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MATERIALS AND METHODS

Live samples of Lophelia pertusa containing the poly-
chaete worm FEunice norvegica (Linnaeus, 1767) were
obtained using video-directed grab sampling from
Osterfjorden, western Norway, 60°39.26'N 05°43.95'E,
80m water depth in October 1998 (Mortensen et al.,
2000). Mixed samples of live and dead Madrepora oculata
and L. pertusa with live E. norvegica were obtained using a
box core from the Galway carbonate mound, Porcupine
Seabight, 51°27.09'N 11°45.24'W, 820 m water depth in
June 2003. The carbonate mound material was dominated
by M. oculata. Animals were quickly transferred to chilled
seawater (8°C and 35 ppt salinity) before being shipped to
the Dunstaffnage Marine Laboratory where they were
maintained in a recirculating seawater aquarium and fed
weekly on crushed euphausiids (Gamma shrimp, Tropical
Marine Centre Ltd), as described by Roberts & Anderson
(2002). All animals were acclimated to the aquaria for at
least two months before any observations were made.
Initial observations showed that the cunicid polychaetes
responded to white light and were extremely sensitive to
mechanical disturbance. Thus, behaviour was monitored
using time-lapse video with infra-red illumination. Long-
term observations have been made since the aquaria were
established in 1998. The development of a eunicid tube
within the coral framework was recorded by photo-
graphing specimens in aquaria over a four month period.

RESULTS

During continuous time-lapse video monitoring, Eunice
norvegica ranged about the coral skeleton extending its
tubes and feeding on the base of the aquarium (Figure
2A). Worms frequently extended their tubes from existing
openings within the coral framework by laying down more
material on the glass base of the aquaria. However, it has
become clear that E. norvegica plays a more fundamental
role. The polychaetes are able to move coral fragments
and aggregate them. The example in Figure 2 shows two
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Figure 5. Photograph of Lophelia pertusa growing around a
plastic rope in a similar way to which this coral calcifies eunicid
worm tubes (sample obtained from the Rockall Trough,
between 59°38.0'N 07°50.0'W and 59°37.0'N 44'W, 870 m
water depth).

fragments of Lophelia pertusa joined by E. norvegica in 1999.
In this case the polychaete emerged from the larger of the
two fragments and moved the smaller colony 5 cm across
the aquarium tank. The transplanted colony contained an
empty eunicid tube and it was this tube which was
connected to that occupied by the live worm in the larger
coral fragment. The worm was then able to move between
both colonies while still protected within the coral frame-
work (Figure 2B,C). These observations were also
recorded in 2003-2004 with Madrepora oculata and E.
norvegica from the Galway carbonate mound (Figure 3).
Longer term observations showed that the eunicid initially
laid down a fragile transparent tube that, over the course

Table 1. Possible functional role of symbiosis between eunicid polychaetes and the cold-water corals Lophelia pertusa and

Madrepora oculata.

Function

Benefits (+) and Costs (—) Coral host

Benefits (+) Costs (—) Polychaete symbiont

Coral framework production

Coral calcification around
eunicid tubes

+Strengthened reef framework

Coral nematocyst production

Reef aggregating behaviour

of polychaete growth

—Damage to individual polyps as colonies are

moved
Feeding and cleaning activity

of polychaete settlement of fouling organisms

— Stealing food captured by polyps
+May reduce impact of predatory grazers

Defensive behaviour of

polychaete —?none

+Support and protection for coral polyps
giving enhanced access to food particles
—Resources spent on skeleton production

—Resources spent on calcification around tubes
+Food capture and defensive functions

—Resources spent on nematocyst production
+Enhanced rate of reef accumulation and

+Clean polyps of debris, help prevent

+Shelter within coral skeleton

—Reliance on reef framework, possible lack of
ability to exploit resources elsewhere

+Strengthened refuge from predation

—Reduced flexibility in area available to forage
and access mates

+Protection from predation

— Potential cost of avoiding nematocyst damage

+Enlarged home range from which to forage,
increased access to mates in larger reef patch

—Increased risk of predation while aggregating
colonies

+Access to additional food resource

—Resources spent removing debris

+Helps to maintain viability of host
—Resources spent in defensive behaviour and
increased risk of predation
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Figure 6. Photograph of many small colonies of Madrepora
oculata growing among mobile sands on a giant carbonate
mound in the Porcupine Seabight. The reef aggregating beha-
viour of eunicid polychaetes may be an important factor in
promoting reef development in environments such as this
where coral colonies may become rapidly inundated by sedi-
ment transport (Image courtesy of AWI and Ifremer (2003),
dive 5 of Victor 6000 RV ‘Polarstern’ Expedition ARKXIX/
3a, Galway carbonate mound, 51°27.09'N 11°45.24'W, 820 m).

of several weeks, became reinforced and more opaque
(Figure 4). It is this toughened parchment-like tube that
becomes calcified by both L. pertusa and M. oculata. In a
similar manner, L. pertusa is capable of calcifying around
shells and other debris that falls onto the reef. Indeed
plastic ropes from lost fishing gear that are a similar
diameter to eunicid tubes are calcified in the same way
(see Figure 5 and Taviani et al., 2004).

DISCUSSSION

By anastomosing to worm tubes and other materials and
aggregating coral colonies, Lophelia pertusa and Madrepora
oculata enhance the size and strength of the reef frame-
work. Similar i vitro observations were reported by
Chisholm & Kelley (2001) who recorded an immature
eunicid polychaete worm moving fragments of the
zooxanthellate coral Lobophyllia hemprichii, and Mortensen
(2001) notes that Eunice norvegica was capable of moving
fragments of L. pertusa in aquaria. Lophelia pertusa is the
dominant reef framework-constructing coral in the north-
east Atlantic; a role outlined by Wilson (1979b) who
suggested an explanation for the patchy coral occurrence
he observed on Rockall Bank. Wilson suggested that
L. pertusa could settle on a small amount of hard substrate
and grow to form self-sustaining rings on an otherwise soft
seabed. If a colony outgrew the strength of its initial
attachment, or was weakened by bioerosion, it would
collapse with the broken colonies either growing in situ or
providing settlement sites for new recruits. Virtually all
skeletons of L. pertusa and M. oculata examined contained
a symbiotic polychaete tube. The reef-aggregating beha-
viour of this worm, allied with the ability of L. pertusa and
M. oculata to calcify over its tubes, is likely to be significant
in the development of deep-water reef frameworks. By
joining coral colonies in this way, eunicid polychaetes
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may enhance the rate of reef accumulation and strengthen
the coral framework.

The reef-aggregating behaviour of eunicid polychactes
effectively provides sessile fragments of coral with the
ability to move and form patches. Some cold-water corals,
like their tropical counterparts, are habitat-forming
species. Organisms that construct habitat by altering the
availability of resources to other species can be thought of
as ‘ecosystem engineers’ (Jones et al., 1994). Those that
generate habitat from the structures they form, trees and
corals for example, are ‘autogenic engineers’. Species
whose activities transform resources and change the envir-
onment are ‘allogenic engineers’ (Jones et al., 1994). Tor
example, the dam-building behaviour of beavers would
be an example of allogenic engineering that extensively
modifies the environment upstream of the dam creating
lake habitats suitable for other species. The reef-
aggregating behaviour of eunicid polychaetes can be
thought of as allogenic engineering, taking the reef frame-
work produced by autogenic engineering species like L.
pertusa and M. oculata and acting as an agent that promotes
patch formation by aggregating coral fragments. When
cold-water coral reefs are surveyed they are frequently
found to be composed of a series of relatively discrete
seabed mounds. Typically, live coral mounds consist of an
outer rind of live coral material and, in the case of reefs
dominated by L. pertusa on the Norwegian continental
margin, no more than ten to 15 polyp generations appear
to occur (A. Freiwald, personal communication). Within
the mound as live coral dies back, the skeleton is weakened
by bioeroders such as clionid sponges (Ireiwald et al.,
2002). This combined with the increasing weight of the
growing coral skeleton causes individual coral colonies to
collapse. However, the presence of the allogenic poly-
chacte engineer maintaining reef integrity, together with
the ability of cold-water coral branches to anastomose
and encalcify the polychaete tubes all act together to
promote the development of coral mounds. Over thou-
sands of years, these processes have led to the creation of
reef complexes such as that on the Sula Ridge which
extends for 14 km along a moraine on the mid-Norwegian
shelf (Freiwald et al., 1999, 2002).

The reef aggregating behaviour may be of particular
benefit in cold-water coral reef areas dominated by active
sediment transport. Frequently small coral patches are
observed surrounded by rippled sands, indicating active
bottom currents and sediment transport (Figure 6). Coral
growths on the Darwin Mounds in the north-eastern
Rockall Trough (Masson et al., 2003), Galicia Bank on
the Iberian margin (Lavaleye et al., 2002) and the giant
carbonate mounds recently discovered in the Porcupine
Seabight are all examples. Net reef growth is only possible
if the rate of upward coral growth exceeds rates of sedi-
ment accumulation. The allogenic engineering behaviour
of eunicid polychaetes will accelerate the rate of reef
growth and help prevent the reef structure from becoming
inundated by sediment.

Considering symbiosis from the definition of de Bary
(1879) as the ‘living together of differently named organ-
isms’ eunicid polychaetes are symbionts of cold-water
corals. Organisms in symbiosis gain access to novel meta-
bolic or behavioural capabilities from their symbiotic
association (Smith & Douglas, 1987). For example
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endosymbiotic zooxanthellae contribute to the nutrition of
their invertebrate hosts with photosynthetically-fixed
carbon and by cycling nitrogen (Davies, 1992) whereas
the nematocyst-laden tentacles of stoichactid anemones
provide refuge for pomacentrid anemonefish (Fautin,
1991). In the present example, the sessile coral host gains
limited motility from the eunicid which in turn gains
protection and access to greater foraging space within the
reef framework. But where does this non-obligate associa-
tion fall on the spectrum from parasitism to mutualism?
Potential benefits and costs of the association of eunicid
polychaetes and cold-water corals are listed in Table 1.
Reef-aggregating behaviour would appear to benefit both
symbiont and host. For example the eunicid gains extra
protection and a larger home range from which to forage
and coral polyps aggregated to form a larger structure
may benefit from a better position in the water column
from which to feed.

Symbioses between polychaetes and other invertebrates
have been reviewed by Martin & Britaev (1998), a
summary of polychaete symbionts of the Cnidaria can be
found in Britaev (1981) and symbiosis in deep-water corals
was recently reviewed by Buhl-Mortensen & Mortensen
(2004). While some inferences on the functional role of
these symbiotic associations are made, most simply
describe the partnerships formed in a range of cnidarian
taxa. For example the polynoid Alentiana aurantiaca can be
found living among the tentacles of the actinian Bolocera
tuediae  (Pettibone, 1963; 1977).  Other
symbionts form tube-like galls on hydrocorals (e.g.
Harmothoe corralophila (Day, 1960, 1967)). Polinoe caecillia
builds mucus tubes on the branches of the gorgonian
coral Pleurocorallium johnstoni (Fauvel, 1914) and the lumbri-
nerid Lumbrineris flabellicola binds its mucus tube to the
skeletons of solitary corals and etches a groove into the
coral skeleton (Zibrowius et al., 1975). When observed in
aquaria, L. flabellicola foraged on mucus and other debris
from the coral host and since the polychaete obtained
protection, food and damaged the coral skeleton,
Zibrowius et al. suggested this symbiosis was rather more
parasitic than commensal. Mortensen (2001) observed the
behaviour of E. norvegica in symbiosis with L. pertusa in
aquaria. The polychaete was seen to clean coral polyps of
detritus, presumably beneficial to both partners, but also
to steal food from coral polyps, rather more beneficial to
the symbiont than the host. Thus far the weight of observa-
tional evidence supports Mortensen’s description of the
relationship between E. norvegica and L. pertusa as a non-
obligate mutualism.

While the aquarium observations described here suggest
that E. norvegica can act as a reef-aggregating agent in
cold-water coral ecosystems, similar i situ observations
are needed to investigate this role in the field. However,
deep-water reefs are inaccessible without recourse to
offshore research vessels equipped with sophisticated
sampling equipment and the difficulties and expense of
working in these environments can pose serious
constraints on the research it is possible to carry out. Our
understanding of the natural history of deep-water coral
reefs is therefore poorly developed in comparison with
shallow-water systems and few trophic and behavioural
interactions between the fauna have been described. A
literature survey in the late 1990s found that 899 species

Amoureux,
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had been recorded with L. pertusa (Rogers, 1999). A few
years later an international research project reported over
1300 species from a series of cold-water coral sites along
the European margin (Roberts & Gage, 2003). Clearly
the diversity of fauna found among cold-water coral reefs
is high but the ecological roles of the fauna are poorly
known. Visual observations from benthic landers and
sea-floor observatories capable of recording species inter-
actions in deep otherwise inaccessible waters have tremen-
dous potential to reveal further critical relationships
(Roberts et al., 2005). It is interesting to consider what
other symbiotic associations and functional roles remain
to be described.
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