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Core records
Maon-core, certain determination

* Mon-core, uncertain determination
Predicted habitat extent

Fucoids and kelps in deep eulittoral rockpools.
Photographer: Jon Davies
Copyright: Joint Nature Conservation Committee (JNCC)

17-09-2018
Biotope distribution data provided by

EMODnet Seabed Habitats
(www.emodnet-seabedhabitats.eu)

Researched by Dr Harvey Tyler-Walters Refereed by Thisinformation is not refereed.

= UK and Ireland classification

EUNIS 2008 A1.412 Fucoids and kelp in deep eulittoral rockpools
JNCC 2015 LR.FLR.Rkp.FK Fucoids and kelp in deep eulittoral rockpools
JNCC 2004 LR.FLR.Rkp.FK Fucoids and kelp in deep eulittoral rockpools
1997 Biotope LR.LR.Rkp.FK Fucoids and kelps in deep eulittoral rockpools

W Description

Deep rockpools in the mid to lower eulittoral zone often contain a community characterized by
Fucus serratus and Laminaria digitata. Other large brown algae, including Saccharina latissima,
Himanthalia elongata and Halidrys siliquosa, may also occur. The rock surface is usually covered by
encrusting coralline algae. A wide variety of filamentous and foliose algae, which are typical of
lower shore and shallow sublittoral zones (e.g. Palmaria palmata, Chondrus crispus, Ceramium spp.,
Membranoptera alata and Gastroclonium ovatum) occur beneath the brown algal canopy. Algal-free
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vertical and overhanging faces often support the sponge Halichondria panicea and anemones
Actinia equina. The abundance of grazing molluscs varies considerably. In some, large numbers of
littorinids and limpets are probably responsible for the limited variety of red seaweeds present. In
other pools, fewer grazers may result in an abundance of these algae. Where boulders occur in
these pools they provide a greater variety of micro-habitats which support a variety of fauna.
Mobile crustaceans (Pagurus bernhardus and Carcinus maenas), brittlestars (Ophiothrix fragilis and
Amphipholis squamata), encrusting bryozoans and ascidians are typically found beneath and
between boulders. (Information taken from the Marine Biotope Classification for Britain and
Ireland, Version 97.06: Connor etal., 19973, b).

| Depthrange

Mid shore, Lower shore

Additional information

E

Factors such as pool depth, surface area, volume, orientation to sunlight, shading, internal
topography, sediment content and type, together with wave exposure, shore height, and hence
flushing rate, and the presence of absence of freshwater runoff, results in large spatial variation in
community structure, even between adjacent pools at the same shore height (Ganning, 1971;
Metaxas & Scheibling, 1993). Individual rockpools and the communities that occupy them are
highly variable.

« Listed By

- none -

% Further information sources

Search on:

G T GINCC
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Habitat review

~

~ Ecology
Ecological and functional relationships

The rockpool environment varies depending on factors such as pool depth, surface area, volume,
orientation to sunlight, shading, internal topography, sediment content and type, together with
wave exposure, shore height, and hence flushing rate, and the presence of absence of freshwater
runoff. As a result, no two rockpools exhibit exactly the same physio-chemical conditions and
exhibit large spatial variation in community structure, even between adjacent pools at the same
shore height (Ganning, 1971; Metaxas & Scheibling, 1993; Metaxas et al., 1994). Any given
rockpool is effectively unique (Metaxas & Scheibling, 1993). Therefore, while the organisms
detailed below have been recorded in this rockpool biotope, not all of the organisms, and hence the
relationships between them, may occur in any one rockpool.

As communities in rockpools remain constantly submerged and the danger of desiccation is
absent, it might be expected that rockpools form an easier environment in which to live for marine
life than drying rock surfaces, and that species from regions lower on the shore would be able to
extend much further up the shore. However, the rockpool environment differs from that of the
surrounding emergent rock surfaces, so that not all species that thrive on the surrounding rock
occur abundantly in rockpools and much of the lower shore open rock fauna is absent from
rockpools (Lewis, 1964). Rockpools constitute a distinct environment for which physiological
adaptations by the flora and fauna may be required (Lewis, 1964; Metaxas & Scheibling, 1993). The
following description is based on reviews by Lewis (1964), Ganning (1971) and Metaxas &
Scheibling (1993), the species listed in the MNCR database (JNCC, 1999) and additional
references as cited.

e Macroalgae such as kelps, fucoids, red algae, green algae, encrusting red algae, erect and
encrusting corallines provide primary productivity either directly to grazing invertebrates
and fish or indirectly to detritivores and decomposers, in the form of detritus and drift
algae or as dissolved organic material and other exudates. Benthic microalgae, periphyton
and phytoplankton (e.g. diatoms) also add to primary productivity.

* Where present, large macroalgae such as the laminarians (e.g. Laminaria digitata,
Saccharina latissima and occasional Laminaria hyperborea and Saccorhiza polyschides),
Halidrys siliquosa and fucoids (e.g. Fucus serratus, Fucus vesiculosus) shade the substratum
(depending on density) so that understorey plants tend to be shade tolerant red algae and
corallines. Understorey algae, by effectively restricting access to the substratum, may also
inhibit or restrict recruitment of other species of macroalgae (Hawkins & Harkin, 1985;
Hawkins etal., 1992).

e Macroalgae provide substrata and refuges for a variety of invertebrates and epiphytic
algae. The stipes and lamina of Laminaria spp. may support bryozoans (e.g. Membranipora
membranipora or Electra pilosa) and grazing blue-rayed limpets (Helcion pellucida), while
their holdfasts provide additional refuges for meiofauna and small invertebrates. If
present, the stipes of Laminaria hyperborea may support numerous epiphytes such as
Palmaria palmata, Phycodrys rubens and Cladophora rupestris (Goss-Custard et al., 1979).
Where present, Halidrys siliquosa provide substratum for epiphytes, depending on
location, including microflora (e.g. bacteria, blue green algae, diatoms and juvenile larger
algae), Ulothrix sp. and Ceramium sp., hydroids (e.g. Obelia spp.), bryozoans (e.g.
Scrupocellaria spp.), and ascidians (e.g. Apilidium spp., Botryllus schlosseri, and Botrylloides
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leachi) ( Lewis, 1964; Moss, 1982; Connor etal., 1997b).

* The macroalgae provide refuges for small invertebrates, such as isopods, amphipods,
ostracods and copepods. Corallina officinalis provides a substratum for small spirorbids e.g.
Spirorbis corallinae, which is only found on Corallina officinalis. Increasing density of
Spirorbis corallinae was shown to increase the species richness of the epiphytic fauna. The
invertebrate fauna of Corallina officinalis is detailed in LR.Cor

» Amphipods (e.g. Gammaridae), isopods (e.g. Idotea spp. and Jaera sp.) and other
mesoherbivores graze the epiphytic flora and senescent macroalgal tissue, which may
benefit the macroalgal host, and may facilitate dispersal of the propagules of some
macroalgal species (Brawley, 1992b; Williams & Seed, 1992). Mesoherbivores also graze
the macroalgae but do not normally adversely affect the canopy (Brawley, 1992b).

» Grazers of periphyton (bacteria, blue-green algae and diatoms) or epiphytic algae include
harpacticoid copepods, the limpets Patella vulgata and Patella ulyssiponensis, the blue-
rayed limpet Patella pellucida, and gastropods such as Steromphala cineraria, Steromphala
umbilicalis, Littorina saxatilis, Littorina littorea, Littorina obtusata and Rissoa spp. Limpets and
littorinids also graze macroalgal sporelings and green algae especially.

 Coralline algae are probably relatively grazing resistant (Littler & Kauker, 1984) and few
species graze the corallines directly except perhaps chitons (e.g. Acanthochitona spp. and
Lepidochitona cinerea) and limpets of the genus Tectura.

¢ Grazing by littorinids and gammarid amphipods has been shown to significantly affect
macroalgal abundance and diversity. For example in cage experiments in littoral fringe
pools, Parker et al. (1993) found that gammarid amphipods significantly reduced the erect
macroalgal canopy, while littorinids grazed microalgae and macroalgal sporelings, and
prevented the establishment of erect and encrusting algal canopies. Both groups reduced
the species richness of the algal canopy (Parker et al., 1993). In tidepools in Nova Scotia,
Chapman (1990) and Chapman & Johnson (1990) reported that grazers (especially
littorinids) reduced the abundance of Fucus spp. sporelings and juveniles but increased the
abundance of ephemeral algae, while having no effect on the encrusting red alga
Hildenbrandia rubra (Metaxas & Scheibling, 1993). Conversely, Lubchenco (1978) noted
that the addition of littorinids to mid-shore pools in Massachusetts decreased the
abundance of dominant Ulva spp. (as Enteromorpha spp.) in favour of Chondrus crispus
(Metaxas & Scheibling, 1993) a less palatable red alga. Wolfe & Harlin (1988a) noted that
Rhode Island tidepools with the highest littorinid densities had the lowest abundance of
macroalgae. Similarly, removal of the limpet Patella vulgata from high tidal pools at Lough
Ine resulted in an increased abundance of Ulva sp. (as Enteromorpha) (Goss-Custard et al.,
1979).

* Where present, suspension feeders include the barnacles (e.g. Semibalanus balanoides,
Balanus crenatus and Verruca stroemia), the mussel Mytilus edulis, hydroids (e.g. the
epiphytic Dynamena pumila), tubeworms ( e.g. Spirorbis spp. and Spirobranchus spp.),
ascidians (e.g. Botrylloides leachi, Botryllus schlosseri, and Dendrodoa grossularia), bryozoans
(e.g. Membranipora membranacea and Electra pilosa) and sponges (e.g. Halichondria panicea
and Hymeniacidon perleve). Deep low shore pools may also support the plumose anemone
Metridium dianthus. However, the abundance of barnacles and mussels in rockpools is
usually low (Lewis, 1964), presumably due to heavy predation on juveniles by the dog
whelk Nucella lapillus and crabs (e.g. Carcinus maenas and Cancer pagurus) and poor survival
of spat or juveniles.

* Macroalgae compete for space with sessile invertebrates such as sponges, hydroids,
ascidians and bryozoans. However, sessile epifauna predominate on vertical rock
surfaces, overhangs and under boulders within the pool.

 Scavengers include shrimps (e.g. Palaemon spp.), brittlestars (e.g. Amphipholis squamata
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and Ophiothrix fragilis), cushion stars (Asterina gibbosa), gastropods (e.g. Hinia spp.), hermit
crabs (e.g. Pagurus bernhardus) and crabs (e.g. Carcinus maenas and Cancer pagurus).

* Invertebrate predators include turbellarians, nemerteans and polychaetes (e.g. Eulalia
viridis and Harmothoe spp.) feeding on small invertebrates such as copepods and small
gastropods. Lower to mid shore rockpools provide refugia for dog whelks Nucella lapillus
feeding on barnacles and small mussels within the rockpool and /or leaving the rockpool
to forage at high tide. Similarly, crabs such as Carcinus maenas and Cancer pagurus are
generalist predators of gastropods (e.g. littorinids) and bivalves as well as scavengers.
Passive carnivores include sea anemones such as Anemonia viridis, Actinia equina, Cereus
pedunculatus, Sagartia elegans and Urticina felina. In addition, intertidal fish such as the
shanny Lipophrys pholis and gobies prey on small invertebrates such as copepodes,
amphipods and isopods.

e As with grazing, predation pressure is potentially higher in mid to low shore rockpools,
since predators can continue feeding irrespective of the state of the tide. For example, in
New South Wales, whelks were shown to reduce the abundance of barnacles, tubeworms
and limpets (Fairweather, 1987; Metaxas & Scheibling, 1993). Dethier (1984) concluded
that harpacticoid copepod abundance in mid to low shore pools was low due to the
presence of predators such as fish and to a lesser extent anemones. The reduced
abundance of barnacles and mussels observed in rockpools (Lewis, 1964) is probably
partly due to increased predation pressure.

Seasonal and longer term change

Conditions within rockpools are the consequence of prolonged separation from the main body of
the sea, and physico-chemical parameters within them fluctuate dramatically (Pyefinch, 1943;
Ganning, 1971; Daniel & Boyden, 1975; Goss-Custard et al., 1979; Morris & Taylor, 1983; Huggett
& Griffiths, 1986; Metaxas & Scheibling, 1993; Metaxas et al., 1994). In general, larger and deep
rockpools low on the shore tend to correspond to the sublittoral habitat with a more stable
temperature and salinity regime. In contrast, small and shallow pools higher on the shore are
especially influenced by insolation, air temperature and rainfall, the effects of which become more
significant towards the high shore, where pools may be isolated from the sea for a number of days
or weeks (Lewis, 1964).

Weather conditions exert a considerable influence on temperature and salinity. Water
temperature in pools follows the temperature of the air more closely than that of the sea.

Temperature

The temperature of pools fluctuates with air temperature and sunlight, and tends to warm
throughout the day, especially if in direct sunlight (Daniel & Boyden, 1975; Goss-Custard et al.,
1979). Shaded pools exhibit less dramatic changes in temperature (Daniel & Boyden, 1975). For
example, the temperature of a high shore pool exposed to direct sunlight rose quickly in the
morning to a maximum of 25 °C, while a shaded high shore pools only rose by 1 °C, even though air
temperatures reached 20 °C (Daniel & Boyden, 1975). In addition, deeper pools may become
stratified, with warmer water near the surface and cooler near the bottom (Daniel & Boyden,
1975), primarily due to sunlight. They noted that pool temperatures remained almost constant at
night and suggested that pool temperatures would fluctuate slowly during the day under overcast
conditions. In deeper pools, the vertical temperature gradation present in summer may reverse
during winter owing to density stratification, so that ice may form (Naylor & Slinn, 1958). Morris &
Taylor (1983) reported warmer water at the bottom of the pools and cooler at the surface, which
they attributed to cooling of the surface water by wind. Examples of temperature ranges reported
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for mid to low shore pools include annual maxima and minima of 1-25 °C and 2-22 °C (Morris &
Taylor, 1983), a diurnal range of 24 °C (day) and 13 °C (night) for a mid shore pool (Daniel &
Boyden, 1975), and surface water temperature ranges of 14-19.25 °C and 15.5-20.75 °C in mid
shore pools (Pyefinch, 1943). Smaller (or shallower pools) are more affected by climatic change in
temperature than larger and/or deeper ones (Ganning, 1971). Morris & Taylor (1983) noted that
temperature showed the greatest seasonal variation of all the physical parameters examined. In
summer, the minimum recorded temperatures were greater than the maximum temperatures
recorded in winter, and the daily temperature ranges were greater in summer than in winter, in
both high and low shore pools (Morris & Taylor, 1983).

Salinity

High air temperatures cause surface evaporation of water from pools, so that salinity steadily
increases, especially in pools not flooded by the tide for several days. Alternatively, high rainfall
will reduce pool salinity or create a surface layer of brackish/nearly freshwater for a period. In
addition, freezing of surface water increases the salinity of the underlying water (Ganning, 1971;
Metaxas & Scheibling, 1993). Daniel & Boyden (1975) and Morris & Taylor (1983) reported little
variability in salinity over one tidal cycle, and Ganning (1971) suggested that changes in salinity
were of limited importance. However, heavy rain resulted in a layer of low salinity water on the
surface of pools. Morris & Taylor (1983) stated that a low salinity layer of 2-10 mm was normal but
after one storm the low salinity layer increased in depth, eventually resulting in a homogeneous
pool of brackish water. But the deep pools characterized by this biotope are unlikely to become
brackish. Morris & Taylor (1983) reported an annual salinity range in mid to low shore pools of
26-36.5 ppt.

The extent of temperature and salinity change is affected by the frequency and time of day at
which tidal inundation occurs. If high tide occurs in early morning and evening the diurnal
temperature follows that of the air, whilst high water at midday suddenly returns the temperature
to that of the sea (Pyefinch, 1943). Rockpools in the supralittoral, littoral fringe and upper
eulittoral are liable to gradually changing salinities followed by days of fully marine or fluctuating
salinity at times of spring tide (Lewis, 1964).

Oxygenation

The biological community directly affects oxygen concentration, carbon dioxide concentration and
pH, and are themselves affected by changes in the chemical parameters. Throughout the day, algae
photosynthesize and produce oxygen, the concentration of which may rise to three times its
saturation value, so that bubbles are released (Pyefinch, 1943; Ganning, 1971; Daniel & Boyden,
1975; Goss-Custard et al., 1979; Morris & Taylor, 1983; Metaxas & Scheibling, 1993). In summer,
rockpools are likely to be supersaturated with oxygen during the day (Pyefinch, 1943). For
example, the greatest range of oxygen saturation of 101.7 % occurred in a seaweed dominated,
sediment floored pool, which reached over 190 %saturation on some days (Pyefinch, 1943). Daniel
& Boyden (1975) noted that a mid shore, seaweed dominated pool reached 194% saturation (ca 15
mg O,/1) but that oxygenation was also marked in shaded pools. A pool with dense fauna exhibited
a maximum saturation of 210 % (Pyefinch, 1943). During photosynthesis algae absorb carbon
dioxide and, as concentrations fall, the pH rises. Morris & Taylor (1983) recorded pH values >9 in
rockpools on the Isle of Cumbrae.

At night, changes occur in the opposite direction as respiration utilizes much of the available
oxygen and pH decreases. Daniel & Boyden (1975) reported oxygen depletion at night, with mid to
low shore pools reduced to 8-44 % saturation. They noted that the crab Carcinus maenas leaves the
pools at night, and that other species with the ability to air-breathe could also do so, e.g. limpets,
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littorinids, and the shanny Lipophrys pholis. They also observed that shrimps gathered at the edge
of high shore pools at night, presumably to take advantage of the better oxygenated surface layer
(Daniel & Boyden, 1975). Daily fluctuation in oxygen concentration and pH also vary seasonally,
and with the height of the pool on the shore or pool depth (Daniel & Boyden, 1975; Morris &
Taylor, 1983; Metaxas & Scheibling, 1993). Morris & Taylor (1983) noted variation in oxygen
concentration with pools with pool depth and proximity to pool algae. Again, inundation by the
rising tide causes sudden changes in oxygenation, either sudden drops during the day or increases
at night.

Ganning (1971) noted that the temperature of sediment at the bottom of pools showed little
variation in temperature, and noted that diurnal fluctuations of greater than 1°C were rarely
observed in bottom sediments of pools deeper than 0.5 m, although a temperature of fall 0.5-1 °C
was observed at the water/sediment interface. The presence of sediment in pools increases the
risk of scour, which is likely to vary seasonally, increasing in winter storms. In addition, anoxic
conditions within the sediment could potentially cause significant and sudden decreases in oxygen
levels if the sediment was stirred up by wave action, although no evidence of this effect was found.

Seasonal change in communities

Tidepool community structure has been show to vary markedly over time, particularly with season
(Metaxas & Scheibling, 1993). However, most studies have examined tidepools overseas, or
different tidepools communities to those that occur in LR.FK (Dethier, 1984; Wolf & Harlin,
1988a,b; Kooistra et al., 1989; Metaxas et al., 1994) so that the species concerned are very
different. Seasonal changes in macroalgal cover and diversity were associated with changes in
water temperature, light intensity and day length, and reduced grazing pressure from littorinids in
winter, although the community types were relatively stable over time in Rhode Island pools
(Wolfe & Harlin, 1988a,b). Metaxas et al. (1994) noted that sheet forming algae (e.g. Ulva lactuca)
were found throughout the year, filamentous forms (e.g. Cladophora and Ceramium) were present
in late spring and summer (although other studies found them to be present from late spring to late
autumn) while thick leathery and encrusting forms did not vary seasonally. However, macroalgal
diversity was lowest in summer and autumn, especially in mid shore pools, probably due to grazing.
Metaxas et al. (1994) also noted that the abundance of mussels, littorinids and whelks in Rhode
Island peaked in summer due to recruitment but varied significantly between pools.

Many of the macroalgae within the biotope are perennial. However, they show seasonal variation
in reproduction, with Halidrys siliquosa releasing spores in the winter months, potentially enabling
them to colonize free space opened up by increased wave action in winter storms and the dying
back of annual species (see Kain, 1975). Growth rate of Laminaria digitata is seasonally controlled
with a period of rapid growth from February to July and one of slower growth from August to
January. Saccharina latissima grows fastest from late winter to spring then growth declines from
June onwards and may cease in late summer. Increased wave exposure and storms in winter
months are likely to erode Laminaria blades so that they appear tattered in winter months and
overall standing biomass is reduced. Annual species, e.g. Chorda filum are likely to proliferate in
spring, reaching maximum abundance in summer (high insolation and temperature). In Fucus
serratus reproduction commences in late spring/early summer and continues through summer and
autumn, peaking in August - October, and in the summer months it can reach 95% cover on
emergent rock (see review). In England, Fucus vesiculosus has a protracted reproduction period of
about six months which varies only slightly in timing between a population at Wembury on the
south coast of Devon and one at Port Erin, Isle of Man (Knight & Parke, 1950). Gametes may be
produced from mid winter until late summer with a peak of fertility in May and June.
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Red algae exhibit seasonal variation in growth and reproduction and red algal turf declines in
abundance during the winter months, partly due to die back and abrasion during winter storms.
Although protected from wave action in deep pools, macroalgae will be susceptible to damage and
abrasion by wave action and winter storms near the surface or in shallower pools. For example,
Delesseria sanguinea exhibits a strong seasonal pattern of growth and reproduction. New blades
appear in February and grow to full size by May -June becoming increasing battered or torn and
the lamina are reduced to midribs by December (Maggs & Hommersand, 1993). The maximum
growth of Furcellaria lumbricalis occurs in March/April (Austin, 1960b) and release of carpospores
and tetraspores occurs in December/January (Bird et al., 1991). Reproductive bodies are present
on the gametophytes of Ahnfeltia plicata between July and January and mature carposporophytes
occur between October and July (Maggs & Paschal, 1989). Dickinson (1963) reported that
Chondrus crispus was fertile in the UK from autumn to spring, but that the exact timing varied
according to local environmental conditions. In the Bristol Channel, Bamber & Irving (1993) noted
that the biomass of Corallina officinalis increased steadily through spring and summer and began to
decline after July. Mastocarpus stellatus (as Gigartina stellata) was reported have a perennial
holdfast, losing many erect fronds in winter, which grow back in spring (Dixon & Irvine, 1977).
Osmundea pinnatifida also shows seasonal variation in growth, expanding its perennial holdfast in
June to September, and producing erect fronds from October onwards reaching a maximum in
February to May (Maggs & Hommersand, 1993). Maggs & Hommersand (1993) reported that
spermatangia of Ceramium virgatum (as nodulosum) are recorded in January, March-April, June and
August-September; cystocarps in January-February and April-September; tetrasporangiain
February-September. The advantage of being fertile through the winter, as in the case of Ahnfeltia
plicata, Furcellaria lumbricalis and Chondrus crispus, is the availability of substrata for colonization as
other annual species die back (Kain, 1975)

Corallina officinalis may be overgrown by epiphytes, especially during summer. This overgrowth
regularly leads to high mortality of fronds due to light reduction (Wiedemann, pers. comm.). The
ephemeral green seaweeds Ulva intestinalis and Ulva lactuca are likely to be more abundant in
summer depending on grazing pressure. In summer, erect and encrusting corallines may be
bleached (especially in shallow pools or near the surface or deep pools) and loose their pink
pigment but in some species, e.g. Phymatolithon sp., this does not necessarily result in death of the
plant and pigment may be re-synthesized (Little & Kitching, 1996).

Habitat structure and complexity

As already noted, no two rockpools exhibit exactly the same physio-chemical conditions and
exhibit large spatial variation in community structure, even between adjacent pools at the same
shore height (Ganning, 1971; Metaxas & Scheibling, 1993; Metaxas et al., 1994). Habitat
complexity will vary with macroalgal cover, the dominant macroalgal species, shore height, pool
depth and topography. Deeper pools are likely to be more complex than shallower pools. This
biotope resembles the mid and low tidal pools described by Goss-Custard et al. at Carrigathorna
near Lough Ine, Ireland.

In deep pools the underlying rock is likely to be covered by erect and encrusting corallines. Large
macroalgal species (e.g. kelps and fucoids) may dominate the surface of the pool. Their depth
within the pool (vertical zonation) is limited by self-shading so that only corallines and red algae
occur beneath them. The upper limit of some species of algae within the pool may be limited by the
summer surface water temperatures e.g. Bifurcaria bifurcaria (Kooistra et al., 1989), and or
desiccation after evaporation (e.g. corallines). For example, Goss-Custard et al. (1979) noted that
Laminaria spp. and Halidrys siliquosa formed a margin in deep mid shore pools of 0.5-0.6 m deep,
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with Laminaria hyperborea below them, wherever the substratum was stable enough. The Corallina
officinalis supported colonies of bryozoans, encrusting corallines and spirorbids and provided
refuge for a wide variety of fauna including polychaetes, isopods, rissoid gastropods, amphipods,
and Hiatella arctica (Goss-Custard et al., 1979; and 'ecological relationships' above). The Laminaria
spp. provide substratum for specialist grazers such as Patella pellucida and epiphytic bryozoans and
algae (see 'ecological relationships' above). Goss-Custard et al. (1979) noted that the edge of pools
that lost water slowly due to leakage during emersion was dominated by ephemeral green algae,
e.g. Ulva spp. Grazing intensity due to littorinids may also affect the abundance of fleshy
macroalgae, so that the pools may be dominated by less palatable red algae (e.g. Chondrus crispus
and Mastocarpus stellatus). In deep pools the understorey is likely to be dominated by coralline turf
and red algae. For example, Goss-Custard et al. (1979) reported that, in their deepest pool, the
laminarians thinned below 0.5 m and the brown algae Dictyota dichotoma, Desmarestia ligulata
appeared, together with Dilsea carnosa, Delesseria sanguinea, while Chondrus crispus and Corallina
officinalis remained. Below 2m, the laminarians were absent and replaced by a mixed algal shrub of
Dictyota dichotoma, Phyllophora crispa, Nitophyllum punctatum and Cryptopleura ramosa (Goss-
Custardetal., 1979)

Vertical surfaces within deep pools, and crevices or overhangs present, are likely to be dominated
by encrusting fauna e.g. the sponges Halichondria panicea and Hymeniacidon perleve, tubeworms
(Spirobranchus spp.) and anemones. For example, Goss-Custard et al. (1979) noted Corynactis viridis
and Sagartia elegans on the sides of deep mid shore pools.

The presence of boulders and large stones at the bottom of the pools provides additional niches.
The surface of larger stones and pebbles may support tubeworms, spirorbids and the holdfasts of
kelps or Chorda filum, if stable enough and not too deep. The undersides support typical
underboulder communities (see MLR.Fser.Fser.Bo; Gordon, 1972), likely to include encrusting
sponges, bryozoans and tubeworms, small ascidians, the saddle oyster Anomia ephippium, and the
porcelain crabs Porcellana platycheles and Pisidia longicornis. Underboulder habitats also provide
refugia for crabs (e.g. Carcinus maenas and Necora puber) and fish.

The holdfasts of kelps and fucoids, and fronds of filamentous species and erect corallines provide
refuges for small invertebrates (e.g. amphipods, isopods and small gastropods) or meiofauna (e.g.
copepods) (see ecological relationships above). In addition, the shade of macroalgae provide
refuges for shrimps (e.g. Palaemon spp.) and intertidal fish (e.g. blennies and gobies), while crevices
provide additional refuges for crabs.

Rockpool species also display zonation patterns, similar to the emergent species. For example,
brown algae and corallines are usually dominant in mid to low shore pools, while green algae tend
to dominate high shore pools (Metaxas & Scheibling, 1993). Kooistra et al. (1989) noted vertical
zonation within pools and found that macroalgal communities could be allocated to different
depths within pools in the lower or higher parts of the shore. However, the communities studied in
Brittany differed markedly from those found in this biotope. Similarly, zonation patterns have also
been reported in flatwormes, rotifers, oligochaetes, cladoceans, copepods, ostracods, barnacles,
amphipods, isopods, chironomid larvae and fish (see Metaxas & Scheibling, 1993). Littorina littorea,
mussels, whelks, limpets and sea urchins tend to dominate in lower shore pools, while other
littorinids dominate higher on the shore (Metaxas & Scheibling, 1993). Nevertheless, Metaxas et al.
(1994) noted that horizontal spatial variability between pools within the same shore height
appeared to be as great as variability along the intertidal gradient, and suggested that the physical
setting of the pool may be of primary importance in determining the macroalgal abundance.
Dethier (1984) examined the effect of natural disturbance rockpool communities in the coast of
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Washington State. She noted that disturbance such as heat stress in summer and wave action in
winter occurred regularly (ca 1.6 times per year per pool). The observed disturbances affected
dominant species, so that no one dominant species could occupy all the pools within the tidal range
at any one time. None of the tidal pool assemblages observed were stable over many generations
and disturbances resulted in a mosaic of species assemblages within pools in any one region
(Dethier, 1984).

Productivity

Although little information on rockpool productivity was found, rocky shore communities are
highly productive and are an important source of food and nutrients for members of neighbouring
terrestrial and marine ecosystems (Raffaelli & Hawkins, 1999; Hill et al., 1998). Macroalgae exude
considerable amounts of dissolved organic carbon which are absorbed readily by bacteria and may
even be taken-up directly by some larger invertebrates. Only about 10% of the primary production
is directly cropped by herbivores (Raffaelli & Hawkins, 1999). Dissolved organic carbon, algal
fragments and microbial film organisms are continually removed by the sea. This may enter the
food chain of local, subtidal ecosystems, or be exported further offshore. Rocky shores make a
contribution to the food of many marine species through the production of planktonic larvae and
propagules which contribute to pelagic food chains. Accumulations of algal debris are also likely in
rockpools and such detrital material contributes to overall productivity.

Information specific to the community was not found but Workman (1983) gave an estimate of
primary production by microalgal films on the lower shore in the British Isles to be in the region of
100 g C/mi/yr, much of which will be utilized directly by grazers, while primary productivity for
fucoids on sheltered shores was estimated to be 1250 g C/m0/yr (Hawkins et al., 1992) and for
encrusting corallines to be 1000 g C/mi/yr (Dawes et al., 1991; Raffaelli & Hawkins, 1999).
Ganning & Wulff (1970) reported primary productivity values in terms of gross photosynthesis of
between 2 and 3.5 O,/m®/ hr in brackish water rock pools dominated by green algae. Overall, deep
rockpools with abundant macroalgae are likely to be highly productive mesocosms on the shore.

Recruitment processes

As with the emergent rock surfaces, variation and unpredictability in recruitment of species
contributes to the variation in dominant species within rockpool communities and hence spatial
variation between rockpools (Dethier, 1984). Recruitment processes of characteristic or dominant
species are described here.

Flora

» Vadas et al. (1992) reviewed recruitment and mortality of early post settlement stages of
benthic algae. They concluded that grazing, canopy and turf effects were the most
important but that desiccation and water movement may be as important for the early
stages. The review indicated that recruitment is highly variable and episodic and that
mortality of algae at this period is high. Chance events during the early post settlement
stages are therefore likely to play a large part in survival.

e Laminaria hyperborea and Laminaria digitata produce vast numbers of spores, however they
need to settle and form gametophytes within about 1 mm of each other to ensure
fertilization and therefore may suffer from dilution effects over distance. However,
Chapman (1981) demonstrated that substantial recruitment of Laminaria digitata plants to
areas barren of kelp plants was possible up to 600 m away from reproductive plants.
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Saccharina latissima (studied as Laminaria saccharina), is short-lived (2-4 years), reaches
maturity quickly and colonizes bare substratum rapidly (ca 6 months) (Kain, 1975; Kain,
1979; Birkett et al., 1998b; see MarLIN review) and may be regarded as relatively
opportunistic.

Fucoids (e.g. Fucus serratus and Fucus vesiculosus) recruit readily to cleared areas,
especially in the absence of grazers (Holt et al., 1997). However, fucoid propagules tend to
settle near to the parent plants, due to turbulent deposition by water flow. Within
monospecific stands recruitment of conspecifics is most likely, and community recovery is
likely to be rapid. However, in cleared areas, recruitment is likely to be rapid but recovery
of the original community structure is likely to take some years (Holt et al., 1997). Sousa et
al. (1981) reported that experimental removal of sea urchins significantly increased
recruitment in long-lived brown algae. In experimental plots cleared of algae and sea
urchins in December, Halidrys dioica colonized the plots, in small numbers, within 3-4
months. Plots cleared in August received few, if any recruits, suggesting that
recolonization was dependant on zygote availability and therefore the season. Halidrys
dioica did not colonize plots grazed by urchins in their experiments (Sousa et al., 1981).
Wernberg et al. (2001) suggested that the lack of long range dispersal success in Halidrys
siliquosa was responsible for its regional distribution in the north east Atlantic.
Settlement of algal spores is partly dependant on their motility (if any) and adhesive
properties together with preferences for topography (surface roughness), the chemical
nature of the substratum and water movement (Norton 1992; Fletcher & Callow 1992).
As with all red algae, the spores of Chondrus crispus, Palmaria palmata and Ceramium
virgatum are non-flagellate and therefore dispersal is a wholly passive process (Fletcher &
Callow, 1992). In general, due to the difficulties of re-entering the benthic boundary layer,
itis likely that successful colonization is achieved under conditions of limited dispersal
and/or minimum water current activity. Norton (1992) reported that although spores may
travel long distances (e.g. Ulva sp. 35 km, Phycodrys rubens 5 km), the reach of the furthest
propagule does not equal useful dispersal range, and most successful recruitment occurs
within 10 m of the parent plants. It is expected, therefore, that recruitment of red algae,
e.g. Chondrus crispus, Palmaria palmata, Furcellaria lumbricalis, Mastocarpus stellatus and the
majority of other macroalgae in the biotope would occur from local populations on the
surrounding emergent rock but that establishment and recovery of isolated populations
would be patchy and sporadic. Scrosati et al. (1994) commented that viability of spores of
Chondrus crispus was low (<30%) and suggested that reproduction by spores probably
does not contribute much to maintenance of the intertidal population in Nova Scotia,
compared to vegetative growth of gametophytes. However, macroalgae are highly fecund
and widespread in the coastal zone so that recruitment may be still be rapid, especially in
the rapid growing ephemeral species such as Ulva spp., which reproduce throughout the
year with a peak in summer. Similarly, Ceramium species produce reproductive propagules
throughout the year, while Mastocarpus stellatus produce propagules from February to
December, and exhibit distinct reproductive papillae in summer (Dixon & Irvine, 1977;
Burrows, 1991; Maggs & Hommersand, 1993).

Lithophyllum incrustans, representing the encrusting corallines in the biotope, it has been
calculated that 1 mm x 1mm of reproductive thallus produces 17.5 million bispores per
year with average settlement of only 55 sporelings/year (Edyvean & Ford, 1984).
Dispersal is likely to be in excess of 5 km and spores will settle and new colonies will arise
rapidly on bare substratum, although the growth rate is slow (2-7 mm per annum - see
Irvine & Chamberlain, 1994). The erect coralline Corallina officinalis has isomorphic sexual
(gametophyte) and asexual (sporophyte) stages (see MarLIN review). Settlement and
development of fronds is optimal on rough surfaces but settlement can occur on smooth
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surfaces (Harlin & Lindbergh, 1977; Wiedeman pers comm.). Corallina officinalis settled on
artificial substrata within 1 week of their placement in the intertidal in New England
summer suggesting that recruitment is high (Harlin & Lindbergh, 1977).

Fauna

e Gastropods exhibit a variety of reproductive life cycles. The common limpets Patella
vulgata and Patella ulyssiponensis, the top shell Steromphala umbilicalis, and Littorina littorea
have pelagic larvae with a high dispersal potential, although recruitment and settlement is
probably variable. However, Littorina obtusata lays its eggs on the fronds of fucoids form
which hatch crawl-away miniature adults. Similarly, the dog whelk Nucella lapillus lays egg
capsules on hard substrata in damp places on the shore, from which crawl-always emerge.
Therefore, their dispersal potential is limited but probably designed to colonize an
abundant food source. In addition, most gastropods are relatively mobile, so that a large
proportion of recruitment of available niches would involve migration. Nucella lapillus is an
exception, as they generally do not move far, averaging 100 mm /tidal cycle, or between
30 cmor 10 m per year when in the vicinity of an abundant food source (see MarLIN
reviews for details; Fish & Fish, 1996).

¢ Many species of mobile epifauna have long lived pelagic larvae and/or are highly motile as
adults. Gammarid amphipods brood their embryos and offspring but are highly mobile as
adults and probably capable of colonizing new habitats from the surrounding area (e.g. see
Hyale prevostii review for example). Similarly, isopods such as Idotea species brood their
young. Idotea species are mobile and active swimmers and probably capable to recruiting
to new habitats from the surrounding area by adult migration. Hicks (1985) noted that
epiphytic harpacticoid copepods lack planktonic dispersive larval stages but are active
swimmers, which is therefore the primary mechanism for dispersal and colonization of
available habitats. Some species of harpacticoids are capable to moving between low and
mid-water levels on the shore with the tide, while in others colonization rates decrease
with increasing distance form resident population. Overall immigration and in situ
reproduction were thought to maintain equilibrium populations exposed to local
extinction, although there may be local spatial variation in abundance (see Hicks, 1985).

e Epiphytic and sessile fauna, such as sponges, hydroids, bryozoans and ascidians, have
pelagic but short lived larvae with relatively short effective dispersal ranges, depending
on the local hydrography. However, most epiphytic species are widespread and
ubiquitous and would probably recruit rapidly from adjacent or nearby populations.

Time for community to reach maturity

Development of the community in this biotope, from bare or denuded rock, is likely to
follow a similar successional pattern to emergent sheltered rocky shore communities. The
loss of grazing species results in an initial proliferation of ephemeral green then fucoid
algae, which then attracts mobile grazers, and encourages settlement of other grazers.
Limpet grazing reduces the abundance of fucoids allowing barnacles to colonize the shore.
After the Torrey Canyon oil spill in March 1967, recovery rates were dependant on local
variation in recruitment and mortality so that sites varied in recovery rates, for example
maximum cover of fucoids occurred within 1-3 years, barnacle abundance increased in
1-7 years, limpet number were still reduced after 6-8 years and species richness was
regained in 2 to >10 years (Southward & Southward, 1978; Hawkins & Southward, 1992;
Raffaelli & Hawkins, 1999). Where only the rockpool was affected, recruitment is
potentially good, especially in motile species. However, variability in rockpool
communities and their response to disturbance (recovery) has been attributed to
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variation and seasonality in recruitment (Metaxas & Scheibling, 1993).

Dethier (1984) noted that few rockpool populations, even of dominant species, remained
static over time, based on long-term observations over several years. On the coast of
Washington State, partial disturbance (a reduction in abundance or cover) resulted in
relatively rapid recovery of the community, for examples encrusting corallines recovered
inover 2 months, erect corallines attained 87% of its original cover in 2 years. The red
algae Rhodomela sp. exhibited 39% recovery from total loss after 2 years and Cladophora
sp. exhibited 77% recovery after total loss. Dethier (1984) concluded that disturbance
was a factor that developed a mosaic of different communities in rockpools within an area
and that, at any point in time, rockpool communities were probably in different stages of
recovery.

Additional information

None entered

4] Preferences & Distribution

Habitat preferences

Depth Range Mid shore, Lower shore

Water clarity preferences

Limiting Nutrients No information found

Salinity preferences Full (30-40 psu)

Physiographic preferences Enclosed coast / Embayment, Open coast
Biological zone preferences Lower eulittoral, Eulittoral

Substratum/habitat preferences Bedrock

Tidal strength preferences

Wave exposure preferences Exposed, Moderately exposed, Sheltered
Other preferences Deep rockpools

Additional Information

This biotope is characterized by macroalgal dominated, deep rockpools. The physical
characteristics of the rockpool environment are described under 'Seasonal and longer
term change' on the 'Ecology' page. Pyefinch (1943) and Goss-Custard et al. (1979)
provide detailed species lists for the rockpools they studied in British and Irish
waters.

= Species composition

Species found especially in this biotope

Rare or scarce species associated with this biotope
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Additional information

The MNCR database lists 667 species in 213 records of this biotope (JNCC, 1999),
although not all species occur in all records of the biotope. Lewis (1964) noted that

deep pools in the lower shore, especially in the southwest, are rich areas for collecting
the rarer species of algae.
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Sensitivity review

Sensitivity characteristics of the habitat and relevant characteristic
species

Deep or large rock pools within the lower eulittoral on wave exposed to moderately
exposed shores characterized by Fucus serratus, Laminaria digitata and Corallina
officinalis. Other brown seaweeds such as Saccharina latissima (syn. Laminaria
saccharina) and Halidrys siliquosa may also occur. A wide variety of filamentous and
foliose seaweeds occur beneath the brown algal canopy, for examplered seaweeds
Palmaria palmata, Chondrus crispus, Mastocarpus stellatus, Ceramium nodulosum and
Dumontia contorta, and green seaweeds such as Ulva spp. and Cladophora rupestris can
be present as well. Algal-free vertical and overhanging faces often support the sponge
Halichondria panicea and anemones including Actinia equina and Urticina feline (Connor
etal., 2004).

In undertaking this assessment of sensitivity, account is taken of knowledge of the
biology of all characterizing species in the biotope. For this sensitivity assessment
Fucus serratus, Laminaria digitata and Corallina officinalis are the primary foci of
research. However, loss of any one of these species would not in itself result in loss of
arecognizable biotope. The understory red seaweed communities also define the
biotope. Examples of important species groups are mentioned where appropriate.

Resilience and recovery rates of habitat

Fucus serratus is a dioecious, perennial brown macroalgae, characteristic of the
eulittoral zone. Sexual reproduction starts in late spring/early summer and continues
through summer and autumn, peaking in August-October. Eggs and sperm are
released and fertilization occurs in the water column. Fertilized spores then develop
into a gametes and fertilized eggs which then settle onto the substratum, however are
generally restricted to within 1-2 m from the parent (Arrontes, 1993). Average
annual expansion rates for Fucus serratus have been estimated at 0.3 to 0.6 km per
year (Coyer et al., 2006a; Brawley et al., 2009). Dispersal is highly limited as the
negatively buoyant eggs are fertilized almost immediately after release and dispersal
by rafting reproductive individuals is unlikely (Coyer et al., 2006a).

Schiel & Foster (2006) observed long-term demographic lags in recovery after
important losses of fucoids. Loss of fucoids can cause systems shifts to a state
dominated by low-lying turf or filamentous ephemeral algae (Airoldi et al., 2008;
Mangialajo et al., 2008; Perkol-Finkel & Airoldi, 2010). Turf algae, especially
corallines, are often highly resilient and positively associated with perturbed areas,
and can recover and reach greater abundance compared to prior disturbance
conditions (Bulleri et al., 2002; Bertocci et al., 2010). These turf algae can then prevent
canopy recovery by inhibiting recruitment. Stagnol et al. (2013) observed Patella
vulgata recruiting in bare patches of disturbed plots. Experimental studies have
shown that limpets control the development of macroalgae by consuming
microscopic phases (Jenkins et al., 2005) or the adult stages (Davies et al., 2007). The
increase in Patella vulgata abundance could thus limit the recruitment and growth of
Fucus serratus on the wave impact zone. Stagnol et al. (2013) found that opportunistic
ephemeral green algae such as Ulva sp. responded positively to disturbance (removal
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of the canopy). These green ephemeral algae are major competitors of Fucus serratus
for space colonization and nutrient uptake. Blooms of ephemeral algae facilitated by
disturbance may then slow the development of longer-lived perennial algae,
especially fucoids.

Disturbance is a structuring factor in intertidal habitats. Perturbation events often
remove organisms, increasing mortality, and also release resources such as space,
nutrients and light that may enhance the appearance of new colonists (Connell et al.,
1997). As aresult of these contrasting effects, post-disturbance communities are
frequently different from initial communities in terms of composition and dominance
of species. Overall, disturbance causes a shift towards a disturbance tolerant
seaweed community (Little et al., 2009). The changes in dominant species and
community structure take some time to develop and, although some effects occur
rapidly, many are manifested over a period of several years (Schiel & Lilley, 2011). For
example, Hawkins & Southward (1992) found that, after the Torrey Canyon oil spill, it
took between 10 and 15 years for the Fucus sp. to return to 'normal’ levels of spatial
and variation in cover on moderately exposed shores.

The dispersal of Laminaria digitata’s spores and subsequent successful recruitment
has been recorded 600 m from reproductive individuals (Chapman, 1981). Local
water movement plays an important role in the potential recovery of Laminaria
digitata dominated biotopes, with larva dependant on currents to extend their
dispersal range, although the majority of larvae settle within its local biotope
(Brennan etal., 2014). The growth rate of Laminaria digitata changes with the seasons.
Growth is rapid from February to July, slower in August to January, and occurs
diffusely in the lamina (blade; Kain, 1979). This diffuse growth may enhance its
resistance to potential grazers. Sori (spores) are produced at temperatures lower
than 18°C with a minimum of 10 weeks a year between 5-18°C needed to ensure
spore formation (Bartsch, 2013). Thus temperature and by default season impacts the
level of reproductive activity. In order to maximise survival rates of mature
gametophytes, gametophyte development can be delayed by the algae until optimum
conditions return and the gametophyte produces gametes (Hoek van den et al., 1995),
which suggests a degree of resistance to short-term changes in temperature which
may be anthropogenic in origin. Another factor that is likely to affect recovery is the
dominance of Invasive Non Indigenous Species (INIS). Species, such as Sargassum
muticum and Codium fragile exploit gaps in kelp beds and can out-compete Laminaria
digitata, so that high frequency, low impact disturbances may make the kelp stands
more vulnerable to competition from these and other turf forming algae (Staehr et al.,
2000; Scheibling et al., 2008; Connell & Russell 2010).

Engelen et al. (2011) showed that removal of 0.25m” areas of Laminaria digitata forest
in the spring and autumn had different recovery rates, with autumn recovery more
rapid than spring (taking a minimum of 12 months). Return to conditions prior to
removal took 18-24 months, with competition for space by Saccorhiza polyschides
impacting recovery rates in the first year of recolonization (Engelen et al., 2011). Re-
colonization of concrete blocks by Laminaria digitata was investigated by Kain (1975)
at Port Erin, Isle of Man. Laminaria digitata was considered re-established two years
after removal, with the characteristic red foliose algae following one year later.
Similarly, recovery after simulated harvesting of a standing crop of Laminaria digitata
occurred within 18-20 months (Kain, 1979). While colonization of young Laminaria
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sporophytes may occur one year after initial substratum clearance (Kain, 1979), the
return of the biotope to its original mature condition is likely to lag behind this re-
colonization. These findings agree with previous studies which showed that when
60% of sporophytes (adult alga) were removed from a location, 18 months were
required for the stand to rejuvenate (Perez, 1971), while in France, CIAM (Le Comité
interprofessionel des algues marines) proposed that, regardless of collection method,
the restoration of stands of laminarians took up to 18 months post harvesting (Arzel,
1998). Some disparities between reported recovery rates do exist, with cleared plots
in Helgoland taking 25 months, probably because plots were burned to ensure total
removal of spores and germlings (Markham & Munda, 1980). Even after 25 months,
although algal density had returned to pre-clearance levels, the Laminaria digitata alga
were smaller than those on undisturbed plots, suggesting full recovery is longer than
25 months (Markham & Munda, 1980).

Recovery of Corallina officinalis will require either re-growth from surviving holdfast
or basal crusts or recolonization by propagules. The crustose holdfast or base is
perennial and grows apically (continuous growth at tips), similar to encrusting
corallines such as Lithothamnia sp. The basal crust may grow continuously until
stimulated to produce fronds (Littler & Kauker, 1984; Colhart & Johanssen, 1973).
Littler & Kauker (1984) suggest that the crustose bases are an adaptation to resist
grazing and desiccation whereas the fronds are adapted for higher primary
productivity and reproduction. The basal crusts are tougher than the upright fronds
(requiring a pressure of 94 g/mm? to penetrate, compared to 43 g/mm’ respectively).
Regeneration of the basal crusts provides a more rapid route to recovery than
recolonization. Experiments in the intertidal in southern California found that areas
scraped back to crusts recovered four times more rapidly than sterilised plots where
the crusts were removed (Littler & Kauker, 1984). In culture Corallina officinalis fronds
exhibited an average growth rate of 2.2 mm/month at 12 and 18°C. Growth rate was
only 0.2 mm/month at 6°C and no growth was observed at 25°C (Colhart &
Johanssen, 1973). Similarly, Blake & Maggs (2003) observed much higher growth
rates of 2 mm/month over 6 months starting from September in Corralina officinalis
grown in Strangford Lough (Northern Ireland) at 5 and 10m depth, these rates are
similar to those observed by Andrake & Johansen (1980) in winter in New Hampshire.
The evidence for growth rate suggests that to achieve a height of 10 cm the turf
would be at least 4 years old;probably older as higher temperatures appear to slow
growth. A lower level turf of, for example 5 cm, could theoretically be achieved within
2 years.

Where the bases are removed, recovery will depend on recolonization. Areas that are
cleared during the reproductive period have the potential to be rapidly colonized.
Corallina officinalis was shown to settle on artificial substances within 1 week of their
placement in the intertidal in New England summer (Harlin & Lindbergh, 1977).
However, settlement plates laid out in the autumn were not recolonized until the next
spring. In the lower rocky intertidal in southern California dominated by Corallina
officinalis with foliose over-storey algae present, Littler & Kauker (1984)
experimentally cleared plots and followed the recovery for 12 months. Some areas
were scraped allowing the basal crusts to remain whereas others were completely
sterilised (removal of all material and surfaces then scorched with a blow torch to
remove bases). In scraped plots up to 15% cover of Corallina officinalis fronds returned
within 3 months after removal of fronds and all other epiflora/fauna (Littler & Kauker,

https://www.marlin.ac.uk/habitats/detail/282



Date: 2015-12-16 Fucoids and kelp in deep eulittoral rockpools - Marine Life Information Network

1984) while in sterilized plots (all basal crusts removed) appearance of articulated
fronds occurred 6 months following clearance. At the end of the 12 month
observation period Corallina officinalis cover had increased to approximately 18% in
plots where basal crusts remained and to approximately 10% in sterilised plots.
Similarly, Bamber & Irving (1993) reported that new plants grew back in scraped
transects within 12 months, although the resistant crustose bases were probably not
removed.

Once established turfs of Corallina spp. can persist for a long time, surveys of rocky
intertidal ledges at Hinkley point, Somerset in England have found that the patches
mapped in the 1980s (Bamber & Irving, 1993) had not changed position when
resurveyed 18 years later (Burdon et al., 2009). It has been speculated but not
definitively demonstrated that turf-forming algae and canopy forming algae may
represent alternate stable states on temperate rocky shores and a shift in balance to
the alternate state may prevent recovery. Some potential mechanisms for inhibition
of canopy forming species are space pre-emption by turfs that prevent recruitment of
taller algae (Perkol-Finkel & Airoldi, 2010; Kennelly, 1987) due to the coverage of
suitable rock surfaces and the presence of sediments within the turf (Airoldi, 2003).
Clearance experiments on rocky, intertidal shores in Southern California (Sousa,
1979) found that Ulva spp. which have a longer reproductive season could colonize
cleared areas preventing the establishment of perennial red algae. However grazing
by crabs removed the green algae (Sousa, 1979), highlighting the potential
importance of grazers, particularly littorinids, to the re-establishment of macroalgal
dominated biotopes.

Resilience assessment. Fucus serratus, Laminaria digitata and Corallina officinalis are
the main structural species within this biotope. Fucus serratus recovery will be
variable, dependant on the scale of disturbance. If resistance is assessed as Low-
None, recovery could be affected by inter-specific competition and or a short range
recruitment from adjacent populations, and may therefore extend to >10 years (Low
resilience). However, after small scale disturbance (medium resistance) Fucus serratus
recruitment may take no more than 2 years. Similarly, the clearance experiments by
Littler & Kauker (1984) suggest that recovery of a dense Corallina officinalis turf
whether basal crusts remained or were totally removed would require more than 2
years (medium resilience). Evidence suggests indicated that complete recovery of
Laminaria digitata and its associated epibiota can occur within 18-24 month after
complete removal. Resilience is, therefore, dependent on the recovery of the Fucus
serratus and Corallina officinalis, which may take from 2-10 years (Medium resilience).

#® Hydrological Pressures

Resistance Resilience Sensitivity
Temperatureincrease  Medium Medium Medium
(local) Q: High A: High C: High Q: High A: High C: High Q: High A: High C: High

Rockpools experience variation in temperature on a daily and seasonal basis. The
range and extremes of temperature change increasing with shore height but also
dependent on shading, aspect, topography and depth of the pool (Pyefinch, 1943;
Ganning, 1971; Daniel & Boyden, 1975; Goss-Custard et al., 1979; Morris & Taylor,
1983; Huggett & Griffiths, 1986; Metaxas & Scheibling, 1993). For example, reported
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temperature ranges for mid to low shore pools include annual maxima and minima of
1-25°C and 2-22°C (Morris & Taylor, 1983), a diurnal range of 24°C (day) and 13°C
(night) for a mid shore pool (Daniel & Boyden, 1975), and surface water temperature
ranges of 14-19.25°C and 15.5-20.75°C in mid shore pools (Pyefinch, 1943).
Temperature stratification within pools may result in higher surface temperatures
and lower deep water temperatures in sunlight (Daniel & Boyden, 1977) or be
reversed due to wind cooling, night or in winter (Naylor & Slinn, 1958; Ganning, 1971;
Morris & Taylor, 1983). The temperature range will limit the distribution of sensitive
species within the pools, especially normally sublittoral species, e.g. laminarians

The temperature tolerance of Laminaria digitata sporophyte growth and reproduction
is between 0-18 °C, and for gametophytes 0-17 °C (Gayral & Cosson, 1973). The
thermal optimum of Laminaria digitata is between 10-15°C. Temperature of 22-23°C
is likely to cause cell damage and increase mortality (Sundene, 1964; Bolton & Liining,
1982). A minimum of 10 weeks a year between 5-18°C is needed in order to ensure
spore formation and hence reproduction (Bartsch, 2013), and is the most
temperature sensitive stage of reproduction. However, above 15°C reproduction is
severely reduced, reproductive ability is impaired to 20% at 18°C (Arzel, 1998).

Nielsen et al. (2014b) found no negative effects on growth rates of adult Fucus serratus
to water temperatures of 2 °C (based on a laboratory experiment with specimen
collected from Firth of Forth, Scotland) and Arrontes (1993) observed that Fucus
serratus survived in laboratory experiments for 1 week at 25°C. Nielsen et al. (2014b)
did, however, report that germlings were negatively affected by increased
temperature indicating that early life stages are more vulnerable than mature algae
to this pressure.

Several studies have observed adverse effects of Fucus serratus as a result to warm
thermal stress in terms of growth, physiological performance and reproductive
output in Spain and Portugal (Pearson et al., 2009; Viejo et al., 2011; Martinez et al.,
2012). Jueterbock et al. (2014) determined that these negative impacts can be
explained by restricted within-population genetic diversity. South west Ireland and
Brittany are hot-spots of genetic diversity (Coyer et al., 2003; Hoarau et al., 2007) and
may thus be more resilient to changes in temperature. Phenotypic plasticity therefore
plays an important role in determining the sensitivity of individual populations to
changes in temperature.

Latham (2008) investigated the effects of temperature stress on Corallina officinalis
through laboratory tests on samples collected in the Autumn in Devon, England from
rock pools. Samples were kept at 15 °C for three days and then exposed to
temperatures of 5, 15, 20, 25 and 30 °C (the normal range of temperature
experienced was suggested to be between 5 and 15 °C). At 35 °C Corallina spp. were
completely bleached after 3 days with a sample kept at 30 °C beginning to bleach.
After 7 days (the end of the experiment) the sample kept at 30 °C was partially
bleached. Samples kept at 5, 15, 20 and 25 °C showed little change in chemicals
produced in reaction to thermal stress and no bleaching suggesting the temperatures
in that range had not induced stress reactions.

Sensitivity assessment. Fucus serratus would not likely be affected at the benchmark
level. In addition, the mid-shore pools probably experience a range of temperatures
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wider than the benchmark lelvle of change. However, some species may be affected.
For example Laminaria digitata sporophyte growth may be affected by a 5 °C
temperature increase combined with high UK summer temperatures. Within
southern examples of the biotope a 2 °C increase for one year may impair Laminaria
digitata spore production. Therefore, resistance has been assessed as ‘Medium’, and
resilience as ‘Medium’. Sensitivity has been assessed as ‘Medium’.

Temperature decrease  High High Not sensitive
(local) Q: High A: Hiigh C: Hiigh Q: High A: High C: Hiigh Q: High A: High C: High

Rockpools experience variation in temperature on a daily and seasonal basis. The
range and extremes of temperature change increasing with shore height but also
dependent on shading, aspect, topography and depth of the pool (Pyefinch, 1943;
Ganning, 1971; Daniel & Boyden, 1975; Goss-Custard et al., 1979; Morris & Taylor,
1983; Huggett & Griffiths, 1986; Metaxas & Scheibling, 1993). For example, reported
temperature ranges for mid to low shore pools include annual maxima and minima of
1-25°C and 2-22°C (Morris & Taylor, 1983), a diurnal range of 24°C (day) and 13°C
(night) for a mid shore pool (Daniel & Boyden, 1975), and surface water temperature
ranges of 14-19.25°C and 15.5-20.75°C in mid shore pools (Pyefinch, 1943).
Temperature stratification within pools may result in higher surface temperatures
and lower deep water temperatures in sunlight (Daniel & Boyden, 1977) or be
reversed due to wind cooling, night or in winter (Naylor & Slinn, 1958; Ganning, 1971;
Morris & Taylor, 1983). The temperature range will limit the distribution of sensitive
species within the pools, especially normally sublittoral species, e.g. laminarians

The temperature tolerance of Laminaria digitata sporophyte growth and reproduction
is between 0-18 °C, and for gametophytes 0-17 °C (Gayral & Cosson, 1973). The
thermal optimum of Laminaria digitata is between 10-15 °C (Arzel, 1998).

Liining (1984) reported that Fucus serratus survived in the laboratory for a week a
range temperature between 0°C and 25°C. Furthermore Fucus serratus has a boreal
distribution, recorded from Svalbard where winter temperatures are 3 °C
(Beszczynska-Moller & Dye, 2013) and is therefore unlikely to be unaffected at the
benchmark level.

Lining (1990) reported that Corallina officinalis from Helgoland survived exposure to
0 °C w for one week. New Zealand specimens were found to tolerate -4°C (Frazer et
al., 1988).

LR.FLR.Rkp.FK is distributed throughout the UK (Connor et al., 2004). Northern to
southern Sea Surface Temperature (SST) ranges from 8-16 °C in summer and 6-13 °C
in winter (Beszczynska-Moller & Dye, 2013).

Sensitivity assessment. None of the characterizing species are likely to be affected by
atemperature decrease at the benchmark level, and many are protected from
temperature extremes and winter frost by the depth of the pool. Resistance has been
assessed as ‘High’, resilience as ‘High’ and sensitivity as ‘Not sensitive’ at the
benchmark level
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Medium Medium Medium
Q:Low A:NRC:NR Q: High A: Medium C: High Q: Low A: Low C: Low

Salinity increase (local)
High air temperatures cause surface evaporation, which can result in a steady salinity
increase. However, Daniel & Boyden (1975) and Morris & Taylor (1983) reported
little variability in salinity over one tidal cycle, and Ganning (1971) suggested that
changes in salinity were of limited importance. Morris & Taylor (1983) reported an
annual maximum salinity of 36.5 ppt in the pools studied on the west coast of
Scotland. Goss-Custard et al. (1979) recorded salinities of 34.8 and 35.05 ppt in mid-
shore pools. Therefore, the biotope is likely to be tolerant of small increases in
salinity. High shore pools exhibit greater variation and higher extremes of salinity
(Pyefinch, 1943; Ganning, 1971) and different communities but mid to low shore
pools are unlikely to experience such extremes unless the emergence regime is
increased (see relevant pressure) or they are exposed to hypersaline effluents.

Laminaria digitata has been found to tolerate 20-55 psu for a period of 5 days. At 60
psu photosynthetic rate declined to 66% of that at normal salinity (34 psu). Therefore
indicating that Laminaria digitata can tolerate hyper-saline conditions of 55 psu, at
least in the short-term. However, Birkett et al. (1998b) reported that Laminaria
digitata, was a stenohaline species that typically required regular salinities of 30-34
psu to maintain optimum growth rates. Therefore, long-term reductions in salinity
may result in the loss of kelp in the affected area and thus loss of the biotope (Birkett
etal., 1998b). Fucoids are able to compensate for changes in salinity by adjusting
internal ion concentrations. However this will occur at a cost, reducing
photosynthetic rate and hence affecting the growth rate of the seaweed. Fucus
serratus is reported to have high growth rates from 20-30%. (Bird et al., 1979; Malm et
al., 2001). Kinne (1971b) cites maximal growth rates for Corallina officinalis between
33 and 38 psu in Texan lagoons.

Sensitivity assessment. The evidence suggests that Laminaria digitata can tolerate
exposure to hypersaline conditions of 240%o for short periods of 5 days The
remaining characterizing species can be found in fully marine conditions, however the
effects of long-term increases in salinity to >40psu are unclear. Birkett et al. (1998)
suggests that long-term increases in salinity may detriment Laminaria digitata,
however the intertidal habit of both Fucus serratus and Corallina officinalis suggests
these species would be tolerant of hypersaline conditions. Resistance has been
assessed as ‘Medium’ because of the potentially negative effect this pressure could
have on Laminaria digitata. Therefore, resilience is assessed as ‘Medium’ and the
sensitivity of this biotope to an increase in salinity has been assessed as ‘Medium’.

- Medium Medium
Salinity decrease (local)
Q: High A: High C: High Q: High A: High C: High Q: High A: High C: High

During periods of emersion, high rainfall will reduce pool salinity or create a surface
layer of brackish/nearly freshwater for a period. The extremes of salinity experienced
will depend on the depth of the pool, shore height and flushing rate, and season. For
example, Morris & Taylor (1983) stated that a low salinity layer of 2-10 mm was
normal but after one storm the low salinity layer increased in depth, eventually
resulting in a homogeneous pool of brackish water. Morris & Taylor (1983) reported
an annual salinity range in mid to low shore pools of 26-36.5 ppt.
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Mid shore examples of this biotope may lack more sensitive species, such as
Laminaria digitata and some sublittoral species. For example, Karsten (2007) tested
the short-term salinity tolerance of Laminaria digitata from 5-60 psu by measuring the
photosynthetic rates after 2 and 5 days of exposure. Highest photosynthetic
performance was measured between 20-55psu. Hyposaline treatments from 20-10
psu were accompanied with a gradual decrease in photosynthetic performance.
Demonstrating that Laminaria digitata could tolerate short-term exposure to 20 psu,
below which declines in photosynthesis were measured. However, Birkett et al.,
(1998b) reported that Laminaria digitata was a stenohaline species that typically
required regular salinities of 30-34 psu to maintain optimum growth rates. Therefore,
long-term reductions in salinity may result in the loss of the kelp in the affected area
(Birkett etal., 1998b).

Fucoids are able to compensate for changes in salinity by adjusting internal ion
concentrations. However this will occur at a cost, reducing photosynthetic rate and
hence affecting the growth rate of the seaweed. Growth rates for Fucus serratus are
highest at a salinity of 20 psu with the critical limit for recruitment at 7 psu (Malm et
al., 2001). Sufficient salinity is essential for successful fertilization and germination in
fucuoids (Brawley, 1992b; Serrao et al., 1999). Malm et al. (2001) found fucoid
fertilization success was 87% at 9 psu but declined to 5% at 6 psu (Malm et al., 2001).
Reduced salinity does also affect dispersal by decreasing swimming performance of
fucoid sperm (Serrdo et al., 1996). In the Baltic, Corallina officinalis is confined to
deeper waters as surface salinity decreases (Kinne, 1971b) suggesting that full
salinity is required in the long-term although short-term fluctuations may be
tolerated. Kinne (1971b) cites maximal growth rates for Corallina officinalis between
33 and 38 psu in Texan lagoons, so that a decrease in salinity at the pressure
benchmark would be predicted to lead to reduced growth.

Sensitivity assessment. A decrease in one MNCR salinity scale from ‘Full Salinity’
(30-40psu) to ‘Reduced Salinity’ (18-30 psu) may result in a decrease of Laminaria
digitata and Corallina officinalis growth and therefore the biotope may diminish.
Fucoids are unlikely to be affected. But a long-term reduction in salinity on the shore
for ayear is likely to result in a loss of the more sensitive species, inc. mobile
amphipods, and some red algae, and an overall reduction in species richness.
Resistance has been assessed as ‘Low’ and resilience as ‘Medium’. Therefore,
sensitivity of this biotope to a decrease in salinity has been assessed as ‘Medium’.

Water flow (tidal Not relevant (NR) Not relevant (NR) Not relevant (NR)
current) changes (local) q:NRA:NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR

Water flow rate in this biotope is typically only that of the ebb and flood tide speed,
which hardly affects intertidal habitats and is far exceeded by the strength of wave
action. A change in water flow rate is therefore considered Not relevant.

Emergence regime Medium Medium Medium
changes Q:Low A:NRC:NR Q: High A: High C: High Q:Low A:NRC:NR

LR.FLR.Rkp.FK is found within large rock pools, therefore water retentionis likely to
limit desiccation of the community. However, an increase in emergence may lead to
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longer exposure to air temperatures with corresponding fluctuations in water
temperature and changes in salinity following evaporation or dilution by rainfall (see
seasonal and temporal change above). Mobile species within this biotope could
relocate to preferred shore heights but an increase or decrease in abundance of
predators and grazers may alter the structure of the assemblage.

Sensitivity assessment. Resilience has been assessed as ‘Medium’. Resistance as
‘Medium’. The sensitivity of this biotope to a change in emergence is considered as

‘Medium’.
Wave exposure changes High High
(local) Q: High A: High C: High Q: High A: Medium C: High Q: High A: High C: High

This rock pool biotope occurs in exposed to moderately exposed habitats. Rock pools
provide a degree of shelter from wave action, especially deep pools, allowing more
fragile sublittoral algae to survive. However, an increase in wave exposure from, for
example moderately exposed to very exposed is likely change the community. Fucoid
abundance is characteristic of wave sheltered conditions, and on more wave exposed
shores shallow rockpools are dominated by Corallina officinalis (Connor et al., 2004).
However, a change in wave exposure at the benchmark level would not be likely to
have any significant affect.

Sensitivity assessment. Resistance has been assessed as ‘High’, resilience as ‘High’
and sensitivity as ‘Not Sensitive’ at the benchmark level.

& Chemical Pressures

Resistance Resilience Sensitivity
Transitionelements &  Not Assessed (NA) Not assessed (NA) Not assessed (NA)
organo-metal
contamination Q NRA:NR C:NR Q: NRA: NR C: NR Q:NRA: NR C: NR

This pressure is Not assessed but evidence is presented where available.

Bryan (1984) suggested that the general order for heavy metal toxicity in seaweeds
is: organic Hg > inorganic Hg > Cu > Ag > Zn > Cd >Pb. Cole et al. (1999) reported that
Hg was very toxic to macrophytes. The sub-lethal effects of Hg (organic and
inorganic) on the sporelings of Plumaria elegans were reported by Boney (1971). 100%
growth inhibition was caused by 1 ppm Hg. Burdin & Bird (1994) reported that both
gametophyte and tetrasporophyte forms of Chondrus crispus accumulated Cu, Cd, Ni,
Zn, Mn and Pb when immersed in 0.5 mg/l solutions for 24 hours. No effects were
reported however, and no relationship was detected between hydrocolloid
characteristics and heavy metal accumulation.

It is generally accepted that adult fucoids are relatively tolerant of heavy metal
pollution (Holt et al., 1997). The effect of heavy metals on the growth rate of adult
Fucus serratus plants has been studied by Stromgren (1979; 1980). Copper
significantly reduces the growth rate of vegetative apices at 25 pg/l over 10 days
(Stromgren, 1979). Zinc, lead, cadmium & mercury significantly reduce growth rate at
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1400 pg/I, 810 pg/l, 450 pg/l and 5 pg/l respectively (Stréomgren, 1980).

Zinc was found to inhibit growth in Laminaria digitata at a concentration of 100 pg/L
and at 515 pg/L growth had almost completely ceased (Bryan, 1969). Axelsson &
Axelsson (1987) investigated the effect of exposure to mercury (Hg), lead (Pb) and
nickel (Ni) for 24 hours by measuring ion leakage to indicate plasma membrane
damage. Inorganic and organic Hg concentrations of 1 mg/L resulted in the loss of
ions equivalent to ion loss in seaweed that had been boiled for 5 minutes. Laminaria
digitata was unaffected when subjected to Pb and Ni at concentrations up to 10 mg/L.
Their results also indicated that the species is intolerant of the tin compounds butyl-
Sn and phenyl-Sn.

Hydrocarbon & PAH Not Assessed (NA) Not assessed (NA) Not assessed (NA)
contamination Q:NRA: NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR

This pressure is Not assessed but evidence is presented where available.

Hydrocarbon contamination, e.g. from spills of fresh crude oil or petroleum products,
may cause significant loss of component species in the biotope, through impacts on
individual species viability or mortality, and resultant effects on the structure of the
community. Rockpools are potentially vulnerable habitats, depending on depth,
flushing rate and tidal height. Rockpool organisms may be protected, since oil will
float on the pool surface. However, rockpool organisms will be exposed to the water
soluble fraction of fresh oils, and a surface film of oil will prevent gaseous exchange
and may reduce or exclude light. If exposed to oil the resident sediment is likely to
adsorb oil and release it slowly, causing chronic long-term contamination and
potentially prolonged recovery. The effects of oil contamination on marine organisms
were reviewed by Suchanek (1993) and are summarized below.

Laminaria digitata is less susceptible to coating with oil than some other seaweeds
because of its preference for exposed locations where wave action will rapidly
dissipate oil. The effects of oil accumulation on the thalli are mitigated by the
perennial growth of kelps. No significant effects of the Amoco Cadiz spill were
observed for Laminaria populations and the World Prodigy spill of 922 tons of oil in
Narragansett Bay had no discernible effects on Laminaria digitata (Peckol et al., 1990).
Mesocosm studies in Norwegian waters showed that chronic low level oil pollution
(25 pg/L) reduced growth rates in Laminaria digitata but only in the second and third
years of growth (Bokn, 1985).

Holt et al. 1995 reported that oil spills in the USA and from the 'Torrey Canyon' had
little effect on kelp forest. Similarly, surveys of subtidal communities at a number
sites between 1-22.5m below chart datum, including Laminaria hyperborea

communities, showed no noticeable impacts of the Sea Empress oil spill and clean up
(Rostron & Bunker, 1997)

Fucus vesiculosus shows limited intolerance to oil. After the Amoco Cadiz oil spill Fucus
vesiculosus suffered very little (Floc'h & Diouris, 1980). Indeed, Fucus vesiculosus may
increase significantly in abundance on a shore where grazing gastropods have been
killed by oil, although very heavy fouling could reduce light available for
photosynthesis and in Norway a heavy oil spill reduced fucoid cover.
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Synthetic compound Not Assessed (NA) Not assessed (NA) Not assessed (NA)
contamination Q NRA:NR C: NR Q NRA:NR C: NR Q NRA:NR C:NR

This pressure is Not assessed but evidence is presented where available

O'Brian & Dixon (1976) suggested that red algae were the most sensitive group of
macrophytes to oil and dispersant contamination (Smith, 1968).

Radionuclide Not relevant (NR) Not relevant (NR) No evidence (NEv)
contamination Q:NRA:NR C:NR Q:NRA:NR C: NR Q:NRA:NRC:NR

No Evidence
Introduction of other Not Assessed (NA) Not assessed (NA) Not assessed (NA)
substances Q:NRA:NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR

This pressure is Not assessed

. High High Not sensitive
De-oxygenation
Q: High A: High C: High Q: High A: High C: High Q: High A: High C: High

During emergence rockpools are closed systems and gaseous exchange occurs only
over the air/water interface. In shallow pools the volume to surface arearatio is likely
to be high, whereas in deep pools the ratio is likely to be low. In addition, the oxygen
concentration is dependent on the community present. During the day,
photosynthesis uses up CO, and produces O,, in excess of respiration. However, at
night respiration by flora and fauna deplete oxygen levels. As a result rockpool
environments exhibit marked variation in oxygen levels. In summer, rockpools are
likely to be supersaturated with oxygen during the day (Pyefinch, 1943). For example,
the greatest range of oxygen saturation of 101.7% occurred in seaweed dominated,
sediment floored pool, which reach over 190% saturation on some days (Pyefinch,
1943). Daniel & Boyden (1975) noted that a mid shore, seaweed dominated pool
reached 194% saturation (ca 15 mg O,/I) but that oxygenation was also marked in
shaded pools. A pool with dense fauna exhibited a maximum saturation of 210%
(Pyefinch, 1943). During photosynthesis algae absorb carbon dioxide and as
concentrations fall, the pH rises. Morris & Taylor (1983) recorded pH values >9 in
rockpools on the Isle of Cumbrae. At night, oxygen levels may fall below 100%
saturation and pH will decrease as CO, levels increase. Morris & Taylor (1983) noted
an annual maximum of oxygen concentration of 400-422 mm Hg (ca 23.4-24.7 mg/|)
and an annual minimum of 18-38 mm Hg (ca 1-2.2 mg/I) in mid shore pools. Daniel &
Boyden (1975) reported oxygen depletion at night, with mid to low shore pools
reduced to 8-44% saturation. They noted that the crab Carcinus maenas leaves the
pools at night, and that other species with the ability to air-breathe could also do so,
e.g. limpets, littorinids, and the shanny Lipophrys pholis. They also observed that
shrimps gathered at the edge of high shore pools at night, presumably to take
advantage of the better oxygenated surface layer (Daniel & Boyden, 1975). Goss-
Custard et al. (1979) noted that oxygen saturation levels decreased with depth in
deep mid shore pools, while Morris & Taylor (1983) noted that oxygen saturation
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varied with depth and proximity to algae, especially green algae such as Cladophora
spp.

Sensitivity Assessment. On immersion, rockpool communities are exposed to
potentially large, sudden fluctuations in oxygen concentrations depending on season
and time of day (Morris & Taylor, 1983). Therefore, rockpool communities are likely
to be exposed to variations equivalent to or greater than the benchmark level on a
regular basis. Resistance has been assessed as ‘High’, Resilience as ‘High’. Sensitivity
has been assessed as ‘Not sensitive’ at the benchmark level.

. . Not relevant (NR) Not relevant (NR) Not sensitive]
Nutrient enrichment
Q:NRA:NRC:NR Q:NRA:NR C: NR Q:NRA:NR C:NR

Atalah & Crowe (2012) added nutrients to rockpools in controlled experiments. The
rockpools were occupied by a range of algae including encrusting corallines, turfs of
Mastocarpus stellatus, Chondrus crispus and Corallina officinalis and green and red
filamentous algae. The invertebrates present were mostly Patella ulyssiponensis, the
winkle Littorina littorea and the flat top shell Gibbula umbilicalis. Nitrogen and
phosphorous enhancement was via the addition of fertilisers, as either 40 g/litre or 20
g/litre. The treatments were applied for seven month and experimental conditions
were maintained every two weeks. A grazer and nutrient addition treatments was
also applied where grazers were removed manually from pools and a 1 m strip
bordering the pools. The experimental treatments do not directly relate to the
pressure benchmark or this biotope specifically but indicate some general trends in
sensitivity. In the pools the chronic addition of nutrients had no significant effect on
the cover of crustose coralline algae or the red turfing algae. There was a significant
interactive effect of grazing and nutrients however on the cover of crustose coralline
algae. Pair-wise comparisons showed that cover of crustose coralline algae was
significantly reduced where nutrients were added only under reduced grazing
conditions, with an absolute decrease of 44% (+8.0 S.E.) relative to the controls
(P<,0.05). Grazers limit the effects of nutrient enrichment and in their absence
significant changes in the structure of the algal assemblage may emerge following
eutrophication.

The use of some kelp species in conjunction with fish aquaculture (buffering the
effects of organic enrichment in the local area) suggests that many kelps (including
Laminaria digitata) are tolerant to local increases in organic enrichment (Troell et al.,
2003). For example, abundant growth of Laminaria hyperborea has been found
adjacent to untreated sewage outfalls in the Isle of Man. Handa et al. (2013) also
reported Saccharina latissima sporophytes grew approx 1% faster per day whenin
close proximity to Norwegian Salmon farms, where elevated ammonium can be
readily absorbed.

Husa et al. (2014) found that the macro-algal communities beyond the immediate
proximity of fish farms in Hardangerfjord, Norway, seemed to be little affected by the
deposition of organic matter from the salmon farming industry. Bellgrove et al. (2010)
however determined that coralline turfs out-competed the fucoid Hormosira banksii at
a site associated with organic enrichment caused by a sewage outfall.

Sensitivity assessment There is contrasting evidence to suggest how this biotope
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may be affected for this pressure. However this biotope is considered to be 'Not
sensitive' at the pressure benchmark, that assumes compliance with good status as
defined by the WFD.

Medium Medium Medium
Q: Low A:NR C:NR Q: High A: High C: High Q: Low A: Low C: Low

Organic enrichment
At the time of writing little information on the nutrient regime of rockpools was
found. Rockpools are cut off from the sea for periods of time, depending on their
shore height, and hence nutrients could potentially become limiting (e.g. nitrogen and
phosphorous) within the period of emersion.

The use of some kelp species in conjunction with fish aquaculture (buffering the
effects of organic enrichment in the local area) suggests that many kelps (including
Laminaria digitata) are tolerant to local increases in organic enrichment (Troell et al.,
2003). For example, abundant growth of Laminaria hyperborea has been found
adjacent to untreated sewage outfalls in the Isle of Man. Handa et al. (2013) also
reported Saccharina latissima sporophytes grew approx 1% faster per day whenin
close proximity to Norwegian Salmon farms, where elevated ammonium can be
readily absorbed.

Corallina officinalis has been noted to increase in abundance and may form extensive
turfs within the vicinity of sewage outfalls and at intermediately polluted sites
(Belgrove et al., 2010; Littler & Murray, 1975; May, 1985; Brown et al., 1990).
Corallina elongata and the crusting coralline Lithophyllum incrustans were present at
sites dominated by Ulva spp. in the Mediterranean exposed to high levels of organic
pollution from domestic sewage (Arévalo et al., 2007).

Husa et al. (2014) found that the macroalgal communities in close proximity to fish
farms in Hardangerfjord, Norway, seemed to be little affected by the deposition of
organic matter from the salmon farming industry. Bellgrove et al. (2010) however
determined that coralline turfs out-competed the fucoid Hormosira banksii at a site
associated with organic enrichment caused by a sewage outfall.

Sensitivity assessment If the rockpool was enriched by effluent discharge Laminaria
digitata is unlikely to be directly affected. However, coralline turfs may out-compete
Fucus serratus. Resistance has therefore been assessed as ‘Medium’, resilience as
‘Medium’. Sensitivity has been assessed as 'Medium’.

A Physical Pressures

Resistance Resilience Sensitivity
Physical loss (tolandor [\l High
freshwater habitat) Q: High A: High C: High Q: High A: High C: High Q: High A: High C: High

All marine habitats and benthic species are considered to have a resistance of ‘None’
to this pressure and to be unable to recover from a permanent loss of habitat
(resilience is ‘Very Low’). Sensitivity within the direct spatial footprint of this
pressure is therefore ‘High’. Although no specific evidence is described confidence in
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this assessment is ‘High’, due to the incontrovertible nature of this pressure.

Physical change (to N High
another seabed type) Q: High A: High C: High Q: High A: High C: High Q: High A: High C: High

A change in substratum type from bedrock to sedimentary is likely to have a similar
effect as a ‘physical loss (to land or freshwater habitat) because macroalgae require a
stable substratum on which to settle.

Sensitivity assessment. This biotope is considered to have aresistance of 'None' to
this pressure as sedimentary habitats are unsuitable for Laminaria digitata and the
associated attached biological assemblage. Resilience is assessed as Very low (the
pressure is a permanent change) and sensitivity is assessed as High. Although no
specific evidence is described, confidence in this assessment is ‘High’, due to the
incontrovertible nature of this pressure.

Physical change (to Not relevant (NR) Not relevant (NR) Not relevant (NR)
another sediment type) q:NRA:NRC:NR Q:NRA: NR C: NR Q:NRA:NRC:NR

'Not relevant' to bedrock biotopes.

Habitat structure Not relevant (NR) Not relevant (NR) Not relevant (NR)
changes - removal of
substratum (extraction) Q:NRA:NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR

Not relevant

Abrasion/disturbance of Nj&gitim Medium Medium
the surface of the
substratum or seabed Q: High A: High C: High Q: High A: High C: High Q: High A: High C: High

No studies of the effects of trampling on rock pools were found but studies of the
effects on emergent algal communities are probably indicative (Tyler-Walters 2005,
Tyler-Walters & Arnold, 2008). For example, moderate (50 steps per 0.09 square
metre) or more trampling on intertidal articulated coralline algal turf in New Zealand
reduced turf height by up to 50%, and the weight of sand trapped within the turf to
about one third of controls. This resulted in declines in densities of the meiofaunal
community within two days of trampling. Although the community returned to
normal levels within 3 months of trampling events, it was suggested that the turf
would take longer to recover its previous cover (Brown & Taylor, 1999). Similarly,
Schiel & Taylor (1999) noted that trampling had a direct detrimental effect on fucoid
algae and coralline turf species on the New Zealand rocky shore. Low trampling
intensity (10 tramples) reduced fucoid cover by 25%, while high intensity (200
tramples) reduced fucoid cover by over 90%, although over 97% cover returned
within 21 months after spring trampling; autumn treatments took longer to recover
due to the delay in recruitment. Coralline bases were seen to peel from the rocks
(Schiel & Taylor, 1999) due to increased desiccation caused by loss of the algal
canopy. Brosnan & Cumrie (1994) demonstrated that foliose species (e.g. fucoids and
Mastocarpus papillatus) were the most susceptible to trampling disturbance, while turf
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forming species were more resistant. However, the algae and barnacles recovered in
the year following the trampling (Brosnan & Cumrie, 1994). Similarly, Boalch et al.
(1974) and Boalch & Jephson (1981) noted a reduction in fucoid cover (especially of
Ascophyllum nodosum) at Wembury, Devon, when compared with the same transects
surveyed 43 years previously. They suggested that the reduction in fucoid cover was
due to the large number of visitors and school groups received by the site.

Sensitivity assessment. The depth of LR.FLR.Rkp.FK is likely to protect this biotope
from heavy trampling. Therefore, resistance has been assessed as ‘Medium’,
resilience as ‘Medium’, and sensitivity as ‘Medium’.

P.enetration or Not relevant (NR) Not relevant (NR) Not relevant (NR)
disturbance of the
Substratum subsurface Q:NRA:NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR

Not relevant

Changes in suspended Medium Medium
solids (water clarity) Q:Low A: NR C: NR Q: High A: High C: High Q: Low A: Low C: Low

The macroalgae in the biotope require light for photosynthesis, and decreases in light
availability as a result of increased water turbidity may limit growth. The absence of
Laminaria digitata in the Firth of Forth, Scotland was suggested to be caused by the
outflow from a sewage treatment plant that increased the turbidity of the water and
thus decreased photosynthetic activity, although the effect of turbidity was probably
coupled with increased nutrient levels (Read et al., 1983). Other Laminaria species
show a decrease of 50% photosynthetic activity when turbidity increases by 0.1/m
(light attenuation coefficient =0.1-0.2/m; Staehr & Wernberg, 2009). In locations
where water clarity is severely decreased, Laminaria species experience a significant
decrease in growth from the shading of suspended matter and/or phytoplankton
(Lyngby & Mortensen, 1996; Spilmont et al., 2009).

Sensitivity Assessment. An increase in turbidity is likely to result in a decline
photosynthetic ability, and abundance of macroalgae species. Laminarians at depth in
the pool would probably be the worst affected, while red algae and encrusting
corallines would probably come to dominate. The resultant scour within the pool
(from suspended sediment) may well remove the fleshy red seaweeds, resulting in a
change to Rkp.SwSed dominated by corallines, robust red seaweeds and fast growing
| aminarians Therefore, resistance to this pressure is defined as ‘Low’ and resilience to
this pressure is defined as ‘Medium’ at the benchmark level due to the scale of the
impact. Hence, this biotope is regarded as having a sensitivity of ‘Medium'.

Smothering and siltation Medium Medium Medium
rate changes (light) Q Low A: NR C: NR Q: High A: High C: High Q: Low A: Low C: Low

Seapy & Littler (1982) reported a decrease in macro-algal cover from 47.3 to 37.5%
on a Californian rocky shore due to sediment deposition on the mid to lower shore
following rain and flooding. Corallina sp. and Pelvetia sp. were the most affected
macro-algal species, while associated red algae were only slightly affected by the
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resultant scour. Daly & Mathieson (1977) examined intertidal zonation on a shore
affected by sand scour, and noted that fucoids were reduced to small or young plants,
while sand tolerant species such as Ahnfeltia plicata dominated on areas affected by
sediment. Smothering by 5 cm of sediment is likely to increase scour and be
detrimental to macro-algae, especially Corallina officinalis and fucoids, and the more
fleshy red algae. While laminarians and red algae such as Chondrus crispus and
Ceramium spp. are large enough not to be smothered completely by 5 cm of sediment,
the resultant scour is likely to damage fronds but, in particular, remove juveniles,
sporelings and other propagules. In addition, the rockpool environment is likely to be
more vulnerable to smothering as sediment is likely to accumulate in, and be retained
by the rockpool itself, effectively increasing the depth of the sediment layer in the
pool. In wave exposed conditions the sediment may be removed but in sheltered
areasitis likely to be retained for longer than indicated by the benchmark. In deep
pools, the macro-algae are likely to reduce in depth penetration into the pool. The
resultant scour may result in a change in the biotope to resemble RkP.SwSed.

Sensitivity assessment. Resistance has been assessed as ‘Low’, resilience as
‘Medium’. Sensitivity has been assessed as ‘Medium’.

Smothering and siltation Medium Medium
rate changes (heavy) Q: Low A: NR C: NR Q: High A: High C: High Q: Low A: Low C: Low

Seapy & Littler (1982) reported a decrease in macro-algal cover from 47.3 to 37.5%
on a Californian rocky shore due to sediment deposition on the mid to lower shore
following rain and flooding. Corallina sp. and Pelvetia sp. were the most affected
macro-algal species, while associated red algae were only slightly affected by the
resultant scour. Macro invertebrates declined in cover from 15.8% to 6.5%. Daly &
Mathieson (1977) examined intertidal zonation on a shore affected by sand scour,
and noted that fucoids were reduced to small or young plants, while sand tolerant
species such as Ahnfeltia plicata dominated on areas affected by sediment. Smothering
by 30cm of sediment is likely to increase scour and inundate macro-algae, especially
Corallina officinalis and fucoids, and the more fleshy red algae. While laminarians are
large enough not to be smothered completely by 30cm of sediment, the resultant
scour is likely to damage fronds but, in particular, remove juveniles, sporelings and
other propagules. In addition, the rockpool environment is likely to be more
vulnerable to smothering as sediment is likely to accumulate in, and be retained by
the rockpool itself, effectively increasing the depth of the sediment layer in the pool.
In wave exposed conditions the sediment may be removed but in sheltered areas it is
likely to be retained for longer than indicated by the benchmark. In deep pools, the
macroalgae and associated invertebrates are likely to reduce in depth penetration
into the pool while sediment tolerant algae increase. The resultant scour may result in
achange in the biotope to RkP.SwSed.

Sensitivity assessment. Resistance has been assessed as ‘Low’, resilience as
‘Medium’. Sensitivity has been assessed as ‘Medium’.

Not Assessed (NA) Not assessed (NA) Not assessed (NA)
Q:NRA:NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR

Litter
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Not assessed. It is feasible that discarded fishing line or plastic netting, or similar
discards could tangle on kelp fronds and potentially damage or remove individuals.
but no evidence was found.

. Not relevant (NR) Not relevant (NR) No evidence (NEv)
Electromagnetic changes
Q:NRA:NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR
No Evidence
Underwater noise Not relevant (NR) Not relevant (NR) Not relevant (NR)
changes Q:NRA:NR C:NR Q:NRA:NRC:NR Q:NRA:NRC:NR
Not relevant
Introduction of light or Medium Medium
shading Q Low A: NR C: NR Q:Low A: NR C: NR Q: Low A: Low C: Low

There is no evidence to suggest that anthropogenic light sources would affect macro-
algae. Shading of the biotope (e.g. by construction of a pontoon, pier etc) could
adversely affect the biotope in areas where the water clarity is also low, and tip the
balance to shade tolerant species, resulting in the loss of the biotope directly within
the shaded area, or areduction in laminarian abundance.

Sensitivity assessment. Resistance is probably 'Low’, with a '"Medium' resilience and a
sensitivity of 'Medium’, albeit with 'low' confidence due to the lack of direct evidence.

Barrier to species Not relevant (NR) Not relevant (NR) Not relevant (NR)
movement Q:NRA:NR C:NR Q:NRA:NR C:NR Q:NRA:NRC:NR

Not relevant. This pressure is considered applicable to mobile species, e.g. fish and
marine mammals rather than seabed habitats. Physical and hydrographic barriers
may limit the dispersal of spores, but spore dispersal is not considered under the
pressure definition and benchmark.

Death or injury by Not relevant (NR) Not relevant (NR) Not relevant (NR)
collision Q:NRA:NRC:NR Q:NRA:NRC: NR Q:NRA:NRC:NR

‘Not relevant’ to seabed habitats.

Not relevant (NR) Not relevant (NR) Not relevant (NR)
Q:NRA:NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR

Visual disturbance

Not relevant

% Biological Pressures
Resistance Resilience Sensitivity
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Genetic m9dification &  Not relevant (NR) Not relevant (NR) No evidence (NEv)
translocation of
indigenous Species Q:NRA:NRC:NR Q:NRA:NRC:NR Q:NRA:NRC:NR

No evidence regarding the genetic modification or translocation of the characteristic
species was found.

!ntroc'iuctlon or s.pread of NP erv Lo High
invasive non-indigenous
species Q: High A: High C: High Q: High A: High C: High Q: High A: High C: High

Sargassum muticum is a non-native macroalgae spreading around the coasts of Britain
and Europe (Eno et al., 1997) and is often found in low to mid shore rockpools in the
intertidal in areas it has colonized. Although, no studies on its effects on rockpool
species were found, studies of its effect on shallow sublittoral macroalgae suggest
that it can out-compete fucoids and kelps. For example, Staehr et al. (2000) reported
that an increase in the abundance of Sargassum muticum in the Limfjorden (Denmark)
from 1990 to 1997 was accompanied by a decrease in the abundance of thick, slow
growing macroalgae such as Saccharina latissima (studied as Laminaria saccharina),
Codium fragile, Halidrys siliquosa, Fucus vesiculosus, and Fucus serratus, together with
other algae such as Ceramium nodulosum (as rubrum) and Dictyota dichotoma. In
Sargassum muticum removal experiments on the coast of Washington State, Britton-
Simmonds (2004) concluded that Sargassum muticum reduced the abundance of
native canopy algae (especially kelps) by 75% and native understorey algae by 50%
probably as a result of shading. However, Viejo (1999) noted that mobile epifauna
(e.g. amphipods, isopods) successfully colonized Sargassum muticum which provided
additional habitat. Overall, Sargassum muticum can successfully invade rockpools, and
would probably out-compete resident fucoids and kelp species, and some red algae.

Sensitivity assessment. If Sargassum muticum was to become dominant in this
biotope, then the biotope would be replaced by RkP.Sar Therefore, Resistance to the
pressure is considered ‘None’, and resilience ‘Very Low’. The sensitivity of this
biotope to INIS is assessed as ‘High’.

Introduction of microbial Medium High Low
pathogens Q: Medium A: High C: Medium Q: Low A: NR C:NR Q: Low A: Low C: Low

Laminarians may be infected by the microscopic brown alga Streblonema aecidioides.
Infected algae show symptoms of Streblonema disease, i.e. alterations of the blade
and stipe ranging from dark spots to heavy deformations and completely crippled
thalli (Peters & Scaffelke, 1996). Infection can reduce growth rates of host algae.
Other species present, eg. littorinids may carry bird or fish parasites in a proportion of
the population, and suffer from reduced productive rates and poor condition as a
result. However, the effect of the resident population is likely to be limited.

Sensitivity assessment. Resistance to the pressure is considered ‘High’, and resilience
‘High'. The sensitivity of this biotope to introduction of microbial pathogens is
assessed as ‘Low’.

https://www.marlin.ac.uk/habitats/detail/282




Date: 2015-12-16 Fucoids and kelp in deep eulittoral rockpools - Marine Life Information Network

Removal of target Medium Medium
species Q: High A: High C: High Q: High A: High C: High Q: High A: High C: High

Corallina officinalis is collected for medical purposes; the fronds are dried and
converted to hydroxyapatite and used as bone forming material (Ewers et al. 1987).
Laminaria digitata is extracted for the production of alginates, which is used in the
cosmetic, pharmaceutical and agri-food industries (Kervarec et al., 1999; McHugh,
2003). Laminaria digitata is harvested with a ‘Scoubidou’ (a mechanically operated
curved iron hook). This device is considered to be selective-only harvesting
individuals older than 2 years (Arzel, 2002). France reportedly harvests 75,000t kelp,
mainly consisting of Laminaria digitata annually (FAO, 2007). If Laminaria digitata, a
characterizing species of this biotope is removed then the biotope is considered lost
and a significant alteration to the biotope classification and character of the habitat is
likely.

Canopy removal of Laminaria digitata has been shown to reduce shading, resulting in
the bleaching of sub canopy algae (Hawkins & Harkin, 1985). Harvesting may also
result in habitat fragmentation, a major threat to this biotope’s ecosystem functioning
(Valeroetal., 2011). In the UK harvesting of Laminaria digitata is currently restricted
to manual removal and farming on small scales (netalgae, 2012).

In addition, several of the characterizing red algae species are subject to harvesting.
Chondrus crispus is extracted commercially in Ireland, but the harvest has declined
since its peak in the early 1960s (Pybus, 1977). Mathieson & Burns (1975) described
the recovery of Chondrus crispus following experimental drag raking (see MarLIN
review: Rayment & Pizzola, 2008) and concluded that control levels of biomass and
population structure are probably re-established after 18 months of regrowth.
Palmaria palmata is used as a vegetable substitute or animal fodder although
harvesting on a commercial scale only takes place in Ireland and France (Guiry &
Blunden, 1991). Littorina littorea is also subject to harvesting in the UK and limpets in
France. Hand collection may reduce the population of Littorina littorea within
rockpools and hence reduce grazing pressure which may actually benefit the algal
component of the biotope, especially opportunistic green algae and epiphytes.

Overall, while rockpools in areas subject to commercial algal harvesting may be
directly affected, most examples of the biotope are unlikely to be affected by
commercial harvesting in the UK. In deep pools characterized by this biotope, only the
margins of the pool are likely to be affected. However, due to the relative small size of
the community, even small scale hand collecting may have a significant effect.

Sensitivity assessment. Resistance has been assessed as ‘Low’, resilience as ‘Medium’
and sensitivity as ‘Medium’

Removal of non-target Medium Medium
species Q: High A: Medium C: High Q: High A: High C: High Q: High A: High C: High

Laminaria digitata is extracted for the production of alginates, which is used in the
cosmetic, pharmaceutical and agri-food industries (Kervarec et al., 1999; McHugh,
2003). Laminaria digitata is harvested with a ‘Scoubidou’ (a mechanically operated
curved iron hook). This device is considered to be selective-only harvesting
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individuals older than 2 years (Arzel, 2002). France reportedly harvests 75,000t kelp,
mainly consisting of Laminaria digitata annually (FAO, 2007). If Laminaria digitata, a
characterizing species of this biotope is removed then the biotope is considered lost
and a significant alteration to the biotope classification and character of the habitat is
likely.

If Laminaria digitata were to be removed from this biotope, it is feasible Fucus serratus,
another canopy forming species within this biotope, may also be accidentally
removed. Incidental/accidental removal of the canopy forming/characteristic species
of this biotope would result in a fundamental changed to this biotope. Furthermore
removal of the canopy is likely to result in the mortality of the understory red
seaweed community (Hawkins & Harkin, 1985) and hence the biotope would be lost.

Sensitivity assessment. Resistance has been assessed as ‘Low’, resilience as ‘Medium’
and sensitivity as ‘Medium’.
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