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ABSTRACT

This study presents the correlations between opportunistic polychatea, Protodorvillea kefersteini
(McIntosh, 1869) abundance, and environmental variables in Cardak Lagoon. Samplings were car-
ried out on the bottoms using a 30x30 cm quadrate seasonally between 1 and 1.8 m depths of
seven sampling points in October 2018, February, April, and June 2019. A total of 1094 specimens
belonging to P. kefersteini were collected. Environmental variables such as gravel content in sedi-
ment, pH, and salinity levels in the water had the highest correlations with the abundance through
the sampling periods. Considering the sampling points, the highest correlation value was between
water salinity and the abundance. Sediment gravel content, pH, salinity, temperature, anionic sur-
factant levels, and NO,+NO, were major environmental variables affecting P. kefersteini abun-
dance in the study area spatially and temporally.
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INTRODUCTION

Anthropogenic environmental variables have
negative effects on marine biodiversity, espe-
cially on some benthic communities dominant
in polluted environments that are sensitive to
disturbances (Santos et al. 2021). Sudden daily
and seasonal fluctuations in the environmental
variables in marine systems, mainly in lagoon
areas, may change the abundance of benthic
organisms (Koutsoubas et al. 2000). Water
movement, dissolved oxygen concentration,
salinity, sediment grain size, and organic matter
content effectively affect the polychaeta abun-
dance and distribution in marine environments
(Guerra-Garcia & Garcia-Gomez 2004). Among
these, organic matter accumulation in sedi-
ment with anthropogenic origin controls the
macrofaunal communities (Magni et al. 2004).

Sewage discharges are one of the most com-
mon anthropogenic disturbances on marine
benthos. There is important information in the
relevant literature on the temporal and spatial
status of benthic assemblages, especially on
conspicuous disturbances caused by organic
enrichment in sediments (Del-Pilar-Ruso et al.
2009). Opportunistic macrozoobenthic species
adapt easily to a new marine environment and
can form dense populations in a short time
(Carlton 1985).

Polychaetas with high sensitivity to changes on
soft bottoms (Del-Pilar-Ruso et al. 2009) may be
preferred for monitoring studies (Muxika et al.
2005). Some polychaetas are also highly toler-
ant to pollution and low oxygen stress caused
by excessive accumulation of organic matter.
Besides, they are important in detecting the ef-
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fect of pollutants between water and sediment (Elias et al. 2003).
Additionally, they can tolerate high organic matter content in
marine soft bottoms (Ferndndez-Romero et al. 2019) and play an
important role in the bioturbation of marine sediments (Hutch-
ings 1998).

Effects of pollutants on polychaetes were previously studied by
many researchers (Karakassis et al. 2000; Warwick 2001; Ergen et
al. 2004; Como et al. 2007; Afli et al. 2008; Dauvin 2008; Zaaiba et
al. 2009; Terlizzi et al. 2010; Zaabi et al. 2010; Martins et al. 2013;
Zaabi-Sendi 2013; Cabral-Olivera et al. 2014; Hamdy et al. 2023).
Those dorvilleid polychaetes are known as opportunistic com-
munities in marine sediments enriched with organic matter
(Alalykina & Polyakova 2022). Dorvilleid polychatea, Protodorvil-
lea kefersteini which is an important biotope descriptive and pol-
lution indicator (MES 2010), is one of the 14 known species of the
genus, Protodorvillea (Worms 2023). P. kefersteini is a species
that is 1-3 cm long, lives on mud, gravel, or sandy bottoms at
depths of 10-30 m, and mostly uses empty tubes of serpulids un-
der stones. P, kefersteiniis distributed in the North Atlantic to the
North Sea and English Channel, Mediterranean, and Black Sea
(Tillin 2016). P. kefersteini is known from the Mediterranean
(Nunez et al. 2013; Cinar et al. 2015; Mikac 2015) and the Black
Sea (Kurt Sahin et al. 2017; Kopiy 2018). This study presents the
relationships between P. kefersteini abundance and environmen-
tal variables measured in Cardak Lagoon affected by domestic
discharges.

MATERIALS AND METHODS

The sampling area included the depths of 1 to 1.8 m of 7 differ-
ent sampling points (GPS Coordinates: 40 ° 23'14 “K, 26 ° 43'30"
D) chosen in Cardak Lagoon located in the northeast of Canak-
kale Strait (Figure 1).
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Figure 1. Map of the study area showing sampling points.

Benthos material including Protodorvillea kefersteini speci-
mens was collected by a SCUBA diver with a 30x30 cm metal
framed quadrat system in October 2018, February, April, and
June 2019. Samples were fixed in 4% neutralized formaldehyde
in 5 L plastic bottles. In the laboratory, the bottom samples
were washed with the help of pressurized water and passed

through a triple sieve system with apertures of 0.5, 1, and 2
mm. Faunal species remaining on the sieves were extracted at
macro and micro levels and fixed in 70% ethanol in 50 cc glass
tubes on a group basis. P. kefersteini specimens were identified
on the trinocular stereomicroscope according to definitions
based on previous studies, and all were counted. The defini-
tions of Fauchald (1977) and Fauchald and Rouse (1997) were
used for diagnosis.

The correlations between values of environmental variables and
P kefersteini abundance recorded for 7 different sampling sta-
tions in 4 seasons were calculated according to Pearson coeffi-
cient correlation (r) in the PAST program.

Water quality variables of lagoon water were measured in situ us-
ing a YSI 650 MDS. The number of nutrients (NO,, NO,, NH,,
PO,-P, SiO2) and total suspended solids (TSS) in the lagoon wa-
ter were measured based on the analysis method proposed by
Strickland and Parsons (1972) at different wavelengths in the
spectrophotometer. Analyses were made using the Jasco Brand
UV spectrophotometer in the Laboratory of the Faculty of Marine
Sciences and Technology. Analyses of % organic matter and %
particle content in the sediment were performed in Canakkale
Onsekiz Mart University Central Laboratory. Particle size analyses
in the sediment were done according to Allen (1997).

RESULTS

A total of 1094 specimens belonging to P. kefersteini were sam-
pled in the study area (Figure 2).

of
(Photographed by E. Dagh).

Figure 2. General view Protodorvillea  kefersteini

Although it is known that P. kefersteini s tolerant to pollution, ref-
erence station (Stn. 7) with low sediment organic matter content
and water chl.-a amount (OM%= 1.73% and chl.-a= 1.49 pug L,
respectively) was the most abundant in terms of specimen num-
ber (1001 out of a total of 1094 specimens) in the study area. Ex-
cept for October 2018, P. kefersteini showed a regular distribu-
tion in terms of specimen number in other sampling periods (the
lowest 34 individuals, di%= 3.10) (Table 1).

Considering the relationships between environmental variables
and P, kefersteini abundance, the highest positive correlation (r=
0.93; p <0.05) was found between P. kefersteini abundance and
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Table 1. Mean water quality, nutrient, chl-a, total suspended solids (TSS), chemical oxygen demand (COD), anionic
surfactant (AS), and sediment variables values measured at sampling periods and points.

Sampling o WOM o o o, Chl.-a .
oeriod A OM (%) (mg L) T (°C) S (%o) (mg L) ORP pH (v L) Sio,
Autum 2018 34 6.42 11.02 14.76 20.77 8.07 80.41 8.14 3.79 0.34
Winter 2019 338 598 12.2 7.99 23.46 7.45 -83.37 8.15 1.19 0.39
Spring 2019 382  6.61 10.11 155 22.53 6.48 90.98 8.31 1.83 0.17
gngmer 340 676 11.48 25.66 21.04 7.83 -100.52 8.29 5.31 0.83
Mean 6.44+0.15 1124038 1598+3.15 21.95+055 7.46+0.30 -48.62+37.3 822+004 3.03+0.81 0.43+0.12
Sampling point

Station 1 58 10.65 11.1 12.53 22.45 8.19 27.63 7.89 3.63 0.36
Station 2 7 3.03 11.65 13.12 22.35 7.95 316 8.32 2.64 0.56
Station 3 7 15.52 11.62 12.4 2213 6.9 31.23 8.14 3.38 0.29
Station 4 20 3.49 10.85 12.68 22.35 6.93 -30.16 8.27 2.96 0.57
Station 5 1 7.91 11.2 12.41 22.36 6.74 -35.23 8.22 2.59 0.55
Station 6 - 2.75 11.17 12.93 21.87 6.93 -35.1 8.27 4.47 0.18
(Srt;t;m / 1001 1.73 10.85 131 22.66 77 -31.16 8.29 1.49 0.48
Mean 6.44+179 1124011 12.73+0.10 22.31+0.08 7.33+0.20 -31.73+0.94 82+005 3.02+0.32 0.42+0.05
Total 1094

number

Table 1. Continue.

Sampling NO,+NO, TSS COD AD PO, o o o
st TP s L) TN (mg L) (mg L) (mg L) (mg L) Sand (%) Gravel (%) Mud (%)
Qg}gm 0.02 0.13 0.61 9.66 197.83 0.027 0.01 75.36 16.56 8.11
\2"(’)';‘;“ 0.02 0.09 0.23 35.28 178.71 0.029 0.01 69.29 19.9 10.74
28;'39 0.04 0.06 0.41 13.57 80.75 0.051 0.01 68.87 23.14 7.96
gngmer 0.09 0.03 0.21 6.64 74 0.032 0.02 72.91 211 5.95
Mean  0.04+001 008002 0.37+0.08 16.29+562 132.82+27.95 003+0.0 001+0.0 71.61+1.3420.18+1.19 8.19+0.85
Sampling point

Station1  0.048 0.083 0.48 1 127.87 0.045 0.03 61.8 24.1 14.16
Station2  0.029 0.071 0.23 8.07 152.12 0.027 0.02 78.6 18.1 3.17
Station3  0.026 0.071 0.42 22.15 126.66 0.032 0.02 55.2 31.6 13.24
Station4  0.035 0.036 0.16 9.35 103.33 0.04 0.02 86.2 8.49 5.27
Station5  0.051 0.089 0.49 19.07 201 0.034 0.01 57.6 25.6 16.71
Station6  0.065 0.089 0.49 28.41 148.25 0.035 0.03 92.8 3.98 3.29
(Sr:f;m 7 0053 0.094 0.26 15.98 163 0.032 0.01 69.1 29.4 1.49
Mean  0.04+0.004 0.07+0.006 0.36=0.04 16.29+2.60 146.03+10.95 0.035+0.002 0.02+0.002 71.61+5.1020.18+3.68 8.19+2.19
Total

number

average % gravel content in sediment for the sampling periods.
For sampling points, the highest correlation (r=0.64; p <0.05) was
between abundance and salinity. There were positive correla-
tions between P. kefersteini abundance and seawater pH, salinity,
and anionic detergent amount (r= 0.67, 0.62, 0.58; p <0.05, re-

spectively) in the sampling points. The weakest positive relation-

ships were between the % of mud content in sediment and the

amount of organic matter in water and sediment for the sam-

pling points (r=0.01, 0.02, 0.09; p <0.05, respectively) (Table 2).
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Table 2. Correlations between total abundance and
mean environmental variables for all sampling
periods and sampling points (Pearson

coefficient correlation, p <0.05).

Sampling periods Sampling points

EV A (ind. 0.09 m?) A (ind. 0.09 m?)
OM (%) 0.09 -0.39
WOM (mg L) 0.02 -0.50
Temperature (°C) 0.10 0.50
Salinity (%o) 0.62 0.64
O, (mg L) -0.68 0.31
ORP -0.99 0.14
pH 0.67 0.22
Chl.-a (ug L) -0.31 -0.72
SiO, 0.13 0.15
TP 0.43 0.28
NO,+NO, (mg L) -0.82 0.39
TN -0.81 -0.31
TSS (mg L) 0.30 -0.05
COD (mg L) -0.71 0.21
AD (mg L) 0.58 -0.18
PO, (mg L) 0.28 -0.52
Sand (%) -0.84 -0.09
Gravel (%) 0.93 0.39
Mud (%) 0.01 -0.46

A: Abundance, EV: Environmental variable, OM: Organic matter in sediment,
WOM: organic matter in water, ORP: Oxygen reduction potential, TP: total
phosphate, TN: Total nitrogen, TSS: Total suspended solids, COD: Chemical
oxygen demand, AD: Anionic detergent.

DISCUSSION

Effects of environmental variables such as temperature and salin-
ity were previously studied at the population level in opportunis-
tic polychaetas such as Capitella sp., Ophryotrocha diadema,
and Streblospio benedicti in polluted areas (Simonini & Preve-
delli, 2003). Based on the previous studies regarding P, keferstei-
ni which is another opportunistic polychaeta, P. kefersteini is a
recognizable species in areas affected by hypoxia (Leonhard
2006). Similarly, Warwick et al. (1986) stated that P. kefersteini is
abundant in organic matter-rich habitats with sewage discharge.
Hiscock et al. (2004) also indicated that P, kefersteiniis an increas-
ingly abundant species on sea bottoms where slight organic en-
richment is observed. P. kefersteini abundance on the organic
matter-rich bottoms of the Mediterranean and its relationship
with other environmental variables were previously studied
(Karakassis et al. 2000; Ergen et al. 2004; Como et al. 2007; Afli et
al. 2008; Zaaiba et al. 2009; Terlizzi et al. 2010; Zaibi et al. 2010;
Martins et al. 2013; Zaabi-Sendi 2013; Hamdy et al. 2023). Among
these studies, Karakassis et al. (2000) found that Protodorvillea
kefersteini and Cirrophorus lyra were dominant (more than 20%
of the total abundance) on the bottoms of fish farms established
at the Sounion coast (eastern Greece) at a depth of 13-20 m, with
80% silt and high carbon content.

Similarly, Ergen et al. (2004) found dense populations of P kefer-
steini (3060 ind. m?) on the polluted or semi-polluted bottoms of
cage farms in the eastern Aegean Sea. In addition, regarding or-
ganic matter content in sediment, Como et al. (2007) found that P
kefersteini dominated the inlet area of Oristano Bay (Sardinia, Ita-
ly) with high organic matter content (mean value of 25% of the to-
tal sediment dry weight). Terlizzi et al. (2010) also observed P, kefer-
steini in abundance on mud-character bottoms rich with organic
matter where fish cages are located, approximately 100 to 500 m
offshore of Corsica Island (France, Mediterranean). On the con-
trary, Hamdy et al. (2023) recorded P. kefersteini only on the bot-
toms with low organic matter content (max. 1.25%) off the coast of
Alexandria (Egypt, Mediterranean). Considering the sediment
type depending on the sediment grain size, Zaaiba et al. (2009)
found P, kefersteini to be the most dominant (1900 ind. m?) at Cap
Bon Peninsula coasts (northern Tunisia) in the bottoms where the
sediment-gravel ratio varies between 0.2 and 60.6%. P. kefersteini
is known as of the few polychaeta species that preferred the bot-
toms with a coarser particle in the Bizerte Lagoon (southern Tuni-
sia) (Afli et al. 2008). The Bizerte Lagoon example presented for P
kefersteini specimens was observed in this study. We found the
highest number of individuals on the bottoms where the average
sand+gravel content was the highest and mud content was the
lowest. Similarly, Zaébi-Sendi (2013) stated that P. kefersteini was
well represented in coarse sand bottoms where the coarse fraction
between 500 and 630 um dominates the Tunisia coasts. Further, P
kefersteini, characteristic of the fine and coarse sandy bottoms of
Cap Bon Peninsula coasts, was abundant in all seasons with an av-
erage abundance of 66 = 32.73 (ind. m?) (Zaabi et al. 2010).

Considering the northeastern Atlantic specimens of P. keferstei-
ni, the species was defined as a characteristic species for Portu-
gal coast bottoms with a mean depth of 50 m, 68.8% sand, 27.2%
gravel, and 1% mean organic matter content (Martins et al. 2013).
Lourido et al. (2008) also found P, kefersteiniin abundance on the
bottoms of the Ria de Aldan coasts (northwest Spain) with an av-
erage content of 1.46% organic matter, 19.57% gravel, and
78.06% sand. On the other hand, although P kefersteini prefers
shallow waters as its habitat, it was also recorded at depths be-
tween 984 and 1113 m in Capbreton Canyon (Biscay Bay, NE At-
lantic) (Aguirrezabalaga & Ceberio 2003). Furthermore, P. kefer-
steini was dominant in surface waters with an average redox po-
tential (ORP) value of +61 = 177 mV on the western Scottish coast
(Pearson & Stanley 1979). In this study, no significant relationship
was found between ORP and P, kefersteini abundance.

Considering only P kefersteini abundance, Kopiy (2018) ob-
served P. kefersteini on Sevastopol coasts (Crimea, Black Sea)
throughout the year. Besides, there are many studies regarding
polychaeta assemblages including P. kefersteini in Turkish Seas.
Among these, Cinar et al. (2011) found P. kefersteini was most
abundant (2900 ind. m?) at 17 m depth of Erdek coasts (the
southern Marmara Sea). Then, Kurt Sahin et al. (2017) recorded P,
kefersteini (8675 ind. m?) during spring in fine particle sand bot-
toms at 3 m depths of the Sinop Peninsula (southern Black Sea)
being the most abundant species.

Apart from all these studies, a study examining polychaeta
communities and their relationship with environmental vari-
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ables was conducted by Can Yilmaz (2009) in Homa Lagoon
(Turkish Aegean Sea). Can Yilmaz (2009) has found negative
correlations between polychaeta abundance and sediment sur-
face temperature in winter, and pH and abundance in spring
(p= -0.730; p= -0.782; p<0.05, respectively) in Homa Lagoon.
Can Yilmaz (2009) has also stated that the environmental vari-
able that shows a positive correlation with polychaeta abun-
dance (p= 0.697; p<0.05) in Homa Lagoon was % sand content
in the sediment for the summer period. In this study, on the
contrary, while % sand content of bottoms in the study area was
negatively correlated with abundance temporally and spatially,
seawater salinity moderately affected P. kefersteini abundance
both temporally and spatially. In addition, very weak positive
and negative correlations were recorded between P. kefersteini
abundance and % sediment organic matter content in this
study. This may be because the abundance of P. kefersteini was
greatest at the reference point outside the lagoon area with
very low organic matter bottoms.

Our study did not agree with the results regarding the correla-
tion between P, kefersteini abundance and % sediment organic
matter content presented by Warwick et al. (1986), Ergen et al.
(2004), and Como et al. (2007). On the contrary, findings by His-
cock et al. (2004), Lourido et al. (2008), Martins et al. (2013), and
Hamdy et al. (2023) were supported in the present study. More-
over, based on our results, we may point out that excessive accu-
mulation of organic matter in the sediment may not be a major
environmental variable that positively affects P. kefersteini abun-
dance since the abundance was the greatest in the sediment
with the lowest % organic matter content in the study area.

CONCLUSION

Sediment gravel content is one of the most important environmen-

tal variables that positively correlated with P, kefersteini abundance
temporally. According to the results of this study and other studies
performed on the Mediterranean and eastern Atlantic coasts, we
may state that salinity, temperature, sediment particle size, and %
sediment organic matter content had the most effect on P, keferstei-
ni abundance. Although P, kefersteiniis known as a pollution indica-
tor species, we think that it cannot be concluded that the sediment
of an area is polluted based only on Pkefersteini abundance.
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