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Abstract. Although the benthopelagic fish species are a focus of commercial exploitation, relatively
little attention has been paid to the small-sized invertebrates (0.5-20 mm) living on or very close to
the seabed, thus inhabiting the same biotope, known also as hyperbenthos. Recently, interest in this
faunal group has increased, as many demersal fish and epibenthic crustaceans have been found to
feed on hyperbenthic animals for at least part of their lives. Otter trawls, the most common gear used
for demersal fishing, result in significant disturbance of the sediment—waler interface. Animals that
are disturbed by the passage of a trawl may become more available to predators and scavengers. We
have been unable to find any reports of studies of the impacts of towed fishing gears, including otter
trawls. on hyperbenthos. We studied these effects on the Mediterranean continental shelf in Heraklion
Bay (Cretan Sea) using a novel apparatus to simulate the contact of otter trawl groundrope with the
scabed. A modified three-level hyperbenthic sledge was used for collecting disturbed (groundrope
present) and undisturbed (without groundrope) macrofaunal samples at a towing speed typical of the
local commercial vessels. Observations were made before and during the trawling season in an area
being actively tished. The preliminary results reported here indicate that trawling causes significant

changes in the structure of hyperbenthic communities.

Introduction

Otter trawls, the most common gear used for demersal
fishing, have been reported to disturb the seabed sedi-
ment to depths of up to a few centimeters below the sedi-
ment—water interface (Lindeboom and de Groot 1998).
Many studies have shown that benthic infauna and epi-
fauna can be exposed, damaged, or killed by the passage
of a trawl and that this may lead to incrcased opportunistic
feeding by invertebrate and fish predators (Jennings and
Kaiser 1998; Hall 1999; Kaiser and de Groot 2000).
However, no reports on the effects ol demersal fishing
gears, particularly otter trawls, on hyperbenthic fauna were
found.

The term “hyperbenthos™ is defined as the 0.5-20-
mm bottom-dependent animals which perform, with vary-
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ing amplitude, intensity, and regularity, seasonal or daily
vertical migrations above the seabed (Brunel et al. 1978).
Hyperbenthos can be distinguished as the permanent
hyperbenthos (amphipods, cumaccans, decapods, isopods,
mysids, pycnogonids, and tanaids) and near-bottom zoop-
lankton (subdivided into mesozooplankton: copepods,
crustacean larvae, chaetognaths, and polychaete larvae;
and macrozooplankton: ctenophores and postlarval fishes)
(Mees and Jones 1997). Thus, the hyperbenthos com-
prises a broad assemblage of various organisms related
by their distribution in space and not by phylogeny or
functional attributes. There are considerable practical dif-
ficulties in quantilatively sampling these often highly
mobile and small animals. They may be caught occasion-
ally by conventional sampling gears (e.g., grabs, and cor-
crs; Eleftheriou and Holme 1984) but are not retained in
the net of traditional lisheries assessment gears (Hall
1999). Furthermore, observations of hyperbenthic ani-
mals in the stomach contents of predatory fish gives only
qualitative information on the presence of these groups of
organisms in the benthic environment (Labropoulou and
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Eleftheriou 1997). This lack of quantitative information
contrasts with the importance of hyperbenthos to fisher-
ies, as the hyperbenthic communities act as a food re-
source for many commercially exploited demersal fish
and cpibenthic crustaceans (Carrassén et al. 1997; Martin
and Christiansen 1997; Cartes and Maynou 1998).

The aim of this study was to investigate the effects
of otter trawling on the hyperbenthic community of the
continental shelf of Heraklion Bay (Cretan Sea, Greece,
Eastern Mediterranean). The study utilized a new sam-
pling device (Koulouri et al. 2003) that simulates the dis-
turbance of the seabed (and hyperbenthic organisms)
caused by the passage of an otter trawl groundrope over
the sediment surface.

Methods

Heraklion Bay fishing ground, which occupies an area of
110 km?, is located on the northern coast of Crete (Cretan
Sea, Greece, Eastern Mediterranean) between 35°20°N
and 35°28°N and 25°°02’E and 25°20’E (Figure 1). The
experimental site was selected within the fishing ground
along the 50-m isobath, which coincides with a traditional
fishing lane where most of the local commercial trawling
is concentrated. Only one sedimentary facies, mud, is
distinguished at the study site (Chronis et al. 2000). Poly-
chaetes are the dominant macrobenthic infaunal group, in
terms of species numbers, abundance, and biomass, fol-
lowed by mollusks and crustaceans (Karakassis and

Eleftherion 1997). The dominant benthopelagic fish spe-
cics of commercial value arc: Mullus barbatus Linnaeus
1758, M. surmuletus Linnacus 1758, Serranus hepatus
(Linnaecus 1758), and S. cabrilla (Linnaeus 1758)
(Kallianiotis et al. 2000). The commercial trawling sea-
son runs from the beginning of October until the end of
May. Our field experiments were carried out during day-
light hours on two sampling occasions, before (27 Sep-
tember 2001) and a week after (7 October 2001) the be-
ginning of commercial trawling. On both occasions, the
experimental site was surveyed with an underwater towed
video sledge. Recent trawling activity was evident by
fresh marks on the seabed, indicated by hard edges, un-
covered lighter-gray sediments, and flat areas with no
sedimentary features. Before the beginning of commer-
cial trawling, older marks, indicated by softer edges with
numerous bioturbation features such as burrows and
mounds, were visible. It should be noted that since the
beginning of the trawling season (1 October 2001), two
trawlers were observed operating within the experimental
site.

The sampling gear consiructed and used for the ex-
periment was a modified version of Towed Trawl Simu-
lator Sledge (TTSS2, Dounas et al. 2002; Koulouri et al.
2003) fitted with an otter trawl groundrope (as used by
local trawlers) in contact with the seabed (Figure 2). Three
nets (0.5-mm mesh size) with three doors attached to a
metal frame were added in order to permit sampling of
macrobenthic fauna at three levels (5-30 ¢cm, 31-56 m,
and 57-82 m) above the sediment surface. An electro-
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Figure 1. Map of Heraklion Bay (Crete Island, Greece, Eastern Mediterranean)
showing the location of the station occupied during this study (bold dashed line
shows 1,852-m (1-nautical-mi) trawling limit according to the Greek Fisheries
Legislation (i.e., all bottom trawling must occur offshore of this line).




EFFECT OF OTTER TRAWLING ON HYPERBENTHIC COMMUNITIES IN HERAKLION BAY

mechanical system allowed the opening (horizontal posi-
tion) and closing (vertical position) of the threc doors
simultaneously, and an odomelter was used 10 measure the
distance traveled by the gear while in contact with the
bottom. The otter trawl groundrope (1.8-m length, 6.5-
cm diameter, 2-kg/m weight in water) was supported by
two lightweight metal arms attached to the sides of the
sledge and was positioned at a distance of 1.5 m in front
of the sledge. A video camera attached to the sledge visu-
ally covered the performance of the underwater apparatus
and showed that resuspension ahead of the sampling nets
was caused solely by the groundrope and that the sedi-
ment cloud was no higher than the upper sampling net.
The sledge was towed by the RV PHILIA at a normal
trawling speed of ~1 m/second (2 knots). The ratio of
length of wire paid out to depth was 2:1.

Profiles of standard hydrographic parameters (tem-
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perature, photosynthetically active radiation, chlorophyll
a, salinity, density, and dissolved oxygen) werc mea-
sured in the water column at the 50-m isobath on both
sampling occasions using a conductivity/temperature/
depth profiler (CTD; SBE-25, Sea-Bird Electronics, Inc..
Washington).

Experimental sledge tows during daylight hours were
made before and after the beginning of the trawling sea-
son. Bearing in mind the homogeneity of the bottom habi-
lat, samples were collected on three disturbed (groundrope
present) and three undisturbed (without groundrope) rep-
licate tows along the 50-m isobath on 27 September 2001,
prior to the trawling season. No attempt was made to
sample exactly on the same positions, and therefore, the
sampling can be considered to have been randomly dis-
tributed along the trawl track. The experimental site was
sampled again (four disturbed and four undisturbed rep-
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(A) Lateral schematic view of the TTSS2. p.n. = plankton net; C =

collectors; D = doors. (B) Front schematic view of the TTSS2 (from Koulouri et

al. 2003).
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licate tows) on 7 October 2001, after the trawling season
had commenced. Material collected was fixed with 10%
formalin on board immediately atter collection and sorted
under a dissecting microscope, and the organisms were
identified to the major taxonomic groups and counted for
cach replicate tow.

Densities of each taxon of the macrofauna were stan-
dardized separately to the number of individuals/m* of
seabed for the three nets in each tow. Densilies of the
three nets were summed for each experimental sledge
tow. Averaged densities of animals from the replicates of
disturbed and undisturbed tows before and after the trawl-
ing season were calculated. The statistical significance of
differences in the densities of the major taxonomic groups
was assessed using the Mann—Whitney U-test.

In order to investigate the similarity between different
tows, cluster analysis was performed using the Bray-Curtis
similarity index (Bray and Curtis 1957) and the group
average linkage method (Clarke and Warwick 1994). Data
for the total number of individuals/m? were transformed to
the square root prior to analysis. An analysis of similarity
test (ANOSIM) was performed (o investigate the signifi-
cance of any differences found (Clarke and Green 1988;
Clarke and Warwick 1993). The PRIMER statistical soft-
ware package (Plymouth Marine Laboratory, Plymouth,
UK) was used for the above data analyses.

KOULOURI ET AL.

Results

Data of the hydrographic parameters measurcd before
and after the beginning of the trawling scason are similar,
indicating relatively stable conditions (Figure 3). No storm
event took place durin g the short period between the two
sampling occasions.

A total of 10,065 individuals werc identified to 27
major taxa from all the experimental sledge tows. The aver-
aged densities of the major taxa collected from the undis-
turbed and disturbed sampling tows in both sampling occa-
sions are shown in Tables 1 and 2, respectively. The TTSS2
with groundrope present collected animals from a wide
range of taxonomic groups (27), while the TTSS2 without
groundrope collected a much smaller number of taxa (13).
Gastropoda, Polychaeta, Mysidacea, Amphipoda, and
Cumacea were the most abundant groups in the disturbed
samples. Comparison of the averaged densities of the ma-
jor taxa shows that most of the taxonomic groups collected
from the disturbed (Table 2) tows were greater than those
collected in the undisturbed (Table 1) tows at least by one
order of magnitude.

The abundances of several animal groups were lower
after the trawling season had commenced, while some oth-
ers appeared to be higher. The densities of seven disturbed
and four undisturbed major taxonomic groups varied sig-
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Figure 3. Standard water column hydrographic measurements (temperature, photosyntheti-
cally active radiation [PAR], chlorophyll a, salinity, density, oxygen) before (27 September

2001; black line) and after (7 October 2001;

trawling season in Crete.

dashed line) the beginning of the commercial
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Table 1. Averaged densities (individuals/m’ = SD) of
the major taxa collected from the undisturbed ex-
perimental sledge tows before (27 September 2001)
and after (7 October 2001) the beginning of the com-
mercial trawling season in Crete (n = number of
tows). Statistical significance of differences in densi-

Table 2. ‘Averaged densities (individuals/m’ = SD) of
the major taxa collected from the disturbed experi-
mental sledge tows before (27 September 2001) and
after (7 October 2001) the beginning of the commer-
cial trawling season in Crete (n = number of tows).
Statistical significance of differences in densities

ties between the two sampling occasions was deter-
mined with Mann-Whitney U-test. n.s. = not signifi-

between the two sampling occasions was determined
= not significant.

with Mann-Whitney U-test. n.s.

cant.
Before After Before After
Taxa (n=23) (n=4) P Taxa (n=23) (n=4) P
Cnidaria 0.10 £+ 0.05 0.03 £ 0.02 n.s. Porifera 0.01 = 0.02 0.02 + 0.04 ns.
Crustacea 0.52 £+ 0.30  0.23 + 0.05 n.s. Cnidaria 0.08 + 0.07  0.41 £ 0.17 <0.05
(larvae) Ctenophora <0.01 n.s.
Copepoda 0.11 £0.05 0.20+0.05 <0.05 Nemertini 0.02 + 0.02 n.s.
Decapoda <0.01 <0.01 n.s. Sipuncula 0.10+0.12  0.01 £0.02 nus.
Mysidacea <0.01 0.02 + 0.02 n.s. Gastropoda 6.25 + 1.37 1.12 £ 0.71  <0.05
Cumacea <0.01 0.03 + 0.02  <0.05 Scaphopoda 0.09+0.12 ns.
Isopoda <0.01 <0.01 n.s. Bivalvia 1.05+0.19 0.60+0.21 <0.05
Amphipoda 0.01 £ 0.01 0.03 + 0.02 n.s. Polychaeta 343 +038 143 +0.57 <0.05
Chaetognatha 0.08 £ 0.03  0.07 + 0.02 n.s. Crustacea 291 +£0.65  3.65 x1.59  ns.
Echinodermata 0.03 + 0.02 <0.01 <0.05 (larvae)
Thaliacea 0.04 + 0.02 <0.01 <0.05 Copepoda 0.36 + 0.12 3.17 £ 0.59  <0.05
Fish larvae 0.02 + 0.02 <0.01 n.s. Ostracoda 0.33 £ 0.33 0.10 £ 0.07 n.s.
Eggs 0.01 + 0.01 0.03 + 0.02 n.s. Decapoda 1.53 £ 040 1.82x1.24 ns.
Mysidacea 10.55+1.53 6.82 +3.15 ns.
Cumacea 433 + 1.66 7.38 £1.64 <0.05
. ] Tanaidacea 0.01 £ 0.02 0.02 + 0.03 n.s.
nificantly (Tables 1,2, P <0.05) between the two sampling Isopoda 021 +012 021 +0.10 ns.
occasions. In particular, the average densities of Gastropoda, ~ Amphipoda 577 +1.10 567 +1.67 n.s.
Bivalvia, and Polychaeta (Figure 4a, 4b, 4¢c) collected from  Pycnogonida 0.08 + 0.07 0.06 + 0.06 n.s.
the disturbed tows decreased significantly after the begin- ~ Chaetognatha 076 + 027 1.37 £ 0.29  <0.05
ning of the trawling period. On the other hand, the densities ~ EChinodermata  1.22 £ 0.50 044 £0.28  n.s.
of Decapoda, Mysidacea, Amphipoda, and crustacean lar- Appendicularia = 0.07 = 0.09  0.02 = 0.02 n-s.
’ ’ ’ . . Ascidiacea <0.01 n.s.
vae appeared not (o be affected by commercial trawling  Thaliacea 0.01 £ 0.02  0.03 + 0.03 n.s.
(Figures 4d, 5a, 5c, 5d). Abundances of Cumacea and  Fish larvae 0.10 + 0.06 0.09 + 0.07  n.s.
Copepoda were signiticantly greater after the beginning of ~ Pisces 0.03 £ 0.03 0.05 +0.03 n.s.
the trawling season in both disturbed and undisturbed sam- ~ Eggs 0.28+0.12 013 +0.06 ns.

pling tows (Figures 5b, Se), while numbers of Chaetognatha
increased only in the disturbed tows (Figure 51).

The similarity dendrogram based on the density
matrices of the major taxonomic groups (Figure 6) showed
a clear separation of the samples from disturbed and un-
disturbed tows comprising two major groups. Further-
more, within each group ol tows, the two sampling occa-
sions were also separaled in two distinct subgroups, indi-
cating that the benthic community has been altered, prob-
ably as aresult of commercial trawling activity in the area.
The results of the ANOSIM test revealed that the above
four groups of tows were significantly diffcrent.

Discussion

It has been suggested that the impact of otter trawling is
largely restricted (o the disturbance caused by the doors
(Hall 1999). However, the effect of the groundrope in a
trawling rig should not be underestimated, as it accounts

usually for more than 90% of the area of contact of the
trawl gear with the seabed (Lindecboom and de Groot
1998). The groundrope used in these experiments pen-
etrated the muddy sediment of Heraklion Bay less than |
mm (Dounas et al. 2002). Observations made on the
Heraklion Bay fishing grounds using the new TTSS2
sampling gear to simulate sediment disturbance by otter
trawl groundrope showed significant perturbations of
small-sized benthos living on or very close to the sedi-
ment-walter interface.

Hyperbenthic sampling (TTSS2  without
groundrope) in the study area revealed low activity of
animals above the seabed. Most hyperbenthic species seem
to be very closely associated with the sediment during the
day, undcriaking vertical migrations during darkness
(Sainte-Maric and Brunel 1983, 1985; Kaartvedt 1986).
However, sediment disturbance experiments using the




534

10.00 1.60 1

, ] ¥ {a) * (b)
= 5.00 1.00 A
Z 6.0 A
Z 0.80 -
=400 1
2 200 A 0.40 1

0.00 - - l 0.00 - -

Before After Before After
Gastropoda Bivalvia
4.00 + - 4.00 1
(c) (d)

"= 3.00 A 3.00 +
3 200 I 2
é - 2.00 1
2 100 4 1.00 1

0.00 . 0.00 N -

Before After Before After
Polychaeta Decapoda

Figure 4. Averaged densities (individuals/m? £ SD) of
four major epibenthic taxa collected from the “dis-
turbed” tows before and after the beginning of the
commercial trawling season. An asterisk indicates
that statistically significant differences were deter-
mined by the Mann—-Whitney U-test (P < 0.05).
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TTSS2 and the otter trawl groundrope disturbed not only
a large number of epibenthic animals but also rich
hyperbenthic and zooplanktonic fauna living on or a few
centimeters above the bottom during daylight.

Changes observed in the abundance of certain taxo-
nomic groups a week afler the start of the trawling period
in the area cannot be attributed to any natural disturbance
event, as calm weather conditions prevailed throughout
the sampling period. This is consistent with the similarity
between the hydrographic conditions measured on the
two sampling occasions.

A large number of benthic animals may have been
displaced, damaged, or killed by the passage of trawl
gear, generating a food source for predators and scaven-
gers (Britton and Morton 1994; Kaiser and Ramsay
1997; Groenewold and Fonds 2000). Hence, it was not
unexpected to observe significant decreases in the abun-
dance of the major epibenthic groups such as gastro-
pods, bivalves, and polychetes shortly after the begin-
ning of the trawling season. On the contrary, the densi-
ties of some hyperbenthic and zooplanktonic groups,
such as cumaceans, copepods, and chaetognaths, in-
creased markedly. These increases probably were due to
immigration of animals from the neighboring untrawled
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Figure 5. Averaged densities (individuals/m’ £ SD} of six major hyperbenthic (a, b, c)
and zooplanktonic (d, e, f) taxonomic groups collected from the “disturbed” tows
before and after the beginning of the commercial trawling season. An asterisk indi-
cates that statistically significant differences were determined by the Mann-Whitney

U-test (P < 0.05).
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Similarity dendrogram based on density matrices of the major taxa col-

lected from the “undisturbed” and “disturbed” tows before and aiter the beginning
of the commercial trawling season. Statistical significance of differences among the
four groups of tows was determined with an ANOSIM test (R = 0.861; P < 0.001).

areas into the fishing ground where there is increased
availability of food and to the removal of large predators
by the fishing gear (Kaiser and Spencer 1994; Ramsay
et al. 1997; Prena et al. 1999). Other groups, such as
decapods, mysids, amphipods, and crustacean larvac,
appeared to be unaffected, although they also may be
attracted by the increased availability of food resource
caused by trawling, but they were probably also more
vulncrable to predatory pressure from demersal
benthivorous fish (Labropoulou and Eleftheriou 1997).

Current knowledge does not allow the prediction of

the long-term effects resulting from groundrope distur-
bance on the epibenthic, the hyperbenthic, or even the
zooplanktonic community. The development of novel di-
rect sampling techniques (such as TTSS2) may assist in
overcoming problems related to the inaccessibility of the

hyperbenthos, which cannot be performed by standard
sampling equipment. Ongoing research in the area using
TTSS2 combined with conventional benthic and pelagic
sampling and stomach content analyses of benthopelagic
fish is expected to give [urther information on the effects
of otter trawling on small invertebrates and on the result-
ing ecosystem responses.
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