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1. Introduction

Marine sediment communities have been the
subject of numerous ecological studies regarding
their adaptability to environmental changes and,
more importantly, their role in the seabed functioning
and ecosystem services. Benthic invertebrate
communities are the most studied components of
the marine ecosystem using BTA. These communities
consist of a wide variety of species that exhibit
a high diversity of life types characteristic of the
complex spatial and temporal structure of seabed
habitats. Most of these species have limited mobility
and relatively shorter lifespans compared to other
animal groups, such as fish. For this reason, these
communities become indicators of environmental
changes. This probably explains why benthic
invertebrate characteristics, benthic habitats, and
human impact are more frequently documented
in search results (Beauchard et al. 2017). In marine
ecosystems, macrobenthos plays an important role
in ecosystem processes such as nutrient cycling,
sediment oxygenation, organic matter decomposition
(Bremner 2005), secondary production (Bolam &
Eggleton 2014), metabolic waste transformation and
separation of toxic substances (Gilbert et al. 1994).

Biological traits of benthic organisms are used
as a key to better understand ecosystem processes
and functions. Biological traits are life history
characteristics of species and are often used to
understand the structure and dynamics of ecological
communities (Dray et al. 2014). The functional
importance of these processes is strongly related
to the form of invertebrate activity (Beaumont &
Tinch 2003; Solan et al. 2008). Properties that were
effective in processes involving benthic species can
be used as an indicator of ecosystem functioning.
Bolam (2012), Bolam et al. (2014), Bremner (2008),
Paganelli et al. (2012), van der Linden et al. (2012),
van Son et al. (2013) argued that assessments based
on a set of traits provide a better understanding of
ecosystem functions than assessments based on
benthic community structure. Direct measurements
of ecological functions are both time consuming
and burdened with methodological and logistic
difficulties. A large number of recently developed
functional diversity indices allow the measurement of
functional diversity (Wan Hussin et al. 2012). BTA, in
particular, which has been used recently, provides a
better understanding of benthic functional responses
to multiple forms of human impact (Bremner et al.
2003; Tillin et al. 2006; Frid 2011; Wan Hussin et al.
2012; Oug et al. 2012; Munari 2013; Bolam et al. 2014;
Muntadas et al. 2015; Donadi et al. 2015). The use of
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BTA as a method for describing ecological functioning
(Doledec & Statzner 1994) of marine benthic
assemblages has become widespread in recent years
(Bremner 2008; Paganelli et al. 2012; van der Linden
et al. 2012; Bolam et al. 2014; Nasi et al. 2018; Kun
et al. 2019). BTA uses various life history, behavioral
and morphological traits of species present in a
community to represent all aspects of the ecological
functioning of species. The biological trait approach
uses information about variation in the composition
of trait categories to represent some aspects of the
species functioning. Species with different biological
traits respond differently to fisheries and similar
effects. Different assemblages display different
functional responses (Tillin et al. 2006).

The Samsun Shelf Area is a marine habitat that
has been subject to severe physical disturbance for
many years, particularly caused by bottom towed
gear (bottom and beam trawls). The purpose of this
paper is primarily to describe the current functional
structure of the SSA ecosystem. We attempted
to determine functional responses of marine
benthic  macrofaunal invertebrate populations
to anthropogenic changes using biological traits
analysis. Fishing pressure and other factors may
have changed and restructured marine species, taxa
groups and assemblages in the area. This process
of change is likely to affect the functioning of the
entire ecosystem. The study will contribute to the
understanding of how macrobenthic assemblages
participate in ecosystem functioning in an area
under high fishing pressure, such as the SSA in the
south-central Black Sea.

2. Material and methods

2.1. Study area and Sampling

Sampling was performed seasonally in December
2013, April 2014, July 2014 and October 2014. A total of
80 biological samples were collected at 20 stations in
five different localities — Terme (T), Fenerkoy (F), Canik
(C), Derekoy (D) and Kosukoyu (K), and at four different
depths: 0-20 m (1), 20-40 m (2), 40-60 m (3) and >
60 m (4) along the SSA (Fig. 1). The substations were
coded by station initials and a depth range number
(e.g. F1 = Fenerkoy at 0-20 m; C3 = Canik at 40-60 m).
Sediment samples were collected as two replicates
using a Van Veen grab sampler (0.1 m?). All samples
were sieved through 0.5 mm mesh and stored in 70%
ethanol. Biological specimens were examined under a
stereomicroscope and identified to the lowest possible
taxonomic level.
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Benthic sampling stations and substations in the Samsun Shelf Area

The number of taxa and wet weight were recorded
on forms. Biomass (g m=) and abundance (N m~) were
calculated for each taxon at each sampling station.
Macrobenthic community abundance and biomass
data were normalized using log (x + 1) transformation
to minimize the effect of dominant taxa in samples
(Clarke & Warwick 1994).

2.2, Biological Traits Analysis (BTA)
In this study, 10 biological traits were selected

to describe functional characteristics of marine
macrobenthic taxa. Each trait was divided into

categories to include all character types of traits
exhibited by taxa. The selected traits were described
by a total of 48 categories (Table 1). For example, the
trait “larval development strategy” was divided into
the “pelagic-planktotrophic”, “pelagic-lecithotrophic”,
and “benthic-direct” categories.

Most taxa exhibit multiple behaviors depending
on specific conditions and availability of resources, so
assigning them to a single category may be incorrect
(Usseglio-Polatera et al. 2000). Therefore, an individual
taxon exhibiting various categories of each trait
was scored using the “fuzzy coding” procedure as
described by Chevenet et al. (1994). Depending on a
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Table 1

taxon’ affinity to a given trait category, each trait was
assigned a score ranging from 0 to 3, where 0 indicates
no affinity to a trait category, 1 or 2 indicate partial

affinity and 3 indicates high affinity. For instance,
<10 st Upogebia pusilla was coded as suspension = 3, surface

List of traits and categories used in BTA

m
1

2 11-20 32 deposit = 3, subsurface deposit = 3, scavenger/
Maximum size 3 21-100 53 opportunist = 0, predator = 0 and parasite = 0 for the
{mm) 4 101-200 4 trait category of “feeding mode”.
c A0 — Information on marine benthic invertebrates in
6 > 500 56 this aspect is rather scattered. Therefore, we collected
1 Diffusive mixer Bl data on all traits mainly from published papers, expert
2 Surface deposition B2 opinions, and the BIOTIC database (the Biological
Bioturbation 3 Upward conveyor B3 Traits Information Catalogue developed by the Marine
4 Downward conveyor B4 Life Information Network http://www.marlin.ac.uk/
5 None B5 biotic). While information on specific traits such as
1 Soft M1 larval development strategy and morphology was
2 Tunic M2 available for most taxa, adequate information was
3 Exoskeleton M3 not available for other traits such as life span. In such
Lleiehele 4 Crustose M4 a case, a zero value was assigned to all categories for
5 i M5 a trait in a number of studies (Usseglio-Polatera et al.
6 Stalked M6 2000; Tillin et al. 2006; Bremner et al. 2006; Paganelli
1 <1 1 et al. 2012). Instead, we adopted the approach of
5 1-2 12 using information on the most related taxa entries
Longevity (year) . E = to assign a category score (Bolam & Eggleton 2014).
4 e L4 Three matrices had to be prepared before moving to
1 Pelagic/planktotrophic D1 the next steps of the- BTA. A “traits !oy station§ mfatrix”
Larval development E— S — 02 was created by combining two matrices. The first is the
strategy — “taxa abundance/biomass by stations matrix” and the
3 Benthic (direct) b3 second is the “taxa by trait matrix”. The “taxa by trait
! Asexual RTL matrix” contains biological trait scores (fuzzy-coded
i e e 2 el B (pe'ag"c) RT2 data) for each taxon and the “traits by stations matrix”
3 S SUEl 5 TEm ] RT3 contains frequencies of biological traits at each station.
& Sexual/brood eggs G, The x2 (chi-square) test was performed using the
L Tube-dwelling L “biomass-based average frequency table” for each
2 Burrow-dwelling LH2 station to detect any significant relationships between
Living habit 3 Free living LH3 the stations and categories. “Traits by stations”
& Crevice/under stone LH4 matrices were prepared by using both abundance and
B Epi/endo zoic/phytic LH5 biomass data. “Traits by stations” matrices based on
6 Attached to seabed LH6 abundance and biomass were then compared with the
1 Surface SP1 RELATE routine in PRIMER.
S 2 Shallow infauna (0-5 cm) P2 The “traits by stations matri.x” was analyzed using
3 Mid-depth infauna (5-10cm)  SP3 Fuzzy Correspondence Analysis (FCA) (Chevenet et
4 Deep infauna (> 10 cm) spa al. 1994) to describe the distribution of biological
1 Suspension EM1 traits within assemblages and to identify the traits
2 Surface deposit EM2 responsible for differences. The software ade4TkGUI
_ 3 e — M3 package in R-3.0.2 (www.R-project.org/) was used to
Feeding mode 4 Scavenger/opportunist FM4 perform FCA.
B Predator P There are published studies that have tested
5 — e how abundance- or biomass-based data affect the
X S rv— relationship between trait composition and functions
5 Swim VIS (Villnds et al. 2012; Bolam & Eggleton 2014; Darr et
Mobility : al. 2014; Gogina et al. 2014). Although it is generally
? G ety Mob3 accepted that biomass-based data are stronger and
4 Burrower Mob4

more suitable for explaining ecosystem functioning

3 www.oandhs.ug.edu.pl
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Bremner et al. 2006; Cesar & Frid 2009; Darr et al.
2014), abundance-based and biomass-based data were
checked for a significant correlation in this study prior
to biological trait analysis.

3. Results

A total of 53 different taxa were identified in the
study area: Mollusca (20), Annelida (14), Arthropoda
13), Nemertea (2), Echinodermata (1), Cnidaria (1),
Phoronida (1) and Chordata (1). Bivalves, polychaetes,
gastropods, and echinoderms are the most abundant
in the area. Bivalves contribute the highest abundance
and biomass at almost all stations. They reached
the highest abundance in Canik (3367 N m™) and
the highest biomass (5379.95 g m™) in Kosukoyu.
Chamelea sp. is the most common taxa at a depth
of 0-20 m at all stations. The other most common
taxa at all stations were bivalves Pitar sp. and Abra sp.
Only the Terme substations were characterized by
the highest abundance of polychaetes with a total of
630 individuals, followed by 595 and 468 individuals
of bivalves and echinoderms, respectively. The Canik
station was characterized by the highest abundance
with 4195 N m= and the Kosukoyu station had the
highest biomass with 5420.85 g m™.

Biological trait scores for each macrobenthic taxon,
prepared according to the ‘fuzzy coding’ approach,
are presented in the supplementary material. The
X2 test performed for all traits shows a significant
correlation (p < 0.001) between the trait categories
and the sampling stations. It was observed that for
each trait at least one station was different from the
others in its biological profile. For example, organisms
with a size range of 101-200 mm and a lifespan of 3-10
years dominated only at Terme, while a size range of

—
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21-100 mm and a lifespan of > 10 years dominated
at all other stations. It was observed that there was a
strong correlation between the abundance-based trait
matrix and the biomass-based trait matrix tested using
the RELATE routine in PRIMER (p = 0.933, p < 0.001).
Due to this strong correlation between abundance and
biomass, only biomass data were used in all functional
analyses. Biomass-based FCAs were performed
to analyze functional structures of macrobenthic
communities in the Black Sea.

3.1. Winter period

The first two axes of FCA accounted for 61% of
the total variance in the composition of biological
traits at the sampling stations during winter. The FCA
indicated that axis 1 and axis 2 contributed 35% and
26% of the variation, respectively. The correlation
ratios (RS) of each trait contributing to the total
variance are presented in Table 2. The RS corresponds
to the proportion of the total variance by each axis.
The maximum size, longevity, and larval development
strategy are distributed along axis 1. Biological traits
along axis 2 were dominated by position in the
sediment and mobility (Table 2). The reproductive type
is well correlated with both axes, while bioturbation
and morphology are not.

Station F2 is more distinct from other stations and
is located along axis 1. Organisms having the traits of
‘< 10 mm’ in maximum size, ‘< 1 year’ in longevity and
asexual reproduction have high biomass at F2. Biomass
of benthic and seabed-attached or epi/endo/zoic/
phytic organisms was high. Station T1 along axis 2 was
characterized by trait modality: mid-depth infauna
sediment position, subsurface deposit-feeding mode,
crawling/creeping/climbing or burrowing mobility,
sexual/brood eggs (Fig. 2).

Table 2

Correlation ratios of traits on the first two FCA axes for all seasons

Correlation ratios
Relative inertia (%)

| winter | spring | summer |  autumn |
RS2
35 26

| Maximumsize | 05323
0.0090 0.0271 0.0142 0.1117 0.1321 0.1815 0.0620 0.0312
0.0092 0.0504 0.0068 0.0337 0.0446 0.2254 0.0032 0.0043
0.4668 0.1531 0.2345 0.1897 0.0758 0.0542 02916 0.2357
03142 0.0633 01913 0.0591 0.0122 0.1098 0.2944 01232
0.4610 0.4037 0.3905 04111 0.2464 0.0562 0.4806 0.2636
0.2198 01312 0.1099 0.1487 0.1082 0.1958 0.1424 0.0241
0.1260 0.3558 0.3886 0.2892 0.2397 0.1433 0.3168 0.6197
01712 0.2387 0.1783 0.0386 0.1842 0.0415 0.1741 0.0847
0.0412 0.1900 0.2343 0.0438 0.2013 0.0071 0.8181 0.4361
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Figure 2

Factor map showing the ordination of 48 modalities of
10 biological traits and factor map of sampling stations
obtained by FCA for winter (d =1 ord = 0.5 is a distance
scale indicating the length of sides of gray squares)

3.2. Spring period

FCA explained 49% of the total variance in spring,
with axis 1 accounting for 29% and axis 2 accounting
for 20% of the variance. Biological traits located along
FCA axis 1 were larval development strategy, feeding
mode and mobility, whereas bioturbation was located
along axis 2. Morphology showed weak correlation
with both axes. The maximum size, sediment position,
and reproduction type were strongly correlated
with both axis 1 and axis 2. These biological traits
separated communities located in different areas
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and depths. Substations T1, D1, C1, and K4 are quite
different in terms of traits and are located separately
from other stations (Fig. 3), which were close to each
other in the FCA factorial plane and thus show a similar
composition in trait categories.

Macrobenthos assemblages at substation C1 were
dominated by species that are upward or downward
conveyors and swimmers. Substation K4 was
distinguished by small (< 10 mm), short life span (< 1
year), epi/endo/zoic/phytic or attached to the seabed,
and asexual modalities. Macrobenthos occurring
at substations T1 and D1 is characterized by deep

\#J 7 LD2 RT4 <\ /1
L3[L2 LD3 RT3
L4 LLDAT RT2

2l il
el
Figure 3

Factor map showing the ordination of 48 modalities
of 10 biological traits and factor map of the sampling
stations obtained by FCA for spring




infauna (> 10 cm), subsurface deposit and benthic
larval development modalities. Modalities such as
planktotrophic larval development, sexual/eggs
(pelagic or benthic) reproduction type, and surface or
shallow infauna (0-5 c¢m) sediment location may be
accepted as a functional profile that represents the
general character of the spring season. Through these
biological traits, different groups of organisms appear
to perform similar functions.

3.3. Summer and autumn period

More than 50% of the total variance during
summer was explained by the first two FCA axes.
Axis 1 accounts for 30% of the total variance in
the composition of traits such as maximum size,
reproduction type, feeding mode, and mobility. The
modalities of morphology and larval development
strategy are distributed along axis 2 and explain 21% of
the total variance. Longevity is weakly correlated with
both axes, whereas living habit, sediment position, and
bioturbation are strongly correlated (Table 2).

The FCA factor map shows that the stations spread
along axis 2. Terme, Canik and Derekdy substations
differed from each other. Fenerkdy and Kosukoyu
substations showed similar distributions of traits. The
FCA plane showed that the depth ranges (0-40 m and
40-80 m) may be the main factor in the functional
distribution in the area (Fig. 4).

The deep Derekdy, Canik and Fenerkdy sampling
stations appear to have similar biological trait
characteristics. On the other hand, all of the Terme
substations and the 0-20 m Derekdy substation were
different in terms of trait profiles and were located
along axis 1. Stations distributed along axis 2 included
“stalked” and “tunic” modalities within the trait
morphology, bioturbation “upward and downward
conveyor” and “none”, lecithotrophic larvae, living
habit epi/endo/zoic/phytic or attached to seabed
species (Fig. 4). The biomass was high for “101-200
mm, upward conveyor, swimming, crawling, creeping,
climbing, subsurface deposit, sexual/brood eggs,
mid-depth infauna (5-10 cm)” organisms at T1, T4, and
D4 stations (distributed along axis 2), which were more
distinct from other stations.

For the autumn period, 50% of the total variance
is explained by the first two axes (Table 2). Mobility,
maximum size, reproduction type, and sediment
position were the trait modalities that contributed
most to the variation. The correlation of “bioturbation,
morphology, feeding mode, and living habit” traits
with the first two axes was weak. Mobility is a
biological trait that shows a strong correlation with
both axes.
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Figure 4

Factor map showing the ordination of 48 modalities
of 10 biological traits and factor map of the sampling
stations obtained by FCA for summer

It is clear that differences in the trait composition
discriminate stations by producing biomass of
different sizes belonging to different taxa. The FCA
factor map shows that the stations were grouped
according to the depth range. Two groups of stations
showing different trait profiles are distinguished by
depth: 0-20, 20-40, and 40-60 m as the first one and >
60 m as the second one (Fig. 5).

T1, T2, and D3 were different from other stations.
Substation D3 was located on the negative side of
axis 1, while T1 and T2 had negative axis 2 values. T1
and T2 were characterized by 101-200 mm size, 3-10
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Factor map showing the ordination of 48 modalities
of 10 biological traits and factor map of the sampling
stations obtained by FCA for autumn

years life span, mid-depth infauna position, crawl/
creep/climb and burrow modalities. The structure of
biological traits was slightly different at substation
D3. The trait modalities were dominated by benthic
larval development, sexual/brood eggs reproduction,
and high mobility (swimmer) at D3. Therefore,
two distinct groups can be defined for the traits of
sediment position and mobility traits. The first one
is the functional type with surface to 0-5 m infauna
position and swimmer-sessile categories, and the
second one is the functional type with 5-10 m infauna
position-burrow categories (Fig. 5).

4. Discussion

The objective of this study was to investigate
the functional structure of the SSA using biological
trait analysis and fuzzy coding, and to determine
the ecosystem functioning based on ‘trait-function’
relationships. The research was carried out to evaluate
the current functional structure of microbenthic
assemblages under fishing pressure and to determine
the contributing trait composition in this affected
area. The FCA allowed us to assess the functional
composition in the SSA. Two groups appeared on
the FCA factor maps in autumn and winter. Although
the distinction between the groups is not very sharp,
the macrobenthic community at a depth of 60 m
was mainly dominated by organisms characterized
by modalities of 101-200 mm size, crawler/creeper/
climber, surface/subsurface deposit feeder, surface/
infauna positioning, benthic/pelagic lecithotrophic
larvae and sexual/eggs, (benthic)/sexual/brooded
eggs. The community at depths of 0-60 m was
composed of organisms having trait modalities as
body size of 10-100 mm, life span of 1-2/3-10 years,
epizoic/swim mobility, suspension feeding, mid-depth
infauna position, and pelagic-planktotrophic larval
development. Although substations T1, T2 and D2
were shallow, they showed greater similarity to
deep substations in terms of trait characteristics.
This similarity may be related to the high abundance
of Upogebia and Brachynotus at these stations.
“Pelagic-lecithotrophic” larval development, “sexual/
brood eggs” reproduction type, and “subsurface”
feeding modes were clearly distinguished at
substations T1, T2, and D2, particularly in winter.

According to the results of the present study,
macrobenthic assemblages along the SSA can be
defined by the dominance of several taxa. Two distinct
benthic communities and functional classes were
identified with respect to depth. The depth range of
0-60 m was characterized by bivalves (Chamelea, Pitar),
some polychaetes (Spionidae, Paraonidae, Capitellidae)
and crustaceans (Upogebia, Diogenes, Crangon). The
depth range below 60 m is characterized by Amphiura
from echinoderms, by Abra from bivalves, and by some
other polychaete species. The dominant functional
structure along the affected SSA reflects the functional
character of the dominant taxa, in particular Chamelea
and Amphiura.

Consequently, it can be concluded that the SSA
has different benthic communities and functional
composition at depths below and above 60 m.
Bivalves, polychaetes, and crustaceans with the traits
of small/medium size, suspension feeding, self-burying
and bioturbating represented communities within




< 60 m. Assemblages below 60 m depth were
characterized by the presence of Amphiura,
polychaetes and some bivalves (Abra-Papillicardium)
with dominant traits of a medium/large body
and diffusive mixers, free-living and subsurface
deposit-feeding behavior.

It can be concluded that the depth range of 0-60
m is functionally specialized. This zone is dominated
by opportunistic life history traits that have developed
in response to anthropogenic pressure, especially
with the widespread distribution of bivalve groups.
In fact, there are studies reporting that suspension
feeding is the dominant trait in areas with low levels
of disturbance from trawling (Tillin et al. 2006). At first
glance, the dominance of filter-feeding organisms in
the affected area can be considered interesting, but
most bivalves occurring at 0-40 m in the SSA feeding
on suspended solids were those that exhibit typical
burrowing behavior and can be active in shallow/
deep locations of infauna. In other words, only those
bivalve species that can live in the sediment were
able to survive under trawl pressure in the benthic
habitat of the SSA. In fact, bivalves in this area feed on
deposit/interphase/suspension through their ctenidia
and siphons, and in this sense they show different
characteristics from those that feed by filtering the
water column. Thus, it can be concluded that the
structure of the benthic macrofauna in the SSA is
resistant to disturbance and the benthos is moderately
sensitive to trawl pressure, depending on the type of
functional indicator trait and the group of organisms.

In general, organisms can develop a response to
trawling disturbance through the larval development
strategy, reproductive type, and  sediment
position-related behavior. The adoption of the
planktotrophic trait by pelagic egg development and
larval development strategy represents the long-term
vulnerability, in other words, the ability of taxa to
re-colonize in a trawled area (Bolam et al. 2013). For
example, the larval type of an organism is a reflection
of its adaptation to environmental change. Taxa
characterized by planktotrophic larval development
have higher dissemination potential and less risk of
extinction than other development types (McHugh &
Fong 2002). Organisms inhabiting shallow sediment
layers interact more with trawl gear than those living
in deep sediment layers. Jennings and Kaiser (1998)
found that biogenic habitats and mud sediments are
less exposed to natural disturbance caused by wave
movements and bottom currents, and are generally
more affected by fisheries, resulting in long-term
ecosystem changes. On the contrary, Prantoni et
al. (2013) and Sciberras et al. (2013) reported that
soft-bottom habitats are highly exposed to natural
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physical disturbance and are usually less affected
by fisheries. Tillin et al. (2006) showed that there
is no clear change in the functional community
composition between localities in the Dogger Bank
(North Sea) area exposed to different levels of trawling
intensity. Researchers concluded that the Dogger
Bank community was able to adapt to a high degree
of natural disturbance due to currents and waves. In
addition to low sensitivity traits evolving as a response
to fisheries impact, traits such as long life span and
suspension feeding are also present in the SSA. SSA
communities appear to be adapted to the impact of
long-term bottom and beam trawling at depths of
0-60 m.

Traits that contribute to the variability of benthic
communities in the SSA include maximum size,
sediment position, larval development strategy, living
habit, and reproduction type. Benthic communities
are mostly governed by life history and behavioral
characteristics. Bioturbation and morphological traits
are weakly correlated with FCA axes. This is because
only one of the categories in both traits of bioturbation
and morphology is homogeneously dominant over
the others. Taxa with an exoskeleton dominate within
the the benthic communities. For example, in taxa
with different levels of susceptibility to trawling, the
morphological trait “exoskeleton” provides protection
against pressure, since its relative sensitivity to the
impact of trawling is quite low. Morphology can shift
toward the trait of exoskeleton, especially in areas
under severe fishing pressure. Bolam et al. (2013)
assigned each trait a score (ranging from 1 to 10)
and qualified the exoskeleton trait with a score 1-2,
which implies low sensitivity. Bioturbation in the
SSA is mainly represented by the “diffusive-mixer” or
“surface-deposition” taxa. The bioturbation activity
of taxa affects the penetration of oxygen deep into
the sediment. Some organisms provide oxygenation
to deep layers by burrowing the sediment and create
an available environment for other organisms that
cannot obtain dissolved oxygen from the sediment
(Levinton 1995). Paganelli et al. (2012) reported that
“surface-deposit” species correlated negatively with
the percentage of mud, whereas “diffusive-mixer”
species correlated positively with the sediment
type. They also found that “surface-deposit” taxa
could directly affect the ratio of fine particles in
the sediment. Such a relationship can also be
mentioned in the current research area. According
to the results from this study, the area can be divided
into shallow sandy-mud habitats (infralittoral and
shallow circalittoral soft bottom biozones) dominated
by “surface-deposit bivalves”, and deep mud-sand
habitats (shallow and deep circalittoral soft bottom
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biozones) with a “diffusive-mixer Amphiura-Abra-
polychaete community”. Depth may be the main
factor affecting the functional distribution of the
macrobenthic community. Kun et al. (2019) found that
sediment composition and depth are the main factors
that affect the distribution of the functional structure
of macrobenthos in the Bering Sea. Biodeposition
activity is pronounced at a depth of 0-40 m, where
bivalves are more dominant. They can enrich the
sediment by filtering suspended particles from the
sediment-water interface and by ejecting particles.
Bivalves increase the ratio of particle accumulation on
the seabed and stimulate the microbial production
(Newell 2004). Filter-feeding bivalves can remove 60%
to 90% of the suspended organic matter from the
horizontal particle stream depending on the sediment
size (Loo & Rosenberg 1989). The reduction in biomass
of this group can change the pattern of resource use
and energy flow across the benthic ecosystem (Tillin et
al. 2006). Amphiura and Abra inhabiting depths below
60 m are defined as “biodiffusers”. Such species can
consume fine particles and bring them to the surface,
creating a new substrate. Some macrobenthic species
play an important role in the ecological process, as
they can alter the environment. For example, the type
of mobility in burrowing activity has a major effect
on sediment. Burrowing taxa can increase the oxygen
level at the bottom or affect the organic matter
concentration (Aller 1982; Rhoads & Boyer 1982).
These organisms provide mixing in the upper few
centimeters of the sediment. Gilbert et al. (2007) found
that Amphiura and Abra are effective bioturbators
(795 ind. m?) that mix the sediment to a depth of 3-4
cm. One individual of the species Amphiura filiformis
can oxidize 35 cm? of surface sediment (3 cm deep)
by using its arms in the sediment-water interface
(Ockelmann & Muus 1978). Polychaetes distributed
at almost any depth are gallery-biodiffusers. These
organisms can be effective to a depth of 10 to
30 cm through tunnels, channels or pits they dig
in the sediment. The biodiffusion coefficient for
populations of these surface deposit-feeding taxa is
1 to 2 cm?years™ (Quintana et al. 2007). Bioturbation
by a U-shaped tube burrower and gallery-diffuser
can increase microbial respiration up to 250% at the
water-sediment interphase of diffusion-dominated
systems (Mermillod-Blondin et al. 2008). In such
a system, the production and water transmission
to the sediment by deep burrowers can increase
the water flow in the sediment by up to 2000%
(Mermillod-Blondin 2011).

In the spring period, K4 and C1 stations differed
in terms of bioturbation with the formation of a
conveyor belt. Organisms belonging to the Capitellidae

3 www.oandhs.ug.edu.pl
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family, which is one of the most common groups
among polychaetes in the area, transport particles
from certain depths of the sediment to the sediment
surface by digging in a head-down position (upward
conveyors). Although bioturbation activity varies with
the density of taxa, it is unclear how effective this trait
is in the area. Biodeposition and bioturbation are two
important ecosystem engineering functions. Although
biodeposition is considered as bioturbation in other
studies, it is categorized separately from bioturbation
(Mermillod-Blondin ~ 2011).  Bioturbation  activity
can play an important role in diffusion-dominated
habitats, and the effect of this activity is stronger
than in advection-dominated habitats. The effects of
invertebrates on sediment properties and hydrological
changes in diffusion-dominated habitats are quite
significant. In these areas, characterized by sandy/
muddy sediments, invertebrates act as ‘direct drivers’
of water and materials (Mermillod-Blondin 2011).
Feeding traits can generate differences in ecosystem
functioning. The surface deposit-, subsurface deposit-,
and suspension-feeding types in the SSA allow the
organic matter to be suspended in the water column
as the main food source and to be stored in the
sediment. Since the food supply for macrobenthic
species in both groups (deposit and suspension
feeders) is different, energy flow can have separate
paths in both systems.

The SSA, which is under high fishing pressure,
appears to be dominated by filter-feeding and
deposit-feeding taxa. It can be concluded that
scavenger feeding is negatively affected in extensively
trawled areas. This may be due to the fact that fish
that are top predators have long been removed from
the environment. Reduced predation and competition
with filtering and deposit-feeding organisms may
have resulted in their dominance in the ecosystem.
However, fish predation does not affect benthos in
bottom-up systems (van Denderen et al. 2013). It is
also unclear whether there is only one dominant form
of trophic control in soft-bottom benthic ecosystems
(Wilson 1991). There are indications of increased
abundance of epifauna and scavenging fish in trawled
areas, but this response has been poorly demonstrated
in opportunistic macrofaunal scavengers (Frid at al.
2000). Although there are no dominant scavenging
fish species in the SSA to represent such an effect,
observations from our other studies have shown that
epifaunal crab species (Liocarcinus depurator and L.
navigator) are highly abundant in the area (KARTIRP
2020). Once the trawling operation is finished, active
fish and epifauna that want to take advantage of
the discarded catch quickly arrived in a trawled area
(Kaiser & Spencer 1996). This may reduce opportunities
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for small benthic infauna seeking an additional food
source. Therefore, discards after the towing process
may not have a significant impact on scavenging
infauna.

The body size trait plays an important role in
the SSA and is highly correlated with the FCA axes.
Bergmann & Hup (1992) found that large individuals
of Lanice spp. and some echinoids are less sensitive
to fishing activities than small individuals. This is
because the ability of large individuals to form deep
tubes allows them to escape. This is the case with
polychaetes, whose density in the SSA increased at
depths below 40 m. The size distribution was observed
to be wide, especially for the genera Melinna and
Terebellides, which can form muddy tubes. Large
organisms play a particularly important role in the
rate of sediment processing. Typically, zoobenthos
increase the exchange of particles between water and
sediment. In soft sediments, large organisms influence
the community and local environmental characteristics
by changing hydrodynamics and biogeochemical
and particle gradients within the sediment (Thrush et
al. 2006). Bremner et al. (2003) found that the “body
size” as a variable is less useful than other biological
traits in determining changes in marine community
composition in the English Channel and the North Sea.
According to Reizopoulou & Nicolaidou (2007), on the
other hand, the body size is an effective tool to assess
changes in a community.

As this study is the first attempt to determine
functional structure using biological traits of
macrozoobenthos in the SSA in the southern Black Sea,
there are no direct references on this topic. However,
there are studies that contain valuable information
on the macroinfauna representatives identified in the
present study that contribute to the current results.

Chamelea gallina and Pitar rudis from the mollusca
group are the most dominant taxa in the SSA within
the depth range of 0-20 m, which is characterized
by soft-bottom structure. In the study conducted by
Sezgin et al. (2010) on the Southern Black Sea coast, it
was found that Chamelea gallina (69%) and Pitar rudis
(64%) were the most common bivalve species at 39
localities.

Polychaetes, as the most diverse group of
invertebrates, were represented in the study area by
14 different taxa, contributing significantly to both
biomass and abundance following the bivalves.
Paraonidae,  Capitellidae,  Terebellides, Nephtys,

Micronephthys and Melinna are the most common
taxa. These taxa occur in all depth layers. Due to the
extremely wide adaptability of polychaetes, these
organisms are found at all depths (except the anoxic
zone) and in all substrate types in the Black Sea. Based
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on the available literature on polychaetes, Sahin and
Cinar (2012) reported that 238 valid species belonging
to 45 families occur in the Black Sea. They found that
the highest number of species (n = 119) inhabited the
sandy bottom, and the lowest number of species (n =7
species) was observed on sponges.

Surugiu (2011) grouped polychaetes according
to their vertical distribution in his study area on the
Romanian coast, involving all types of substrates and
depth ranges from the littoral zone to 210 m. In recent
years, polychaetes have proven to be a good indicator
of marine environment quality (Surugiu 2000, 2005,
2009; Surugiu & Feunteun 2008).

The main opportunistic species in the Black Sea
include Alitta succinea, Polydora cornuta, Polydora
websteri and Capitella capitata (Surugiu 2005, 2009;
Surugiu & Feunteun 2008). Perinereis cultrifera, Nereis
zonata, Syllis gracilis, Syllis hyalina, Eulalia clavigera
and Nereiphylla rubiginosa are given as examples
of sensitive species in the Black Sea ecosystem
(Surugiu 2005, 2009; Surugiu & Feunteun 2008). Many
polychaetes contribute to natural self-purification
activity. For example, Gomoiu (1982) showed that
Mellina palmata populations on the Black Sea shelf in
Romania can process 4.8-9.6 kg of mud per m? per day.

Man-driven factors such as eutrophication,
overfishing, and introduction of invasive species have
caused changes in the Black Sea ecosystem (Daskalov
2003, 2008; Oguz et al. 2012). Fishing pressure and
overfishing are some of the biggest problems for the
SSA. Major ecosystem changes are inevitable in this
area that has been exposed to fishing gear pressure for
many years. According to the results of this study, the
functional profile of the SSA is the result of adaptation
to pressure factors, especially fishing disturbance. The
present situation is possibly a form of reconstruction
of the benthic structure devastated for many years. It
can be concluded that the benthic infauna structure
in the SSA is resistant, and considering the functional
structure of the area, species showing moderate
sensitivity to mechanical stress occur in the area.
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Supplementary material

Fuzzy-scored biological traits for macrobenthic taxa in SSA
Ozellik

Kategori

[1]2]3]e]s]
| rerevenees  DICIENCICIEIEION

Nephtys (O} JOX REN 18 KON ROR RSN KON ROX ROR ROJ KON ROR ROR §7% ROX B3 HOF KON KON BN KON KON RON ROJ BSH KON ROR KON KON RSN 1% KON RON RON [OF B3N RSN KON KON P23 RON RSN BSH RON KO8 KON §O;

I3 o o © 222 300000001033003000030001000000330001001000

Palaeonemertea (G} R1N I8 NN NON ROR RSN KGN ROX ROR KON KON ROR BSH §28 ROX B33 BN RSN NON §SH ESH KON RON KO RSN KON ROR (O RZ5 BN 1Y KON RON ROR (0N §25 B3N (O} KON JON RSN HON R1Y 18 {08 KON §O;

Paraonidac 151 1 151 5 5 5 2 5 5 2 6 e B A

Capitella (O} ROX RSN RSH KON ROR RSN KON ROX ROR KON KON RO 1% KOX ROX RGN RSN B3N NON SO 1N RSN RN 1Y KON §ON ROR (0N KON RSN KON KON RON RON §SH KON ROR KON W% §ON RON (O RSN RON 1% KON 1O

ISR o © 3 33 0300000010011101133310000300003000100000100

Nereis (G ROX BCN 1SN RSN RON RSN KON ROX ROR KON KON ROR RON S18 KON ROR 18 B3N RON B3N KON KON RON 519 KON RON ROR KON IF1% (T8 (19 ST IFT RS0 (O} §SN RSN (0N KON JON 1% 18 18 RON KO8 1% 10,
IEZZZPER 2 2 © 0 © © 300000030003002003000000200030000100001000

Micronephthys (G} 10X BN 1Y KON RON BSH KGN ROX ROR KON KON KON HOR §28 ROX B3 KON KON NON §SH HON KON ROR KO RSN KON ROR KON KON RSN RIY KON RON ROR (O §S4 §SH (0N KON $25 HON RSN B3N RON {08 KON §O;

IS 0 o © 0 ©2300000001000110100030002310000130013011000

Harmothoe 02300030000O0O0L11030000031030102000000030001001000
I © o 3 3 0 ©300000010030000013000011100300000300000003

Upogebia 0N ROR RON ISH RON KON NO§ JOR BN RON RO KON KON RON IS8 ROX S8 §O8 §OR §OR ROR N0 BSH NON IS 1S RON KON (08 §O§ NON RON RSN RSN RSN IS RON RGN RN RN KON RSN IS IS IS0 RN RON O

IEEZNZ o o 3 © 000 03000001030000030310000003033000003333000

Diogenes 300000003 000O0OO0OO0O3300300O0O0O0302100011200000300000210

IZEZZYZRN 0 o © 3 © ©003000000330003000031000300330000003333000

Ampelisca SH 131 HOR HON KON ROR RON KON RSN ROR KON KON RON RSN KO RO ROR KON RSN RON §OR KON §SH RO 1% KON KON ROR (0N §SH RSN KON KON RSN RSN (O} SO RON KON KON FI% RN 18 18 18 HO8 KON 10

I 2 o © © 000 03000010000300030033303000330000002001000

Iphinoe 300000O0O0300O0O03000O0300030130003100030000030111000

Leuconidae 220000003000310000300030030002300300000013111000

Cyclope SN R1% ROR HON XN ROR RON KGN RSN ROR KON KON KON ROR 1% ROX ROR KON RSN KON §OR RSN KON ROR KON RSN KON ROR (G B3N RSN KON KON RON RSN (0N §SE RON HON KON §ON RSN RSN KON RSN {08 KON 1O,
T2 0 2 2 0 © ©003000000330000300030003000000300003001000
Anthozoa 111111300000001020133010000333000300030300O000O0O0S3

IETZY N o 3 3 © 000 03000003030000030000033000300000300001000

Chamelea 003000003 00O0O0LO0OO0OS33000300O0300O0O0OO03O00300O0O0DO03O0O0O0O030O00

IR o o 3 © 0 00 3000003130003000030001000300000300001000

Abra (O} R28 HOR HON KON ROR RON KGN RSN ROR KON KON ROR §SH RSN KON §S3 HON KON NON §SH HON KON RON §S3 KON KON ROR KON KON RSN KON KON K1 RSN §SH KON RON KON RSN 10N RON (0N KON 18 {08 KON 1O,

IS o o 3 00 03000001230003000300000010300000300010000

Donax 003000003 000O0OO0ODI11IO0300O0300O030000O0O0103000O0O0300011000

IEZETTER o o 3 © 0 ©°3000000130003000000033000300000300003000

Lucinella 03 0000003000001 0300030002000003003000O0O0300001O000

I 0 o 3 0 ©©003000000330003000300000300300000300001000

Striarca 022000003 000O0O0LD30300O030000300031003000O0030103®0000
T2 © 2 3 © © © 00 3000000330003000300000030300000300001000

Gouldia 03 0000003000001 210001000300000100300000100001000

IEZEZZI 2 o © 0 000°03000110000110100110111110110110100011000

Gammaropsis SH 102 ROR HON RN ROR RON NCH RSN ROR KON KON KON §SH KON ROX ROR KON RSH NON §OR KGN B3N RSN N0} KON RON ROR (ON B3N RON HON KON KON RSN (O} KON ROR HON KON F1N §23 (0N RN 1N {08 KON §O;
IEEZZB 0 o 3 0 © © 00 3000003030000030030003000000030030001000

Corophium 51 102 HOR KO} KON ROR RON NON RSN ROR KON KON RSN ROR KON ROX ROR KON RSN ON ROR KON B8 ROR RSN KON ROR ROR KON W18 B2 KON KON 1% RSN KON KON ROR RON KON 1 B2% [S19 18 18 RO} NOX 10!

Y o 3 3 ©00030000011001001000003333000300000300000003

Calyptraea 300000O0O0300O0O0O0O1IO0O0OO0OS3000300O0O0O0130000300O000O03003000
ST 2 2 © 000 003000001020000200020000200000020002221000

Hydrobiidae 300000003 00O0O0O0D30300O0O0300O030003O0O0O0O0300O0DO0O0O0S3003000

pectinaria 001000300000011030003003000000110003000300000300

Mysta (O} KON BN HON KON ROR RSN NON ROX ROR KON KON RON (1% 519 ROX (1% RSN KON RON BN HON KON ROR ROJ RSN RSN ROR KON 1% RON KON KON RON RON (O §SE RSN KON KON JON 1% HON RON I8 KON KON §O;
IS : ¢ 1 ©©300000010030112023310100100131000100001000

Magelona 003 00O030000O0O0O0O0LD30300O0300O033000O03002300000O0O0S3230000

I © © 3 © 000 03000000330003000300000300300000300001000

Modiolula (G} §28 HOR HOX KON ROR RON NN RSN ROR KON KON KON BOR KOX 1% B33 HON KON ROR §SH KON KON ROR KON KON KON ROR RSN RSN RON KON KON RSN RON (O KON ROR KON RSN 10N RON (0N KON 1N HOR KON §O;

IEZZE 0 o 2 1 0 ©000300002122030000300230003110000033000330

Gammarus (O} B33 HOR HON KON ROR RON KON RSN ROR ROJ KON RSN ROR KOX RON ROR KON BSH RON §OR KON §SH RON KO} RSH IS ROR (0N §SH RS KON KON RON RSN (O} §ON (FT8 HON KON [FI% §ON (O} KON (18 KON KON §O;

IEEETSEN : 2 © 0 00003000001030000300000033000030000003000001




