. Colouration can be brown, orange, purple or black, 
sometimes with small white spots [45]. H. hippocampus feeds on zooplankton and small 
crustaceans [98]. This species is found in shallow inshore waters and littoral lagoons often in 
Zostera and Posidonia beds. Curtis and Vincent [92] found H. hippocampus to be located in 
sparsely vegetated areas near seagrass beds. This acts to partition this species from H. 
guttulatus which have a common geographic range.  
 
Hippocampus hippocampus shows life history characteristics (monogamous mating, small 
brood size, narrow range and limited dispersal, parental care, low density populations), that 
make it vulnerable to extinction. 

Hippocampus hippocampus life history traits 

¶ Adult home range - H. hippocampus has a home range of 0.7 ï 18.1 m2 (mean 7.8 m2) 
and a high site fidelity [93]. Records of it in deeper water suggest it migrates to stable 
environments during the winter months [99] [99]. 

¶ Mode of reproduction - This species is gonochoristic and females place eggs in the 
maleôs pouch where they are fertilized [93]. Mating pairs are monogamous during the 
breeding season, although instances of polygamy have been noted. The breeding 
season is April ï October [93, 97]. 

¶ Fecundity - no information found. 

¶ Dispersal - After release from the male brood pouch, juveniles stay in the plankton for 6-
8 weeks before being recruited to the adult population [93]. 

¶ Recruitment - no information found. 
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Table 3-15 Summary of the viability assessment for Hippocampus hippocampus 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0.7 ï 18.1 m
2
 - BR-J-PLK 42 ï 56 >49 [90, 94] 

Viability of Hippocampus hippocampus 

An area of 0.7 m2- 18.1m2 would be required to protect the home range of H. hippocampus 
although it is not currently known if an area of this size would contain adequate genetic 
variability to ensure the persistence of this species. The larvae of H. hippocampus are reported 
to have a long planktonic period and hence an MPA area greater than 1886 km2 would be 
necessary to protect a self-seeding population. However, this species is highly habitat specific, 
to eelgrass and dense aquatic vegetation, and so conservation of those specific habitats known 
to currently support seahorses should be considered. It is likely that a series of connected 
MPAs would be more appropriate for the conservation of this species. 

Victorella pavida (Trembling sea mat) 

Victorella pavida is a colonial bryozoan that forms a mat on submerged substrata such as 
stones and vegetation. Erect cylindrical zooids arise from a chitinous stolen and display a 
lophophore (feeding appendage) with eight tentacles [100]. 
 
V. pavida is currently only known to be present at one location in the UK; at Swanpool in 
Falmouth [101]. Swanpool is a dynamic brackish lagoon system, 8 ha in size that is isolated 
from the sea by a sand and shingle bar [102]. Salt water incursion is maintained by an outlet 
culvert [103] and during high water at spring tides may enter the lagoon over the top of the bar 
or may percolate through the bar. Freshwater input is via a seepage stream and through storm 
and roadside drains during heavy rainfall. Swanpoolôs salinity ranges from 3.1 ă to 26 ă and 
V. pavida is found throughout the pool [102]. V. pavida attaches to submerged stones, plants 
and artificial substrata [100, 104, 105]. V. pavida is often found on the submerged stems of the 
common reed Phragmites australis. This reed has declined in Swanpool due to spraying to 
control reed growth and encroachment of wet woodland, in particular Willow Carr [101]. 
 
The populations of V. pavida in Swanpool are isolated and limited dispersal occurs between 
colonies. Pollution, siltation, disturbance to the current salinity regime and the decline of 
Phagmites australis may all contribute to threaten this species [101].  

Victorella pavida life history traits 

¶ Adult home range - V. pavida is a sessile, filter feeder [100]. 

¶ Mode of reproduction - V. pavida produce hibernacula (resistant dormant propagules) in 
the autumn before the parent colony dies over the winter. The hibernacula are produced 
by zooids and germinate into new colonies under favourable conditions [104]. Dormancy 
may be triggered by a variety of abiotic and biotic factors [106], also see [100, 103] for 
reviews. Hibernacula are only viable short term (5 months in laboratory conditions) 
[104]. There is no evidence of sexual reproduction in the UK. 

¶ Fecundity - no information found. 

¶ Dispersal - the propagules of V. pavida stay attached to the parent colony so dispersal is 
limited. Longer distance dispersal will only arise if fragmentation occurs [104]. 

¶ Recruitment -  no information found. 
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Table 3-16 Summary of the viability assessment for Victorella pavida 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - S 0 0 [103, 104] 

Viability of Victorella pavida 

V. pavida is a sessile bryozoan and therefore home range does not need to be considered in 
the design of a viable MPA for this species. There are large gaps in our knowledge of the 
biology and ecology of this localised species that should be addressed before specific 
management strategies can be implemented. In particular data pertaining to the minimum viable 
population are completely lacking. The literature on this species suggests that propagules stay 
attached to the parent colony so that dispersal is very limited. Since this species is endemic to 
only one location in the UK any conservation measures will need to be site based. In particular, 
the ecology of Swanpool should be maintained to protect the habitat and encourage reed 
growth which has declined due to spraying to control reed growth and encroachment of willow 
car. 

Amphianthus dohrnii (Sea fan anemone) 

Amphianthus dohrnii is a small anemone which grows up to 50 mm in diameter, but more 
usually 10 mm, and is adapted to living on gorgonians by wrapping its base around the 
branches. The tentacles are arranged in four or five cycles and the base is short [107]. It is 
often cream, pink, orange or red. A. dohrnii is often seen in dense aggregations [108]. It is 
found in sublittoral habitats below 15 m, where it attaches to the branches of organisms such as 
the seafans Eunicella verrucosa and Swiftia pallida (in Scotland) [108-110].  

 
This species is considered rare and appears to be declining, and the anemoneôs preferred 
attachment site, the sea fans E. verrucosa and S. pallida, are also threatened [111, 112]. 

Amphianthus dohrnii life history traits 

¶ Adult home range - A. dohrnii is a sedentary and non-migratory anemone [108]. 
¶ Mode of reproduction - the reproduction of A. dohrnii is thought to occur asexually by 

basal laceration, where the adult shuffles along the substrate leaving fragments of itself 
behind, which develop into new anemones [108]. There are no observations or reports 
of sexual reproduction for this species in the UK but when it does occur a planula larva, 
capable of dispersing, would be produced. 

¶ Fecundity - no information. 
¶ Dispersal - the dispersal potential of A. dohrnii is limited due to its method of 

reproduction [108].  
¶ Recruitment - no information. 

 
Table 3-17 Summary of the viability assessment for Amphianthus dohrnii 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - A 0 0 [108] 
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Viability of Amphianthus dohrnii 

Amphianthus dohrnii is a sessile animal and therefore home range does not need to be 
considered in the design of a viable MPA for this species. Literature on this species suggests 
that its dispersal is very limited due to its mode of reproduction. There are large gaps in our 
knowledge of the biology and ecology of this localised species that should be addressed before 
specific management strategies can be implemented. In particular data pertaining to the 
minimum viable population are completely lacking, without this information a precautionary 
approach to the protection of this species is recommended. Amphianthus dohrniiôs preferred 
habitat is the seafans Eunicella verrucosa and Swiftia pallida although it is also known to attach 
to other rod-shaped substrata. Since these seafan species are also conservation priority 
species measures to protect them will also help to protect A. dohrnii.  

Edwardsia ivelli (Ivell's sea anemone) 

Edwardsia ivelli is a non-migratory burrowing anemone that has only been described from one 
location in West Sussex in 1975 [113]. Since then it has not been recorded and may be extinct 
[114]. Due to the lack of information on the habits and characteristics of this species, E. timida, 
another conservation priority species, has been allocated as a proxy species.  

 
Manuel [113] described Widewater Lagoon in Sussex as a shallow (<1m), mixopolyhaline (15-
30 ă) lagoon with no seawater input. A dense algal mat covers the lagoon in summer and the 
sediment is soft mud with an organic content of 5-15% [113]. 
 
See Edwardsia timida for further information 

Edwardsia timida (Timid burrowing anemone) 

Edwardsia timida is a slender burrowing anemone that can reach 70 mm long and 5 mm in 
diameter. The tentacles (16-32) are arranged in three cycles [108]. The scapulus (column), disc 
and tentacles are translucent, often orange-pink, yellow or sometimes buff. The scapulus, and 
sometimes the tips of the tentacles, are ornamented with white streaks or spots [108, 115]. E. 
timida lives in intertidal to subtidal habitats [116] where there is clean stone, sand and gravel 
[49]. They can occur in abundance under certain conditions [108]. 

Edwardsia timida life history traits 

¶ Adult home range - sessile 
¶ Mode of reproduction - both viviparity and oviparity have been observed in this species. 
Eggs masses are brooded at the entrance of the anemoneôs burrow and hatch into 
ciliated planula larvae [108, 117]. 

¶ Fecundity - no information found. 
¶ Dispersal - the larvae are lecithotrophic and will swim for approximately two months 

before settling and metamorphosing into the adult form [108]. 
¶ Recruitment - no information found. 

 
Table 3-18 Summary of the viability assessment for Edwardsia timida 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF REPRODUCTION 

LARVAL 
DISPERSAL REFERENCES 

(DAYS) (km) 

0 - BR-L-LEC 60 > 49 [49, 108, 113] 
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Viability of Edwardsia timida 

E. timida is a sessile burrowing anemone and therefore home range does not need to be 
considered in the design of a viable MPA for this species. There are large gaps in our 
knowledge of the biology and ecology of this species that should be addressed before specific 
management strategies can be implemented. In particular data pertaining to the minimum viable 
population are completely lacking.  An area greater than 1886 km2 has been estimated to be 
necessary for the protection of a self-seeding population of E. timida. However, since the 
dispersal distance has been given a low confidence this estimate should be treated with 
caution. In addition, since the distribution of Edwardsia species is  

Eunicella verrucosa (Pink sea fan) 

Eunicella verrucosa is a branching gorgonian whose colonies are usually around 25 cm high, 
although colonies reaching 50 cm high have been recorded. Branches are white or pink and 
have a ówartyô appearance when the polyps are retracted [118]. Eunicella verrucosa is found in 
subtidal areas where it can attach to bedrock, large boulders and artificial substrata and also to 
rocky outcrops associated with coarse sediment [119]. It is most commonly found at depths of 
10 ï 100 m, though sightings in shallower areas have been recorded around Plymouth Sound 
[112]. This filter feeder prefers areas with light currents to which the colonies align themselves 
perpendicularly [108]. 
 
E. verrucosa increases habitat complexity, and acts as an attachment site for a small number of 
other organisms including the rare sea fan anemone, Amphianthus dohrnii [50]. The seafan 
nudibranch, Tritonia nilsodhneri, also has a close association with the seafan where it feeds and 
lays its egg coils. Dogfish and cuttlefish egg cases are sometimes seen attached to the pink sea 
fan by their tendrils [112, 120]. E. verrucosa is a slow growing, sensitive organism, that is 
nationally scarce and susceptible to damage and disease. It is also reported to have low 
recoverability from damage and disturbance [121]. 

Eunicella verrucosa life history traits 

¶ Adult home range - sessile. 
¶ Mode of reproduction - E. verrucosa is a gonochoristic species and an annual broadcast 

spawner [122] which has relatively large oocytes and spermeries that occur in large 
numbers, which indicates high reproductive energy expenditure. Reproductive success 
is dependent on several factors including water temperature, lunar phase, habitat 
availability and pre/post settlement mortality [123]. 

¶ Fecundity - no information found. 
¶ Dispersal - a study of E. verrucosa populations in East Tennents Reef (Lyme Bay) and 

Skomer Bay MNR found gametes were released into the water column during Aug/Sep 
and fertilized externally. Larvae are thought to be short lived and to settle near the natal 
site. However, some colonization of sites several hundreds of meters from parent 
colonies, appear to have occurred and this will be dependent on favourable currents 
[121, 124] and some populations may be reproductively interdependent so isolating 
populations will reduce recruitment and suitable habitats over sufficient distances [123]. 

¶ Recruitment - over a five year study period at East Tennents Reef  between 7 to 18 
individuals recruited to the population a year in an area of 4 m2 [123]. However, Hiscock 
[125] found that recruitment to the HMS Scylla in Plymouth took four years to recruit 
after the wreck was sunk despite individuals residing on rocky reefs only 50 m away.  
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Table 3-19 Summary of the viability assessment for Eunicella verrucosa 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL REFERENCES 

(DAYS) (km) 

0 - FS-L-LEC 3 ï 5 4 - 10 [121, 123] 

Viability of Eunicella verrucosa 

E. verrucosa is a sessile animal and therefore home range does not need to be considered in 
the design of a viable MPA for this species. There are large gaps in our knowledge of the 
biology and ecology of this species that should be addressed before specific management 
strategies can be implemented. In particular data pertaining to the minimum viable population 
are completely lacking.  With a dispersal distance up to 10 km an area less than 79 km2 has 
been estimated to be necessary for the protection of a self-seeding population of E. verrucosa. 
However, since the dispersal is reported to be important over different spatial scale this 
estimate should be treated with caution. More research (i.e. genetic studies) may help to 
identify the role and importance of interbreeding populations and may also help identify the 
areas where interbreeding populations (and favourable currents) occur to enable proper 
management and connectivity of these sites. Protection measures also need to consider the 
life-history traits of the rare species associated with it (such as Amphianthus dohrnii).  

Funiculina quadrangularis (Tall sea pen) 

Funiculina quadrangularis is a large elongate sea pen that can reach over 2 m in length [118]. 
F. quadrangularis is found in areas of fine muds from depths of, 20 m to over 2000 m [108] in 
sheltered, low energy environments such as sea lochs [126, 127]. Asteronyx loveni, a deep 
water brittle-star, often occurs in association with F. quadrangularis, which may be obligate. 
Astacilla longicornis (specialised crustacea) is also often found clinging to this species [128]. 
 
Eno [129] found that F. quadrangularis was disturbed from their attachment sites by fishing 
activity, especially trawlers for Norwegian lobsters (Nephrops norvegicus), although most 
individuals were able to reattach if the brittle stems were not broken [127, 130, 131]. 

Funiculina quadrangularis life history traits 

¶ Adult home range - F. quadrangularis is non-migratory and it exhibits temporary 
attachment, if dislodged it can reattach itself to suitable substrate [128, 129]. 

¶ Mode of reproduction - F. quadragularis is a gonochristic species and a broadcast 
spawner. The oocytes and spermatocytes are expelled through the mouth of the polyp, 
mainly between October - January.  

¶ Fecundity - high fecundity with around 50-2000 oocytes per 1 cm midsection. Oocytes 
are present all year in females with around 10% maturing for spawning [126]. 

¶ Dispersal - populations are thought to be self-sustaining [128] so dispersal is limited but 
no evidence of propagule dispersal period or distance is available for this species. In 
general sea pens have lecithotrophic larvae. The larval duration of the sea pen 
Ptilosarcus guerneyi is between 7 ï 30 days, depending on the environmental conditions 
[132]. As local populations are probably self-seeding they will be vulnerable to local 
extinctions [126, 128]. 

¶ Recruitment - no information found. 
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Table 3-20 Summary of the viability assessment for Funiculina quadrangularis 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL REFERENCES 

(DAYS) (km) 

0 - FS-L-LEC 7-14* 4 - 40 [126, 132] 

*Ptilosarcus guerneyi 

Viability of Funiculina quadrangularis  

F. quadrangularis is a sessile animal and therefore home range does not need to be considered 
in the design of a viable MPA for this species. There are large gaps in our knowledge of the 
biology and ecology of this species that should be addressed before specific management 
strategies can be implemented. In particular data pertaining to the minimum viable population 
are completely lacking.  An area less than 1256 km2 has been estimated to be necessary for 
the protection of a self-seeding population of F. quadrangularis. However, there is evidence that 
populations can be self-sustaining and so it is possible that this is an over-estimate of the area 
required. 

Haliclystus auricula (a stalked jellyfish) 

Haliclystus auricula is a funnel shaped stalked jellyfish, which attaches to algae and other 
substrates by an adhesive disk. It can reach heights of 60 mm and shows variable colouration 
from green to reddish-brown [45, 133]. H. auricula attaches to algae such as Ulva spp., 
Ceramium fornicata and Cymogongrus fourcellatus and is also found on gravel and sandy 
substrates [134]. In Chile the seasonality of abundance of H. auricula was positively correlated 
with algal availability [135]. This species feeds on a range of invertebrates and larvae including 
copepods, amphipods, fly larvae and ostracods [134]. 

Haliclystus auricula life history traits 

¶ Adult home range - stalked jellyfish are sedentary and non migratory [133].  
¶ Mode of reproduction - H. auricula are gonochoristic, gametes are expelled through the 

mouth and fertilization is external [136]. All stauromedusae are thought to be annuals 
[118]. 

¶ Fecundity -  no information found. 
¶ Dispersal - The planula larvae Haliclystus spp. hatch around 24 hours after fertilization 

and start to creep along the substrate by extension and retraction, one movement cycle 
takes about two minutes so dispersal is thought to be limited [136, 137]. The planula will 
continue creeping for 1-3 days before settling and metamorphosing into the adult form. 
Larvae will often settle in groups [136].  

¶ Recruitment -  no information found. 
 

Table 3-21 Summary of the viability assessment for Haliclystus auricula 

HOME 
RANGE  

(km) 

AREA 
FOR MVP  

(m
2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - FS-L       (Crawling 
stage) 

1-3 days* < 0.5 km [136-138] 

*H.salpinx and H. stejnegeri 
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Viablity of Haliclystus auricular 

Haliclystus auricula is a sedentary animal and therefore home range does not need to be 
considered in the design of a viable MPA for this species. Literature on this species suggests 
that its dispersal is very limited since the larval phase only lasts for 24 hours. With a dispersal 
distance less than 0.5 km an MPA area of less than 0.2 km2 is therefore required to support a 
self-seeding population. There are large gaps in our knowledge of the biology and ecology of 
this localised species that should be addressed before specific management strategies can be 
implemented. In particular data pertaining to the minimum viable population are completely 
lacking and so a precautionary approach to the protection of this species is recommended. 
The distribution appears to be fairly restricted with records from Pembrokeshire in Wales, the 
south-west coast, Northern Ireland, isolated records from Northumberland and the Shetland 
Isles and Orkney further north in Scotland.  

Leptopsammia pruvoti (Sunset cup coral) 

Leptopsammia pruvoti is a slow growing, long lived (40 -100 years) Mediterranean-Atlantic 
scleractinian (stony) coral that often lives in small groups of 10 to over 200 or as solitary 
individuals [139-141]. The polyps are bright yellow and often conceal the calcareous skeleton 
and may attain a height of 60 mm tall [108]. This anemone attaches to rock in caves, gullies and 
overhangs in the shallow sublittoral, to a depth of 40 m, where there are light water currents 
[108, 142].  
 
Irving [140] lists several species that may negatively impact L. pruvoti. These include organisms 
such as the boring organisms Phoronis hippocrepia (horseshoe worm), the polychaete 
Psuedopotamilla reniformis and the burrowing bivalve Hiatella arctica, which may detach the 
cup coral from its attachment site. Once detached from their site L. pruvoti will eventually die. 
The epizooic barnacle, Boscia anglica is known to attach to the column and calyx of several 
coral species and increase feeding competition. There may also be incidental damage by 
grazers such as topshells and the wrasse Labrus bergylta. 

Leptopsammia pruvoti life history traits 

¶ Adult home range - sessile 
¶ Mode of reproduction - L. pruvoti has gonochoristic polyps that reach sexual maturity at 

a size of around 3 mm. Spermeries and oocytes mature in around 24 months. The rate 
of gonad development increases from November - January and fertilization takes place 
in January - April, when the embryos are brooded in the female polyp's coelentric cavity. 
The planula larvae are released between May-June (in the Mediterranean) [139]. 

¶ Dispersal - the planula larvae of Leptopsammia pruvoti settle within 24 hours close to 
the natal coral [140, 143]. 

¶ Fecundity - L. pruvoti is thought to reproduce infrequently and shows low levels of 
recruitment in areas of the UK [140]. In the Mediterranean this species exhibits high 
fecundity and a short incubation period compared to other Dendrophylliid corals [139, 
144, 145]. 

¶ Recruitment - populations from Lundy and the Isles of Scilly have been monitored over 
several years and recruitment to these populations in the 1980s and 1990s was reported 
to be minimal [140]. The northern extreme of L. pruvotiôs range is Lundy Island and 
recruitment may be hindered by environmental conditions encumbering synchronous 
gamete production and release. In recent years however, this situation appears to have 
changed with good recruitment of new individuals observed at some monitoring sites at 
Lundy [146]. Initial genetic studies (Dr P. Watts et al. unpublished and work in progress) 
suggest that individuals in a colony are clones of each other and, together with the 
isolated nature of colonies of several hundred, suggest very localized recruitment so that 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=135074
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a viable colony size may be as small as 2-3 m2 (personal communication K. Hiscock). It 
has been suggested that recruitment to these isolated populations in the south west of 
the UK may be reliant on periodic arrival of larvae from more southerly sites recruitment 
[50, 140, 147]. 

 
Table 3-22 Summary of the viability assessment for Leptopsammia pruvoti 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - BR-L-LEC 1 <4 [140] 

Viability of Leptopsammia pruvoti 

Leptopsammia pruvoti is a sessile animal and therefore home range does not need to be 
considered in the design of a viable MPA for this species. There are large gaps in our 
knowledge of the biology and ecology of this species that should be addressed before specific 
management strategies can be implemented. In particular data pertaining to the minimum viable 
population are completely lacking and reproduction in the UK is poorly understood.  With a 
dispersal distance less than 4 km an area less than 13 km2 has been estimated to be 
necessary for the protection of a self-seeding population of L. pruvoti although more recent 
research on recruitment suggests that this area may be considerably smaller. The dispersal 
distance has been given a low confidence this estimate should be treated with caution. The 
reproductive output of Leptopsammia in the UK appears to be poor because the species is at 
the northern limit of its distribution and long-term survival may be reliant on highly infrequent 
transport of larvae from southern populations in the Mediterranean. 

Lucernariopis campanulata (a stalked jellyfish) 

The stalked jellyfish Lucernariopis campanulata has a funnel-shaped bell that can reach 20 mm 
in height. This species exhibits a range of colouration including translucent, green, brown or red 
with 1-4 turquoise spots at the base of the funnel on the oral surface [118]. L. campanulata 
appears to have an annual life-cycle [148]. It can be found attached to algae and Zostera plants 
from the low intertidal and shallow sublittoral [118]. L. campanulata is often recorded attached 
to Zostera and the decline of this species in areas like Salcombe has been linked to the decline 
of the Zostera bed [149].  

Lucernariopis campanulata life history traits 

¶ Home range of adult -The stauromedusae are sedentary and non-migratory [133]. 
¶ Mode of reproduction - L. campanulata is gonochoristic and free spawning, sexual 

maturity is reached at half maximum size [149].  
¶ Fecundity - no information found. 
¶ Dispersal - The larvae of Lucernariopsis hatch approximately 24 hours after fertilization 

and start to creep along the substrate by extension and retraction, so dispersal is limited 
[136, 137]. The planula will continue creeping for 1-3 days before settling and 
metamorphosing into the adult form. 

¶ Recruitment - no information found. 
 
 
 
 
 

http://www.marinespecies.org/aphia.php?p=taxdetails&id=135273
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Table 3-23 Summary of the viability assessment for Lucernariopis campanulata 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF REPRODUCTION 

LARVAL 
DISPERSAL REFERENCES 

(DAYS) (km) 

0 - FS-L (Crawling stage) 1-3 days < 4 
km 

[136-138, 149] 

Viability of Lucernariopis campanulata 

Lucernariopis campanulata is a sedentary animal and home range does not need to be 
considered in the design of a viable MPA for this species. There are large gaps in our 
knowledge of the biology and ecology of this species that should be addressed before specific 
management strategies can be implemented. In particular data pertaining to the minimum viable 
population are completely lacking.  An area less than 13 km2 has been estimated to be 
necessary for the protection of a self-seeding population of L. campanulata. L. campanulata is 
often recorded attached to Zostera and the decline of this species has been linked to the 
decline of seagrass beds, therefore incorporating the viability assessment of Zostera beds into 
any management strategy of L. campanulata is essential to the maintenance of this species.   

Lucernariopis cruxmelitensis (a stalked jellyfish) 

L. cruxmelitensis exhibits the typical umbrella shape of the stalked jellyfish (stauromedusae) 
attaching to algae with its oral disc. The body colour varies from light to dark maroon and 
sometimes shades of grey or brown are also present. The primary tentacles have been 
described as dark black-maroon and the nematocysts are bright which and arranged in the 
pattern of a Maltese cross [149]. Greater densities of L. cruxmelitensis occur in winter. It is 
therefore thought to be an annual as it is often absent during the height of summer [148, 149].  
 
This species is found in the low intertidal and shallow sublittoral [118]  and is often recorded 
attached to the fronds of algae such as Chondrus, Gigartia, Ulva, Gracilaria, Fucellaria and 
Corallina. When attached to Corallina it is perfectly camouflaged [148]. 

Lucernariopsis cruxmelitensis life history traits  

¶ Adult home range - stauromedusae are sedentary and non-migratory [133]. 
¶ Mode of reproduction - The sexes are separate in L. cruxmelitensis and adults 

broadcast spawn when they reach half their maximum height [136, 149]. 
¶ Fecundity - no information found. 
¶ Dispersal - as with all stauromedusae, the planula larvae and medusa do not swim, the 

planula creep along the substrate after hatching (approximately 24 hours after 
fertilization). This movement is facilitated by extension and retraction and takes about 2 
min for one cycle to complete [136, 137]. The planula will continue creeping for 1-3 days 
before settling, often in groups, and metamorphosing into the adult form [136].  

¶ Recruitment -  no information found.  
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Table 3-24 Summary of the viability assessment for Lucernariopis cruxmelitensis 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF REPRODUCTION 

LARVAL 
DISPERSAL REFERENCES 

(DAYS) (km) 

0 - FS-L (Crawling stage) 1-3 days* < 4 km [136, 138] 

*L.campanulata 

Viability of Lucernariopsis cruxmelitensis 

Lucernariopis cruxmelitensis is a sedentary animal and home range does not need to be 
considered in the design of a viable MPA for this species. There are large gaps in our 
knowledge of the biology and ecology of this species that should be addressed before specific 
management strategies can be implemented. In particular data pertaining to the minimum viable 
population are completely lacking.  An area less than 13 km2 has been estimated to be 
necessary for the protection of a self-seeding population of L. cruxmelitensis. However, since 
the dispersal distance has been given a low confidence this estimate should be treated with 
caution. This species is not associated with a particular type of substratum or algae but the 
inclusion of large shallow areas of coastal waters, where algae are able to grow (i.e. to a depth 
of approximately 25 m) would ensure protection of suitable habitat for this species. 

Nematostella vectensis (Starlet sea anemone) 

Nematostella vectensis is a burrowing anemone that lives in soft mud and amongst submerged 
vegetation it can be identified by 14 ï 16 long white-banded tentacles [55]. N. vectensis is found 
in brackish and saline ponds, creeks and sheltered estuaries down to depths of around 1 m, 
where they burrow, within muddy-fine sand sediments with high organic content [150-153]. The 
salinity tolerance of N. vectensis is 10-37 ă but they are found in areas where freshwater input 
other than rainfall is absent or low relative to seawater and where near-bottom flow rates are 
low [151].  
 
N. vectensis is a sedentary carnivore feeding on copepods, insects, midge larvae, ostracods, 
hydrobiid snails, copepod egg masses etc. N. vectensis is prey for large shrimps and 
nudibranchs [150, 154]. The presence of macrophytes such as Cheatomorpha spp and Ruppia 
spp seem important to this anemoneôs distribution [151]. 
 
Recent genetic evidence indicates that N. vectensis was introduced to England from its 
presumed native range in the north western Atlantic Ocean [155], probably via shipping traffic 
[156]. In the UK N. vectensis has a limited distribution and is thought to be vulnerable [151], 
largely due to the lack of sexual reproduction because of the absence of males in the UK. 
Populations in the Western Atlantic and Pacific, where males are found and sexual reproduction 
does take place, are abundant and widespread [150]. 

Nematostella vectensis life history traits 

¶ Adult home range - sessile and non migratory 
¶ Mode of reproduction - in the UK N. vectensis is thought to only reproduce asexually by 

fission or cleavage and there are no recorded males [151, 156, 157]. In areas outside 
the UK fertilization is external through broadcast spawning. Planulae larvae emerge 36-
48 hours after fertilization and will swim with intermittent resting phases for seven days 
before settling and metamorphosing into juveniles. There is a short phase where 
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juveniles will have limited movement by 'gliding' which usually ceases when they reach 1 
mm [157, 158].  

¶ Fecundity - no information found. 
¶ Dispersal - in the UK dispersal is limited due to the asexual reproductive strategy [151]. 
¶ Recruitment - no information found. 

 
Table 3-25 Summary of the viability assessment for Nematostella vectensis 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - A 0 0 [155, 156] 

Viability of Nematostella vectensis 

Nematostella vectensis is a sessile anemone and therefore home range does not need to be 
considered in the design of a viable MPA for this species. Literature on this species suggests 
that its dispersal in the UK is very limited due to its mode of reproduction. Conditions in the UK 
are probably not suited to sexual reproduction but protection of the habitat this species is found 
in, typically saline lagoons and sheltered brackish areas, would at least help to ensure the short 
term persistence of this species. In the longer term the lack of sexual reproduction and 
consequent lack of genetic variability may render these populations vulnerable to changes in 
environmental conditions. Long term monitoring is required to determine if any sexual 
reproduction is taking place in any UK populations. 

Pachycerianthus multiplicatus (Fireworks sea anemone) 

The fireworks sea anemone, Pachycerianthus multiplicatus, is a large (up to 300 mm) tube 
dwelling anemone. It displays spectacular long tentacles (up to 180) that are white, often with 
brown banding. The tube can be up to 1 m long and is constructed from mucus, discharged 
nematocyst threads and foreign material [108]. 
 
In UK waters P. multiplicatus is only found in sheltered areas of West Scotlandôs sea lochs and 
is only associated with specific biotopes (CMU.SpMeg). These biotopes are characterised by 
soft fine muds in depths of over 15 m, where bioturbation may be present and burrows and 
mounds are prominent features of the seascape [159]. P. multiplicatus is restricted to eating 
plankton due to its weak nematocysts [160]. This species creates attachment sites for other, 
non specified, organisms [159]. Often found in association with crustacea such as Pandalus 
spp., Lebbeus polaris and Spirontocaris liljeborgii [160]. P. multiplicatus is rare and has a 
localised distribution [161].  

Pachycerianthus multiplicatus life history traits 

¶ Adult home range - P. multiplicatus is a sedentary anemone [108]. 
¶ Mode of reproduction - P. multiplicatus broadcast spawns and males release gametes 

first which stimulate the release of the female eggs [162]. 
¶ Fecundity - no information found. 
¶ Dispersal - The larvae of P. multiplicatus are thought to be short-lived and demersal 

[163] therefore spending a few hours to a few days in the plankton and therefore 
dispersal is thought to be limited [162]. 

¶ Recruitment - no information found. 
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Table 3-26 Summary of the viability assessment for Pachycerianthus multiplicatus 

HOME 
RANGE  

(km) 

AREA 
FOR MVP  

(m
2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - FS-L-LEC Few hours to 
few days 

0-7 [162, 163] 

Viability of Pachycerianthus multiplicatus 

Pachycerianthus multiplicatus is a sedentary anemone and home range does not need to be 
considered in the design of a viable MPA for this species. There are large gaps in our 
knowledge of the biology and ecology of this species that should be addressed before specific 
management strategies can be implemented. In particular data pertaining to the minimum viable 
population are completely lacking. An area less than 38 km2 has been estimated to be 
necessary for the protection of a self-seeding population of P. multiplicatus. However, it is likely 
that a series of connected MPAs would be more appropriate for the conservation of this 
species. Since the distribution of P. multiplicatus is highly site specific, to Scottish sea lochs, 
conservation measures to protect these habitats should be considered. 

Swiftia pallida (Northern seafan)  

Swiftia pallida is a gorgonian sea fan found only in Scottish Lochs. It can attain a height of 200 
mm, although specimens of around 100 mm are more usual [164]. S. pallida can be found 
attached to rocks, boulders, shell and bedrock, where silt deposits are noticeable, in depths of 
15-60 meters [108, 164]. The anemone Amphianthus dohrnii, which is considered rare and in 
decline, has a strong association with Swiftia palllida in Scottish waters [124]. The anthozoans, 
Alcyonium glomeratum and Caryophyllia smithii are also frequently associated with this species 
[164]. 

 
There is concern that if the water temperatures increase by 2 oC, it may initiate the decline of S. 
pallida from Scottish waters. This would also impact the rare anemone Amphianthus dohrnii, 
unless S. pallida is replaced by E. verrucosa [50, 124].  

Swiftia pallida life history traits 

¶ Adult home range - Gorgonians are sedentary with limited movement [108]. 
¶ Mode of reproduction - S. pallida annually broadcast spawns, the spawning cycle is 

probably temperature dependent [124].   
¶ Fecundity - no information found.  
¶ Dispersal - The larvae of S. pallida are thought to be lecithotrophic and have limited 

dispersal potential as populations seem to be self sustaining [124]. Very little information 
is available on the dispersal and recruitment of this species.  

¶ Recruitment - no information found. 
 
Table 3-27 Summary of the viability assessment for Swiftia pallida 

HOME 
RANGE  

(km) 

AREA 
FOR MVP  

(m
2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - FS-L-LEC Few hours to a 
day 

< 4 [121] 



38 

Viability of Swiftia pallida 

Swiftia pallida is a sedentary animal and home range does not need to be considered in the 
design of a viable MPA for this species. There are large gaps in our knowledge of the biology 
and ecology of this species that should be addressed before specific management strategies 
can be implemented. In particular data pertaining to the minimum viable population are 
completely lacking.  An area less than 13 km2 has been estimated to be necessary for the 
protection of a self-seeding population of S. pallida. However, the very limited and site specific 
distribution of Swiftia pallida suggests that site based conservation measures would be most 
appropriate. Long term monitoring is necessary to determine the impact of climate change on 
sea temperatures and the impact on its viability. 

Arrhis phyllonyx (a deep-sea amphipod) 

Arrhis phyllonyx is a deep water suprabenthic (living above the substratum) amphipod [165]. It 
is up to 20 mm long, white with a pinkish tinge [166]. This amphipod is found at depths ranging 
from 10 - 2,465 m in temperatures of no more than 6.6 oC and can tolerate waters down to zero 
degrees in winter. It exhibits a preference for soft mud sediments but is also known on coarser 
sandy sediments in the Gulf of St. Lawrence [165, 166].  

Arrhis phyllonyx life history traits 

¶ Adult home range - vertical migrations show a nocturnal pattern and can be as much as 
3-4 meters from the benthos and so some individuals may be carried away by water 
currents. However, amphipods are generally resident to an area so the adult dispersal 
distance has been estimated at 1 km. The season and diurnal patterns are not fully 
understood [165]. 

¶ Mode of reproduction - Sainte-Marie and Brunel [165] study of A. phyllonyx in the Gulf of 
St. Lawrence found breeding occurred once a year during October ï November and 
both sexes became sexually mature in their second to third year. Males are thought to 
die after copulation and females die after they brood their young. Development of the 
young lasts 7-8 months and they are released from the marsupium between April and 
June [165, 167]. 

¶ Fecundity - no information found. 
¶ Dispersal - no dispersing larval stage. The juvenile amphipods recruit to the adult 

population after release from the marsupium [168]. 
¶ Recruitment - no information found. 

 
Table 3-28 Summary of the viability assessment for Arrhis phyllonyx 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

1 - BR-DIR 0 0 [165, 168] 

Viability of Arrhis phyllonyx    

The home range of this A. phyllonyx is estimated to be 1 km2 and because this species 
undergoes direct development an MPA of this size would encompass the complete life-cycle of 
this species. There are large gaps in our knowledge of the biology and ecology of this species 
that should be addressed before specific management strategies can be implemented. In 
particular data pertaining to the minimum viable population are completely lacking, without this 
information a precautionary approach to the protection of this species is recommended.  
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Gammarus insensibilis (Lagoon shrimp) 

Gammarus insensibilis is an amphipod shrimp considered a stenohaline marine lagoonal 
specialist [169]. G. insensibilis is a resident of lagoons and sheltered brackish water to depths 
of 2-3 meters. In the Mediterranean they have been recorded in fully marine environments down 
to depths of 15 meters, where the morphologically similar species G. locusta is absent [170]. 
The alga Cheatomorpha linum forms dense mats to which G. insensibilis is often found 
attached. Stomach content analysis has shown this alga to be an important food source for this 
amphipod [171]. G. insensibilis grazes on a variety of algae including the rhodophyte, Gracilaria 
verrucosa [172]. Populations have also been reported to be highly abundant in Zostera beds of 
the Mediterranean [173].  

 
G. insensibilis plays host to a variety of trematode parasites, such as Microphallus 
papillorobustus, during part of the parasites life-cycle. Parasites can often manipulate the 
responses of their host and make them more vulnerable to predation [174, 175]. 
 
A reduction in the protection status of G. insensibilis under Schedule 5 of the Wildlife and 
Countryside Act (1981) has been proposed, as this species may be more widespread then 
originally thought. Saline lagoons are protected under the EU habitats directive and are under 
threat from pollution, drainage and coastal development [67].  

Gammarus insensibilis life history traits 

¶ Adult home range - amphipods are mobile but generally resident to an area 
¶ Mode of reproduction - the males guard the females just before the female moults and 

eggs are fertilized then brooded by the female in the marsupium, for around 9-11 days 
[175, 176] although the length of the incubation stages are temperature dependent 
[171].  

¶ Fecundity - in one brood 25-50 embryos can be incubated. Development of the juvenile 
lasts 4-5 months and reproductive output is higher during the winter months [177]. 

¶ Dispersal - juveniles of Gammeridean amphipods are generally directly recruited to the 
adult population once released from the marsupium [168]. 

¶ Recruitment - no information found 
 
Table 3-29 Summary of the viability assessment for Gammarus insensibilis 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

<1 316* BR ï DIR 0 0 [171, 175, 176] 

*Gammurus spp. 

Viability of Gammarus insensibilis 

The home range of this G. insensibilis is estimated to be 1 km2 and because this species 
undergoes direct development an MPA of this size would encompass its complete life-cycle. It 
has been estimated that an area of 316 m2 is required to protect a genetically viable population 
of this Gammurus spp but until species specific population viability data become available this 
estimated should be treated with some caution.  
 
 



40 

Mitella pollicipes (Gooseneck barnacle) 

Synonym: Pollicipes pollicipes 

Mitella pollicipes is a stalked barnacle, up to 30 mm in length; that uses its peduncle (fleshy 
stalk) to attach to the substratum. The body is broad and short and exhibits five large plates at 
the top followed by rows of successively smaller triangular plates [45]. In some regions of 
Europe it is targeted commercially and mainly harvested for the Spanish market [178, 179]. M. 
pollicipes is internationally threatened, and management strategies have been set up in parts of 
Spain and Portugal to protect commercial stocks [179-181]. UK populations are less frequent 
and are not commercially exploited [182]. 
 
M. pollicipes is found on the lower rocky shore and subtidally, where there is a suitable hard 
substratum [45]. Aggregations of the gooseneck barnacle can also be found on the underside of 
boats and ships or attached to floating debris and marine turtles. The biomass and density of 
goose barnacles are considerably higher in areas of high wave energy [181]. Adults are often 
seen with algae, bryozoans and lamellibranchs attached to them [182]. Predators include sea 
birds such as gulls, Nucella, pagurid crabs and Pisaster spp. [182]. 

Mitella pollicipes life history traits 

¶ Adult home range - M. pollicipes is able to move its peduncle but is largely sedentary 
and non-migratory [183].  

¶ Mode of reproduction - M. pollicipes is a hermaphrodite, cross-fertilization is more 
apparent and the ability of this species to self-fertilize is contentious [183]. Fertilization is 
internal and functioning females brood larvae and release planktotrophic nauplii 
synchronously [182, 184]. Ova development mainly takes place during the warmest 
months and is temperature dependent [182]. Internal fertilization occurs after the 
functioning female releases pheromones to alert males of her ripeness, the functioning 
male releases a spermatophore into the mantle cavity where fertilization takes place 
[182]. Development continues within the mantle cavity and stage one nauplli are 
released after approximately 25 days [178, 182]. Nauplli are expelled up to 3 cm away 
from the adult [182]. Populations are thought to utilize larvae from a common pool, 
exhibiting a metapopulation dynamic. The hydrodynamics of an area is therefore 
important to recruitment [179, 185]. 

¶ Fecundity - In populations of South West Portugal the minimum size for the maturity of 
the female gonad is around 12.5 mm and brooding occurs during the spring and 
summer. Several non-continuous broods may occur in a season [183]. 

¶ Dispersal - The larvae are planktotrophic and go through seven development stages that 
takes around 11 - 24 days (at 15-24 oC) [182, 186]. The final stage, the cyprid, stops 
feeding and looks for suitable substrate on which to settle. It usually settles initially on 
the peduncle of an adult goose barnacle before moving to the substratum. Once settled 
the cypridôs will metamorphose into juveniles in approximately 8 days. Environmental 
cues are thought to be an important element of settlement and metamorphosis [186]. 
Estimates of larval dispersal for Pollicipes polumerus are 116-580 miles with current 
speeds of 0.1-0.5 knots [182]. The metamorphosed cyprid/juvenile stage will often 
cement to other barnacles and Mytilus.  

¶ Recruitment - no information found. 
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Table 3-30 Summary of the viability assessment for Mitella pollicipes 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL REFERENCES 

(DAYS) (km) 

0 - BR-L-PLK 11 ï 24 10-40 [182, 186] 

Viability of Mitella pollicipes 

Mitella pollicipes is largely sedentary and therefore home range does not need to be considered 
in the design of a viable MPA for this species. There are large gaps in our knowledge of the 
biology and ecology of this species that should be addressed before specific management 
strategies can be implemented. In particular data pertaining to the minimum viable population 
are completely lacking.  An area less than 1256 km2 has been estimated to be necessary for 
the protection of a self-seeding population of M. pollicipes. Since the dispersal distance has 
been given a low confidence this estimate should be treated with caution. It is also likely that a 
series of connected MPAs would be more appropriate for the conservation of this species.  
 
There is evidence from a 1.58 km2 marine MPA in Gaztelugatxe in northern Spain that showed 
the density and biomass of Mitella pollicipes to be higher and the size of the individuals larger 
within the MPA compared with a population at an unprotected site. The site had been an MPA 
for five years but no data on the population prior to its designation are available [180].  

Palinurus elephas (Spiny lobster/langouste) 

The spiny lobster Palinurus elephas has a heavily armoured body with spines covering the 
carapace and on the antennal stalks. The carapace length can reach 500 mm [118]. In some 
areas, such as Cornwall, this species exhibits three colour morphs, sandy, brown and the 
ónormalô reddish-brown, which could be due to localized diets [187]. Individuals are thought to 
live for around 15 years [188]. 
 
P. elephas lives between the shore and depths of 200 m, although it is usually found between 
5-70 m on rocky and coralline substrates [189]. The species use small caves and holes for 
protection [190]. Laboratory experiments indicate the size, shape and position of refuge holes 
are an important feature for maximum predatory protection [191]. Juveniles are often found in 
groups and inhabit rocky crevices, leaving at night to feed. Adults live in pairs, small groups or 
are solitary usually living over gravel beds under rocks/boulders [192]. P. elephas is a 
generalist, preying on hard-shelled bottom dwelling organisms such as crustaceans, 
echinoderms and molluscs [193, 194]. 
 
P. elephas is of commercial value in the Atlantic and Mediterranean [195]. In Cornwall intensive 
SCUBA fishing at the end of the 1960s eliminated the spiny lobster from shallow waters within 
seven years [187]. The increase in catch altered the demography of the population by removing 
a large proportion of the male population [187, 195]. A notable reduction in male carapace 
length was seen between 1963-1971 and 1997. Welsh populations have not shown a reduction 
in carapace length, which may be due to the artisanal nature of the fishery in the 
Pembrokeshire area [187, 195, 196].  

Palinurus elephas life history traits 

¶ Adult home range - daily movements are generally limited (< 2 km) but they undertake 
pre and post reproductive migration, offshore and onshore respectively. Tag-recapture 
studies indicate that adult movement during migration is less than 5 km although some 
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individuals may move as far as 20 km in the Atlantic and up to 70 km in the 
Mediterranean [190]. Follesa et al. [197] [197] showed that within a Marine Protected 
Area this species showed high site fidelity and limited movement (less than 2 km outside 
the MPA zone in most cases). Sexually immature males and females travelled longer 
distances. 

¶ Mode of reproduction - P. elephas displays a moult - mate cycle. Females and males 
move to deeper water to shelter before moulting. The moult takes 10-15 minutes and the 
new shell develops and hardens within 7-9 days. In waters around the UK females moult 
between July and September and males moult throughout the year [194]. Males deposit 
the spermatophore below the femalesô genital opening and fertilized eggs are released 
5-10 days later [194]. Females reach sexual maturity at a carapace length of around 70 
mm and breed once a year (Sep-Oct), while hatching takes place between May-July 
[194, 196]. Males copulate throughout the breeding season [198]. Larvae go through 
instar stages (I-VII) before metamorphosing into puerulli (post-larval stage) and settling 
[194, 198]. The puerulus is considered a juvenile lobster at approximately 2 cm long 
[198]. 

¶ Fecundity - between 30,000 and over 200,000 eggs are released but fecundity is low 
compared to other Palinurids, larvae are larger but reduced in numbers. Fecundity is 
positively correlated with female size [198].  

¶ Dispersal - eggs hatch inshore and larvae are poor swimmers, but exhibit vertical 
migration [199]. In the Atlantic pelagic larvae stages take 10-12 months to develop [194]. 
The puerulli are found inshore and movement up until this stage is thought to be mainly 
governed by currents in coastal waters [190]. Puerulli are thought to swim occasionally 
in mid water but are not good swimmers and are thought to hide in crevices and 
amongst algae and so they are rarely seen [190, 194]. 

¶ Recruitment - no information found. 
 

Table 3-31 Summary of the viability assessment for Palinurus elephas 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

2 - 20 - BR-L-PLK 10 ï 12 months > 49 [190, 194] 

Viability of Palinurus elephas 

The spiny lobster has a large home range of up to 20 km2 and a widely dispersing larval stage. 
The area needed to encompass the complete life cycle has been estimated to be greater than 
1886 km2. However, since the dispersal distance has been given a low confidence this estimate 
should be treated with caution. It is also likely that a series of connected MPAs would be more 
appropriate for the conservation of this species. There are large gaps in our knowledge of the 
biology and ecology of this species in particular, data pertaining to the minimum viable 
population are completely lacking but there is evidence from MPAs in other parts of the world.  
 
A study conducted around the site of a no-take zone of 4 km2 in the Mediterranean, using mark-
recapture methods, found that survival rates within the MPA were higher than those outside, 
largely due to reduced fishing pressure [188]. Abundance increased within the MPA and in 
adjacent areas, suggesting a spillover effect [200]. The Columbretes Island Marine MPA in the 
Spanish Mediterranean is a larger example (44 km2). Increases in abundance, biomass and 
size were recorded inside this MPA compared to outside, while a gradual increase in catch per 
unit effort outside the no take zone was noted over a 16 year period [200].  
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Gitanopsis bispinosa (Amphipod shrimp) 

Gitanopsis bispinosa is a white amphipod, with light red beds, up to 6 mm in length [166]. It has 
only been recorded from a few localities in the North Sea [201]. It is usually found at depths of 
40 -100 meters in areas of mud and sandy sediments [166]. 
 
Information on the biology and habit of this species is scarce. The Gammaridean amphipods 
exploit a range of microhabitats including benthic, epibenthic and pelagic and may also be tube 
dwelling [168]. It is therefore difficult to assign a life history strategy to this species. In general, 
amphipods are an important food source for fish and other species [202]. 

Gitanopsis bispinosa life history traits 

¶ Adult home range - locally mobile but non-migratory [168]. 
¶ Mode of reproduction - epifaunal gammaridean amphipods do not have a larval phase 

but brood their young in a marsupium pouch [168]. 
¶ Fecundity - no information found. 
¶ Dispersal - in general the young of gammaridean amphipods are recruited directly to the 

adult population after brooding [168]. 
¶ Recruitment - no information found. 

 
Table 3-32 Summary of the viability assessment for Gitanopsis bispinosa 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

<1 - BR-DIR 0 0 [168] 

Viability of Gitanopsis bispinosa 

There is no specific information about the home range or life history of this species and so the 
only evidence comes from a general understanding of amphipod traits. Amphipods are mobile 
but generally resident to an area and there is no dispersal stage because this species 
undergoes direct development. Home ranges are, therefore, likely to be small and an area less 
than 1 km2 has been estimated to be sufficient to protect the complete life cycle of this 
amphipod. There is no information available for the area required for a minimum viable 
population and little information on the actual distribution of this species so a precautionary 
approach to the conservation of this species, via protection of suitable habitat, is 
recommended.  

Arctica islandica (Ocean quahog/Icelandic cyprine) 

The bivalve Arctica islandica is an infaunal filter feeder that can reach sizes up to 120 mm in 
length [203]. It has prominent umbones and in large specimens the shell is dark green/brown or 
black, smaller specimens are chestnut brown [118]. A. islandica adults are slow growing (0-
0.5mm/year in Whitsand Bay, UK) and growth rates are variable between geographical 
locations [204]. They are long lived species, one specimen was recorded to be 374 years old 
[205]. Arctica islandica is a commercially important species in North America [206] and has a 
range of predators including, haddock, ocean pout and various crustaceans. It is an especially 
important prey source for Baltic cod [207]. 
 
Dense beds of A. islandica are found below the surface of medium to fine grained sand, sandy-
mud and silty-sand, they inhabit a wide depth range from 4 to over 400 m. This species is found 
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in their greatest densities off the middle Atlantic Coast at depths of 35-75 m and have an 
optimal temperature range of 6-16oC [208]. This species shows several life history traits that 
suggest it is sensitive to perturbations and has a low recovery potential, such as late age of 
sexual maturity, long-lived adults and genetically distinct populations [209]. 

Arctica Islandica life history traits 

¶ Adult home range - A. islandica moves vertically in the sediment is resident and non-
migratory [210]. 

¶ Mode of reproduction - The ocean quahog is a broadcast spawner and fertilization is 
external. Populations spawn all year round but spawning activity is concentrated during 
certain months, it is not entirely understood what environmental cues cause this [210]. 
The minimum age at sexual maturity is seven years.  

¶ Fecundity - In Nova Scotia the mean female age at sexual maturity was 13.1 years and 
12.5 years for males [205]. 

¶ Dispersal - The fertilized eggs hatch into trochophore larvae, which in turn develop into 
veligers (with a bivalve shell) and then develop a burrowing foot (pediveligers) [211, 
212]. The development period lasts at least 55 days [211]. Juveniles settle within the 
adult grounds and populations are genetically distinct from each other [209]. 

¶ Recruitment - no information found. 
 
Table 3-33 Summary of the viability assessment for Arctica islandica 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL REFERENCES 

(DAYS) (km) 

0 - FS-L-PLK 55 > 49 [211] 

Viability of Arctica islandica 

This bivalve Arctica islandica has a very small home range but widely dispersing larvae 
indicating an area encompassing the whole life-cycle, and a dispersal distance over 49 km, 
would need to very large (greater than 1886 km2). However, since the larval dispersal distance 
has been identified as low confidence this may be an over estimate and it is likely that this 
species would be better protected by a series of smaller, connected MPAs. There is no 
information for the area required for a minimum viable population and further research is 
required to determine the area required for protection. Until such a time as these data become 
available a precautionary approach is recommended.  

Atrina pectinata (Fan mussel)  

Synonyms: Pinna fragilis, P. borealis, P. pectinata, P. muricata, P. ingens, P. laevis, P. rudis, 
P. papyracea, P. rotundata and P. elegans [213]. 

The fan mussel Atrina pectinata has a thin fan shaped shell, reaching lengths of 40-45 cm. The 
larger specimens are thought to be 10 -12 years old [214]. Organisms may be solitary or form 
small groups, although populations in deeper waters may be more dense [215]. A. pectinata is 
found buried within mud, sandy mud or silty sediments or attached to shell and stones by its 
byssus threads [213, 216]. It can be found on tidal flats and shallow subtidal ranges [217] to 
depths beyond 400 m [215]. Anecdotal evidence suggests populations are large in areas of 
strong currents and where the seabed slopes steeply [215]. Encrusting organisms may settle on 
A. pectinata and Hall-Spencer et al. [218] suggested they may help recruitment of other 
bivalves, such as scallops, to an area.  
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As a broadcast spawner with a sparse distribution A. pectinata has a low recovery potential 
[219, 220]. Butler et al. [219] hypothesized that these traits were off-set with long-lived adults 
and therefore, significant mortality rates within the adult (meta)populations would reduce the 
recoverability of this species. A. pectinata is considered rare and has been declining in the past 
100 years [214]. A. pectinata often occurs where scallops are found so the species is subject to 
incidental fishing pressure by scallop dredgers, habitat disturbance and dredge spoil [216, 218]. 
Other threats include that from pollution, climate change and changes in current patterns that 
may affect recruitment [219]. 

Atrina pectinata life history traits 

¶ Adult home range - A. pectinata is a resident infaunal suspension feeder that does not 
migrate [217]. 

¶ Mode of reproduction  - A. pectinata is gonochoristic and a broadcast spawner, although 
hermaphroditic individuals have been noted in laboratory conditions [217]. Sexual 
maturity is reached between one and two years old [219]. 

¶ Fecundity - no information found. 

¶ Dispersal - research on other species of fan mussel indicate that the fertilized larvae 
stay within the plankton for 7-10 days before settling. Although there is little published 
research anecodotal evidence suggests it is possible that Atrina pectinata in the UK 
settle from larvae produced in the Bay of Biscay, which are brought by winter currents 
sweeping northwards and eastwards (personal communication Keith Hiscock). However, 
it is possible This species has a metapopulation organization with regard to recruitment. 
The larvae are planktotrophic and have high dispersal potential [219]. 

¶ Recruitment - in shallower habitats individuals and groups are sparse and recruitment is 
probably low. However, populations in deeper waters have not been assessed and may 
provide a significant larval source [214].  

 
Table 3-34 Summary of the viability assessment for Atrina pectinata 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

0 - FS-L-PLK 7 ï 10 4 -10 [217, 219] 

Viability of Atrina pectinata 

The fan mussel has a very small home range but is reported to have a larval dispersal potential 
of 4-10 km. An area of 79 km2 is therefore, required to protect a self-seeding population of this 
species. However, since the larval dispersal distance has been given a low confidence this may 
be an over estimate. It has been suggested that recruitment to shallow water populations is 
reliant on larvae from deep water populations [214] which means that the connectivity of these 
populations is highly important. Further investigations into the recruitment dynamics of these 
populations is needed in order to ascertain the best MPA design for this species.  There is no 
information for the area required for a minimum viable population and further research is 
required to determine the area required for protection. Until such a time as these data become 
available a precautionary approach is recommended. Site specific conservation measures are 
also considered important as Atrina pectinata has a very restricted distribution. 
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Caecum armoricum (Defolinôs lagoon snail) 

C. armoricum is a prosobranch snail of less than 1.5 mm long that appears to have a very 
limited distribution in the UK [55] or is under-recorded due to its small size and habitat [221]. It 
displays an unusual curved tube like shell that does not have any whorls or ridges, is open at 
one end and closed at the other by a septum. There is limited information on the lifestyle and 
habits of this species [55].  A proxy species (Truncatella subsylindrica) has therefore been 
chosen to represent its possible mode of reproduction. 
 
In the UK C. armoricum was originally described from The Fleet Lagoon in Dorset, where 
around 100 specimens were found inhabiting the interstitial spaces between small (1-2 cm) 
pebbles [222, 223]. Seaward [222] speculated that this species would normally be found 
sublittorally but the percolation of springs into the Fleet allows it to occupy an intertidal habitat.  
It has recently been recorded at two other UK lagoons, a site at Pagham Harbour in Sussex and 
one at Lydd Ranges in Kent [221]. 

Caecum armoricum life history traits 

¶ Adult home range - mobile, non migratory [223, 224]. 

¶ Mode of reproduction - Truncatella subcylindrica is a prosobranch that also inhabits 
lagoon systems and is interstitial between small pebbles in the intertidal zone. This 
species is oviparous, attaching its egg cases to detritus. The eggs hatch directly as 
small snails [225]. 

¶ Fecundity - no information found. 

¶ Dispersal - no information found. 

¶ Recruitment - no information found. 
 

Table 3-35 Summary of the viability assessment for Caecum armoricum 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

< 1 - BR-DIR* 0 0 [221, 222, 225] 

* Truncatella subcylindrica 

Viability of Caecum armoricum 

This species has a small home range and a mode of reproduction of direct development has 
been assumed from a similar prosobranch snail so a small area, less than 1 km2, should 
encompass the whole life cycle. There is no information for the area required for a minimum 
viable population and further research is required to determine the area required for protection. 
Until such a time as these data become available a precautionary approach is recommended. 
The known distribution of this species is highly restricted and may be limited to saline lagoons. 
These populations have been shown to be viable, at least in the short term, and so site based 
conservation would certainly help ensure the continuation of this species. There is a clear need 
for further research to determine the mode of reproduction of this species. 
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Nucella lapillus (Dog whelk) 

Nucella lapillus is a snail with an oval or conical shaped shell with a short spire and spiral 
ridges. The last whorl of the shell comprises around 80% of the total shell height of up to 40 mm 
[45, 118]. The colouration of the dog whelk is variable from white to brown, often exhibiting 
patterns such as banding; N. lapillus is common on rocky intertidal shores, where algal 
coverage is not excessive and salinity is not too low. This species can also be found sublittorally 
to depths of 40 m [118].  
 
N. lapillus feeds on an assortment of annelids (spirorbids), molluscs (Patella vulgata, Mytilus 
edulis, Ostrea edulis) and barnacles (Semibalanus balanoides, Balanus crenatus) [226, 227]. 
As a predator N. lapillus is thought to have a strong regulatory effect on its prey populations and 
community structure [228]. 
 
Dog-whelks are susceptible to the loss of suitable habitat, pollution from synthetic compounds 
and oil spills [229].  

Nucella lapillus life history traits 

¶ Adult home range - recent studies on the gene flow in this species have highlighted that, 
even though adults usually do not move out of a 30 m range in their lifetime, some gene 
flow between population exits. This is probably through rafting and drifting with currents 
and movement by adults could be up to 100 km [230-232]. 

¶ Mode of reproduction - adults are gonochoristic, fertilization is internal and trochophore 
larvae develop directly from the egg capsule. N. lapillus will form dense non-feeding 
aggregations in moist and shady areas on the shore. The height of the breeding period 
is during spring and summer [226, 233]. 

¶ Fecundity - the female lays a single egg capsule containing around 600 eggs although 
only around 6% are fertilized, the rest will feed the juveniles [226, 233]. 

¶ Dispersal - the trochophore larvae takes four months to develop (seven in some areas) 
and once hatched will actively avoid bare rock, crawling into empty barnacle or mussel 
shells for protection [234].  

¶ Recruitment - juvenile snails recruit to the local population. 
 
Table 3-36 Summary of the viability assessment for Nucella lapillus 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

< 1 833 BR - DIR 0 0 [234] 

Viability of Nucella lapillus 

This species has a small home range and an area of 1 km2 would encompass the complete life 
cycle as this species undergoes direct development. The area required to support a minimum 
viable population of Nucella lapillus was estimated to be 500 m2 but this is based on a single 
density record. A study of the density of Nucella lapillus in an area of intertidal sediment (where 
density is likely to be lower than many rocky shores) in the Humber estuary was 6 m-2 [227] 
giving an area of 833 m2 that would contain the minimum viable population number for Nucella 
lapillus for most habitats.  The low confidence assigned to this viability assessment means that 
a precautionary approach should be adopted until such a time that more reliable data become 
available or are identified.  
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Nucella lapillus is a very common and widespread species on rocky shores all around the UK 
coastline but is highly sensitive to local extinction because populations are reproductively 
isolated. Nucella is particularly sensitive to TBT many of these populations that were previously 
impacted have or are in the process of recovering [231, 235]. This shows that recovery from 
distant populations may be possible (via rafting and drifting of adults with water currents). A 
series of connected sites would therefore provide good contingency against the extinction of 
this species.  

Ostrea edulis (Native/flat/European oyster) 

Ostrea edulis has oval, pear-shaped or circular valves that can reach around 100 mm in 
diameter. The valves are rough and scaly with radiating ridges, the left valve is larger and 
deeply concave, while the smaller right valve is flatter. The shell ranges from off white to cream 
in colour, with blue ï brown concentric rings, the meat is creamy beige to pale grey. Longevity 
can exceed 20 years [45]. 
 
Ostrea edulis inhabit rocky, mud, muddy-gravel and muddy-sand in shallow coastal and 
estuarine habitats that are highly productive. O. edulis attaches to rock, boulders, pebbles, 
shells and artificial substrates. Oyster beds form complex habitats for other organisms and they 
may also settle on the shells of living organisms such a Mytilus edulis and Buccinum [236]. 
 
Natural oyster beds in the North Sea and English Channel were extensive until the 19th 
century, when increased fishing pressure, cold winters and a parasitic disease lead to 
significant falls in population numbers. Bonamia ostreae is a parasite which can be particularly 
devastating to Ostrea edulis beds [237]. This devastating disease instigated the development of 
cultured populations of non-native species such as the Pacific oyster (Crassostrea gigas), that 
are less susceptible to disease and relatively faster growing. In addition the accidentally 
introduced slipper limpet, Crepidula fornicata, has put pressure on O. edulis populations in 
many areas by competing for space and food [238].  

Ostrea edulis life history traits 

¶ Adult home range - sessile.  

¶ Mode of reproduction - the European oyster is a hermaphrodite that continually changes 
between female and male depending on temperature changes. The female keeps her 
eggs in the mantle cavity, while sperm is released in to the seawater by the functioning 
male. The sperm is inhaled into the femaleôs mantle cavity with seawater and the eggs 
are fertilized. The eggs are brooded by the female for 7-10 days until they develop to the 
veliger stage, when they are released into the plankton [239, 240].   

¶ Fecundity - increases with age up to year four producing up to 1.2 million eggs a year 
[240]. 

¶ Dispersal - the larvae of O. edulis go through four stages of development. The veliger is 
the initial swimming stage, followed by a veliconcha, which is when the umbo starts to 
develop and the larvae become less mobile. Once the larvae fully develop their umbo 
they start to develop eyespots and a functioning foot. At this point they are pediveligar 
and will move along the substrate with their foot before settling on a suitable substrate. 
The development of the larvae takes between 10-30 days to complete [239, 241]. 

¶ Recruitment - the larvae settle on a range of hard surfaces but adult oyster shells and 
areas of previous spatfall are particularly favoured [242, 243]. Recruitment is generally 
reported to be sporadic with temperature proposed as a major determinant of success 
with high settlement observed in warm summers [244].  
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Table 3-37 Summary of the viability assessment for Ostrea edulis 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL REFERENCES 

(DAYS) (km) 

0 500 FS-L-PLK 10-30 10-40 [239, 241] 

Viability of Ostrea edulis 

The native oyster is essentially sessile and so home range does not need to be considered in 
the design of a viable MPA. It has been estimated that the minimum area required to protect 
sufficient genetic variability to guard against extinction is 500 m2 though this was based on a 
single density record and should be treated with considerable caution. O. edulis has a larval 
stage in its development and dispersal has been estimated to occur over 10-40km. The area 
required for a self-seeding population is therefore less than 1256 km2. The low confidence 
ascribed to the larval dispersal of this species means that this area is likely to be inaccurate and 
further work on dispersion would be beneficial.  

Paludinella littorina (Sea snail) 

Paludinella littorina is a small (2 mm high) intertidal gastropod. The shell has 3-4 moderately 
convex whorls, is globose and semitransparent with a glossy finish. Colours are variable from 
off-white to orange brown but specimens are usually pale grey in the UK. Populations are found 
in low densities, typically 1- 20 individuals. There may be more than one species ascribed to the 
taxon P. littorina [245]. 
 
Paludinella littorina is found in caves of the upper shore and splash zone, often found sheltering 
in cavities and crevices. This species can also be found interstitially, where there are 
overhangs, gullies and ledges just above the water line, and buried in shingle, organic detritus 
and under embedded rock of lagoon systems [245]. P. littorina exhibits a preference for sites 
with prominent green and red algae coverage, including crustose red seaweeds [245]. 
 
The main threats to this species are through habitat degradation by coastal development. Major 
pollution events such as oil spills may also contaminate sites and impact populations. Many of 
the areas where P. littorina are found are already designated SACôs. Other areas where 
populations occur are remote therefore limiting disturbance in these places [245]. 

Paludinella littorina life history traits  

¶ Adult home range - P. littorina has limited mobility 

¶ Mode of reproduction - The eggs of P. littorina are probably laid in the fissures and 
crevices of caves and juveniles develop directly from the egg [245].   

¶ Fecundity - Only a few eggs are thought to be laid at a time [245]. 

¶ Dispersal - P. littorina is thought to only lay a few eggs, exhibit direct development and 
therefore have limited dispersal potential. Populations are thought to be largely isolated 
and once local extinctions take place, the chances of recolonisation will be very low 
[245]. 

¶ Recruitment - no information found. 
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Table 3-38 Summary of the viability assessment for Paludinella littorina 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

< 1 - BR-DIR 0 < 0.5 km [245] 

Viability of Paludinella littorina 

This species has a small home range and there is no dispersing larval stage so an area less 
than 0.8 km2 would adequately encompass the complete life-cycle, although the low 
confidence ascribed to these aspects of its life-history indicates that this estimate should be 
treated with caution. Populations are thought to be largely isolated and once local extinctions 
take place, the chances of recolonisation will be very low so several areas would be necessary 
to ensure the long term survival of this species. The area for a minimum viable population is not 
known. The recorded distribution of this species is limited to the Isle of Wight, the Fleet, North 
Devon, South Devon, Pembrokeshire, Cornwall and Isles of Scilly and so protection of areas of 
the wider habitat known to harbour this species would be effective. 

Tenellia adspersa (Lagoon sea slug) 

Tenellia adspersa is a nudibranch mollusc that can reach up to 9 mm in length, varying from 
pale yellow to dull brown with black speckling. The cerata (dorsal appendages) are arranged in 
groups of 2-3 along the body and the oral tentacles are small and lobed [118]. 
 
Tenellia adspersa lives mainly in brackish water down to salinities of 4 ă in harbours, estuaries, 
lagoons and canals [246] although it has been known to occur in a wide range of salinities 
[247]. T. adspersa is an intertidal species that is restricted to the shallow water zone and can be 
found amongst seaweeds and hydroids [247]. T. adspersa predates on hydroids such as 
Cordylophora, Protohydra and Gonothyraea [246]. 
 
The population of T. adspersa in The Fleet (Dorset) is known to fluctuate. This species exhibits 
a high degree of r-selection and a degree of plasticity in its reproductive strategies [246] which 
indicates it has a high recovery potential. T. adspersa is also known to tolerate wide ranges of 
salinity and temperature [247]. The main threats to this species are through degradation of its 
primary habitat, saline lagoons. Many of the lagoons where this species is found are currently 
designated SSSIs [248]. 

Tenellia adspersa life history traits 

¶ Adult home range - T. adspersa is a small mobile organism that has a fairly restricted 
habitat and so home range is expected to be small. 

¶ Mode of reproduction - T. adspersa are hermaphrodites and fertilization is internal, eggs 
masses are deposited externally up to 9 days after copulation [249]. Development 
shows a high degree of plasticity including direct, lecithotrophic and planktotrophic, 
which may be a function of environmental cues [246]. 

¶ Fecundity - T. adspersa has a 36 day life span, during this time it can produce up to five 
spawn masses a day and one individual can produce over 2000 spawn masses in its life 
time [250, 251]. 

¶ Dispersal - Eggs take around 68 ï 120 hours to hatch; longer for eggs exhibiting direct 
development. Planktonic larvae can stay in the plankton around 120 hours before 
recruiting to the adult population and are fully mature 2-3 weeks after hatching [249]. 

¶ Recruitment - no information found. 
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Table 3-39 Summary of the viability assessment for Tenellia adspersa 

HOME 
RANGE  

(km) 

AREA FOR 
MVP  
(m

2
) 

MODE OF 
REPRODUCTION 

LARVAL DISPERSAL REFERENCES 
(DAYS) (km) 

< 1 - DIR and BR-L-LEC 
or PLK 

5 4 - 9.8 [246, 249] 

Viability of Tenellia adspersa 

This nudibranch has a very small home range but can potentially disperse up to 10 km. The 
area required to protect a self-seeding population is therefore estimated to be less than 79 
km2. There are large gaps in our knowledge of the biology and ecology of this species that 
should be addressed before specific management strategies can be implemented. In particular 
data pertaining to the minimum viable population are completely lacking. Tenellia adspersa 
shows a specific and limited distribution within the UK, notably in saline coastal lagoons the 
protection of these systems with therefore be paramount to the conservation of this species.  
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Habitats of conservation importance 

Blue mussel beds:  Intertidal Mytilus edulis beds on mixed and sandy sediments 

Mytilus edulis creates a structurally complex habitat that provides refuge for a range of other 
flora and fauna not observed on surrounding sediments [252, 253]. Mussel beds form an often 
rare area of hard substrata in areas of soft sediment [254]. The bioturbation activity and the 
ability of mussels to selectively filter and process large quantities of suspended material can 
profoundly influence the dynamics of coastal and estuarine systems, with consequent 
implications for local patterns of diversity [255]. 
  
There is a wide range of encrusting and crevice dwelling organisms associated with mussel 
beds on sediment shores. Attachment is provided for algal species, such as Fucus vesiculosus 
that contribute to nutrient and detritus cycling [256]. Encrusting suspension feeders, involved in 
energy and element cycling, such as the barnacle Semibalanus balanoides are characteristic of 
mussel beds [4]. Mobile fauna includes the periwinkle, Littorina littorea, the grazing activities of 
which may control green algal growth (directly grazes the biofilm that contains sporelings [257, 
258]). Mussel beds provide a specific habitat for mobile amphipods such as Gammarus spp. 
and Corophium volutator that may be absent from adjacent mud flats [252] and are, therefore, 
included as characteristic species. Infaunal polychaetes, such as Nereis diversicolor, that 
contribute to sediment processing are also characteristic of the infaunal community, although 
they are often less abundant than on neighbouring sediments [252, 259]. 
 
Mytilus edulis is, however, the key species as it forms the habitat and is responsible for most of 
the production even though the associated community can be highly diverse; for example, in the 
Wadden Sea mussels accounted for 93 % of total community production of a mussel bed [260]. 
 
Mussel beds show high spatial variability consisting of irregularly shaped patches of all sizes, 
with large patches made up of smaller patches and so forth down to a spatial scale smaller than 
centimetres  [261, 262].  
 
The temporal stability of mussel beds on sediment shores is also highly variable. Some beds 
are permanent, maintained by recruitment of spat in amongst adults whilst others are 
ephemeral. Natural damage and loss of sediment from mussel beds, sometimes involving 
hundreds of hectares, by storms and tidal surges are common in soft sediment mussel beds 
and form part of natural patch dynamic cycles [263]. In the Wadden Sea for example, a narrow 
mussel bed, approximately 1km long, in a shallow tidal bay was completely destroyed by storms 
in 1998 and had not re-established by 2005 [256]. Once dislodged, soft bottom mussel beds are 
often unlikely to re-establish because of the preference of larvae to settle on hard substrata or 
adult mussels or empty valves [264]. Persistence of mussel beds within the larger Wadden Sea 
study area (4.5km2 of intertidal mudflats) was, however, maintained, probably due to the 
distribution of patches of varying size and at a range of different hydrodynamic regimes in the 
area so that not all beds were removed.  

Mytilus edulis life history traits 

¶ Adult home range - sessile (limited ability to move very short distances). 

¶ Mode of reproduction - external fertilization, spawning seasonal but protracted in 
spring/summer months. 

¶ Fecundity - high egg production which increases with age. A small female (~7mm) can 
produce 7-8 million eggs and in larger individuals as many as 40 million eggs may be 
produced (Thompson, 1979). 
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¶ Dispersal - larvae are planktotrophic and remain in the water column for several weeks 
(often longer when settlement is delayed due to lack of suitable substrate or low 
temperature). There may be a two stage settlement pattern, initially to filamentous 
substrates followed by a secondary drifting phase for selecting sites of permanent 
attachment [265]. There are observations, however, of direct settlement of M. edulis 
larvae on hard substrata without a secondary pelagic phase [266]. 

¶ Recruitment - larvae settle preferentially on adult beds but recruitment is often highly 
variable and sporadic and many populations have unpredictable pulses of settlement 
[255]. The distribution of larval settlement is also stochastic and within one tidal inlet 
spatfall may be successful on one bed and not on another. As larvae almost always 
seem to be in sufficient supply [up to 105 m-2 in Morecambe Bay: 267] (Bryant, 1999; 
Vooys, 1999), it is assumed that predation after settlement is an important factor for the 
success of spatfall. However, in some areas, persistent mussel beds can be maintained 
by sporadic and sometimes low levels of recruitment as was observed in mussel beds in 
the Exe estuary that were largely unaffected by large variations in spatfall between 1976 
and 1983 [268]  

 
Table 3-40 Summary of viability for blue mussel beds and associated communities 

SPECIES 
HOME 

RANGE 
 (km) 

AREA 
FOR MVP 

(m
2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL  

REFERENCES 
(days) (km) 

Mytilus edulis 0 29 FS-L-PLK 20-30 40 [269] 

Corophium 
volutator 

< 1 1 DIR 0 <1 [270-273] 

Fucus 
vesiculosus 

0  S - <10 [274] 

Gammarus 

spp. 
< 1 316 BR-DIR 0 0 [275] 

Littorina littorea < 1 214 BR-L-PLK 30 0-80 [44] 

Nereis 
(Hediste) 
diversicolor 

< 1 16 FS-DIR 0 0 [276] [277, 278] 

Semibalanus 
balanoides 

0 12 BR-L-PLK 14-21 25-40 [279] 

MVP = minimum viable population 

Viability of intertidal sediment Mytilus edulis beds 

Evidence from the literature has identified mussel beds as small as 0.009 km2 (largest in the 
study was 0.5 km2) which were seen to persist over a 13 year period [280]. However, even 
large mussel beds are vulnerable to dislodgement in a single natural disturbance event [256]  
Therefore, an important factor in determining the size required is the need for a high level of site 
heterogeneity. Mussel bed sites consisting of a range of different sized patches of different 
mussel density and size class structure along a gradient of exposures to wind, waves and tides 
would help to minimize one single disturbance event removing all mussels in an MPA.  A high 
number of protected areas is also considered necessary given the vulnerability of intertidal 
sediment Mytilus beds to extreme weather events. 
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The estimated area required for a minimum viable population size of 5000 mussels is 29 m2 and 
an area smaller than this is likely to be vulnerable to extinction because of a lack of genetic 
variation. However, for the whole community a larger area of 316 m2, based on the maximum 
value in Table 3-37, is required to protect genetic viability. 
 
The area required for a self-seeding population of Mytilus edulis, taking into account the 
potential dispersal distance of M. edulis larvae estimated to be 40 km, would need to be in the 
order of 1256 km2. However, whilst dispersal distances can be very high the larvae are in good 
supply in the water column and so provided there is high connectivity, less than 40 km between 
sites, an area considerably smaller than this should ensure persistence. In addition, the habitat 
is intertidal and this will further limit the dispersal potential of the larvae and therefore, 
considerably reduce the area required for self-seeding.  
 
One of the most important factors to ensure recruitment success is the presence of existing 
mussel shell which provides the key settlement substrate [281]. Thus, the continued presence 
of large adult beds should ensure that even spatially and temporally sporadic recruitment will be 
adequate for the long-term viability of sediment mussel beds. 
 
Most of the characteristic species associated with mussel beds are either sessile or have small 
home ranges. The whole life cycle of those with direct development can be protected by very 
small areas but those with pelagic larvae cannot. However, most species seen in mussel beds 
are widespread. Protection of the mussel beds will confer protection on the resident species. 
  
On the basis of the best available evidence at the present time the minimum area required to 
ensure viability of sediment blue mussel beds is between 29 m2 and 9000 m2 (i.e. the 0.009 km2 

mussel bed that persisted over 13 years). A number of replicate sites are required and they 
should be no more than 40 km apart. By placing them no more than 40 km apart there should 
be larval connectivity between sites, however, given the ubiquitous distribution of Mytilus edulis 
and the high supply of larvae in UK coastal waters this may not be necessary. Further research 
would be required to give more certainty to this element of the MPA design. 

Carbonate mounds 

Carbonate mounds are distinct elevations formed from the accumulated remains of cold-water 
corals, principally Lophelia pertusa and Madrepora oculata [282]. Mounds are typically covered 
in carbonate sands, muds and silts, coral rubble and thriving coral communities of Lophelia 
pertusa and Madrepora oculata are often, but not always, present [283]. The coral sediment 
veneer and dense live and dead coral framework significantly enhance biodiversity compared to 
surrounding areas [284]. The branching structure of dead coral underlying the live coral 
provides a large surface area for attachment [285-287] and the structural complexity of the reef 
provides refuge for a number of mobile organisms including crustaceans and fish [288]. The 
encrusting community is dominated by suspension feeders including: sponges (for example the 
deep-sea demosponge Axinella sp.), bryozoans, hydroids (Sertularia sp.), soft corals, ascidians 
(Ciona intestinalis), cerianthid anemones and caridean shrimp Pandalus spp. [287, 289]. 
 
Carbonate mound habitats are made up of different substrate types from coral debris and 
rubble to finer carbonate sediments, which are important for larval settlement for a range of 
species [283]. The coral debris also traps settling material between the coral thus protecting it 
from erosion [282]. The coral sediments are home to a diverse assemblage of encrusting 
organisms and infauna, in particular stylasterid corals, such as Pliobothrus sp., tube building 
serpulid polychaetes (Serpula vermicularis), infaunal eunicid worms (Eunice sp.) and the 
echiuran Bonellia sp. A number of bivalve species are also found, the most numerous of which 



55 

are from the genus Arca, (also Nucula sp.) and the suspension feeding ophiuroid Ophiactis balli 
[285, 289, 290]. The direction of tube growth of the eunicid worm Eunice sp. was found to be 
important in determining the early growth of the reef-building coral species [289, 291]. and so 
this species has also been selected for the habitats assessment. There is also a range of 
mobile crustaceans such as Munida rugosa.  
 
Carbonate mounds have only relatively recently been accessible to study and so knowledge of 
natural variability is limited. Coral habitats of this type are, however, known to have persisted at 
some sites for up to 9000 years in some cases [283, 292]. The reef-building coral Lophelia 
pertusa is known to be very slow growing, approximately 6 mm per year [293]  and the extant 
reefs long-lived. Many are estimated to be several hundred years old [294]. Extensive carpets 
of dead corals or only small coral colonies living on carbonate mounds have been reported in 
some surveys [295]  and have may been caused by natural variability in sedimentation, surface 
productivity or natural catastrophic events such as slope failures. Given the impact of bottom 
trawling in these areas [296], such changes in many areas can be attributed to fishing 
disturbance [297]. 

Cold-water corals Lophelia pertusa and Madrepora oculata ï life history traits 

¶ Adult home range - sessile.  

¶ Mode of reproduction - individuals are known to be gonochoristic whilst there is some 
evidence for both asexual budding and sexual reproduction. Asexual budding appears to 
be particularly important and in some areas where there has been intensive bottom 
trawling, genetic diversity was low and no reproductive corals were observed. Inbreeding 
indices were also significant in many sites including South Rockall Trench and the 
Porcupine Seabight and may be due to spatially restricted effective gene flow and a 
predominance of self-recruitment of sexually produced larvae within subpopulations. 
There have been direct observations of planular settlement but genetic evidence 
indicates sexual reproduction is sporadic [289, 298, 299]. L. pertusa is gonochoristic with 
seasonal gamete production and a lecithotrophic larvae [300]. [301]. 

¶ Fecundity - unknown 

¶ Dispersal - Although very little is known about the dispersal of cold-water corals there is 
good evidence of a dispersive planula larval stage for Lophelia pertusa from settlement 
on oil rigs in the North Sea [293, 302]. This, and the wide distribution of deep-water 
corals, indicates that the competency period of larvae is likely to be protracted [293, 
301]. Although there is no observational or lab data to indicate how long the larvae of L. 
pertusa and M. oculata remain in the plankton [303].  Roberts [304] reports that an 
estimate of 6 - 8 weeks for larval competency in temperate corals (double that of tropical 
species) may be possible. L. pertusa and M. oculata are thought to spawn in the first few 
months of the year [300] possibly triggered by the distinct tidal cycles observed in the 
NE Atlantic margin [305]   

¶ Recruitment - several reports of recent settlement were observed in surveys from the 
Porcupine Seabight [290] [306] and the Porcupine Bank [289]. Lophelia pertusa and 
Madrepora oculata are widely distributed in the NE Atlantic [306] indicating recruitment 
success may be high. The presence of cold-water corals in many areas has been 
correlated with the prevailing North Atlantic water currents. Recruitment success may 
therefore be determined by a mixture of location and hydrodynamics [293, 307].  

 
 
 
 
 



56 

Table 3-41 Summary of viability for carbonate mounds and associated communities 

SPECIES 
HOME 

RANGE 
 (km) 

AREA 
FOR MVP 

(m
2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL  

REFERENCES 
(days) (km) 

Lophelia 
pertusa 

0  A + L-PLK 42-56 >50 [293] 

Madrepora 
oculata           
* Lophelia 

0  A + L-PLK 42-56 >50 [293] 

 

Arca spp. 0  FS-L   [308] 

Axinella spp.   
*Deep sea 
sponges 

0  A + FS-L-LEC 2 5 [309, 310] 

Bonellia viridis < 1  BR-L 0-7 0-10 [311] [312] 

Ciona 
intestinalis 

0 500 FS-L-LEC 0-6 10 [313] [314] [315] 
[316] 

Eunice 
norvegicus 

0  FS-L-PLK 11-30
#
 10-40

#
 [277]  

Hydroids 0  FS-L-PLK/LEC or 
BR-L-PLK + AV 

0-1 0-4 [317-319] 

Munida rugosa 
*Galathea 

  BR-L   [320] 

Nucula spp. < 1 118 FS-L-LEC + DIR 10-14 10-40 [321] [322, 323] 
[324] 

Ophiactis balli < 1  FS-L-PLK 120-
210 

<50 [162, 325] 

Pandalus spp.  < 1 500 BR-L-LEC 60-90 0-330 [162] [326] [327] 

Serpula 
vermicularis 

0  FS-L-PLK 6-60 >10 [328, 329] 

# dispersal period and distance has been inferred from larval type.  

Viability of carbonate mounds 

Deep water corals have an estimated dispersal distance of 50 km although there is still 
significant uncertainty. Thus, the area that would be required to protect the whole life-cycle of 
reef building corals (in the order of 1964 km2) far exceeds the actual extent of individual 
carbonate mounds and so a viability assessment of this nature is not deemed appropriate. It 
has not been possible to find data on the actual extent of carbonate mounds but clearly each 
mound is able to support a viable community (in the absence of human disturbance) and so site 
based conservation measures would be appropriate. This would also remove the practical 
difficulties of managing the protection of just part of a mound.   
 
There is some evidence to suggest genetic exchange between carbonate mounds across very 
large distances and so connectivity appears to be high. However, damaged habitats may have 
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reduced reproductive capacity and so protection of undisturbed carbonate mounds should be 
considered a priority. 

Coastal saltmarsh 

The saltmarsh plants are key structural plants which provide habitat and food for a range of 
organisms and are important in sediment deposition [330-332]. The plant species chosen for 
the habitat assessment are Salicornia spp. and Suada spp. which are important pioneer annual 
species and Spartina spp. (which includes the native S. maritima, S.alterniflora and the hybrid 
S. anglica) which are important colonising perennials. The Atlantic salt meadow plant Puccinella 
maritima is included because it is  widely distributed, particularly on lower marshes. 
 
The other marine species that are characteristic of saltmarsh habitats are the polychaetes 
Nereis diversicolor, the amphipod Corophium volutator and the mudsnail Hydrobia ulvae. These 
organisms often occur in high abundance providing an important food source for other 
organisms such as birds and fish. They and also play a role in sediment dynamics through 
sediment processing and bioturbation activities [273, 333, 334]. 
 
Saltmarshes are highly dynamic environments that are subject to the processes of erosion, 
accretion and progradation (seaward development from high sediment deposition). Predictable 
tidal cycles, at a range of temporal scales, affect submergence regimes and there is much 
variation between sites depending on elevation etc. Interactions between unpredictable 
meteorological conditions and tidal events can produce extreme environmental variations 
resulting in severe perturbations on saltmarsh ecosystems. Such occurrences can provide 
colonisation opportunities [335] and can result in changes in plant species composition [336] as 
well as more catastrophic reshaping of marsh morphology. A marsh can disappear very rapidly 
if there is a change in conditions and increased exposure to erosive forces. Marshes are 
therefore, naturally subject to cycles of expansion and erosion [337]. 

The Tollesbury realignment site in Essex is situated near the Blackwater estuary and 
encompasses an area of 21 ha (0.21 km2). The salt-marsh site was successfully restored in 
1995 after a 60 m sea defence breach allowed seawater to inundate an area that was formerly 
farmland [338]. The site has been monitored in terms of plant succession and invertebrate 
colonisation from 1995 to 2007 [339, 340]. By 2007 twenty one plant species had colonised 13 
ha (0.13 km2) of the Tollesbury site, these species included Puccinella maritima, which 
dominated the upper elevations and Spartina anglica, which dominated the lower along with S. 
europaea [339]. The invertebrate community of Tollesbury was found to be similar in terms of 
composition to that of a nearby marsh area, with only Gammarus spp. being notably absent 
from the realignment site [340]. 
 
In a study of a number of different locations Wolters and others [341] suggest that restoration 
sites should be at least 30 ha (0.3 km2) in order to be able to harbour 50% or more of the target 
species. The best results are found for sites larger than 100 ha. It should be noted however, 
that the width of a site (i.e., the line perpendicular to the coastline) is likely to be more important 
than the length (i.e., the line parallel to the coastline), due to processes of zonation leading to 
higher species diversity. 

Salt marsh plants life history traits 

¶ Adult home range - non motile 

¶ Mode of reproduction - flowering in saltmarsh plants is intermittent and sexual reproduction 
occurs rarely. Many saltmarsh plants, however, have the ability to spread by vegetative 
means, leading to the formation of clones which may be of considerable spatial extent (e.g. 
up to 10 m diameter in S. anglica). 
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¶ Fecundity - sexual reproduction and production of seeds is often limited in saltmarsh plants 

¶ Dispersal  - saltmarsh range extension and the successful establishment of new saltmarsh 
in managed realignment sites indicates the successful dispersal of saltmarsh plants. 
Although long distance dispersal, via ocean currents or birds, is often used to explain the 
cosmopolitan distribution of many saltmarsh plants, several studies show that dispersal is 
usually local [342, 343]. However, longer distance waterborne dispersal may be an 
important mechanism allowing colonisation of new sites within an estuarine system [330]. 
The role of vegetative propagules in dispersal is largely unknown. 

¶ Recruitment  - often determined by the proximity of existing saltmarsh and a local supply of 
seeds because dispersal is often local.  

 
Table 3-42 Summary of viability for coastal saltmarsh and associated communities 

SPECIES 
HOME 

RANGE 
 (km) 

AREA 
FOR MVP 

(m
2
) 

MODE OF 
REPRODUCTION 

LARVAL 
DISPERSAL  

REFERENCES 
(days) (km) 

Puccinella 
maritime 

0  AV + S 0-50  0->50 [344-346] 

Salicornia 
spp. 

0   AV + S 0-50 0->50 [344-346] 

Spartina 
alterniflora 

0  AV + S 0-30 0->40 [344-346] 

Spartina 
anglica 

0  AV + S 0-50 0->50 [344-346] 

Spartina 
maritima 

0  AV + S 0-50 0->50 [344-346] 

Suaeda 
maratima 

0  AV + S 0-50 0->50 [344-346] 

Abra tenuis < 1 26 DIR 0 0 [347] 

Corophium 
volutator 

< 1 1 DIR 0 <1 [270-273] 

Eteone longa < 1 95 FS-L-PLK 2-10 4-10 [277, 348] 

Hydrobia ulvae < 1 6 BR-L-PLK or DIR 20-30  0-40 [349] 

Nereis 
(Hediste) 
diversicolor 

< 1 16 FS-DIR 0 0 [277] [350] 

Viability of coastal saltmarsh 

The success and size of various saltmarsh restoration projects gives some guidance to the area 
that can sustain a viable community. At Tollesbury an area of 0.21 km2 developed into a 
saltmarsh community comparable to that of natural communities. This restoration site was very 
close to existing saltmarsh habitat indicating that connectivity may be important. Realigned 
saltmarsh sites greater than 1 km2 are reported to be more successful and could be considered 
the minimum area required for protection provided there was good connectivity. There is, 
however, some uncertainty about the dispersal distances of saltmarsh plants with potential for 
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highly local (in the order of metres) and widespread dispersal (> 50 km) and so large MPAs, 
with high connectivity may be required. 
 
Many of the species associated with saltmarsh habitats are found in very high densities and an 
area of 95 m2 is the minimum size required for minimum viable population sizes of 5000 
individuals. Several species also have either direct developing young or very short dispersing 
larvae so small MPA sizes would protect all the life cycle stages. There is no information, 
however, on the minimum viable area for saltmarsh plants. 
 
Evidence suggests successful saltmarsh restoration sites of at least 1 km2 are successful so 
this may be a useful proxy for the area required for a viable population. However, there may 
need to be good connectivity with other saltmarsh sites for this to be effective considering the 
reported limitations of sexual reproduction in UK populations. 

Cold-water coral reefs 

The deep-water coral Lophelia pertusa is a reef-builder that creates a three dimensionally 
complex habitat, providing space and refugia for a diverse community [351, 352].  Other coral 
species, such as Madrepora oculata are also important reef builders in some areas. The 
polychaete Eunice norvegicus is often found on Lophelia reefs where its tube building plays an 
important role in the consolidation of the reef framework [305]. Boring sponges are also 
important because they are bio-eroders of the dead coral which contributes to the coral 
sediment [288]. Lophelia reefs support a predominantly suspension feeding community [352], 
important in energy and elemental cycling by providing a link between the pelagic and benthic 
food webs [353, 354]. Characteristic suspension feeders include bryozoans, sponges (including 
Axinella spp.), tube dwelling polychaetes (Serpula vermicularis) and ophiuroids (Ophiactis balli). 
The reefs also harbour grazing, scavenging and predatory invertebrates but none are 
considered especially important to the viability of the reefs. Species also change from one 
biogeographic region to another [285, 297]. 
 
Lophelia reef colonies are estimated to be several hundred years old [294] and, although 
natural variability is known to be affected by processes of recruitment and a cycle of reef 
building and erosion, there is no information on the natural variability of reefs. Most 
observations have been made in the past few decades and often relate to putative damage 
from fishing activities [297, 307].  
 
It is estimated by Mortensen and others [288] that approximately 300m2 of Lophelia reef, on 
hard bottoms, will contain 90 % of the taxa on these habitats.  

Cold-water corals Lophelia pertusa and Madrepora oculata ï life history traits 

¶ Adult home range - sessile.  

¶ Mode of reproduction - individuals are known to be gonochoristic whilst there is some 
evidence for both asexual budding and sexual reproduction. Asexual budding appears to 
be particularly important and in some areas where there has been intensive bottom 
trawling genetic diversity was low and no reproductive corals were observed [289, 298, 
299]. Inbreeding indices were also significant in many sites including South Rockall 
Trench and the Porcupine Seabight and may be due to spatially restricted effective gene 
flow and a predominance of self-recruitment of sexually produced larvae within sub-
populations. There have been direct observations of planular settlement but much 
genetic evidence indicates sexual reproduction is sporadic [289, 298, 299]. L. pertusa is 
gonochoristic with seasonal gamete production and lecithotrophic larvae [300].  

¶ Fecundity - unknown 




