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ABSTRACT. Seasonal experimental trawl surveys (fall 1991-winter 1993) carried out in the Thracian Sea and
Thermaikos Gulf (N. E. Mediterranean, Greece). In this area, fishing pressure is very high, since approximately
50% of the Greek otter trawl fleet operates here, producing more than 57% of the total demersal landings. From a
total of 285 bottom trawls sampled at depths between 16-420 m, 157 fish species were caught. Indices of diversity,
richness, evenness, dominance and ABC plots were used to assess spatial structure, seasonal changes and diversity
of the demersal fish assemblages. In general, species diversity, richness and evenness decreased with water depth,
with the highest values at depths <100 m. Dominance increased with depth, getting its maximum at depths >200 m.
The effect of depth on the diversity patterns observed was always significant, while no seasonal trends were
detected. Commercially important species were dominant in the shallowest zone, while non-commercial species
predominated at depths below 200 m. At intermediate depths (30-200 m) almost 50% of the total catches comprised
of non-commercially important fish species. The abundance/biomass comparison method proved a useful tool for
assessing the impact of stresses on fish populations since it revealed moderate disturbance on fish communities at
those depths where fishing pressure is the highest.
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INTRODUCTION

The reductions of catch rates and mean size of individ-
uals is well documented in world fisheries (PITCHER,
1996, PAULY et al. 1998). Consequently, new approaches
to the study of exploited populations have been sug-
gested, including the study of the fish assemblage struc-
ture in relation to environmental variables, and the char-
acterization of seasonal changes to improve management
practices (i.e. GISLASON et al. 2000). As pointed out by
CADDY & SHARP (1988) this type of study is a necessary
step towards understanding the dynamics of multispecies
stocks. Such work can then be extended to find general
patterns, which may be associated with particular envi-
ronmental conditions and fishing effort.

Information on soft-bottom fish assemblages is particu-
larly scarce in the Eastern Mediterranean region where
demersal fish are heavily exploited as principal targets or
as by-catch. In Greek waters, demersal fishes of the conti-
nental shelf and slope are subjected to an intensive fishery
carried out by trawl, gillnet and longline fleets. Gillnets
and longlines catch a small number of species, whereas
the trawl fleet exploits a multi-species fishery targeting
several demersal and benthic species. The results of
experimental trawl fishing in the Greek seas indicate that
commercially important demersal and inshore stocks suf-
fer from growth over-fishing. As a result, commercial
catches consist mainly of young immature individuals
and a variety of non-commercial species that are dis-
carded (STERGIOU et al., 1997).

In the present study, trawl catch data obtained season-
ally, between fall 1991 and winter 1993, from the conti-

nental shelf and the upper slope of the Thracian sea were
analysed to investigate the structure of the demersal fish
community. The main objective was to identify aspects of
community structure that are most likely to reveal evi-
dence of anthropogenic impact due to exploitation.

MATERIALS AND METHODS

Sampling procedure

A total of 285 hauls were taken during 8 experimental
bottom trawl survey cruises on a seasonal basis (fall
1991-winter 1993) in the Thracian Sea and Thermaikos
Gulf from standard depth stations between 16-420 m.
Sampling stations were selected on a depth-stratified ran-
dom decision and the otter trawl used (foot-rope length :
65.7 m, headline height : 1.5 m) was equipped with a cod-
end bag liner of 16 mm stretched mesh size. Samples
were collected during daylight between 08:00 and 17:00
hours. The duration of each trawl (bottom time) was 30-
60 min and the trawling speed fluctuated from 2.5 to 3.0
knots depending on the depth and the nature of the sub-
strate. The catch from each haul was sorted and identified
to species level, and each species was enumerated and
weighed separately on board. Since all hauls were carried
out using the commercial trawl vessel (‘Ioannis Rossos’)
and the same fishing gear, it was assumed that gear selec-
tivity was constant. Those species regarded as pelagic or
semi-pelagic in behaviour were excluded from the analy-
ses since they had not been quantitatively sampled (i.e.
Scomber sp., Trachurus sp., Sardina pilchardus, Engrau-
lis encrasicolus).
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Data analysis

Species abundance and biomass were calculated for
each haul after standardization of the data to a 1 hour tow.
Cluster analysis (group average) employing the Bray-
Curtis similarity index (FIELD et al., 1982) was performed
to the standardized abundance values of the species using
the PRIMER algorithms, Plymouth Marine Laboratory
(CLARKE, 1993). In order to normalize the data and avoid
skew a square root transformation was applied to the
abundance data prior to cluster analysis (FIELD et al.,
1982). Multidimensional scaling (MDS) ordination analy-
sis was also performed with the same configuration as in
cluster analysis with respect to similarity index and trans-
formation. The typifying and discriminating species of
each group of stations were determined using the SIM-
PER procedure (CLARKE, 1993). This procedure indicates
the average contribution of each species to the similarity
(typifying species) and dissimilarity (discriminating spe-
cies) between groups of samples. Variation in species rel-
ative abundance and biomass was also examined by using
the graphical representations of species cumulative fre-
quency distributions (k-dominance curves, LAMBSHEAD et
al., 1983). Relative abundance and biomass of demersal
species were superimposed using the ABC method of
WARWICK (1986) to provide information on the size of the
most dominant species. The ecological parameters

number of species (S), species diversity (Shannon-Wiener
index, HURLBERT, 1978), richness (MARGALEF, 1968),
dominance (Simpson’s index, KREBS, 1989) and evenness
(PIELOU, 1966) were calculated for each of the station-
groups defined by cluster analysis.

RESULTS

A total of 157 species belonging to 60 families were
collected from 285 trawl stations at depths ranging from
16 to 420 m. On the basis of classification and ordination
of the 285 hauls, in terms of species abundance, 4 major
station-groups (I to IV) were distinguished, reflecting
depth-related differences in demersal fish assemblages
associated with the continental shelf and the upper slope
(Fig. 1). Group I included stations from intermediate
depth (30-90 m), while group II comprised all the deepest
stations from the continental shelf (100-190 m). Group III
consisted entirely of the shallow stations (16-28 m). All
stations from the upper slope (200-420 m) were classified
in group IV. Species dominated in each group are pre-
sented in Table 1. However, a relatively small number of
species contributed most to the similarity of each group,
but their relative abundances varied between adjacent
groups (i.e. Groups I-III) (Table 1).

Table 1. Dominant fish species in the Thracian Sea and Thermaikos Gulf, based on abundance rank for each
station group identified by cluster analysis. Densities (%N) are averaged over all samples in each group.
% Cum: average contribution to the similarity in each group. C indicates commercially important species. SD :
Standard Deviation

Group III (16-28 m)
average similarity: 67.8 SD: 4.9 % N % Cum. Group I (30-90 m) 

average similarity: 73.8 SD: 7.1 % N % Cum.

Arnoglossus laterna 13.55 12.37 C Serranus hepatus 17.36 7.85
Serranus hepatus 8.75 23.29 Trisopterus minutus capelanus 17.59 15.12 C

Diplodus annularis 4.24 32.27 Mullus barbatus 7.44 21.29 C
Gobius niger 6.74 40.72 Arnoglossus laterna 10.12 27.00 C
Mullus barbatus 30.75 48.11 C Merluccius merluccius 3.21 32.08 C
Trisopterus minutus capelanus 1.21 53.63 C Spicara flexuosa 6.92 37.10
Spicara flexuosa 5.43 59.14 Lepidotrigla cavillone 2.75 41.71
Trigla lucerna 1.61 64.48 C Cepola rubescens 2.34 46.23
Merlangius merlangus euxinus 3.54 69.45 C Deltentosteus quadrimaculatus 5.35 50.73
Scorpaena notata 0.45 74.15 C Callionymus maculatus 3.40 55.06
Merluccius merluccius 0.76 78.50 C Scyliorhinus canicula 2.45 58.74
Gobius paganellus 4.45 82.18 Citharus linguatula 1.67 62.33 C
Solea vulgaris 4.45 85.36 C Lophius budegassa 0.90 65.76 C
Cepola rubescens 0.65 88.03 Serranus cabrilla 0.84 68.74

Symphurus ligulatus 0.58 71.51
Gaidropsarus sp. 0.42 74.05
Raja clavata 0.15 76.18 C
Arnoglossus thori 0.75 78.27 C

Group II (100-190 m)
average similarity: 73.6 SD=4.4 % N % Cum. Group IV (200-420 m)

average similarity: 72.3 SD: 7.8 % N % Cum.

Trisopterus minutus capelanus 27.74 10.17 C Hymenocephalus italicus 14.71 11.03
Merluccius merluccius 10.16 18.29 C Gadiculus argenteus argenteus 24.52 21.95
Argentina sphyraena 2.04 23.95 Lepidorhombus boscii 5.30 31.81 C
Lophius budegassa 2.26 29.31 C Micromesistius poutassou 26.42 40.85 C
Lepidorhombus boscii 1.38 34.50 C Coelorhynchus coelorhynchus 2.41 47.97
Arnoglossus laterna 2.46 39.37 C Phycis blennoides 1.06 54.59 C
Scyliorhinus canicula 2.18 44.11 Lophius budegassa 1.14 61.12 C
Lepidotrigla cavillone 4.05 48.77 Argentina sphyraena 14.07 67.63
Callionymus maculatus 2.54 53.41 Merluccius merluccius 6.88 74.03 C
Cepola rubescens 1.59 57.88 Galeus melastomus 0.50 78.95
Serranus hepatus 6.99 62.10 Trigla lyra 0.37 82.62 C
Capros aper 0.88 66.07 Capros aper 0.16 86.12
Phycis blennoides 0.31 69.75 C
Aspitrigla cuculus 1.68 73.02 C
Trigla lyra 0.33 76.27 C
Mullus barbatus 4.53 79.52 C
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Differentiation between groups of station was evident
in the k-dominance curves, in terms of both number and
weight. Stations corresponded to groups I and II revealed
more diversified and less dominated communities than
those from the upper slope (group IV), with shallow sta-
tions (group III) having an intermediate position (Fig. 2).
The curves got steeper and more elevated for group IV,
suggesting that depths below 200 m were dominated by
fewer species. Combined k-dominance curves for number
and biomass (Fig. 3) showed that the dominant species
occupied a larger proportion of the total when expressed
as biomass rather than as numerical abundance in groups
III and IV. At high species rank, both curves were steeper
in gradient, indicating that fish assemblages in groups III
and IV were dominated by few species. On the contrary,
the k-dominance plots for group I exhibited an inverted
pattern with the abundance curve more elevated than the
biomass curve, indicating that several of the numerically
most abundant species are small in size. A combination of
large and small species, each with different rank in terms
of abundance and biomass, produced k-dominance
curves, which crossed for those hauls taken from depths
between 100-190 m depth (group II). Estimations of the

mean commercial/noncommercial ratio in terms of both
number and weight of the species consisting each group
revealed that commercially important species were domi-
nant in the shallow zone (16-28 m). At intermediate
depths (30-200 m) almost 50% of the total catches com-
prised of non-commercially important species, while non-
commercially species predominated at depths below 200
m (Table 2).

a

b

Fig. 1. – Classification (a) and ordination (b) of the sampling
stations based on species abundance from the Thracian Sea and
Thermaikos Gulf.

Fig. 2. – Cumulative species richness curves in the four groups
identified by cluster analysis

Table 2. Estimates of commercial / non commercial ratio by number and weight for species in each group iden-
tified by cluster analysis 

Commercial / non-commercial ratio Group III
(16-28 m)

Group I
(30-90 m)

Group II
(100-190 m)

Group IV
(200-420 m)

Number 1.30 0.79 1.03 0.70
Weight 1.53 0.96 1.10 0.74
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Significant differences in mean species abundance,
biomass and diversity indices existed between the four
station-groups (Fig. 4). The highest values of these
parameters were found in samples from the continental
shelf (Groups II and III, 30-190 m depth). A converse
trend was noted from 200 m down to the maximum depth

sampled (Group IV), as well as for the shallowest stations
(<30 m, group I). However, ecological parameters
appeared to be more or less uniform at depths between
30-190 m (P>0.05, Tukey HSD test). A steady decrease
was observed for the stations of the upper slope together
with the shallow-water coastal stations.

Fig. 3. – Comparison of k-dominance curves (abundance and biomass) for the demersal fish communities between the four station-
groups from the Thracian Sea and Thermaikos Gulf
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DISCUSSION

Four distinct demersal fish assemblages were clearly
associated with the topography of the study area. A shal-
low assemblage reached to about 30 m and represents
coastal shallow bottom fauna of the continental shelf.
Two assemblages corresponded to the middle (30-90 m)
and deeper (100-190 m) parts of the continental shelf, and
a deep assemblage extended beyond that depth which rep-
resents the upper slope. The continental shelf assem-
blages exhibited greater abundance and contained species
of commercial interest such as : Merluccius merluccius,
Mullus barbatus, Mullus surmuletus, Pagellus erythrinus,
and Trisopterus minutus capelanus. The upper slope
assemblage is characterized by the predominance of spe-
cies like Micromesistius poutassou, Gadiculus argenteus
argenteus, Argentina sphyraena and Hymenocephalus
italicus, which are small and not commercially important.
The main determining feature associated with the struc-
ture of the demersal fish assemblages is depth, as it
reflects the changes from the continental shelf to the con-
tinental slope. However, other bottom and oceanographic
characteristics must also play a role, at least for structur-
ing assemblages on the continental shelf. These include
the gradient in eutrophy, fresh/brackish water runoff, tem-
perature and salinity differences along a NNW to SSE
axis, and differences in the extent and the bottom type of
the continental shelf (STERGIOU et al., 1997). Neverthe-
less, the most important quantitative boundary for all
areas was located around 200 m, a depth separating the
species of the continental shelf from those of the upper
slope extending down to 500 m.

High species richness and diversity characterized the
continental shelf, but both variables decreased markedly
at the deepest waters, while the reverse was true for spe-
cies dominance. On the other hand, evenness also
decreased with depth, but remained rather constant at
depths between 30-190 m, indicating little variability in
the numerical codominance of species over the continen-
tal shelf. The disparities in these general trends for the
shallowest depths (group III) may be attributed to the
more variable environmental characteristics (temperature
and salinity) in shallow coastal waters. The k-dominance
analysis suggested that the spatial trend in diversity and
dominance was a strong feature of the species assem-
blages under study, with dominance being the highest in
group IV. Consequently it appears that the highest values
of species diversity at depths between 30-190 m, coin-
cided with those depths where fishing pressure has been
the greatest.

Increasing levels of disturbance have generally been
considered to decrease diversity, species richness and
evenness. These observations have also been made in
many studies as response of demersal fish communities to
intense fishing effort (GREENSTREET & HALL, 1996 ;
RIJNSDORP et al., 1996 ; HALL, 1999 ; JENNINGS et al.,
1999). However, recent theories on the influence of dis-
turbance or stress on diversity suggest that at intermediate
levels of disturbance, diversity could be the highest
(MURAWSKI, 2000). Fishing might cause major species
replacement but the actual changes in their reletive abun-
dance are rather subtle. Other changes in assemblage’s
species composition generally involve relatively rare spe-

Fig. 4. – Ecological parameters (a : number of species, b :
evenness, c : dominance, d : richness, e : Shannon-Wiener
diversity) by depth zone (I : 16-28 m, II : 30-90 m, III : 100-
190 m, IV : 200-420 m) for the demersal fish communities in
the Thracian Sea and Thermaikos Gulf
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cies and thus indices based on multispecies information
do not always reflect major species replacement events
(MURAWSKI, 2000). Therefore, depending on the starting
point of the community in relation to existing stress lev-
els, increasing levels of stress may either result in an
increase or decrease in diversity. BIANCHI et al. (2000),
who investigated whether changes in diversity and domi-
nance of demersal fish communities could be related to
fishing, concluded that the largest changes in diversity
appeare to be due to changes in evenness or species rich-
ness, or both, often leading to an increase in diversity in
response to heavy exploitation. Since diversity measures
have a specific sensitivity to changes in weight or num-
bers, dominant or rare species occurrrences, evenness
among species and other attributes (MAURAWSKI, 2000),
no consensus has developed yet on the utility of tradi-
tional diversity indices as a measure of ecosystem over-
fishing (JENNINGS & REYNOLS, 2000 ; RICE, 2000).

Some spatial effects of fishing in the study area were
adequately well illustrated by abundance/biomass com-
parison (ABC) method. The logic behind using ABC
curves to evaluate effects of perturbations is that in undis-
turbed communities the presence of large organisms
results in the biomass curve lying entirely above the
abundance curve, due to the dominance of few large spe-
cies each represented by few individuals (WARWICK &
CLARKE, 1994). Under environmental stress the commu-
nities become increasingly dominated by large numbers
of small individuals and the abundance curve lies entirely
above the biomass curve. In moderate disturbed commu-
nities these curves closely coincident and may cross over
one or more times (WARWICK, 1986). This method has
successfully been used for assessing the degree to which
macrobenthic communities respond to increasing levels
of pollution-induced disturbance (WARWICK, 1986 ; WAR-
WICK et al., 1987 ; WARWICK & RUSWAHYUNI, 1987 ;
MEIRE & DEREU, 1990 ; WARWICK & CLARKE, 1994).
Recently, PENCZAK & KRUK (1999) who employed the
ABC comparison method for detecting human impacts on
freshwater fish populations reported that it proves a use-
ful tool for indicating disturbance in fish communities.
Although ABC curves have not been widely used for eval-
uating fishery impacts on fish community structure, it
appears, in the present study, that they can be a useful tool
as an indicator of overfishing. The biomass and abun-
dance curves are close together, crossing each other at
depths between 30 and 190 m, where fishing pressure is
the highest. Together with the negative values of W statis-
tics obtained, these results indicate moderate disturbance
of demersal fish communities. Also present in these com-
munities are small, non-commercially important fish spe-
cies, as confirmed by SIMPER analysis. These species
are numerically dominant but do not represent a large pro-
portion of the community biomass.

Studies in other areas, based on extended time series
during which major increases in fishing effort took place,
indicate that fishing leads to a decrease in catches and to
increases in non-commercial species (OVERHOLTZ &
TYLER, 1985 ; ROTHSCHILD, 1992). Furthermore, there is
evidence that the size structure of demersal fish commu-
nities is affected by fishing (PAULY et al., 1998). The
overall trend is one of a reduction in large fish and a rela-
tive increase in small fish (BIANCHI et al., 2000 ;

ZWANENBURG, 2000). In the present study, the fish assem-
blages under consideration have suffered a long history of
fishery exploitation. Therefore overfishing has affected
the population structure and densities of the demersal fish
communities, at least at depths up to 200 m, where most
of the fishing activity is focused. It is possible that the
organization of the demersal fish assemblages analysed is
determined to a great extent by unidirectional trend
induced by fishing, bottom topography and oceano-
graphic features of the study area.
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