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Abstract

Cold-water coral habitats are constituted by a great variety of anthozoan taxa, with reefs 
and gardens being homes for numerous invertebrates and fish species. In the cold temper-
ate North Atlantic, some coral habitats such as Lophelia pertusa reefs, and Primnoa/Paragorgia 
dominated coral gardens occur on both sides of the Atlantic over a wide latitudinal range. 
Other habitats, as some dominated by species of Isididae and Chrysogorgidae seem to 
have a more local/regional distribution. In this chapter, we describe the habitat character-
istics of cold-water coral reefs, soft and hard-bottom coral gardens, and sea pen meadows 
with their rich associated fauna illustrated with numerous photos.

Keywords: cold-water corals, associated fauna, coral garden, coral reef, Scleractinia, 
Alcyonacea, gorgonians, Antipatharia

1. Main subtitles of chapter

• Cold water coral reefs; Lophelia

• Hard-bottom coral gardens:

Sections cover different communities with key coral species (e.g., Alcyonacea (Gorgonians), 
Antipatharia) and their associated fauna.

• Soft-bottom coral gardens:

Sections cover different communities with key coral species (e.g., Alcyonacea (Gorgonians), 
Antipatharia) and their associated fauna.

• Sea pen meadows:

Two sections covering shallow and deep water meadows and their associated fauna.

© 2018 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.



2. Introduction

“Coral reefs,” “Coral gardens” (reef-forming Scleractinian corals and aggregations of gorgo-

nians, black corals, and sea pens) and “sea pen and burrowing megafauna communities” are 
habitats classified by the Oslo Paris Convention for the Protection of the Marine Environment of 
the Northeast Atlantic (OSPAR) as “Threatened and/or declining” [1]. Sea pen and burrowing 
megafauna communities are also of key conservation importance as defined under Annex V of 
the 1992 OSPAR Convention [2, 3]. Coral gardens are sensitive to physical disturbance impacts 
caused by bottom trawling and activities related to the petroleum industry [4–6]. Bottom trawl-
ing is known to be one of the most destructive ways of fishing and causes reductions in habitat 
complexity, changes in species composition, and reductions in biodiversity [7–9]. These threats 
highlight that it is crucial to assess the ecological importance of these deepwater communities, 
to develop sound scientific advice for management of cold-water ecosystems [10, 11].

Corals include species from various taxonomic groups (including Scleractinia, Zoanthidea, 
Antipatharia, Gorgonians, Pennatulacea, and Stylasteridae). According to Roberts et al. [12], 

65% of a total of 5160 coral species occur deeper than 50 m. Several of the groups (Gold cor-

als, Antipatharia, Octocorallia, and Stylasterida) are represented by more species in deep-

water than shallow.

Studies on cold-water corals have expanded dramatically in recent years and their role as 
habitat providers for a rich fauna has been shown in several studies [11–18].

Cold-water corals are found around the world, most commonly in the depth range of 200–
1500 m [19–33]. Shallower, upper depth limits (up to 40 m) are found in Norway, New Zealand, 
Chile, and British Columbia and demonstrate that it is not the depth per se, but the vertical range 
of intermediate and deep water masses that controls the bathymetric distribution of these corals.

Corals typically create habitats elevated above the surrounding seabed (up to several meters) 
and occur on bottoms with mixed substrata in areas with relatively strong currents (Table 1). 
They offer a variety of microhabitats with different current speeds, food sources, and sub-

strates. Most corals have an arborescent morphology with branches reaching out of the near-
bottom boundary into the faster flowing water above. Corals have a complex 3-D architecture 
and provide substrata of different ages, due to their continuous growth and decay. Sheltered 
cavities within a colony often contain organic-rich sediments, while the outer parts provide a 
high water flow with elevated rates of food supply and little sedimentation.

The relative abundance of food at the shelf-slope transition argues against food limitation in 
this zone and focuses attention upon physical factors [34] to understand the distribution of 

cold-water corals.

Internal waves on continental margins can induce resuspension and even an upward trans-

port of particles in periods of strong wind [35]. Here, biological structures such as corals can 
provide shelter and protection for some organisms against strong currents and predators and, 
at the same time, offer a reliable supply of detrital food within their interstices. Higher struc-

tures that reach into laminar currents above the more turbulent near-bottom currents may 
provide other food sources (e.g., zooplankton) [15].

Corals in a Changing World10



In many ways, the biological habitat structures provide more food particles and other vital 
resources compared to the framing habitat. Often propagules and larvae are present in the 
deep-sea demersal plankton, but suitable firm substratum is lacking. Thus, organisms that 
provide an elevated position on a stable substratum represent a scarce habitat, contributing 
substantially to the species richness of their respective environments [15, 36].

It is known that coral habitats house a large assemblage of crustaceans, mollusks, ophiuroids, 
sponges, and fish [11, 15, 16, 37–42]. These organisms can use corals as a substrate for attach-

ment and shelter [43], for feeding [44, 45] and parasitism [16]. The mobile fauna is particularly 
difficult to document [11, 15, 17, 41], but with the recent development of underwater video 
equipment, it has become possible to inspect coral colonies for even rather small associated 
organisms.

3. Cold-water coral reefs Lophelia pertusa

L. pertusa is common along the European margin and develops reefs in several places 
where the environmental conditions are right. The Northeast Atlantic can be divided 
into three main reef provinces based on geography and environmental similarities: (1) 
The Nordic occurrences, including Sweden, Norway, Faroe Island, and Iceland, (2) Irish-
British margins, and (3) Franco-Iberian margin [46]. L. pertusa is also found along the 

mid-Atlantic ridge, but living reefs have not been confirmed and live coral is only repre-

sented by small scattered colonies [47]. However, large patches of coral rubble indicate 
proliferation of reefs occurred in the past. Changing ocean currents resulting from the 

Coral habitats Habitat provision Main key species Associated fauna Longevity of 

key species 

(years)

Cold-water coral 

reefs

Hard substrate, 

shelter, Elevated 
feeding position

Lophelia pertusa, Oculina 

varicosa, Madrepora oculata, 

Solenosmilia variabilis, 

Gonicorella dumosa, 

Enallopsammia profunda

Mobile: Fish, crustaceans, 
brittle stars, polychaetes. 
Sessile: Actiniarians, 
gorgonians, sponges, 
bryozoans, polychaetes

>1000

Hard-bottom 
coral garden

Shelter, elevated 

feeding position
Paragorgia arborea, Primnoa 

spp., Paramuricea spp., 
Callogorgia verticillata, 

Antipathes spp., Bathypathes 

spp., Leiopathes spp.

Mobile: Fish, crustaceans, 
brittle stars. Sessile: 
Actiniarians, parasitic 
crustaceans, polychaetes

50–300

Soft-bottom coral 
garden

Elevated feeding 
position, Shelter

Acanella arbuscula, Isidella 

lofotensis, Radicipes gracilis

Mobile: Crustaceans, 
polychaetes

50–100

Sea pen meadow Elevated feeding 
position, shelter

Funiculina quadrangularis, 

Kophobelemnon steølliferum, 

Virgularia mirabilis, Pennatula 

phosforea, Halipteris spp., 
Umbellula encrinus

Sessile: Crustaceans, brittle 
stars

15–80

Table 1. Coral habitats.
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 disappearing glaciers during the last deglaciation probably changed the environmental 
settings in a negative way for the coral.

On the North American margin, reefs are much less common than at the other side of the 

Atlantic. Larger reef structures in the eastern USA are only found from North Carolina and 
southward, and into the Mexican Gulf. The reason for this is not clear, but temperature varia-

tion caused by North Atlantic Drift, better known as the Gulf Stream, may prevent long-term 
stable conditions for reefs to develop in the northeastern USA-Canadian margin. A single reef 
occurrence in the mouth of the Laurentian Channel in Atlantic Canada is an exception to this 
[48]. This reef occurs in the southward flowing warm water that has passed the southern coast 
of Greenland after branching off the Gulf Stream south of Iceland. The recently discovered 
reef off southwest Greenland [49] occurs in the same water.

3.1. Environment

L. pertusa can use all kinds of hard substrate as a foundation, even human-made structures 
such as legs of oil platforms in the North Sea. In Norwegian waters, Lophelia reefs are found on 

finer sediments mixed with gravel as well as directly on bedrock. Occurrences on bedrock are 
found in fjords and coastal areas. Further from the coast, on the continental shelf and slope, 
bedrock is rare and morainic material with gravel and boulder on banks and edges of troughs 
is the most common reef foundation substrate [50]. Strong tidal currents, together with sea-

sonal changes in temperature and wave energy, influence the habitats and generate large 
sand waves [51]. In these settings, the large biogenic structures formed by the reef-building 
Lophelia are found in the upper range [28, 32, 52, 53].

3.2. Morphology

At a local scale, the morphology of organisms shapes the environment by modifying the 
hydrodynamics and providing shelter, pockets with trapped particles, and other micro-

habitats. A coral reef can be defined as an aggregation of coral skeletons completely cover-

ing the substrate underneath (Figure 1). Colonial scleractinians need hard substrate for 
settlement. This substrate can be a shell or a pebble, and as soon as one colony is present, 
it provides a new hard substrate for subsequent colonization. Coral colonies may grow at 
one site for hundreds of years. During that time, it transforms the seabed to a complete 
cover of coral skeleton fragments through alternating growth, death, and fragmentation. 
When the bottom beneath the colonies consists of a layer of dead skeleton, the area can be 
termed a “coral reef.” Corals growing on a steep surface may not develop reefs, but are 
rather called coral gardens. When the coral grows large, and break up, due to their own 
weight, skeletal fragments will not accumulate at the site but fall deeper, outside the favor-

able environment.

Cold-water coral reefs typically have a circular or elongated outline with a maximum length 
of c. 1000 m. At the Norwegian continental shelf, it is estimated that there are around 6000 
Lophelia reefs [52]. Many of these reefs are several 100 m long and occur in clusters (reef com-

plexes) up to 35 km long (Røst reef) [54]. Their area, however, covers less than 0.1% of the total 
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area of the depth zone where they occur. The reefs commonly have vertical zones, with living 
coral at the top and skeletal fragments at increasing stages of decay toward the bottom of the 
reef [55]. The reefs may have different shapes depending on currents and seabed topography.

A.

B.

C.

Figure 1. The cold-water coral reef habitat. (A) Summit of cold-water coral reef. Live Lophelia pertusa (white branches) 
together with a cod. (B) Lower part of Lophelia reef. Typically dominated by dead Lophelia being a substrate for gorgonian 

corals and other associated organisms. (C) Richness of old parts of a Lophelia reef with gorgonians that are overgrown with 

hydroids and sponges. Two redfish are taking shelter below the old Paragorgia.  Red laser dots indicates a scale of 10 cm.

Cold Temperate Coral Habitats
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3.3. Provision of habitat

Reefs represent large and complex structures that significantly increase habitat heterogeneity. 
Framing habitats is varied and offers a wide range of substrates, but the complexity of these large 
structures represents an increased variety of microhabitats that elevate local species diversity [16, 

17, 42, 56]. The associated organisms of cold-water coral reefs are comprised mainly of species 
that occur on other hard-bottom substrates, and their relationships with the coral are facultative.

Three successive habitat zones can be observed when crossing a reef, namely (1) the coral rubble 
zone, bordering the framing habitats, consists of small pieces of skeleton, followed by (2) the coral 
block zone dominated between the foot and the top of the reefs, with mixed coral substrates dom-

inated by larger dead blocks, which lead to (3) the top of the reef where live colonies proliferate.

Within coral colonies of the live reef, four distinct microhabitats can be recognized, namely (i) 
live coral tissue, (ii) surfaces of dead corals often slightly covered with detritus, (iii) cavities 
inside coral skeletons, and (iv) open space between coral branches.

Most coral-associated species are facultative symbionts without a direct relationship with the 
living corals and can survive in similar microhabitats on bottoms without corals [56]. The 
endosymbionts (mainly copepods) are an exception to this. Rather than the presence of live 
coral, it is the hard substrate, and thus the diverse microhabitats provided by dead coral skel-
etons, that facilitates the high biodiversity associated with reef-forming, cold-water corals [56] 

(and references therein) [42].

3.4. Associated fauna

There is a great species diversity of animals found together with cold-water, reef-forming cor-

als [32, 56–59]; however, there are no examples of associated species with an obligate relation-

ship between dead coral skeletons. The highest diversity of associated species is found in the 
zone with dead coral block [56, 59]. Here, the skeletons are exposed and occur with a higher 
three-dimensional complexity than in the rubble zone surrounding the reefs.

The live tissue of cold-water scleractinians seems to prevent attachment of sessile epibi-
otic species. Even among the few species that are commonly found intimately associated 
with living coral polyps, there are few examples of obligate relationships [15] (Figure 2). 
However, many of these species are rarely found in other habitats. The polychaetes Eunice 

norvegica and Harmothoe oculinarum are two good examples: E. norvegica lives in a close 

relationship with L. pertusa. The coral embed the parchment-like tube of the polychaete 
in its skeleton. After some years of skeletal growth, the tube of E. norvegica may contain 

several openings, each one close to a polyp, where it can search for food spills [60]. E. nor-

vegica spends time searching for food, cleaning the coral’s surface for organic particles, and 
removing organisms invading its territory or over-growing the coral [59]. The strategically 
located tube openings allow easy access to food trapped by L. pertusa. The polynoid poly-

chaete H. oculinarum is a commensal that can be found inside the tube of E. norvegica. The 
highest diversity of associated species is found in the zone with dead coral block [56, 59]. 
Here, the skeletons are exposed and occur with a higher three-dimensional complexity than 
in the rubble zone surrounding the reefs.

Corals in a Changing World14



4. Hard-bottom coral gardens

4.1. Alcyonarian corals

The alcyonarian corals (soft corals) utilize a wide range of substrates, including semiconsolidated 
mudstone. Alcyonarian corals, in particular Nephtheidae, have a wide geographical and bathy-

metric distribution [33, 47]. The colonies are rather small (<30 cm) but may occur in relatively 
high densities (>500 colonies per 100 m2) [33]. The extent of patches of this coral group seems 
to be larger than for gorgonians. There are few known relationships documented with other 
invertebrates. The association between ophiuroids and nephtheids has been reported at various 
locations [61–63]. Mortensen [62] observed juveniles of the basket star, Gorgonocephalus eucne-

mis, parasitic on Eunephtia, and Fedotov [61] reports juveniles of Gorgonocephalus on colonies 

and within the polyps of Drifa glomerata. The foraminiferan Planispirinoides bucculentus has been 

observed on Duva florida off Nova Scotia [40]. Compared to the rigid structures of scleractinians 
and gorgonians, the soft coral represents an unstable substrate not suitable for attached species.

4.2. Gorgonian corals

Gorgonian corals provide habitats within and between colonies, when they occur in stands. 
The density of colonies within stands is typically higher for smaller species than for larger 

Figure 2. Close associates with Lophelia pertusa. A: Living part of a Lophelia reef with sponges. B: Eunice norvegica is a 

common polychaet living intimately with the polyps of Lophelia that rarely occur in other habitats.  C: The scleractinian 
Madrepora oculata with the basket star Gorgonocephalus sp. (lower right). D: The squat lobster Munidopsis serricornis on 

the branches of Lophelia.
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species [64]. This is illustrated by coral gardens off the Aleutian Islands (Alaska) [64–66] and 

Nova Scotia (Canada) [64], where smaller gorgonians and stylasteridae are found in densities 

of up to 200–400 colonies per 100 m2. The larger gorgonian Paragorgia arborea occur less dense 

with a maximum of 49 colonies per 100 m2. The gorgonian stands extend horizontally from 
10 to 100 m [64]. In addition to accessing faster-flowing water above the bottom, colonies 
orient themselves toward the main current to maximize the amount of water passing the 
polyps [67]. The advantages of this morphologically enhanced feeding may also be utilized 
by suspension feeding and epizoic animal attached to the colony. In addition, the suspension 
feeders may also derive nutrition from detritus or microorganisms commonly found trapped 
in the mucus secreted by the gorgonians [13].

4.2.1. Associated fauna

The gorgonian-associated fauna is dominated by crustaceans, particularly amphipods. This 
is true for tropical gorgonians [68], which also host parasitic copepods, but deepwater gor-

gonian taxa exhibit a richer echinoderm fauna, including ophiuroids adapted to capturing 
particles in the elevated flows provided by the corals [39, 69]. The cold-water gorgonians 
have fewer decapods (crabs and shrimps) and gastropods than warm-water corals [13, 68]. 
In a study focusing on the associated fauna of cold-water gorgonians, Buhl-Mortensen and 
Mortensen [17] found that only a few specialized and obligate symbionts are connected to 
the live parts of corals. Among these are three highly specialized parasitic copepod species, 
presumably feeding on their hosts’ coenenchyme [13]. The number of obligate symbionts 
is higher for gorgonians than for antipatharians, alcyonarians, and scleractinians. In their 
review of available literature, Buhl-Mortensen and Mortensen [17] reported 24 species having 
obligate relationships with 21 gorgonian host species. For comparison, only seven obligate 
symbionts have been reported for four scleractinians.

4.2.2. Habitat provision

Primnoa resedaeformis and P. arborea are the most abundant and widely distributed large gor-

gonians in the North Atlantic [25, 30, 33, 64, 70], where they can form stands or “coral gar-

dens” (Figure 3). They are among the largest cold-water gorgonian corals, reaching a height 
of 50–250 cm. These corals offer two different microhabitats for associated species: (i) the clean 
and living surface of coral tissue in the younger parts of the colony and (ii) pockets of detritus 
and exposed skeleton in the older parts.

4.2.3. Associated fauna

P. arborea and P. resedaeformis host a rich fauna, dominated by suspension feeders using 
the coral as substratum or mobile animals using it as a refuge against predators [15–17] 

(Figure 4). The fauna composition differs for the two corals, but consists mainly of species  
also occurring in other habitats. However, a few highly specialized parasites have been 
identified associated with each of the species [15–17]. The abundance and species richness 
of the associates are significantly correlated with the host morphology, such as number of 
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branches and area of exposed skeleton. Even though the cold-water gorgonians support 
fewer obligate associations, several of the associated species are rare in other habitats and 
seem to prefer gorgonian species [15].

Close inspection of P. arborea using video [71] shows that crustaceans are the most common 

group of associates. Amphipods belonging to the family Stegocephalidae were found on 26% 
of the colonies, and other common crustacean associates were shrimps and hermit crabs. 

Figure 3. Hard-bottom coral gardens. Three species that form hard-bottom coral gardens are the “bubble gumme” coral 
Paragorgia arborea, on top, Primnoa resedaeformis, in the middle, and Paramuricea placomus. P. arborea can reach several 

meters in height and widths, while the two other species normally reaches a height of 20–70 cm.
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Galls of the endoparasitic copepod Gorgonophilus canadensis, which is highly adapted to its 
host P. arborea [16], has been observed on both sides of the North Atlantic. In addition to para-

sitic copepods, the ophiuroid Gorgonocephalus is one of very few examples of host-specific 
associates. It uses the elevated position offered by P. arborea to collect particles (detritus or 
plankton) from the water passing by.

4.3. Antipatharia

North Atlantic black corals (Antipatharia) appear to be restricted to open ocean areas 
with Antipathes erinaceus, Distichopathes sp., Phanopathes sp., and Stauropathes punctata only 

recorded on Josephine seamount, the Azores, and Cape Verde Islands [72]. Around the 
Azores, Antipathella wollastoni is the most common species in deep infralittoral and circalit-
toral grounds (>20 m) and is known to form dense stands. In bathyal areas, the black corals, 
Leiopathes spp., are common between 200 and 600 m and can grow to a height of 2.5 m [73, 77].

Figure 4. Habitats hard-bottom coral gardens. The larger sea trees can form forest-like habitats (upper photo). Here, we 
find a mixture of coral species. Shrimps are hiding between the branches, and the large “Basket star” Gorgonocephalus sp. 
is feeding from their elevated position on the branches of Paragorgia arborea. (photo lower left). It is the oldest parts of the 
colonies that hosts the riches associated fauna (photo lower right). Her we often find hydroids, crinoids and even hermit 
crabs. Bellow the old colony is a sponge.

Corals in a Changing World18



4.3.1. Associated fauna

Black corals have many associated epifauna, most commonly serpulid worms, bryozoans, 
and ascidians, and the number of epibionts of Antipathella subpinnata shows an increase 
with the age of the corals and decrease with the depth [74].

5. Soft-bottom coral gardens

5.1. Gorgonian corals

Most gorgonians are confined to hard bottoms, except for some species of Isididae and 
Chrysogorgiidae, such as Isidella lofotensis, Acanella arbuscula, and Radicipes gracilis, which 

attach to sandy and muddy bottoms with root-like holdfasts (Figure 5).

Figure 5. Soft-bottom coral gardens. The bamboo coral I. lofotensis is in the Norwegian Hardangerfjord and in the Norwegian 
through forming coral gardens at a depth of 200–300 m depth (upper photo). This species is only known from Norwegian 
waters. In deep and cold North Atlantic waters the gorgonian Radicipes “pigtail coral” forms coral gardens.

Cold Temperate Coral Habitats
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Soft-bottom bamboo coral gardens are found on both sides of the North Atlantic, repre-

sented by two species with different geographic ranges. The geographic barrier represented 
by the Greenland-Scotland Ridge separates the Nordic Seas and the North Atlantic. To the 
south of this, A. arbuscula occur sometimes with sea pens and the solitary scleractinian cup 
coral Flabellum alabastrum [33, 75], while on the other side of the barrier, in the North Sea 

and the Norwegian Sea, I. lofotensis occur in troughs and fjords [76]. In the western North 
Atlantic, A. arbuscula is found in the upper and middle bathyal (200–1000 m depth), while 
in the eastern North Atlantic, it occurs deeper (1800–2700 m depth) in the lower bathyal 
zone [69].

5.1.1. Associated fauna

In the western North Atlantic, the brittle star Ophiomuseim lymani is often found on A. arbuscula 

and assemblage. From the eastern side, Buhl-Mortensen and Mortensen [40] found that the 

polynoid polychaeta Eunoe spinulosa was strongly associated to this coral. Very little is known 
about the associated fauna of Isidella and Radicipes.

6. Sea pen medows

Sea pens are slender anthozoans reaching 0.1–2 m above the bottom accessing the elevated bot-
tom currents. They provide predation shelter and good position for particle collection away 
from the slower current in the near-bottom boundary layer. Although the number of studies 
is limited, sea pens appear to have fewer associated organisms compared to scleractinians 
and gorgonians. Funiculina quadrangularis is a species with greatest conservation importance 
in the greater North Sea and Celtic Sea areas [78]. It can become a little more than 2 m tall, 
with approximately one quarter of the lower part of the structure embedded in the sediment 
[78]. Predators on sea pens include nudibranchs, which have been observed preying on sea 
pen polyps. The nudibranch Armina loveni is a specialized predator on the sea pen Virgularia 

mirabilis. It is infrequently recorded but known to occur from Norway to Western France. In 
Puget Sound (western USA), a related species, Armina californica, is one of the predators on 
Ptilosarcus gurneyi [79]. Many specimens of V. mirabilis lack the uppermost part of the colony, 
a feature that has been attributed to predation by fish.

6.1. Associated fauna

The associated fauna of sea pens is poor compared to gorgonian corals. In a study of >1000 
sea pens from Norway [71], only 4% of the colonies had fauna on them, but 15% had organ-

isms sitting near the colony. The squat lobster Munida sp. was found close to 8% of the 584 
Kophobelemnon stelliferum colonies studied (Figures 6 and 7). It appears to use the sea pen 
as a base station for scavenging, active hunting, and sheltering against predators. Sea pens 
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have stinging cells and often emits light that could scare away the potential predators of the 
organisms seeking shelter under these [80]. The only associated species found on F. quadran-

gularis was the ophiuroid Asteronyx loveni that has a close relationship with its host that is 
also reported from the west coast of Scotland [81]. The sea pen provides a suitable feeding 
platform in an elevated position for particle collection away from the slower current in the 
near-bottom boundary layer [39]. A. loveni catches small pelagic animals, mainly copepods, 
for food, but polyps and mucus of from sea pens have also been reported as stomach content 
[39]. It has been suggested by Buhl-Mortensen and Mortensen [40] that the relationship with 
the host could be mutualistic as, A. loveni could keep colonies clear of sediment and therefore, 
making them less vulnerable to smothering. Associated fauna has only in very few occasions 
been found on the sea pens Pennatula phosphorea and V. mirabilis [71].

Figure 6. Sea pen meadows. K. stelliferum, upper photo, is together with Pennatula phosphorea, two common and relatively 

small sea pens (10–20 cm) forming “sea pen meadows” in the North Atlantic. There are few associates living on them, 
but organisms are often found to hide below a sea pen, likely as a protection against predators. Below K. stelliferum, we 

see two Munida squat lobsters and sitting on the P. phosphorea is a shrimp and an ophiuroid.
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7. Conclusion

Clearly, cold-water coral habitats in the North Atlantic represent several different ecosys-

tems, with different species compositions and habitat characteristics. Coral garden is a het-
erogeneous habitat covering contrasting environments and a wide range of anthozoan taxa. 
A main division of this habitat relating to substrate (hard vs. soft seabed) is relevant to pro-

vide better consistency of habitat definitions. Further subdivisions are presented in this chap-

ter. Main problem of management of cold-water coral habitats is still a lack of knowledge. 
Mapping of these habitats cannot rely only on bycatch records from the fishing fleet. Directed 
mapping of identified priority areas should be carried out before new industries move into 
deeper oceanic waters. Climate change (increased temperature, changing current patterns, 

Figure 7. Sea pen meadows, Funiculina quadrangularis, upper photo, and Umbellula encrinus are among the largest 

sea pens (1–2.5 m) in the North Atlantic. They form sea pen meadows at larger depths and firmer substrate than the 
smaller sea pens. U. encrinus occur at 900 m in arctic waters off Norway. These large sea pens have few associated 
organisms, but there is a strong and likely mutualistic relation between the ophiuroid Asteronyx loveni and F. 

quadrangularis. In upper photo (a compilation of three photos), we see how the ophiuroid stretching outs its arms uses 
its elevated position to catch particles from the water.
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and other indirect effects) represents a pressure that could compromise the coral livelihood 
differentially in different areas. There is a risk that the combined effect of human impact and 
climate change will cause greater negative effects in some places than anticipated today.

Author details

Lene Buhl-Mortensen* and Pål Buhl-Mortensen

*Address all correspondence to: lenebu@imr.no

Institute of Marine Research, Bergen, Norway

References

[1] OSPAR. Descriptions of habitats on the initial OSPAR list of threatened and/or declining 
species and habitats. OSPAR Convention for the Protection of the Marine Environment 
of the NorthEast Atlantic. 2004;7:7

[2] Convention for the protection of the marine environment of the north-East Atlantic 
(OSPAR Convention) of 22nd September 1992 Entered into Force on 25th March 1998

[3] Curd A. Background Document for Seapen and Burrowing Megafauna Communities. 
OSPAR comission publication, Biodiversity Series. 2010;481:26

[4] Troffe PM, Levings CD, Piercey GE, Keong V. Fishing gear effects and ecology of the sea-

whip (Halipteris willemoesi (Cnidaria: Octocorallia:Pennatulacea)) in British Columbia, 
Canada: Preliminary observations. Aquatic Conservation: Marine and Freshwater 
Ecosystems. 2005;15:523-533

[5] Malecha PW, Stone RP. Response of the seawhip Halipteris willemoesi to simulated trawl 

disturbance and its vulnerability to subsequent predation. Marine Ecology Progress 
Series. 2009;388:197-206

[6] Tyler-Walters H, Rogers SI, Marshall CE, Hiscock K. A method to assess the sensitiv-

ity of sedimentary communities to fishing activities. Aquatic Conservation: Marine and 
Freshwater Ecosystems. 2009;19:285-300

[7] Watling L, Norse EA. Disturbance of the seabed by mobile fishing gear: A comparison to 
forest clear cutting. Conservation Biology. 1998;12:1180-1197

[8] Chuenpagdee R, Morgan LE, Maxwell SM, Norse EA, Pauly D. Shifting gears: Assessing 
collateral impacts of fishing methods in US waters. Frontiers in Ecology and the 
Environment. 2003;1:517-524

[9] Buhl-Mortensen L, Ellingsen KE, Buhl-Mortensen P, Skaar KL, Gonzalez-Mirelis G. Trawling 
disturbance on megabenthos and sediment in the Barents Sea: Chronic effects on density, 
diversity, and composition. ICES Journal of Marine Science. 2016;73(Supplement 1):98-114

Cold Temperate Coral Habitats
http://dx.doi.org/10.5772/intechopen.71446

23



[10] Greathead CF, Donnan DW, Mair JM, Saunders GR. The seapens Virgularia mirabilis, 

Pennatula phosphorea and Funiculina quadrangularis: Distribution and conservation issues 

in Scottish waters. Journal of the Marine Biological Association of the UK. 2007;87:1095-1103

[11] Buhl-Mortensen L, Vanreusel A, Gooday AJ, Levin LA, Priede IG, Buhl-Mortensen P, 
Gheerardyn H, King NJ, Raes M. Biological structures as a source of habitat heterogeneity 
and biodiversity on the deep ocean margins. Marine Ecology-An Evolutionary Perspective. 
2010;31:21-50

[12] Roberts JM, Wheeler AJ, Freiwald A, Cairns SD. Cold-water Corals: The Biology and 
Geology of Deep-Sea Coral Habitats. Cambridge University Press. 2009; 334 pp

[13] Patton WK. Studies on animal symbionts of gorgonian coral Leptogorgia virgulata 

(Lamarck). Bulletin of Marine Science. 1972;22:419-431

[14] Krieger KJ, Wing BL. Megafauna associations with deep water corals (Primnoa spp.) in 
the Gulf of Alaska. Hydrobiologia. 2002;471:83-90

[15] Buhl-Mortensen L, Mortensen PB. Crustaceans associated with the deep-water gorgo-

nian corals Paragorgia arborea (L., 1758) and Primnoa resedaeformis (Gunn., 1763). Journal 
of Natural History. 2004;38:1233-1247

[16] Buhl-Mortensen L, Mortensen PB. Gorgonophilus canadensis n. Gen.,sp. (Copepoda: 
Lamippidae), a gall forming endoparasite in the octocoral Paragorgia arborea (L., 1758) 
from the northwest Atlantic. Symbiosis. 2004;37:155-168

[17] Buhl-Mortensen L, Mortensen PB. Distribution and diversity of species associated with 
deep-sea gorgonian corals off Atlantic Canada. In: Freiwald A, Roberts JM, editors. Cold-
water Corals and Ecosystems. Berlin Heidelberg: Springer-Verlag; 2005. p. 849-879

[18] Carvalho S, Curdia J, Pereira F, Guerra-Garcia JM, Santos MN, Cunha MR. Biodiversity 
patterns of epifaunal assemblages associated with the gorgonians Eunicella gazella 

and Leptogorgia lusitanica in response to host, space and time. Journal of Sea Research. 
2014;85:37-47

[19] Broch H. Die Alcyonarien des Trondhjemsfjordes I. Alcyonacea. Det Kongelige Norske 
Videnskabers Selskabs Skrifter. 1912;1911(7):1-48

[20] Broch H. Die Alcyonarien des Trondhjemsfjordes II. Gorgonacea. Det Kongelige Norske 
Videnskabers Selskabs Skrifter. 1912;1912(2):1-48

[21] Broch H. Riffkorallen im Nordmeer einst und jetzt. Die Naturwissenschaften. 1922;37:1-3

[22] Broch H. Oktokorallen des nördlichsten Pazifischen Ozeans. Det norske Videnskaps-
Akademi i Oslo I. Matematisk-Naturvidenskabelig klasse. 1935;1935:1-53

[23] Jungersen HFE. The Alcyonaria, Antipatharia and Madreporaria. Conceptus Faunae 
Groenlandicae. Meddelelser om Grønland. 1915;23:1156-1212

[24] Jungersen HFE. Alcyonarian and Madreporarian corals in the Museum of Bergen, col-
lected by Fram-expedition 1898-1900 and by the ‘Michael Sars’ 1900-1906. Bergen muse-

ums aarbok 1915-1916. Naturvidenskabelig Række. 1917;6:44

Corals in a Changing World24



[25] Madsen FJ. Octocorallia: Stolonifera–Telestacea–Xeniidea–Alcyonacea–Gorgonacea. The 
Danish Ingolf-Expedition. 1944;13:1-65

[26] Carlgren O. Polyppdyr (Coelenterata) III. Koraldyr. Danmarks fauna 51. Copenhagen: 
GEC Gads; 1945

[27] Hecker B, Blechschmidt G, Gibson P. Final Report — Canyon Assessment Study in the 
Mid- and north Atlantic Area of the U.S. Outer Continental Shelf. (Contract No. BLM 
AA551-CT8-49) U.S. Washington DC: Department of Interior, Bureau of Land Management; 
1980

[28] Zibrowius H. Les Scle’ractiniaires de la Me’diterrane’e et de l’Atlantique nord-oriental. 
Memoires de l’Institut oceanographique. 1980;11:226

[29] Genin A, Dayton PK, Lonsdale PF, Speiss FN. Corals on seamount peaks provide evi-
dence of current acceleration over deep-sea topography. Nature. 1986;322:59-61

[30] Tendal OS. The North-Atlantic distribution of the octocoral Paragorgia aborea (L,1758) 
(Cnidaria,Anthozoa). Sarsia. 1992;77:213-217

[31] Cairns SD. Scleractinia of the temperate North Pacific. Smithsonian Contributions to 
Zoology. 1994;557:150

[32] Rogers AD. The biology of Lophelia pertusa (Linnaeus, 1758) and other deep-water reef 
forming corals and impacts from human activities. International Review of Hydrobiolgy. 
1999;844:315-406

[33] Mortensen PB, Buhl-Mortensen L, Gordon DC Jr. Distribution of deep-water corals 
in Atlantic Canada. In: Proceedings of the 10th International Coral Reef Symposium. 
Tokyo, Japan: Japanese Coral Reef Society; 2006:1832-1848

[34] Carney RS. Zoonation of deep biota on continental margins. Oceanography and Marine 
Biology: An Annual Review. 2005;43:211-278

[35] Bonnin J, van Raaphorst W, Brummer G-J, van Haren H, Malschaert H, Intense mid-
slope resuspension of particulate matter in the Faeroe–Shetland Channel: Short-term 
deployment of near-bottom sediment traps. Deep-Sea Research I. 2002;49:485-1505

[36] Beaulieu SE. Life on glass houses: Sponge stalk communities in the deep sea. Marine 
Biology. 2001;138:803-817

[37] Storm V. Oversigt over Throndheimsfjordens fauna (med et kort). Trondhjems Biologiske 
Station, Meddelelser fra stationsanleggets arbeidskomite. Trondheim: H Moe’s Bog & 
Accidenstrykkeri; 1901:20

[38] Strømgren T. Vertical and horizontal distribution of Lophelia pertusa (Linné) in 
Trondheimsfjorden on the west coast of Norway. Det Kongelige Norske Videnskabers 
Selskabs Skrifter. 1971;6:1-9

[39] Fujita T, Ohta S. Photographic observations of the life-style of a deep-sea ophiurid Asteronyx 

loveni (Echinodermata). Deep Sea Research. 1988;35:2029-2044

Cold Temperate Coral Habitats
http://dx.doi.org/10.5772/intechopen.71446

25



[40] Buhl-Mortensen L, Mortensen PB. Symbiosis in deep-water corals. Symbiosis. 2004; 
37:33-61

[41] Baillon S, Hamel JFA. Diversity distribution and nature of faunal associations with 
deep-sea pennatulacean corals in the Northwest Atlantic. PLoS ONE. 2014;9(11):e111519. 
https://doi.org/10.1371/journal.pone.0111519

[42] Buhl-Mortensen L, Serigstad B, Buhl-Mortensen P, Olsen MN, Ostrowski M, Błażewicz-
Paszkowycz M, Appoh E. Structure and megafaunal community of a large Lophelia reef on 
the Ivorian-Ghanaian margin (the Gulf of Guinea). Deep Sea Research II. 2017;137:148-156

[43] Vytopil E, Willis BL. Epifaunal community structure in Acropora spp. (Scleractinia) on 
the great barrier reef: Implications of coral morphology and habitat complexity. Coral 
Reefs. 2001;20:281-288

[44] Burkepile DE, Hay ME. Predator release of the gastropod Cyphoma gibbosum increases 

predation on gorgonian corals. Oecologica. 2007;154:167-173

[45] Garcia-Matucheski S, Muniain C. Predation by the nudibranch Tritonia odhneri 

(Opisthobranchia: Tritoniidae) on octocorals from the South Atlantic Ocean. Marine 
Biodiversity. 2011;41:287-297

[46] Wheeler AJ, Beyer A, Freiwald A, de Haas H, Huvenne VAI, Kozachenko M, Olu-Le Roy K, 
Opderbecke J. Morphology and environment of cold-water coral carbonate mounds on the 
NW European margin. International Journal of Earth Sciences. 2007;96:37-56

[47] Mortensen PB, Buhl-Mortensen L, Gebruk AV, Krylova EM. Occurrence of deep-water corals 
on the mid-Atlantic ridge based on MAR-ECO data. Deep-Sea Research II. 2008;55:142-152

[48] Buhl-Mortensen P, Gordon Jr. DC, Buhl-Mortensen L, Kulka DV. First Description of 
a Lophelia pertusa reef complex in the Atlantic Canada, Deep Sea Deep Sea Research I. 
2017;126:21-30

[49] Kenchington E, Yashayaev I, Tendal OS, Jørgensbye H. Water mass characteristics and 
associated fauna of a recently discovered Lophelia pertusa (Scleractinia: Anthozoa) reef in 
Greenlandic waters. Polar Biology. 2017;40(2):321-337

[50] Mortensen PB, Buhl-Mortensen L, Dolan M, Dannheim J, Kröger K. Megafaunal diver-

sity associated with marine landscapes of northern Norway: A preliminary assessment. 
Norwegian Journal of Geology. 2009;89:163-171

[51] Reynaud J-Y, Tessier B, Berne´ S, Chamley H, Debatist M. Tide and wave dynamics on 
a sand bank from the deep shelf of the Western Channel approaches. Marine Geology. 
1999;161:339-359

[52] Mortensen PB, Hovland MT, Fosså JH, Furevik DM. Distribution, abundance and size of 
Lophelia pertusa Coral reefs in mid-Norway in relation to seabed characteristics. Journal 
of the Marine Biological Association of the UK. 2001;81:581-597

[53] Mortensen PB, Buhl-Mortensen L, Dolan M, Bellec V, Hassel A, Bogetveit FR Seascape 
description of an unusual coral reef area off Vesterålen, Northern Norway. 4th International 
Symposium on Deep-Sea Corals, Wellington, New Zealand; 1-5 Dec 2008. Poster

Corals in a Changing World26



[54] Fosså JH, Lindberg B, Christensen O, Lundälv T, Svellingen I, Mortensen PB, Alvsvåg 
J. Mapping of Lophelia reefs in Norway: Experiences and survey methods. In: Freiwald 
A, Roberts JM, editors. Cold-Water Corals and Ecosystems. Berlin: Springer-Verlag; 
2005. p. 359-391

[55] Mortensen PB, Hovland M, Brattegard T, Farestveit R. Deep water bioherms of the scler-

actinian coral Lophelia pertusa (L.) at 64o N on the Norwegian shelf: Structure and associ-
ated megafauna. Sarsia. 1995;80:145-158

[56] Mortensen PB, Fosså JH Species diversity and spatial distribution of invertebrates on 
Lophelia reefs in Norway. In: Proceedings of the 10th International Coral Reef. Tokyo, 
Japan: Japanese Coral Reef Society; 2006:1849-1868

[57] Reed JK, Gore RH, Scotto LE, Wilson KA. Community composition, structure, areal and tro-

phic relationships of decapods associated with shallow- and deep-water Oculina varicosa  

Coral reefs: Studies on decapod Crustacea from the Indian River region of Florida, 
XXIV. Bulletin of Marine Science. 1982;32:761-786

[58] Reed JK, Mikkelsen PM. The molluscan community associated with the scleractinian 
coral, Oculina varicosa. Bulletin of Marine Science. 1987;40:99-131

[59] Jensen A, Frederiksen R. The fauna associated with the bank-forming deepwater coral 
Lophelia pertusa (Scleractinaria) on the Faroe shelf. Sarsia. 1992;77:53-69

[60] Mortensen PB. Aquarium observations on the deep-water coral Lophelia pertusa (L., 1758) 
(Scleractinia) and selected associated invertebrates. Ophelia. 2001;54(2):83-104

[61] Fedotov DM. Einige Beobachtungen ueber die Biologie und Metamorphose von Gorgono- 
cephalus. Zoologischer Anzeiger. 1924;61:303-311

[62] Mortensen T. Handbook of the Echinoderms of the British Isles. Edinburgh: Humphrey 
Milford Oxford University press; 1927. 471pp

[63] Hendler G. Echinodermata: Ophiuroidea. In: Giese AC, Pearse JS, Pearse VB, editors. 
Reproduction of Marine Invertebrates. Echinoderms and Lophophorates. Vol. 6. Pacific 
grove, CA: The Boxwood Press; 1991. p. 355-511

[64] Mortensen PB, Buhl-Mortensen L. Distribution of deep-water gorgonian corals in rela-

tion to benthic habitat features in the Northeast Channel (Atlantic Canada). Marine 
Biology. 2004;144:1223-1238

[65] Stone RP, Shotwell SK. State of the U.S. Deep Coral Ecosystems in the Alaska Region: 
Gulf of Alaska, Bering Sea and the Aleutian Islands. In: The State of Deep Coral 
Ecosystems of the United States. NOAA Technical Memorandum CRCP-3. Silver Spring 
MD. 2007:65-108

[66] Lumsden SE, Hourigan TF, Bruckner AW, Dorr G. The State of Deep Coral Ecosystems 
of the United States. Silver Spring MD: NOAA Technical Memorandum CRCP-3; 2007

[67] Wainwright SA, Dillon JR. On the orientation of sea fans (genus Gorgonia). Biological 
Bulletin. 1969;136:130-139

Cold Temperate Coral Habitats
http://dx.doi.org/10.5772/intechopen.71446

27



[68] Goh NKC, Ng PKL, Chou LM. Notes on the shallow water gorgonian associated fauna 
on coral-reefs in Singapore. Bulletin of Marine Science. 1999;65:259-282

[69] Emson RH, Woodley JD. Submersible and laboratory observations on Asteroschema tenue: A 

long-armed euryline brittle stare epizoic on gorgonians. Marine Biolology. 1987;96:31-45

[70] Buhl-Mortensen L, Olafsdottir SH, Buhl-Mortensen P, Burgos JM, Ragnarsson SA. 
Distribution of nine cold-water coral species (Scleractinia and Gorgonacea) in the cold tem-

perate North Atlantic in light of bathymetry and hydrography. Hydrobiologia. 2015;759: 
39-61

[71] De Clippele LH, Buhl-Mortensen P, Buhl-Mortensen L. Fauna associated with cold 
water gorgonians and sea pens. Continental Shelf Research. 2015;105:67-78

[72] Molodtsova TN. Black corals (Antipatharia: Anthozoa: Cnidaria) of the north-east 
Atlantic. In: Mironov AN, Gebruk AV, Southward AJ, editors. Biogeography of the 
North Atlantic Seamounts. Moscow: KMK Press; 2006. p. 141-151

[73] Braga-Henriques A, Porteiro FM, Ribeiro PA, de Matos V, Sampaio T, Ocaña O, Santos 
RS. Diversity, distribution and spatial structure of the cold-water coral fauna of the 
Azores (NE Atlantic). Biogeosciences 2013;10(6):4009-4036

[74] Bo MG, Bavestrello G, Canese S, Giusti M, Salvati E, Angiolillo M, Greco S. Characteristics 
of a black coral meadow in the twilight zone of the central Mediterranean Sea. Marine 
Ecology Progress Series. 2009;397:53-61

[75] Henry LA, Roberts JM. Developing an interim technical definition for coral gardens spe-

cific for UK waters and its subsequent application to verify suspected records. JNCC 
Report. 2014;507:38

[76] Buhl-Mortensen P, Buhl-Mortensen L. Diverse and vulnerable deep-water biotopes 

in the Hardangerfjord. Marine Biology Research. 2013;10:253-267. DOI: 10.1080/17451000. 
2013.810759

[77] Howell KL. A benthic classification system to aid in the implementation of marine pro-

tected area networks in the deep/high seas of the NE Atlantic. Biological Conservation. 
2010;143:1041-1056

[78] Greathead C, Gonzalez-Irusta JM, Clarke J, Boulcott P, Blackadder L, Weetman A, Wright PJ. 
Environmental requirements for three seapen species: Relevance to distribution and 
conservation. ICES Journal of Marine Science. 2015;72:576-586

[79] Birkeland C. Interactions between a sea pen and seven of its predators. Ecological 
Monographs. 1974;44:211-232

[80] Morin JG. Probable functions of bioluminescence in the Pennatulacea (Cnidaria, 
Anthozoa) coelenterate ecology and behaviour. In: Coelenterate Ecology and Behavior. 
New York: Plenum Press. 1976:629-638

[81] Hughes DJ. Sea pens & burrowing megafauna (volume III). An overview of dynamics 
and sensitivity characteristics for conservation management of marine SACs. Scottish 
Association for Marine Science (UK Marine SACs Project). 1998:105

Corals in a Changing World28


