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Executive Summary 
 
Reference conditions are descriptions of the ecological state of natural communities when free 
from Man’s effects.  These are required by the Water Framework Directive (WFD) so that water 
bodies can have their ecological quality assessed by comparison with appropriate reference 
conditions. The WFD requires that the reference conditions are type specific – that is that they 
should relate to appropriate types into which water bodies will be categorised, ideally based on 
those physical factors which determine their ecological features. In marine and transitional waters 
the organisms/communities for which reference conditions are required include macrophytes 
which are interpreted as meaning intertidal and subtidal seaweeds of rocky coasts and of estuaries 
and sealochs, and seagrasses. 
 
Two problems arise with the seaweeds – (i) the WFD suggests that all sensitive species should be 
present; (ii) the WFD requires that abundance of seaweeds be used. Neither of these points make 
good scientific sense – (i) we do not know which are sensitive species and the species 
composition of unimpacted communities changes for natural reasons; and (ii) rocky shore 
communities are notoriously variable in cover or abundance with cyclic successions involving 
alternation between dense seaweeds and sessile animals. Therefore it is proposed that numerical 
species richness rather than then detailed species list be regarded as the important feature. 
 
Specific values of species richness are not given in this summary since they are concisely 
summarised in formal statements of reference conditions in section 7 of the report. In the absence 
of environmental disturbance species richness of intertidal rocky seashores should be high and 
relatively constant. Other measurable aspects of seaweed community composition should also be 
used. An unimpacted community should have a full range of functional forms of seaweed, and the 
taxonomic classes of seaweeds should be represented in the order red/green/brown in terms of 
species numbers. There should also be an absence of blooms of opportunist macroalgae, but this 
should not be mistakenly taken to mean the absence of green seaweeds which are a natural part of 
the ecosystem. 
 
In the sublittoral the main criterion should be the presence of a kelp forest when environmental 
conditions are favourable i.e. clear water with rocky substratum. 
 
Most sealochs should be treated as a part of the coastal environment rather than as transitional. 
 
In estuaries (transitional waters) it is difficult to use species composition as it is continuously 
variable along estuaries. It is suggested that the longitudinal extent of fucoid community 
penetration of the estuary is a potentially good quality indicator since there are several examples 
of landward extension of this with recovery from pollution. This requires further research to 
firmly establish the value of this. 
 
Seagrasses are not present in all potential sites as a relict of the decimation of British populations 
in the 20th century by the wasting disease. Accordingly absence of Zostera beds is not taken to 
indicate bad or poor ecological quality. Where beds are present, however, quality can be assessed 
based on shoot density, incidence of necrotic areas due to disease, and epiphyte density. 
 
The typology proved to be biologically unrepresentative so that reference conditions have to 
cover locally different shore categories, effectively giving a range of conditions within  a type. 
The typology used in this report was subsequently modified as a result of similar conclusions 
with other groups of organisms. 
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1. Introduction 
 
The EU Water Framework Directive (WFD) requires that the Ecological Quality of 
water bodies be assessed by comparison with standards of the highest ecological 
quality, designated as “pristine”. There shall be various quality elements contributing to 
this assessment of ecological quality, which will include both organisms (biological 
quality elements) and the physico-chemical environment. The biological quality 
elements have been broadened in the WFD beyond those categories of organisms 
conventionally used for environmental assessment. One of the categories which have 
not been previously used extensively is macrophytes. Hence there is a requirement to 
describe the natural state of macrophyte communities on the Scottish coast, under 
conditions as free as is possible from anthropogenic interference, to be the pristine 
reference conditions against which to assess ecological quality. The mere qualitative 
description of the appearance of communities will be insufficient for classification 
purposes since the WFD requires environments to be classified on a scale according to 
how close they approach the pristine reference conditions. This contract is not 
concerned with devising such a scale. Nonetheless, the description of the pristine state 
of communities must be done in such a way that, in future, it will be possible to adapt it 
to a quantitative scale that can be used for classification purposes. The aim, therefore, of 
this contract is to consider how to describe the macrophyte communities of Scottish 
coastal and transitional waters under pristine conditions, free of anthropogenic 
modification, in as wide a range of ways as possible to permit future adaptation to a 
classification scale for ecological quality. 
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2. The rocky seashore and the distribution patterns of its organisms: 
 
The following description of factors affecting shore distribution of seaweeds applies to 
the intertidal part of the shore between the high and low water marks. This is sometimes 
called the littoral zone to distinguish it from the infralittoral or sublittoral zone, 
submerged below the low water mark. 
 
Organisms do not occur just anywhere. Each species is adapted to particular 
environmental conditions and so we expect to find them in their characteristic locations 
(habitats). Accordingly when there is a graded change of environmental conditions with 
distance (e.g. a gradient of soil moisture going from a riverbank into a dry meadow) we 
expect to find different species on different parts of the gradient according to their 
tolerance to those conditions. A species can only occur on that part of the gradient 
where it is physically tolerant to the physical and chemical (i.e. abiotic) environmental 
conditions (broadly equivalent to its fundamental niche) but, within that theoretical 
range of occurrence, it only actually occurs where it is also able to live with the other 
species present there because of biotic relationships such as competition and grazing 
(biotic factors). So it occupies a narrower actual range broadly equivalent to the realised 
niche. 
 
Between high and low tide on the rocky seashore is one of the steepest gradients of 
environmental conditions known to ecologists. Usually in only a few metres there is a 
transition between the two great environments on the Earth's surface - the sea and the 
freshwater. Organisms are normally marine or freshwater (even terrestrial plants can be 
regarded as freshwater because their absorptive roots live in the soil water which has 
similar chemical composition to freshwater streams). The sea contains about 35 g salt 
per kg water while freshwater is about 100 times to 10,000 times less concentrated than 
this. The seashore environmental gradient is a transition zone between land and sea in 
three major ways as shown below: 
 
Emersion or 
exposure to 
the 
atmosphere 

- At the bottom of the shore is a completely aquatic environment 
while above the shore is the terrestrial environment i.e. dry land. 
Organisms living on the intertidal shore between these two 
environments will run some risk of desiccation or drying out while 
the tide is out. 
 

Salinity - The aquatic environment at the bottom of the shore is full seawater 
but the higher one goes in the intertidal zone the greater will be the 
chance of organisms being exposed for part of the time to rain 
water (i.e.to very dilute freshwater) or to freshwater run-off from 
land. So intertidal life may require a degree of adaptation to 
fluctuating salinities and to low salinities. 
 

Harshness of 
the physical 
environment 

- The sea can buffer changes in external conditions such as 
temperature. Around Edinburgh the yearly sea temperature range 
may be only +4 to +14 oC while on land it may be -10 to +30 oC, 
with no perceptible change from day to day in the sea compared 
with the massive day/night swings we experience on land. The 
same also applies to some other physical factors. 
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We should expect a graded distribution of organisms in response to such a severe 
environmental gradient. But should we expect to see several discrete communities of 
organisms each corresponding to a different part of the gradient i.e. corresponding to a 
different height in the intertidal zone? Or should we expect that there will be a mixture 
of species overlapping with each other, and each species will have its own tolerance 
range different to any other species, meaning that there will be different asemblages of 
species at each height on the shore, but no clear cut communities characteristic of each 
height? The answer on many shores lies somewhere in between these two extremes. To 
understand this we need to look at many aspects of the environment for organisms on 
the shore. The best place to start is with the dominating physical feature - the tides. 
 
There is a gradual gradient of emersion time going up the shore but tides are not the 
same height each day. There are two sets of spring tides and two sets of neap tides in 28 
days because of the role of the 28 day lunar cycle in causing tides. This means that 
while there will be an area in the middle height of the shore that has daily submersion 
and emersion, towards the high and low water marks there will be progressively longer 
periods of days with continuous emersion or continuous submersion. In other words we 
could say that the environmental gradient is not a simple continuous one but one which 
has, at particular heights, big changes in external conditions such as daily submersion, 
submersion most days, submersion only on spring tides, submersion on only a few days 
each month, submersion only at the highest tides in spring and autumn.  
 
We can see a zonation of organisms with respect to tidal height on the shore in relation 
to this emersion regime. On some shores this is a sharp zonation pattern with very well-
marked zones running horizontally along long stretches of shore. On other shores it is 
hard to detect a clear zonation although different species can be found at the bottom 
compared with the top of the shore. There are many types of zonation pattern (excellent 
diagrams are given in Lewis (1964)). But it is possible to sumarise the broadest range as 
3 types in relation to exposure to wave action. Very sheltered shores are covered by 
thick continuous bands of the large brown seaweeds. Very exposed shores are 
characterised by lack of dense seaweed cover and instead are dominated by sessile 
animals such as barnacles or mussels usually covering the shore in a continuous white 
or yellowish band. (N.B. exposure here refers to exposure to wave action - to avoid 
confusion it is suggested that the term emersion is used for exposure to the atmosphere 
as a consequence of tidal rise and fall).  
 
Most shores come in between the two extremes above - with intermediate degrees of 
exposure to wave action - and they do not seem at first sight to show a clear zonation 
pattern. They are more likely to show a mosaic distribution of organisms with small 
patches of one community type interspersed with small patches of several others at any 
one height on the shore. There are several reasons for this - modifying factors, 
subhabitats and successional changes. 
 
Modifying factors are factors in the environment which alter the basic pattern of 
zonation expected due to the tidal rise and fall. The best known of these is exposure to 
wave action. This can change along a length of shore e.g. going from a sheltered bay out 
to an exposed headland. It results in changes in the species present, the heights at which 
they occur on the shore, the physical form of the organism within a single species, and 
the vertical extent of the shore. Particular species may be characteristic of more 
sheltered or exposed conditions e.g. Pelvetia in shelter and Alaria and Himanthalia in 
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more exposed conditions. On exposed shores the intertidal organisms grow over a wider 
range relative to the tidal levels on the exposed shore because of the effect of spray 
under exposed conditions raising the zones.  
 
There are also other more local modifying factors such as the slope of the rock (affects 
how quickly it dries and the force with which waves crash on it), the aspect or direction 
it faces (affects intensity of sunlight, how it faces the prevailing wind for drying), the 
type of rocks (its strength controls how well it can hold the larger species against the 
pull of the waves, its porosity affects drying), the surface texture affects how well 
species can attach. 
 
When a space becomes vacant in the middle of a community due to the chance death of 
a plant or animal or to its removal by the waves, what replaces it depends on what is 
reproductive at the time. Sometimes a succession takes place by which several stages of 
faster growing more opportunist species such as the green ribbon weed, Enteromorpha, 
colonise before the previous community is resumed. Sometimes the community changes 
in a cyclic succession which may involve the biotic factor of grazing so that it fluctuates 
between dense seaweed cover, domination by grazers such as limpets, and by space 
competitors with seaweeds such as barnacles. This particular cyclic succession also 
involves organisms migrating over short distances on the shore and is a powerful 
contributor to different types of community existing in small areas adjacent to each 
other on the same shore, giving the mosaic appearance of intermediately exposed 
shores. 
 
All the above features can occur in small pockets resulting in the mosaic appearance of 
the shore which may obscure the underlying zonation pattern. This particularly happens 
in intermediate exposure grades which are the majority of shores. There is however 
another interruption to the zonation pattern which is the presence of sub-habitats - areas 
of a distinctly different habitat type with its own environmental conditions, colonised by 
specially adapted communities of animals and plants, but occurring in the middle of 
another habitat. Examples would be crevices and rock pools.  
 
Rock pools differ from the surrounding open rock environment in that they remain 
permanently submerged when the tide goes out. But they are not the same as the open 
sea. They have a small finite volume so that they undergo physical changes when the 
tide is out. The temperature fluctuates, the salinity changes owing to evaporation on hot 
days and dilution by land run off and rainfall, pH changes because of the relative 
balance of photosynthesis and respiration affecting the carbonate equilibrium with many 
organisms confined in a small volume. The extent of these changes depends on pool 
volume (more buffered from change in larger pools) and height on shore (greater 
fluctuations higher on shore). The net result is that (i) there are species found both on 
the rocks and in the pools but there are some almost completely restricted to pools, (ii) 
large pools lower on the shore may mirror the sublittoral zone with some subtidal 
species in them, (iii) there are fewer species in pools high on the shore. On some shores 
we can recognize that the pools themselves show a zonation pattern according to what 
grows in them. The lowest pools include sublittoral species and are rich in species. Mid 
shore pools may be moderately rich and include species characteristic of the pool 
environment e.g. Corallina officinalis and Halidrys siliquosa. Top shore pools have few 
species and are dominated by opportunists which are euryhaline (wide salinity 
tolerance) such as Enteromorpha.     
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As well as the zonation pattern of organisms on the rocky seashore there is a decline in 
species number with increasing height in the intertidal zone. This is a reflection of the 
increasing harshness of physical conditions going up the shore. So on the upper shore 
where few species can survive and conditions are harsh, the main determinant of the 
limits of distribution of the species will be tolerance to the abiotic (i.e. physical and 
chemical) environment. Lower down on the shore, where more species can survive, 
biotic interactions become more numerous, and biotic factors such as competition and 
grazing play a more important role in setting the distribution limits of species. 
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3. The typology used in this report 
 
For most of the duration of this contract the typology was not clearly defined. 
Consequently some effort was expended on categorising shores into exposure grades on 
the basis of the presence of classic exposure and shelter indicating species. A numerical 
index of exposure was devised and applied to all the shores in the database. This 
approach was not validated by wider scientific testing but was used as a special measure 
to enable us to test the calculated indices of seaweed occurrence against a typology of 
shores. This index was detailed on pages 23-25 of the interim report. 
 
Shortly before the end of this contract we received a draft copy of the typology report 
(SNIFFER 2003), and a CD with the GIS that accompanies it. This enabled us to use 
and comment on the proposed physical typologies for both coastal waters and 
transitional waters. Accordingly the structure of this report has been changed from that 
of the interim report in line with this. In particular pages 23-25 have been omitted and 
no further work has been done with the index of exposure. 
 
The typology used in this report is therefore that of the draft report from the group 
working on typology which was available at the time the analysis of data was carried 
out. 
 
The two systems of typology proposed at the time of this report are summarised in 
Appendix 5. Subsequent to this there were many revisions to the typology, partly as a 
consequence of its lack of biological relevance. The ninth and final version of the 
typology was accepted in November 2003. 
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4. Reference Conditions for Coastal Macroalgae 
 
4.1 Littoral Macroalgae 
 
4.1.1 Introduction 
 
The Directive suggests that the features of macroalgal (seaweed) communities that can 
be used for assessment of ecological quality should include species richness, abundance 
and presence of all sensitive species. As will be shown below, these measures are not 
always appropriate, feasible or are necessarily good quality indicators. Therefore it is 
necessary to search for a wider range of options concerning seaweed communities. 
Options considered should ideally be quantitative so that they might lend themselves to 
classification. This section firstly reviews problems with the features suggested in the 
Directive and then considers alternatives. These alternatives are then applied to a 
database of high quality presence/absence data for a range of sites in Scotland to find 
out if there are consistent values that might be used in describing reference conditions. 
The sites are divided into ecoregions and types within those ecogions to test if there are 
differences between types. 
 
4.1.2 Problems with suggested seaweed features in the Directive 
 
The problems with using the features of seaweed communities suggested in the 
Directive in ecological quality assessment are both scientific and practical. 
 
4.1.2.1 Scientifc problems 
 
(a) Abundance 
 
Abundance of seaweeds on rocky shores may undergo massive changes over a period of 
a few years due to natural variability.  Hawkins & Hartnoll (1983) have documented the 
change over of permanent quadrats from almost total fucoid seaweed domination to 
barnacle domination and back again in a cyclic succession over about 10-15 years. 
Contrary to what might be expected, this massive shift in abundance of certain 
dominant seaweed species might not result in a large change in seaweed species 
richness. Wells & Wilkinson (2002) have shown that there was no significant difference 
in mean seaweed species richness between large numbers of animal-dominated and 
plant-dominated shores, out of the 128 surveyed in the Northern Ireland Littoral Survey 
(Wilkinson et al 1988). There was a difference only when the animal domination was a 
result of very strong wave exposure. 
 
It is presumed that the proposal to use abundance of seaweeds is directed at using, as an 
indicator of poor ecological quality, the presence of green tides. This is where there is 
excessive biomass of opportunist foliose and filamentous seaweeds, principally but not 
only green ones, often resulting from nutrient enrichment and giving rise to adverse 
environmental effects such as underlying anoxic sediments. While these occur in 
Scotland e.g. the Ythan estuary, they are not widespread but they are a serious problem 
to some other European states, e.g. around the Baltic Sea, and possibly the dominant 
feature of their seaweed flora. 
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(b) Sensitive species 
 
The Directive proposes that on shores of high ecological quality all sensitive seaweed 
species should be present.  There are two serious scientific objections to this. Firstly we 
simply do not know which of the 630 or so seaweed species known to occur in Britain 
are sensitive to different pressures. Secondly, we know from a variety of studies e.g. 
Wilkinson & Tittley (1979), Wells (2002), that there is a regular turnover of species in 
communities of seaweeds under good ecological conditions. These authors proposed 
that numerical species richness on a single shore remained broadly constant in the 
absence of environmental perturbation. Wells showed that this was so on a variety of 
time scales which ranged from seasonal changes during a single year, up to 2 or 3 
successive years, 10 years, 25 years and possibly even over a century.  Successive 
samples on these time scales from a community under stable conditions shows only 
about 60 to 80% of species in common between successive samples. The missing 
species are generally ephemeral small species, which might be thought of as the 
sensitive members of the community. In this case it is not necessarily that they are 
sensitive to specific pollutants but are sensitive to fluctuations in natural environmental 
conditions. Some seaweed species seem never to be abundant wherever they occur, 
while others may be ephemeral in one locality but abundant in another – for reasons of 
the natural environmental conditions not yet fully understood or predictable. 
 
A further consequence of these results is that it can be misleading to use a species list 
for a locality, previously published in the scientific literature, as a check-list of what 
should be found on any single monitoring occasion. Such published lists usually strive 
to show the maximum list of species that has ever been recorded for an area and 
conflate together lists obtained by different workers at different times.  This results in an 
unrealistically high species total to expect to find in a locality on any one occasion. 
Wells (2002) demonstrated this by monthly sampling over 2 years at Granton and Joppa 
in the Forth of Forth. The total numbers of species found were about 80 at both sites 
over the 2 years but could be as low as 35 on a single occasion. 
 
4.1.2.2 Practical problems 
 
(a) Identification ability with seaweeds 
 
There is a shortage of scientists who can identify reliably most species of seaweeds 
found on British shores. Some approaches proposed in the Directive require good ability 
to identify seaweeds. We may need to devise simple ways of characterising seaweed 
communities that can be used by non-specialists and to validate the use of such 
measures. Account should be taken of these in evaluating how reference conditions 
proposed in this report might be extended to classification. However, the prime 
objective of this contract was to review reference conditions. These have been evaluated 
from a scientific point of view but that leaves the more practical problem of how to use 
good scientific data at a lower level of scientific interpretation for classification. That is 
considered in the Discussion section of this report. 
 
(b) Differences in angiosperm (seagrass) and seaweed communities 
 
If the seagrass community is totally absent from a location where it might have been 
expected does this constitute poor ecological quality?  Seagrasses are absent from many 
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places where they previously occurred, places which are considered high quality 
environments. This situation does not arise with seaweeds as some of them are always 
present in suitable places. 
 
4.1.3 Approaches for investigation 
 
In view of the above there is a need to investigate further aspects of seaweed 
communities, other than species composition and abundance, which might be used for 
assessing ecological quality and which therefore should be quantified or described in 
reference conditions. 
 
4.1.3.1 Biotopes The term “biotope” means the physical habitat together with its 
recurring associated communities. About 276 biotopes have been described for the 
rocky and sedimentary infralittoral and littoral of Great Britain by the Marine Nature 
Conservation Review (MNCR) of the Joint Nature Conservation Committee (JNCC) 
(Connor, Brazier et al 1997; Connor, Dalkin et al 1997). This has enabled the 
distribution of communities around the coastline to be mapped for conservation 
purposes. Several biotopes may occur on a single shore. In as much as a descriptive 
framework already exists for identifying and classifying biotopes, it has been suggested 
that they could be used to meet the needs of monitoring for the Directive. This is 
unlikely to meet fully the requirements of the Directive since the biotope classification 
is unlikely to tell us sufficient about species composition or species richness on a shore 
to enable classification. Also it is likely that at least some biotopes will be present on 
shores of widely varying ecological quality. Results are presented on a study undertaken 
to assess the stability of species composition of two widely occurring and prominent 
sub-biotopes. The biotope classification for the United Kingdom has been extended into 
a Europe wide classification of marine biotopes known as the EUNIS classification, 
which contains somewhat more then the original 276 biotopes. 
 
4.1.3.2 Species richness.  As described above, Wilkinson & Tittley (1979) and Wells 
(2002) proposed that species richness remained broadly constant in the absence of 
environmental perturbation. Wells showed that this was so under a variety of time 
scales from seasonal changes in one year up to several successive years, 10 years, 25 
years and possibly even over a century. Wells (2002) and Wells & Wilkinson (2002) 
also worked out a range of species numbers that might be expected on shores in certain 
parts of Britain and studied how it varied with various physical environmental factors.  
We may need to find simpler ways to assess the richness of seaweed communities than 
identifying all the species. Carrying out identification to lower taxonomic resolution 
than species is not feasible. This has been a useful approach for some monitoring using 
invertebrates but seaweed families cannot easily be identified on morphological features 
by non-experts. Members of the same seaweed families or orders may look very 
different from each other and to know the order or family with certainty needs us to 
identify to species level. This practical difficulty should not preclude us from studying 
species richness on shores in Scotland. If it proves to be a useful feature then a future 
task will be to work out how its estimation might be simplified for non-specialists. 
 
4.1.3.3 R:B ratio and other species ratios.  R:B is the ratio of the number of red 
seaweed species to the number of brown species at a site. This is known to be 
geographically related (Luning 1990). Going northwards from tropical to polar waters 
the brown seaweeds become a more important part of the community so that this ratio 
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decreases. The increased importance of brown algae with increased latitude is 
exemplified by Tittley et al (in preparation) for a comparison of seaweed floras between 
Orkney, Shetland, Faroe and Iceland. This reference exemplifies the more common use 
of this ratio to characterise the composition of the seaweed flora over a wide 
geographical area rather than a single shore.  In any particular area it is possible that this 
ratio might have a narrow range of values over a range of separate shores so that a 
departure from that range might indicate adverse influences and so poor ecological 
quality.  Again there is a taxonomic problem since full implementation would require 
full species identification. As well as investigating the applicability of this ratio to a 
range of separate shores the opportunity is taken to study the two other possible ratios – 
B:G (brown species richness to green species richness) and R:G (red species richness to 
green species richness). 
 
4.1.3.4 Functional groups. A possible alternative to estimating full species richness is 
to identify the functional groups of seaweed on the shore. Functional groups in 
seaweeds are the different major foms e.g filamentous, crustose etc, as detailed later 
(Table 4.22). It is believed that the possibility of fish monitoring for the Directive using 
richness of different functional groups is being considered.. The seaweed functional 
groups are different from the functional groups being proposed for use with fish which 
are based on the trophic role of the fish species in the ecosystem. Some work has been 
carried out in Denmark on community assessment for the WFD using seaweed 
functional groups (Dahl et al 2001 – communicated by J.Reker, JNCC). Aspects that 
could possibly be used are the number of functional groups represented by the seaweed 
community on a shore, the numbers of species in each group present on a shore, or the 
proportion of the total species on shore in each functional group. Only the first of these 
three approaches with functional groups is independent of full species identification. 
Background information on seaweed functional groups is explained later when the 
results are presented, since the concept of such groups may be different for different 
types of organisms. 
 
4.1.3.5 Ecological Status Groups.  A simplified approach to functional group 
classification is to allocate all the seaweed species to just one or other of two large 
groups, which might be easier to identify for non-specialists. This is based on work 
towards seaweed monitoring for the WFD being developed in Greece (Orfanidis et al 
2001. Orfanidis et al, in press). All seaweed species are allocated to either ESG I or 
ESG II. ESG I species are late successional species, effectively perennial plants, while 
ESG II species are annuals and simpler in structure. The measures used could again be 
the numbers of species in each ESG group present on a shore, or the proportion of the 
total species on a shore in each ESG group. The Greek work was able to go further 
since it was backed by an extensive field sampling programme which allowed 
abundance of species in each ESG to be incorporated. In this contract we have to use the 
information available in the scientific literature which is mainly presence or absence 
data rather than abundance data. 
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4.1.4 Methods and results 
 
4.1.4.1 Biotopes 
 
The biotope system is one way of recognising and categorising the communities of 
organisms that occur in an area.  
 
Biotopes are part of a hierarchical classification of communities (fauna and flora) and 
habitats along the coastline. In other words it is like the classification of organisms 
where similar species belong to the same genus, related genera are grouped into 
families, families into orders, orders into classes, and so on. There are five levels in the 
biotope hierarchy. The lowest level is the sub-biotope and very similar sub-biotopes are 
classified together into biotopes, biotopes with broadly similar features into biotope 
complexes, and then into the much larger categories of habitat complexes and finally 
the widest and highest category of major habitat. The three lowest categories are 
distinguished on biological features – the types of organisms present, while the initial 
subdivision into the broad, higher categories is based on major physical features of the 
habitat. 
 

• Major Habitat. Subdivision into major physical shore type – i.e. rock or 
sediment shores - and by depth as littoral, infralittoral, circalittoral and 
circalittoral offshore. For seaweeds we are mainly concerned with just two 
major habitats – littoral rock and infralittoral rock as the circalittoral categories 
are too deep to receive enough light for photosynthesis and so are below the 
photic zone, and as sediment shores do not usually hold attached seaweeds 
(sometimes just the upper part of the circalittoral may have sparse seaweeds). 

 
• Habitat Complex. This is the next level down the hierarchy, below the major 

habitat, and takes into account the wave exposure for rocky shores and the 
sediment type for sandy shores. For the former there are three exposure 
categories – exposed, moderately exposed and sheltered rock. For most areas 
occupied by seaweeds this will give us a total of six possible habitat complexes 
since these three exposure categories will occur both in the littoral and 
infralittoral: 

 
 Wave exposure categories 
Depth categories Exposed Moderately 

exposed 
Sheltered 

Littoral rock X X X 
Infralittoral rock X X X 

 
 

• Biotope Complex. The third level down the hierarchy is the first one to take 
biological features into account. A biotope complex is a group of biotopes with 
similar overall character, e.g dense fucoids on stable rock. There are very many 
types of fucoid communities on the shore, characterised by different fucoid 
species, but they can be grouped together, just as other biotope complexes may 
be dominated by other major organism types e.g. barnacles. This level is 
especially applicable to littoral rocky shores. 
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• Biotope. The baseline in the system is distinguished by different dominant 

species or suites of conspicuous species. This is regarded as the equivalent of 
communities in the National Vegetation Classification, which we use in Britain 
to classify the types of terrestrial plant communities. 

 
• Sub-biotopes. Some widely occurring biotopes need to be further divided into a 

collection of smaller sub-biotopes on the basis of less obvious differences in 
species composition that may be geographical, temporal or related to 
disturbance. 

 
The classification is illustrated in Appendix 1 with summary tables taken from the 
JNCC Biotope Manual (Connor, Brazier et al 1997). 
 
The biotope classification is essentially a classification of communities. For each 
biotope and sub-biotope the Manual contains a description which includes the physical 
habitat conditions where it is found and a list of characterising species ranked according 
to faithfulness, frequency and typical abundance. Photographs to show the general 
appearance of each biotope are also provided in the manual.  
 
The production of this classification and description of marine communities is a 
tremendous achievement of the Marine Nature Conservation Review programme of the 
JNCC. It has enabled large areas of the coastline to have maps produced showing the 
distribution of the various biotopes in both the littoral and the infralittoral. For 
conservation purposes this provides us with a map of the distributions around the 
country of both valuable and less valuable communities.  
 
Just as communities of other plants can differ in detailed composition from place to 
place it is likely that this is so for seaweed communities, although it has not been 
overtly demonstrated. A preliminary study of this variation was carried out at Heriot-
Watt University by Alison McCarthy and Mark Torode under supervision of the author 
(Martin Wilkinson) while the tender for this contract was being prepared. The 
opportunity is taken to include a summary of the results here. 
 
Two of the commonest intertidal sub-biotopes were selected for field study. These were 
MLR.Fser.R and MLR.Fser.Fser (Connor, Brazier et al 1997). The former sub-biotope 
is “Fucus serratus and red seaweeds on moderately exposed lower eulittoral rock” and 
the latter one is “Dense Fucus serratus on moderately exposed to very sheltered lower 
eulittoral rock”. Examples of these sub-biotopes were sampled in three geographic areas 
around Britain: Orkney (15 shores), central Scotland (10 shores) and Guernsey, Channel 
Islands (7 shores). In practice, most of the shores only had the MLR.Fser.R sub-biotope 
so study of the MLR.Fser.Fser sub-biotope was restricted to Orkney (8 of the 15 
shores). At each shore a 50m long horizontal belt transect was set up in the Fucus 
serratus zone and seven 0.25 m2 quadrats were placed on the open rock surfaces in each 
of three heights (upper, mid and lower) in the zone, giving 21 quadrats in total per 
shore, to estimate % cover of seaweed species. In addition a general search was carried 
out to achieve a full species list for the site. This search was restricted to 105 minutes on 
each shore to ensure comparability in results between sites. 
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Biotope descriptions given in the Biotope Manual (Connor, Brazier et al 1997) include a 
list of characterising species for each sub-biotope. Tables 4.1 and 4.2 show that the 
characterising species of each of the sub-biotopes sampled were present on most but not 
all of the shores. 
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Table 4.1. The occurrence of characterising species of the sub-biotope MLR.Fser.R in each of  
24 sites sampled in Orkney, Central Scotland and Guernsey. 
 

Number of sites at which each species 
was found 

Characterising taxa Frequency 
given in the 

biotope 
description 
on 5 point 

scale 

Orkney 
7 sites 

Central 
Scotland 
10 sites 

Guernsey 
7 sites 

Palmaria palmata 3 6 8 5 
Corallinaceae 4 7 10 7 
Corallina officinalis 4 4 7 4 
Mastocarpus stellatus 4 7 10 7 
Chondrus crispus 3 7 10 7 
Lomentaria articulata 3 6 8 6 
Osmundea pinnatifida 4 6 8 7 
Laminaria digitata 3 7 4 0 
Fucus serratus 5 7 9 7 
Himanthalia elongata 2 5 3 1 
Enteromorpha spp. 3 7 9 7 
Ulva spp. 3 7 9 7 

 
 
Table 4.2. The occurrence of characterising species of the sub-biotope MLR.Fser.Fser in each 
of eight sites sampled in Orkney 
 

Characterising taxa Frequency 
given in the 

biotope 
description 
on 5 point 

scale 

Number of 
sites at 

which each 
species was 
found out of 

8 sites 
Palmaria palmata 2 2 
Corallinaceae 3 3 
Mastocarpus stellatus 4 7 
Chondrus crispus 3 8 
Lomentaria articulata 2 6 
Osmundea pinnatifida 2 2 
Fucus serratus 5 8 
Enteromorpha spp. 3 8 
Ulva spp. 2 7 

 
 
 
Table 4.3 shows that the average number of species occurring within the Fucus serratus 
zone on a single shore was fairly constant at about 45 species. This is considerably in 
excess of the number of characterising species showing that the full community has 
many more.  That the species additional to the characterising species vary from one site 
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to another is shown in Table 4.3 by the large overall totals of species found in each area 
– about double that on a single shore. 
 
Table 4.3. Numbers of species found in Fucus serratus zone on each shore in two different sub-
biotopes 
 

 Number of 
shores 

Range of 
species 

number on 
each shore 

Mean species  
number on 
each shore 

Overall total of 
taxa recorded 
over all shores 

MLR.Fser.Fser 
 
Orkney 

8 44 - 49 41.4 86 

MLR.Fser.R 
 
Orkney 

7 27 - 50 46.7 85 

Central Scotland 9 28 - 52 46.3 86 
Guernsey 7 42 - 58 47.0 94 

 
In addition there is geographical variation. While the final column of Table 3 shows 
about the same overall total of taxa in each geographical area, the total of taxa found in 
the full survey was 135 suggesting that some were restricted to only one or two 
geographical areas. Some notably southern species were restricted to the Guernsey 
shores e.g. Jania rubens and Bifurcaria bifurcata, while some northern species occurred 
only at the two northern areas e.g. Lithothamnion glaciale. 
 
Cluster analysis and ordination carried out using the quantitative quadrat data suggested 
that there was a clear distinction in species composition and abundance between the 
three geographic areas. 
 
Species composition of the two sub-biotopes studied varied considerably both within 
and between three geographic areas. It was tentatively concluded that, while biotope 
analysis had been found useful for mapping the conservation resource, it was unlikely to 
meet the needs of the Water Framework Directive for classifying the ecological status 
of various seashores. 
 
An attempt is being made by JNCC staff to use biotope data from the Marine Nature 
Conservation Review (MNCR) to validate the draft physical typology that has just been 
proposed (SNIFFER 2003), but this has proved so far to be difficult.  
 
4.1.4.2 The seaweed database for estimation of species richness, species ratios, 
functional groups and ecological status groups 
 
We needed a set of species occurrence data on which to try out the various possible 
measures of seaweed community composition described earlier. The list of seaweed 
species for Scotland produced by Maggs (1986) for the NCC is not suitable for this 
particular application as it agglomerated collections over many years in general areas to 
get the maximum list of seaweed species occurring in Scotland. As pointed out earlier 
such agglomerated or cumulative lists will seriously overestimate the number of taxa 
likely to be found on a shore during a single survey. Therefore we needed publications 
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which list species actually found on a single occasion. It was also desirable that 
sampling effort should be broadly comparable between different surveys in the list and 
that taxonomic expertise should be both good as well as being comparable between 
shores. Meeting these requirements limited the number of published lists that could be 
used. 
 
Sources of data used are summarised in Table 4.4. 
 
Table 4.4 The sources of data used to compile a database of seaweed species on a variety of 
shores around Scotland (and Northern Ireland), mostly from single occasion sampling, selected 
for the comparability of sampling effort and taxonomic expertise. 
 

Area Reference No. of 
sites 

Comments 

Galloway Wilkinson 
1980 

12  BPS field meeting 

Argyll & Clyde McAllister et 
al 1967 

11  

Crinan Wilkinson & 
Roberts 1974 

1  

Colonsay Norton et al 
1969 

10 Includes some sublittoral records 

Lewis & Harris Norton 1972 12 BPS field meeting 
Outer Hebrides Norton & 

Powell 1979 
10 Included because of the records collated 

from small remote islands which could 
be regarded as single sites. Some sites 
e.g. Lewis, have to be discounted as 
they cover large areas and collate 
records from too many previous surveys

Orkney Wilkinson 
1975 

11 BPS field meeting 

Fair Isle Burrows 1963 1 BPS field meeting 
Shetland Dixon 1963 34 BPS field meeting 
Grampian Wilkinson 

1979 
20 BPS field meeting 

Eastern Border 
Counties 

Norton 1976 9 BPS field meeting 

Firth of Forth  8 Unpublished records of M.Wilkinson 
and I.Tittley (Natural History Museum) 
collected in the 1980’s 

Northumberland Jones 1959 8 BPS field meeting 
Northern Ireland Wilkinson et 

al 1988 
128 The Northern Ireland Littoral Survey 

 
 
British Phycological Society (BPS) field meeting records have been used wherever 
possible as they usually had a standard sampling approach (one site per tide with the 
same group of people) and a high standard of identification by experts. Two earlier ones 
seem to depart from this. Shetland and Northumberland have relatively low species 
numbers on most shores. In Shetland this might reflect the biogeographic phenomenon 
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of decreasing species number with increased latitude (Maggs 1986). However, so many 
shores were covered at this field meeting in one week that it is possible that they were 
not covered so thoroughly. Subjectively Northumberland seems to have species richness 
on the low side owing to under-recording of green seaweeds. If so this should not affect 
the calculation of R:B ratios from these shores. Except for these two BPS field meetings 
(and Fair Isle), one of the present authors M.Wilkinson was an active participant at all 
five of the BPS field meetings used from the 1970’s – and organiser of three of them - 
and so can attest to the constancy of method and identification standard. 
 
The Outer Hebrides paper of Norton and Powell was used because it has some small 
remote islands with pristine shores, which might be regarded as single sites. Not all of 
these are really single visits - some are two authors at different dates. The larger islands 
in this paper, such as Lewis, Harris the Uists and Barra, cannot be counted as they are 
records from many sites collated into one list for the island. 
 
Not all the sites reported in these papers can be used. They include salt marsh and 
estuarine sites and the present work needs open coastal sites. Also a minority of them 
was visited at the BPS field meetings mainly to collect dinoflagellate recordings and 
seaweed records from these sites are sparse or non-existent. The later discussion of what 
can be concluded from these papers will look at various ways of refining the data to 
exclude misleading shores for which data are thought to be incomplete. 
 
Shores from Northern Ireland and Northumberland were included following a 
suggestion at the initial project meeting that adjacent areas should be included where 
suitable data are available. The Northern Ireland data are taken from the Northern 
Ireland Littoral Survey (Wilkinson et al 1988). This was a survey over about 4 years of 
the fauna and flora of intertidal shores around the whole coast of Northern Ireland 
undertaken at Heriot-Watt University for the Department of Environment (NI) from 
1984 to 1988. The aim was to achieve the fullest possible, taxonomically reliable 
species list for each shore. As the project was under the direction of one of the current 
authors we are aware of the confidence that can be placed in the data and regard it as 
broadly comparable with that from BPS field meetings. 
 
To overcome the above problems some islands were discounted from analyses in this 
report. In some analyses shores with less than 40 species were excluded. This figure is 
based on conclusions drawn by Wells (2002) who presents species numbers from a 
range of pristine shores around the United Kingdom. More than 40 species would 
normally be expected on most clean shores but using this as a cut-off point excludes salt 
marsh and estuarine sites and those where under-recording has had a particularly severe 
effect. The cutoff point of 40 species is not intended to prejudge good or high quality 
shores as being defined as having just 40 species. Rather it is intended simply to remove 
from the database those shores which are likely to be incomplete in terms of species 
records. In some other analyses the data from Northumberland and Shetland were 
removed. More detail of these various data sets used for different analyses are given 
later when the results from them are discussed. 
 
All the shores used in the database only have binary data, i.e. presence or absence of 
species. This is a consequence of what is available in the published literature. There are 
few quantitative surveys published for Scottish seaweeds. Quantitative data are 
available for the Northern Irish sites in Wilkinson et al (1988).Unfortunately this does 
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not have full species presence recordings and so could not be used in analyses based on 
species richness and does not necessarily have quantitative data for the same locations 
as the qualitative species lists in our database. However the MNCR database is available 
should further analysis be desirable. 
 
Table 4.5 presents a list of the shores with an indication of their physical type and 
whether or not they were included in analyses of open coast shores in this report. The 
typology given in Table 4.5 is extracted from the GIS that accompanies the draft 
typology report (SNIFFER 2003) and is explained in the earlier section on typology. 
This draft report only became available as this report was being written and so could not 
be taken into account in the design of this investigation. The approach suggested in our 
interim report of using a biological exposure index in lieu of typology, based on scoring 
the presence of key species, is not necessary now we have the official draft typology 
and so has been omitted from this final report. 
 
The distribution of seaweed species between most of the sites in Table 4.5 is shown in 
the table in Appendix 3. This is restricted to red, green and brown seaweeds.  
Xanthophyceae (Vaucheria spp) and cyanobacteria (blue-greens) are not included as 
most papers made no reference to them. They are later considered for transitional waters 
as they are much more important in that environment. The records are largely littoral 
but some infralittoral ones have been included where it was difficult to distinguish them 
in the papers. 
 
There is a problem with taxonomic nomenclature. The records presented have been 
collected over about 45 years.  There are various nomenclatural conventions that have 
been in use with seaweeds over that time. All names have been revised to those of Guiry 
(1997) as given in the MCS Species Directory (Howson and Picton 1997). This list is in 
common use by environmental organisations and consultants and has a numerical 
coding system for species. Appendix 3 shows the original name under which the species 
was recorded and the name according to Guiry and includes the reference number from 
the MCS checklist 
 
The database in Appendix 3 has been used to extract various aspects of seaweed 
communities as they might be found around the Scottish coast on a single sampling 
occasion. 
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Table 4.5. Coastal rocky shore sites included in the references given in Table 4.4 together with 
their location, typology and analyses for which they were used. Gaps in the numbering 
sequence for shores do not indicate accidental omissions but shores excluded as they had few 
or no seaweed records.  
 

 
Site 

 
Site Name 

 
Grid Reference 

 
Eco-Region 

Type in 
Typology 

Type in 
Typology 

Analyses for which sites 
were used  (see footnotes) 

No.   (see footnotes) Phase 2 Phase 3 I II III 
GALLOWAY        

1 Port Mora NW992552 A 3 3 * * * 
2 Port-en-Corkrie NX089354 A 3 2 * * * 
3 Eggerness Point NX49-46- A 2 1 * * * 
4 Lady Bay NX027718 A 3 2 * * * 
5 Soleburn Bridge NX035647 A 3 2 * * * 
6 Genoch Rocks NX968706 A 3 2 * * * 
7 Port Logan NX096413 A 2 1 * * * 

ARGYLL AND CLYDE`        
13 Dunstaffnage NM882346 A 2 5 * * * 
14 Dunollie NM850315 A 1 5 * * * 
15 Heather Island MN840295 A 1 5 *  * 
16 Anchorage North NM831282 A 1 5 * * * 
17 Anchorage South NM829277 A 1 5 *  * 
18 North Feochan NM855236 A 1 5 *  * 
19 Easdale Headland NM739177 A 1 5 *  * 
20 Easdale Quarry NM736174 A 1 5 * * * 
21 Carsaig NR729887 A 2 3 * * * 
22 Portencross NS174491 A 2 5 * * * 
23 Dunure NS251160 A 2 1 * * * 
24 Crinan Harbour NM783942 A 2 3 * * * 

COLONSAY        
25 Balnahard bay NR430000 A 1 1 * * * 
26 Scalasaig NR399940 A 1 1 * * * 
27 Rubha Dubh NR395915 A 1 1 * * * 
28 Poll Gorm NR373896 A 1 1 * * * 
29 Seal Cottage, Oronsay NR363881 A 1 1 * * * 
30 Ardskenish NR345910 A 1 1 * * * 
31 Port Lobh NR350930 A 1 1 * * * 
32 An Rubha NR355950 A 1 1 * * * 
34 Kiloran bay NR392985 A 1 1 * * * 

LEWIS & HARRIS        
35 Geodh'an Fharaidh NA247991 A 1 4 * * * 
36 Bosta NB405136 A 1 1 * * * 
38 Port Geiraha NB500535 A 2 1 * * * 
41 Aignish NB488326 A 2 1 * * * 
42 Port nan Guiran NB558375 A 2 1 * * * 
43 Stornoway Harbour NB332424 A 2 1 *  * 
45 Loch na h-Uamba NG922178 A 2 3 * * * 

OUTER HEBRIDIES        
47 North Rona HW325810 A 1 4 * * * 
50 Shiant Islands NG410980 A 2 1 *  * 
55 St. Kilda NF090990 A 1 4 * * * 

ORKNEY        
57 Brough Head HY285235 N 1 1 * * * 
60 The Bush HY108283 N 1 1 * * * 
62 Sandwick Bay ND892433 N 3 4 * * * 
63 Burray Ness ND965506 N 3 4 * * * 
64 Nebbi Geo HY205228 N 1 1 * * * 
65 Bay of Kirkwall HY115453 N 2 1 * * * 

continued on next page 
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Table 4.5 continued 
FAIR ISLE & SHETLAND        

68 Fair Isle NZ200720 N 3 2 * * * 
69 Lerwick Harbour HU418474 N 1 1 * *  
70 Horse of the Nabb HU403480 N 1 1 * *  
71 Voe of Sound HU398464 N 1 1 * *  
72 Bay of Okraquoy HU315439 N 1 1 * *  
73 Off the Helm of Mel HU412489 N 1 1 * *  
74 Minni of Aith HU439514 N 1 1 * *  
75 Noss Sound HU410529 N 1 1 * *  
76 Pund Voe HU391389 N 1 1 * *  
77 West Ham HU244456 N 1 1 * *  
78 Below the broch HU234458 N 1 1 * *  
79 West pool HU235465 N 1 1 * *  
80 Between the Cellar & the 

Swarf 
HU231464 - 
HU234467 

N 1 1 * *  

81 Bigton Wick HU207373 N 1 1 * *  
82 St. Ninian's Isle HU211356 N 1 1 * *  
83 St. Ninian's Bay HU207373 N 1 1 * *  
84 Bay of Scousburgh HU181373 N 1 1 * *  
85 Spiggie Voe or Peerie Goe HU178367 N 1 1 * *  
86  Hamna Voe HU356367 N 1 1 * *  
87 Outer side of Fugla Ness HU358364 N 1 1 * *  
88 Lu Ness HU354372 N 1 1 * *  
89 West coast, near the 

Natural Arch 
HU342374 N 1 1 * *  

90 Sand Wick HU334367 N 1 1 * *  
91 Lang Sound HU344378 N 1 1 * *  
92 Stenness HU773213 N 1 1 * *  
93 Utsabi HU767214 N 1 1 * *  
94 Firoda Taing HU768218 N 1 1 * *  
95 Between Firoda Taing and 

Gro Taing 
HU768218 - 
HU771223 

N 1 1 * *  

96 Mavis Grind, on the 
Sullon Voe shore 

HU685341 N 1 1 * *  

97 Weisdale Voe HU506390 N 1 1 * *  
98 Bixter Voe HU519343 N 1 1 * *  
99 Neap of Norby HU583198 N 1 1 * *  
100 Ness of Melby HU580185 N 1 1 * *  
101 Between Quilva Taing & 

the Clumpers 
HU573172 N 1 1 * *  

102 Matta Taing HU561165 N 1 1 * *  
GRAMPIAN        

103 Gardenstown NJ79 64 N 1 1 * * * 
104 Fraserburgh NJ99 67 N 1 1 * * * 
106 Roanheads NK13 46 N 3 1 * * * 
107 Buchan Ness NK13 42 N 3 1 * * * 
114 Nigg Bay NJ 96 05, 97 05 N 1 1 * * * 
115 Cove Bay NJ 95 00 N 1 1 * * * 
117 Old Kirk Shore NJ88 87 N 2 4 * * * 
120 Johnshaven NJ 79 66, 79 67, 80 

66, 80 67 
N 2 4 * * * 

EASTERN BORDER 
COUNTIES 

       

123 Gin Head NT59 85 N 2 1 * * * 
124 St. Baldred's Cradle NT63 81 N 1 4 * * * 
126 Long Craigs NT66 79 N 2 4 * * * 
128 Cove Harbour NT78 71 N 1 4 * * * 
129 Pettico Wick NT90 69 N 1 4 * * * 
130 Sharper's Head NU00 53 N 2 1 * * * 

 
continued on next page 
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Table 4.5 continued 
FIRTH OF FORTH        

132 Fifeness NO638098 N 2 4 * * * 
133 Crail NO616077 N 2 4 * * * 
134 Isle of May NT657992 N 2 4 * * * 
135 Anstruther NO573035 N 2 4 * * * 
136 Pittenweem NO551024 N 2 1 * * * 
137 Yellowcraigs NT512862 N 2 1 * * * 
138 Dunbar Harbour NT680793 N 2 4 * * * 
139 Elie NT500995 N 2 1 * * * 

NORTHUMBERLAND        
140 Monks' House Rocks NU N 1 1 *   
142 Beadnell Bay NU233272 N 1 4 * *  
143 The Outer Farnes NU248389 N 1 1 * *  
144 Holy Island NU133427 N 1 1 * *  
145 Berwick- upon-Tweed NU010528 N 2 1 * *  
147 Boulmer NU270143 N 1 1 * *  

 
Footnotes to Table 4.5: 
 
Ecoregion:  Refers to the ecoregions specified in the Directive - A = Atlantic; N = North Sea. 
 
Type: Refers to the physical type of waterbody in which the site is situated according to both 
alternatives given in the draft typology report (SNIFFER 2003). 
 
Analyses for which sites were used: Three levels of analysis were undertaken in order to 
achieve a suitable list of species for open coast shores. These are indicated by an asterisk in 
columns I, II and III .  I is the list of open coast sites obtained by deleting from the database 
those shores which were in estuaries, restricted to salt marshes, or which were clearly 
incomplete list (e.g. not all algal classes included). I encompasses all sites in this table. Sites 
deleted can be found in the database in Appendix 3.  II is a slightly smaller list of sites obtained 
by deleting further sites which had less than 40 species.  III is the list of sites when all sites from 
the BPS field meetings in Shetland and Northumberland are deleted as it is possible that these 
were not sampled with the thoroughness characteristic of the remaining field meetings (see 
text). 
 
4.1.4.3 Geographic variation 
 
Geographic variation is the first subdivision of typology to consider in dividing the 
shores of Scotland up into units from for which to describe reference conditions.  Maggs 
(1986) says that there are two principal biogeographic areas from which Scottish 
seaweeds arise: Southern (mainly on west coast each species reaching to different 
distances northwards) and northern (stretching down onto east coast). These could 
roughly correspond with the Atlantic and North Sea Ecoregions of the WFD, but they 
are not mutually exclusive. Two generalisations that Maggs makes are that species 
number goes down in the far north and the R:B ratio also declines going further north.  
This is a massive generalisation but is broadly correct. 
 
Ordination was carried out on the full set of coastal species recordings from Scotland 
and from Northern Ireland as binary data, i.e. presence or absence, to see if there were 
any really clearly delimited geographical groups of seaweeds. Both Detrended 
Correspondence Analysis (DECORANA) and Principal Component Analysis (PCA) 
were tried to see if a robust separation occurred. Table 4.6 summarises some of the 
features of various ordinations undertaken. In all cases the accumulated variation on the 
first 2 axes accounted for by PCA was much greater than by DCA, so only the PCA 
results are illustrated. Why PCA gave a better ordination than DCA is not known. 
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Table 4.6.  Summary of results of ordination of collection sites based on seaweed species 
presence and absence data. 
 

 Scotland  
& 

Northern 
Ireland – 
all sites in 

the 
database 

except for 
estuarine 
and salt 
marsh 
ones  

Scotland  
- complete  
total of all 

sites in 
database –
but with 
deletion 
of Irish 

sites 

Scotland  – 
as previous 
column but 

with 
deletion of 
estuarine, 
salt marsh 

and 
incomplete 

sets 
(Column I in 
Table 4.5) 

Scotland  – 
as previous 
column but 
with further 
deletion of 
sites with 

less than 40 
species 

 
 

(Column II  
Table 4.5) 

Scotland  – 
as previous 
column but 
with further 
deletion of 

species 
present at 
less than 

2% of sites 

Scotland  – 
with deletion 
of estuarine, 
salt marsh 

and 
incomplete 

sets, Shetland 
and 

Northumber- 
land 

(Column III 
in Table 4.5) 

Number of  taxa 356 346 334 331 262 331 
Number of  
sites 

221 123 93 78 78 65 

Detrended 
Correspondence 
Analysis  

8.5% 13.7% 10.2% 11.1% 11.9% 12.4% 

Principal 
Component 
Analysis  

45.8% 42.4% 44.2% 45.7% 42.4% 45.2% 

 
 
The ordination of all records for Scotland and Northern Ireland by PCA is shown in Fig. 
4.1. There is a remarkable separation of shores between the two countries along the 2nd 
axis of ordination. All the sites with positive scores on axis 2 are from Northern Ireland 
– both the tight cluster of sites and the smaller cluster to the left of it. All the sites with 
negative scores on axis 2 – effectively the lower, looser cluster on the diagram - are 
Scottish sites. A similar country separation was found using DCA but since that analysis 
only accounted for 8.5% of the variation on the first two axes it was not regarded as 
important and is not illustrated. 
 
So sharp is the distinction by PCA between Scotland and Northern Ireland that it was 
decided to proceed to further analyses using only the Scotland (including 
Northumberland) results. 
 
To seek any internal geographic categories within the Scottish shores, the ordinations 
were repeated for shores with the exclusion of the Northern Ireland data. Five separate 
ordinations were performed on different combinations of sites from the database as 
follows: 
 

1. All the Scottish sites (Fig 4.2) 
2. Scottish sites with the deletion of estuarine and saltmarsh sites and those with 

very few species that were clearly incomplete (Fig 4.3) 
3. Scottish sites as in 2 above but with the additional deletion of sites which had 

less than 40 species. This was tried because it was suspected that some sites, 
particularly in the two earliest BPS meetings (Shetland and Northumberland) 
had not been sampled with the same thoroughness as was known to have been 
used at the later meetings. 40 species was an arbitrary minimum for a clean open 
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coast shore which would be substantiated by recordings collated from around the 
British Isles in Wells (2002). (Fig 4.4) 

4. An alternative to excluding sites below 40 species was to simply remove all 
records from Shetland and Northumberland from the database before ordination. 
This has the advantage of removing the suspect results but the disadvantages of 
possibly removing some valid ones and of deleting all shores from the 
extremities of the area. (Fig 4.5) 

5. An alternative ordination was used in which, rather than deleting further sites, 
rare species which occurred at less than 2% of sites were removed. This was 
done because of the possibility that rare species might have an undue effect on 
the ordination and because the proposed Spanish algal classification tool 
involves ordination in which such species are excluded. However the Spanish 
approach is based on quantitative abundance data for those species retained in 
the ordination. (Fig 4.6) 

 
Again DCA was not a satisfactory ordination with only 10.2% to 12.4% of the variation 
on the first two axes and no clear groupings of shores apparent. PCA gave better 
ordinations accounting for 42.4 to 45.7% of the variance on the first two axes. No 
completely separate shore groupings were visible although there appears to be an 
indistinct geographical trend. All five ordination diagrams had a broadly similar 
appearance with a continuous band of sites. Those at the upper end of the ordination 
diagrams were largely those from Argyll and the Clyde and they follow a geographical 
transition through northern Scotland to finish at the lower end of the diagram with sites 
in Northumberland and Berwickshire. This is not a perfect transition as the Galloway 
sites are in the middle of the diagram. There is then no clear separation of the sites into 
distinct geographical clusters but a hint of a continuous trend from sites that would be 
regarded as having “southern” species to those which would be expected to have a 
greater proportion of “northern” species. Although this is not a strict separation it 
coincides with the division in the Directive into Atlantic and North Sea ecoregions. 
Therefore further analysis of seaweed species totals was based only on these two 
ecoregions with no further geographic subdivision. In the interim report seaweed 
statistics for the various analyses had been presented for the different geographic areas 
around the country. This had not been satisfactory as it was too clearly influenced by 
the supposed incomplete sampling in Shetland and Northumberland. 
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Figure 4.1. Ordination by Principal Components Analysis of the full list of sites in Scotland and Northern Ireland based on seaweed species presence/ 
absence data. Numbers on the points are the site numbers in Table 4.5 and Appendix 3. All numbers below 148 are in Scotland and Northumberland. Higher 
numbers are all in Northern Ireland. 
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Figure 4.2. Ordination by Principal Components Analysis of the full list of sites in Scotland based on seaweed species presence/ absence data. Numbers on 
the points are the site numbers in Table 4.5 and Appendix 3. A few sites are not listed in Table 4.5 as this diagram includes the estuarine sites which had 
been deleted from that table. 
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Figure 4.3. Ordination by Principal Components Analysis of the sites in Scotland, with deletion of estuarine sites, based on seaweed species presence/ 
absence data. Numbers on the points are the site numbers in Table 4.5 and Appendix 3. 
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Figure 4.4. Ordination by Principal Components Analysis of the sites in Scotland, with deletion of estuarine sites and sites with less than 40 species, based on 
seaweed species presence/ absence data. Numbers on the points are the site numbers in Table 4.5 and Appendix 3. 
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Figure 4.5. Ordination by Principal Components Analysis of the sites in Scotland, with deletion of estuarine sites and sites from the BPS field meetings in 
Shetland and Northumberland, based on seaweed species presence/ absence data. Numbers on the points are the site numbers in Table 4.5 and Appendix 3. 
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Figure 4.6. Ordination by Principal Components Analysis of the sites in Scotland, with deletion of estuarine sites and species which occurred at less than 2% 
of sites, based on seaweed species presence/ absence data. Numbers on the points are the site numbers in Table 4.5 and Appendix 3. 
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4.1.4.4 Shore types 
 
In addition to biogeography shores need to be divided into other categories based on 
local habitat variations in order to construct meaningful reference conditions. In arriving 
at a typology of rocky shores to be a framework in which to describe reference 
conditions there is a problem in how many types to recognise. Rocky shores are very 
variable and it is tempting to say that there are as many types as there are shores. To 
keep types to a manageable level it is necessary to only distinguish types on the most 
important factors which affect shore ecology. The two most important of these are 
biogeographic area and wave exposure, of which the former has already been 
mentioned. Besides these there is a range of other factors affecting what is found on a 
particular shore. The following tables based on the Northern Ireland data (tables all 
taken from Wells & Wilkinson 2002) show how the number of species varies with shore 
type. 
 
The physical type of shore did not have a significant effect on macroalgal species 
richness (Table 4.7) except that rocky ridges had significantly more species than 
boulder or vertical rock shores. No significant difference was found with geological 
rock type but this requires further investigation.  
 
There was increased mean species richness with an increased number of prominent 
subhabitats on the shore (Table 4.8) from 55 (0 subhabitats) to 85 (5 subhabitats). In this 
context subhabitat means features that interrupt the smooth surface of an evenly sloping 
rocky shore such as rock pools, couloirs, crevices and overhangs and thus provide a 
greater variety of habitat conditions than the simple gradient of emersion from low tide 
to high tide. 
 
Only exposed and very exposed shores had significantly (p = 0.05) fewer species than 
other exposure categories from moderately exposed to sheltered, with exposure 
assessment based on physical criteria taken from Erwin et al (1986) (Table 4.9). The 
seaweed species numbers were similar between exposed and sheltered shores when the 
exposure assessment was based on indicator organisms (Table 4.10), even though there 
were large differences in invertebrate numbers (species or individuals?). Most striking 
was that there was no significant difference in seaweed species number whether or not 
the shores were dominated by algal cover or more obviously occupied by sessile 
animals (Table 4.11). The algal dominated shores were mainly, but not wholly, 
sheltered ones, while the majority of non-algal dominated shores were exposed. 
 
These conclusions are based only on shores in Northern Ireland but there is no reason to 
believe that they should not apply equally to adjacent shores in Scotland. The main 
point from them is that while there are slightly more species on shores with greater 
habitat diversity or shelter, as intuition might dictate, such differences are not always 
statistically significant. The data from Northern Ireland are used in this report as it is not 
possible to carry out a similar analysis from the shores in Table 4.5 and Appendix 3 
since insufficient information is given in the references from which they were taken The 
Northern Ireland data were the results from a project which took over 4 years to 
complete with two expert field staff, so it is not easily repeated. 
 



Reference Conditions for Macrophytes in Coastal and Transitional Waters 
 

Final Report 2003       –       SEPA Project Ref : 230/4136      -       Heriot-Watt University      -   Page 31 

 
Table 4.7. The average seaweed species richness on different physical shore types in Northern 
Ireland (from Wells & Wilkinson (2002)). The shore types in italics were those not used in 
statistical comparison because of sample sizes below 10. 
 

Species Richness  
Shore type 

No. of 
shores Mean 

number of 
species 

Standard 
Deviation 

Rock Ridges 30 80.6 18.3 
Rock Outcrops 22 78.1 14.6 
Rock Platforms 24 76.2 15.4 
Large Rock Ridges 11 74.3 19.8 
Medium Boulders 44 68.8 14.8 
Shingle 10 65.1 20.4 
Small Boulders 25 64.5 19.4 
Large Boulders 34 64.3 16.5 
Steep Rock 14 62.1 20.0 
Pebbles 12 53.1 20.2 
Vertical Rock 11 52.7 24.4 
Muddy Sand 3 68.0 14.0 
Irregular Rock 1 66.0 0.0 
Sand 4 57.0 17.2 
Stones 9 55.8 23.4 
Mud 1 54.0 0.0 
Gravel 6 50.2 24.2 
Silt Covered Rock  2 39.0 21.2 
Muddy Gravel 1 29.0 0.0 

 
 
 
 
 
 
 
Table 4.8.  Mean numbers of intertidal seaweed species recorded on shores with different 
numbers of prominent subhabitats in Northern Ireland (from Wells & Wilkinson (2002)). 
 

Species richness No. of prominent 
subhabitats recorded on 

the shore 

No. of shores 
Mean no of 

species 
Standard 
deviation 

0 5 54.6 26.1 
1 21 57.7 21.8 
2 33 67.4 18.7 
3 24 64.4 18.6 
4 13 78.9 13.0 
5 21 84.1 11.5 
6 5 74.0 14.1 
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Table 4.9.  Mean numbers of intertidal seaweed species recorded on shores with various 
degrees of wave exposure, as computed from physical criteria, in Northern Ireland (from Wells 
& Wilkinson (2002)). 
 

Species richness Exposure Rating No. of 
shores Mean no of 

species 
Standard 
deviation 

Very Sheltered 4 72.8 32.9 
Sheltered 34 72.4 16.6 
Moderately Exposed 29 73.1 17.7 
Exposed 40 65.6 20.1 
Very Exposed 7 50.0 25.5 

 
 
 
Table 4.10. The average algal and animal species richness on sheltered and exposed shores 
as classified by the presence of the indicator species Ascophyllum nodosum and Alaria 
esculenta respectively in Northern Ireland (from Wells & Wilkinson (2002)). (standard deviations 
shown in brackets). 
 

 Exposed Sheltered 
Sample size 63 50 
Algal species richness  67.3 (19.6) 76.4 (14.9) 
Animal species richness  64.0 (30.1) 105.0 (30.8) 

 
 
Table 4.11. Mean numbers of seaweed species recorded on algal dominated and non-algal 
dominated shores, in Northern Ireland, further divided into exposed and sheltered shores on the 
basis of the presence of Alaria and Ascophyllum respectively (from Wells & Wilkinson (2002)). 
 

Species richness  No. of 
shores Mean no. of 

species 
Standard 
deviation 

Algal dominated shores: 
Exposed  (Alaria present) 11 71.2 17.7 
Sheltered  (Ascophyllum present) 27 74.9 14.1 

Non-algal dominated shores: 
Exposed  (Alaria present) 52 66.5 20.0 
Sheltered  (Ascophyllum present) 23 78.2 15.9 
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4.1.4.5 Species Richness and Species Ratios from the Scottish Shores 
 
(a) Species richness 
 
Before considering the totals from Scottish shores some other values from the British 
Isles are given against which to set the results in this report in context. Firstly, it has 
been suggested (Wilkinson & Rendall 1980) that there is a range within which the 
number of species of seaweeds to be found on unpolluted open coast shores in the 
British Isles would lie. This was based on the recordings from presumably unpolluted, 
open coast shores surveyed in several field meetings of the British Phycological Society 
(Table 4.12). Data from some of the shores in Table 4.12 from Scotland are being 
reviewed in this report but the table also includes shores from other parts of the British 
Isles. Wells & Wilkinson (2002) provided a similar analysis for 122 shores in Northern 
Ireland surveyed in the Northern Ireland Littoral Survey (Wilkinson et al 1988), shown 
in Table 4.13. 
 
Table 4.12  Totals of seaweed species found on 35 intertidal rocky seashores sampled during 
field meetings of the British Phycological Society, 1969-78, with comparable sampling effort and 
taxonomic expertise (5 shores in Co. Wexford, Eire (Norton 1970); 5 shores in Lewis and Harris 
(Norton 1972); 6 shores in Galloway (Wilkinson 1980); 4 shores in Glamorgan (Wilkinson 1982); 
4 shores in Orkney (Wilkinson 1975); 5 shores in Grampian (Wilkinson 1979); 6 shores in 
Berwick and East Lothian (Norton 1976)). 
 

 Chlorophyta 
(green 

seaweeds) 

Phaeophyta 
(brown 

seaweeds) 

Rhodophyta 
(red seaweeds) 

Overall total 

Maximum number 
of species on a 
shore 

24 45 59 110 

Minimum number 
of species on a 
shore 

10 17 31 68 

Mean number of 
species per shore 

16 30 44 90 

Standard deviation 3.8 7.3 6.9 10.4 
 
Table 4.13. Mean numbers of intertidal seaweed species found on 122 shores around the 
Northern Ireland coastline (from Wells & Wilkinson (2002)) 
 

 Chlorophyta 
(green 

seaweeds) 

Phaeophyta 
(brown 

seaweeds) 

Rhodophyta 
(red seaweeds) 

Overall total 

Maximum number 
of species on a 
shore 

32 30 56 109 

Minimum number 
of species on a 
shore 

3 1 4 14 

Mean number of 
species per shore 

16.3  18.0  32.7  68.9  

Standard deviation 5.0 5.6 10.7 19.7 
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The general levels of species numbers on a shore are broadly comparable between these 
two surveys. The maxima of species found on a shore in these two surveys are almost 
identical. The minimum is much lower in the Northern Ireland survey because this 
includes a number of estuarine sites and shores with limited habitat also lower quality – 
or not???. This reflects a difference in the aims of the two surveys. The BPS field 
meetings were directed at finding the maximum number of species to contribute to an 
atlas of British seaweeds (Hardy & Guiry, in press) while the Northern Ireland survey 
overviewed the full range of shores, both rich and poor. This is why the mean number in 
Table 4.13 is much lower than in Table 4.12. The implication is that the mean number 
of species on a shore should lie somewhere approximately around the region of 70 to 
90. 
 
Table 4.14.  Totals of intertidal seaweed species found at three sites in Orkney during the 
British Phycological Society field meeting in 1973 and during a subsequent survey during the 
same season in 1998 (from Wells, Wilkinson, Tittley & Scanlan-  in press). 
 
 1973 

species 
total 

1998 
species 

total 

Number 
in 

common 

% 1973 
species in 
common 

% 1998 
species in 
common 

Overall 
total of 
species 

Brough Head: 
Green 22 24 15 68 63 31 
Brown 35 33 27 77 82 41 
Red 47 48 36 77 75 58 
Total 104 105 78 75 74 130 
Nebbi Geo: 
Green 17 24 11 65 46 27 
Brown 37 28 24 65 86 41 
Red 42 36 28 67 78 52 
Total 96 88 63 66 72 120 
Kirkwall: 
Green 11 16 3 27 19 25 
Brown  22 18 12 55 67 33 
Red 30 30 16 53 53 43 
Total 63 64 31 49 48 101 

 
Although it might be possible to suggest a range in which species richness should fall 
on shores of good ecological quality, it would be much more difficult to predict which 
actual species should be present. Several surveys carried out at Heriot-Watt University 
illustrate the suggestion that species richness should remain broadly constant in the 
absence of environmental perturbation although the actual species present would 
change. One set of results to illustrate this over a 25 year time scale is given for three 
shores in Orkney in Table 4.14. The lower species totals for Kirkwall may be connected 
with the proximity to a harbour but are most likely due to it being a boulder shore in 
contrast to the other two subhabitat diverse, open coast shores. 
 
Appendix 4 gives species totals for the shores in the database of Appendix 3. This 
includes shores which are not open coast, e.g. brackish water and estuarine sites and 
salt-marsh sites, and therefore has some very low species numbers. To try to see a 
realistic range of species numbers on Scottish shores the mean value was worked out 
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after deleting all shores not given as open coast rock in Table 4.5 (denoted in that table 
by R), with the exception of Shetland. There is a problem, previously referred to, that 
the Shetland survey covered a large total of 34 sites, some with very low species totals, 
without giving any environmental information on them. To try to remove sites, which 
may not be open coast, those Shetland sites which did not have any open coast 
indicators of exposure were deleted. These were largely shores with very low species 
number but this deletion still left more shores with low numbers. These may have been 
incomplete shores with rock outcrops in sediment or may have been inadequately 
surveyed. There is really no way around this problem so they have been left in a 
calculation of average species numbers for Scottish shores. To remove the remaining 
Shetland shores from the analysis would mean that it would not cover the full 
geographic range of Scottish shores. 
 
This calculation from the remaining 91, supposedly open coast, sites in Scotland and 
Northumberland is given in Table 4.15 and the shores are arranged in order of 
descending species richness in Table 4.16. 
 
Table 4.15. Seaweed species numbers from 91 shores in Scotland and Northumberland, presumed to be 
open coastal as explained in the text. 
 
  Comments 
Number of shores 91  
Maximum number of 
species on a shore 

145 Scalasaig in Colonsay. Probably has high 
total because sublittoral species included 

Minimum number of species 
on a shore 

5 Bixter Voe in Shetland – no environmental 
data given – may not be full sample 

Mean number of species on 
a shore 

64.6 Close to mean value of 68.9 for Northern 
Ireland given in Table 14 

Standard deviation 33.1 Large value relative to mean reflects wide 
range of shores 

 
 
In Table 4.15 the mean value of 64.6 is not very different from the mean value of 68.9 
in Northern Ireland. It seems that there may be a regular richness of species to be found 
on the open coast when viewed as a mean value over many shores but there is 
considerable variation between shores.  
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Table 4.16.  Open coast sites in Scotland and Northumberland arranged in order of species 
richness. (N.B. This table contains some sites at the lower end of species richness which may 
have incomplete data). 
  

Site  Site Name Number Species Composition Ratios   
No.  of       

  species Green Brown Red R:B B:G R:G 
         

26 Scalasaig 144 18 47 79 1.7 2.6 4.4 
139 Elie 131 29 43 59 1.4 1.5 2.0 
126 Long Craigs 117 21 41 55 1.3 2.0 2.6 
129 Pettico Wick 116 21 39 56 1.4 1.9 2.7 
68 Fair Isle 113 19 40 54 1.4 2.1 2.8 

135 Anstruther 111 25 36 50 1.4 1.4 2.0 
128 Cove Harbour 109 13 40 56 1.4 3.1 4.3 
134 Isle of May 109 31 34 44 1.3 1.1 1.4 
130 Sharper's Head 108 13 42 53 1.3 3.2 4.1 
36 Bosta 107 10 35 62 1.8 3.5 6.2 

107 Buchan Ness 106 19 36 51 1.4 1.9 2.7 
45 Loch na h-Uamba 104 18 30 56 1.9 1.7 3.1 
35 Geodh'an Fharaidh 103 10 37 56 1.5 3.7 5.6 

133 Crail 103 23 32 48 1.5 1.4 2.1 
124 St. Baldrick's Cradle 101 14 31 56 1.8 2.2 4.0 
57 Brough Head 100 21 34 45 1.3 1.6 2.1 

132 Fifeness 100 24 33 43 1.3 1.4 1.8 
123 Gin Head 99 21 34 44 1.3 1.6 2.1 
103 Gardenstown 98 24 26 48 1.8 1.1 2.0 
115 Cove Bay 98 18 26 54 2.1 1.4 3.0 
63 Burray Ness 97 22 31 44 1.4 1.4 2.0 
1 Port Mora 95 17 24 54 2.3 1.4 3.2 
3 Eggerness Point 94 21 29 44 1.5 1.4 2.1 

42 Port nan Guiran 94 10 35 49 1.4 3.5 4.9 
64 Nebbi Geo 94 17 35 42 1.2 2.1 2.5 
38 Port Geiraha 93 18 32 43 1.3 1.8 2.4 
2 Port-en-Corkrie 91 21 28 42 1.5 1.3 2.0 

62 Sandwick Bay 88 22 28 38 1.4 1.3 1.7 
117 Old Kirk Shore 88 14 26 48 1.8 1.9 3.4 
120 Johnshaven 84 14 26 44 1.7 1.9 3.1 
137 Yellowcraigs 84 21 23 40 1.7 1.1 1.9 
22 Portencross 79 9 28 42 1.5 3.1 4.7 
31 Port Lobh 78 8 30 40 1.3 3.8 5.0 
4 Lady Bay 76 15 23 38 1.7 1.5 2.5 

34 Kiloran bay 75 12 20 43 2.2 1.7 3.6 
136 Pittenweem 74 19 17 38 2.2 0.9 2.0 

7 Port Logan 73 15 24 34 1.4 1.6 2.3 
55 St. Kilda 73 11 25 37 1.5 2.3 3.4 
92 Stenness 72 5 28 39 1.4 5.6 7.8 
71 Voe of Sound 69 7 25 37 1.5 3.6 5.3 
6 Genoch Rocks 68 13 21 34 1.6 1.6 2.6 

85 Spiggie Voe or Peerie Goe 68 9 25 34 1.4 2.8 3.8 
106 Roanheads 68 7 21 40 1.9 3.0 5.7 

continued on next page 
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Table 4.16 continued 
20 Easdale Quarry 63 3 18 42 2.3 6.0 14.0 

144 Holy Island 63 6 27 30 1.1 4.5 5.0 
145 Berwick-upon-Tweed 62 3 26 33 1.3 8.7 11.0 
29 Seal Cottage, Oronsay 61 7 14 40 2.9 2.0 5.7 

142 Beadnell Bay 60 4 23 33 1.4 5.8 8.3 
5 Soleburn Bridge 59 7 28 24 0.9 4.0 3.4 

65 Bay of Kirkwall 59 11 21 27 1.3 1.9 2.5 
138 Dunbar Harbour 59 15 14 30 2.1 0.9 2.0 
14 Dunollie 58 5 13 40 3.1 2.6 8.0 

114 Nigg Bay 58 10 17 31 1.8 1.7 3.1 
143 The Outer Farnes 58 6 23 29 1.3 3.8 4.8 
23 Dunure 57 6 18 33 1.8 3.0 5.5 

104 Fraserburgh 55 8 20 27 1.4 2.5 3.4 
13 Dunstaffnage 54 3 16 35 2.2 5.3 11.7 

147 Boulmer 54 4 18 32 1.8 4.5 8.0 
88 Lu Ness 53 9 21 23 1.1 2.3 2.6 
94 Firoda Taing 53 8 18 27 1.5 2.3 3.4 
21 Carsaig 52 2 14 36 2.6 7.0 18.0 
91 Lang Sound 52 5 23 24 1.0 4.6 4.8 

100 Ness of Melby 51 6 17 28 1.6 2.8 4.7 
41 Aignish 50 9 23 18 0.8 2.6 2.0 

101 Between Quilva Taing & the 
Clumpers 

50 8 23 19 0.8 2.9 2.4 

24 Crinan Harbour 49 16 13 20 1.5 0.8 1.3 
77 West Ham 49 9 20 20 1.0 2.2 2.2 
84 Bay of Scousburgh 49 3 24 22 0.9 8.0 7.3 
87 Outer side of Fugla Ness 49 3 26 20 0.8 8.7 6.7 
16 Anchorage North 46 4 8 34 4.3 2.0 8.5 
60 The Bush 46 6 19 21 1.1 3.2 3.5 
47 North Rona 45 8 14 23 1.6 1.8 2.9 

102 Matta Taing 45 6 17 22 1.3 2.8 3.7 
25 Balnahard bay 43 5 14 24 1.7 2.8 4.8 
30 Ardskenish 41 4 11 26 2.4 2.8 6.5 
81 Bigton Wick 41 2 20 19 1.0 10.0 9.5 
27 Rubha Dubh 40 6 10 24 2.4 1.7 4.0 
17 Anchorage South 35 2 6 27 4.5 3.0 13.5 
32 An Rubha 34 3 13 18 1.4 4.3 6.0 
43 Stornoway Harbour 34 6 18 10 0.6 3.0 1.7 
28 Poll Gorm 33 6 16 11 0.7 2.7 1.8 
18 North Feochan 32 2 8 22 2.8 4.0 11.0 
19 Easdale Headland 32 1 12 19 1.6 12.0 19.0 
79 West pool 32 0 25 7 0.3 N/A N/A 
15 Heather Island 30 2 2 26 13.0 1.0 13.0 
89 West coast, near the Natural 

Arch 
30 0 0 30 N/A N/A N/A 

69 Lerwick Harbour 29 1 17 11 0.6 17.0 11.0 
70 Horse of the Nabb 28 4 15 9 0.6 3.8 2.3 
86  Hamna Voe 27 8 14 5 0.4 1.8 0.6 
73 Off the Helm of Mel 23 1 9 13 1.4 9.0 13.0 

continued on next page 
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Table 4.16 continued 
95 Between Firoda Taing and Cro 

Taing 
22 0 22 0 0.0 N/A N/A 

82 St. Ninian's Isle 21 0 21 0 0.0 N/A N/A 
140 Monks' House Rocks 21 3 9 9 1.0 3.0 3.0 
75 Noss Sound 20 0 1 19 19.0 N/A N/A 
99 Neap of Norby 20 0 18 2 0.1 N/A N/A 
80 Between the Cellar & the Swarf 19 1 10 8 0.8 10.0 8.0 
93 Utsabi 19 3 5 11 2.2 1.7 3.7 
96 Mavis Grind, on the Sullom 

Voe shore 
18 1 9 8 0.9 9.0 8.0 

74 Minni of Aith 16 4 0 12 N/A 0.0 3.0 
83 St. Ninian's Bay 16 2 0 14 N/A 0.0 7.0 
72 Bay of Okraquoy 14 0 1 13 13.0 N/A N/A 
90 Sand Wick 14 2 9 3 0.3 4.5 1.5 
50 Shiant Islands 13 1 8 4 0.5 8.0 4.0 
78 Below the broch 12 0 3 9 3.0 N/A N/A 
76 Pund Voe 7 0 0 7 N/A N/A N/A 
44 Loch Maaruig 6 0 6 0 0.0 N/A N/A 
97 Weisdale Voe 6 0 5 1 0.2 N/A N/A 
98 Bixter Voe 5 1 4 0 0.0 4.0 0.0 
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Table 4.17. Summary of means and ranges of values of the species numbers, species ratios, functional group and ecological status group composition of 
shores by type and ecoregion for typology phase 2. 
 

TYPOLOGY PHASE 2 Species Composition Functional groups Ecological Status Groups 
ATLANTIC ECO-REGION    

Ratios of species 
numbers in 

different classes 
Numbers of species in each functional group % of species total in each functional group Number of 

species 
% of 

species 
 

Number 
Of 

species 
Green Brown Red  R:B B:G R:G G1 G2 G3 G4 G5 G6 G7 G8 G1 G2 G3 G4 G5 G6 G7 G8 I II I II 

Type 1 = 20 shores                            
Min 30 1 2 11 0.69 1 1.83 1 2 0 5 6 2 0 0 1.6 4.9 0.0 15.6 17.8 6.7 0 0 2 22 6.7 68.8 
Max 144 18 47 79 13 12 19 17 17 17 39 35 13 2 8 15.6 19.2 22.5 43.3 39.3 25.0 3.3 7.8 21 125 31.3 93.3 

Mean 58.7 6.4 17.7 34.7 2.7 3.3 7.3 5.0 6.4 6.4 14.7 16.9 6.9 0.7 1.8 7.5 11.1 10.8 25.7 28.7 12.5 1.2 2.5 9.4 49.3 16.2 83.8 
Standard Deviation 30.6 4.3 11.6 16.5 2.6 2.3 4.5 4.9 3.8 4.1 7.8 8.9 2.9 0.7 2.1 4.2 4.0 5.2 6.8 5.9 4.3 1.2 1.99 5.1 26.1 5.1 5.1 
Type 2 = 13 Shores                            

Min 13 1 8 4 0.5 0.81 1.25 0 1 0 2 3 3 0 0 0 7.4 0 13.7 16.3 6.1 0 0 5 6 10.2 46.2 
Max 104 21 35 56 2.57 8 18 15 16 17 24 26 11 2 11 30.6 20.6 18.3 25.9 30.0 53.8 2.9 10.6 24 80 53.8 89.8 

Mean 65.1 10.3 22.2 32.6 1.5 3.3 4.9 6.7 8.5 7.1 13.3 16.5 9.0 0.8 3.1 9.7 13.5 9.9 20.0 25.0 17.2 1.3 3.6 12.9 52.2 22.0 78.0 
Standard Deviation 27.0 6.7 8.3 15.4 0.6 2.2 4.8 4.7 3.8 4.6 6.2 7.5 2.3 0.6 3.9 7.5 4.6 4.5 3.9 4.2 12.0 0.9 3.8 5.4 22.4 10.4 10.4 
Type 3 = 5 Shores                            

Min 59 7 21 24 0.86 1.33 2 4 7 5 9 15 8 1 0 6.8 11.6 8.5 13.2 25.3 8.4 1.1 0 10 40 13.2 67.8 
Max 95 21 28 54 2.25 4 3.43 16 13 12 17 24 11 1 10 17.6 17.6 12.6 17.9 30.9 13.6 1.7 16.9 19 77 32.2 86.8 

Mean 77.8 14.6 24.8 38.4 1.6 2.0 2.8 9.6 11.0 8.6 12.4 21.2 9.0 1.0 5.0 11.8 14.3 10.8 15.7 27.4 11.8 1.3 6.8 15.0 62.8 20.0 80.0 
Standard Deviation 15.2 5.2 3.1 11.0 0.5 1.1 0.6 4.8 2.3 2.9 3.6 3.6 1.2 0.0 4.7 4.2 2.9 1.6 1.7 2.9 2.0 0.3 6.9 3.9 15.5 7.4 7.4 

                            
TYPOLOGY PHASE 2 Species Composition Functional groups Ecological Status Groups 

NORTH SEA ECO-
REGION 

   
Ratios of species 

numbers in 
different classes 

Numbers of species in each functional group % of species total in each functional group Number of 
species 

% of 
species 

 

Number 
of 

species 
Green Brown Red  R:B B:G R:G G1 G2 G3 G4 G5 G6 G7 G8 G1 G2 G3 G4 G5 G6 G7 G8 I II I II 

Type 1 = 10 shores                            
Min 46 6 17 21 1.11 1.08 2 6 1 4 10 8 6 1 3 7.3 2.2 7.9 14.3 13.8 9.5 0.9 3.4 11 35 13.8 72.4 
Max 116 24 40 56 2.08 3.17 4.31 20 14 17 23 34 12 2 13 20.4 17.2 15.3 28.3 29.3 16.4 2.2 12.1 26 100 27.6 86.2 

Mean 87.5 15.2 28.7 43.6 1.5 2.1 3.1 11.8 9.8 10.5 16.8 20.2 10.3 1.1 7.0 13.3 10.9 11.7 19.8 22.6 12.2 1.4 8.1 18.4 69.1 21.6 78.4 
Standard Deviation 24.8 6.0 8.4 13.1 0.3 0.7 0.8 5.2 3.8 4.4 4.4 8.3 2.1 0.3 3.4 3.8 3.7 2.8 4.0 4.7 2.0 0.5 3.2 4.9 21.5 4.0 4.0 
Type 2 = 15 Shores                            

Min 59 3 14 27 1.26 0.89 1.42 0 6 4 10 13 8 0 0 0 6.8 6.8 16.5 17.4 8.4 0 0 8 43 13.6 72.9 
Max 131 31 43 59 2.24 8.67 11 23 19 16 24 30 11 2 11 18.3 16.2 20.3 25.8 33.9 18.6 1.9 13.1 23 109 27.1 86.4 

Mean 92.5 18.9 29.9 43.7 1.5 2.1 2.9 11.4 11.8 11.7 18.5 20.9 10.3 0.9 7.0 11.4 12.8 12.6 20.2 23.1 11.6 1.0 7.2 18.3 74.3 19.9 80.1 
Standard Deviation 22.1 7.3 8.9 9.1 0.3 1.9 2.3 6.4 3.6 3.8 4.3 4.6 1.1 0.5 3.4 5.0 2.4 3.4 2.7 4.9 2.4 0.5 3.3 4.6 18.8 3.8 3.8 
Type 3 = 5 Shores                            

Min 68 7 21 38 1.35 1.27 1.73 6 9 7 10 19 10 1 1 8.8 9.4 10.3 11.4 22.6 10.4 0.9 1.0 13 53 13.4 77.9 
Max 113 22 40 54 1.9 3 5.71 19 14 16 25 28 12 1 7 19.3 13.2 15.9 22.1 27.9 14.7 1.5 6.6 19 95 22.1 86.6 

Mean 94.4 17.8 31.2 45.4 1.5 1.9 3.0 13.6 11.2 13.0 17.0 23.8 11.0 1.0 3.8 14.2 12.0 13.6 17.7 25.4 11.9 1.1 4.0 15.8 78.6 17.0 83.0 
Standard Deviation 17.5 6.2 7.3 6.9 0.2 0.7 1.6 5.0 1.9 3.5 6.1 3.5 0.7 0.0 2.4 4.4 1.5 2.2 4.1 2.0 1.8 0.2 2.4 2.6 16.2 3.2 3.2 
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Table 4.18. Summary of means and ranges of values of the species numbers, species ratios, functional group and ecological status group composition of 
shores by type and ecoregion for typology phase 3. 
 
 

TYPOLOGY PHASE 3 Species Composition Functional groups Ecological Status Groups 
ATLANTIC ECO-REGION 

Number 
of 

species 
   

Ratios of species 
numbers in 

different classes 
Numbers of species in each functional group % of species total in each functional group Number of 

species 
% of 

species 
  Green Brown Red  R:B B:G R:G G1 G2 G3 G4 G5 G6 G7 G8 G1 G2 G3 G4 G5 G6 G7 G8 I II I II 

Typology 1 = 18 shores                            
Min 13 1 8 4 0.5 1.38 1.67 0 1 0 2 3 4 0 0 0 5 0 13.7 17.6 9.0 0 0 5 6 12.8 46.2 
Max 144 21 47 79 2.86 8 6.5 17 17 17 39 35 13 2 9 14.0 20.6 22.5 27.1 39.3 53.8 3.3 9.6 20 125 53.8 87.2 

Mean 64.6667 9.167 22.06 33.44 1.54 2.92 4.05 5.17 7.33 7.83 14.6 18.2 8.33 0.83 2.39 6.4 11.7 12.0 21.9 27.9 15.8 1.3 2.9 11.6 53.1 20.0 80.0 
Standard Deviation 32.9367 5.607 10.64 19.01 0.65 1.51 1.65 5.33 3.9 4.41 8.84 9.13 2.61 0.51 2.93 4.4 4.6 5.2 4.2 5.2 10.5 1.05 2.9 4.91 28.7 9.3 9.3 

Typology 2 = 4 Shores                            
Min 59 7 21 24 0.86 1.33 2 4 7 5 9 15 8 1 0 6.8 11.9 8.5 13.2 25.3 11.8 1.1 0 10 40 13.2 67.8 
Max 91 21 28 42 1.65 4 3.43 16 13 11 15 23 11 1 10 17.6 17.6 12.1 16.5 30.9 13.6 1.7 16.9 19 77 32.2 86.8 

Mean 73.5 14.0 25.0 34.5 1.4 2.1 2.6 9.0 11.0 7.8 11.3 20.5 9.3 1.0 3.8 11.6 15.0 10.3 15.2 28.0 12.7 1.4 5.9 14.0 59.5 20.0 80.0 
Standard Deviation 13.6 5.8 3.6 7.7 0.4 1.3 0.6 5.3 2.7 2.5 2.9 3.8 1.3 0.0 4.3 4.8 2.9 1.5 1.4 3.0 0.8 0.3 7.6 3.7 15.8 8.5 8.5 

Typology 3 = 4 Shores                            
Min 49 2 13 20 1.54 0.81 1.25 5 6 3 11 8 3 0 1 9.6 11.5 5.8 17.3 16.3 6.1 0 1.9 5 42 10.2 76.9 
Max 104 18 30 56 2.57 7 18 15 12 13 18 26 11 2 11 30.6 15.4 12.6 22.4 28.8 17.3 1.9 10.6 24 80 23.1 89.8 

Mean 75.0 13.3 20.3 41.5 2.1 2.7 6.4 10.8 9.3 8.0 14.3 18.3 7.8 0.8 6.0 15.9 12.7 9.8 19.7 23.9 10.6 0.7 6.8 14.5 60.5 18.1 81.9 
Standard Deviation 28.6 7.5 8.2 16.9 0.4 2.9 7.8 4.2 2.8 5.2 3.8 8.3 3.4 1.0 5.2 9.9 1.8 3.4 2.5 5.3 4.8 0.9 4.4 8.6 20.3 5.5 5.5 

Typology 4 = 3 Shores                            
Min 45 8 14 23 1.48 1.75 2.88 7 5 5 8 8 7 1 1 9.6 4.9 9.7 16.4 17.8 10.7 1.4 2.2 9 36 19.2 79.6 
Max 103 11 37 56 1.64 3.7 5.6 14 14 11 23 30 11 2 8 15.6 19.2 15.1 22.3 29.1 15.6 2.2 7.8 21 82 20.4 80.8 

Mean 73.7 9.7 25.3 38.7 1.5 2.6 3.9 9.3 9.0 8.7 14.3 17.7 9.3 1.3 4.0 12.9 13.9 12.0 18.8 22.5 13.3 1.8 4.7 14.7 59.0 19.9 80.1 
Standard Deviation 29.0 1.5 11.5 16.6 0.1 1.0 1.5 4.0 4.6 3.2 7.8 11.2 2.1 0.6 3.6 3.0 7.9 2.8 3.1 5.9 2.5 0.4 2.8 6.0 23.0 0.6 0.6 

Typology 5 = 9 Shores                            
Min 30 1 2 19 1.5 1 4.67 1 3 0 5 6 2 0 0 3.1 8.7 0.0 15.6 20.0 6.7 0 0 2 22 6.7 68.8 
Max 79 9 28 42 13 12 19 6 16 8 20 21 11 1 1 11.1 20.3 13.0 43.3 37.5 25.0 3.1 3.1 13 66 31.3 93.3 

Mean 47.7 3.4 12.3 31.9 3.9 4.3 11.5 3.8 5.9 3.7 13.3 13.8 6.0 0.4 0.8 7.9 11.6 7.3 29.0 28.9 12.8 0.9 1.6 7.2 40.4 15.3 84.7 
Standard Deviation 17.1 2.4 7.7 8.7 3.6 3.3 4.1 1.9 4.0 2.4 4.3 5.3 2.7 0.5 0.4 2.8 3.4 3.9 8.4 5.4 5.3 1.2 1.1 3.4 14.8 6.8 6.8 

 
Continued on next page 
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Table 4.18. (continued) 
 
 

TYPOLOGY PHASE 3 Species Composition Functional groups Ecological Status Groups 
NORTH SEA ECO-

REGION 
   

Ratios of species 
numbers in 

different classes 
Numbers of species in each functional group % of species total in each functional group Number of 

species 
% of 

species 
 

Number 
of 

species 
Green Brown Red  R:B B:G R:G G1 G2 G3 G4 G5 G6 G7 G8 G1 G2 G3 G4 G5 G6 G7 G8 I II I II 

Type 1 = 15 shores                            
Min 46 6 17 21 1.11 0.89 1.9 6 1 4 10 8 6 0 0 8.1 2.2 6.8 14.3 13.8 8.4 0 0 8 35 13.6 72.4 
Max 131 29 43 59 2.24 3.23 5.71 23 19 16 23 30 12 2 10 20.4 17.2 16.2 28.3 33.9 16.4 2.2 12.1 22 109 27.6 86.4 

Mean 85.2 16.3 27.6 41.3 1.5 1.9 2.8 11.7 10.2 10.5 16.6 19.5 9.9 0.9 5.9 13.1 11.8 12.0 20.0 23.0 12.1 1.2 6.8 16.7 68.5 20.1 79.9 
Standard Deviation 24.1 6.8 9.0 11.1 0.4 0.7 1.0 6.0 3.8 4.3 4.4 6.1 1.7 0.5 2.7 3.8 3.5 2.9 3.6 4.7 2.0 0.6 2.7 4.0 20.8 3.4 3.4 
Type 2 = 1 Shore                            
Actual numbers 113 19 40 54 1.35 2.11 2.84 13 14 15 25 28 12 1 5 11.5 12.4 13.3 22.1 24.8 10.6 0.9 4.4 18 95 15.9 84.1 

Type 4 = 14 Shores                            
Min 59 4 14 30 1.29 0.93 1.42 0 6 2 10 13 10 1 0 0.0 6.8 3.3 11.4 17.4 9.4 0.9 0 11 43 13.4 72.9 
Max 117 31 41 56 2.14 5.75 8.25 20 17 17 24 34 12 2 13 19.3 15.6 20.3 23.3 38.3 18.6 2.0 13.1 26 100 27.1 86.6 

Mean 95.9 18.8 31.0 46.1 1.5 2.0 3.0 12.2 11.6 12.1 18.1 22.6 11.0 1.1 7.1 12.2 12.0 12.5 18.9 24.0 11.9 1.2 7.3 19.2 76.6 20.4 79.6 
Standard Deviation 18.5 6.8 7.3 8.4 0.3 1.2 1.8 5.5 3.2 3.9 4.6 5.3 0.6 0.3 4.2 5.1 2.0 3.9 2.8 5.5 2.7 0.4 4.2 4.6 16.7 4.5 4.5 
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Figure 4.7  The locations around the Scottish coast of sites used for the calculations 
summarised in Table 4.17, colour coded according to allocation to physical type on the basis of 
typology phase 2. 
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Figure 4.8  The locations around the Scottish coast of sites used for the calculations 
summarised in Table 4.18, colour coded according to allocation to physical type on the basis of 
typology phase 3. 
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The species richness can be further considered in relation to the types in the draft 
typology. The locations around the coast of Scotland of types in the two different phases 
of typology is shown in Figs. 4.7 and 4.8.  Tables 4.17 and 4.18 present summaries of 
species richness for both ecoregions for all the types of shore identified in these 
ecoregions. In order to have comparable shores in each type to perform a meaningful 
statistical comparison, the database for this exercise has been reduced to 68 shores by 
removal of Northumberland, Shetland, estuarine and salt marsh sites. The remaining 68 
sites are open coast shores, which are in squares on the typology GIS for which a type 
can be deduced, and which are believed to have been surveyed in a full scientifically 
acceptable way. In this sense these are sites which are good for the analysis. There is a 
drawback. The reduced number of sites and their selection before the typology was 
announced means that there are some types with few shores making statistical 
comparison more difficult. 
 
 
Table 4.19. Summary of results from statistical tests of significance of the difference between 
means of the various numerical indicators calculated from the seaweed species presence at the 
68 sites remaining in the database after deletion of estuarine, salt marsh, sea loch and 
obviously incomplete datasets and sites in Shetland and Northumberland. Results are from one-
way analysis of variance, except where data failed a test of normality (indicated by *), then the 
Kruskaal-Wallis non-parametric rank test was used.  

 Typology phase 2: Typology phase 3 
 Ecoregion A with types 1-3  

Ecoregion N with types 1-3 
Six types being compared in total 
making 15 possible cross 
comparisons 

Ecoregion A with types 1-5 
Ecoregion N with types 1,2 and 4 
Eight types being compared in total 
making 28 possible cross 
comparisons 

Total species No differences No differences 
Total green species * no differences except A1 from N1 

(14 non significant comparisons) 
No differences 

Total brown species No differences No differences 
Total red species No differences No differences 
R:B species ratio * no differences except A1 from N2, 

A1 from N3, A1 from A2 and A3 from 
N1 (11 non significant comparisons) 

*No differences 

B:G species ratio * no differences except A1 from N2 
(14 non significant comparisons) 

* no differences except A5 from N1 
and A5 from N4 (26 non significant 

comparisons) 
R:G species ratio * no differences except A1 from N2 

(14 non significant comparisons) 
* no differences except A5 from N4 

(27 non significant comparisons) 
ESG I total species no differences except A1 from N1 (14 

non significant comparisons) 
no differences except A5 from N4 and 

A1 from N4 (26 non significant 
comparisons) 

ESG II total species No differences No differences 
ESG I % of species * no differences except A1 from N1 

(14 non significant comparisons) 
No differences 

ESG II % of species * no differences except A1 from N1 
(14 non significant comparisons) 

No differences 

 
The mean values of species numbers were compared between all types of shore in both 
ecoregions, separately for typology system 2 and typology system 3 using one way 
analysis of variance. If the data failed the test of normality, a non-parametric test of 
significance had to be used instead. A significant difference would be considered to 
exist between any mean values if there was a less than 1 in 20 (p<0.05) probability that 
the difference between the means had come about by chance. It should be remembered 
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that this probability level is totally arbitrary and that any comparisons which just fail to 
be significant might prove to be so if there were more sites in the database. A summary 
of the results of the significance testing is given in Table 4.19. 
 
The net result of all of this is that one could specify only a wide range within which all 
these parameters might vary on shores of good quality. This could meet the objective of 
devising broad reference conditions, but is unlikely to be useful in extending these 
conditions to classification of shores for ecological quality on a sliding scale from 0 to 
5. It seems unlikely that reference conditions could realistically specify a particular 
species number to be found on a shore. It could be possible to specify a minmum 
number, such as 40 species, to encompass the range of possible variation. However so 
many obviously unperturbed open coast sites in Appendix 3 have such higher values, 
approaching 90-100 species, that this would be an unsatisfactory compromise. While a 
scale of species richness from 0 to, say, 100 seems to offer the possibility of a numerical 
scale for classification, variability would mean that shores which were naturally poor in 
species owing to natural environmental factors could be misclassified as being of poor 
ecological quality. This is not to say that species richness does not have any value for 
defining reference conditions and performing classification – merely that we need more 
detailed analysis and possibly more shore surveys on which to base it. Even so there is 
the stumbling block of how few people could competently identify the full number of 
species found on an unpolluted shore.   
 
From Table 4.16 there does not seem to be any particular explanation from the richness 
of the different colour groups to explain the variation in total species richness. All three 
colour groups seem to decline with declining total richness although in a somewhat 
haphazard manner. 
 
Table 4.20.  The species recorded from shores in Scotland and Northumberland, from Appendix 
3, arranged in descending order of the number of shores on which each species is recorded. 
Species found on only one or two shores, below the solid line across the table are regarded as 
present on less than 2% of shores and deleted from some analyses (see text). 
 

MCS 
Reference 

number 

Name of species as given in the 
MCS Species Directory. 

(Guiry, 1997) 

Functional 
Group 

Ecological Status 
Group 

Number of shores 
on which species 

was recorded 

ZM345 Chondrus crispus 4 2 91 
ZM205 Corallina officinalis 7 1 83 
ZR382 Fucus serratus 6 1 83 
ZR384 Fucus vesiculosus 6 1 83 
ZM519 Ceramium nodulosum 4 2 81 
ZM405 Mastocarpus stellatus 5 2 80 
ZR350 Laminaria digitata 6 1 79 
ZM612 Membranoptera alata 4 2 78 
ZR383 Fucus spiralis 6 1 77 
ZR386 Pelvetia canliculata 6 1 77 
ZR354 Laminaria saccharina 6 1 76 
ZM170 Palmaria palmata 5 2 76 
ZM332 Dumontia contorta 4 2 74 
ZR375 Ascophyllum nodosum 6 1 73 
ZR194 Scytosiphon lomentaria 2 2 73 
ZR87 Elachista fucicola 1 2 72 

ZM455 Lomentara articulata 5 2 72 
ZR341 Alaria esculenta 6 1 71 

Continued on next page 
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Table 4.20 continued 
ZR351 Laminaria hyperborea 6 1 69 
ZS179 Ulva lactuca 2 2 69 
ZR245 Leathesia difformis 5 2 68 
ZM616 Phycodrys rubens 2 2 68 
ZM443 Plocamium cartilagineum 5 2 68 
ZM322 Cystoclonium purpureum 4 2 66 
ZM653 Osmundea pinnatifida 5 2 66 
ZM522 Ceramium shuttleworthianum 4 2 65 
ZM594 Delesseria sanguinea 2 2 65 
ZS212 Cladophora rupestris 3 2 63 
ZM64 Porphyra umbilicalis 2 2 63 
ZS156 Enteromorpha intestinalis 2 2 62 
ZM649 Odonthalia dentata 5 2 62 
ZR60 Pilayella littoralis 3 2 62 

ZR389 Himanthalia elongata 6 1 61 
ZM592 Cryptopleura ramosa 5 2 60 
ZR214 Chordaria flagelliformis 5 2 59 
ZR372 Halidrys siliquosa 6 1 59 
ZM556 Ptilota gunneri 4 2 59 
ZM186 Ahnfeltia plicata 5 2 57 
ZR286 Cladostephus spongiosus 5 2 57 
ZM328 Dilsea carnosa 5 2 57 
ZM671 Polysiphonia lanosa 4 2 57 
ZM679 Polysiphonia stricta 4 2 56 
ZR17 Ectocarpus fasciculatus 3 2 52 
ZR18 Ectocarpus siliculosus 3 2 51 

ZM337 Furcellaria lumbricalis 5 2 51 
ZR165 Asperococcus fistulosus 5 2 50 
ZR151 Litosiphon laminariae 1 2 50 
ZM551 Plumaria plumosa 4 2 50 
ZM657 Polysiphonia brodiei 4 2 49 
ZM690 Rhodomela confervoides 4 2 49 
ZM409 Phyllophora pseudoceranoides 5 2 48 
ZR143 Dictyosiphon foeniculaceus 5 2 47 
ZM484 Aglaothamnion sepositum 3 2 46 
ZM370 Callophyllis laciniata 5 2 45 
ZS194 Chaetomorpha melagonium 3 2 45 
ZR313 Dictyota dichotoma 2 2 45 
ZM407 Phyllophora crispa 5 2 45 
ZR346 Chorda filum 5 2 44 
ZM667 Polysiphonia fucoides 4 2 43 
ZS41 Spongomorpha arcta 3 2 43 

ZR334 Desmarestia aculeata 5 2 42 
ZM182 Rhodothamniella floridula 3 2 42 
ZM456 Lomentaria clavellosa 5 2 40 
ZM651 Osmundea hybrida 5 2 39 
ZR191 Ralfsia verrucosa 8 1 39 
ZS193 Cheatomorpha mediterranea 3 2 37 
ZR187 Petalonia fascia 2 2 37 
ZM417 Polyides rotundus 5 2 37 
ZM58 Porphyra leucosticta 2 2 37 
ZM110 Audouinella purpurea 3 2 36 
ZM35 Erythrotrichia carnea 1 2 36 
ZM539 Halurus flosculosus 5 2 35 
ZR291 Sphacelaria cirrosa 4 2 35 
ZR66 Spongonema tomentosum 5 2 35 

continued on next page 
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Table 4.20 continued 
ZS249 Codium fragile spp. atlanticum 5 2 34 
ZM258 Phymatolithon lenormandii 8 1 32 
ZS145 Blidingia minima 2 2 31 
ZM661 Polysiphonia elongata 4 2 31 
ZS28 Prasiola stipitata 2 2 31 

ZM479 Aglaothamnion hookeri 4 2 30 
ZR337 Desmarestia viridis 5 2 30 
ZM192 Hildenbrandia rubra 8 1 30 
ZS213 Cladophora sericea 3 2 29 
ZM399 Erythrodermis trailii 1 2 29 
ZS152 Enteromorpha compressa 2 2 28 
ZS96 Entocladia perforans 1 2 28 

ZR219 Eudesme virescens 5 2 28 
ZS218 Rhizoclonium tortuosum 3 2 28 
ZS40 Spongomorpha aeruginosa 1 2 28 
ZM85 Audouinella daviesii 1 2 27 
ZM148 Bonnemaisonia hamifera 4 2 26 
ZM304 Catenella caespitosa 5 2 26 
ZS192 Chaetomorpha linum 3 2 25 
ZS160 Enteromorpha linza 2 2 25 
ZM685 Pterosiphonia parasitica 4 2 25 
ZM468 Rhodymenia pseudopalmata 5 2 25 
ZM157 Gelidium crinale 5 2 23 
ZR154 Myriotrichia clavaeformis 4 2 23 
ZM691 Rhodomela lycopodioides 4 2 23 
ZS165 Enteromorpha prolifera 2 2 22 
ZR292 Sphacelaria fusca 4 2 22 
ZS125 Tellamia intricata 1 2 22 
ZS232 Bryopsis plumosa 3 2 21 

* Codiolum phases 1 2 21 
ZR299 Sphacelaria radicans 4 2 21 
ZS63 Ulothrix flacca 1 2 21 
ZS197 Cladophora albida 3 2 20 
ZR90 Elachista scutulata 1 2 19 
ZM62 Porphyra purpurea 2 2 19 
ZR196 Stragularia clavata 8 1 19 
ZM395 Coccotylus truncata 5 2 18 
ZR86 Elachista flaccida 1 2 18 

ZM237 Lithothamnion glaciale 8 1 18 
ZR124 Myrionema strangulans 1 2 18 
ZM115 Audouinella secundata 1 2 17 
ZM160 Gelidium pusillum 5 2 17 
ZM610 Hypoglossum hypoglossoides 4 2 17 
ZM231 Lithophyllum incrustans 8 1 17 
ZM255 Phymatolithon calcareum 8 1 17 
ZR359 Saccorhiza polyschides 6 1 17 
ZS65 Ulothrix palusalsa 1 2 17 

ZM315 Cruoria pellita 8 1 16 
ZR39 Hincksia hincksiae 1 2 16 
ZS93 Entocladia flustrae 1 2 15 

ZM581 Heterosiphonia plumosa 4 2 15 
ZM235 Lithothamnia sp. 8 1 15 
ZM614 Nitophyllum punctatum 5 2 15 
ZR294 Sphacelaria nana 4 2 15 
ZM279 Titanoderma pustulatum 8 1 15 
ZM628 Brongniartella byssoides 4 2 14 

continued on next page 
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Table 4.20 continued 
ZS230 Bryopsis hypnoides 3 2 14 
ZM515 Ceramium diaphanum 4 2 14 
ZM433 Gracilaria gracilis 3 2 14 
ZM139 Nemalion helminthoides 5 2 14 
ZS71 Urospora penicilliformis 3 2 14 
ZS83 Bolbocoleon piliferum 1 2 13 

ZM449 Chylocladia verticillata 4 2 13 
ZR184 Colpomenia peregrina 2 2 13 
ZR336 Desmarestia ligulata 5 2 13 
ZS98 Entocladia viridis 1 2 13 

ZR174 Hecatonema maculans 1 2 13 
ZM554 Pterothamnion plumula 3 2 13 
ZM324 Rhodophyllis divaricata 5 2 13 
ZM52 Bangia atropurpurea 1 2 12 
ZS55 Eugomontia sacculata 1 2 12 
ZR38 Hincksia granulosa 1 2 12 

ZM586 Apoglossum ruscifolium 4 2 11 
ZM122 Audouinella virgatula 1 2 11 
ZM505 Callithamnion tetragonum 4 2 11 
ZR35 Herponema velutinum 1 2 11 

ZR225 Mesogloia vermiculata 5 2 11 
ZS48 Monostroma sp. 2 2 11 

ZM665 Polysiphonia fibrillosa 4 2 11 
ZS17 Sykidion moorei 1 2 11 

ZR271 Culteria multifida 2 2 10 
ZM458 Lomentaria orcadensis 5 2 10 
ZM246 Melobesia membranacea 8 1 10 
ZM547 Pleonosporium borreri 1 2 10 
ZM656 Polysiphonia atlantica 4 2 10 
ZM672 Polysiphonia nigra 4 2 10 
ZM558 Ptilothamnion pluma 4 2 10 
ZR296 Sphacelaria plumosa 4 2 10 
ZM70 Audouinella alariae 1 2 9 
ZM69 Audouinella sp. 1 2 9 
ZR377 Fucus ceranoides 6 1 9 
ZR200 Isthmoplea sphaerophora 4 2 9 
ZS217 Rhizoclonium sp. 3 2 9 
ZR130 Ulonema rhizophorum 1 2 9 
ZM83 Audouinella concrescens 1 2 8 
ZM518 Ceramium gaditanum 4 2 8 
ZM524 Ceramiun strictum 4 2 8 
ZR141 Dictyosiphon chordaria 5 2 8 
ZR380 Fucus distichus 6 1 8 
ZM451 Gastroclonium ovatum 5 2 8 
ZM191 Hildenbrandia crouanii 8 1 8 
ZR115 Microspongium globsum 8 1 8 
ZS49 Monostroma grevillei 2 2 8 
ZS173 Percusaria perscursa 5 2 8 
ZR99 Petroderma maculiforme 8 1 8 

ZM386 Peyssonnelia dubyi 8 1 8 
ZM60 Porphyra miniata 2 2 8 
ZR101 Pseudoolithoderma extensum 8 1 8 
ZM567 Spermothamnion repens 3 2 8 
ZM100 Audouinella membranacea 1 2 7 
ZS144 Blidingia marginata 2 2 7 
ZM511 Ceramium ciliatum 4 2 7 

continued on next page 
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Table 4.20 continued 
ZM309 Choreocolax polysiphoniae 1 2 7 
ZM158 Gelidium latifolium 5 2 7 
ZS51 Monostroma oxyspermum 2 2 7 
ZS237 Ostreobium quekettii 1 2 7 
ZM256 Phymatolithon laevigatum 8 1 7 
ZM664 Polysiphonia fibrata 4 2 7 
ZS182 Ulva rigida 2 2 7 
ZM473 Aglaothamnion byssoides 3 2 6 
ZM143 Asparagopsis armata 4 2 6 
ZM623 Boergeseniella fruticulosa 4 2 6 
ZM367 Callocolax neglectus 5 2 6 
ZS249 Codium fragile spp. tomentosoi 5 2 6 
ZS149 Enteromorpha sp. 2 2 6 
ZM30 Erythrocladia irregularis 1 2 6 
ZM642 Laurencia obtusa 5 2 6 
ZM53 Porphyra spp. 2 2 6 
ZR128 Protectocarpus speciosus 1 2 6 
ZR180 Punctaria plantaginea 2 2 6 
ZS32 Rosenvingiella polyrhiza 4 2 6 

ZR163 Asperococcus bullosus 5 2 5 
ZM503 Callithamnion granulatum 3 2 5 

** Codiolum phases (Shell Boring) 1 2 5 
ZM533 Griffithsia corallinoides 5 2 5 
ZM389 Peyssonnelia rubra 8 1 5 
ZM59 Porphyra linearis 2 2 5 
ZR295 Sphacelaria plumigera 4 2 5 
ZR203 Stictyosiphon griffithsianus 4 2 5 
ZS64 Ulothrix implexa 1 2 5 

ZM502 Callithamnion corymbosum 3 2 4 
ZM369 Callophyllis cristata 5 2 4 
ZS204 Cladophora laetivirens 3 2 4 
ZS250 Codium tomentosum 5 2 4 
ZM204 Corallina elongata 7 1 4 
ZS151 Enteromorpha clathrata 2 2 4 
ZM156 Gelidium sp. 5 2 4 
ZM211 Hydrolithon sp. 8 1 4 
ZM659 Polysiphonia denudata 4 2 4 
ZR179 Punctaria latifolia 2 2 4 
ZR181 Punctaria tenuissima 2 2 4 
ZR205 Stictyosiphon tortillis 4 2 4 
ZM272 Titanoderma sp. 8 1 4 
ZS66 Ulothrix speciousa 1 2 4 
ZR6 Acinetospora crinita 3 2 3 
ZS81 Acrochaete repens 1 2 3 

ZM490 Antithamnion cruciatum 3 2 3 
ZR164 Asperococcus compressus 5 2 3 
ZM146 Bonnemaisonia asparagoides 4 2 3 
ZS148 Capsosiphon fulvescens 2 2 3 
ZM516 Ceramium echionotum 4 2 3 

ZS8 Chlorochytrium cohnii 1 2 3 
ZM632 Chondria dasyphylla 5 2 3 
ZS208 Cladophora pellucida 3 2 3 

*** Conchocelis phases 1 2 3 
ZS154 Enteromorpha flexuosa 2 2 3 
ZS162 Enteromorpha muscoides 2 2 3 
ZR28 Feldmannia simplex 1 2 3 

continued on next page 
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Table 4.20 continued 
ZM538 Halurus equisetifolius 5 2 3 
ZM608 Haraldiophyllum bonnemaisonii 5 2 3 
ZM372 Kallymenia reniformis 2 2 3 
ZM233 Lithophyllum orbiculatum 8 1 3 
ZR54 Mikrosyphar polysiphoniae 1 2 3 
ZR55 Mikrosyphar porphyrae 1 2 3 
ZS108 Pringsheimiella scutata 1 2 3 
ZS112 Pseudendoclonium submarinum 8 1 3 
ZR83 Waerniella lucifuga 4 2 3 

ZR211 Acrothrix gracilis 4 2 2 
ZM93 Audouinella infestans 1 2 2 
ZM624 Boergeseniella thuyoides 4 2 2 
ZS200 Cladophora dalmatica 3 2 2 
ZR368 Cystoseira nodicaulis 6 1 2 
ZR370 Cystoseira tamariscifolia 6 1 2 
ZM339 Halarachnion ligulatum 5 2 2 
ZM311 Harveyella mirabilis 4 2 2 
ZR95 Leptonematella fasculata 1 2 2 

ZM175 Meiodiscus spetsbergensis 1 2 2 
ZM248 Mesophyllum lichenoides 8 1 2 
ZR118 Myrionema corunnae 1 2 2 
ZR189 Petalonia zosterifolia 2 2 2 
ZM387 Peyssonnelia harveyana 8 1 2 
ZS76 Phaeophila dendroides 1 2 2 

ZM655 Polysiphonia sp. 4 2 2 
ZM46 Porphyrostromium ciliare 1 2 2 
ZM177 Rhodophysema elegans 8 1 2 
ZM420 Schizymenia dubyi 5 2 2 
ZR261 Spermatochnus paradoxus 5 2 2 
ZM566 Spermothamnion spp. 3 2 2 
ZR297 Sphacelaria plumula 4 2 2 
ZM274 Titanoderma corallinae 8 1 2 
ZM489 Antithamnion sp. 4 2 1 
ZM496 Antithamnionella floccosa 4 2 1 
ZM74 Audouinella bonnemaisoniae 1 2 1 
ZM88 Audouinella endophytica 1 2 1 
ZM89 Audouinella endozoicum 1 2 1 
ZM106 Audouinella parvula 1 2 1 
ZM626 Bostrychia scorpiodes 5 2 1 
ZM319 Calliblepharis ciliata 5 2 1 
ZM501 Callithamnion sp. 4 2 1 
ZM514 Ceramium deslongchampii 4 2 1 
ZM507 Ceramium sp. 4 2 1 
ZR170 Chilionema ocellatum 1 2 1 
ZS201 Cladophora flexuosa 3 2 1 
N/A Cladophora glomerata 3 2 1 

ZS203 Cladophora hutchinsiae 3 2 1 
ZS209 Cladophora prolifera 3 2 1 
ZS195 Cladophora sp. 3 2 1 
ZR217 Cladosiphon zosterae 1 2 1 
ZR241 Corynophloea crispa 1 2 1 
ZR20 Endodictyon infestans 3 2 1 
ZS167 Enteromorpha ralfsii 2 2 1 
ZR24 Feldmannia irregularis 1 2 1 

ZM352 Gloiosiphonia capillaris 5 2 1 
ZS45 Gomontia polyrhiza 1 2 1 

continued on next page 
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Table 4.20 continued 
ZM604 Gonimophyllum buffhamii 8 1 1 
ZM361 Haemescharia hennedyi 8 1 1 
ZR305 Halopteris filicina 4 2 1 
ZR174 Hecatonema foecundum 1 2 1 
ZM135 Helminthora divaricata 5 2 1 
ZR37 Hincksia fenestrata 1 2 1 
ZR43 Hincksia sandriana 1 2 1 
ZR44 Hincksia secunda 1 2 1 
ZR36 Hincksia sp. 1 2 1 

ZM220 Jania rubens 7 1 1 
ZR52 Laminariocolax tomentosides 1 2 1 

ZM243 Lithothamnion sonderi 8 1 1 
ZM374 Meredithia microphylla 5 2 1 
ZR223 Mesogloia Lanosa 5 2 1 
ZS50 Monostroma obscurum 2 2 1 

ZR253 Myriactula haydenii 1 2 1 
ZR254 Myriactula rivulariae 1 2 1 
ZR255 Myriactula stellulata 1 2 1 
ZR121 Myrionema magnusii 1 2 1 
ZR258 Petrospongium berkeleyi 8 1 1 
ZR61 Pilayella varia 3 2 1 
ZM42 Porphyropsis coccinea 2 2 1 
ZM45 Porphyrostromium boryana 1 2 1 
ZS27 Prasiola crispa 2 2 1 

ZM467 Rhodymenia phylloides 5 2 1 
ZR231 Sauvageaugloia griffithsiana 4 2 1 
ZM124 Schmitziella endophlaea 8 1 1 
ZM129 Scinaia furcellata 5 2 1 
ZR104 Sorapion kjellmanii 1 2 1 
ZR105 Sorapion simulans 1 2 1 
ZR293 Sphacelaria mirabilis 4 2 1 
ZM428 Sphaerococcus coronopifolius 5 2 1 
ZR233 Sphaerotrichia divaricata 5 2 1 
ZR72 Streblonema fasciculatum 1 2 1 
ZR78 Streblonema sphaericum 1 2 1 
ZS124 Tellamia contorta 1 2 1 
ZM483 Aglaothamnion roseum 3 2 0 

 
A possible way around the problems with species richness as a feature to use in 
assessment of ecological quality might be to use a subset of the species present on a 
shore. Table 4.20 presents the species given in Appendix 3 ordered according to the 
number of shores on which they occur. Although Table 4.20 has been prepared from 
species present at all 135 sites in Appendix 3, only 91 of these are presumed to be fully 
unimpacted open coast sites.  Therefore it is likely that the species at the top of the 
table, with maximum occurrence on 89 shores, are present on most open coast shores in 
Scotland. Of the 347 taxa in the table 182 occur on less than 10 shores and only 64 on 
more than 40 shores. It may be possible to devise a list of species which is easily 
identifiable and which could be expected to be present on many shores. This idea is 
taken further in the Discussion section. 
 
(b) Functional Groups 
 
The structural properties of algae can be considered from the cellular level through to 
gross morphology. Such structural properties affect primary productivity and growth 
rate, competitive ability, resistance to herbivores, resistance to physical disturbance, 
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tolerance to physiological stress, and successional stage, all of which are correlated with 
each other (Padilla, 1984). Under different types of environmental stress species display 
various characteristic growth patterns, e.g. the clumping of filamentous forms into turfs 
increasing their resistance to predation, desiccation and thermal stress (Steneck & 
Watling, 1982; Littler & Littler, 1984; Dethier, 1994; Steneck & Dethier, 1994; Norton 
et al, 1982). Therefore different morphological types or functional forms can be 
recognised in which the structure of the plant can be related to its ecological 
performance. Aspects of the life of the plant such as these may provide an alternative 
way of assessing the composition of seaweed communities that does not require a 
detailed knowledge of every taxon. 
 
There has been no general consensus on the preferred system of such classification. 
During the 20th century there have been many schemes have based on either or both the 
use of life forms and of functional forms. Life form classification systems are largely 
restricted to phylogenetic, life history and habitat attributes. In contrast functional form 
classification schemes incorporate morphological, physiological and ecological features.  
 
More recent classification systems have resorted back to using morphological 
characteristics and the use of functional form. Littler (1980) divided algal species into 7 
groups: thin sheet-like forms, finely branched, coarsely branched, articulated coralline, 
saccate cushion-like, thick sheet-like and saxicolous prostrate forms. The net and gross 
production rates of those species of thin sheet-like and finely branched forms were 
greater than the coarser, tougher conspicuous forms. It was concluded that these finer 
morphological forms were more adept at efficiently utilising light energy and obtaining 
nutrients. Comparing light absorption, Ulva lactuca was more adapted to high light 
intensities and Codium fragile subsp. tomentosoides to low light intensity environments 
(Littler, 1979). 
 
Habitat preference was also linked to morphological characteristics where the increased 
stress and disturbance on the upper shore attracts a higher proportion of opportunistic 
species. These species of fine filamentous or foliose form, and therefore with high 
surface area relative to volume, enable rapid growth rates, high reproductive output and 
high rates of photosynthesis. Habitats in disturbed or fluctuating environments often 
result in the growth of opportunistic or ephemeral forms such as Ulva, Petalonia, 
Scytosiphon, Enteromorpha, Ceramium and Chaetomorpha. The more coarse and 
tough, conspicuous species such as cartilaginous or leathery forms, calcareous and 
encrusting species persist in less stressful habitats at the cost of markedly lower 
photosynthetic rates (Littler & Littler, 1981).  
 
Table 4.21 from Littler et al (1983) is an example of the sort of analysis done by several 
authors of functional group and life-form classification systems to show that there is a 
consistency of the representation of different forms within a flora and that it can be used 
to show gradual geographic variation. 
 
Steneck and Dethier (1994) suggested that using functional form for studies of algal 
communities showed greater stability and predictability than studies at the species level. 
It was suggested that while there might be changes from one sampling occasion to 
another in the detailed list of species present, the changes would generally act so as to 
preserve the balance in the community between the different functional groups.  This 
was supported by Tobin et al (1999) working on shores in Yorkshire. Wells (2002) 
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found in quarterly surveys on shores in Orkney and monthly surveys at Joppa and 
Granton in the Firth of Forth that the use of functional groups did not completely 
eliminate seasonal change in the representation of the floral composition. 
 
Table 4.21 The percentage of species within each functional form group for 5 different 
geographic regions (from Littler et al (1983)). 
 
Functional form groups East 

Greenland 
Isle of 
Man 

Digby 
Neck 

Country? 

Southern 
France 

Gulf of 
Mexico 

Unicellular 2.1 1.2 2.1 0.0 0.0 
Foliose 17.9 14.7 16.4 13.3 11.5 
Filamentous 37.9 45.7 45.0 42.1 49.3 
Coarsely branched 12.6 26.4 15.0 23.8 24.3 
Thick and leathery 12.6 5.0 8.6 2.1 3.8 
Jointed calcareous 0.0 0.8 0.7 6.3 7.3 
Crustose 16.8 6.2 12.1 12.5 4.1 

 
 
Wells (2002) devised a new functional group system largely based on that of Littler et 
al (1983), changed slightly to represent the full range of species present (Table 4.22). 
The species lists given in this report consist of a large proportion of filamentous forms. 
Therefore it was necessary to distinguish particular characteristics that would enable the 
species to be separated into smaller groups. The former functional group of unicellular 
algae, proposed by Littler et al (1983) was changed to include epiphytic, endophytic, 
epizoic and endozoic algae. These species are generally microscopic and require the 
presence of a host species, so are different from the other filamentous forms. The larger 
filamentous species were then split into two groups; fine uniseriate forms and 
multiseriate or corticate forms. This increased the number of functional groups from 7 
(Littler et al, 1983) to 8.  
 
Some species may overlap two functional groups. In such instances the functional form 
displayed most frequently by a species will be considered. An example of this is 
demonstrated by Ectocarpus species. Although these are uniseriate, fine filamentous 
forms they can also be epiphytic. Not commonly known as epiphytes these species 
would be assigned to functional group 3.  
Using Wells’ revised functional group classification in Table 4.22 the species 
recordings in Appendix 3 were used to produce functional group spectra (the 
distribution of species richness between functional groups) for Scottish and 
Northumbrian shores. 
 
The classification of species into functional groups is shown in Table 4.23. Appendix 4 
shows the distribution of the flora at each site into functional groups both by number of 
species and by the percentage of the species in each functional group. Tables 4.17 and 
4.18 shows the same features averaged out for different types and ecoregions.  Table 
4.23 shows the functional group allocation and Ecological status Group allocation of 
species in line with how many shores on which each species was found. 
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Table 4.22. Functional groups and characteristics used by Wells (2002) adapted from Littler et 
al (1983) 
 
Functional 

group 
Group characteristics 

 
Examples 

G1 Unicellular and epiphytic, endophytic, 
epiphytic and endophytic forms 

Audouinella, Elachista, 
Epicladia 

G2 Foliose, thin, membranous and sheet-
like forms 

Ulva, Petalonia, Porphyra, 
Scytosiphon 

G3 Uniseriate filamentous forms Griffithsia, Cladophora, 
Ectocarpus 

G4 Multiseriate and/or corticated 
filamentous forms 

Ceramium, Polysiphonia 

G5 Coarsely branched and highly corticate 
forms 

Laurencia, Chondrus, 
Mastocarpus 

G6 Thick, leathery and cartilaginous forms Fucus, Laminaria, Pelvetia 
G7 Jointed calcareous forms Corallina 
G8 Crustose forms 

 
Phymatolithon, Lithothamnion, 
Hildenbrandia 

 
 
Table 4.23.  The allocation to functional groups and ecological status groups of species from 
Scotland and Northumberland in Appendix 3. 
 

MCS 
Reference 

number 

Name of species as given in the  
MCS Species Directory.  

(Guiry, 1997) 

Functional 
Group 

Ecological 
Status Group 

Number of shores  
on which species  

was recorded 

 CHLOROPHYTA    
ZS81 Acrochaete repens 1 2 3 
ZS144 Blidingia marginata 2 2 7 
ZS145 Blidingia minima 2 2 31 
ZS83 Bolbocoleon piliferum 1 2 13 
ZS230 Bryopsis hypnoides 3 2 14 
ZS232 Bryopsis plumosa 3 2 21 
ZS148 Capsosiphon fulvescens 2 2 3 
ZS192 Chaetomorpha linum 3 2 25 
ZS194 Chaetomorpha melagonium 3 2 45 
ZS193 Chaetomorpha mediterranea 3 2 37 

ZS8 Chlorochytrium cohnii 1 2 3 
ZS197 Cladophora albida 3 2 20 
ZS200 Cladophora dalmatica 3 2 2 
ZS201 Cladophora flexuosa 3 2 1 
N/A Cladophora glomerata 3 2 1 

ZS203 Cladophora hutchinsiae 3 2 1 
ZS204 Cladophora laetivirens 3 2 4 
ZS208 Cladophora pellucida 3 2 3 
ZS209 Cladophora prolifera 3 2 1 
ZS212 Cladophora rupestris 3 2 63 
ZS213 Cladophora sericea 3 2 29 
ZS195 Cladophora sp. 3 2 1 
ZS249 Codium fragile spp. atlanticum 5 2 34 
ZS249 Codium fragile spp. tomentosoides 5 2 6 

Continued on next page 
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Table 4.23 continued 
* Codiolum phases 1 2 21 
** Codiolum phases (Shell Boring) 1 2 5 

 
ZS250 Codium tomentosum 5 2 4 
ZS151 Enteromorpha clathrata 2 2 4 
ZS152 Enteromorpha compressa 2 2 28 
ZS154 Enteromorpha flexuosa 2 2 3 
ZS156 Enteromorpha intestinalis 2 2 62 
ZS160 Enteromorpha linza 2 2 25 
ZS162 Enteromorpha muscoides 2 2 3 
ZS165 Enteromorpha prolifera 2 2 22 
ZS167 Enteromorpha ralfsii 2 2 1 
ZS149 Enteromorpha sp. 2 2 6 
ZS93 Entocladia flustrae 1 2 15 
ZS96 Entocladia perforans 1 2 28 
ZS98 Entocladia viridis 1 2 13 
ZS55 Eugomontia sacculata 1 2 12 
ZS45 Gomontia polyrhiza 1 2 1 
ZS49 Monostroma grevillei 2 2 8 
ZS50 Monostroma obscurum 2 2 1 
ZS51 Monostroma oxyspermum 2 2 7 
ZS48 Monostroma sp. 2 2 11 
ZS237 Ostreobium quekettii 1 2 7 
ZS173 Percusaria perscursa 5 2 8 
ZS76 Phaeophila dendroides 1 2 2 
ZS27 Prasiola crispa 2 2 1 
ZS28 Prasiola stipitata 2 2 31 
ZS108 Pringsheimiella scutata 1 2 3 
ZS112 Pseudendoclonium submarinum 8 1 3 
ZS217 Rhizoclonium sp. 3 2 9 
ZS218 Rhizoclonium tortuosum 3 2 28 
ZS32 Rosenvingiella polyrhiza 4 2 6 
ZS40 Spongomorpha aeruginosa 1 2 28 
ZS41 Spongomorpha arcta 3 2 43 
ZS17 Sykidion moorei 1 2 11 
ZS124 Tellamia contorta 1 2 1 
ZS125 Tellamia intricata 1 2 22 
ZS63 Ulothrix flacca 1 2 21 
ZS64 Ulothrix implexa 1 2 5 
ZS65 Ulothrix palusalsa 1 2 17 
ZS66 Ulothrix speciousa 1 2 4 
ZS179 Ulva lactuca 2 2 69 
ZS182 Ulva rigida 2 2 7 
ZS71 Urospora penicilliformis 3 2 14 

PHAEOPHYTA    
ZR6 Acinetospora crinita 3 2 3 

ZR211 Acrothrix gracilis 4 2 2 
ZR341 Alaria esculenta 6 1 71 
ZR375 Ascophyllum nodosum 6 1 73 
ZR163 Asperococcus bullosus 5 2 5 
ZR164 Asperococcus compressus 5 2 3 
ZR165 Asperococcus fistulosus 5 2 50 
ZR170 Chilionema ocellatum 1 2 1 
ZR346 Chorda filum 5 2 44 
ZR214 Chordaria flagelliformis 5 2 59 
ZR217 Cladosiphon zosterae 1 2 1 
ZR286 Cladostephus spongiosus 5 2 57 

Continued on next page 
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Table 4.23 continued 

ZR184 Colpomenia peregrina 2 2 13 
ZR241 Corynophloea crispa 1 2 1 
ZR271 Culteria multifida 2 2 10 
ZR368 Cystoseira nodicaulis 6 1 2 
ZR370 Cystoseira tamariscifolia 6 1 2 
ZR334 Desmarestia aculeata 5 2 42 
ZR336 Desmarestia ligulata 5 2 13 
ZR337 Desmarestia viridis 5 2 30 
ZR141 Dictyosiphon chordaria 5 2 8 
ZR143 Dictyosiphon foeniculaceus 5 2 47 
ZR313 Dictyota dichotoma 2 2 45 
ZR17 Ectocarpus fasciculatus 3 2 52 
ZR18 Ectocarpus siliculosus 3 2 51 
ZR86 Elachista flaccida 1 2 18 
ZR87 Elachista fucicola 1 2 72 
ZR90 Elachista scutulata 1 2 19 
ZR20 Endodictyon infestans 3 2 1 

ZR219 Eudesme virescens 5 2 28 
ZR24 Feldmannia irregularis 1 2 1 
ZR28 Feldmannia simplex 1 2 3 

ZR377 Fucus ceranoides 6 1 9 
ZR380 Fucus distichus 6 1 8 
ZR382 Fucus serratus 6 1 83 
ZR383 Fucus spiralis 6 1 77 
ZR384 Fucus vesiculosus 6 1 83 
ZR372 Halidrys siliquosa 6 1 59 
ZR305 Halopteris filicina 4 2 1 
ZR174 Hecatonema foecundum 1 2 1 
ZR174 Hecatonema maculans 1 2 13 
ZR35 Herponema velutinum 1 2 11 

ZR389 Himanthalia elongata 6 1 61 
ZR37 Hincksia fenestrata 1 2 1 
ZR38 Hincksia granulosa 1 2 12 
ZR39 Hincksia hincksiae 1 2 16 
ZR43 Hincksia sandriana 1 2 1 
ZR44 Hincksia secunda 1 2 1 
ZR36 Hincksia sp. 1 2 1 

ZR200 Isthmoplea sphaerophora 4 2 9 
ZR350 Laminaria digitata 6 1 79 
ZR351 Laminaria hyperborea 6 1 69 
ZR354 Laminaria saccharina 6 1 76 
ZR52 Laminariocolax tomentosides 1 2 1 

ZR245 Leathesia difformis 5 2 68 
ZR95 Leptonematella fasculata 1 2 2 

ZR151 Litosiphon laminariae 1 2 50 
ZR223 Mesogloia lanosa 5 2 1 
ZR225 Mesogloia vermiculata 5 2 11 
ZR115 Microspongium globsum 8 1 8 
ZR54 Mikrosyphar polysiphoniae 1 2 3 
ZR55 Mikrosyphar porphyrae 1 2 3 

ZR253 Myriactula haydenii 1 2 1 
ZR254 Myriactula rivulariae 1 2 1 
ZR255 Myriactula stellulata 1 2 1 
ZR118 Myrionema corunnae 1 2 2 
ZR121 Myrionema magnusii 1 2 1 

Continued on next page 
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Table 4.23 continued 
ZR124 Myrionema strangulans 1 2 18 
ZR154 Myriotrichia clavaeformis 4 2 23 
ZR386 Pelvetia caniculata 6 1 77 
ZR187 Petalonia fascia 2 2 37 
ZR189 Petalonia zosterifolia 2 2 2 
ZR99 Petroderma maculiforme 8 1 8 

ZR258 Petrospongium berkeleyi 8 1 1 
ZR60 Pilayella littoralis 3 2 62 
ZR61 Pilayella varia 3 2 1 

ZR128 Protectocarpus speciosus 1 2 6 
ZR101 Pseudolithoderma extensum 8 1 8 
ZR179 Punctaria latifolia 2 2 4 
ZR180 Punctaria plantaginea 2 2 6 
ZR181 Punctaria tenuissima 2 2 4 
ZR191 Ralfsia verrucosa 8 1 39 
ZR359 Saccorhiza polyschides 6 1 17 
ZR231 Sauvageaugloia griffithsiana 4 2 1 
ZR194 Scytosiphon lomientaria 2 2 73 
ZR104 Sorapion kjellmanii 1 2 1 
ZR105 Sorapion simulans 1 2 1 
ZR261 Spermatochnus paradoxus 5 2 2 
ZR291 Sphacelaria cirrosa 4 2 35 
ZR292 Sphacelaria fusca 4 2 22 
ZR293 Sphacelaria mirabilis 4 2 1 
ZR294 Sphacelaria nana 4 2 15 
ZR295 Sphacelaria plumigera 4 2 5 
ZR296 Sphacelaria plumosa 4 2 10 
ZR297 Sphacelaria plumula 4 2 2 
ZR299 Sphacelaria radicans 4 2 21 
ZR233 Sphaerotrichia divaricata 5 2 1 
ZR66 Spongonema tomentosum 5 2 35 

ZR203 Stictyosiphon griffithsianus 4 2 5 
ZR205 Stictyosiphon tortillis 4 2 4 
ZR196 Stragularia clavata 8 1 19 
ZR72 Streblonema fasciculatum 1 2 1 
ZR78 Streblonema sphaericum 1 2 1 

ZR130 Ulonema rhizophorum 1 2 9 
ZR83 Waerniella lucifuga 4 2 3 

RHODOPHYTA    
ZM473 Aglaothamnion byssoides 3 2 6 
ZM479 Aglaothamnion hookeri 4 2 30 
ZM483 Aglaothamnion roseum 3 2 0 
ZM484 Aglaothamnion sepositum 3 2 46 
ZM186 Ahnfeltia plicata 5 2 57 
ZM490 Antithamnion cruciatum 3 2 3 
ZM489 Antithamnion sp. 4 2 1 
ZM496 Antithamnionella floccosa 4 2 1 
ZM586 Apoglossum ruscifolium 4 2 11 
ZM143 Asparagopsis armata 4 2 6 
ZM70 Audouinella alariae 1 2 9 
ZM74 Audouinella bonnemaisoniae 1 2 1 
ZM83 Audouinella concrescens 1 2 8 
ZM85 Audouinella daviesii 1 2 27 
ZM88 Audouinella endophytica 1 2 1 
ZM89 Audouinella endozoicum 1 2 1 
ZM93 Audouinella infestans 1 2 2 

Continued on next page 
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Table 4.23 continued 
ZM100 Audouinella membranacea 1 2 7 
ZM106 Audouinella parvula 1 2 1 
ZM110 Audouinella purpurea 3 2 36 
ZM115 Audouinella secundata 1 2 17 
ZM69 Audouinella sp. 1 2 9 
ZM122 Audouinella virgatula 1 2 11 
ZM52 Bangia atropurpurea 1 2 12 
ZM623 Boergeseniella fruticulosa 4 2 6 
ZM624 Boergeseniella thuyoides 4 2 2 
ZM146 Bonnemaisonia asparagoides 4 2 3 
ZM148 Bonnemaisonia hamifera 4 2 26 
ZM626 Bostrychia scorpiodes 5 2 1 
ZM628 Brongniartella byssoides 4 2 14 
ZM319 Calliblepharis ciliata 5 2 1 
ZM502 Callithamnion corymbosum 3 2 4 
ZM503 Callithamnion granulatum 3 2 5 
ZM501 Callithamnion sp. 4 2 1 
ZM505 Callithamnion tetragonum 4 2 11 
ZM367 Callocolax neglectus 5 2 6 
ZM369 Callophyllis cristata 5 2 4 
ZM370 Callophyllis lacinata 5 2 45 
ZM304 Catenella caespitosa 5 2 26 
ZM511 Ceramium ciliatum 4 2 7 
ZM514 Ceramium deslongchampii 4 2 1 
ZM515 Ceramium diaphanum 4 2 14 
ZM516 Ceramium echionotum 4 2 3 
ZM518 Ceramium gaditanum 4 2 8 
ZM519 Ceramium nodulosum 4 2 81 
ZM522 Ceramium shuttleworthanium 4 2 65 
ZM507 Ceramium sp. 4 2 1 
ZM524 Ceramiun strictum 4 2 8 
ZM632 Chondria dasyphylla 5 2 3 
ZM309 Choreocolax polysiphoniae 1 2 7 
ZM345 Chondrus crispus 4 2 91 
ZM449 Chylocladia verticillata 4 2 13 
ZM395 Coccotylus truncata 5 2 18 
ZM204 Corallina elongata 7 1 4 
ZM205 Corallina officinalis 7 1 83 

*** Conchocelis phases 1 2 3 
ZM315 Cruoria pellita 8 1 16 
ZM592 Cryptopleura ramosa 5 2 60 
ZM322 Cystoclonium purpureum 4 2 66 
ZM594 Delesseria sanguinea 2 2 65 
ZM328 Dilsea carnosa 5 2 57 
ZM332 Dumontia contorta 4 2 74 
ZM30 Erythrocladia irregularis 1 2 6 
ZM399 Erythrodermis trailii 1 2 29 
ZM35 Erythrotrichia carnea 1 2 36 
ZM337 Furcellaria lumbricalis 5 2 51 
ZM451 Gastroclonium ovatum 5 2 8 
ZM157 Gelidium crinale 5 2 23 
ZM158 Gelidium latifolium 5 2 7 
ZM160 Gelidium pusillum 5 2 17 
ZM156 Gelidium sp. 5 2 4 
ZM352 Gloiosiphonia capillaris 5 2 1 
ZM604 Gonimophyllum buffhamii 8 1 1 

Continued on next page 
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Table 4.23 continued 
ZM433 Gracilaria gracilis 3 2 14 
ZM533 Griffithsia corallinoides 5 2 5 
ZM361 Haemescharia hennedyi 8 1 1 
ZM339 Halarachnion ligulatum 5 2 2 
ZM538 Halurus equisetifolius 5 2 3 
ZM539 Halurus flosculosus 5 2 35 
ZM608 Haraldiophyllum bonnemaisonii 5 2 3 
ZM311 Harveyella mirabilis 4 2 2 
ZM135 Helminthora divaricata 5 2 1 
ZM581 Heterosiphonia plumosa 4 2 15 
ZM191 Hildenbrandia crouanii 8 1 8 
ZM192 Hildenbrandia rubra 8 1 30 
ZM211 Hydrolithon sp. 8 1 4 
ZM610 Hypoglossum hypoglossoides 4 2 17 
ZM220 Jania rubens 7 1 1 
ZM372 Kallymenia reniformis 2 2 3 
ZM642 Laurencia obtusa 5 2 6 
ZM231 Lithophyllum incrustans 8 1 17 
ZM233 Lithophyllum orbiculatum 8 1 3 
ZM235 Lithothamnia sp. 8 1 15 
ZM237 Lithothamnion glaciale 8 1 18 
ZM243 Lithothamnion sonderi 8 1 1 
ZM455 Lomentara articulata 5 2 72 
ZM456 Lomentaria clavellosa 5 2 40 
ZM458 Lomentaria orcadensis 5 2 10 
ZM405 Mastocarpus stellatus 5 2 80 
ZM175 Meiodiscus spetsbergensis 1 2 2 
ZM246 Melobesia membranacea 8 1 10 
ZM612 Membranoptera alata 4 2 78 
ZM374 Meredithia microphylla 5 2 1 
ZM248 Mesophyllum lichenoides 8 1 2 
ZM139 Nemalion helminthoides 5 2 14 
ZM614 Nitophyllum punctatum 5 2 15 
ZM649 Odonthalia dentata 5 2 62 
ZM651 Osmundea hybrida 5 2 39 
ZM653 Osmundea pinnatifida 5 2 66 
ZM170 Palmaria palmata 5 2 76 
ZM386 Peyssonnelia dubyi 8 1 8 
ZM387 Peyssonnelia harveyana 8 1 2 
ZM389 Peyssonnelia rubra 8 1 5 
ZM616 Phycodrys rubens 2 2 68 
ZM407 Phyllophora crispa 5 2 45 
ZM409 Phyllophora pseudoceranoides 5 2 48 
ZM255 Phymatolithon calcareum 8 1 17 
ZM256 Phymatolithon laevigatum 8 1 7 
ZM258 Phymatolithon lenormandii 8 1 32 
ZM547 Pleonosporium borreri 1 2 10 
ZM443 Plocamium cartilagineum 5 2 68 
ZM551 Plumaria plumosa 4 2 50 
ZM417 Polyides rotundus 5 2 37 
ZM656 Polysiphonia atlantica 4 2 10 
ZM657 Polysiphonia brodiei 4 2 49 
ZM659 Polysiphonia denudata 4 2 4 
ZM661 Polysiphonia elongata 4 2 31 
ZM664 Polysiphonia fibrata 4 2 7 
ZM665 Polysiphonia fibrillosa 4 2 11 

Continued on next page 
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Table 4.23 continued 
ZM667 Polysiphonia fucoides 4 2 43 
ZM671 Polysiphonia lanosa 4 2 57 
ZM672 Polysiphonia nigra 4 2 10 
ZM655 Polysiphonia sp. 4 2 2 
ZM679 Polysiphonia stricta 4 2 56 
ZM58 Porphyra leucosticta 2 2 37 
ZM59 Porphyra linearis 2 2 5 
ZM60 Porphyra miniata 2 2 8 
ZM62 Porphyra purpurea 2 2 19 
ZM53 Porphyra spp. 2 2 6 
ZM64 Porphyra umbilicalis 2 2 63 
ZM42 Porphyropsis coccinea 2 2 1 
ZM45 Porphyrostromium boryana 1 2 1 
ZM46 Porphyrostromium ciliare 1 2 2 
ZM685 Pterosiphonia parasitica 4 2 25 
ZM554 Pterothamnion plumula 3 2 13 
ZM556 Ptilota gunneri 4 2 59 
ZM558 Ptilothamnion pluma 4 2 10 
ZM690 Rhodomela confervoides 4 2 49 
ZM691 Rhodomela lycopodioides 4 2 23 
ZM324 Rhodophyllis divaricata 5 2 13 
ZM177 Rhodophysema elegans 8 1 2 
ZM182 Rhodothamniella floridula 3 2 42 
ZM467 Rhodymenia phylloides 5 2 1 
ZM468 Rhodymenia pseudopalmata  5 2 25 
ZM420 Schizymenia dubyi 5 2 2 
ZM124 Schmitziella endophlaea 8 1 1 
ZM129 Scinaia furcellata 5 2 1 
ZM567 Spermothamnion repens 3 2 8 
ZM566 Spermothamnion spp. 3 2 2 
ZM428 Sphaerococcus coronopifolius 5 2 1 
ZM274 Titanoderma corallinae 8 1 2 
ZM279 Titanoderma pustulatum 8 1 15 
ZM272 Titanoderma sp. 8 1 4 

 
 
 
The following conclusions from these tables are tentative. Further analysis is required.  
 

• It seems that all functional groups are present at almost all sites so the presence 
of functional groups alone does not provide a way of characterising a seaweed 
flora – unless the absence of particular functional groups was taken as an 
indicator of less than good ecological quality. 

• The numbers of species in each functional group is not informative since the 
total species number can vary greatly between shores. 

• The percentages of the species present in each functional group will be more 
informative about community composition. Appendix 4 seems to show that the 
relative proportions of the different functional groups, while not identical 
between sites, are relatively constant. It might be that limits could be set on the 
likely proportions of each group on a shore of good ecological quality.  

• There is also a relative constancy of the proportions between types and 
ecoregions in Tables 4.17 and 4.18.  The lower values for Group 1 in some areas 
could be accounted for by their obscure nature since they are microscopic 
filaments which might be overlooked in some surveys. 
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• The supposed benefit of using functional groups is avoidance of the need to be 
able to identify to species level. If it is important to know the relative 
proportions of each functional group in a flora, rather than just the presence of 
any forms from each group, there is still the problem of being able to tell how 
many species there are in a sample, even if they cannot be named. 

 
There are some problems in the use of functional groups. Group 7 is for jointed 
coralline algae. At Scottish latitudes there would normally only be one such species on a 
shore (Corallina officinalis) although there may be more in warmer water floras. The 
allocation of some species to functional groups is difficult. The case of Ectocarpus, 
already referred to, is an example of this difficulty which applies to many more foliose 
and filamentous species. Life cycles which contain 2 morphologically dissimilar phases 
present a problem. Just some examples are (i) Unicellular Codiolum phases (group 1) 
occur in the life cycles of filamentous green algae that belong to other groups such as 
Spongomorpha in group 3 (ii) The red crust Petrocelis cruenta (group 8) is now 
regarded as a basal portion of Mastocarpus stellatus (Group 5)  (iii) Erythrodermis 
traillii is known as a microscopic epiphyte (group 1) but is also crustose (group 8) and 
is a stage in the life cycle of the entity formerly known as Phyllophora traillii (Group 
5). Sometimes species recordings distinguish the morphological phase that was found in 
a life-cycle while on other occasions they do not. 
 
 
(c) Ecological Status Groups 
 
As explained earlier these are the two categories into which Mediterranean seaweeds 
were divided for work on classification for the WFD in Greece. They are a crude 
division into annual species and perennial species. In the Greek system, it is intended 
that they shall be used along with abundance data from quadrat surveys to work out the 
relative abundance of the two ESG’s. Reference to a 2-dimensional matrix of values of 
mean abundance (%) of ESG I and ESG II leads to cells in the matrix on which the 
classification of the site is given. For high ecological quality there requires to be a high 
% abundance of ESG I (perennials) and a low % abundance of ESG II (annuals). This is 
summarised in Table 4.24. The basic idea behind this is that opportunist species, which 
are more likely to be short-lived species (ESG II), dominate when there are disturbed 
situations. Again it is related to the idea of macroalgal blooms, particularly stimulated 
by nutrients, which are a greater problem in some other European countries.  
 
 
Table 4.24. The Greek system of classification of shores based on the composition by 
percentage abundance of seaweed communities of two Ecological Status Groups. 
 
 Mean abundance (%) of ESG I 
Mean abundance 
(%) of ESG II 

0-30 >30-60 >60 

>60 bad low Moderate 
>30-60 low moderate Good 
0-30 moderate good High 
 
We cannot directly apply this in the way intended with our data since we only have 
species presence and absence data. It is possible to examine the percentage of different 
species present rather than the percentage abundance of species in the two ESG’s with 
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our data. Tables 4.17 and 4.18 present the mean numbers and percentages of species in 
each of the two ESG’s for each type in each ecoregion separately for both systems of 
typology. Table 4.19 shows that there are few statistically significant differences 
between these. Visual inspection of the data shows a remarkable consistency in the 
percentages. They are very close in most cases to 80% ESG II and 20% ESG I. If these 
could be directly interpreted using Table 4.24 all our sites would be classified as being 
of bad status. This is clearly an artefact of not using abundance data. This shows that the 
Greek approach cannot be used without abundance data. It also should be considered 
whether or not it is reasonable to divide the flora only into two ESG’s. Using the Greek 
approach with a direct conversion between the functional group categories and the 
ESG’s gives us the ranking of the Scottish species in Table 4.23. The climax group ESG 
I contains the very large species that will dominate a seaweed dominated shore, but 
ESG II contains a wide range of potentially sensitive species, not just those which are 
stimulated by disturbance and pollution. 
 
(d) So what numerical reference conditions can be applied to open coast rocky 
intertidal seashores based on seaweeds? 
 
The sections above lead to the following conclusions which apply to both ecoregions in 
Scotland and all types in those regions on both Phase 2 and Phase 3 typology. 
 

• It is not possible to specify particular sensitive species that should be always 
present on a shore as there is a regular turnover of the ephemeral component of 
the community and sensitivity data are unknown – if indeed they are even 
possible to construct. 

 
• Although the species richness of the intertidal seaweed community of rocky 

shores is regularly of a mean value of approximately 70 species in widely 
different geographical areas and over all types, when individual shores are 
considered it is likely to vary within such very wide limits (<40 to >100) so that 
a single reference value cannot be specified, and subsequent classification based 
on total species numbers would be difficult. 

 
• All shores of high ecological quality would have representatives of all three 

colour groups of seaweeds in the descending order of numerical species richness 
- red > brown > green. But the actual ratios of species in different colour groups 
to each other vary  within such wide limits for individual shores that no 
significant differences exist between different types or ecoregions. 

 
• Seaweed floras can be considered in terms of the composition of different 

functional forms. An open coast high ecological quality shore is likely to have 
representatives of all functional groups present. It is more difficult to specify 
numbers or proportions of species present that will be in particular groups but 
the most abundant categories in terms of species will normally be functional 
groups 4 and 5 ( of the particular functional group system used in this report) i.e. 
multiseriate and corticated filamentous forms and coarsely branched and highly 
corticated forms. 

 
• In terms of species numbers, shores of high quality are likely to regularly have 

about 80% of species in Ecological Status Group II (approximating to simply 
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structured annual species) and 20% of species in Ecological Status Group 2 
(approximating to perennial species). 

 
All the above numerical measures depend on full species identification, which may be a 
problem for workers not experienced with seaweeds. These conclusions are based on 
species presence/absence data and different conclusions might result if abundance data 
were taken into account. In particular the relative importance of ESG’s I and II should 
be reversed. 
 
None of the above measures give an impression of how a shore should actually appear 
in terms of dominant species, strata of vegetation and subordinate species. These vary 
widely over Scotland but are lost in the statistical treatment of species numbers. To 
counter this, descriptions of a representative range of high quality shores from around 
Scotland are given in Appendix 2. Reference conditions are proposed in section 7.3.2. 
Because the typopolgy does not accord with the biological types of intertidal rocky 
seashore, the reference conditions have been supplemented by descriptions of variations 
due to differences in wave exposure in section 7.3.3. These different wave exposure 
types of shore are all illustrated in Appendix 2.  
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4.2 Sublittoral seaweeds 
 
4.2.1 Introduction 
 
The dominant sublittoral seaweeds in the northeast Atlantic are kelps. These are large 
cartilaginous brown seaweeds that may individually reach lengths of several metres. 
The kelp forest is a dense stand of  kelp plants which occurs in the upper sublittoral (the 
infralittoral in the biotope terminology) while the kelp park is a more scattered 
population of kelps that occurs in deeper water than the forest (stretching into the upper 
circalittoral in biotope terminology). The park plants may actually be more robust than 
forest ones because of a better light climate due to the absence of self-shading. The 
depth to which the kelps penetrate is primarily determined by light penetration and so 
can be linked to turbidity of the water. However, the presence of sea urchins, which are 
aggressive grazers may limit the forest. Kelp forests are a biologically diverse 
community with many plant and animal species living in the shelter of the kelps. The 
dense canopy of the plants severely reduces light penetration to the seafloor and to the 
water column under the canopy. Therefore the climate of the forest is controlled by the 
dominant plants. The characteristic algae of the kelp forest live both on the rock surface 
but also on kelp stipes as epiphytes. Kelps are not the deepest growing algae. There are 
red seaweeds on the rock surfaces which may grow sporadically a little deeper but the 
deepest growing ones of all are shell-boring red and green species which penetrate 
through sublittoral calcareous shells of molluscs and tube-worms. Another sublittoral 
algal community is maerl beds. Maerl is the calcareous skeletons of some red coralline 
algae which break off and lie on the seabed. They are a mixture of dead and living 
pieces. 
 
4.2.2 Kelp species and depth distribution 
 
The kelp forest is a sublittoral community but the kelps extend upwards into the 
lowermost part of the intertidal zone. This narrow kelp fringe at the bottom of the shore, 
which is exposed by low water of spring tides and some neap tides, is termed the 
sublittoral fringe (or infralittoral fringe). On some types of shore it may have different 
kelp species than the main kelp forest. 
 
 One of the earliest descriptions of the kelp forest is that of Kitching (1941) from 
Western Scotland. The forest was dense from 1 to 6m depth but carried on to 12m with 
less dense plants. He coined the terms "forest" to mean the dense part, effectively a 
closed community where the canopy restricted light to the understorey, and "park" for 
the less dense deeper part, effectively an open community where the kelp canopy did 
not seriously interfere with light penetration. 
 
 Norton and Powell (1979) report that Laminaria hyperborea forests occur all 
around the south, west and north coasts of the Hebrides to a depth of 20m. Usually the 
lower limit would be set by light attenuation except where there is severe urchin grazing 
(Jones and Kain 1967), or where the substratum becomes unstable boulders, favouring 
L. saccharina. This role of light is shown by the reduction of the depth limit of the 
species from 30m to 9m along a gradient of increasing turbidity in Co. Cork (Edwards 
1980). Norton et al. (1977) found L. hyperborea at Lough Ine from 1 to 17.5 m depth, 
with the greatest density from 3 to 6m, plants becoming smaller and sparser with 
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reduced light deeper than 6m. They also thought that at the top of this range, in shallow 
water, turbulence would remove older, large plants.  
 
L. digitata has a more flexible stipe than L. hyperborea which helps to adapt it to the 
area around low water mark (Kain 1979). It also tends to dominate in shallower water in 
sheltered areas (Kain 1962). Similarly the flexible stipe of L. saccharina enables it to 
survive better on less stable boulder substrate. L. hyperborea is restricted to solid 
bedrock in the sublittoral, below the sublittoral fringe, and prefers a degree of wave 
action. 
 
The dominant species in the kelp forest is Laminaria hyperborea in most situations. It is 
replaced in the upper sublittoral and sublittoral fringe by Alaria esculenta under 
conditions of very severe exposure. On many exposed shores there is a mixture of 
Alaria and L.hyperborea in the shallow sublittoral with Alaria dominating the 
sublittoral fringe. Most shores are of intermediate exposure and the characteristic here is 
for the sublittoral forest to be composed almost entirely of L.hyperborea but with 
L.digitata alone in the sublittoral fringe and mixed in the top part of the sublittoral 
forest. Under sheltered conditions, L.saccharina becomes important, either as a kelp 
forest species deeper than a shallow hyperborea/digitata community, or in extreme 
shelter as the only kelp both in the kelp forest and on the sublittoral fringe. This shelter 
with L.saccharina occurs in sealochs (which are dealt with as transitional waters in this 
report) but may also occur on the open coast in extremely sheltered situations. This is 
summarised in the diagram in Fig 4. 
 

 
 
Figure 4.9  The depth zonation and relation to exposure of kelp forests at various sites around 
Scotland. (from Scott (1993)). 
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 L. hyperborea competes with L. saccharina, L. digitata and Saccorhiza 
polyschides, the other major kelps in Britain which dominate different conditions of 
exposure and stability as described earlier. The early stages of all four have similar light 
intensity requirements (Kain 1965, 1969), and can establish together. However 
Saccorhiza and L. saccharina photosynthesize faster (Kain, Drew & Jupp 1975). 
Saccorhiza is an opportunist with faster growth and shorter life-span (Kain 1969). 
Therefore in a cleared area Saccorhiza can develop and overshadow L. hyperborea 
(Kain 1975) but this situation only lasts 1 year. Saccorhiza is an annual and in the 2nd 
year L. hyperborea overshadows it and re-establishes the forest except in those 
situations which favour L. saccharina (mobile substrata) and L. digitata (sublittoral 
fringe). 
 
So far this account suggests that light determines forest depth. This is not always so. 
Jones and Kain (1967) found an area in the Isle of Man where it only penetrated to 3m 
depth below which were dense urchins, Echinus esculentus. They removed the urchins 
monthly for 3 years (3000 in total!). After 1 year there were 22 Laminaria sporelings 
per m2 on the cleared strip and 2-3 year old plants were established by the end of the 
experiment. Grazing urchins determined the lower limit in this case. Generally light 
determines the lower limit where Echinus is not dominant (Kain 1971). In the 
experimental area Echinus had a density of 5m-2. In many other forests Echinus density 
is only about 1m-2 (Kain 1979) which does not pose a threat. Mann (1982) considers 
that urchins and kelps can live in harmony provided the urchin's predators are not 
removed. However, while urchins may not necessarily remove the main kelp forest, in 
some areas they can prevent the deeper formation of a kelp park (Birkett et al 1998a). 
 
The forest/park boundary occurs at the depth where irradiance is reduced to 2-7% of 
surface level (Luning & Dring 1979). The depth limits to which kelps have been 
recorded around Scotland (including the kelp park) are shown in Table 4.25.   
 
Table 4.25 shows the variability of the depth of kelp penetration around the coast. Three  
main factors affecting this depth are (i) the availability of suitable substrata throughout 
the depth range, (ii) grazing by limpets, and (iii) the turbidity of the water column. 
Assuming that hard rocky substrata are available throughout the photic zone, the 
principal factor will be light pentration as influenced by the turbidity of the water. 
Coastal water turbidity has been highlighted as a factor of concern in nature 
conservation by English Nature (Parr et al, undated). They report some coastal areas 
where turbidity has significantly changed and recommend that there should be a 
national programme of biological measurement of water clarity based on measuring the 
depth limit of macroalgal penetration. They base this on the work of Lumb (1989 and 
1990) in the Menai Straits and L.digitata is proposed as the indicator organism. Such a 
survey would be very useful in implementing the WFD but the choice of L.digitata is 
not appropriate owing to its restricted depth distribution as already shown. 
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Table 4.25  Selected values of the maximum depth of kelp penetration at various locations 
around the Scottish coast in relation to the draft typology. (These values are not necessarily 
always the lower limit of the kelp forest, but of the plants themselves. Co Durham is included to 
give a comparison with a turbid, polluted area.) 
 

Location Depth 
(m) 

Phase 2 
typology

Phase 3 
typology

Source of data 
 

Girvan 11 2 1 Walker & Richardson 1955 
Bute  5 2 1 Kain 1962 
Cumbrae 10 2 1 Kain 1962 
Carsaig  15 2 1 Kitching 1941 
Torridon >20 2 5 Kain 1962 
Outer Hebrides 20 1 & 2 1 & 4 Norton & Powell 1979 
Outer Loch Roag 
(Lewis) 

23 1 1 Dipper 1983 

St Kilda >47 1 4 MNCR data in Birkett et al 
1998a 

Rockall >35 1 1 Scott 1993 
Orkney >18 2 & 3 1, 2 & 4 Walker 1950 
Shetland 30 1 1 Tittley (pers comm.) in Birkett 

et al 1998a 
Fraserburgh 18 1 1 Walker & Richardson 1955 
Dunbar 13 2 4 Walker & Richardson 1955 
St Abbs 17 2 4 Earll 1982 
mid Northumberland 10 1 & 2 1 & 2 Whittick 1969 
Co. Durham 3 2 1  Whittick 1969 
 
 
In Table 4.25 the low depth of penetration in Co Durham was believed to be due to high 
turbidity resulting from the discharge of solid coal mining waste into the sea.  In areas 
of naturally extremely high turbidity, such as the inner Bristol Channel, the kelp zone 
may even be completely absent. The greatest depths in Table 4.25 are in what would be 
assumed to be the areas of highest ecological quality on the Scottish west coast. If it is 
not possible (see following section) to devise a species list that would provide reference 
conditions for sublittoral seaweeds, the depth of macroalgal penetration may do so. 
There does not seem to be any particular correlation with the draft typology. This could 
reflect the lack of data and emphasise the need for a survey as suggested by Parr et al 
and Lumb (above). It accords with the draft typology report (SNIFFER 2003) in that it 
was difficult to find a correlation between the typology and biological data (as 
represented by the MNCR biotope records). 
 
4.2.3 Sublittoral seaweed species 
 
The main presence of seaweeds in the sublittoral occurs in two way: (i) epiphytes on the 
forest-forming kelp plants, (ii) on the rock surface either under the shadow of the kelp 
canopy or on the open rock deeper than the kelp forest. In this we are ignoring the much 
greater depth penetration by the obscure shell-boring algae, such as Ostreobium and the 
Conchocelis-phase of Porphyra, which can survive at tiny irradiance levels and 
penetrate even deeper than 100m (e.g. Clokie & Boney 1980). 
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Some aspects of the subsidiary flora can be generalised but for others there is not the 
same detailed knowledge as for the intertidal. Lewis (1964) has summarised the main 
understorey species in the sublittoral fringe and upper sublittoral which are very 
widespread.  Where Alaria is the dominant kelp there is a very characteristic continuous 
understorey of lithothamnia (crustose coralline algae). Alaria itself normally has very 
few epiphytes. The Alaria belt tends to have fewer subordinate species than a 
Laminaria belt because of the severe wave action that favours Alaria.   
 
There is not a clear transition with reduced wave action to Laminaria shores but it is 
convenient to treat them separately. However in between the two there will be shores 
with a sizeable Laminaria forest but with an Alaria belt around the low water mark 
where the wave effects are greatest. 
 
When Laminaria hyperborea is dominant, as opposed to Alaria, there are more 
subordinate species. There can be a L.digitata belt around the low water mark above the 
L.hyperborea forest. This can include other kelps. There can be a L.digitata belt around 
the low water mark above the L.hyperborea forest. Sacchorhiza is a summer annual 
kelp which is often only localized. The main species of the understorey near the low 
water mark are Corallina, lithothamnia and Mastocarpus in much greater abundance 
than with Alaria. Lewis lists 23 species of smaller algae (20 red, 2 brown and 1 green), 
which he believes to be widespread in the kelp forest. 
 
Other authors also provide lists of common species. Birkett et al (1998a) list 18 
common red understorey species in the Inner Hebrides of which 8 also occur in 
southeast Scotland. Of the 18 species, 11 are in common with Lewis’ list. Earll (1982) 
lists 11 species for Berwickshire which are all in these other lists. Tittley & Farnham 
(2001) provide a list for Sullom Voe in Shetland of 20 epiphyte species on Laminaria 
hyperborea, 4 species on bedrock only and 5 on both. About half of these are not in 
common with the other lists.  All these lists are only of a few common species. Data are 
insufficient to come up with definitive lists. The likelihood is that full lists would show 
the same problem as intertidal lists – that ephemeral species come and go on various 
timescales. In three surveys over 20 years at one site in Shetland, Tittley and Farnham 
found 57 species of which only 20 were common to the three sampling occasions. They 
also found large variations over the 20 years in the abundance of the subsidiary kelps 
such as L. saccharina but more stability with L. hyperborea. 
 
The other main habitat in the kelp forest for algae is as epiphytes on the kelp stipes. 
This refers mainly to L.hyperborea as the other species of Laminaria and Alaria and 
Sacchorhiza have smooth surfaces. The epiphytes on L.hyperborea are mainly restricted 
to the stipes and the species vary with the canopy, water depth and  density of kelp 
plants. The kelp stipe habitat is a regular feature that allows collection of a variety of 
sublittoral species.  From St Abbs Whittick has listed 4 species in particular which are 
probably very widespread:  Palmaria, Ptilota, Membranoptera and Phycodrys.  They 
show a zonation on the stipe and with depth in the water column.  Palmaria is only 
found to 2m depth and  Ptilota to 10 m, but Membranoptera  and Phycodrys go all the 
way to the bottom of the kelp zone. Palmaria and Ptilota are restricted to the upper 
stipe, when present, and Membranoptera and Phycodrys to the basal part. In deeper 
water the latter two occupy the whole stipe when Palmaria and Ptilota are not present. 
Just as there are many other species on the open rock in kelp forest, so there are also 
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many other species of epiphyte on kelp stipes, but full species lists are not as common 
as for the intertidal. 
 
Maerl beds (Birkett et al 1998b) tend to occur in places where the loose maerl can 
accumulate on the seabed. This means that they are found away from the kelp forest and 
so provide algal cover in sedimentary habitats. In Scotland they are dominated by two 
species Lithothamnion glaciale and Phymatolithon calcareum which can also occur as 
attached forms on bedrock shores. In Scotland they have been recorded to 25m depth. In 
addition to the maerl species, Birkett et al list 38 other species of epiflora for Scottish 
waters, mainly small red seaweeds. Although maerl is regarded as being of very high 
conservation value, it has a restricted distribution so it is not proposed that it should 
figure in reference conditions. 
 
4.2.4 Conclusions about sublittoral seaweed reference conditions. 
 
At one level of consideration it is possible to say that there are really universal features 
of the sublittoral algae under good ecological conditions – that there will be a kelp 
forest in the illuminated upper sublittoral. But at another level it is difficult to specify 
reference conditions which will lend themselves to classification. The subordinate flora 
is less well known. Some major features of it can be specified – that there will be 
epiphytes on the stipes of mature L.hyperborea and that they will normally include 
Membranoptera, Phycodrys. Ptilota and Palmaria, provided that they are taken from 
the shallow sublittoral. Perhaps more use for reference conditions than a detailed list of 
subflora would be measurement of the depth of penetration of the perennial algal 
community, provided that suitable substrata for attachment were available. An attempt 
to use the full species complement would need more research to try to relate it to 
typology but would also run up against the same problem as for the intertidal – that the 
necessary taxonomic expertise would not be likely to be available in the agencies for the  
routine application of monitoring. This would suggest that a useful future line of 
research would be directed at collating a wide variety of sublittoral surveys, e.g. from 
the MNCR and the Northern Ireland Sublittoral Survey (Erwin et al 1986) among 
others, to find widely occurring species that can easily be identified and attempt to 
relate their presence to typology. It would also be necessary to try to relate turbidity as 
revealed by depth limits to typology as there are insufficient data at present to do this. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Reference Conditions for Macrophytes in Coastal and Transitional Waters 
 

Final Report 2003       –       SEPA Project Ref : 230/4136      -       Heriot-Watt University      -   Page 70 

5. Reference conditions for attached algae in transitional waters 
 
5.1 Introduction 
 
In England and Wales transitional waters can be considered broadly equivalent to 
estuaries, but in Scotland sealochs may also be included in this category. Although 
sharing freshwater input as a characteristic with estuaries, sealochs are marine 
dominated and usually have much more hard substrata for organisms than estuaries, 
with lower turbidity. Consequently, in biological terms, they are much more like the 
sheltered open coast than is a river estuary. They will therefore be dealt with separately 
from estuaries in this section. 
 
5.2 Macroalgae of estuaries and their distributions 
 
In estuaries there are three main habitat types of algae (i) the microphytobenthos or 
benthic microalgae, living in sand and mud, (ii) the phytoplankton, and  (iii) the 
macroalgae. Macroalgae are the subject of this report. Attached estuarine macroalgae 
include the seaweeds (red, green and brown algae of the divisions Rhodophyta, 
Chlorophyta and Phaeophyta) and those microscopic algae which form macroscopically 
visible growths attached to hard surfaces. As well as the smaller seaweeds, these include 
Vaucheria (Xanthophyceae), some filamentous diatoms which can form large growths 
that are visually indistinguishable from filamentous brown seaweeds e.g Melosira spp. 
and, although now  taxonomically distinct from algae, the cyanobacteria (former blue-
green algae) are included because they form macroscopic growths in estuaries 
resembling, and effectively functioning as part of the algal community. For estuaries, it 
is important to include these groups, which are not normally thought of as macroalgae 
on the open coast, because they can be such a dominant part of the mid and upper 
estuarine algal vegetation. 
 
Wilkinson (1980) described a general pattern of algal distribution in many estuaries 
over a wide latitude range: 

• colonisation almost wholly by marine species;  
• reduction in species number going upstream through selective attenuation, firstly 

of red algae and then of brown algae, with green algae present throughout the 
estuary; 

• very few brackish-water species occur in the mid and upper reaches, and there 
are few freshwater species which, if they occur at all, are restricted to the 
headwaters. 

 
Wilkinson et al (1995) pointed out that this general pattern occurred in many estuaries 
over a wide latitude range in different continents. 

 
An alternative way of viewing this distribution pattern is as three zones going upstream 
from the mouth to the head of the estuary (Wilkinson et al., 1995). Zone A is the 
relatively sheltered open coast at the mouth of the estuary which, being marine, has a 
relatively large number of species and a high degree of coverage by fucoid algae. Zone 
B is the lower estuary and has an impoverished version of the sheltered open coast flora 
with domination still by fucoids but fewer understorey species. Zone C is the inner half 
of the estuary where species number is severely reduced, and the flora is characterised 
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by small, mat-forming, opportunist species, mainly green, blue-green and 
xanthophycean algae. This pattern is shown diagrammatically in Fig 5.1. 
There are few complete accounts of algal floras in Scottish estuaries (Alexander, 1935; 
Wilkinson, 1973 and 1975; Wilkinson & Roberts, 1974) but they suggest that the above 
patterns are to be seen in Scotland.  
 

Species

number

opportunists

ZONE A ZONE B ZONE C

Upper estuarySheltered open 
coast at mouth

Lower 
estuary

fucoids

SEA RIVER

 
Figure 5.1  The generalised distribution of major attached algal types along the length of an 
estuary. 
 

 
 
Figure 5.2  The sheltered open coast at the mouth of an estuary showing the diversity of red, 
green and brown algae to be found. 
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Figure 5.3  General view of a shore in the upper part of zone B of an estuary (River Aln, 
Northumberland). Below an upper band of mat-forming green algae there is a fucid zone with 
only one species of Fucus and very few understorey species. 
 
 

 
 
Figure 5.4  The upper part of the shore in zone B at a site which has habitat diversity and a 
relatively stable higher salinity (Balmerino, Tay estuary). This shows that a range of fucoid 
species and supralittoral lichens can exist in the lower part of an estuary but that the overall 
community is still species poor. 
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Figs 5.2 to 5.6 show features of these three zones. In particular note that there can be 
variation in zone B since in its lower reaches there may be considerable diversity, with 
perhaps 40-50 species, while at its inner end there may be very little understorey at all, 

Figure 5.5  Near the inner limit of 
Zone B of an estuary (Tees 
estuary) showing the species 
poor flora with an upper shore 
green band and mid shore fucoid 
band with very little understorey. 
This site has about 15 species. 
Note the deposition of silt on the 
lower rocks which impede the 
settlement of algae. 

Figure 5.6 Zone C of an 
estuary (River Almond at 
Cramond, Edinburgh) just 
below the tidal limit. This 
shows the absence of larger 
algae and the domination by 
mat-forming opportunists. 
Although not immediately 
obvious, on this wall there are 
about 10 abundant species – 
one red, one blue-green, one 
xanthophyte, and 7 green. 
There are also brown films of 
pennate diatoms coating 
some of the lower stones. 
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so that it may have only 15-20 species. Except at the mouth of the estuary, the 
sublittoral flora is very poor and may be absent for much of the length of the estuary 
due to coating of suitable substrata with mud, which impedes attachment of algae to 
hard surfaces, and to poor light penetration due to turbidity. The inner part of zone B 
and zone C may have also few if any species on the lower intertidal shore if the estuary 
is naturally turbid, as in Fig. 5.5. There are very few brackish water species. There is a 
general belief that Fucus ceranoides is a characteristic alga of estuaries, yet it is present 
in no more than half of the estuaries that we have surveyed. In others the inner fucoid 
limit is usually set by F.spiralis (occasionally F. vesiculosus) but never by F.serratus 
which is more marine. 
 
 
5.3 Can estuaries be categorised on the basis of their attached algae? 
 
On the basis of the species present in the inner zone C of 15 estuaries, Wilkinson et al. 
(1976) divided UK estuaries into three categories:  
 

• type A dominated by green algae and Vaucheria spp;  
• type B with two-zone shores of which the lower tidal zone was dominated by 

dense mats of the filamentous diatom Melosira nummuloides while those algae 
in type I dominated the upper shore;  

• type C dominated by gelatinous blue-greens e.g. Rivularia in addition to those 
algae in type I. 
 

The prototypes of some of these categories came from within Scotland; the Clyde 
estuary was the major example of type II and the River Add, Argyllshire, of type III. It 
was hypothesised at the time that differences in the quality of the influent freshwater 
could account for the differences between the types because in the lower salinity upper 
reaches of the estuaries the freshwater would be a more dominant contributor to the 
water chemistry. 
 
After examination of a further 30 estuaries, Wilkinson (1980) and Wilkinson & Rendall 
(1985) concluded that most UK estuaries had a similar flora in the upper reaches, with 
apparent differences between estuaries being due to which species was dominant out of 
a common pool of very few species. The low number of upper estuarine species was 
attributed to the harshness of the physical environment resulting in only a few widely 
tolerant species being present (28 species in a common pool according to Wilkinson & 
Rendall, 1985).  By contrast, on the open coast substantial differences occur in the 
species present in the macroalgal community depending on a wide range of biotic and 
abiotic factors. On 35 open coast rocky shores examined in the British Isles, Wilkinson 
& Rendall (1985) reported an average of 90 seaweed species present per shore out of 
the total of 619 species listed for the British Isles (South & Tittley, 1986). Out of that 
same 619 species only about 28 are found regularly in the upper reaches of estuaries, 
forming the common pool from which about 10 will normally be found in any one 
estuary. This contrast in species number is well shown in a survey of the estuary and 
Firth of Forth in Scotland (Wilkinson et al., 1987). Of 230 species found in the Forth 
system, only 6-13 were found at each site in the upper estuary. The dominant zone-
forming upper estuarine algae listed for the Forth include species of very wide 
distribution e.g.  Blidingia minima, Enteromorpha intestinalis,  Monostroma 
oxyspermum, Phormidium spp., Rhizoclonium tortuosum, and Vaucheria spp.  So wide 
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is the geographical distribution that these same taxa are even recorded from brackish-
water situations in the southern hemisphere, such as the Patos Lagoon estuary, Brazil 
(Couthino & Seeliger, 1984). 
 
Since that time a large number of British estuaries have been studied by us, either by 
preparation of species lists, or by subjective description of algal zones in them (Fig 5.7). 
Ordination of about 60 of these estuaries on the basis of the species composition in the 
opportunist dominated zone C and the upper reaches of zone B failed to show any 
clusters of estuaries. All the estuaries formed a tight continuum and did not support the 
early subdivision into three types based on influent water quality. 
 
5.4 The robust nature of attached algae in estuaries 
 
This leads to a hypothesis which has considerable implications for the establishment of 
estuarine algal reference conditions. Estuarine algae are adapted to a very difficult 
physical environment: 

• irregularly fluctuating salinities 
• variable turbidity 
• depositing sediment 

 
It is possible that the few species that can survive will be resistant to environmental 
change and show little difference between estuaries. If this is so it is unlikely that 
estuaries could be classified as to ecological quality on the basis of the algal species 
complement in the upper parts. A problem in determining this is that most large 
estuaries in Britain are subject to anthropogenic influences and so it is difficult to find a 
large enough selection of pristine ones for which data are available over which to 
generalise. 
 
The hypothesis about algal change in estuaries given above needs to be evaluated. Over 
the last 25-30 years we have observed some changes in the algae of estuaries and a few 
more are documented in the literature. The types of algal change in estuaries can be 
summarised as follows: 

• Fucus limit moves upstream i.e the boundary between zones B and C moves 
upstream 

• Species loss by physical change 
• Species gain by physical change 
• Major community change after pollution abatement 
• Colonisation of algal-devoid areas after pollution abatement 
• Minor but constant unexplained change 

 
Examples of each of these types of change are briefly given in 5.5 below. The aim is to 
assess how estuarine algal communities might change in order to see if reference 
conditions can be set which predict future possible high ecological quality situations or 
whether the same robust species tend to dominate with or without change. Most of the 
changes which are now reviewed are man made but some of them are due to natural 
change. Firstly a summary of the possible causes is given, divided into man-made and 
natural, then examples of each are briefly considered. In order to cover all types of 
change it is necessary to base most examples on English and Welsh estuaries rather than 
on Scottish ones. 
 



Reference Conditions for Macrophytes in Coastal and Transitional Waters 
 

Final Report 2003       –       SEPA Project Ref : 230/4136      -       Heriot-Watt University      -   Page 76 

 
 

 
 
Figure 5.7  Map of the British Isles to show estuaries for which we have either algal species 
lists or subjective community descriptions. 
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5.5 Types of change in estuarine algal communities 
 
The types of estuarine change that might cause change in the attached algal flora are as 
follows: 
 
Man-made changes: 

• Barrages 
• Disused dock areas 
• Land claim 
• Pollution increase 
• Pollution abatement 
• Water regulation  

Natural changes: 
• Change in sedimentation 
• Rainfall and river flow 

 
The Fucus limit (zone B/C boundary) moving substantially upstream has been seen in a 
number of estuaries over the last 3 decades. 
 
In the Tyne the limit has moved up about 15 km as shown in Fig. 5.8.  The 1972 limit is 
based on a paper by Edwards (1975). Edwards had particularly good algal identification 
ability and surveyed many sites in the estuary over 12 months so this limit is to be 
trusted. The 1990’s limits are from our own unpublished data. It is tempting to believe  
 

 
 
Figure 5.8 The migration of dense fucoid populations upstream in the Tyne estuary over 26 
years. The points shown with dates are the limits of penetration into the estuary at those dates. 
 
that the reason for the upstream migration is improvement in water quality. However 
another possibility exists in the Tyne. The Kielder Reservoir was constructed during this 
period and may dampen freshwater flow variations resulting in more stable estuarine 
salinities. This idea remains to be tested. 
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Another comparable upstream fucoid movement has been in the Thames estuary 
between the surveys of Tittley & Price (1977) and Tittley and John (1998). They 
suggested that the reason was a natural change in river flow, due to rainfall changes, 
which had given a measurable change in the salinity regime at the zone B/C boundary. 
 
A dramatic example of the fucoid limit moving consequent upon abatement of pollution 
is seen in the Carron estuary (a sub-estuary of the Forth). Figure 5.9 shows the same site 
in the mid estuary (A904 road bridge) in 1976 and 1999. In the earlier picture hardly 
any species are to be seen. There are small amounts of 3 filamentous species 
characteristic of zone C. In the later picture there is a dense fucoid community and an 
understorey of about 6 species including 2 red and brown ones. In the intervening 
period there had been a considerable improvement in water quality due to removal of an 
effluent from an ICI factory. 
 

 
 

 
 
Figure 5.9 The same site in the Carron estuary in 1976 (upper) and 1999 (lower) showing 
recolonisation by fucoids consequent upon pollution abatement. 

 
Species have been lost by physical alteration from several estuaries: Wansbeck 
(Northumberland), Tawe, Taff  and Ely (all South Wales). All are the result of barrage 
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schemes and so not relevant to describe further. Man made physical alteration can also 
result in species gain and so is relevant to seeing what possibilities there are for 
ecological quality improvement. In the Mersey estuary docks have undergone algal 
recolonisation following disuse and this has been related to reduced turbidity. The south 
docks which had previously only had upper estuarine opportunists gained 11 green, 10 
brown and 7 red species of marine origin. This shows the role of turbidity in restricting 
estuarine algae. 
 
Major change concerned with abatement of very severe chemical industry pollution and 
colonisation of algal-devoid reaches following pollution abatement has been seen with 
abatement of some very severe chemical industry pollution. The mid reaches of the Tees 
had no recorded algae at all in 1972, despite a moderately high salinity that could be 
expected to support fucoids and place the mid reaches in zone B. Zone C species were 
first recorded in 1980 and, following a lag of about 10 years fucoids and a few marine 
species have advanced up the estuary following the zone C species (Fig 5.10) 
 
 

2002 

 
 
 
Fig 5.10  The advance of fucoids and associated marine species up the Tees estuary following 
abatement of severe industrial pollution. 
 
Wilkinson and Telfer (2000) described how a site in the lower, more marine part of the 
Humber estuary, which received several severe chemical industry wastes, changed from 
an impoverished zone C site to a luxuriant outer zone B site following cessation of the 
effluents.Sometimes there may be little change in estuarine algae with abatement of 
pollution. The Keithing Burn is a sub estuary of the Forth which received a severe 
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minewater discharge in the 1970’s and 80’s. In the 1990’s this discharge has been 
somewhat abated as shown by the pictures in Figure 5.11. Despite the massive change 
in deposition of ferruginous solids deposition there has been little change in the algal 
community which remains an opportunist dominated zone C type one with roughly the 
same species (Wilkinson & Slater 1997 and subsequent unpublished observations). 
 

 
 

 
 
 
Figure 5.11  The Keithing Burn estuary in the 1970’s at the height of ferruginous minewater 
pollution (upper) and in 2001 following abatement of minewater pollution (lower). 

 



Reference Conditions for Macrophytes in Coastal and Transitional Waters 
 

Final Report 2003       –       SEPA Project Ref : 230/4136      -       Heriot-Watt University      -   Page 81 

There can be minor but constant unexplained change. In the Almond sub-estuary of the 
Forth there has been an almost total loss of Blidingia spp. which were formerly 
dominants.They have been replaced by expansion of pre-existing dominant 
Rhizoclonium tortuosum. This does not change the nature of the upper estuarine 
vegetation. 
 
Species have been lost by natural physical alteration in the Dee estuary (Cheshire). At 
Hilbre Island near the mouth of the estuary, the outer limit of what would be zone B, 
there has been loss of 50% of species, including the entire kelp zone, since the 19th 
Century due to increased  sedimentation and turbidity (Russell et al 1999). 
 
5.6 Stability of estuarine algae in relation to the definition of reference conditions 
 
What is the consequence of all these examples for the defining of reference conditions? 
They show that with environmental change, particularly man-made change such as 
pollution abatement, estuaries can have changes in algal communities. With many 
estuaries possibly not in a state of high ecological quality it is necessary to review what 
changes might occur if quality was improved. The upper estuarine environment is so 
stressful anyway, and dominated by other local natural factors such as turbidity, that 
even with pollution abatement there is no large change in species composition. The 
main change that has occurred in the above examples is that the more marine 
community in the estuary, i.e. the zone B of the estuary moves upstream. This boundary 
line may therefore be an important aspect of quality assessment in estuaries. There 
seems otherwise to be little in the structure of algal communities in estuaries that could 
be used to define reference conditions. 
 
 
5.7 Relationship to the Draft Typology for Estuaries 
  
The following discussion is based on the draft typology for transitional waters which 
was extant at the time this analysis was carried out. (Subsequent to the production of the 
present report a revised and simplified typology for transitional waters has been 
accepted – effectively dividing them into just three types - well mixed macrotidal, well 
mixed mesotidal and stratified mesotidal). The draft typology (SNIFFER 2003) seemed 
to have difficulty in coming up with a typology which, besides being supported by 
mathematical analyses of the data used, was obviously related to our perception of the 
estuaries. The typology that has resulted has two main groups and several small ones. 
The authors commented on how they could not see much homogeneity within the two 
large groups. The attempt to apply biological data from the MNCR database to the the 
physical groupings did not work to such an extent that a separate biological typology, 
based largely on the faunal communities was proposed in the draft report. Only a few 
biotopes characterised by seaweeds were available for these estuaries in the MNCR 
database, and most of these were within the lower estuary. The allocation of Scottish 
estuaries to the physical types in the draft typology is given in Table 5.1. Most of the 
Scottish estuaries which were used are in just one physical type – group 1.  This group 
was characterised as being partly mixed or stratified and mesotidal and meso- or 
polyhaline. Within this definition a wide variety of types of estuaries occur. Table 5.1 
has both large and small and muddy and sandy ones. The salinity criterion is rather 
dubious as far as the algal communities are concerned. It is based on an average over 
many small cells within the estuary. This ignores the existence of a gradient of salinity 
along the estuary which exists whatever the average is. The strongest effect of estuarine 
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conditions on the attached algae is to provide a gradient of species occurrence with 
distance upstream that was described in section 5.2.  
 
Of the 17 estuaries in group 1 in table 5.1 in which we have observed the algal 
distribution, all show the same two zones within the estuary proper that we described 
earlier (i.e. zones B and C).  Differences between the estuaries are in the relative length 
of these zones, not in their existence. The species in the upper zone, i.e zone C, are 
drawn from the same pool of highly tolerant species as described earlier. Any regular 
difference in the lower zone, i.e zone B, is hard to pinpoint. One feature that 
distinguishes estuaries into two groups on the basis of the larger algal flora is the 
presence or not of the brackish water fucoid F.ceranoides. In this Group 1 there is a 
mixture of such estuaries, about equally divided. A problem is that this zone is not 
uniform but is a continuous transition along the estuary of species composition and 
species richness.  What one finds depends on where one samples within it. There are 
differences between the different estuaries in the precise degree of penetration upstream 
of different species which are presumed, but not proven, to be a result of the magnitude 
and frequency of the salinity changes at each station along the estuary. 
 
Table 5.1  The allocation of Scottish estuaries to groups in the draft typology report (SNIFFER 
2003). Estuaries marked with an asterisk (*) are ones in which we have seen the algal 
distribution pattern. Ones marked with a double asterisk (**) are English ones located close to 
Scotland and have been included because we hold data on the algal distributions within them. 
The English ones have not been included in the Scottish total in each box in the table.  
 

Group 1 Group 2 
**Aln Auchencairn bay 
Ayr *Bladnoch 
**Blyth Dee (Galloway) 
*Clyde **Duddon 
**Coquet *Fleet Estuary 
Cromarty Firth Solway 
*Dee (Aberdeen) Scottish total 5 
*Deveron British Isles Total 78 
*Don Group 3 
Dornoch Firth Beauly/Invirne 
*Eden Scottish Total 1 
*Firth of Tay British Isles Total 7 
*Forth Group 4 
*Garnock/Irvine Spey Estuary 
Girvan **Tweed 
Lossie Scottish Total 1 
Montrose Basin British Isles Total 5 
Stinchar Group 5 
Strathbeg Estuary Scottish Total 0 
**Tees British Isles Total 5 
**Tyne Group 6 
*Ugie Scottish Total 0 
**Wansbeck British Isles Total 1 
**Wear Group 7 
*Ythan Scottish Total 0 
Scottish Total 18 British Isles Total 1 
British Isles Total 83  
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Groups 2 and 4 (we have not seen the sole estuary in Group 3) in Table 5.1 have a 
similar distribution pattern to those in Group 1. Again there are local differences due to 
the physical nature of the estuaries but the basic pattern is the same with a few species 
in zone C drawn from the same restricted common pool. 
 
It seems that if a complete estuary is to be regarded as a waterbody, rather than 
individual reaches within it, the most that can be said is that both zones of macroalgae 
should be present and that zone B should not be restricted merely to the mouth of the 
estuary but should go some distance upstream. The data do not exist to say how far 
upstream zone B should penetrate but it is likely that it should be to an average salinity 
of 20-25 ppt. However such average salinities are not very meaningful.  It may be that 
the macroalgae of estuaries are not a sensitive enough tool for detailed estimation of 
ecological quality, apart from existence of the two zones, and that the benthic 
macrofauna will be more useful, but further research would help to clarify this 
 
 
5.2 Sealochs 
 
5.2.1 Introduction 
 
Although Scottish sealochs are categorised in the draft typology as transitional waters, 
the seaweed communities of many sealochs have much in common with open coast 
shores. They have one or more freshwater inputs which are usually small compared to 
the volume of the loch, often near the head end of the loch. Around these inputs there 
may be salt marsh formation and they may have a small estuary often with a sand or 
shingle bed. The main loch normally only has slight salinity modification due to the 
freshwater input so that for much of its length it is really a special case of the sheltered 
open coast. Shores usually differ from estuaries in having much more solid bedrock, 
often relatively steep, with a well-developed sublittoral zone, in clear water. A few 
sealochs, e.g. Loch Etive, may be so strongly influenced by freshwater that they have 
some estuarine species in their mid-reaches, but this is the exception. There is a graded 
continuum along the loch of seaweed communities from the open coast to the head of 
the loch, which is the result of increasing shelter and the replacement of wave action as 
a dominant factor in the inner loch by substrate influences as solid rock changes to 
stones and shingle. An interruption to this continuum can be caused by the presence of 
rapids. These result from the geological origin of some sealochs, which have shallow 
sills near the mouth, and sometimes between basins in larger lochs. The rapid water 
movement over these sills can cause seaweed changes both in the species present and in 
the morphology of the weeds. These areas are regarded as being of high nature 
conservation interest but are probably of less value for reference conditions as they are a 
small area and not typical of the loch as a whole. 
 
5.2.2 Seaweeds of sealochs 
 
This account of the seaweed communites along the gradient from the open coast to the 
head of sealochs is mainly compiled from two sources. Lewis (1964) gives particular 
attention to sealochs, based on his own extensive fieldwork in Scotland in the 1950’s, in 
his classic book on the ecology of rocky shores. Howson et al (1994) provided an 
overview for the JNCC of the many MNCR surveys that had been undertaken to that 
time in sealochs. In particular, Howson et al have provided, in Tables 8 and 9 of their 
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report, matrices, similar to the biotope matrices reproduced in Appendix 1 of this report, 
showing the variation of the main sealoch community types at each shore level from 
supralittoral to circalittoral with changes in (i) substrata, and (ii) wave exposure. 
 
5.2.2.1 Intertidal exposed shores around the loch entrance 
 
Sealochs which open onto the unprotected open coast may have wave exposed shores at 
the entrance on headlands and islands. At the top of the shore there is often a well-
developed and wide supralittoral lichen zone with Xanthoria, Caloplaca and Ramalina. 
In crevices in the rock there are angiosperms,  Armeria maritima (thrift) and Plantago 
maritima (sea plantain). In places there may be the green seaweed Prasiola on 
supralittoral rocks, especially around bird droppings, and pool seaweeds are restricted to 
Enteromorpha in low salinity rock pools. 
 
In the upper littoral at the exposed situation fucoid cover is sparse and the shores are 
barnacle dominated. There may be a narrow band of the fucoid Pelvetia at the top of the 
littoral with F.vesiculosus lower down in its evesiculate form. F.spiralis is often absent. 
Pools are characterised by the crustose coralline Phymatolithon, the erect coralline 
Corallina, and by Cladophora, Dumontia, and Palmaria. The top of the littoral may 
also have turfs of Catenella as an understorey with Pelvetia. 
 
In the mid littoral of the exposed situation limpets, barnacles and mussels dominate the 
shore rather than fucoids with turfs lower down of the seaweeds Mastocarpus, 
Lomentaria, Laurencia pinnatifida and Callithamnion.  
 
The lower shore has more algae with a narrow band of F.serratus above a sublittoral 
fringe of Alaria, Himanthalia and Laminaria digitata. Where the rocks end in sand this 
fringe is replaced by species characteristic of sand scoured rocks: Porphyra, Ulva, 
Audouinella floridula in sand-binding turfs and Furcellaria. 
 
5.2.2.2 Sheltered intertidal shores inside the loch 
 
Going into the loch, shelter from wave action increases and may be replaced as an 
important factor by the change of the substrate from solid bedrock to boulder, shingle 
and gravel. The steep slope characteristic of shores at the loch entrance becomes less 
and there is a tendency for stones to replace solid bedrock on some shores. There is a 
greater coverage of fucoids and more grazers in place of barnacles. The vertical range of 
the shore narrows. Ascophyllum becomes dominant on the mid and lower shore. 
Laminaria saccharina becomes more common on the lower shore and upper sublittoral. 
 
In the supralittoral the lichen zone is compressed. Below this there is a zone of Pelvetia 
and a belt of F.spiralis is now present. Rock pools at this level are affected by salinity 
changes and so have little diversity. 
 
In the mid shore Ascophyllum is the dominant fucoid. It could be regarded as the most 
characteristic seaweed of many sealochs.  There may be a small belt of F.vesiculosus at 
the top of the Ascophyllum. The Ascophyllum can be very dense and may go right to the 
low water mark. The more dense it is the fewer seaweeds will be found in the 
understorey. Characteristic subordinate species on the lower shore are Laurencia, 
Lomentaria, Mastocarpus, Palmaria, Corallina, Chondrus and Membranoptera. In 
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particularly sheltered situations the Ascophyllum may even be dense on steep and 
vertical surfaces which on the open coast and sealoch mouth would be much more 
likely to be barnacle dominated. Fucus serratus may be present on the lower shore 
where the dense Ascophyllum belt does not go completely to low water. In places of 
rapid water movement such as rapids, Himanthalia may replace F.serratus. The same 
happens on the open coast under severe wave action. When wave action is minimal 
strong currents can have the same effect.  Where there are cobbles and pebbles a dense 
covering of the non-calcareous encrusting red seaweed Hildenbrandia is highly 
chracteristic. 
 
In very sheltered waters there are some unusual fucoids. On very sheltered muds there 
can be large free-living (i.e. unattached) fucoids. The commonest of these is 
Ascophyllum mackaii (A. nodosum ecad mackaii). This has a morphology unlike 
attached Ascophyllum. It tends to resemble Pelvetia fronds but is in large balls which 
roll around the mud surface in very gentle water. Less common is unattached 
F.serratus. On the salt marsh at the head of lochs there can be a yellowish-brown carpet 
mixed in with the marsh grasses of F.muscoides. this is a tiny fucoid, only millimetres 
across and in length,  which lives both in the grass sward of marshes and on the mud 
cliffs, forming velvety turfs in both places. It is not a genuine species but is another 
ecad (habitat induced morphological variant). It is believed to originate from small drift 
pieces of regular fucoids which become entrapped in the marsh and regenerate into this 
unusual form. 
 
5.2.2.3 The sublittoral zone 
 
In comparison to estuaries in the sublittoral there is clear water, hard substratum not 
covered with sediment, and generally a stable high salinity. Therefore, unlike estuaries, 
the sublittoral seaweed vegetation is well developed in sealochs. 
 
Going up the loch there is likely to be a change in the rocky substratum from solid 
bedrock to boulders, shingle and gravel, with consequent changes in the seaweed 
community. 
 
The main kelps species show a transition going into the loch (Fig. 4.9). At the mouth 
L.hyperborea will be the dominant underwater forest former, although in exposed 
situations it may be replaced near the low water mark by Alaria. The forest is likely to 
go down to 10m depth with the kelp park continuing to about 15m though there will be 
local variations especially with the very clear waters in some parts of the west highlands 
and Hebrides. Going into the loch L.digitata will replace Alaria around the low water 
mark but the main forest remains dominated by L.hyperborea. Further into the loch 
under very sheltered conditions L.hyperborea is replaced as the main sublittoral kelp by 
L.saccharina with L.digtata around the sublittoral fringe. Under the most sheltered 
conditions near the head of the loch the only zone-forming sublittoral kelp is 
L.saccharina. Under very sheltered situations the Laminaria saccharina adopts a cape 
morphology with very large undivided fronds. This can block out light and trap silt so 
reducing the underlying species richness. The epiphytic community on kelp stipes will 
be largely restricted to L.hyperborea, both in the kelp forest and kelp park,  as described 
earlier in this report. 
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On sheltered bedrock shores another subordinate large brown seaweed is Halidrys, 
which tends to be restricted to intertidal rock pools when on the open coast. When the 
substrate is boulder L. saccharina can still be attached but is accompanied by a different 
large brown seaweed,  Chorda, the bootlace weed which forms long strings rising 
vertically to the water surface. On rocky surfaces the subordinate flora forms a turf of  
Corallina, Leathesia, Cladophora, Laurencia pinnatifida, and patches of Codium.  
 
On boulder shores the turf is restricted to the upper surface of the boulders. Other 
common sublittoral species are Enteromorpha, Ulva, Dictyota, Ectocarpus, Mesogloia, 
Pilayella, Scytosiphon, Ceramium, Cystoclonium, Laurencia, Lomentaria and 
Phycodrys. 
 
Where there are tide-swept rocks in the sublittoral fringe, there is a greater abundance of 
subordinate red seaweeds including Lomentaria, Membranoptera, Gelidium, 
Audouinella, Mastocarpus, Chondrus, and encrusting corallines. 
 
On shingle and gravel, Chorda may be very abundant being able to attach to very small 
stones. In the still water there are woolly turfs of the Trailliella-phase of Bonnemaisonia 
and of Audouinella floridula. Where there is sand and sandy mud, especially where 
there is also brackish water near the head of the loch, there may be sublittoral beds of 
eel grasses Zostera noltii and Z. marina as pure seagrass beds or mixed in between 
Chorda plants. 
 
5.2.3 How to define reference conditions 
 
There are similar problems here to both estuaries and open coasts. Many of the 
quantitative measures investigated earlier with the records in the database (Appendix 3) 
could be applied, and could possibly provide a quantitative scale for classification. But 
this would have the same problem as on the open coast, that the taxonomic expertise 
required would inhibit application. Also some of the quantitative measures might turn 
out to have wide range of variation in numerical values as on the open coast. Personal 
experience suggests that this would be so with the hydrographic differences that exist 
between different sealochs. Another approach would be to take a description of 
common species and their zonation, as given above, for an entire sealoch. This is a 
parallel to saying that there should be a certain transition in algal communities going up 
an estuary. This could be done by describing only the commonest species but has the 
disadvantage that it could not easily be quantified to give rise to a scale for 
classification of ecological quality 
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6. Marine Angiosperms 
 
6.1 Which marine angiosperms should be considered? 
 
The two main groups of marine angiosperms are salt marsh plants and seagrasses. 
Advice was that only the seagrasses should be considered under this heading for the 
Directive. This makes some sense as they are truly intertidal and sublittoral, spending 
longer in the water than do many salt marsh plants. Seagrasses are marine flowering 
plants found in shallow coastal habitats around the world.  They mostly occupy sandy 
intertidal and subtidal areas to a maximum depth of about 10m.  Seagrasses typically 
grow in monospecific stands called beds or meadows.  These beds create a habitat of 
considerable importance from an ecological, economic and biodiversity perspective.  In 
addition these beds provide food for wildfowl and for juveniles of some commercially 
important fish species.  The dense root network has a stabilising effect on the 
underlying substratum and therefore can act to reduce coastal erosion (Davison, 1998). 
In Britain, seagrasses are not a major component of the marine vegetation although, at 
the present time their occurrence excites considerable conservation interest. Seagrass 
meadows are much more abundant in other parts of the EU e.g. Waddensea, Baltic and 
Mediterranean and are important for countries in those areas for compliance with the 
WFD. In Britain their sporadic distribution and lesser marine importance may cause 
problems in devising reference conditions as discussed in the final part of this section of 
this report. 
 
6.2 The species of seagrass in Britain 
 
There is a fundamental difference dealing with seagrasses from dealing with seaweeds. 
There are in excess of 600 seaweeds in the British Isles and a number of them, often 
many, occur on every shore. There are very few seagrasses. They occur on very few 
shores and when they do it is often just as a single species forming a meadow, which 
may sometimes be dense. In this report it is therefore appropriate to review each species 
of seagrass, although this was not done for individual seaweed species.  There are five 
seagrass species found off the coast of the British Isles.  Two species of tassel weed 
(genus Ruppia): R. maritima and R. cirrhosa, and three species of eelgrass (genus 
Zostera): Z. marina, Z. angustifolia and Z. noltii. 
 
The genus Zostera 
 
The family Zosteraceae are monocotyledonous angiosperms in the Class Alismatidae, 
Order Najadales.  All species within the family have marine or estuarine habitats. 
 
There are three European species of Zostera, Z. marina, Z. angustifolia and Z. noltii, all 
of which are present in Scottish waters.  Zostera is split into two sections with Z. 
marina and Z. angustifolia belong to Section Alega and Z. noltii belonging to Section 
Zosterella (Cleator, 1993). However there is some confusion in the literature as to 
whether Z. angustifolia is a separate species or just different morphological states of Z. 
marina depending on habitat. This is discussed in more detail later.  
 
The British Zostera species are perennial marine herbs with creeping rhizomal roots and 
several alternate distichous linear leaves.  Flowering stems are lateral or terminal and 
the inflorescences enclosed in a spathe (Chapman, Tutin and Moore 1987).   
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Z. marina (eelgrass, wide leaved grass-wrack, marlee or sedge). 
 
This is subtidal and the largest British species.  Its non-flowering shoots measure 20-
50cm in length and 5-10mm in width with the leaf tip ending in a narrow point.  
Flowering shoots are larger measuring up to 60cm in length and are much branched.  
The stigma is twice the length of the style. 
 
It has a distribution throughout the northern Atlantic and Pacific.  In Britain it is found 
in fully marine environments and occasionally in estuaries but it tends to avoid brackish 
water (Davison, 1998).  Its preferred habitat is in a sheltered environment on gravel, 
sand or mud from low water of spring tides to 4m depth. 
 
Z. angustifolia (narrow leaved eelgrass). 
 
This is a smaller and more slender species that Z. marina with non-flowering shoots 
measuring 15-30cm in length and 2mm wide.  The leaves are rounded when young and 
notched when mature.  The leaves of the flowering shoots are generally shorter but of 
similar length, flowering stems are between 10-30cm in length and 1mm wide and 
branched.  The flowers have a style and stigma of the same length.  The yellow 
colouration of stems reported by (Rae, 1979) in the Moray Forth may be characteristic 
but there is no mention of it in the literature.   
 
Outside the UK Z. angustifolia has only been recorded in Denmark and Sweden, this 
apparent restricted distribution may be a result of mis-identification of intertidal Z. 
marina.  In UK waters Z. angustifolia is found in variable salinity regimes on poorly 
drained sediments such as mud or muddy sand.  It is found in the intertidal from mid to 
low tide and rarely to a depth of 4m (Davison, 1998). 
 
Z. noltii (dwarf eelgrass). 
 
This is the smallest British seagrass with non-flowering shoots measuring 6-12mm in 
length and up to 1mm wide.  The flowering branches are un-divided or rarely divided at 
the base.   
 
Z. noltii is found in the intertidal zone and never below the low water mark (Davison, 
1998).  It is tolerant to a variety of salinities and occurs on substrates that are a mixture 
of sand and mud.  
 
Taxonomic Problems within the genus Zostera 
 
As has already been suggested, there is confusion in the literature about the status of the 
species within the genus Zostera.  The status of Z. noltii is accepted as a true species 
(Cleator, 1993) but there have been serious doubts raised by Rae (1979) over the 
separation of Z. marina and Z. angustifolia. 
 
Cleator (1993) states that Z. angustifolia was previously considered to be a narrow 
leaved variety of Z. marina.  It was given specific status as Z. hornemanniana in 1942 
and subsequently changed to Z. angustifolia.  The main morphological characteristics 
used to differentiate the species are the size ratio between stigma:style and the shape of 
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the leaves.  The habitat and season affect the leaf size of both species and overlaps have 
been observed in herbarium collections. However it is accepted that Z. marina is 
predominantly larger.  Rae (1979) investigated the stigma:style ratio and found that this 
character was inconsistent within the species.  The shape of the leaf tip has also been 
investigated and found to be inconclusive as the characteristic leaf tip morphology 
(outlined earlier) was not observed on every blade as some leaves on both species were 
rounded (Cleator, 1993). 
 
There is also thought to be variation in the life histories and ecology between the two 
species as Z. marina is perennial, subtidal, fully marine and reproduces mainly through 
vegetative propagation whereas Z. angustifolia is thought to be annual, intertidal, 
estuarine and reproduces predominantly through seed setting. 
 
Rae (1979) interpreted these observations as there being one species with a plastic 
response to different habitats, thus outlined two alternative possibilities for the 
definition of Z. marina and Z. angustifolia.  
 
Either: 
Z. marina is very ecoplastic with a range of morphological and reproductive characters 
which depend on the habitat in which they grow. 
Or: 
In Great Britain there are three varieties commonly found as follows: 

a) Subtidal, leaves > 3mm wide, reproduction is mainly by vegetative propagation. 
b) Intertidal, leaves short, 1-3mm wide, reproduction mainly by vegetative 

propagation. 
c) Intertidal, leaves short and 1-3mm wide, reproduction mainly by seed. 

 
Rae (1979) concludes that the first possibility is the most likely.  Den Hartog (1970), 
discusses the occurrence of two growth forms of Z. marina (off the coast of America), 
one a wide leaved sublittoral and another narrow leaved more intertifal form are both 
“phenotypic expressions of one taxon, Z. marina”. 
 
On the other hand Tubbs & Tubbs (1982) describe the occurance of Z. marina off the 
southern coast of England with leaves 25cm long and 3mm wide with notched tips, 
which correlates to the herbarium specimens held at the Royal Botanic Garden, 
Edinburgh.  This therefore suggests that Z. angustifolia may be a valid species and due 
to a lack of a detailed taxonomic study to prove to the contrary this report will treat it as 
such.  However it must be noted that some references to Z. marina from intertidal 
populations may be Z. angustifolia. 
 
The genus Ruppia 
 
The genus Ruppia L. contains submerged phanerogams of the tribe Helobiae, family 
Potamogetonaceae. The genus has a wide distribution in Western Europe and is 
characteristic of coastal brackish waters and inland salt-water habitats (Verhoeven, 
1979). 
 
The species within this genus are delicate aquatic plants with strongly branched stems 
and narrow linear leaves.  The branching of horizontal and vertical stems is monopodial, 
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but as soon as flowers are initiated, the branching becomes sympodial (Graves, 1908).  
In a European context there are two species, R. maritima and R. cirrhosa. 
 
R. maritima (beaked tassleweed). 
 
This species has short peduncles and has leaves of 0.5mm in width and 20-115mm long, 
with acute leaf tips (Verhoeven, 1979).  The leaves are bright green and elliptical in 
cross section.  Membranous sheaths 5-22mm in length at their base hold the leaves in 
place.  A system of fine, slender rhizomes and fine roots holds the plants into the 
substratum.  Flowers and fruits are borne on a characteristic coiled stalk (the peduncle), 
which may hold the flowers at the water surface or underwater. However, growth form 
is very variable, including long, tall plants in deep water, or tightly branched short 
plants in shallow, clear water. Dwarf forms have also been observed (MARLIN 
website). 
 
R. cirrhosa (spiral tassleweed). 
 
This species is characterised by long spirally coiled peduncles and a leaf width of 
±1mm, with obtuse leaf tips (Verhoeven, 1979). 
 
Taxonomic Problems within the genus Ruppia 
 
The taxonomy of Ruppia species is difficult and under revision. Ruppia maritima may 
be confused with Ruppia cirrhosa (= R.spiralis), which has dark green, wider (0.4- 
1.4mm) elongate leaves, with blunt tips, and whose flowers have a relatively longer 
peduncle (Preston, 1995). 
 
6.3 The localities where they occur 
 
Zostera distribution around Scotland 
 
All known records for Zostera in Scotland were mapped by Cleator (1993). He divided 
the records into pre and post 1940. This reflects the loss of many populations in the 
1930’s owing to a wasting disease (see later). Figs 6.1 to 6.3 are Cleator’s maps 
redrawn with pre-1940 records omitted (hopefully giving a better approximation to the 
current situation) and with both the Phase 2 and Phase 3 typology of the sites of 
occurrence indicated.   
 
Two features to note with respect to the establishment of reference conditions are:  
 

• Zostera species are not restricted to any one physical type under either of the 
two phases of typology. Although there are differences in the preference of the 3 
species for transitional and coastal waters all three of them occur in a range of 
types and in both water types. 

 
• As single species records, rather than being records of a general type of 

vegetation that is universal, they are sporadic around the coast and absent from 
much of it 
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Figure 6.1  Distribution maps of post 1940 records in Scotland of Zostera angustifolia colour coded according to the physical typology of the sites. The left 
hand diagram is based on typology phase 2 and the right hand diagram on typology phase 3. 
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Figure 6.2  Distribution maps of post 1940 records in Scotland of Zostera marina colour coded according to the physical typology of the sites. The left hand 
diagram is based on typology phase 2 and the right hand diagram on typology phase 3. 
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Figure 6.3  Distribution maps of post 1940 records in Scotland of Zostera noltii colour coded according to the physical typology of the sites. The left hand 
diagram is based on typology phase 2 and the right hand diagram on typology phase 3. 
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Due to a possible lack of suitable substrate there are no significant Zostera populations 
between Berwick and Dunbar and between the Montrose Basin and the Moray Firth.  
The Ythan estuary in Grampian has suitable environmental conditions for a Zostera 
population to occur but there are no records of it being observed (Cleator, 1993).  
 
It is suggested that there are two main types of seagrass community in Scotland 
(Cleator, 1993).  The most common community is intertidal and comprises both Z. noltii 
and Z. angustifolia, which occur in the east coast firths and estuaries.  The most 
significant populations of these species are found on the southern shores of the Forth of 
Firth near Dunbar, Aberlady and east of Bo’ness.  Other populations exist in the north 
east of Fife in the Eden estuary and at Tayport nd in the Firths of Inverness, Beauly, 
Cromarty and Dornoch.  On the west coast of Scotland Z. noltii is found predominantly 
from Argyll south while Z. angustifolia is mainly restricted to Loch Sween, the Solway 
Firth and Loch Don, Isle of Mull (Cleator, 1993).      
 
The second community type is subtidal and dominated by Z. marina on predominantly 
sandy sediments, with a distribution from the west coast, the Hebrides, Shetland and to 
a lesser degree Orkney.   
 
Specific Examples of Zostera communities 
 
Loch nam Madadh (Loch Maddy, North Uist, Outer Hebrides).  Loch nam Madadh 
lagoons form the most extensive and diverse saline lagoon system in the UK, consisting 
of 10 lagoons, interconnected with freshwater lochans and the fjardic sea loch of Loch 
nam Madadh itself.  There is a wide range of types from large, complex lagoons with 
several sills and basins, to single shallow lagoons encompassing the full transition of 
salinity from freshwater to fully marine conditions.  Rock-bound silled lagoons in 
Europe are virtually restricted to the Outer Hebrides in Scotland. Most basins are 
floored with soft peaty mud, with boulders and cobbles, especially around the margins.  
At the entrances to some of the lagoons there are tidal rock and boulder waterfalls, or 
rock and coarse sediment rapids, or percolation barriers.  There are beds of Z. noltii, 
small patches of Z. marina and large quantities of the scarce green alga Cladophora 
battersii, and the scarce stonewort Lamprothamnium papulosum.  Tidal rapids have 
kelps, calcareous maerl algae, and sea oak Halidrys siliquosa with rich epiphytic 
growths of sponges, ascidians and anemones. 
 
Ruppia distribution around Scotland  
 
Ruppia beds are much rarer than those of Zostera. They have a scattered distribution 
with concentrations in the Cromarty Firth, the Fleet, lagoonal habitats of western 
Scotland, Orkney and Shetland (MARLIN website). They are a feature mainly of 
brackish lagoons and are not common on normal seashores, sealochs or estuaries. 
 
Specific Examples of Ruppia communities 
 
Loch of Stenness (Orkney).  A single basin with characteristics of silled lagoons and 
lagoonal inlets.  It is the second largest brackish lagoon in the UK and is of particular 
importance on account of its size, stability, reduced salinity regime and northern 
location.  Lagoon bed is predominantly soft mud with sand, gravel and pebbles around 
the margins.  Mats of filamentous green algae occur with large numbers of mostly 
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marine/brackish infaunal and epifaunal species.  R. maritima, the brackish fucoid alga 
Fucus ceranoides, filamentous green algae and the pondweed Potamogeton spp. occur 
in areas of lower salinity. 
 
Specific examples of communities where both genera occur 
 
Loch Roag Lagoons (Lewis, Outer Hebrides).  A complex of silled lagoons with a range 
of salinities and a diverse range of habitats including rocky outcrops, boulders and 
muddy sand with softer mud in the inner basins cobbles and shell gravel in the narrows 
(UK Marine SAC’s Project website). 
 
Obain Loch Euphoirt (Loch Eport obs, North Uist, Outer Hebrides).  One of the most 
extensive and diverse systems of rock bound silled lagoons in the UK (with Loch nam 
Madadh).  Consists of a complex of four lagoons, which together support the complete 
range of physical conditions and communities characteristic of this part of Scotland.  
Loch Obisary is unique among the brackish basins of the UK on account of its size, 
depth (over 40m), permanent hydrographic stratification and the range of communities 
it supports.  Other lochs within the system support the nationally rare stonewort 
Lamprothamnium papulosum, beds of Zostera spp. and Ruppia spp (UK Marine SAC’s 
Project website). 
 
The Vadills (Shetland).  A complex of eight interconnected shallow basins with 
characteristics of lagoonal inlets and rock-bound silled lagoons, encompassing fully 
marine to brackish conditions.  Soft peaty mud forms the substratum in the basins with 
narrows between basins with increased tidal currents supporting the calcareous alga 
maerl.   Z. marina and R. maritima occur in the sheltered basins with rock tidal rapids 
supporting brown algae with rich associated epifauna.  The site supports several unusual 
invertebrate species and communities and the free-living fucoid alga Ascophyllum 
nodosum ecad. mackaii, for which this is the northernmost record in the United 
Kingdom. 
 
6.4  Physical Habitat Preference. 
 
Zostera 
 
All three British Zostera species prefer sandy to muddy substrata in sheltered 
environments such as enclosed bays or coastal areas with a gentle longshore current and 
tidal flux.  Large dense Zostera beds are typically found on muds and sands in sheltered 
inlets, estuaries, bays and saline lagoons, in more wave exposed areas beds tend to be 
smaller and patchier (Davison & Hughes 1998). 
 
Ruppia 
 
Ruppia maritima grows in soft sediments in extremely sheltered shallow coastal waters 
with very weak tidal streams to a depth of 0-5m (MNCR website).  The tolerated 
salinity regime is from full salinity to nearly fresh water but mainly in brackish waters 
of lagoonal habitats, lochs, estuaries, creeks and pools in saltmarshes, wetlands, ditches 
and lakes (MARLIN website). 
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6.5 Reproduction, dispersal and life-cycle 
 
It is important to know about this with regard to the stability and persistence of seagrass 
populations. Species with such a disjunct distribution cannot make good monitoring 
tools at specific named localities if the populations are likely to move around the 
country.  
 
Zostera 
 
Zostera species are perennials but may act as annuals under stressful conditions 
(Phillips & Menez 1988).  Zostera species reproduce vegetatively by growth of 
rhizomes.  Vegetative reproduction probably exceeds seedling recruitment except in 
areas of sediment disturbance (Reusch et al 1998; Phillips & Menez 1988).  
Examination of the population structure of a Zostera marina bed in the Baltic Sea 
suggested that individual genotypes (vegetatively produced clones) may be up to 50 
years old and further suggested that the eelgrass bed at that site had been present for at 
least 67 years (Reusch et al 1998). 
Methods of dispersal:  

• All parts of the plant may float if they become detached from substrate.   
• Pieces of rhizome or shoots may take root if they settle on suitable substratum.  
• The generative stalk may be released together with the seed compliment and 

may be carried great distances (Phillips & Menez, 1988).  
• In New York, USA, Churchill et al, (1985) recorded 5-13 percent of seeds with 

attached gas bubbles and achieved an average dispersal distance of 21m and up 
to 200m in a few cases.  

• Wildfowl may disperse seeds on their feet, or in their gut. 
 

Phillips & Menez (1988) state that seedling mortality is extremely high. Fishman & 
Orth (1996) report that 96 percent of seeds were lost from uncaged test areas due to 
transport or predation. 
 
Ruppia 
 
Ruppia species are annual and grow rapidly in early spring and climax (in terms of 
biomass) by August-September.  Flowers appear about 5-6 weeks after the onset of 
spring growth with pollination occurring about 1-2 weeks later.  
 
The majority of the plant material dies in late summer (September) and is removed by 
autumn winds and resultant wave action, and may form floating plant masses or drift 
algae and hence support a greater abundance of detritivores. 
 
Ruppia spp. beds inhabiting temporary pools or ditches or other ephemeral habitats may 
dry out during the summer months and be killed. However, such harsh conditions 
favour annuals that produce large amounts of seed.  Long term changes in the salinity 
regime are likely to result in changes in the abundance of Ruppia spp. and the 
associated species as it is tolerant to a range of salinities. Ruppia maritima is thought to 
be an annual while Ruppia cirrhosa is perennial (see recruitment) (Verhoeven & van 
Vierssen, 1978). Annual Ruppia species die back completely in winter, overwinter 
primarily as seed (druplets), that germinate in April (early spring) (Verhoeven & van 
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Vierssen, 1978; Kantrup, 1991). Perennial species overwinter as leaf bearing rhizomes 
that bud in early spring with occasional development from seed (Verhoeven & van 
Vierssen, 1978; Kantrup, 1991). Seasonal change includes: 
 
 
6.6 Ecological importance of seagrasses 
 
Zostera 
 
Seagrass meadows are considered the most productive of shallow, sedimentary 
environments.  They have high rates of primary production, which supports a rich 
resident fauna and provide refuge and nursery areas for many species including 
commercial species.  The meadows are also an important source of organic matter 
whose decomposition provides a starting-point for detritus-based food chains (Davison, 
1998) with Bach et al (1986) suggest that Zostera beds produce approximately 1 tonne 
of detrital material per km².  They also provide a substratum for other plant species. 
 
Zostera marina beds provide a habitat for a wide range of species, be it for shelter or a 
suitable substratum on which to live.  Several fish species live in Zostera beds and 
include wrasse, goby (which are species also found in kelp), pipe fish and rarely sea 
horses.  Cuttle fish are also found and lay their eggs amongst seagrasses. 
 
The hydroid Laomedia angulata and the algae Rhodophysema georgii, Halothrix 
lumbricalis, Leblondiella densa, Myrionema magnusii, Cladosiphon zosterae and 
Punctaria crispata have only been recorded attached to seagrass leaves (Davison, 
1998).  The endophytic green alga Entocladia perforans is host specific to Zostera 
marina in which it penetrates the plant growing between the cells. 
 
Small snails (prosobranchs), especially Rissoa sp. and Lacuna vincta graze on the 
leaves.  The mud snail Hydrobia ulvae is found on leaves in brackish conditions.  At 
open coast sites, stauromedusae (stalked jellyfish), Haliclystus auricula and 
Lucernariopsis campanulata, may be present on leaves.   
 
Seagrass rhizomes help to stabilise sediments and may thereby increase species 
diversity.  Dense beds of Zostera reduce current flow and therefore increase deposition 
of suspended solids. Sea anemones Cereus pedunculatus, Cerianthus lloydii and the 
snail Nassarius reticulatus are often common in the sediment. 
 
Intertidal and probably shallow subtidal Zostera marina beds provide a source of food 
for a variety of wildfowl, although not to the extent that intertidal Zostera noltii do. 
Studies of feeding on Zostera rarely differentiate which species is being referred to.  
Tubbs & Tubbs (1983) reported that brent geese grazing contributed to the cover of 
Zostera marina and Zostera noltii being reduced from between 60-100% cover in 
September to between 5-10% cover between mid-October and mid-January.  The 
observation (den Hartog 1977) that the decline in Zostera marina during the wasting 
disease of the 1930's was followed by very heavy losses of the Brent goose and the 
Canada goose suggests that they rely on Zostera marina for a large proportion of their 
food.  Z. marina is also an important component of the diet of wigeon and of mute and 
whooper swans (MARLIN website).  However, it remains unclear and seems unlikely 
that subtidal Zostera marina beds are affected by wildfowl grazing. 
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 Z. marina is protected under the Berne Convention and covered by a Habitat Action  
Plan (MARLIN website). 
 
Ruppia 
 
Ruppia sp. are primary producers and the rhizomes and roots help to stabilize and 
oxygenate the sediment surface while the stems and leaves provide additional 
substratum for a variety of epiphytic algae and invertebrates.  Few organisms, except 
wildfowl, feed on live Ruppia.  However, decomposition of leaves and stems supports a 
detrital food chain for benthic organisms and probably provides primary production to 
deeper water and drift line communities (Verhoeven & van Vierssen, 1978; Zieman et 
al, 1984; Kantrud, 1991). 
  
Additional, primary productivity is provided by microbial (e.g. diatoms) and macroalgal 
epiphytes growing on the leaves and floating mats of filamentous algae including 
Chaetomorpha sp. and Cladophora sp. and when present stoneworts such as Chara 
aspera and Lamprothamnium papulosum.  Faunal epiphytes such as bryozoans and 
hydroids including Electra crustulenta, Conopeum seurati, and Cordylophora caspia 
can also be present as can juvenile anemones and bivalves such as Anemonia sulcata, 
Mytilus edulis, Cerastoderma glaucum and the larvae and pupae of aquatic insects 
including the shore fly, Ephydra riparia (Verhoeven & van Vierssen, 1978; Verhoeven 
1980; Boström & Bonsdorf, 2000). However it must be noted that aquatic insects 
probably utilize any available aquatic macrophytes as substratum.  
 
The epiphytes and algal mats may be grazed by gastropods Rissoa sp., Hydrobia sp. or 
Potamopyrgus sp., amphipods Gammarus sp. and isopods Jaera sp., and Idotea sp. and 
probably mysids Neomysis integer.   These grazers (of floral epiphytes) are an integral 
part of Zostera medows health as the limit the amount of fouling epiphytes. 
 
Verhoeven & van Vierssen (1978) and Verhoeven (1980) suggested that isopods and 
amphipods may feed directly on Ruppia sp., however their most important role in the 
food chain was the breaking down of decomposing leaves into fine particles of detritus 
suitable for suspension and deposit feeders in the detrital food chain.  
 
Surface and infaunal deposit feeders include polychaetes (e.g. Arenicola marina, 
Manayunkia aestuarina and Pygospio elegans), amphipods (e.g. Corophium volutator), 
bivalves (e.g. Macoma baltica), and chironomid larvae. 
  
Small invertebrates are preyed on by small mobile predators such as insect larvae, 
mysids, shrimps and sticklebacks, which use the Ruppia beds for shelter and are less 
common in filamenteous algal dominated sediments (MNCR).  Shore crabs Carcinus 
maenas, the eel Anguilla anguilla, and the goby Pomatoschistus microps also feed in 
Ruppia beds probably acting a scavengers.  
 
Several species of wildfowl feed directly on Ruppia sp., although the exact species will 
vary with location, season and salinity, e.g. the tufted duck, the coot, the wigeon, the 
mute swan.  
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6.7 Vunerability of seagrass communities 
 
Zostera sp.   
 
Like all marine biotopes Zostera beds are subject to natural change, and are spatially 
dynamic with advancing and receding edges causing changes in coverage (Cleator, 
1993).  Naturally occurring changes can take place at a range of scales with effects 
ranging from small alterations in coverage or density to destruction of entire beds.  
There are physical, biological and anthropogenic activities that can affect Zostera beds. 
 
Physical activities that affect the maintenance of Zostera beds 
 
Storms and hurricanes have been observed to remove large areas of Z. marina (Wyer et 
al, 1977, Orth & Moore, 1983, den Hartog, 1987, Aio & Komatsu, 1996).  Fowler 
(1992) reported the reduction of Z. marina beds around the Isles of Scilly following 
winter storms in 1989 and 1990.  Floods can also damage seagrass beds (Preen et al, 
1995). 
 
In extremely cold winters, the formation of ice amongst the sediments of eelgrass beds 
can lead to the erosion of surface sediments as well as uprooting of rhizomes and frost 
damage to foliage (Den Hartog, 1987). Critchley (1980) observed frost damage to 
Zostera on the Isle of Wight. 
 
Long-term climate change has also been identified as a possible threat to Zostera beds 
through increased sea temperature.  An increase in sea temperature will increase 
respiration and decreases irradiation, which in turn reduces photosynthesis through a 
reduction in the amount of available fixed carbon.   
  
Biological activities that affect the maintenance of Zostera beds 
 
The wasting disease that caused massive die back  of Zostera 
 
Potentially the greatest natural threat to Zostera beds is the periodic outbreak of wasting 
disease, which appears to principally affect sublittoral beds of Z. marina.  Between the 
1920’s and mid-1930’s, the once extensive Zostera beds (on both sides of the Atlantic) 
suffered serious degredation due to a major outbreak of the disease.  When the effects of 
the disease were on the wane it had been reported throughout Western Europe.  Z. 
angustifolia was less affected by the disease while Z. noltii did not appear to be affected 
at all (Rasmussen, 1977). 
 
The symptoms of the disease that struck Atlantic European Zostera populations in 1932 
are small brown spots developing on the leaves.  These spots spread over time and 
become darker until they cover the majority of the leaf, which results in its eventual 
detachment.  This process takes several weeks whereas the rhizomes, which also show 
discolouration can survive for up to a year but repeated defoliation exhausts the plant 
and eventually leads to its death (Den Hartog, 1987).   
 
The cause of the disease at first was attributed to the slime mould Labyrinthula 
macrocystis (Renn 1936, Young 1937) acting as a casual agent.  However there was 
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inconclusive proof to prove that this was the cause and various authors have put forward 
alternative hypothesis for the decline in Zostera populations.  These hypotheses are: 
 

• The wasting disease is the result of protracted low levels of insolation (Tutin, 
1939), 

• The wasting disease is correlated with extremes in precipitation (Martin, 1954), 
• Long term increases in water temperature are responsible for the eelgrass decline 

(Rasmussen, 1977), 
• The disease results from a long term lunar cycle that influences ocean 

circulation or tidal effects (Stevens, 1936), 
• Oil waste entering the coastal areas is the casual agent (Duncan, 1933). 

 
Den Hartog (1987) suggests that this variety of causes is responsible but no single 
phenomenon is widespread enough to explain the simultaneous widespread occurrence 
of the disease.  
 
It is likely that the causative factor, presumed to be L. macrocystis, persists at low, 
harmless levels within Zostera marina populations between epidemics. The reasons for 
the disease outbreaks are not fully understood (Giesen et al., 1990a, b), but it is possible 
that Zostera plants only succumb when stressed by other environmental factors such as 
low levels of insolation, increases in water temperature, or pollution (Short et al, 1988). 
The disease may occur periodically, in an unpredictable long-term cycle whose 
triggering factors remain to be identified (UK Marine SAC’s Project website). 
 
Prior to the 1930’s outbreak of the disease, there were extensive Zostera beds in the 
northern isles, which have since failed to recover to their former size and quality 
(Cleator, 1993).  Cleator (1993) concludes that Z. marina can be considered both a rare 
and threatened species in Scotland. 
 
The effect of epiphytes on Zostera plants 
 
It was noted earlier that epiphyte grazers such as Hydrobia spp. can contribute to the 
health of Zostera plants by removing the algae which foul the eelgrass leaves.  Any 
factors, which reduce grazer populations or cause increased proliferation of algae may 
therefore have an indirect adverse impact on Zostera beds.  The factors most likely to 
cause such changes are pollution incidents (causing grazer mortality) or eutrophication 
(UK Marine SAC’s Project website). 
 
Anthropogenic influences on Zostera populations 
 
A large proportion of the UK’s population lives on or adjacent to the coast as a result 
pollution, development and recreation pressures are increasingly affecting the coastal 
environment.  These activities have impacts that can be especially acute in the shallow 
bays, estuaries and lagoons where Zostera beds most commonly occur.  Holt et al 
(1995, 1997) concluded that Z. marina is extremely sensitive to human induced changes 
in the coastal environment particularly in relation to eutrophication, sedimentation and 
turbidity. The main anthropogenic effects can be grouped into the categories of 
development, pollution, disturbance and alien introductions. 
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Coastal development  
 
The long-term survival of Zostera beds requires an equilibrium between the processes 
of sediment accretion and erosion.  Water clarity is also very important as this affects 
the amount of light available for photosynthesis and so determines the depth to which 
the plants can grow.  Many forms of coastal development can strongly influence the 
local hydrographic regime causing changes in rates of sedimentation and erosion, and 
increasing the quantities of suspended sediment in the water column.  The most 
common activities of this kind include: construction of docks, piers, coastal defences 
and marinas, pipeline laying, channel dredging and land reclamation. 
 
Butcher (1941) suggested that the decline of Zostera beds in the Solent prior to the 
1950’s may have been related to dock construction and channel dredging.  Tubbs (1995) 
suggested that in the estuaries of southern and eastern England (where Zostera was 
formerly widespread and abundant), an increase in the amount of silt has arisen due to 
the steepening shore profile associated with a rise in sea level.  This may have limited 
Zostera colonization. 
 
Water pollution  
 
Water pollution can have several effects such as where plants are killed by water-borne 
toxins or smothered by oil.  Over a longer time-scale eutrophication with associated 
increases in turbidity may lead to a reduction in photosynthesis and potentially an 
increase in epiphytic algae.  However Tubbs & Tubbs (1983) and Roberts et al (1984) 
suggest that nutrient enrichment can actually increase Zostera production. 
 
Physical disturbance  
 
Seagrasses are generally not physically robust.  Their root systems are typically 
restricted to within the top 20 cm of the sediment and so can be dislodged easily by a 
range of activities, including trampling, anchoring, digging, dredging and powerboat 
wash (Fonseca, 1992).  This destabilization can increase the likelihood of additional 
losses. Disturbance can lead to reduced sedimentation rates or increased removal of 
sediments, resulting in increased turbidity, which may affect the success of Zostera 
reestablishment (Holt et al, 1997).  
 
Introduction of non-native species  
 
Spartina species (Cord-grass) 
 
The smooth cord-grass Spartina alterniflora was introduced to Southampton Water 
(probably via ballast water from ships), from the east coast of North America prior to 
1870 and was first found on mudflats near Hythe, Southampton.  It subsequently 
interbred with the native small cord-grass, S. maritima to produce the sterile hybrid S. 
townsendii and later the fertile hybrid S. anglica.  Spartina anglica has rapidly 
colonized mudflats in England and Wales due to its fast growth rate. Deliberate planting 
to stabilize sediments accelerated its spread throughout Britain. Spartina anglica forms 
dense monospecific swards and is now the most common cord-grass species in Britain. 
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The spread of S. anglica has had a number of ecological consequences, as an aggressive 
pioneer species it has contributed to the demise of the native S. maritima.  Butcher 
(1941) voiced concerns that it raises mudbanks and affects currents resulting in the 
removal of sediments from Zostera beds.  Percival et al (1997) reported a reduction in 
Zostera coverage at Lindisfarne, Northumberland, due a combination of change in 
sedimentation pattern and encroachment by S. anglica. 
 
Sargassum muticum (wire weed, strangle weed, japweed) 
 
Fears have been expressed that the introduced brown alga Sargassum muticum may 
compete with and displace Zostera (Druehl 1973).  The species was first recorded in 
Europe in 1971 as drift material on Southsea Beach and by 1983 it occupied suitable 
habitats along approximately 360 km of the southern coast of Britain (Critchley 1983a, 
b).  The British Isles has populations of S. muticum along the entire Channel coast from 
Kent to Cornwall and one site in north Cornwall.  There are also populations in the Isles 
of Scilly and Channel Isles.  Currently the most northerly population in the British Isles 
is in Strangford Lough, Northern Ireland (Davison & Davison, 1995; Davison, 1996, 
1997).  
 
There is conflicting evidence that Sargassum competes significantly with Zostera with 
evidence from the San Juan Islands, Washington State, showing that S. muticum and Z. 
marina were found to co-exist in different habitats with no evidence of competition or 
displacement (Norton, 1977).  Fowler (1995) also observed that despite the shading 
caused by the extensive S. muticum canopies in the Solent and Isle of Wight area, there 
did not appear to be any associated decline in Zostera.  Covey and Hocking (1987) 
found no evidence of S. muticum replacing Zostera in the Helford, Cornwall. 
 
At the Bembridge lagoons, Isle of Wight, S. muticum sporelings colonized newly 
exposed substratum only after the frost-induced die-back of Z. marina (Fletcher & 
Fletcher, 1975).  However, the establishment of Sargassum may have prevented 
subsequent recolonization by Zostera (Critchley, 1980; Farnham et al, 1981).  Tubbs 
(1995) reported that in the Solent S. muticum and Z. angustifolia compete for space in 
lower shore lagoons while the replacement of Z. marina by S. muticum has been 
documented at Grandcamp on the French Atlantic coast.  Givernaud et al., (1991) 
reported that S. muticum had replaced Z. marina mainly in parts of Zostera beds that 
had been damaged by human activity. 
 
6.8 Use of seagrasses to define reference conditions 
 
This discussion relates primarily to Zostera. Beds of Ruppia are so infrequent as to be 
of little value in defining reference conditions. The review above has shown the 
ecological importance of Zostera beds, which would suggest that they could be a useful 
biological element to use in assessing ecological quality. Set against this there are 
fundamental problems in the use of this particular community.  
 
As single species records, rather than being records of a general type of vegetation that 
is universal to coastal habitats such as seaweeds, Zostera beds are sporadic around the 
coast and absent from much of it. How do we cope with their absence? Is a site with a 
poor quality Zostera population going to be classified slightly higher up the scale than 
one from which it is completely absent?  If seaweeds were completely absent from a 
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rocky shore, or benthic macrofauna from a muddy or sandy beach, it would be regarded 
as being very poor ecological quality. We can only really use Zostera beds in assessing 
ecological quality if they are already there and are stable. The review above has shown 
that they are not necessarily stable. They are susceptible to various man-made and 
natural influences, which can change where they occur. If there were a deleterious 
change in a seaweed habitat, it would result in a different seaweed community that 
would be capable of being assessed for ecological quality. Loss of Zostera from a site 
where it was present at the start of a monitoring period could be classified as deleterious 
change. But how do we cope with these two further situations? What do we say about a 
locality that might be considered capable of supporting Zostera but has none?  What do 
we do about a locality that does not have Zostera now but had it before the wasting 
disease? 
 
Clearly there are problems in using a single sporadically distributed genus as a 
biological quality element. It is understandable that it seagrass meadows are proposed as 
quality elements because they are much more important in some other parts of the EU 
and are also made up of more species. Our problem is how to use to use seagrasses in 
quality assessment in a part of Europe where they are not normally a feature of most 
shores. 
 
Assuming we have to use them the approaches might be as follows. Firstly choose 
suitable areas with well developed populations where they are a well-known feature of 
the vegetation and likely to be more stable. In such a case loss of the community would 
then be a good indicator of something going wrong. 
 
Having got suitable communities what parameters can be used to assess quality? The 
following suggestions are put together from two sources – discussions that took place at 
the Plants Group meeting at Riccarton in July 2002, and the Swedish monitoring system 
for the Skagerrak/Kattegat where Zostera marina is an important feature 
(www.environ.se).  
 
The Swedish system is based on presence, density and lower depth limit. There is a five 
point classification scale as shown in Table 6.1 in which class 1 would be the reference 
condition. 
 
Table 6.1  The Swedish system of classification for eelgrass (Zostera marina) beds on 
soft bottoms in the Skaggerak/Kattegat 

 
Class Level  Description  

1 Little or 
none  

Dense growth of common eelgrass (Zostera marina), 
which occurs at depths greater than 6 metres. 

2 Moderate  Abundant growth of common eelgrass down to depths of 
3 metres, sparse growth to depths of 6 metres. 

3 Significant  Common eelgrass present to depths of 3 metres; loose 
filamentous algae also common. 

4 Serious  Isolated specimens of common eelgrass; loose 
filamentous algae dominate. 

5 Eradication  
"Dead" bottom areas, or absence of stationary 
vegetation. Possibly masses of loose algae and/or 
bottom layer of luminous white sulphurous bacteria 
(thread-like or downy substance). 
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Class 5 depends on the population having been there. Class 4 takes into account density 
as was suggested in discussions at the Plants Group meeting.  Size of plants was also 
suggested at that meeting. A problem with the literature on Scottish seagrasses is that it 
does not give a range of values for plant size and density to enable reference values of 
these relative to Scotland to be established. 
 
 
The U.K. WFD Plants Group suggested the diversity of epiphytes should be taken into 
account. This can be viewed in two ways. There is a distinctive community of algal 
epiphytes that should be expected to occur, as described earlier. But too dense a plant 
epiphyte covering can adversely affect the seagrass and there is a need for the presence 
of animal epiphytes to keep the plant ones in check by grazing. This means that both the 
plant and animal epiphytes should be taken account of, but only the plants are specified 
in the Directive. 
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7. Discussion – Type specific reference conditions using marine macrophytes 
 
7.1 Introduction 
 
What is a set of reference conditions? It could be a pristine location or a statement of 
general features found over a range of pristine locations. Both of these approaches can 
have difficulties. Such is the variability in the detailed species composition and the 
zonation pattern of many shores that there are almost as many reference conditions as 
there are good shores. Therefore it is necessary not to be too specific in formulating 
conditions so that a single set of conditions can relate to a wide range of locations. A 
further problem is that a mere qualitative description may not easily lead to a 
subsequent possibility of classification for ecological quality. 
 
The three main points to emerge from this work are: 
• The algal criteria specified in the Directive are not easy to implement and may not 

be the most meaningful and robust features 
• It is not possible at this stage to supply simple shore descriptions and species lists 

which will be useful in implementing the Directive 
• The draft typology does not seem to fit very well with some of the algal data 

 
This discussion will consider each type of water body and its macrophytes in turn and 
will then summarise further work that would be useful. Firstly some comments are 
made on the draft typology. 
 
7.2 Typology 
 
In the draft typology report (SNIFFER 2003) the proposed physical typology did not fit 
well with the MNCR biological data.  Similarly the coastal water typology did not fit in 
this work with the well-known types of shore rocky based on zonation patterns of 
epilithic organisms. Within a single type there could be every zonation pattern from 
extremely exposed to very sheltered (Appendix 3). The typology is an attempt to 
generalise physical conditions over 100 square nautical mile squares. Within a single 
square the coastline is very variable and a wide range of conditions may be averaged 
out. Similarly the categorisation of whole estuaries into types based on average 
conditions over many 1nm squares within them does not fit with the dramatic changes 
in the vegetation gradient with position and local salinity regime at specific sites within 
the estuary. 
 
These problems are not insurmountable. Using this draft typology we found no 
difference in quantitative seaweed features between shores in different types. It may be 
that seaweed reference conditions may not be very sensitive to types if generally enough 
specified. So robust is the flora of estuaries that no?? differences can be meaningfully 
quantified between different estuaries so that the existence of a general overall pattern 
in the estuary, again relatively independent of type, may be the result. 
 
7.3 Intertidal rocky seashores 
 
The need was perceived to be to find quantitative indicators that would subsequently be 
useful in classification rather than just provide lists of species. In any event species 
composition of communities was shown not to be constant, while it was suggested that 
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numerical species richness was constant. Certain biotopes were shown to be so variable 
in species composition that their use was likely to be restricted to general 
characterisation of the shore type (though as subsequently became apparent there was 
not a match between physical typology and MNCR biotope data). Several indices of 
species composition were tested for their constancy between shores of high quality and 
then for their difference between types. These were total species richness, richness of 
species in the three algal colour groups, ratios of species numbers between the 3 colour 
groups, % composition of species in each of 8 functional groups, and % composition of 
the species in two Ecological Status Groups (ESG). Although, in the absence of 
disturbance, we believe species totals remain broadly constant on single shores, they 
varied between shores within very wide limits. This meant that no significant 
differences were found between types. But also it means that this may be a relatively 
insensitive tool when applied to classification. The same conclusions applied to ratios 
within the colour groups. However it can be said that on good shores the numbers 
between the groups go in the following order:  red > brown > green. Functional groups 
were usually all present on each shore, and their ratios were rather more constant and 
showed little difference between types. The most constant feature was the 20/80 ratio 
between ESGI and ESGII species numbers i.e roughly between perennials and 
opportunist annuals. Although this is a rather simplistic ratio and was designed for use 
with quantitative abundance data (when the ratio would be reversed on a good shore!) it 
did characterise good shores. 
 
Therefore a high quality shore could be said to have the following reference conditions: 
 

• The species richness of the intertidal seaweed community of rocky shores is 
regularly of a mean value of approximately 70 species in widely different 
geographical areas and over all types, when individual shores are considered it is 
likely to vary within such very wide limits (<40 to >100) so that a single 
reference value cannot be specified, and subsequent classification based on a 
single precise species number would be difficult, so other quantitative measures 
are considered below. However there seems to be a cut off point in the shores 
listed in the database at about 60 species. All shores above this number are 
believed to be of high quality. Below this number are the shores for which there 
is doubt about the thoroughness of the survey and the shores in harbour areas. 

 
• All shores of high ecological quality would have representatives of all three 

colour groups of seaweeds in the descending order of numerical species richness 
- red > brown > green. But the actual ratios of species in different colour groups 
to each other vary within such wide limits for individual shores that no 
significant differences exist between different types or ecoregions. 

 
• Seaweed floras can be considered in terms of the composition of different 

functional forms. An open coast high ecological quality shore is likely to have 
representatives of all functional groups present. It is more difficult to specify 
very precise numbers or proportions of species present that will be in particular 
groups but the most abundant categories in terms of species will normally be 
functional groups 4 and 5 ( of the particular functional group system used in this 
report) i.e. multiseriate and corticated filamentous forms and coarsely branched 
and highly corticated forms. 
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• In terms of species numbers, shores of high quality are likely to regularly have 
about 80% of species in Ecological Status Group II (approximating to simply 
structured annual species) and 20% of species in Ecological Status Group 2 
(approximating to perennial species). 

 
• There should be an absence of obvious abnormal features in the seaweeds such 

as the presence of green tides. 
 
All of these features are based on species counts rather than relative abundance. This is 
partly because one aspect of what is specified in the Directive is species total but also 
because the available datasets, which have full species identification, do not include 
abundance. Examination of species lists for shores which are very different in 
appearance as a result of, say, wave exposure shows that characteristic species of a 
different exposure type are often present but in small amounts.  Application of all these 
features requires detailed taxonomic knowledge of seaweeds, which is likely to be 
lacking in the agencies which have to carry out monitoring. 
 
What can be done to get around these problems?  Table 4.20 shows the species in terms 
of their frequency of occurrence. The leading ones at the top of the table are relatively 
easy to identify but are so widespread that they would not distinguish shores. An 
extension of this analysis to a wider range of shores with a larger dataset might enable 
species to be picked out which are frequent within particular shore types. From this it 
should be possible to select a short list of key species, commonly present within 
particular types, which are relatively easy to identify with certainty by non-specialists. 
The proportion of such species present on a shore might then enable classification. 
 
If not working with the full species list for a shore, as for example if using key species 
as suggested above, then it should be possible to test a combination of abundance of 
common species and presence of a short list of key ones using some already existing 
datasets such as the Northern Ireland Littoral Survey (Wilkinson et al 1988) and the 
large mass of MNCR survey data. 
 
7.3.1 How type-specific can rocky shore reference conditions be? 
 
The field survey showed very clearly that both phase 2 and phase 3 typologies were not 
biologically representative for intertidal rocky seashores. For example: the most 
exposed shore visited, Bay of Skaill in Orkney, and one of the most sheltered, Finstown 
in Orkney, were both in phase 3 type 2. The former was a type of exposed shore 
dominated by sessile animals and the rare indicator of extreme wave exposure, Fucus 
distichus, while the latter was a characteristic very sheltered shore with complete cover 
of seaweeds and dense long-stranded Ascophyllum, a certain indicator of extreme 
shelter. 
 
That this has happened is understandable. To be able to process by computer the mass 
of physical data for the whole British coastline, tabulated for the typology exercise, the 
data had to be agglomerated into 10 x 10 nautical mile squares. But rocky shores vary 
enormously on scales less than 1 km owing to topographical irregularity of the 
coastline. Also the phase 2 and 3 typology used a variety of  physical characteristics 
which have little impact in determining the biota of rocky shores. It is possible that this 
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typology may be satisfactory for description of open water biological quality elements 
such as phytoplankton. 
 
The single most important feature affecting the seaweeds found on a rocky seashore is 
wave exposure. It would be more meaningful to present descriptions of seaweed 
communities to be found on rocky shores in terms of the different zonation patterns 
characteristic of different wave-exposure conditions. 
 
Table 4.19 shows that there are virtually no statistically significant differences between 
eco-regions and types within and between the two eco-regions in terms of the various 
numerical indices tested in this report. Therefore a two fold approach is adopted. Firstly 
formal reference conditions are stated below, as required for this report, but they are the 
same for all the types. This is followed by a broad, general description of the zonation 
patterns on Scottish shores in relation to wave exposure. All of the exposure patterns 
could occur in each of the types and therefore should be incorporated in future shore 
descriptions. 
 
[Subsequent to the presentation of the draft version of this report, the same lack of 
biological relevance in typology was noted in respect of some other biological quality 
elements. In consequence this has been accounted for in later modifications of the 
typology system] 
 
 
7.3.2 Reference conditions for macroalgae on intertidal rocky seashores in 

Scotland. 
 
Ecoregions:  Atlantic and North Sea 
Typology Phase 2:  Types 1,2 and 3. 
Typology Phase 3:  Types 1, 2, 3, 4, and 5. 
 
• The number of seaweed species on a shore will vary widely within each type 

depending on local habitat conditions but for high ecological quality there will be a 
minimum of 60 species on a shore. (This species number needs to be refined in the 
light of further work). 

 
• No particular species composition can be specified as being obligately present 

owing to the high proportion of ephemeral species in a high quality community and 
the effect of local habitat conditions. 

 
• Seaweed cover and abundance will be variable depending on local habitat 

conditions, especially exposure to wave action. The major exposure-related seaweed 
patterns are separately described in the next section of this report. Any of these 
patterns may occur within each type. 

 
• There will be a wide range of seaweed forms present in each type from all three 

taxonomic classes – red, brown and green. Red species will be the most numerous, 
brown species second most numerous and green species the least numerous group. 

 
• Although presence of particular species cannot be specified, a shore of high 

ecological quality will include species belonging to all functional groups, i.e. 
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G1 microcscopic epiphytic and endophytic algae 
G2 thin foliose and membranous forms 
G3 uniseriate filamentous forms 
G4 multiseriate and/or corticated filamentous forms 
G5 coarsely branched and highly corticated forms 
G6 thick leathery and cartilaginous forms 
G7 jointed calcareous forms*  
G8 encrusting algae on rock surfaces and other organisms 
 
* G8 has so few species it may occasionally be absent without prejudicing an 
otherwise high ecological quality classification. 
 

• Numbers of species in each functional group are too variable to specify precisely, 
but about 80% of species on a high quality shore will be in Ecological Status Group 
II (annuals) and 20% of species in Ecological Status Group I (perennials). 

 
• Although a high quality shore must always have some species belonging to 

functional groups, G2 and G3, fast-growing opportunist forms, in no type for shores 
of high quality will there be excessive cover of such forms so as to give rise to the 
phenomenon of “green tides” or macroalgal blooms. 

 
7.3.3 Seaweed patterns on Scottish rocky shores 
 
Within each type there may be a widely varying range of seaweed zonation patterns, 
particularly in response to wave exposure. Any of the following patterns may be found 
in each type.. 
 
(i) Strongly wave-exposed shores 
 
The sublittoral fringe is dominated by Alaria esculenta with or without Laminaria 
hyperborea. 
 
On the lower intertidal there is likely to be a band of Himanthalia elongata, a fucoid 
characteristic of wave exposure. There may be a turf or band of low-growing red algal 
species and an encrusting coralline understorey.  
  
The main part of the intertidal zone is characterised by sessile animals e.g. barnacles 
and/or mussels in very obvious bands, with correspondingly low seaweed cover. 
However this does not necessarily mean that there will be low seaweed species richness. 
 
In the mid–intertidal, often dominated by mussels, there may be clumps of  fucoids 
especially characteristic of wave exposure. Normally this will be Fucus vesiculosus 
forma linearis but on some northern (Shetland, Orkney and Caithness) shores this may 
be the Arctic species, Fucus distichus subspecies anceps which occurs only under the 
most extreme exposure. 
 
There are no species characteristic of the upper shore which may be bare of large 
seaweeds. 
 
(ii) Shores very sheltered from wave action 
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These shores are characterised by continuous horizontal bands of large seaweeds, with 
very dense cover, in a very clear-cut zonation. 
 
Going from the upper shore downwards, the characteristic spiralis zonation pattern 
starts with successive narrow bands of Pelvetia canaliculata and Fucus spiralis. In 
extreme shelter this may be followed by a wide continuous band of dense long-stranded 
Ascophyllum almost to the water’s edge at low tide. With marginally less shelter the 
Ascophyllum may be mixed with Fucus vesiculosus and on the lower shore be replaced 
by dense, large plants of Fucus serratus.  
 
Despite the continuous dense fucoid seaweed cover, a high quality shore will have an 
understsorey, especially on the lower shore, of small red seaweeds and encrusting 
corallines. 
 
The sublittoral fringe will be dominated by Laminaria saccharina with or without 
Laminaria hyperborea. 
 
(iii) Intermediately exposed shores 
 
The intertidal is usually characterised by a variety of different community types 
occurring in a mosaic of patches ranging from less than 1 metre to several metres 
across. Some of these will be sessile animal patches, particularly barnacles, while others 
will be various species of Fucus and various patches of mixed red, brown and green 
seaweeds, including Membranoptera, Lomentaria, Chondrus, Osmundea and 
Mastocarpus. The lower shore is likely to have a crustose coralline understorey. The 
sublittoral fringe will be dominated by Laminaria digitata giving way to Laminaria 
hyperborea in the sublittoral. Because of the mosaic mixture of community types of 
contrasting appearance, the zonation pattern will be less clear-cut. 
 
(iv) Shores of mixed exposure charactersitics 
 
The exposure related characteristics described above are often found to be mixed on 
shores. Undulating shores may have areas more protected from wave action by rock 
outcrops or ridges which harbour communities characteristic of greater shelter than the 
rest of the shore.  
 
Even where shores are relatively flat, there may be communities characteristic of 
different exposure conditions at different heights on the shore. The lower shore may be 
attacked by strong wave action but the wave energy is dissipated before reaching the 
upper shore at high tide on shores with a long intertidal width. 
 
This is well exemplified by a shore in our survey at Roeberry Taing at the mouth of 
Widewall Bay in Orkney. This shore faces south into the Pentland Firth through the 
south eastern entrance to Scapa Flow, and so is subjected to wave action, This is 
reflected in indicators of exposure on the lower shore, Alaria and Himanthalia, and a 
wide seaweed-bare, barnacle dominated zone in mid shore. The shore is very wide and 
gently sloping so that the upper shore is not subjected to the same high wave exposure 
as the lower shore. The upper shore has distinct zones of Fucus spiralis and Pelvetia as 
would be found on a sheltered shore. 



Reference Conditions for Macrophytes in Coastal and Transitional Waters 
 

Final Report 2003       –       SEPA Project Ref : 230/4136      -       Heriot-Watt University      -   Page 111 

 
 
7.4 Sublittoral rocky seashores 
 
Features relating to species presence are likely to show the same problems and 
conclusions as intertidal seaweeds in 7.3 above. There is a further difficulty of 
surveying in such a level of detail underwater. A general stipulation of the reference 
conditions should perhaps begin with the obvious by stipulating that there should be a 
subtidal kelp forest when appropriate substrata are available. Certain aspects of this 
forest can then be used to show good quality. The depth of penetration of the perennial 
algae, not necessarily the kelps themselves but those algae which live long enough to 
integrate the water quality conditions over time, should reach a certain level determined 
by water clarity. This is likely to vary between 10 and 20 m and there is a need for a 
wider national survey to come up with appropriate values. Just as there could be a short 
list of identifiable species to be found on the intertidal, for the subtidal there could be a 
list to be found on specific habitats which are relatively easily sampled such as the 
epiphytes of kelp stipes. This would be dependent on the presence of Laminaria 
hyperborea since the other forest forming kelps tend to repel epiphytes. 
 
Again the relation to types is problematical. Our brief surveys of shores showed that 
shores with and without obvious L.hyperborea below the water line at low water of 
spring tides, and with different dominant kelps in the upper sublittoral, Alaria, 
L.digitata and L.saccharina, all came within the one proposed type (Appendix 2). 
 
In the present state of knowledge it is not possible to go further in specifying reference 
conditions of the level of detail for intertidal shores.  
 
A general statement can be made that there will be a sublittoral kelp forest where 
conditions are suitable. This will not differ between ecoregions and types but will vary 
within types, as in the intertidal, according to wave exposure conditions. 
 
7.4.1  Reference conditions for macroalgae in sublittoral waters in Scotland 
 
Ecoregions:  Atlantic and North Sea 
Typology Phase 2:  Types 1,2 and 3. 
Typology Phase 3:  Types 1, 2, 3, 4, and 5. 
 
Where the intertidal rocky seashore continues below low water mark onto a sublittoral 
solid bedrock, where there is clear water, there will be a sublittoral kelp forest 
community dominated by one or two species of large brown seaweeds ; species 
depending on wave exposure, and with a wide range of subsidiary species. 
 
Sheltered:  Laminaria saccharina 
Moderately exposed:  Laminaria hyperborea 
Exposed:  Alaria esculenta. 
 
In certain subsets of high water quality conditions, there may be natural physical factors 
such as high turbidity and/or scouring of rocks by sand, due to subtidal substratum, 
which will limit or prevent establishment of this community. 
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7.5 Transitional waters – estuaries 
 
The species composition of estuaries is restricted and robust, particularly in the species 
poor opportunist dominated upper estuary. The lower estuary is a species poor version 
of the sheltered open coast. It is difficult to conceive of a working index based on 
detailed species composition. An obvious specification in reference conditions would be 
the absence of green tides. But apart from that problems arise in being more specific. 
The typology classifies whole estuaries into types rather than reaches within them. If we 
seek a feature based on the whole estuary then reference conditions should specify that 
there will be two algal zones within the estuary, corresponding to zones B and C 
described earlier in this report.  These zones are subjectively apparent so no great 
knowledge is needed to determine their presence. The cases described in this report of 
the reocurrence of the zone B and its movement upstream with abatement of pollution 
show that this is a useful indicator. However, this does not facilitate classification. It 
might be possible to seek species characteristic of each zone if a wide database was 
used. This would require further sampling and work up with more attention to the 
characteristics of zone B rather than Zone C. Extension of the work to include a wider 
range within the British Isles would enable the other main estuary type, group 2 
estuaries, poorly represented in Scotland, to be taken into account. 
 
In our present state of knowledge of macroalgae present in estuaries, it is not really 
possible to specify the presence or abundance of different species for different estuarine 
mixing patterns. Therefore only general reference conditions can be given for all types 
of transitional waters. 
 
7.5.1 Reference conditions for macroalgae in estuarine transitional waters in 
Scotland. 
 
Ecoregions: Atlantic and North Sea 
Types:  Phase 2/3 TW 1,2,3,4,and 5. 
 
There is a continuous gradient of change of macroalgal communities along the estuarine 
salinity gradient so that it is not possible to specify a single particular abundance or 
species complement. 
 
Nonetheless there is a general pattern. The lower estuary should have fucoid-dominated 
shores (zone B) with an understorey of seaweeds varying from as many as 50 species at 
the estuary mouth to only a few at the limit of fucoid penetration (the zone B/zone C 
boundary). The furthest penetrating fucoid may be Fucus spiralis, F. vesiculosus or F. 
ceranoides. The exact cause of which species occurs at the limit is not known. 
 
The reduction of species number going upstream occurs selectively so that red algae are 
most attenuated, followed by brown algae, with green algae penetrating completely 
throughout the length of the estuary.  
 
The upper part of the estuary, upstream of the fucoid limit of penetration (zone C) will 
be characterised by mat-forming algae – green algae, cyanobacteria, Vaucheria. In very 
turbid estuaries at least the upper part of this reach may be devoid of obvious 
macroalgae. 
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Although the most characteristic algae of estuaries are mat-forming species, there will 
not be excessive abundance of these algae so as to form macroalgal blooms or “green 
tides” which induce unfavourable conditions for fauna in the underlying sediment. 
 
 
7.6 Transitional waters- sealochs 
 
Although categorised as transitional waters these have a broadly open coast type of 
flora. So the features already discussed for intertidal and sublittoral coastal shores 
would also apply here. There is no single species list for a sealoch. They differ widely 
just as do open coast shores. There are many different sealoch environments which are 
likely to have their own detailed floras. If sealochs are typed as single entities as 
estuaries have been then the existence of the transition of communities along the length 
of the loch might also be used as a reference condition. This may be less useful than in 
estuaries because the physical differences between different sealochs may mean that 
there are natural reasons why some communities might be absent. This would require 
surveys of the seaweed flora of some sealochs, and its differences between then lochs 
and along the lengths of the lochs to be carried out. As with other seaweed habitats 
discussed earlier, relative abundance of key species should be taken into account and 
the absence of green tides should be specified as a reference condition. 
 
 
7.7 Seagrasses 
 
Of the two seagrass genera, Zostera is the one which occurs much more widely and in 
open sea waters. The main problem with reference conditions for seagrasses is the 
validity of a condition that may be dependent on a single species which may be of 
limited occurrence and which has changed its distribution in the past. How do we cope 
with the absence of the community on a substrate that might be thought able to support 
it? If we have a Zostera  bed present then it was suggested in section 6 that we could 
follow the Swedish system by rating abundance on a two point scale of abundant 
growth or isolated specimens, and for Z.marina the depth of penetration, rather like 
suggested for sublittoral algae. It seems that survey work may have to be undertaken to 
establish values for the other suggested features of plant size and epiphyte condition. 
The abasence of symptoms of the wasting disease is also an obvious component in 
reference conditions. 
 
7.7.1 Seagrass reference conditions 
 
Ecoregions:  Atlantic and North Sea 
Typology Phase 2:  Types 1,2 and 3. 
Typology Phase 3:  Types 1, 2, 3, 4, and 5. 
 
The presence of a seagrass community is indicative of good water quality but its 
absence does not indicate the opposite. 
 
If seagrass community is present, the highest ecological quality will be  indicated by 
dense shoots, lack of infection by wasting disease, and lack of epiphyte cover. 
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An almost complete lack of publications on seagrasses in Britain means that it is not  
possible to put values on the above parameters without further research. 
 
 
7.8 Summary of recommendations for further work 
 
The following recommendations are made to help take forward the ideas developed 
here. 
 
i) Extend the intertidal seaweed database to cover the whole British Isles, and seek key 
species which are universally present and easily identified within specific types. 
 
ii) Use the key species from i)  to formulate a classification tool, ideally one that can be 
used by non-specialists with minimal training 
 
iii) Investigate the use of seaweed abundance data in line with the above suggestions. 
This could include a refinement of the Greek ESG tool for British use. 
 
iv) Compile a database on seaweeds of shores of poor ecological quality, and use it to 
verify the values for classification of species richness and possibly other quantitative 
measures of community structure already compiled in this report for what are believed 
to be high quality shores. 
 
v) Compile a database of estuarine algae in order to determine whether: 

(i) there are particular species combinations characteristic of particular TW 
types or even of other biological categories that do not correspond to the 
proposed typology. 

(ii) the constancy of composition of the species poor zone C of estuaries. 
 
vi) Investigate the extent of zone B (fucoid dominated zone) in a wide range of estuaries 
in order to determine its relevance to salinity or other natural physical factors, proposed 
typology, and environmental quality. This should include separate analysis of the 
different fucoid species as they may penetrate to different extents or dominate in 
different transitional water types. 
 
vii)  Collect and analyse further data of species presence in estuaries, from the whole 
British Isles, to seek differences in the flora of zone B of the estuaries that might be 
correlated with the estuary grouping from the typology. 
 
viii) Study the seaweed flora of different sealochs to determine the regular features that 
might enable classification 
 
ix) Collect and/or review existing data on the depth penetration of sublittoral seaweeds 
in relation to typology and water quality 
 
x) Collect data on depth distribution, density and epiphytes of Zostera. 
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Appendices 
 
Appendix 1: Tables to illustrate the Biotope classification system taken 
from the Littoral Biotope Manual (Connor, Brazier et al 1997). 
 
Table 5.1 shows the Major Habitats and Habitat Complexes 
 
Table 5.2. shows the Biotope Complexes 
 
Table 5.3 shows the biotopes and sub-biotopes on littoral rocky shores 
 
Table 2.4 gives two worked examples of the hierarchical system 
 
The final two pages give an example of the sort of description that is 
provided in the Biotope Manual for each biotope. 
 
See section 4.1.4.1 for an explanation of the above categories 
 
 
The Joint Nature Conservation Committee is thanked for permission to 
reproduce these pages from the intertidal biotope manual. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 



 



 



 
 
 
 
 



 
 
 
 
 



 
 
 
 
 



 
Appendices 
 
Appendix 2: Shore Descriptions 
 
This appendix consists of  the following: 
 
Figure A2.1  Allocation of the sites visited in March 2003 to the types in Phase 2 of the draft 
typology report 
 
Figure A2.2  Allocation of the sites visited in March 2003 to the types in Phase 3 of the draft 
typology report 
 
Table A2. 1   The shores visited in March 2003 
 
Plates A2.1 to A2.6 showing photographs of selected seashores 
 
Shore Descriptions 
 
The section on coastal seaweeds (section 4.1) was largely concerned with seeking 
numerical indices to characterise shores, based on numbers and types of seaweed 
species, that would lend themselves to a numerical classification scale as well as 
forming a quantitative set of reference conditions. This meant that section lacked any 
description of what shores and their seaweeds actually looked like. This appendix is 
meant to remedy that deficiency by illustrating the principal features of the seaweed 
vegetation on a range of shores around Scotland visited in March 2003. The visit was 
carried out before the draft typology report was available. Therefore the shores were not 
deliberately chosen by type in the sense of WFD typology. They were chosen to 
represent a range of the habitat conditions referred to in Section 2 which control the 
distribution of seaweeds on the shore – e.g. wave action. Slope etc. They were also 
chosen to be in parts of the country where there would not be strong anthropogenic 
influence on the shore so that they might be regarded as being close to pristine. Where 
possible shores were visited which had been included in the database in Appendix 3 and 
so were used in the calculation of algal numbers in section 4.1.  The shores visited are 
listed in Table A2.1 and their locations and typology are shown in figs A2.1 and A2.2. 
 
Selected illustrations to show the nature of the zonation and seaweed cover on six of 
these shores is shown on the following pages.  Illustrations are available for all the 
shores visited and in most cases there is a large number of them. These could be 
supplied if desired either on paper or preferably as a CD an pictures to help 
kidentification of common seaweeds could be added.. These would then be able to give 
those unused to dealing with rocky shores a guide to what might be found. 
 
The six shores selected here cover arrange from extremely exposed through exposed 
and moderately exposed to sheltered and very sheltered.  They illustrate the major types 
of shore from mussel dominated (very exposed) through mosaic shores (moderately 
exposed) to full fucoid zonation (moderately sheltered) and dense Ascophyllum (very 
sheltered). They were also selected because all of them are classified in the same type as 
each other in either or both of the typology systems. This raises questions about the 
relaltionship of the typology to biological data which are discussed further in the 
Discussion section. 



 

 
 
Figure A2.1  Allocation of the sites visited in March 2003 to the types in Phase 2 of the draft 
typology report 
 



 
 
Figure A2.2  Allocation of the sites visited in March 2003 to the types in Phase 3 of the draft 
typology report 
 
 
 
 
 
 



Table A2. 1   The shores visited in March 2003 
 

Place Date National 
Grid Ref 

Shore Type Phase 
2 Type

Phase 
3 Type 

Database 
site 

Bay of Skaill, 
West Mainland 
of Orkney 

27/2 HY190225   Extremely exposed, 
west facing open 
Atlantic, deep water 
offshore, sandstone 

1 1 Adjacent to 
Nebbi Geo 

Roeberry 
Taing, South 
Ronaldsay, 
Orkney 

28/2 ND425932 Moderately exposed 
sandstone shore at 
mouth of bay facing 
south into Pentland 
Firth 

3 4  

Finstown 28/2 HY375131 Very sheltered shore 2 1  
Gardenstown, 
Banffshire 

2/3 NJ79-64- Exposed north facing 
shore, sand influence, 
mainly sandstone but 
igneous outcrop 

1 1 yes 

Nairn 3/3 NH876571 Moderately sheltered 
sandstone at mouth of 
firth 

2 1  

Droman, near 
Kinlochbervie 

3/3 NC18-59- Exposed, igneous and 
sedimentary outcrops 

1 1  

Kylesku, 
Sutherland 

3/3 NC33-21- Very sheltered steep 
rock and boulders on 
gentle slope at mouth of 
sealoch 

1 1  

Brenish, 
(Geodh an 
Fharaidh) 
Western Lewis 

4/3 NA99-24- 
NA98-44- 

Very exposed, Atlantic 
facing but shallow 
sandy bottom, and 
offshore island, granite 

1 4 yes 

Geodha 
Martainn, 
Western Harris 

5/3 NG034902 Very exposed granite 
shore facing open 
Atlantic 

1 4  

Loch 
Scadabaigh 

5/3 NG170915 Very sheltered steep 
sealoch shore 

Loch 
Ghreosbhagh 

5/3 NG153928 Sheltered steep 
sealoch shore 

 
2 

 
1 

Taken as 
one site to 

replace 

Portnaguran, 
Eye Peninsula, 
Lewis 

5/3 NB558374 Moderately exposed 
north facing shore 

2 1 yes 

Aignish, Eye 
Peninsula, 
Lewis 

5/3 NB491328 Moderately exposed 
sand stone, outcrops in 
sand 

2 1 Yes 

Tarskavaig, 
Skye 

6/3 NG586090 West facing exposed 
shore with rock 
outcrops in sandy 
beach 

1 1  

Armadale, 
Skye 

6/3 NG643047 Steep moderately 
sheltered shore 

1 5  

Salen Pier, 
Mull 

7/3 NM578439 Steep moderately 
sheltered shore  

2 5  

Scallastle Bay, 
Mull 

7/3 NM693388 Steep moderately 
sheltered shore 

2 5  

Eisirein, Mull 7/3 NM531389 Inner end of west facing 
bay, large rock outcrops 
in sand 

1 5  

 
 
 



Site Site Name Typology Typology Number Species Composition Ratios
No. Phase Phase of

2 3 species Green Brown Red R:B B:G R:G
1 Port Mora 3 3 95 17 24 54 2.25 1.41 3.18
2 Port-en-Corkrie 3 2 91 21 28 42 1.50 1.33 2.00
3 Eggerness Point 2 1 94 21 29 44 1.52 1.38 2.10
4 Lady Bay 3 2 76 15 23 38 1.65 1.53 2.53
5 Soleburn Bridge 3 2 59 7 28 24 0.86 4.00 3.43
6 Genoch Rocks 3 2 68 13 21 34 1.62 1.62 2.62
7 Port Logan 2 1 73 15 24 34 1.42 1.60 2.27
13 Dunstaffnage 2 5 54 3 16 35 2.19 5.33 11.67
14 Dunollie 1 5 58 5 13 40 3.08 2.60 8.00
15 Heather Island 1 5 30 2 2 26 13.00 1.00 13.00
16 Anchorage North 1 5 46 4 8 34 4.25 2.00 8.50
17 Anchorage South 1 5 35 2 6 27 4.50 3.00 13.50
18 North Feochan 1 5 32 2 8 22 2.75 4.00 11.00
19 Easdale Headland 1 5 32 1 12 19 1.58 12.00 19.00
20 Easdale Quarry 1 5 63 3 18 42 2.33 6.00 14.00
21 Carsaig 2 3 52 2 14 36 2.57 7.00 18.00
22 Portencross 2 5 79 9 28 42 1.50 3.11 4.67
23 Dunure 2 1 57 6 18 33 1.83 3.00 5.50
24 Crinan Harbour 2 3 49 16 13 20 1.54 0.81 1.25
25 Balnahard bay 1 1 43 5 14 24 1.71 2.80 4.80
26 Scalasaig 1 1 144 18 47 79 1.68 2.61 4.39
27 Rubha Dubh 1 1 40 6 10 24 2.40 1.67 4.00
28 Poll Gorm 1 1 33 6 16 11 0.69 2.67 1.83
29 Seal Cottage, Oronsay 1 1 61 7 14 40 2.86 2.00 5.71
30 Ardskenish 1 1 41 4 11 26 2.36 2.75 6.50
31 Port Lobh 1 1 78 8 30 40 1.33 3.75 5.00
32 An Rubha 1 1 34 3 13 18 1.38 4.33 6.00
34 Kiloran bay 1 1 75 12 20 43 2.15 1.67 3.58
35 Geodh'an Fharaidh 1 4 103 10 37 56 1.51 3.70 5.60
36 Bosta 1 1 107 10 35 62 1.77 3.50 6.20
38 Port Geiraha 2 1 93 18 32 43 1.34 1.78 2.39
41 Aignish 2 1 50 9 23 18 0.78 2.56 2.00
42 Port nan Guiran 2 1 94 10 35 49 1.40 3.50 4.90
43 Stornoway Harbou 2 1 34 6 18 10 0.56 3.00 1.67
45 Loch na h-Uamba 2 3 104 18 30 56 1.87 1.67 3.11
47 North Rona 1 4 45 8 14 23 1.64 1.75 2.88
50 Shiant Islands 2 1 13 1 8 4 0.50 8.00 4.00
55 St. Kilda 1 4 73 11 25 37 1.48 2.27 3.36
57 Brough Head 1 1 100 21 34 45 1.32 1.62 2.14
60 The Bush 1 1 46 6 19 21 1.11 3.17 3.50
62 Sandwick Bay 3 4 88 22 28 38 1.36 1.27 1.73
63 Burray Ness 3 4 97 22 31 44 1.42 1.41 2.00
64 Nebbi Geo 1 1 94 17 35 42 1.20 2.06 2.47
65 Bay of Kirkwal 2 1 59 11 21 27 1.29 1.91 2.45
68 Fair Isle 3 2 113 19 40 54 1.35 2.11 2.84
69 Lerwick Harbour 1 1 29 1 17 11 0.65 17.00 11.00
70 Horse of the Nabb 1 1 28 4 15 9 0.60 3.75 2.25
71 Voe of Sound 1 1 69 7 25 37 1.48 3.57 5.29
72 Bay of Okraquoy 1 1 14 0 1 13 13.00 N/A N/A
73 Off the Helm of Mel 1 1 23 1 9 13 1.44 9.00 13.00
74 Minni of Aith 1 1 16 4 0 12 N/A 0.00 3.00
75 Noss Sound 1 1 20 0 1 19 19.00 N/A N/A
76 Pund Voe 1 1 7 0 0 7 N/A N/A N/A
77 West Ham 1 1 49 9 20 20 1.00 2.22 2.22
78 Below the broch 1 1 12 0 3 9 3.00 N/A N/A
79 West pool 1 1 32 0 25 7 0.28 N/A N/A
80 Between the Cellar & the Swarf 1 1 19 1 10 8 0.80 10.00 8.00
81 Bigton Wick 1 1 41 2 20 19 0.95 10.00 9.50
82 St. Ninian's Isle 1 1 21 0 21 0 0.00 N/A N/A
83 St. Ninian's Bay 1 1 16 2 0 14 N/A 0.00 7.00
84 Bay of Scousburgh 1 1 49 3 24 22 0.92 8.00 7.33
85 Spiggie Voe or Peerie Goe 1 1 68 9 25 34 1.36 2.78 3.78
86  Hamna Voe 1 1 27 8 14 5 0.36 1.75 0.63
87 Outer side of Fugla Ness 1 1 49 3 26 20 0.77 8.67 6.67
88 Lu Ness 1 1 53 9 21 23 1.10 2.33 2.56
89 West coast, near the Natural Arch 1 1 30 0 0 30 N/A N/A N/A
90 Sand Wick 1 1 14 2 9 3 0.33 4.50 1.50
91 Lang Sound 1 1 52 5 23 24 1.04 4.60 4.80
92 Stenness 1 1 72 5 28 39 1.39 5.60 7.80
93 Utsabi 1 1 19 3 5 11 2.20 1.67 3.67
94 Firoda Taing 1 1 53 8 18 27 1.50 2.25 3.38
95 Between Firoda Taing and Cro Tain 1 1 22 0 22 0 0.00 N/A N/A
96 Mavis Grind, on the Sullon Voe shore 1 1 18 1 9 8 0.89 9.00 8.00
97 Weisdale Voe 1 1 6 0 5 1 0.20 N/A N/A
98 Bixter Voe 1 1 5 1 4 0 0.00 4.00 0.00
99 Neap of Norby 1 1 20 0 18 2 0.11 N/A N/A
100 Ness of Melby 1 1 51 6 17 28 1.65 2.83 4.67



Site Site Name Typology Typology Number Species Composition Ratios
No. Phase Phase of

2 3 species Green Brown Red R:B B:G R:G
101 Between Quilva Taing & the Clumper 1 1 50 8 23 19 0.83 2.88 2.38
102 Matta Taing 1 1 45 6 17 22 1.29 2.83 3.67
103 Gardenstown 1 1 98 24 26 48 1.85 1.08 2.00
104 Fraserburgh 1 1 55 8 20 27 1.35 2.50 3.38
106 Roanheads 3 1 68 7 21 40 1.90 3.00 5.71
107 Buchan Ness 3 1 106 19 36 51 1.42 1.89 2.68
114 Nigg Bay 1 1 58 10 17 31 1.82 1.70 3.10
115 Cove Bay 1 1 98 18 26 54 2.08 1.44 3.00
117 Old Kirk Shore 2 4 88 14 26 48 1.85 1.86 3.43
120 Johnshaven 2 4 84 14 26 44 1.69 1.86 3.14
123 Gin Head 2 1 99 21 34 44 1.29 1.62 2.10
124 St. Baldrick's Cradle 1 4 101 14 31 56 1.81 2.21 4.00
126 Long Craigs 2 4 117 21 41 55 1.34 1.95 2.62
128 Cove Harbour 1 4 109 13 40 56 1.40 3.08 4.31
129 Pettico Wick 1 4 116 21 39 56 1.44 1.86 2.67
130 Sharper's Head 2 1 108 13 42 53 1.26 3.23 4.08
132 Fifeness 2 4 100 24 33 43 1.30 1.38 1.79
133 Crail 2 4 103 23 32 48 1.50 1.39 2.09
134 Isle of May 2 4 109 31 34 44 1.29 1.10 1.42
135 Anstruther 2 4 111 25 36 50 1.39 1.44 2.00
136 Pittenweem 2 1 74 19 17 38 2.24 0.89 2.00
137 Yellowcraigs 2 1 84 21 23 40 1.74 1.10 1.90
138 Dunbar Harbour 2 4 59 15 14 30 2.14 0.93 2.00
139 Elie 2 1 131 29 43 59 1.37 1.48 2.03
140 Monks' House Rocks 1 1 21 3 9 9 1.00 3.00 3.00
142 Beadnell Bay 1 4 60 4 23 33 1.43 5.75 8.25
143 The Outer Farnes 1 1 58 6 23 29 1.26 3.83 4.83
144 Holy Island 1 1 63 6 27 30 1.11 4.50 5.00
145 Berwidk-on-Tweed 2 1 62 3 26 33 1.27 8.67 11.00
147 Boulmer 1 1 54 4 18 32 1.78 4.50 8.00



Site Site Name Typology Typology Number Functional groups ESG
No. Phase Phase of Numbers (Group) % (Group) Group %

2 3 species G1 G2 G3 G4 G5 G6 G7 G8 G1 G2 G3 G4 G5 G6 G7 G8 I II I II
1 Port Mora 3 3 95 12 11 12 17 24 8 1 10 12.6 11.6 12.6 17.9 25.3 8.4 1.1 10.5 19 76 20.0 80.0
2 Port-en-Corkrie 3 2 91 16 12 11 15 23 11 1 2 17.6 13.2 12.1 16.5 25.3 12.1 1.1 2.2 14 77 15.4 84.6
3 Eggerness Point 2 1 94 11 12 10 20 22 9 1 9 11.7 12.8 10.6 21.3 23.4 9.6 1.1 9.6 19 75 20.2 79.8
4 Lady Bay 3 2 76 10 13 8 12 23 9 1 0 13.2 17.1 10.5 15.8 30.3 11.8 1.3 0.0 10 66 13.2 86.8
5 Soleburn Bridge 3 2 59 4 7 5 9 15 8 1 10 6.8 11.9 8.5 15.3 25.4 13.6 1.7 16.9 19 40 32.2 67.8
6 Genoch Rocks 3 2 68 6 12 7 9 21 9 1 3 8.8 17.6 10.3 13.2 30.9 13.2 1.5 4.4 13 55 19.1 80.9
7 Port Logan 2 1 73 10 11 8 10 21 10 1 2 13.7 15.1 11.0 13.7 28.8 13.7 1.4 2.7 13 60 17.8 82.2
13 Dunstaffnage 2 5 54 6 6 4 14 15 7 1 1 11.1 11.1 7.4 25.9 27.8 13.0 1.9 1.9 9 45 16.7 83.3
14 Dunollie 1 5 58 6 6 4 13 20 7 1 1 10.3 10.3 6.9 22.4 34.5 12.1 1.7 1.7 9 49 15.5 84.5
15 Heather Island 1 5 30 3 3 3 13 6 2 0 0 10.0 10.0 10.0 43.3 20.0 6.7 0.0 0.0 2 28 6.7 93.3
16 Anchorage North 1 5 46 2 4 6 16 12 5 0 1 4.3 8.7 13.0 34.8 26.1 10.9 0.0 2.2 6 40 13.0 87.0
17 Anchorage South 1 5 35 3 4 3 11 10 3 0 1 8.6 11.4 8.6 31.4 28.6 8.6 0.0 2.9 4 31 11.4 88.6
18 North Feochan 1 5 32 1 3 0 11 12 5 0 0 3.1 9.4 0.0 34.4 37.5 15.6 0.0 0.0 5 27 15.6 84.4
19 Easdale Headland 1 5 32 3 4 1 5 9 8 1 1 9.4 12.5 3.1 15.6 28.1 25.0 3.1 3.1 10 22 31.3 68.8
20 Easdale Quarry 1 5 63 4 7 4 20 21 6 0 1 6.3 11.1 6.3 31.7 33.3 9.5 0.0 1.6 7 56 11.1 88.9
21 Carsaig 2 3 52 5 8 3 11 15 9 0 1 9.6 15.4 5.8 21.2 28.8 17.3 0.0 1.9 10 42 19.2 80.8
22 Portencross 2 5 79 6 16 8 17 19 11 1 1 7.6 20.3 10.1 21.5 24.1 13.9 1.3 1.3 13 66 16.5 83.5
23 Dunure 2 1 57 1 11 4 13 15 11 1 1 1.8 19.3 7.0 22.8 26.3 19.3 1.8 1.8 13 44 22.8 77.2
24 Crinan Harbour 2 3 49 15 6 4 11 8 3 0 2 30.6 12.2 8.2 22.4 16.3 6.1 0.0 4.1 5 44 10.2 89.8
25 Balnahard bay 1 1 43 2 8 6 9 12 4 0 2 4.7 18.6 14.0 20.9 27.9 9.3 0.0 4.7 6 37 14.0 86.0
26 Scalasaig 1 1 144 17 17 17 39 35 13 1 5 11.8 11.8 11.8 27.1 24.3 9.0 0.7 3.5 19 125 13.2 86.8
27 Rubha Dubh 1 1 40 2 2 9 9 12 5 0 1 5.0 5.0 22.5 22.5 30.0 12.5 0.0 2.5 6 34 15.0 85.0
28 Poll Gorm 1 1 33 2 3 7 8 8 4 0 1 6.1 9.1 21.2 24.2 24.2 12.1 0.0 3.0 5 28 15.2 84.8
29 Seal Cottage, Oronsay 1 1 61 1 7 6 13 24 7 2 1 1.6 11.5 9.8 21.3 39.3 11.5 3.3 1.6 10 51 16.4 83.6
30 Ardskenish 1 1 41 1 3 5 11 14 6 1 0 2.4 7.3 12.2 26.8 34.1 14.6 2.4 0.0 7 34 17.1 82.9
31 Port Lobh 1 1 78 5 9 6 20 28 7 1 2 6.4 11.5 7.7 25.6 35.9 9.0 1.3 2.6 10 68 12.8 87.2
32 An Rubha 1 1 34 1 5 3 9 8 7 1 0 2.9 14.7 8.8 26.5 23.5 20.6 2.9 0.0 8 26 23.5 76.5
34 Kiloran bay 1 1 75 3 8 10 19 23 10 1 1 4.0 10.7 13.3 25.3 30.7 13.3 1.3 1.3 12 63 16.0 84.0
35 Geodh'an Fharaidh 1 4 103 14 5 10 23 30 11 2 8 13.6 4.9 9.7 22.3 29.1 10.7 1.9 7.8 21 82 20.4 79.6
36 Bosta 1 1 107 15 7 12 24 31 11 1 6 14.0 6.5 11.2 22.4 29.0 10.3 0.9 5.6 18 89 16.8 83.2
38 Port Geiraha 2 1 93 11 7 17 19 24 11 1 3 11.8 7.5 18.3 20.4 25.8 11.8 1.1 3.2 15 78 16.1 83.9
41 Aignish 2 1 50 2 7 6 9 15 10 1 0 4.0 14.0 12.0 18.0 30.0 20.0 2.0 0.0 11 39 22.0 78.0
42 Port nan Guiran 2 1 94 7 7 10 24 26 10 1 9 7.4 7.4 10.6 25.5 27.7 10.6 1.1 9.6 20 74 21.3 78.7
43 Stornoway Harbou 2 1 34 2 7 5 5 6 8 1 0 5.9 20.6 14.7 14.7 17.6 23.5 2.9 0.0 9 25 26.5 73.5
45 Loch na h-Uamba 2 3 104 11 12 13 18 26 11 2 11 10.6 11.5 12.5 17.3 25.0 10.6 1.9 10.6 24 80 23.1 76.9
47 North Rona 1 4 45 7 8 5 8 8 7 1 1 15.6 17.8 11.1 17.8 17.8 15.6 2.2 2.2 9 36 20.0 80.0
50 Shiant Islands 2 1 13 0 1 0 2 3 7 0 0 0.0 7.7 0.0 15.4 23.1 53.8 0.0 0.0 7 6 53.8 46.2
55 St. Kilda 1 4 73 7 14 11 12 15 10 1 3 9.6 19.2 15.1 16.4 20.5 13.7 1.4 4.1 14 59 19.2 80.8
57 Brough Head 1 1 100 17 13 12 16 23 12 1 6 17.0 13.0 12.0 16.0 23.0 12.0 1.0 6.0 19 81 19.0 81.0
60 The Bush 1 1 46 6 1 4 13 11 6 1 4 13.0 2.2 8.7 28.3 23.9 13.0 2.2 8.7 11 35 23.9 76.1
62 Sandwick Bay 3 4 88 17 11 14 10 22 11 1 2 19.3 12.5 15.9 11.4 25.0 12.5 1.1 2.3 14 74 15.9 84.1
63 Burray Ness 3 4 97 13 12 13 20 26 11 1 1 13.4 12.4 13.4 20.6 26.8 11.3 1.0 1.0 13 84 13.4 86.6
64 Nebbi Geo 1 1 94 13 10 14 17 23 12 1 4 13.8 10.6 14.9 18.1 24.5 12.8 1.1 4.3 17 77 18.1 81.9
65 Bay of Kirkwal 2 1 59 6 8 4 13 20 8 0 0 10.2 13.6 6.8 22.0 33.9 13.6 0.0 0.0 8 51 13.6 86.4
68 Fair Isle 3 2 113 13 14 15 25 28 12 1 5 11.5 12.4 13.3 22.1 24.8 10.6 0.9 4.4 18 95 15.9 84.1
69 Lerwick Harbour 1 1 29 5 3 2 5 6 7 1 0 17.2 10.3 6.9 17.2 20.7 24.1 3.4 0.0 8 21 27.6 72.4
70 Horse of the Nabb 1 1 28 1 4 2 5 7 8 1 0 3.6 14.3 7.1 17.9 25.0 28.6 3.6 0.0 9 19 32.1 67.9
71 Voe of Sound 1 1 69 4 8 6 18 23 9 1 0 5.8 11.6 8.7 26.1 33.3 13.0 1.4 0.0 10 59 14.5 85.5
72 Bay of Okraquoy 1 1 14 0 2 0 6 5 0 1 0 0.0 14.3 0.0 42.9 35.7 0.0 7.1 0.0 1 13 7.1 92.9



Site Site Name Typology Typology Number Functional groups ESG
No. Phase Phase of Numbers (Group) % (Group) Group %

2 3 species G1 G2 G3 G4 G5 G6 G7 G8 G1 G2 G3 G4 G5 G6 G7 G8 I II I II
73 Off the Helm of Mel 1 1 23 3 3 2 4 9 2 0 0 13.0 13.0 8.7 17.4 39.1 8.7 0.0 0.0 2 21 8.7 91.3
74 Minni of Aith 1 1 16 0 4 2 5 5 0 0 0 0.0 25.0 12.5 31.3 31.3 0.0 0.0 0.0 0 16 0.0 100.0
75 Noss Sound 1 1 20 0 2 1 6 10 0 1 0 0.0 10.0 5.0 30.0 50.0 0.0 5.0 0.0 1 19 5.0 95.0
76 Pund Voe 1 1 7 0 1 0 4 2 0 0 0 0.0 14.3 0.0 57.1 28.6 0.0 0.0 0.0 0 7 0.0 100.0
77 West Ham 1 1 49 4 5 5 11 14 9 1 0 8.2 10.2 10.2 22.4 28.6 18.4 2.0 0.0 10 39 20.4 79.6
78 Below the broch 1 1 12 0 1 1 3 5 1 1 0 0.0 8.3 8.3 25.0 41.7 8.3 8.3 0.0 2 10 16.7 83.3
79 West pool 1 1 32 3 1 3 2 13 9 1 0 9.4 3.1 9.4 6.3 40.6 28.1 3.1 0.0 10 22 31.3 68.8
80 Between the Cellar & the Swarf 1 1 19 1 3 1 4 4 5 1 0 5.3 15.8 5.3 21.1 21.1 26.3 5.3 0.0 6 13 31.6 68.4
81 Bigton Wick 1 1 41 4 7 3 6 13 6 1 1 9.8 17.1 7.3 14.6 31.7 14.6 2.4 2.4 8 33 19.5 80.5
82 St. Ninian's Isle 1 1 21 3 2 1 2 4 8 0 1 14.3 9.5 4.8 9.5 19.0 38.1 0.0 4.8 9 12 42.9 57.1
83 St. Ninian's Bay 1 1 16 0 3 0 5 7 0 1 0 0.0 18.8 0.0 31.3 43.8 0.0 6.3 0.0 1 15 6.3 93.8
84 Bay of Scousburgh 1 1 49 2 6 3 8 20 9 1 0 4.1 12.2 6.1 16.3 40.8 18.4 2.0 0.0 10 39 20.4 79.6
85 Spiggie Voe or Peerie Goe 1 1 68 4 11 9 12 23 9 0 0 5.9 16.2 13.2 17.6 33.8 13.2 0.0 0.0 9 59 13.2 86.8
86  Hamna Voe 1 1 27 1 4 7 1 6 8 0 0 3.7 14.8 25.9 3.7 22.2 29.6 0.0 0.0 8 19 29.6 70.4
87 Outer side of Fugla Ness 1 1 49 6 7 3 6 14 11 1 1 12.2 14.3 6.1 12.2 28.6 22.4 2.0 2.0 13 36 26.5 73.5
88 Lu Ness 1 1 53 6 6 7 7 18 8 1 0 11.3 11.3 13.2 13.2 34.0 15.1 1.9 0.0 9 44 17.0 83.0
89 West coast, near the Natural Arch 1 1 30 1 4 2 9 13 0 1 0 3.3 13.3 6.7 30.0 43.3 0.0 3.3 0.0 1 29 3.3 96.7
90 Sand Wick 1 1 14 2 0 2 0 5 4 1 0 14.3 0.0 14.3 0.0 35.7 28.6 7.1 0.0 5 9 35.7 64.3
91 Lang Sound 1 1 52 1 7 4 14 17 8 1 0 1.9 13.5 7.7 26.9 32.7 15.4 1.9 0.0 9 43 17.3 82.7
92 Stenness 1 1 72 6 9 8 15 22 10 1 1 8.3 12.5 11.1 20.8 30.6 13.9 1.4 1.4 12 60 16.7 83.3
93 Utsabi 1 1 19 1 2 3 6 1 5 1 0 5.3 10.5 15.8 31.6 5.3 26.3 5.3 0.0 6 13 31.6 68.4
94 Firoda Taing 1 1 53 4 7 8 8 17 6 1 2 7.5 13.2 15.1 15.1 32.1 11.3 1.9 3.8 9 44 17.0 83.0
95 Between Firoda Taing and Cro Tain 1 1 22 4 1 2 0 5 10 0 0 18.2 4.5 9.1 0.0 22.7 45.5 0.0 0.0 10 12 45.5 54.5
96 Mavis Grind, on the Sullon Voe shore 1 1 18 1 1 1 5 3 6 1 0 5.6 5.6 5.6 27.8 16.7 33.3 5.6 0.0 7 11 38.9 61.1
97 Weisdale Voe 1 1 6 0 0 1 1 0 4 0 0 0.0 0.0 16.7 16.7 0.0 66.7 0.0 0.0 4 2 66.7 33.3
98 Bixter Voe 1 1 5 1 1 0 0 1 2 0 0 20.0 20.0 0.0 0.0 20.0 40.0 0.0 0.0 2 3 40.0 60.0
99 Neap of Norby 1 1 20 3 2 1 2 4 6 0 2 15.0 10.0 5.0 10.0 20.0 30.0 0.0 10.0 8 12 40.0 60.0
100 Ness of Melby 1 1 51 3 7 6 11 17 6 1 0 5.9 13.7 11.8 21.6 33.3 11.8 2.0 0.0 7 44 13.7 86.3
101 Between Quilva Taing & the Clumper 1 1 50 5 10 8 7 12 6 1 1 10.0 20.0 16.0 14.0 24.0 12.0 2.0 2.0 8 42 16.0 84.0
102 Matta Taing 1 1 45 3 7 6 9 11 7 1 1 6.7 15.6 13.3 20.0 24.4 15.6 2.2 2.2 9 36 20.0 80.0
103 Gardenstown 1 1 98 20 10 12 14 20 11 1 10 20.4 10.2 12.2 14.3 20.4 11.2 1.0 10.2 22 76 22.4 77.6
104 Fraserburgh 1 1 55 6 6 7 10 13 9 1 3 10.9 10.9 12.7 18.2 23.6 16.4 1.8 5.5 13 42 23.6 76.4
106 Roanheads 3 1 68 6 9 7 12 19 10 1 4 8.8 13.2 10.3 17.6 27.9 14.7 1.5 5.9 15 53 22.1 77.9
107 Buchan Ness 3 1 106 19 10 16 18 24 11 1 7 17.9 9.4 15.1 17.0 22.6 10.4 0.9 6.6 19 87 17.9 82.1
114 Nigg Bay 1 1 58 6 10 5 13 8 8 1 7 10.3 17.2 8.6 22.4 13.8 13.8 1.7 12.1 16 42 27.6 72.4
115 Cove Bay 1 1 98 12 12 15 23 17 10 1 8 12.2 12.2 15.3 23.5 17.3 10.2 1.0 8.2 19 79 19.4 80.6
117 Old Kirk Shore 2 4 88 11 6 11 17 22 11 1 9 12.5 6.8 12.5 19.3 25.0 12.5 1.1 10.2 21 67 23.9 76.1
120 Johnshaven 2 4 84 9 10 9 15 19 10 1 11 10.7 11.9 10.7 17.9 22.6 11.9 1.2 13.1 22 62 26.2 73.8
123 Gin Head 2 1 99 15 10 16 22 19 11 0 6 15.2 10.1 16.2 22.2 19.2 11.1 0.0 6.1 17 82 17.2 82.8
124 St. Baldrick's Cradle 1 4 101 17 11 8 18 22 12 2 11 16.8 10.9 7.9 17.8 21.8 11.9 2.0 10.9 25 76 24.8 75.2
126 Long Craigs 2 4 117 17 15 16 23 26 11 1 8 14.5 12.8 13.7 19.7 22.2 9.4 0.9 6.8 20 97 17.1 82.9
128 Cove Harbour 1 4 109 8 11 11 22 31 12 1 13 7.3 10.1 10.1 20.2 28.4 11.0 0.9 11.9 26 83 23.9 76.1
129 Pettico Wick 1 4 116 13 14 17 22 34 11 1 4 11.2 12.1 14.7 19.0 29.3 9.5 0.9 3.4 16 100 13.8 86.2
130 Sharper's Head 2 1 108 12 12 10 23 29 11 2 9 11.1 11.1 9.3 21.3 26.9 10.2 1.9 8.3 22 86 20.4 79.6
132 Fifeness 2 4 100 16 12 12 20 18 11 1 10 16.0 12.0 12.0 20.0 18.0 11.0 1.0 10.0 22 78 22.0 78.0
133 Crail 2 4 103 11 12 13 24 20 11 1 11 10.7 11.7 12.6 23.3 19.4 10.7 1.0 10.7 23 80 22.3 77.7
134 Isle of May 2 4 109 20 17 16 18 19 11 1 7 18.3 15.6 14.7 16.5 17.4 10.1 0.9 6.4 19 90 17.4 82.6
135 Anstruther 2 4 111 15 16 15 22 22 11 1 9 13.5 14.4 13.5 19.8 19.8 9.9 0.9 8.1 21 90 18.9 81.1
136 Pittenweem 2 1 74 6 12 9 17 15 9 1 5 8.1 16.2 12.2 23.0 20.3 12.2 1.4 6.8 15 59 20.3 79.7



Site Site Name Typology Typology Number Functional groups ESG
No. Phase Phase of Numbers (Group) % (Group) Group %

2 3 species G1 G2 G3 G4 G5 G6 G7 G8 G1 G2 G3 G4 G5 G6 G7 G8 I II I II
137 Yellowcraigs 2 1 84 8 11 13 15 21 10 1 5 9.5 13.1 15.5 17.9 25.0 11.9 1.2 6.0 16 68 19.0 81.0
138 Dunbar Harbour 2 4 59 0 8 12 10 13 11 1 4 0.0 13.6 20.3 16.9 22.0 18.6 1.7 6.8 16 43 27.1 72.9
139 Elie 2 1 131 23 19 14 23 30 11 1 10 17.6 14.5 10.7 17.6 22.9 8.4 0.8 7.6 22 109 16.8 83.2
140 Monks' House Rocks 1 1 21 1 3 1 5 7 4 0 0 4.8 14.3 4.8 23.8 33.3 19.0 0.0 0.0 4 17 19.0 81.0
142 Beadnell Bay 1 4 60 4 7 2 13 23 10 1 0 6.7 11.7 3.3 21.7 38.3 16.7 1.7 0.0 11 49 18.3 81.7
143 The Outer Farnes 1 1 58 5 8 5 11 18 10 1 0 8.6 13.8 8.6 19.0 31.0 17.2 1.7 0.0 11 47 19.0 81.0
144 Holy Island 1 1 63 3 9 8 11 21 10 1 0 4.8 14.3 12.7 17.5 33.3 15.9 1.6 0.0 11 52 17.5 82.5
145 Berwidk-on-Tweed 2 1 62 2 9 5 16 20 8 1 1 3.2 14.5 8.1 25.8 32.3 12.9 1.6 1.6 10 52 16.1 83.9
147 Boulmer 1 1 54 2 7 4 13 19 7 1 1 3.7 13.0 7.4 24.1 35.2 13.0 1.9 1.9 9 45 16.7 83.3



 
Appendix 5   
 
Typology of coastal and transitional waters used in this report 
 

The following summary of the typologies has been extracted from SNIFFER (2003). That report 
relates to the whole of UK and RoI and so the tables below show more types than are to be found 
in the present report as some types were not thought to occur in Scotland. 
 
 
Coastal Waters 
 
Summarised characteristics of the CW types identified in the Phase 2 typology 

Type   No. of  locations   Major Typology Characteristics 

1 (297) Euhaline, Exposed, Low Current velocity 

2 (212) Euhaline, Low Exposure, Low Current velocity 

3 (159) Euhaline, Mod/Strong Current velocity 

4 (8) Low Salinity, Mod/Strong Current velocity 

5 (6) Low Exposure, Low Current velocity 

6 (3) Mod/Strong Current velocity 

7 (3) Low Salinity, Low Current velocity 

8 (2) Exposed, Mod/Strong Current velocity 
 

 

Summarised characteristics of the CW types identified in the Phase 3 typology 

Type   No. of locations         Major Typology Characteristics 

1 (333) Euhaline, Mod/Strong Current velocity 

2 (124) Euhaline, Lowish Current velocity 

3 (122) Euhaline, Mixed 

4 (72) Euhaline, Mosaic Substratum 

5 (23) Euhaline, Muddy Substratum 

6 (5) Low Salinity 

7 (5) Low Salinity, Mixed Substratum 

8 (3) Low Salinity, Muddy Substratum 

9 (3) Low Salinity 

10 (3) Low Salinity, Mosaic Substratum 
 

 
 



Transitional water types 
 

TW Group 1 - Estuaries that are generally partly mixed or stratified, with a tendency for salinity 
to be mesohaline or polyhaline.  They occur in both ecoregion 1 (North Sea) and 4 (Atlantic), and 
are strongly mesotidal.  They are sheltered, intertidal or shallow subtidal estuaries that have a 
predominantly sand and mud substratum. 

TW Group 2. - These are fully mixed, polyhaline or euhaline estuaries.   They occur 
predominantly in England and Wales in both ecoregion 1 (North Sea) and 4 (Atlantic), and are 
mesotidal or macrotidal.  They are sheltered, generally have a sand or mud substratum and tend to 
have extensive intertidal areas.   
 
TW Group 3 - These generally sheltered estuaries have a range of salinities but the group 
contains several that are more strongly influenced by freshwater or oligohaline water conditions 
than the other groups.  They are exclusively mesotidal and contain a large proportion of mixed 
substratum.  All representatives except one are in ecoregion 4 (Atlantic). 
 
TW Group 4 - These estuaries are sheltered and have a predominantly gravel substratum.  They 
are generally mesotidal and polyhaline or euhaline and occur in both ecoregions 1 (North Sea) 
and 4 (Atlantic). 
 
TW Group 5 - These exposed or moderately exposed estuaries are generally intertidal and 
strongly euhaline.  They are also predominantly fully mixed and macrotidal.  The substratum is 
generally sandy. 
 
TW Group 6 - This group consists of only one member, Portland Harbour, which is euhaline, has 
a weak current velocity throughout, is sheltered and partly mixed or stratified. 
 
TW Group 7 - This group also consists of only one member, Garravoge, which is polyhaline and 
mesotidal, has a weak current velocity, and the substratum comprises mainly sand. 
 
 



 
 
 
 
 
 
 
 
 

Plate A2.1 Brenish, Western Lewis. The second most exposed site visited. Facing the open Atlantic but 
with wave action slightly moderated by the sandy beach and shallow sea. Much of the shore is dominated 
by mussels and bare of algal coverage but, in the exceptionally clear water, the sublittoral fringe is rich as 
is the wide range of rock pools throughout the shore. An unusual stubby upright Fucus is in the mussel 
zone.

Unusual upright short stubby form of 
Fucus vesiculosus in mussel zone. 

Massive growth of  Porphyra purpurea 
on sand abraded rocks, characteristic of 
this kind of situation. 

Mussels dominate much of the intertidal 
with only slight algal cover. Red 
filamentous Ceramium on mussels. 

Rich pool full of red algae in the mussel 
zone. 

Sandy bottomed pool with species of red 
algae adapted to living in such situations. 
 

Alaria, a kelp characteristic of exposure 
to wave action, lies on sand at low water 
mark, showing sand that absorbs  wave 
action 



 
 
 
 
 
 
 
 
 

Plate A2.2 Bay of Skaill, West Mainland, Orkney.  The most exposed site visited. The waves have an 
unbroken fetch across the Atlantic and  there is deep water close to shore allowing the full force of the 
waves to pound this headland at the south end of the bay. This is one of the southernmost outposts of 
Fucus distichus – an arctic fucoid that can only occur this far south in the most severe wave action. 

Himanthalia, a seaweed characteristic of 
exposure, with barnacles and mussels on 
an exposed reef. 

A wave swept ledge bare of seaweed 
cover with barnacles and mussels which 
can withstand the pull of the waves. 

Palmaria is one of the few seaweeds that 
can survive the wave action in the Fucus 
distichus zone. 

Fucus spiralis forma nana. A very small 
form of this species that occurs under the 
heaviest wave action 

Fucus distichus meadow 
 
 

General view showing the raising well 
above the high water line of the Fucus 
distichus zone on the outside of the 
exposed cliff owing to wave action 



 
 
 
 
 
 
 
 
 

Plate A2.3 Droman, near Kinlochbervie, Sutherland. This is an exposed shore facing west but 
protected from extreme exposure by the Outer Hebrides. A well developed sublittoral fringe with Alaria 
and Laminaria digitata with a bright pink encrusting coralline understorey. The lower intertidal has a 
mixture of red species with Himanthalia, characteristic of exposure, and F.serratus. The mid shore is 
relatively bare of seaweeds except for the rock pools. At the top of the shore is a well developed 
supralittoral lichen zone. This extends down into  the  intertidal with the green Verrucaria mucosa and the 
foliose Lichina pygmaea. 

Sublittoral fringe with distinctive 
crustose coralline understorey beneath 
kelp plants 

Lower shore zone with Himanthalia and 
Fucus .serratus and a mixture of red 
seaweeds. 

General view of zonation showing mid 
shore bare zone and supralittoral lichen 
zone 

The mid shore zone bare of seaweed, 
showing limpets and the green crust of 
the inetertidal lichen Verrucaria mucosa 

Mid shore pool rich in algae surrounded 
by bare open rocks. The large brown in 
the pool is Halidrys siliquosa 

Pelvetia and Fucus spiralis with 
Verrucaria in a sheltered location on the 
upper shore 



 
 
 
 
 
 
 
 
 

Plate A2.4 Armadale  This is a moderately exposed  shore in the Sound of Sleat facing the mainland 
from Skye.  It has signs of moderate shelter in having a full fucoid zonation in which Ascophyllum is not 
dominant, but also of exposure with Himanthalia. It is a rich shore as evidenced by the understorey near 
the low water mark. 

The richness of the sublittoral fringe is 
shown by this view of the coralline 
understorey with Ascophyllum and 
Laminaria 

Laminaria and Fucus serratus at the 
junction of the sublittoral fringe with the 
intertidal 

General view showing good seaweed 
coverage as expected where wave action is 
not too severe 

Himanthalia, characteristic of exposure, 
and mixed reds in the lower intertidal. 

A mid shore pool lined by crustose 
corallines. 
 

The Pelvetia zone at the top of the shore 
characteristic of shelter 



 
 
 
 
 
 
 
 
 
 

Plate A2.5 Kylesku, Sutherland. This is a sheltered site just outside the narrows that lead into a sealoch 
at  Kylesku. The solid bedrock shore shows a complete classical zonation of fucoids from Pelvetia at the 
top  through F.spiralis, F.vesiculosus mixed with Ascophyllum to F.serratus. The boulder shore is very 
sheltered as evidenced by the free-living Ascophyllum mackaii and dense normal Ascophyllum. 

Sublittoral fringe with kelps and 
F.serratus. 

Dense Ascophyllum characteristic of 
shelter. 

General view of zonation on upper shore 
with F. vesiculosus, F. spiralis, Pelvetia 
and supralittoral lichens 

Ascophyllum with an understorey of 
crustose corallines. 

Pebbles on the beach in flowing water 
encrusted with Hildenbrandia and 
encrusting corallines 

Loose-lying mats of Ascophyllum 
mackaii, .characteristic of extreme 
shelter, on the beach. 



 
 
 
 
 
 
 
 
 

Plate A2.6 Loch Scadabaigh, Isle of Harris. This is on the east coast of south Harris which is very 
indented giving rise to many small sheltered inlets such as this one. It shows the features of sheltered 
sealoch shores with very dense Ascophyllum occupying most of the shore down to the sublittoral fringe 
kelps. 

Well developed supralittoral lichen zone 
is narrow owing to lack of wave action. 

Uppermost algal zone of Pelvetia and 
Fucus spiralis with non-calcareous red 
understorey of Hildenbrandia, 

General zonation showing steep shore and 
continuous seaweed coverage. 

Dense Fucus vesiculosus in the mid shore 

The dense Ascophyllum belt continues to 
low water where it meest the sublittoral 
fringe of  Laminaria digitata, without the 
intervention of a F.serratus zone. 

A small bare clearing in the dense 
Ascophyllum shows that there are limpets 
and barnacles underneath. 


