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Towed underwater TV observations at 440m in the northern Evoikos Gulf, Greece, revealed a soft mud plain heavily
bioturbated by the thalassinidean Calocaris macandreae, with Callianassa subterranea and Nephrops norvegicus also present. Ejecta
mounds and feeding traces indicated the presence of a large echiuran, provisionally identi¢ed as Maxmuelleria gigas. The
locality also supported a dense population of a second echiuran, Bonellia viridis, a species not previously recorded as an
inhabitant of sedimentary environments.

The deep-burrowing `megafauna' (Atkinson, 1986) of sub-
littoral sediments have attracted considerable research interest
recently, spurred partly by a recognition that their bioturbative
activities may have important consequences for benthic bio-
geochemistry (Ziebis et al., 1996). Megafaunal burrowing
communities have been best characterized around the British
coasts, involving the use of SCUBA for in situ observations and
burrow identi¢cation (Atkinson & Chapman, 1984; Nickell et
al., 1995) and towed underwater TV for larger-scale surveys
beyond the e¡ective range of air diving (Hughes & Atkinson,
1997). Less published information exists on the composition of
such communities in the Mediterranean, although many of the
decapod crustaceans, echiuran worms and burrowing ¢sh
studied in British waters are known to occur there. Towed

camera surveys carried out in 1996 as part of an EC-funded
study of Nephrops norvegicus (L.) stock assessment techniques
(Marrs et al., 1996) recorded intensely-bioturbated muds at a
number of sites in the Adriatic and Aegean Seas and provided
much new information on the distribution and abundance of
burrowing megafauna. Here we describe the community
observed in the northern Evoikos Gulf, Greece (Figure 1),
notable for a dense occurrence of the echiuran worm Bonellia
viridis Rolando in a habitat quite unlike that normally con-
sidered typical for the species.

The northern Evoikos Gulf is an almost landlocked, deposi-
tional basin lying between the island of Evia and the Greek
mainland (Friligos, 1985), and reaches a maximum depth of
about 440m. On 15 July 1996 a transect approximately 2.5 km

Journal of the Marine Biological Association of the United Kingdom (1999)

J.Mar. Biol. Ass. U.K. (1999),79, 361^363
Printed in the United Kingdom

Figure 1. Map showing the location of the northern Evoikos Gulf (shaded) on the Aegean coast of Greece.
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long extending through the deepest part of the basin was
observed using towed underwater TV. Starting and ¢nishing
points were at 38848.892'N 23806.602'E (depth 444m) and
38848.785'N 23808.220'E (depth 442m), respectively. Obser-
vations were made with a Simrad Osprey OE1362 ¢xed-
focus camera mounted on a lightweight aluminium sled,
with illumination provided by two Bowtech Versabeam
lamps. Images were recorded on VHS tape. The ship's posi-
tion and distance covered were recorded at 5-min intervals
using Global Positioning System. Tow duration was 120 min,
beginning at 1044 hours. On viewing the tape, surface
bioturbation features and epifauna were counted along a
70 cm wide strip, using a ¢eld-of-view calibration established
prior to the tow.

The £oor of the deep basin consisted of a ¢ne mud plain
densely pitted with small burrow openings (mean 42.9 holes
m72). The hole clustering pattern indicated that the predomi-
nant burrower was the thalassinidean crustacean Calocaris
macandreae (Bell). This microtopography was supplemented by
occasional (0.23 m72) large conical or domed mounds up to
30 cm in diameter. The fresh ejecta of which these were
composed often contrasted strongly with the background sedi-
ment (Figure 2A). An apical burrow opening was sometimes
present. These mounds and ejecta patches appeared identical to
those formed by the large bonelliid echiuran Maxmuelleria
lankesteri (Herdman) in Scottish waters (Hughes et al., 1996). A
similar species M. gigas MÏller is known from the Adriatic
(Zavodnik, 1994). Provisional attribution of the Evoikos mounds
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Figure 2. Still photographs taken from towed underwater TV recordings of the sea-£oor at approximately 440m in the northern Evoikos Gulf.
(A) A patch of pale sediment ejecta (e) probably vented by the echiuran Maxmuelleria gigas. The proboscis of a Bonellia viridis (p) is seen extending
towards the top of the frame. (B) Proboscides of three individuals of B. viridis (p) in di¡erent stages of extension. The strong bifurcation of the
proboscis tip is clearly seen in the upper two examples. Arrows in both photographs indicate the burrow openings from which the proboscides are
extended. The surrounding sediment is also heavily burrowed. Scale bars: 10 cm.
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to M. gigas was supported by rare sightings of stellate feeding
traces on the sediment surface, similar to those produced by
M. lankesteri (Hughes et al., 1996). Small sediment mounds may
have been the work of the thalassinidean Callianassa subterranea
(Montagu), which has been recorded as common in the
northern Evoikos Gulf (Thessalou-Legaki, 1987). The large
burrow openings of the Norway lobster Nephrops norvegicus were
unmistakable but very rare, only ¢ve being seen during the tow.

No littoral or terrestrial plant debris was seen on the sediment
surface, and there were no signs of any recent trawling. Epifauna
were scarce, the most common species being the squat lobster
Munida rugosa (Fabricius) (0.03 ind m72). An unidenti¢ed
anemone, possibly a cerianthid, with a pale column and long,
pale or dark tentacles occurred at a density of 0.02 ind m72.
Two macrourid ¢sh, tentatively identi¢ed as Nezumia
sclerorhynchus (Valenciennes) and Coelorhynchus coelorhynchus
(Risso) were seen.

The most remarkable aspect of the burrowing community
was the abundance of bonelliid echiuran worms, revealed by
numerous long proboscides extended across the sediment
surface, invariably retracting slowly as the camera sled
approached (Figure 2A,B). The narrow, ribbon-like proboscides
were up to 120 cm long and measured up to 35 cm across their
strongly bifurcated tips. Each proboscis emerged from a small
circular burrow opening, sometimes surrounded by a pale sedi-
ment deposit, but clearly not associated with the large ejecta
mounds described previously (a proboscis of this morphology
would also not create the stellate surface traces attributed to
M. gigas). A count of extended proboscides originating within
the 70 cm wide transect gave an estimated density of 0.63 ind
m72, probably an underestimate given that the worms may not
all have been extended above the surface. Even using this
minimum density, and assuming an average proboscis extension
of 1 m, the combined sediment surface area accessible to the
worms considerably exceeds the total area of sea-£oor surveyed
(1731.4m2), illustrating the potential of these animals to a¡ect
the sediment surface throughout this locality.

A proboscis of the observed form and dimensions is fully
consistent with that of Bonellia viridis (Jaccarini & Schembri,
1977), and di¡ers from that of any other echiuran known to
occur in the Mediterranean. However, until now, B. viridis has
been typically recorded as an inhabitant of calcareous rock
crevices in the shallow sublittoral (Schembri & Jaccarini, 1978;
Zavodnik, 1994). Schembri & Jaccarini (1978) stated that the
animal was never found in soft substrata and made no attempt
to penetrate sand when presented with it. The species has been
found at several other sites in the Aegean down to 200m, always
associated with hard substrata (C.J. Smith, personal obser-
vation). Our observations in the Evoikos Gulf suggest that
B. viridis may be far more adaptable in its choice of habitat than
previously believed. The association of this echiuran with deep
mud substrata may not be con¢ned to the Evoikos Gulf. A
photograph in Piccard & Dietz's (1961) account of the `Bathys-
caph' expeditions shows what are clearly bonelliid proboscides
extending over a soft substratum at 276m o¡ the island of
Capri. Galil & Goren (1994) collected B. viridis from 1000 to
1390m o¡ the coast of Israel. Habitat details were not given,
but the use of a beam trawl indicates a sedimentary substratum.
Bonellia viridis may turn out to be a widespread component of
megafaunal burrowing communities in the Mediterranean, and

at the densities observed in the northern Evoikos Gulf could
potentially have an important in£uence on processes at the sedi-
ment^water interface.
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