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Abstract

Based mainly on results obtained during the BIOFAR
programmes 1987-1990 and 1995-1998 the present
knowledge of biogenic substrates and habitats in
Faroese waters are reviewed. Eleven categories are pre-
sented, viz. shell-sand and -gravel, coralline algae, La-
minaria holdfasts and stipes, sponges, sponge spicule-
mud and -mats, octocorals, Lophelia banks, horse mus-
sel aggregations, scallops, pagurids and their gastropod
shells, and brachiopods. The level of taxonomic identi-
fication in the original investigations varied according
to aim and allocated resources, but all the results and ob-
servations indicate that the presence of stable biogenic
structures adds significantly to the habitat heterogeneity
within the given area.

Introduction

Sediments and substrates of biological ori-
gin are widely distributed in the sea. They
are of many different kinds and provide
habitats for an enormous variety of orga-
nisms. In the upper photic zone macroalgae
and seagrass cover large areas with dense
underwater forests and zooxanthellate
corals form large and complex reef struc-
tures. At greater depths sponges and azoo-
xanthellate corals form extensive aggrega-
tions or reefs, some of which are ancient
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structures. At all depths, larger bivalves oc-
cur in patches of dense aggregations. Shell-
sand and -gravel dominate about half of the
world’s shelf areas. Foraminiferan- (Glo-
bigerina), radiolarian- and diatom- mud
cover millions of square-kilometres of
abyssal plains (Dayton, 1985; Sebens,
1991; Seibold and Berger, 1993; Veron,
1995; Conway et al., 2001; Rogers, 2004).

Biological units with certain characteris-
tics, e.g. hydroid colonies, tubeforming
polychaetes, bivalves and brachiopods, can
form substrates measuring from a few
square-centimeters and upwards. They are
sometimes numerous and can be scattered
regularly within a given area of otherwise
low structural complexity, together forming
a large albeit physically broken up habitat
(Hughes, 1975; Sebens, 1991; Lohse,
1993). Large-sized species can accommo-
date numerous smaller species, and some
of these can be very abundant (Bacescu,
1971; Klitgaard, 1995; Kunzmann, 1996).
Large-sized species of sponges, corals and
bivalves can be so abundant that the whole
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populated area is influenced, by them, both
physically, hydrographically and biologi-
cally (Kay and Keogh, 1981; Sebens, 1991;
Bett and Rice, 1992; Klitgaard et al., 1997,
Navarro and Thompson, 1997).

Numerous observations on biogenic se-
diments, substrates and habitats, and on the
involved species have been made in the
northeast Atlantic waters around the Faroe
Islands during the BIOFAR 1 programme
(1987-1990) investigating depths from
100-1000 m (Ngrrevang et al., 1994; Ten-
dal et al., 2005), and the BIOFAR 2 pro-
gramme (1995-1998) investigating the
depth ranging from the tidal zone to 100 m
(Sgrensen et al., 2000). They were obtained
by a large number of people and reported at
different levels of scientific acknowledge-
ment.

The aim here is to give a survey of this
knowledge, with foci on the different kinds
and their distribution and on the biological
role of biogenic sediments and of habitats
that are formed or modified by certain
abundant species. A substantial part of this
information is available in regular publica-
tions. Other parts were extracted from vari-
ous kinds of reports, ranging from students’
supervised reports on smaller or larger
training projects written in Danish, Norwe-
gian or Swedish, over project status reports,
annual reports and cruise reports in Danish,
Faroese, German or English, to more sub-
stantial progress or environmental reports
in English. Valuable were also charts, sta-
tion lists, sea bottom photographs, cruise
field sheets, personal field notes, and iden-
tification sheets from the specialists stored
in the archives of the Kaldbak Laboratory

near Térshavn. Finally, some personal ob-
servations have been included, both from
the authors and from various colleagues.

Parasites and parasitism are not consid-
ered.

Terminology

Terms for animal and plant associations (or
‘communities’), and for bottom types of
mixed inorganic and organic or purely or-
ganic constituents are of both biological
(ecological) and geological (sedimentolo-
gical) origin. The terminology has been de-
veloped over a long period of time in re-
search on widely different issues, and is
highly inconsistent. Hence, the few terms
used are outlined below.

Biogenic habitat: A habitat constituted
solely or for the largest part formed by one
or more abundant species or of their re-
mains. In fact, it is often composed of a pri-
mary substrate (in the Faroes usually some
grade of gravel) where the presence of an
overlaying secondary substrate consider-
ably increases the complexity of the habi-
tat.

Remarks: As to scale the biogenic habi-
tat can range from cm-sized patches to km-
wide areas. To give meaning as a habitat
there must be species living in it, either the
ones that created it or others who take some
kind of advantage of it.

Biogenic sediment: Sediment mainly (by
rough judgement >90 %) of protist, algae or
animal origin. It is derived from the hard
parts left behind when living organisms die
or shed some of their skeleton constituents.
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A main distinction is between calcareous
and siliceous sediments.

Habitat-forming species: The living spe-
cies physically ‘being’ the habitat or pro-
ducing the material constituting it, or a
combination thereof.

Remarks: In case all individuals die, the
structure and other characteristics of the
habitat may change considerably and with-
in a short period of time. Also, a number of
other species may occur in the habitat sim-
ply because the specific locality is suitable
for them to sustain life rather than due to
the presence of the habitat forming species.

Habitat-modifying species: Species which
by their presence, activity or their products
modifiy a habitat such as to create more
room for other species, or space for more
species so abundance and diversity become
higher than in surrounding areas.

Faroese biogenic habitats

The categories treated here are: Shell-sand
and -gravel, coralline algae, Laminaria
holdfasts and stipes, sponges, sponge
spicule-mud and -mats, octocorals, Lophe-
lia banks, horse mussels, scallop, pagurids
and their gastropod shells, and brachio-
pods. The reason they have been selected is
either that some results from investigations
during BIOFAR are available, or that inves-
tigations in other areas indicate that further
research in the Faroe area might be rewar-
ding.

Shell-sand and -gravel
The outer shelf of the Faroes, between 100

and 200 m depth comprises about 15000
km? (Hansen, 2000a). The sediment is
shell-gravel mixed with sand and stone
over a considerable part of this area, with
the main shell component being large frag-
ments (often cm-size) of Modiolus, al-
though other molluscs, cirripedia and
echinoderms are represented as well. The
top of the Faroe Bank down to 200 m depth
covers an area of about 2900 km? and about
half of this is covered by shell-sand, with
grains of the mm-size, similar to other
holocene biogene carbonate sediments in
areas off Shetland and the Hebrides (Wil-
son, 1979; Hansen, 2000b; Magnussen,
2002). In both cases the degradation seems
to be caused mainly by boring sponges, and
to a minor degree of other boring organisms
(Young and Nelson, 1985; Tendal, unpubl.
obs.).

It is believed that large triangle dredge
and epibenthic sledge samples, in combina-
tion with bottom photographs, field sheets
and preliminary identification lists, give a
fairly reliable impression of the amount of
macrofauna. In most shelf samples the
number and abundance of macrofauna is
low. The species that constitute this fauna
are common, and of wide northern boreal
shelf distribution.

Low species numbers and abundance are
also seen in the benthic macrofauna of the
finer sediment on the Faroe Bank. Howe-
ver, this fauna is remarkable due to the
large size of some of the species, and to the
presence of a number of southerly distri-
buted species not known from the Faroese
shelf and slope (Ngrrevang, 1993; 1997;
Schmidt et al., 2002). In contrast, the hy-
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perbenthic macrofauna is diverse, as illus-
trated by the mysids, the cumaceans and the
shrimps, so far the only groups of this fau-
na that have been comprehensively worked
up (Brattegard and Meland, 1997; Bratte-
gard and Rgmer, 1998; Gerken and
Watling, 1999). The presence of a rich fau-
na of hyperbenthic crustaceans may be part
of the explanation for the Faroe Bank hou-
sing a comparatively rich fish fauna (Mag-
nussen, 2002). The diversity of the meio-
fauna on the Faroe Bank is one of the hig-
hest known in the sea, comprising many
unusual forms and quite a number of
species new to science (Hansen, 2000b;
2005; Heiner, 2003; 2005; Clausen, 2004;
Kristensen, 2005).

Coralline algae

Coral weed, Corallina officinalis, L., forms
small, erect bushes up to 12 cm high, but
generally less than 10 cm. They attach by
calcified disc-shaped holdfasts. The cal-
careous, segmented branches form a turf-
like canopy that covers patches up to seve-
ral meters across. This species is distri-
buted worldwide, and common in the North
Atlantic. It is known from investigations in
Norway, New Zealand and the UK that
such patches house a diverse fauna of small
animals (Hedley et al., 1967; Dommasnes,
1968; 1969; Hagerman, 1968; Hicks, 1980;
Crisp and Mwaiseje, 1989; Grahame and
Hanna, 1989).

C. officinalis is widely distributed and
abundant around the Faroes. It occurs from
the littoral, where it is often found in rock
pools, and over a wide range of wave expo-

sures, down to 20 m depth (Bruntse et al.,
1999; Wegeberg et al., 2001).

Preliminary investigations of both the
macro- and meiofauna were carried
through from the tidal zone down to 5 m
depth just off the Kaldbak Laboratory in
September 1995 and in May and July 2001
(Kristensen, 1995; 1996; Trygvaddttir,
2001). The results showed the living algae
to house a diverse and abundant fauna of
foraminiferans, sponges, hydrozoans, tur-
bellarians, kinorhynchs, nematodes, poly-
chaetes, oligochaetes, ostracods, harpacti-
coids, pycnogonids, halacarids, tardigra-
des, sipunculids, gastropods, bivalves,
bryozoans, asteroids, ophiuroids and ascid-
ians. In this fauna, by necessity consisting
of small animals, the border between
macro- and meiofauna is blurred, as also
shown by a considerable overlap between
the two investigations. The taxa fall into
size-based arbitrary categories of species:
Permanently small-sized species of classi-
cal meiofauna and small-sized macrofauna
on one side, and into temporary meiofauna,
viz. newly settled and young specimens of
larger-sized species on the other.

Considering the rather extensive area
covered by C. officinalis, the association is
bound to interact with the surroundings.
One interaction is the function as nursery
ground as indicated by the large numbers of
newly settled postlarvae and juveniles of
large-sized species, of for example aste-
roids and mussels (Dinesen and Ockel-
mann, 2005; Dinesen, unpubl. obs.). If not
eaten by predators or just dying because of
unsuitable conditions when growing larger,
they may migrate and colonize other habi-
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tats at greater depths nearby (Sneli, 1968;
Dinesen and Ockelmann, 2005). Another
interplay that also influences the coralline
algae association profoundly is that the
turfs act as hunting grounds for larger mo-
bile predators in the area (Choat and
Kingett, 1982).

Other red algae, such as species of
Lithothamnion have elsewhere been found
to house a rich fauna as well (Sneli, 1968).

Laminaria holdfasts, stipes and fronds

In the coastal waters of Denmark, Ger-
many, Great Britain, Ireland and Norway
several species of Laminaria accomodate a
species rich flora and fauna that is different
in time and space according to the position
on the algae and the conditions of the phy-
sical factors offered by the habitats (Jones,
1969; 1971; Edwards, 1980; Hayward,
1988; Schulze et al., 1990; Christie et al.,
1994; Dahl and Dahl, 2002).

Extensive areas with Laminaria digitata
(Huds.), L. hyperborea (Gunnerus) and L.
saccharina (L.) are found in various places
around the Faroes, from the littoral to about
20 m depth (Nielsen and Gunnarsson,
2001). Detailed studies have been carried
out on the epiphytes of holdfasts and stipes
of L. hyperborea (Worsaae, 1996; 1998;
Bruntse et al., 1999, Kongsrud, 2000). As-
sociated with the stipes were about 20
species of algae and about 100 macrofauna
species. The number of species were high-
est at exposed localities, but they were only
slightly lower at moderately exposed and
sheltered sites. Over the entire exposure
range, 12 algae and 74 invertebrates were
common. The biota associated with hold-

fasts is less studied than those with stipes.
The Faroese fauna appears as rich in
species and individuals as shown in compa-
rable investigations in Norway. Both diver-
sity and abundance of species are higher in
larger (older) holdfasts than in smaller
(Worsaae, 1996; Bruntse et al., 1999).

The majority of species are small-sized
or sessile, especially in the holdfasts that
may represent a small ‘island-ecosystem’.
For those which grow larger the habitat
rather functions as a nursery ground from
which they migrate after reaching a certain
stage or size (Sneli 1968).

Stipes and holdfasts play a significant
role as feeding grounds for some larger ani-
mals such as crabs (Cancer pagurus (L.)),
urchins (Strongylocentrotus droebachiensis
(Miiller)) and even fish (Hilldén, 1978 (the
example is Ctenolabrus rupestris (L.), but
it should be noted that the species has not
(yet) been recorded from the Faroes);
Christie et al., 1994).

It should be noted that also species of
other brown macroalge, such as Ascophyl-
lum and Fucus, house a rich flora and fau-
na (Hayward, 1988; Davis et al., 1999).

Sponges

Experience and numerous reports from all
over of the world show that large sponges
form habitats for other species of sponges
as well as for members of other phylae
(Bacescu, 1971; Klitgaard, 1995 (nume-
rous references herein); Kunzmann, 1996).
In the NE Atlantic, prior to the BIOFAR
projects, there were only scattered reports
and observations mainly on only one kind
of sponge and a few associated species
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from different areas (references in Klit-
gaard, 1995).

During BIOFAR 1 a special investigation
aimed at a survey of the associated fauna of
the large-sized species of Geodia, Isops,
Stryphnus, Phakellia and Thenea occurring
around the Faroes. The effort resulted in
250 species being found associated with 11
species of sponges, in various combina-
tions and abundances (Klitgaard, 1995). A
preliminary study of the meiofauna and
small macrofauna in Thenea might indicate
a richer fauna in specimens from soft bot-
tom than from gravel (Hansen et al., 1989).
The 11 sponge species constitute the main
part of the biomass of sponge dominated
areas, ostur (‘cheese bottoms’) both at the
Faroes and in other parts of the northern bo-
real region (Klitgaard et al., 1997; Klit-
gaard and Tendal, 2001; 2004). Ostur are
loosely defined as ‘a restricted area where
large sponges are strikingly common’. This
kind of habitat occurs all around the Faroes,
generally on coarse gravel bottom with
considerable current. It appears to be par-
ticularly well developed as narrow bands
along the shelf break, at depths of about
250 to 500 m, in areas where the energy
from internal waves is the basis for, at least
tide-wise, increased water movements, re-
suspension and perhaps also convection of
fine particulate matter. Originally it proba-
bly covered several thousands of km? but
trawling seems to have reduced the size of
the distribution areas.

Only a few of the associated species uti-
lize the sponges as a food source (Klit-
gaard, 1995; Warén and Klitgaard, 1991).
Instead the presence of the large sponges

enhances the number and complexity of
microhabitats in the area. The majority of
species find good positions and currents for
their filtering activity either inside the
sponge or outside on the top or side of it,
pockets with accumulations of particles for
detritus feeding, or a hunting ground for
smaller carnivores. The sponges also pro-
vide places for hiding egg masses during
their development, and function as nursery
grounds, or as regular shelter against larger
predators. So far no fish species eating the
sponges have been found, but some juve-
niles sometimes utilise the hollows and
crevices as shelter.

A preliminary investigation, based on sta-
tion lists, bottom photographs, field jour-
nals and identification sheets from the
archive of the Kaldbak Laboratory indi-
cates that the ostur are 5-10 times richer in
species than a similar, nearby gravel bot-
tom without the sponges (Tendal, unpubl.
obs.).

Sponge spicules

When sponges die their skeletons disinte-
grate and the spicules are scattered on the
bottom by currents, slides, bioturbation,
etc. It takes a long time for silicious
spicules to dissolve, at least for the larger
ones and, accordingly, a certain accumula-
tion can take place. This means that in any
given sediment sample one nearly always
find some sponge spicules (Barthel and
Tendal, 1993). Spicules may remain at the
locality where the sponges live, or they may
be transported in suspension by currents to
some other place, where they sink down
and accumulate. The accumulations of the
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first kind are by far the largest, as is best
known from Antarctica, but also from cer-
tain parts of the NE Atlantic, and they have
been shown to accommodate a rich fauna of
smaller invertebrates (Barthel, 1992a; b;
Bett et al., 1992; Bett and Rice, 1992;
Barthel et al., 1996).

In Faroese waters sponge spicules have
been found in the sediments from various
sponge habitats (Klitgaard and Tendal,
2001). They are scattered and few in sand
from gravelly-sandy bottoms, but they can
be so numerous on more silty locations that
washing the sediment for macrobenthos is
difficult and sometimes almost impossible
(Josefson, 2001; Tendal, unpubl. obs.).

Due to the current regime around the
Faroe Islands coherent spicule mats of the
later kind are seemingly found only locally,
covering maybe some hundreds of m?. In
some such places east of the Faroes the
spicule component of the sediment is obvi-
ously allochtonous. In other localities, es-
pecially those with numerous specimens of
the demosponge genus Thenea the mats are
autochtonous.

Octocorals

In samples it is commonplace to see some
fauna regularly associated with the large
upright octocorals of the order Gorgonaria
(Tendal, unpubl. obs. from the NE At-
lantic). Apart from casual reference to sin-
gle species there are, however, only few
published accounts. In an in situ study per-
formed with a manned submersible on
Primnoa specimens in the Gulf of Alaska it
was found that these serve both as habitat
and prey for 9 megafauna invertebrate

groups and for a number of fish (Krieger
and Wing, 2002). Off Nova Scotia
foraminifers, hydroids and crustaceans
were found to be well represented on the
large octocorals, especially Primnoa rese-
daeformis (Gunnerus) (Henry, 2001;
Hawkes, 2004; Buhl-Mortensen and Mor-
tensen, 2004). Other groups of animals
seem not to have been investigated in de-
tail.

The largest gorgonarians in the Faroese
fauna are Paragorgia arborea L., and Prim-
noa resedaeformis. Both are found scat-
tered along the shelf edge and the edge of
banks, and while the first mentioned never
seems to be present in large numbers, the
latter has in some localities been found in
abundance (Tendal, 1992; Bruntse and Ten-
dal, 2001a; b; Tendal and Jensen, in prep.).
The BIOFAR material has not been
analysed for fauna living on and of these
corals, and because the samples were taken
with towed gear, only the sessile species
can be recognized.

Both species are slow-growing and reach
old age, Paragorgia of more than 1000
years (Tendal and Carstenson unpubl.) and
Primnoa of 100-500 years (Strgmgren,
1970; Andrews et al., 2002; Risk et al.,
1998; 2002). In places where they are abun-
dant they provide for other species a 3-di-
mensional, high (1 m or more) relief habi-
tat. This is very stable over time, but also
most vulnerable to kinds of disturbance
that modify or destroy parts of the area,
such as commercial trawling (Breeze et al.,
1997; Nelson and Gordon, 1997; Risk et
al., 1998; Fossa et al., 2002). Although
rather poorly investigated in other parts of
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the world also, experience nevertheless
shows that the thickets of these corals
house a distinct fauna of invertebrates and
fish, dependent on the corals as polyp feed-
ers, suspension feeders and as protection
sites for small species and small specimens
of larger-sized species. To what extent this
is also the case for the Faroese corals is not
known, but it should be investigated, both
because these areas may be useful high-di-
versity spots, and because destruction
seems irreparable, at least at a normal hu-
man scale.

Coral banks

The azooxanthellate scleractinian coral
Lophelia pertusa (L.) forms banks (or ‘bio-
herms’, ‘reefs’) all along the North Atlantic
continental margin, mainly at 200-500 m
depth. On the European side it has been
found from northern Norway to off Spain,
and on the American side from Nova Sco-
tia to Gulf of Mexico (Moore and Bullis,
1960; Mortensen, 2000). In the early litera-
ture on Lophelia banks two opinions are of-
ten met with, one is that the banks house a
rich animal life, the other that they are rare.
The first view is correct; on Norwegian
banks 614 species have been registered and
in the whole NE Atlantic more than 1300
(Garcia et al., in prep.). The second notion
is wrong, investigations in selected areas
have demonstrated the presence of hun-
dreds of large and small banks scattered
over the outer shelf and upper slope (Fossa
et al., 2002; Map produced by the British
Geological Survey). Although the whole
distribution area of the species has not been
investigated in sufficient detail, it is obvi-

ous that there exists thousands of Lophelia
banks. Such a strong representation shows
that instead of being an exotic touch in
some local faunas, mostly of interest to a
small group of biologists interested in rare
species, strange life forms, diversity prob-
lems, etc, the banks play a central role in
the benthic ecosystems all along the North
Atlantic continental margin.

During BIOFAR Lophelia was found to
be widely distributed around the Faroes and
on the banks to the west of the islands
(Frederiksen et al., 1992; Bruntse and Ten-
dal 2001a; b). A calculation, based on re-
ports from Faroese fishermen, of the size of
the area where living coral banks are found
comes to 11,000 km?2. To this should be
added that there are a further 8,000 km?
where corals lived earlier (J. Sgrensen,
pers. com.). The associated fauna has been
investigated in detail in two localities
(Jensen and Frederiksen, 1992), and a total
of 298 taxa were found, representing near-
ly all marine macrofauna phyla.

The all-important ecological role of the
living corals is that they form over a long
time a complex 3-dimensional bank struc-
ture. Very few, if any, of the associated
species are able to utilize them as food, and
it is obvious from samples and in situ pho-
tographs that even in a large bank only a
thin outer layer, at maximum 1 meter thick,
but normally much less, comprises living
corals. Thus, by far the largest part of a
bank is a framework of dead coral branch-
es at various stages of degradation. This is
caused by boring animals and fungi, espe-
cially sponges of the genera Aka and Alec-
tona, by the weight of overlying parts, by
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physical forces like currents and by chemi-
cal dissolution of the calcarous matter.

Near the basis of the bank the coral
branches are highly fragmented, partly dis-
solved and often embedded in silty sedi-
ment. In the middle part multiple sizes of
interstices and different stages of degrada-
tion are present as well as pockets filled
with various grades of sediment, and it
comprises a very large number of small
habitats of very different kinds. It is here
that the majority of the associated species
find their living place, shelter for egg depo-
sition or protection against larger predators,
hunting grounds, and nursery areas
(Mortensen et al., 1995; Husebg et al.,
2002; Tendal, pers. obs.). Some large
longlived species, like the octocorals
Paragorgia arborea and Primnoa resedae-
formis and sponges of the genus Geodia
also live on the bank, underlining the slow
growth of this habitat. Over time a variety
of growth rates has been suggested for the
corals, from 4.1 mm to 2.5 cm per year, but
the best estimate seems to be 4.3 to 7.0 mm
per year, depending on shelf or fjord condi-
tions (Mortensen and Rapp, 1998). Consid-
ering the slow growth and the degradation
it is clear that banks several meters high
must be thousands of years old, as it has
been shown for banks in Norway (Hovland
et al., 2002). Thus, the habitat comprising a
bank or a group of banks and the associat-
ed fauna is a long since established ecosys-
tem, even if the involved species also live in
other habitats in the area.

Horse mussel aggregations
Modiolus modiolus (L.) is well known from

throughout the NE and NW Atlantic subti-
dal as a living substrate for many other
species (e.g. Spirck, 1929; Einarsson,
1941; Brown and Seed, 1977; Sebens 1985;
Ojeda and Dearborn, 1989; Dinesen,
1996), a hardbottom association even being
named after it (Petersen, 1913). The horse
mussel can grow to be older than 45 years
(Anwar et al., 1990), and large, up to 23 cm
in shell length (Wiborg, 1946). Specimens
attach to each other by their byssus, there-
by form a 3-dimensional structure of dead
shells, byssus and live mussels (Suchanek,
1985; Witman, 1985). The mussel patches
are of different density and range and when
compact and extensive these habitats are
often referred to as beds, banks or reefs.

M. modiolus is distributed all around
most of the Faroes at a depth range of 0-210
m (Dinesen and Ockelmann, 2005; Sneli et
al., 2005). In some areas at depths of 65-95
m, it forms dense aggregations, covering up
to 100% of the sea floor, and housing more
than 188 animal species representing most
higher taxa of the marine macrofauna (Di-
nesen and Bruntse, 2001; Dinesen and Ten-
dal, in prep.). Few of these species feed on
Modiolus. Many are suspension or filter
feeders that use the live mussels and shell
debris as a substrate, some are detritus
feeders finding particles of different origin
in the crevices between and under the living
and dead shells and byssus, and others
again are carnivores preying on other mem-
bers of the associated fauna.

So far no species are known to be obli-
gate in association with M. modiolus. How-
ever, on the eastern Faroe shelf, pyramidel-
lid gastropods that feed on the mussels’
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body fluid are common (Schander, 1995).
The shell of the live mussels is being exca-
vated by boring sponges of the genus
Cliona and spionid polychaetes. External
on the shell of lives mussels, the gastropod
Capulus ungaricus (L.) live often attached
to the posterior part; elsewhere this species
seems to benefit directly from the filter
feeding currents of the mussels (Shaman,
1956). Hydroids and octocorals are often
abundant on the shells. The erect colonies
of carnivorous suspension feeders like the
cnidarians Hydrallmania falcata (L.), Abi-
etinaria abietina (L.), Thuiaria thuja (L.)
and Alcyonium digitatum L., and species of
the bryozoan genus Dendrobaenia may
benefit from the feeding activity of the
mussels. The hydroid colonies themselves
house a number of species but this fauna is
little known in Faroese waters. Among
these epibionts are other hydroids (Thors-
en, 1992), calcareous tubeworms, and cru-
staceans including cirripeds and caprellids
(Larsen, 1998) and several bryozoans.
Whelks and other species deposit their eggs
on the mussel shells and many mobile
species, such as decapods and brittle stars,
probably take advantage of the mussel ma-
trix as a hide out from predation. The Mo-
diolus aggregation appears to take the eco-
logical role of forming more microhabitats
than are available nearby and, accordingly,
the diversity of the associated invertebrate
fauna is expected to be higher within this
habitat.

A few species are found only as newly
metamorphosed or juveniles, and in these
cases the bank may serve as a nursing
ground. The hyperbenthic fauna and fish

associated with Modiolus aggregations are
little known. Research on juvenile cod
(Gadus morhua (L.)) from Nova Scotia has
shown that some cottid predators are less
successful in rocky reef and cobble habitats
than on open sand bottoms and that the
young cod utilises rocks, empty scallop
shells and other debris in seagrass beds as
shelter (Tupper and Boutilier, 1995). When
exposed to an active predator, juvenile cod
from New Foundland preferentially hide
among cobble (7-12 cm in diameter) but
also artificial kelp, and thereby significant-
ly reduces the risk of predation by older
conspecifics (Gotceitas et al., 1995). Con-
sidering the common abundance of Modio-
[us in the subtidal, the adult size of the mus-
sels (usually 8-16 cm in shell length), and
the 5-15 cm high, sessile biota on the living
shells (in the Faroes mainly red algae in the
photic zone and erect, colonial animals in
deeper water), as well as the species rich-
ness of the associated fauna, these mussel
aggregations may be important nursing
grounds for juvenile fish finding both shel-
ter and food here.

Scallops
In other areas of the NE Atlantic a rich fau-
na has been found encrusting the shells of
the queen scallop, Aequipecten opercularis
(L.). It comprises foraminiferans, ciliates,
sponges, hydrozoans, anthozoans, ento-
procts, bivalves, barnacles and bryozoans
(Haward and Haynes, 1976; Ward and
Thorpe, 1991).

The queen scallop is widely distributed
all over the Faroese shelf, at depths from
about 20 to 450 m (Sneli et al., 2005). Fish-
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able beds covering an area about 400 km?
are found in the north eastern part, at depths
of 60-120 m, on soft, sandy and stony bot-
toms (Nicolajsen, 1997).

On the eastern shelf, the shells of live A.
opercularis from the deeper part of the
Modiolus aggregation belt, are heavily
overgrown by a variety of organisms, in-
cluding sponges, hydrozoans, tube worms
(serpulids and spirorbids), saddle oysters,
barnacles, as well as encrusting and erect
bryozoans (Dinesen, unpubl. obs.) So far
the epizoans on the mobile substrate repre-
sented by the shells of the queen scallop
have not been studied in detail in the
Faroes.

Pagurid shells

One of the remarkable habitats of biologi-
cal origin is the movable one of pagurids
and the gastropod shells in which they live.
Several investigations show that numerous
species use the shell as a hard substrate,
taking advantage of avoiding siltation and
constantly being kept above the bottom in
the water column. Some probably also hav-
ing benefit from the hermit crabs’ eating
activities (Samuelsen, 1970; Jensen and
Bender, 1973; Stachowitsch, 1977). Young
hermit crabs are fast growing, often chang-
ing their “house” to a larger one, resulting
in a relatively short time for an epibiotic
fauna to develop. As they grow older and
larger the pagurids grow more slowly, and
have increasing difficulties finding suitable
shells. The epibiotic fauna gets more time
for growth and recruitment, and the number
of species increase. In some cases a single

species over time dominates and cover the
whole shell surface, viz. species of the
sponge genus Suberites or of the hydroid
genus Hydractinia (Jensen, 1970; Mills,
1976; Van Soest, 1993).

No investigation of the epiphytes of her-
mit crab shells has been made in the Faroes.
In a preliminary study of the pagurids in the
area, three species, Pagurus bernhardus
(L.), P. pubescens Krgyer, and Anapagurus
laevis (Bell) were found on the shelf, the
two first being by far the most common and
often occurring together (Hoydal, 2001).
Access to empty gastropod shells is a ne-
cessity for the hermit crabs, and almost all
shells found are occupied. In the above
study it was found that the two species uti-
lize shells from the same genera, which
were Buccinum, Colus, Gibbula, Lacuna,
Littorina, Lunatia, Thais, Trophonopsis,
Trichotropis and Trophon. Only for a few
shells of Neptunea and Natica there was no
overlap, P. bernhardus using the first and P.
pubescens the latter. Buccinum, Gibbula,
Thais and Lacuna were the most often oc-
cupied. Availability of the ‘next size’ up in
shell has been shown to influence the
growth rate of P. bernhardus (Markham).

Brachiopods

In all regions of the N Atlantic the phylum
Brachiopoda is represented by rather few
species, mostly living along the continental
margin, on the outer shelf and upper slope
(Zezina, 1976; 1997). In places, single
species may occur in high densities and
form a dominant constituent of the benthic
fauna (Rudwick, 1970; Brunton and Curry,
1979; Witman and Cooper, 1983; Zezina,
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2001). Among the species showing such
patchy mass occurrence Macandrewia cra-
nium (Miiller), Terebratulina retusa (L.)
and T. septentrionalis (Couthouy) are regu-
larly found to provide substrate for an in-
crusting fauna of other sessile organisms;
this is especially the case for larger, older
individuals (Logan and Noble, 1971; Noble
et al., 1976; Brunton and Curry, 1979; Ten-
dal, unpubl. obs.; scattered notes in the lit-
erature). The habitat represented by the sin-
gle brachiopod shell is rather insignificant,
but in cases of mass occurrence the com-
bined area is considerable as to the size, al-
though it is broken up into a mosaic.

Brachiopods offer a substrate in locali-
ties with good water movement (Thomsen,
2005), and it has been suggested that the
brachiopod’s own movement in relation to
current direction is taken advantage of by
some of the commensals growing on the
shell (LaBarbera, 1977; Zumwalt and
DeLaca, 1980). Although there may be
some competition for food particles be-
tween the brachiopod and its epiphytes,
even heavy overgrowth does not seem to be
of significant inconvenience to the brachio-
pod, neither in its movements, nor in its
growth and reproduction (Rudwick 1970;
Tendal, unpubl. obs.). An advantage for the
brachiopods might be a certain protection
against predators, especially fish, allowing
the slow-growing brachiopods to live for a
long time undisturbed in a rather obvious
position.

Six brachiopod species have been found
in Faroese waters (Thomsen, 2001). M.
cranium and T. retusa, both common all
around the islands, mostly at depths of 200

to 500 m, have been observed to house a
fauna comprising foraminiferans, sponges,
hydrozoans, serpulids, bivalves, bryozoans
and other brachiopods, dominated by thin-
ly encrusting sponges and bryozoans
(Thomsen and Tendal, in prep.). The total
number of species found on Faroese bra-
chiopods can not be given. For one group,
the sponges, 16 species have been recorded
on M. cranium and T. retusa from the
Swedish West coast (Skagerrak) (Tendal,
unpubl. obs.), and there are reasons to be-
lieve that the number will be higher in the
populations around the Faroes.

Conclusions

The main goal of the BIOFAR programmes
was to provide knowledge on the composi-
tion and distribution of the benthic fauna
and flora within the Faroese EEZ. Nume-
rous specialists and students took part, and
with the rather plentiful resources it was
possible also to support and encourage
quite a number of personal investigations
with different aims and purposes (training,
graduate students have projects, Master’s,
Ph.D’s). All these efforts have led to a
wealth of diverse, but also very scattered,
results. Many of these were in the fields of
biogenic substrates and habitats, and asso-
ciated fauna.

Three lines of work can be distinguished,
especially carried out by participants from
the Zoological Museum, University of
Copenhagen. One is the delimitation, de-
scription and mapping of mass occurrences
of large-sized species of corals, sponges
and bivalves (Frederiksen et al., 1992; Klit-
gaard et al, 1997; Dinesen and Bruntse,
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2001; Bruntse and Tendal, 2001b; Klit-
gaard and Tendal, 2001; 2004; Dinesen and
Ockelmann, 2005;). Another is the investi-
gation of fauna associated with corals,
sponges, bivalves, coral weed and large
brown algae (Jensen and Frederiksen,
1992; Klitgaard, 1992; 1995; Dinesen,
1994; 1996; 1999; Kristensen, 1995; 1996;
Worsaae, 1996; 1998; Bruntse et al., 1999;
Kongsrud, 2000 (University of Bergen)).
The third is the effort to create a map of bot-
tom types around the Faroes, including bio-
genic habitats composed of live organisms,
initially comprising corals and existing in-
formation from many sources, followed by
the addition of sponge dominated bottoms,
hydroid mass occurrences, Modiolus banks
and octocorals (Frederiksen and Jensen,
1990; Klitgaard, 1992; Thorsen, 1992; Di-
nesen, 1996; Bruntse and Tendal, 2001a:
fig. 1).

Of the eleven categories of biogenic sub-
strate and habitats reviewed here some in-
fluence benthic life in large areas of the
Faroese shelf and upper slope as secondary
substrate (shell-sand and -gravel, Lamina-
ria, sponges, corals, scallops and Modio-
lus). Others are well known from investiga-
tions outside the Faroe area to provide
housing for a rich, characteristic fauna, or
otherwise to play a significant ecological
role (sponge spicule mats, Corallina, octo-
corals, ‘pagurid-shells’ and brachiopods).
Still others could have been mentioned,
both algae (e.g. Lithothamnion crusts and
Fucus species) and animals (e.g. large the-
cate hydroids and stylasterids, serpulid
crusts, other molluscs, some decapod cru-
staceans and certain ascidians), but there

are for these no or few Faroese observa-
tions. Numerous reports treat single cate-
gories such as listed and referred to above
and point out on a more or less well docu-
mented basis their ecological importance.
Others are more generalized and have a
wider scope in their approach (examples
are Sebens, 1991; Lohse, 1993). The over-
all conclusion is that the presence of stable
biogenic structures adds significantly to
habitat heterogeneity within a given area or
along a gradient, and within this, at a small-
er scale, to physical complexity in time and
space. Physical structure and age of the bio-
genic substrate, disturbance of various
kinds, succession and isolation are all dy-
namic features that determine species rich-
ness, abundance, and single species’ densi-
ty.

Concerned with substrates and habitats
only, this paper has not attempted at a fur-
ther analysis of faunistic differences and
similarities between habitats, nor at any
kind of division into functional groups,
modes of reproduction, growth and recruit-
ment, or fisheries effects. The level of taxo-
nomic identification in the investigations
performed during BIOFAR varies accor-
ding to aim as well as to the time and re-
sources allocated in each case. For sponge
spicule-mats, octocorals, scallops and pa-
gurids only scattered observations are pre-
sent. As a contrast, identification of fauna
associated with Laminaria, sponges, corals
and Modiolus are carried through to species
level and this may allow for further analy-
ses, including the important interplay with
different life stages and populations of both
commercial and non-commercial fish
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species. Finally, other fauna compositions,
such as those associated with shell-gravel
and -sand, Corallina and brachiopods are
known in some detail, mostly to phylum or
class, and they are obviously promising for
further investigations.
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