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ABSTRACT
Seaweeds or marine algae are rich in terms of minerals. They are used as food source due to the 
quality of their biological content in many countries. In this study, the elemental composition of 
green seaweed (Ulva rigida) was determined seasonally. Sampling was carried out seasonally from 
Turkey’s Çanakkale strait and the collected algae were analyzed both wet and dried according to 
the Nordic Committee on Food Analysis (method 186). According to the results; calcium, potassi-
um, magnesium, sodium were found as macro elements and boron, barium, chromium, copper, 
iron, manganese, zinc as micro elements and determined within the legal limits stated by food 
codex. However, neither cobalt nor nickel as trace metals were detected in all groups. Moreover, 
lead and cadmium (which are considered hazardous) were also not detected. While Mg was found 
to be the highest macro element in all seasons in wet algae, the highest macro mineral varied in 
dried algae is Ca in spring, K in summer and Mg in both autumn and winter. Fe was found to be 
the highest micro mineral followed by B, Zn, Mn and Cu both by season and by dried or wet ones 
(P<0.05). 

Keywords: Green seaweed, Ulva rigida, trace elements, Çanakkale strait, nutrient

INTRODUCTION

It is well known that the usage of macroalgae 
dates back many, many years. Native South 
Americans used to collect macroalgae in order 
to build food supplies and illness remedies 
(12000 years ago) (Ak, 2015; Dillehay et al., 
2008). The utilization of algae takes part within 
the “Materia Medica” which belongs to Shen-
Nung in B.C. 2700. However, algae products 
obtained by scientific methodologies are seen 
in last century (Sukatar, 2002). The use of Algae 
is particularly widespread in Southern Asia for 
nutrition, medicine and cosmetic industries, 
and fertilizer in agriculture (Atay, 1984; Kodalak, 
2008). Sea lettuce is used as an additive for 
food and provender and is consumed in China, 
Japan, Korea, Indonesia, Malesia, France, Unit-
ed States, Canada and Scotland, freshly in sal-
ads and dried in soups, dishes and sauces 

(Mchugh, 2003). Also, they are considered as 
biologically substantial nourishments 
(Fleurence, 1999; Rohani-Ghadikolaei, Abdula-
lian, & Ng, 2012; Sánchez-Machado, López-Cer-
vantes, López-Hernández, & Paseiro-Losada, 
2004) and it is significant following fish in aquat-
ic products (Dawczynski, Schubert, & Jahreis, 
2007; Fleurence, 1999; Galland-Irmouli et al., 
1999; Ortiz et al., 2006). 

The Marine Strategy Framework Directive 
(MSFD) of the European Commission aims to 
deliver a good environmental status (GES) for 
the European marine environment by 2020. The 
eighth and ninth descriptor groups of this di-
rective concern contaminants of fish and other 
seafood (Law et al., 2010; Swartenbroux et al., 
2010). According to this directive, the toxic ele-
ment compositions of the most commonly con-
sumed fish and seafood species must be moni-

https://orcid.org/0000-0001-5898-4469
https://orcid.org/0000-0003-3015-8688
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tored in Mediterranean Sea. Therefore, the elemental composi-
tion of Ulva rigida is important in the usage of a food source. 
With that feature, Ulva rigida can also give an idea about the el-
emental pollution in the environment (Wan et al., 2017). More-
over, it can be used as an indicator species for lead (Haritonidis 
& Malea, 1999; Malea & Haritonidis, 2000) and aluminum (Favero, 
Cattalini, Bertaggia, & Albergoni, 1996). In this study, the ele-
mental composition of Ulva rigida were evaluated considering 
MSFD instructions to highlight Ulva rigida as a valuable food 
source and provide information for further studies in the future.

MATERIAL AND METHODS

Material
In this research, green seaweed (Ulva rigida) was used. Ulva rigi-
da, also known as sea lettuce, is a cosmopolite species and dis-
tributed along the Turkish coasts especially in shallow and rocky 
bottoms which are rich in nutrients such as nitrogen and phos-
phorus (Cirik, 2001; Cirik & Cirik, 1999). This algae’s tallus size var-
ied from 1-2 cm up to 30 cm and clings to the substrate with a 
short stem (Irkin, 2009). The green seaweed is shown in Figure 1.

Figure 1. Green seaweed (Ulva rigida) collected from Çanakkale, Turkey.

Figure 2. Sampling area in Çanakkale, Turkey. The map was created with Ocean Data View (ODV) Software (40°06'08.6"N, 
26°23'13.7"E).



76

Aquat Sci Eng 2019; 34(3): 74-79
Berik and Çankırılıgil. The Elemental Composition of Green Seaweed (Ulva rigida)

Collected from Çanakkale, Turkey

Sampling
Green seaweed samples weighing approximately 2 kg were col-
lected from Kepez station in the Çanakkale strait in the Northern 
Aegean Sea, Turkey. Sampling was carried out seasonally/quar-
terly between February/2011 and February/2012. The sampling 
station of green seaweed (Ulva rigida) is shown in Figure 2 and 
the map used was created with Ocean Data View (ODV) software 
(Schlitzer, 2019). Samples were stored in 5-liter bottles of sea wa-
ter taken from the sampling station and transferred to the labo-
ratories in the Faculty of Marine Sciences and Technology in 
Çanakkale Onsekiz Mart University. Subsequently, the samples 
were cleaned of any unwanted substances that seaweed carries 
such as sand particles, epiphyte plants and other aquatic organ-
isms. The sand removal process was carried out by scrubbing 
with a soft brush in salty water with 0.3% salinity. After this step, 
the green seaweed samples were separated into two groups. 
The element analysis was performed on the first group immedi-
ately. The second group was dried at 40 °C for 48 hours in a dry-
ing oven (Shin Saeng/ SDON-302 model). Finally, the dried sam-
ples were then analyzed. 

Element Analysis
The element analyses were carried out according to the Nordic 
Committee on Food Analysis (method 18) (NMKL, 2007) with 
three parallel and three replicates. These algae are consumed 
both wet and dried and since some elements can be lost during 
the drying process, the analyses were carried out with both wet 
and dried samples. The VH6 Lab Single Element Atomic Absorb-
sion CRM standards were used in the analyses. Furthermore, the 

regulations recommended by the MSFD were applied to avoid 
secondary contamination in the sample preparations. In analysis, 
0.5 mg of the samples were weighed using politetrafloroetilen 
plates (for microwave use)  and they were digested with a 10 mil-
liliter concentrated nitric acid (HNO3) via Speedwave Berghof 
model microwave at 160 °C in gradually increasing heat condi-
tions. After the samples were completely burned and had be-
come clear mixtures, they were filtered and diluted with distilled 
water. In the burning process sequence, the mixtures were ana-
lyzed with the ICP-AES (Varian Liberty AX Sequential ICP-AES) in 
Çanakkale Onsekiz Mart University’s Main Laboratory. The ele-
ments aluminum (Al), boron (B), barium (Ba), calcium (Ca), cadmi-
um (Cd), cobalt (Co), chromium (Cr), copper (Cu), iron (Fe), potas-
sium (K), magnesium (Mg), manganese (Mn), sodium (Na), nickel 
(Ni), lead (Pb) and zinc (Zn) were analyzed. Finally, the data was 
analyzed and expressed as mg/g for macro elements and µg/g 
for micro elements on a wet matter basis. 

RESULTS AND DISCUSSION

According to the results, four macro elements (calcium, potassi-
um, magnesium, sodium), and seven micro elements (aluminum, 
boron, barium, chromium, copper, iron, manganese and zinc), 
were detected. The macro elements were expressed as mg/g 
and micro elements as µg/g. While magnesium was detected as 
the most abundant macro element in wet samples in autumn, it 
was detected as least abundant in summer (P<0.05). The statisti-
cal differences were determined between elements seasonally 
(P<0.05). The elemental composition of dried the seaweeds were 

Table 1. Elemental composition of wet green seaweed (Ulva rigida)

Elements
Seasons

Winter Spring Summer Autumn

Macro elements (mg/g)
Ca 0.69 ± 0.00c 3.23 ± 0.30a 0.46 ± 0.02c 1.11 ± 0.07b

K 5.66 ± 0.03c 6.09 ± 0.03b 4.68 ± 0.12d 7.18 ± 0.11a

Mg 5.97 ± 0.06c 8.41 ± 0.03b 5.69 ± 0.08d 8.92 ± 0.09a

Na 5.19 ± 0.04ab 5.74 ± 0.24a 4.44 ± 0.46b 4.62 ± 0.40b

Micro elements (µg/g)
Al 89.00 ± 2.27b 60.00 ± 0.72c 44.93 ± 0.46d 110.80 ± 0.20a

B 17.67 ± 0.61c 15.53 ± 0.31d 52.27 ± 0.46a 33.53 ± 0.61b

Ba 0.53 ± 0.06b 0.80 ± 0.00a 0.67 ± 0.12ab 0.80 ± 0.00a

Co < 0.035 < 0.035 < 0.035 < 0.035
Cr < 0.010 0.20 ± 0.00c 0.60 ± 0.00a 0.20 ± 0.00b

Cu 3.27 ± 0.76a 3.00 ± 0.72ab 2.00 ± 0.69ab 1.33 ± 0.64b

Fe 227.87 ± 3.41a 188.20 ± 6.54b 124.60 ± 0.87c 225.07 ± 1.27a

Mn 3.00 ± 0.00c 3.07 ± 0.12c 4.60 ± 0.00b 5.40 ± 0.53a

Ni < 0.035 < 0.035 < 0.035 < 0.035
Zn 13.20 ± 0.20a 8.47 ± 0.12b 2.00 ± 0.00d 4.40 ± 0.00c

Toxic elements (µg/g)
Cd < 0.035 < 0.035 < 0.035 < 0.035
Pb < 0.035 < 0.035 < 0.035 < 0.035

*Values are expressed as mean ±SD (n = 3), mean values in row with different superscripts were significantly different (P <0.05).
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found to be similar to the wet ones. However, a relative increase 
was detected in both macro and trace element concentrations of 
dried samples due to the extraction of water from the samples 
during the drying process. The macro element composition of 
Ulva rigida is shown in Table 1.

Macro and micro elements accumulate in macroalgae with great-
er concentrations than the surrounding waters (Bonanno & Or-
lando-Bonaca, 2018). Iron was found as the most abundant trace 
element in both wet samples (with the amount of 227.87 µg/g in 
winter), and dried samples (with the amount of 574.53 µg/g in 
summer). A noticeable amount of Fe, Al and B were also found in 
the samples. The Mediterranean Sea is rich in terms of dissolved 
iron and aluminum (Chou & Wollast, 1997; Guieu et al., 2002) and 
these elements are usually accumulated in Ulva rigida (Favero, 
Cattalini, Bertaggia, & Albergoni, 1996; Malea & Haritonidis, 
2000). Boron, which is found in high concentrations in sea water 
(Demey et al., 2014; Foster, Strandmann Pogge von, & Rae, 
2010), is a mineral that has recently generated benefits for hu-
man health (Meacham, Karakas, Wallace, & Altun, 2010; Nielsen, 
1997; Nielsen & Meacham, 2016) and it was found in all samples 
of our study. Also; zinc, manganese, copper and a small amount 
of chromium and barium were detected in Ulva rigida. Only chro-
mium wasn’t detected in winter. Chromium, which was detected 
as 0.20 µg/g in wet samples in fall, wasn’t found in dried samples 
due to the dehumidification.

Two trace elements, cobalt and nickel were not detected in any 
samples during the whole year. Mediterranean waters are not 

rich in terms of nickel and cobalt (Achterberg & Van Den Berg, 
1997; Swanner et al., 2014). However, according to other research 
using similar methods, these two elements were detected, albeit 
in small quantities) in other marine organisms caught from the 
Mediterranean Sea (Berik, Çankırılıgil, & Gül, 2017; Joksimovic, 
Tomic, Stankovic, Jovic, & Stankovic, 2011; Mutlu, Türkmen, Türk-
men, Tepe, & Ateş, 2012; Türkmen, Türkmen, Tepe, & Çekiç, 
2010). Consequently, we might suggest that the cobalt and nick-
el accumulate less in Ulva rigida compared to other elements. 
According to our analyses, cadmium and lead - among the most 
dangerous toxic elements - were not detected in green sea-
weed. Several studies showed that, Ulva rigida accumulates 
these toxic metals, especially lead, in significant amounts. (Hari-
tonidis & Malea, 1999; Saeed & Moustafa, 2013; Ustunada, Erdu-
gan, Yilmaz, Akgul, & Aysel, 2011). This research also showed 
that, the sampling station of Ulva rigida was more reliable in 
terms of lead and cadmium pollution having regard to these low 
values. The micro element composition of Ulva rigida is shown in 
Table 2.

As regards the elemental studies on sea lettuces in the Çanak-
kale Province, these are generally focused on iron (Fe) cadmium 
(Cd) lead (Pb) zinc (Zn) and copper (Cu) (Ozden & Tuncer, 2015; 
Ustunada, Erdugan, Yilmaz, Akgul, & Aysel, 2011). As for the 
present study, we can only compare the results with the previous 
studies in the Çanakkale Province, in terms of Cu, Fe and Zn. 
Ustunada, Erdugan, Yilmaz, Akgul, & Aysel (2011) studied the 
seasonal alterations in the content of Cd, Zn, Pb and Cu in Ulva 

Table 2. Elemental composition of dried green seaweed (Ulva rigida)

Elements
Seasons

Winter Spring Summer Autumn

Macro elements (mg/g)
Ca 2.11 ± 0.07b 12.73 ± 0.08a 1.56 ± 0.02c 2.23 ± 0.03b

K 7.01 ± 0.01c 7.19 ± 0.02b 6.52 ± 0.08d 8.17 ± 0.01a

Mg 10.55 ± 0.06a 8.91 ± 0.04c 6.13 ± 0.08d 10.22 ± 0.03b

Na 6.27 ± 0.27a 6.31 ± 0.13a 5.83 ± 0.41ab 5.21 ± 0.41b

Micro elements (µg/g)
Al 158.00 ± 3.80c 211.87 ± 2.66a 171.73 ± 6.01b 224.60 ± 6.10a

B 36.87 ± 0.42c 34.73 ± 0.12d 59.40 ± 0.69a 45.93 ± 1.21b

Ba 0.60 ± 0.00d 1.27 ± 0.12b 0.87 ± 0.12c 1.67 ± 0.12a

Co < 0.035 < 0.035 < 0.035 < 0.035
Cr < 0.010. 0.20 ± 0.00a 0.07 ± 0.12ab < 0.010
Cu 6.33 ± 0.64a 4.13 ± 0.64b 1.00 ± 0.53c 1.93 ± 0.46c

Fe 293.93 ± 4.12d 461.47 ± 8.03b 574.53 ± 5.60a 399.87 ± 7.91c

Mn 5.47 ± 1.50b 10.07 ± 0.12b 10.27 ± 0.12a 6.93 ± 0.12b

Ni < 0.035 < 0.035 < 0.035 < 0.035
Zn 20.13 ± 0.12a 17.60 ± 0.20b 13.80 ±0.00d 14.40 ± 0.20c

Toxic elements (µg/g)
Cd < 0.035 < 0.035 < 0.035 < 0.035
Pb < 0.035 < 0.035 < 0.035 < 0.035

*Values are expressed as mean ±SD (n = 3), mean values in row with different superscripts were significantly different (P <0.05).
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rigida samples, in six different locations of the Dardanelles 
(Çanakkale), and did not detect any of the elements in levels 
greater than 1 µg/g within any of the dry algae samples collect-
ed. However, Ozden and Tuncer (2015) did not detect the ele-
ments of Pb and Cu in levels above 1 µg/g in the dry samples of 
Ulva rigida collected seasonally from five different locations in 
the Dardanelles. They also reported that the seasonal average 
amounts of Zn and Fe were between 1.01-6.5 µg/g and 2.25-
10.87 µg/g, respectively. The results of the element quantities in 
the present study were observed to be higher compared to the 
abovementioned studies, for example, Cu was between 1.00 and 
6.33 µg/g; Fe, 294-575 µg/g; and Zn, 13.80-20.13 µg/g. It is gen-
erally considered that the differences in the results between this 
study and other studies stems from the sampling years and a dis-
similarity in sampling locations. The Dardanelles, being a specific 
current system can contain different proportions of minerals 
during various years and stations due to taking nutrition particu-
larly from the water bodies originating from the Black Sea. Fur-
thermore, the magnitude of the algae is a distinctive feature in 
terms of mineral composition. Older algae have better ability of 
absorbing minerals from sea water. 

According to legislation, the acceptable daily limits of copper is 
0.5 mg/kg, and manganese is between 0.4-1.0 mg/kg of body-
weight (Codex Alimentarius, 2007; 2011). There are no legal lim-
its for aluminum and barium in meat products but the EFSA 
(2013) stated that aluminum exposure should not exceed 1 mg/
kg weekly for humans and the Codex Alimentarius Committee 
(1996) stated that the acceptable barium limit is 1 mg/l in drink-
ing water. Nickel and chromium were found very low - just slight-
ly higher than the detection limits. Additionally, certain benefi-
cial elements, such as boron and zinc, should be present in 
foods in the amounts of 0.5-0.4 mg/kg and 15 mg/kg of body 
weight, respectively (Codex Alimentarius, 2007; Jopp, 2012; 
WHO, 2013).

CONCLUSION

In this research, the elemental composition of green seaweed 
(Ulva rigida) and level of food safety was evaluated. In sum, Ulva 
rigida is rich in terms of certain beneficial micro elements such as 
iron, boron and zinc – and within acceptable values. Further-
more, the elements lead and cadmium (considered as hazard-
ous), were not detected. With these features and the supporting 
studies related to nutrient content for this species, Ulva rigida we 
can suggest that the seafood sector is a convenient and secure 
food source if it is collected from not-polluted and safe areas.
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ABSTRACT
The present study reports the age and growth properties of Burdur Loach, Oxynoemacheilus 
anatolicus Erk'akan, Özeren & Nalbant, 2008 caught from the Düger Spring Creek (Burdur-Turkey) 
and is currently listed as an endangered species. 100 specimens of O. anatolicus, which ranged in 
size between 2.5 and 8.6 cm in total length, 0.14 and 5.90 g in total weight, were collected during 
the study period. Of all the O. anatolicus examined, 5 were immature, 50 were female, and 45 
were male. The overall sex ratio in the populations matches the expected value of 1:1 in a normal 
population. The otolith readings indicated the presence of five age classes (I-V). Length–weight 
relationships were fitted by the equation W= 0.0082L3.0402 (p<0.05) for both sexes combined and 
this indicated that growth was positive allometric. The condition factor values were calculated and 
ranged from 0.64 to 1.19. The obtained data was compared with available results from close spe-
cies. This study provided first baseline data related to length-weight relationship, age, sex ratio 
and condition factor for O. anatolicus – a species whose populations have been threatened due 
to various ecological changes in its habitats, leading to increased concern and the need for con-
servation. 

Keywords: Freshwater, Endemic, Burdur Loach, Karstic spring

INTRODUCTION

Anatolia is characterized by high levels of bio-
diversity and a high density of endemic species, 
Its geological history has played a key role in 
the diversification of freshwater fish species 
(Demirsoy, 2002; Kuru, Yerli, Mangıt, Ünlü, & 
Alp, 2014; Çiçek, Sungur Birecikligil, & Fricke, 
2015; Çiçek, Fricke, Sungur, & Eagderi, 2018). 
The loach genus Oxynoemacheilus has under-
gone major diversification in Anatolia, where 
more than 30 species have been reported (Fro-
ese and Pauly, 2019). 

Members of the genus Oxynoemacheilus, com-
monly known as stone loaches, are small fish liv-
ing in the fresh waters of Asia and its islands, 

Europe, and northeast Africa. They inhabit a va-
riety of water bodies ranging from mountain 
streams to salty rivers in dry lowlands (Joula-
deh-Roudbar, Eagderi, & Hosseinpour, 2016). 
Most of them are very rare and have a limited 
distribution area. Despite the high diversity and 
endemism of Oxynoemacheilus genus in Tur-
key, knowledge about its biology and popula-
tion dynamics are still limited. Most of the avail-
able studies  have focused  mainly on length-
weight relationships (Gaygusuz et al., 2012; 
Erk’akan, Innal, & Özdemir, 2013, 2014; Innal, 
Özdemir, & Dogangil, 2015; Birecikligil, Çiçek, 
Öztürk, Seçer, & Celepoğlu, 2016; Özcan & Al-
tun, 2016; Yazıcıoğlu & Yazıcı, 2016). 

https://orcid.org/0000-0002-1686-0959
http://researcharchive.calacademy.org/research/ichthyology/catalog/fishcatget.asp?genid=8544
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The Burdur Endorheic Basin has a great diversity of natural eco-
systems including wetlands, warm and hot springs, and saline 
and freshwater lakes. Because of the introduction of alien or 
translocated fish species and building of dams for agricultural 
purposes, many endemic fishes have become rare and endan-
gered here (Küçük, Gülle, Innal, & Güçlü, 2016; personal observa-
tion, Deniz Innal). The Burdur Endorheic basin provides an essen-
tial spawning and rearing habitat for many loach species, includ-
ing the Burdur loach (Küçük et al., 2016). Burdur loach has been 
reported at input locations in Karamanlı Dam Lake (Erk’akan, 
Özeren, & Nalbant, 2008), Başpınar Creek (Küçük et al., 2016), 
Düger Spring (Freyhof, Erk’akan, Özeren & Perdices, 2011; Innal 
et al., 2017) and Pınarbaşı Creek (Innal & Giannetto, 2017). 

While the subject’s populations have been threatened due to 
various ecological changes in its habitats, leading to increased 
concern and the need for conservation, there is not sufficient in-
formation available about its biological features. This study pro-
vided first baseline data related to length-weight relationship, 
age, sex ratio and condition factor for O. anatolicus.

MATERIALS AND METHODS

The study was carried out in Düger Creek between March 2014 
and December 2014 (6 sampling events). Düger Creek is a small, 
karst system in the southwest of Turkey, situated in the Düger Vil-
lage (37°34’31.53’’N 30°01’13.64’’E-37°34’37.04’’ N 30°01’28.38’’E) 
close to the city of Burdur (Burdur Endorheic Basin). Water qual-
ity parameters were measured at the surface at the start of each 
field trip. Temperature (°C), salinity, pH and dissolved oxygen 
(mg/l) concentration were measured using a YSI water meter 
(Professional Plus). A total of 100 O. anatolicus speciemens were 
collected using electroshock equipment. 

After being caught, the fish samples were transported to the lab-
oratory where their size (total length; cm, referred to as L in the 
text and weight; g, referred to as W in the text) were measured 
and weighed to the nearest 1.0 mm and 0.01 g, respectively. The 
otoliths of individuals were used for age determination (The ro-
man numerals indicate a subjective classification of ages). 
Length-weight relationships were estimated for the total sample 
and separated by sex, according to the equations suggested by 
Ricker (1975), W=aLb. Where W = mass in grams; L = total length 
in centimeters. a=constant; b=constant described as isometric 
or allometric growth type. The value of Condition factor, K was 
calculated following Froese (2006), K = 100 * W/ L 3. The slopes 
of length–weight regressions were compared to 3 using Stu-
dent’s t-test to ascertain if the species grew isometrically. Size-fre-
quency distributions between sexes were conducted using the 
t-test and Kolmogorov-Smirnov two-sample test. A Chi-square 
test was used to identify the sex-ratio divergence from the ex-
pected value of 1:1 (male:female). 

RESULTS AND DISCUSSION

Düger Creek is a natural karst spring system leading to Lake Bur-
dur. The bottom is generally muddy or made up of small gravel. 
A range of water quality parameters of Düger Creek were mea-
sured (Figure 1). 

O.  anatolicus was observed in slow-flowing waters where the 
vegetation zone was dense. Pseudophoxinus burduricus, Gam-
busia holbrooki, Oxynoemacheilus theophilii and Oxynoe-
macheilus anatolicus were reported from Düger Spring (Innal et 
al., 2015; Innal et al., 2017). Within the sample area, bottom salin-
ity ranged from 0.19–0.22 ppt, surface temperature ranged from 
21°C–26°C, pH ranged from 7.6–8.4 and dissolved oxygen (mg/L) 
ranged from 6.9–7.9. This species is well adapted to the warm-wa-
ter spring zone of Düger Creek. 

Although a high species diversity of Genus Oxynoemacheilus ex-
ists in Turkey, little is known about their life history. The ecology 
of O. anatolicus has been reported in aquatic systems in terms of 
systematics (Erk’akan et al., 2008), distribution (Freyhof et al., 
2011; Küçük et al., 2016; Innal & Giannetto, 2017) and parasites 
(Innal et al., 2017). This work, however, is the first study on age 
and growth for Burdur Loach in Turkey, so no comparison is pos-
sible with other studies of this species. 

The sex and age compositions of O. anatolicus are shown in Ta-
ble 1. 

The 100 individuals of O. anatolicus used for the age determina-
tion consisted of 45 (45%) males, 50 females (50%) and 5 (5%) ju-
veniles. The female–male ratio for all fish combined was 1.11:1 
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Figure 1. Water quality parameters of Düger Creek.
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Table 1. The sex and age compositions of O. anatolicus

Age
Juvenile Female Male Total

N % N % N % N %

I 5 5 2 2 3 3 10 10
II 21 21 29 29 50 50
III 11 11 7 7 18 18
IV 15 15 4 4 19 19
V   1 1 2 2 3 3
Total 5 5 50 50 45 45 100 100

Table 2. Length frequency distribution of O. anatolicus

Length intervals (cm)
Age groups (in years)

Total
I II III IV V

2-2.9 3 3
3-3.9 7 13 20
4-4.9 20 20
5-5.9 17 6 23
6-6.9 12 3 15
7-7.9 16 16
8-8.9 3 3
Total 10 50 18 19 3 100
Range TL 2.50 - 3.40 3.20 - 5.60 5.20 - 6.80 6.20 - 7.90 8.40 - 8.60 2.5 - 8.6
Mean TL±SD 2.98 ± 0.25 4.49 ± 0.64 6.01 ± 0.48 7.24 ± 0.48 8.47 ± 0.12 5.26 ± 1.55
Range W 0.14 - 0.31 0.29 - 1.53 1.07 - 3.11 2.02 - 5.31 5.45 - 5.90 0.14 - 5.90
Mean W±SD 0.23 ± 0.06 0.86 ± 0.37 1.94 ± 0.55 3.36 ± 0.81 5.65 ± 0.23 1.61 ± 1.40

Table 3. Estimated length weight parameters of Oxynoemacheilus species

Species Locality b a r2 TL(Min-
Max)

W(Min-
Max)

N Reference

O. mesudae Küfe Creek 2.628 0.0161 0.95 6.6 - 8.9 2.2 - 5.2 14 Erk’akan et al., 2014
O. evreni Çayır Creek 2.788 0.0128 0.92 5.4 - 9.4 1.4 - 6.7 27 Erk’akan et al., 2014
O. theophilii Bozçay Creek 2.898 0.01 0.94 3.1-5.6 0.25-1.18 10 Innal et al., 2015
O. samanticus Karaboğaz Creek 2.919 0.00851 0.92 4.5 - 8.6 0.6 - 4.3 40 Erk’akan et al., 2014
O. angorae Kılıçözü Stream 2.929 0.0098 0.96 3.5-9.8 0.38-6.58 103 Yazıcıoğlu & Yazıcı, 2016
O. theophilii Dalaman Stream 2.989 0.011 0.93 6.4-7.9 2.51-4.88 10 Innal et al., 2015
O. anatolicus Düger Creek 3.04 0.0082 0.98 2.5-8.6 0.14-5.90 100 PRESENT STUDY
O. theophilii Cüneyt Creek 3.07 0.007 0.96 6.6-10.5 2.3-11 17 Innal et al., 2015
O. angorae Kızılırmak River Basin 3.102 0.008 0.94 2.8-8.6 0.22-6.18 127 Birecikligil et al., 2016
O. theophilii Düger Spring 3.188 0.007 0.94 3.9-5.8 0.56-2.09 13 Innal et al., 2015
O. eregliensis Melendiz Creek 3.196 0.005 0.98 1.65-10.3 0.1-7.3 76 Erk’akan et al., 2013
O. angorae Sögütözü Beynam 3.228 0.00622 0.99 4.4 - 8.3 0.8 - 6.6 24 Erk’akan et al., 2014
O. angorae Balıklı Stream 3.237 0.006 0.88 4.7–7.3 0.86–3.56 30 Gaygusuz et al., 2012
O. simavicus Karaçaltı Creek 3.261 0.0044 0.95 4.6-7.1 0.6-2.5 17 Erk’akan et al., 2014
O. theophilii Yiğitler Creek 3.293 0.004 0.98 5.5-8.9 1.1-5.4 9 Innal et al., 2015
O. hamwii Gölbaşı Lake 3.52 0.0021 0.96 5.0–8.8 0.6–3.65 28 Özcan and Altun, 2016
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and Chi square test analysis conducted on sex ratio showed that 
the difference was not statistically significant (P>0.05). The ages 
of the captured specimens ranged from I to V years and the sec-
ond group was dominant in the population, followed by age IV 
(19 %), III (18 %), I (10 %), and V (3 %) age groups. 

Females were caught in higher numbers in this study. A higher 
proportion of females has also been reported for other members 
of the Nemacheliidae family, for species such as 1.0/0.63 (f/m) for 
O. angorae in Kılıçözü Stream (Yazıcıoğlu & Yazıcı, 2016). 1/0.81 
(f/m) for O. tigris from Murat River (Koyun, Ulupınar, Mart, & 
Tepe, 2016). 

Length frequency distribution of O. anatolicus is given in Table 2

The specimens of O. anatolicus ranged from 2.5 to 8.6 cm in to-
tal length and from 0.14 to 5.9 g in total weight. Total length 
ranged from 3.1 to 8.4 cm in males, from 3.1 to 8.6 cm in females 
and from 2.5 to 3 cm in juveniles. Weight ranged from 0.208 to 
5.9 g in males, from 0.203 to 5.6 g in females and from 0.14 to 
0.285 g in juveniles. The mean total length and weight of females 
were higher than males. No significant difference was observed 
in mean length and weight between sexes (P > 0.05).

The total length of O.  anatolicus ranged from 2.5 to 8.6 cm, 
which fits well within the known values (Table 3) while the mini-
mum length observed in this study was close to the value report-
ed for Oxynoemacheilus angorae from the Kızılırmak River Basin 
(Birekcikliğil et al., 2016). The maximum length was closer to 
known reported values for some species; Oxynoemacheilus an-
gorae from the Kızılırmak River Basin (Birekcikliğil et al., 2016) 
and Sögütözü Beynam (Erk’akan et al., 2014), for Oxynoemachei-
lus hamwii from Gölbaşı Lake (Özcan & Altun, 2016), for Oxynoe-
macheilus mesudae from Küfe Creek (Erk’akan et al., 2014), for 
Oxynoemacheilus samanticus from Karaboğaz Creek (Erk’akan 
et al., 2014), for Oxynoemacheilus theophilii from Yiğitler Creek 
(Innal et al., 2015). In population structure, female individuals of 
O.  anatolicus showed wider length range, mean length and 
weight than males.

Length and weight frequency distributions and length-weight re-
lationships W = aTLb (in g and cm) for O. anatolicus from Düger 
Creek are given in Figure 2. 

Among all the individuals, dominancy was in the total length 
range of 3-6 cm and dominancy was in the weight range of 0.14-
2 g (Figure 2). The length frequency distributions of males and fe-
males were not significantly different. Length–weight relation-
ships was calculated using the data of 100 O. anatolicus speci-
mens. This was found to be W= 0.0082L3.0402(R2=0.98) (p<0.05; 
95% CI of b: 3.022-3.054) for all individuals. The calculated value 
of (b) exponent for female, male and combined sexes was 3.0286 
(p<0.05), 3.0498 (p<0.05) and 3.0402 (p<0.05), respectively. These 
values indicate that the fish had positive allometric growth. “b” 
values of O. anatolicus were not significantly different between 
the sexes. The regression models in the study showed no differ-
ences in terms of growth patterns between males and females of 
O. anatolicus. The r value of 0.98 indicates a high correlation de-
gree of length and weight.

Length-weight relationship (LWR) parameters have basic uses in 
fish stock assessment and fisheries management (Froese, 2006). 
This paper provides the first published reference of the length-
weight for O.  anatolicus. Relationships between length and 
weight for species of Oxynoemacheilus genus have been de-
scribed by several authors, and both isometric and allometric 
growth from various water bodies have been reported for spe-
cies of Oxynoemacheilus genus (Table 3). The b value of Oxynoe-
macheilus species in Turkey has been shown to range from 2.63 
to 3.52 (Table 3). 

Allometric growth of Oxynoemacheilus genus determined in this 
study was in accordance with results reported in earlier studies 
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Figure 2. Length and weight frequency distributions and 
length-weight relationships for O. anatolicus 
from Düger Creek.
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(Gaygusuz et al., 2012; Erk’akan et al., 2013; Erk’akan et al., 2014; 
Innal et al., 2015; Birekcikligil et al., 2016; Özcan & Altun, 2016). 
The factors affecting the b value have been reported by various 
authors (Tesch, 1971; Moutopoulos & Stergiou, 2002; Froese, 
2006). Variations in growth type and b values from different areas 
may be attributed to one or more factors, including different 
physico-chemical parameters of systems, flora and fauna compo-
sitions of systems. sampling designs, sampling properties and 
characters of species (sex, length range, diet, parasites). 

Graphical presentations of the seasonal condition factor for O. 
anatolicus studied are shown in Figure 3.

Condition factor (K) values for female samples were generally 
higher than those of the males. The mean K values for female, 
male and combined sexes were 0.90, 0.86 and 0.88 respectively 
(Fig. 3). The results showed that there were no variations in con-
dition factors between sexes of the O. anatolicus collected from 
Düger Creek. The condition factor of O. anatolicus showed sea-
sonal variation - it was noticed that K was higher when fish en-
tered into the maturation phase during the month of March, 
while for rest of the seasons K showed lower values. 

The mean condition factor which is a measure of the suitability of 
the environmental factor for growth of the species obtained for 
this study was 0.88 and ranged from 0.64 to 1.19. Mean condition 
factor value was close to the value (0.86) documented by Yazıcıoğ-
lu & Yazıcı, (2016) for Oxynoemacheilus angorae from the Kılıçözü 
Stream and also relatively lower than the value (0.94) reported by 
Birecikligil et al. (2016) for Oxynoemacheilus angorae from the 
Kızılırmak River Basin (Birekcikliğil et al., 2016). Differences in 
mean condition factors of males and females in this study were 
not statistically significant. 

The Burdur Loach was listed as endangered as a result of dam 
construction and pollution (Freyhof, 2014). The species is sym-
patric with 3 native species; Pseudophoxinus burduricus, Cobitis 
battalgili, O. theophili, of which the first two are endemic to Ana-

tolia. During the study period in Düger Creek, one alien species, 
Gambusia holbrooki was caught. An increasing population of G. 
holbrooki may threaten the population of O. anatolicus.

Anthropogenic water pollution is another important disturbance 
factor. The anthropogenic water pollution sources include hu-
man waste, ruminant animal farming and chicken egg industry 
discharges. Chemical pesticides, often used in agriculture, may 
constitute a high risk to O. anatolicus. In addition, the construc-
tion of roads  for Marble Mining affects the habitat quality of 
Düger Creek. A minor threat is excessive water abstraction that 
alters the normal creek flow and may restrict the movement of 
the fish along the creek channel. 

CONCLUSIONS

This study highlights that growth characteristics for Burdur Loach 
are not much different from species in the same genus (Table 3). 
Length-weight relationship exhibited positive allometric growth 
patterns in the O. anatolicus collected from Düger Creek. The 
overall sex ratio in the populations matched the expected value 
of 1:1 in a normal population. Condition factor values of O. ana-
tolicus in Düger Creek were close to the reported values for oth-
er species of the same genus. The best conditions for the fish 
were recorded during the month of March. 

Because of the threat to O. anatolicus populations by loss of suit-
able habitats, conservation efforts are required. Data on length-
weight relationship, age, sex ratio and condition factor for Bur-
dur Loach inhabiting Düger Creek have been presented in this 
paper for the first time. 

It could be concluded that the findings of this study will contrib-
ute to the knowledge of bioecology of O.  anatolicus. Further 
studies on the reproductive biology and conservation practices 
are urgently required for this endangered species.
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ABSTRACT
In this study, a total of 1935 fish samples were collected monthly between June 2017 and May 2018 
belonging to 5 families; Cyprinidae, Siluridae, Percidae, Centrarchidae and Esocidae from the 
lower Sakarya River, Turkish shores of the western Black Sea. Estimation for b value of the length-
weight relationship ranged between 2.87 (Carassius gibelio) and 3.41 (Alburnus escherichii). 
Length–weight estimates and TLmax value (18.2 cm) for A. escherichii are not available in Fishbase 
and are first given in this research. Eleven of the evaluated 13 species are commercial for the Sa-
karya River fishery. The results of this research could be useful for further fishery studies in the 
lower Sakarya River. 

Keywords: Length–weight relationship, Sakarya River, allometric growth, cyprinidae

INTRODUCTION

Rivers and natural lakes are important ecosys-
tems of our world and cover approximately 
2.5% of the earth’s surface (Shiklomanov, 1999). 
Turkey’s inland water resources potential can 
be considered as important because of its posi-
tion in the world. Turkey has an important in-
land water fishery potential with 33 rivers 
(177714 km), 200 natural lakes (900118 ha), 159 
dam lakes (342377 ha) and 750 ponds (15500 
ha) (FAO, 2015). Despite this potential, the pro-
duction of inland waters is quite low. Fishery 
production can be increased by converting 
un-utilized water resources into production ar-
eas or by allowing use. Therefore, there is a 
need for comprehensive and stock assessment 
researches on fish populations which have eco-
nomic importance in our inland waters and oth-
er populations to which they are related and 
their ecological environments. Thus, maximum 
sustainable yield can be provided without de-
stroying the ecological balance and damaging 
existing stocks.

As indicated in the many other studies, Length-
Weight Relationships (LWRs) have an important 
role in fish stock management (Kalaycı, Sam-
sun, Bilgin, & Samsun, 2007) and also they are 
useful for comparing life history and morpho-
logical aspects of different populations from 
other regions (Goncalves et al., 1997). LWRs ex-
plain the mathematical correlation between fish 
length and weight. These relationships are 
used for conversion of length observations to 
weight values to provide some measure of bio-
mass (Froese, 1998). In fishery studies, length is 
easier to record than mass, therefore, if we have 
a length value, body weight could be deter-
mined (Harrison, 2001).

In this study, the Lower Sakarya River region, 
which is chosen as the study area, has econom-
ically benefited as well as being a significant 
protein source for the local people with its ecol-
ogy and the fish species it hosts. In this respect, 
the sustainable management of fishing in the 
region has great importance. The aim of this 
study is to contribute to sustainable fisheries 
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management and literature by revealing the growth characteris-
tics of fish species which have economic importance in the re-
gion.

MATERIALS AND METHODS

This study was conducted between June 2017 and May 2018 on 
the lower Sakarya River, in Turkey. Three sampling locations were 
chosen in the Sakarya river, Pamukova (1), Adapazarı (2) and Kara-
su (3) (Figure 1). Data were collected monthly with trammel nets 
(inner panel: 52-72-88 mm, outer panel: 300 mm; stretched mesh 
sized), fyke net (140 mm stretched mesh sized, 5 m leader net) and 
electro shocker (SAMUS 1000; 500W). The sampling areas were 
sandy-muddy substrates and depths were between 3-10 meters.

The samples were taxonomically identified in the laboratory ac-
cording to Kuru, (2004); Kottelat & Freyhof, (2007); Geldiay & 
Balik, (2009). Total lengths were measured with measurement 
boards (±0.1 cm) and weights were taken with a precision bal-
ance (±0,01 g).

The parameters a and b of relationships of the equation W = aLb 
(Ricker 1975) which is estimated through logarithmic transforma-
tion; log W = loga + blog L

where W is weight (g), L is total length (cm), a is the intercept and 
b is the slope of the linear regression. Parameters a and b were 
calculated by least-squares regression, as was the coefficient of 
determination (R2). 95% confidence limits (CI) of b was also esti-
mated (Pauly, 1993). Growth was determined separately for each 
fish species based on length-weight relationship equations.

RESULTS AND DISCUSSION

A total of 1935 fish samples were collected in this study. 13 fish 
species belonging to five families, Cyprinidae (78.86%), Siluridae 
(10.96%), Percidae (5.53%), Centrarchidae (2.38%) and Esocidae 
(2.27%), were examined. Estimation for b value of the length-
weight relationship ranged between 2.87 (C. gibelio) and 3.41 (A. 
escherichii). The growth type of A. brama, A. escherichii, Barbus 

sp., C. carassius, L. gibbosus, R. rutilus, S. erythrophthalmus, V. 
vimba was determined as positive allometry (b>3) and C. gibelio, 
E. Lucius, S. glanis was determined as negative allometry (b<3) 
whereas B. bjoerkna and P. fluviatilis showed isometry (b=3). 
Mean condition factor values ranged from 0.59 (S. glanis) to 2.27 
(L. gibbosus). Sample size (N), minimum and maximum lengths, 
minimum and maximum weights, length-weight relationship pa-
rameters (a and b), standard error of b (Sb), the coefficient of de-
termination (R2), confidence interval (CI) of b, growth type of spe-
cies are presented in Table 1. Additionally, the relationship be-

Figure 1. Study area.

Table 1. Estimated LWR parameters of 13 fish species from the Sakarya River, Turkey

Species N TLmin-TLmax Wmin-Wmax a b R2 Sb %95CI of b Growth type

Abramis brama 143 14.3-53.7 33.35-1977.48 0.0074 3.12 0.97 0.05 3.04-3.21 +A
Alburnus escherichii* 122 6.5-18.2 1.01-46.84 0.0026 3.41 0.98 0.06 3.34-3.50 +A
Barbus sp. 38 25.3-55.7 163.05-1911.43 0.0042 3.26 0.97 0.05 3.09-3.43 +A
Blicca bjoerkna 547 6.2-30.4 3.15-311.15 0.0101 3.07 0.94 0.07 3.01-3.14 I
Carassius carassius 38 16.1-25.3 83.83-295.94 0.0148 3.12 0.96 0.04 2.91-3.35 +A
Carassius gibelio 179 9.3-32.4 13.76-592.75 0.0264 2.87 0.97 0.06 2.80-2.94 -A
Esox lucius 44 27.2-59.8 153.16-1353.12 0.0097 2.91 0.93 0.06 2.66-3.14 -A
Lepomis gibbosus* 46 3.9-14.7 0.83-75.74 0.0091 3.37 0.98 0.04 3.25-3.49 +A
Perca fluviatilis 107 11.4-28.7 20.45-370.51 0.0154 2.94 0.93 0.06 2.79-3.09 I
Rutilus rutilus 152 11.2-32.2 14.46-364.67 0.0053 3.27 0.97 0.06 3.20-3.36 +A
Scardinius erythrophthalmus 43 10.2-30.2 13.46-432.41 0.0088 3.15 0.99 0.03 3.05-3.25 +A
Silurus glanis 212 10.7-108.4 8.59-8536.4 0.008 2.91 0.98 0.05 2.87-2.96 -A
Vimba vimba 264 12.3-29.1 20.86-322.61 0.0083 3.09 0.96 0.05 3.02-3.17 +A

*: Non commercial; +A: Positive Allometric; -A: Negative Allometric; I: Isometric
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tween total length (TL) and total weight (W) were given for the 
most commercial fish species S. glanis, P. fluvitilis,, E. lucius (Fig-
ure 2).

The population parameters such as length-weight relationship 
(LWR) are one of the most useful parameters of fishery manage-
ment and have importance in fisheries science. LWR is also im-
portant in fisheries management for comparative growth studies 
(Moutopoulos & Stergiou 2002; Tsoumani, Liasko, Moutsaki,, 
Kagalou, & Leonardos, 2006).

Length–weight estimates for A. escherichii are not available in 
the Fishbase database and it is first given in this research. Fur-
thermore, the TLmax value (18.2 cm) of this study for A. escherichii 
was found to be the highest compared to the Fishbase database.

According to Froese (2006), b is expected to range from 2.5 to 
3.5, all species analyzed being within this range. In this study, A. 
brama, A. escherichii, Barbus sp., C. carassius, L. gibbosus, R. ru-
tilus, S. erythrophthalmus and V. vimba showed positive allome-
tric (b>3), C. gibelio, E. lucius and S. glanis showed negative al-
lometric (b<3) and B. bjoerkna and P. fluviatilis (b=3) showed iso-
metric growth. For the 13 species presented in this paper the b 
values were in general agreement with results obtained in other 
geographical areas (Saç & Okgerman 2016; Tarkan, Gaygusuz, 
Acıpınar, Gürsoy, & Özuluğ, 2006; Erguden & Goksu, 2009; Bob-
ori, Moutopoulos, Bekri, Salvarina, & Munoz, 2010; Torcu Koç, 
Aka, & Treer, 2006). In contrast, Kahraman, Göktürk, & Aydın, 
(2014), studied in the same region, found positive allometric 
growth for S. glanis. These differences may be due to the fish 

condition, seasonality, sex, gonadal maturity, stomach fullness, 
length range, amount of sample and sampling method (Haimovi-
ci & Velasco, 2000; Teixeira, Silva, Fabré, & Batista, 2017). Thus, 
there is a need for all researchers worldwide to agree on a stan-
dardized fishing method to sample fish for LWR studies.

CONCLUSION

Consequently, the lower Sakarya River is important for the local 
fishery. Almost no recent information is available for the study 
area. According to our results, eleven of the evaluated the thir-
teen fish are commercially important for small-scale fishery. So, 
these parameters could be useful to maintain a more effective fu-
ture stock management of the studied species in the lower Sa-
karya River. 
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Figure 2. Length–weight relationships (W=aLb) of three commercial fish species from the Sakarya River.
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ABSTRACT
Ergene River Basin, which is known as a critically contaminated habitat, is located in the Thrace 
Part of the Marmara Region of Turkey. Altınyazı, Karaidemir, Kayalıköy, Kırklareli, Sultanköy and 
Süloğlu Dam Lakes are located in the Ergene River Basin in the Thrace Region, which has very 
large agricultural lands because of rich soil and many freshwater resources. They were constructed 
by DSİ (State Water Works) in order to provide irrigation and drinking water and flood protection. 
The aim of this study was to evaluate the sediment quality of these artificial lentic ecosystems by 
investigating a total of 25 essential and toxic element accumulations and evaluate the ecological 
risks of toxic metals on the reservoirs by using Potential Ecological Risk Index (RI). Sediment sam-
ples were collected in the spring season (rainy) of 2018 from 15 stations and element concentra-
tions were investigated by using an ICP-MS. According to the results of RI, cadmium, lead and 
arsenic were found to be the highest ecological risk factors for the basin reservoirs. 

Keywords: Thrace Region, Ergene Basin, Lentic Habitats, Toxic Metals, Sediment Indices

INTRODUCTION

Rapid growth of population, developments of 
industry and lack of environmental awareness 
cause significant environmental problems and 
decrease the freshwater quality (Köse et al., 
2014; Tokatlı et al., 2016). Lacustrine habitats (ar-
tificial or natural) are among the most vulnerable 
freshwater bodies to pollution due to their expo-
sure to point (eg. municipal and industrial waste-
water) and non-point (eg. run-off from agricultur-
al land) contamination sources in their drainage 
basins (Çiçek et al., 2014; Tokatlı et al., 2017a).

It is clearly documented that sediment may pose 
a serious risk factor on the water quality through 
the complicated biogeochemical exchanges. 
Therefore, the investigation of the sediment 
quality is an essential and prime component of 
aquatic ecosystem assessment research (Farom-

bi, et al. 2007, Yu et al. 2011; Çiçek et al., 2019). 
Many indices have been developed to evaluate 
the environmental and ecological risks of toxic 
elements in surface sediments and one of the 
most widely used sediment indices is Potential 
Ecological Risk Index (RI) (Çiçek et al., 2013; To-
katlı et al., 2017b; Maanan et al., 2018).

The Thrace Region of Turkey, which is located on 
the north – west part of the Marmara Region, is 
known as an agricultural region and there are 
very large agricultural lands because of its quite 
rich soil and numbers of freshwater resources. 
The Ergene River Basin, which is the most import-
ant river basin of the Thrace Region, contains 
many industrial enterprises on its watershed and 
as well as the majority of these facilities are locat-
ed on the upstream of the basin. Therefore, in 
addition to the agricultural pressure, industrial 
activities are also one of the significant pollution 

https://orcid.org/0000-0003-2080-7920
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factors for the basin (Tokatlı, 2015; Sarı et al., 2016; Tokatlı and 
Baştatlı, 2016). Altınyazı, Karaidemir, Kayalıköy, Kırklareli, Sultanköy 
and Süloğlu Dam Lakes are located on the Ergene River Basin and 
they are the most important reservoirs of the Thrace Region. They 
were constructed by DSİ (State Water Works), on the Basamaklar, 
Poğaça, Teke, Şeytandere, Manastır and Süloğlu Streams respec-
tively in order to provide irrigation and drinking water and also 
flood protection for the local settlements (http://www.dsi.gov.tr/). 
But as many freshwater ecosystems, these reservoirs are also being 
affected by especially agricultural and domestic pressure.

As many freshwater ecosystems, all these reservoirs are being 
adversely affected by especially agricultural and domestic pres-
sure. The aim of this study was to reveal that pressure on these 
six significant artificial lentic habitats located on the Ergene River 
Basin by determining macro – micro element accumulations in 
sediment samples and evaluate the sediment quality by using 
Potential Ecological Risk Index.

MATERIALS AND METHODS

Study Area and Collection of Samples
Sediment samples were collected from 15 stations selected on 

the reservoirs in the rainy (spring) season of 2018. Topographic 
map of Ergene River Basin and Altınyazı, Karaidemir, Kayalıköy, 
Kırklareli, Sultanköy and Süloğlu Dam Lakes and selected sta-
tions on the reservoirs are given in Figure 1. Sediment samples 
were collected form the upper 10 cm of sediments with an ek-
man grab sampler in 1 L sterile glass bottles and kept at 4 0C un-
til the chemical analysis. 

Chemical Analysis
Sediment samples were dried for 3 hours at 105 oC. Samples 
were placed (0.25 gr of each sample) in Pyrex reactors of a CEM 
Mars Xpress 5 microwave digestion unit. HClO4:HNO3 acids of 
1:3 proportions were inserted in the reactors respectively. Sam-
ples were mineralized at 200 oC for thirty minutes. Afterwards, 
the samples were filtered in such a way as to make their volumes 
to 100 ml with ultra – pure distilled water. The element levels in 
the sediment samples were determined by using the “Agilent 
7700 xx” branded Inductively Coupled Plasma – Mass Spectrom-
eter (ICP – MS) device at the Trakya University Technology Re-
search and Development Application and Research Center 
(TÜTAGEM). The center has an international accreditation certif-
icate within the scope of TS EN / ISO IEC 17025 issued by 

Figure 1. Topographic map of Ergene River Basin and selected stations.
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TÜRKAK (representative of the World Accreditation Authority in 
Turkey). The element analyses were recorded as means triplicate 
measurements (EPA, 1998; 2001).

Potential Ecological Risk Index (RI)
The Potential Ecological Risk Index was developed to evaluate 
the ecological risks in sediment samples in order to control the 
aquatic contamination. The methodology is based on the as-
sumption that the sensitivity of the aquatic system depends on 
its productivity. According to the toxicity of toxic elements and 
the response of the environment, it was introduced to evaluate 
the degree of heavy metal pollution in sediments. The Potential 
Ecological Risk Index (RI) can be calculated with the following for-
mula (Hakanson, 1980); 

           

   

Where 

“RI” is calculated as the sum of all risk factors for heavy metals 
in sediments, 
“Ei

r” is the monomial potential ecological risk factor, 
“Ti

r” is the toxic response factor for a given substance (Table 3), 
“Ci

f” is the contamination factor, “Ci
0” is the concentration of 

metals in the sediment and 
“Ci

n” is a reference value for metals (Table 3). 
The scale of “RI” was given in Table 1.

Table 1. Scale used to describe the risk factors of Ei
r and RI (Hakanson, 1980)

Assessment of potential ecological risk 

Ei
r Potential ecological risk for monomial factor RI Potential ecological risk for multinomial factors

< 40 Low ecological risk < 95 Low ecological risk
40 – 80 Moderate ecological risk 95 – 190 Moderate ecological risk

80 – 160 Considerable ecological risk 190 – 380 Considerable ecological risk
160 – 320 High ecological risk > 380 Very high ecological risk

> 320 Very high ecological risk

Table 2. Macro – micro element accumulations in artificial lacustrine habitats in the Ergene River Basin

Elements 
(mg/kg)

Northern Dam Lakes Southern Dam Lakes

Süloğlu Kırklareli Kayalıköy Karaidemir Altınyazı Sultanköy

SD1 SD2 KD1 KD2 KD3 KKD1 KKD2 KKD3 KDD1 KDD2 KDD3 AD1 AD2 SKD1 SKD2

Li 35.4 94.4 97.3 115.4 80.0 148.9 199.9 345.1 113.5 149.6 56.3 162.1 225.5 104.6 103.7

Be 5.627 10.648 23.524 11.582 22.043 25.019 17.532 11.224 8.573 10.567 5.341 13.304 13.948 18.119 25.215

B 60.752 61.216 71.660 56.383 45.305 41.864 68.680 214.041 60.285 79.271 60.052 66.166 59.285 60.839 62.013

Na 2164 2526 1770 1905 1766 3503 66520 6454 1984 2778 1836 2788 4940 4454 6546

Mg 7128 35674 33100 25628 30043 60812 461190 146237 24480 72214 9210 76187 136871 57818 58488

Al 17011 98996 88745 92120 96885 204821 340876 173009 71847 116657 28218 95666 163288 138604 175258

K 6323 56044 34535 18592 39543 23928 55484 37016 32644 43227 9079 12240 17747 23371 34860

Ca 38058 56341 86844 28625 79668 119225 2550992 2452257 25136 83399 17020 667195 1717582 999325 593793

V 103.1 333.0 297.1 210.9 252.8 930.1 788.9 828.8 229.3 372.8 83.6 230.2 521.7 661.1 649.2

Cr 78.6 186.9 136.8 98.4 83.0 777.1 407.3 747.6 105.6 271.0 62.9 562.9 741.4 362.4 358.5

Mn 7252 15320 5145 5950 27466 50640 49649 28806 5249 21485 3165 11373 27047 37169 24108

Fe 24292 136429 198733 130505 169889 252457 322705 181380 121044 220464 37568 119719 232243 133792 114280

Co 63.9 99.2 107.8 77.8 158.4 725.9 1095.5 222.2 89.9 181.7 28.2 206.9 568.0 644.6 272.7

Ni 56.5 105.9 103.8 51.6 73.6 1519.5 4171.6 1094.7 69.6 309.4 28.5 1410.7 2417.7 1239.0 619.2

Cu 31.2 135.9 436.6 58.6 135.3 504.5 464.0 257.8 81.1 345.9 22.2 142.3 257.3 220.0 228.0

Zn 410 601 1254 585 716 891 1045 595 600 1178 321 696 850 564 612

As 18.623 20.341 28.661 21.710 729.450 89.164 53.428 40.698 12.181 33.600 9.372 13.653 42.091 69.270 59.219

Se 116 113 110 107 110 112 109 113 105 104 106 108 106 112 118

Sr 126 297 198 132 268 1117 10938 8000 128 625 93 1476 3381 1421 1405

Mo 48.205 47.912 47.325 46.616 52.408 46.586 47.070 212.363 45.042 47.974 45.111 43.762 44.164 43.571 45.329

Cd 1.170 2.225 12.517 1.788 3.818 6.235 5.144 7.594 1.428 3.577 0.585 1.772 3.320 3.181 2.995

Sb 0.461 0.845 2.052 0.427 0.534 0.660 0.463 183.661 1.182 1.187 0.441 0.471 0.335 0.562 0.671

Ba 709 2615 1252 499 3440 6796 9378 3311 731 3411 504 1124 3462 5688 4449

Tl 0.589 3.007 3.475 1.690 2.234 4.885 1.882 6.383 2.271 2.287 0.939 1.027 2.142 1.222 1.793

Pb 166 360 1764 355 529 1145 434 431 204 398 72 138 417 620 504
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RESULTS AND DISCUSSION

Essential and toxic element accumulations detected in sedi-
ments of reservoirs located in the Ergene River Basin are given in 
Table 2. The Potential Ecological Risk Index monomial (Ei

r) and 
multinomial (RI) for each station selected on the dam lakes locat-
ed on the Ergene River Basin were identified and all the results 
are given in Table 3. 

According to the results of monomial potential ecological risk in-
dex (Ei

r), all the investigated toxic elements posed “low ecologi-
cal risk” on the reservoirs. The Potential Ecological Risk Index for 
monomial regulators indicted that the intensity of the investigat-
ed toxic metals can be followed as Cd > Pb > As > Cu > Cr > Zn. 
According to the results of multinomial potential ecological risk 
index (RI), all the investigated stations exhibited “low ecological 
risk”. The Potential Ecological Risk Index for multinomial regula-
tors indicted that the ecological risks of the system can be fol-
lowed as Kırklareli Dam Lake > Kayalıköy Dam Lake > Sultanköy 
Dam Lake > Altınyazı Dam Lake > Karaidemir Dam Lake  > Süloğ-
lu Dam Lake (Figure 2).

Cadmium is an agricultural origin toxic metal and it is known that 
it can be easily emitted to soil and water by using phosphate fer-
tilizers. Cadmium, which may accumulate in aquatic organisms 
and agricultural crops, can also bind strongly to organic matter 
and be taken up by plant life and can be included in the food 
chain. It is clearly known that pesticides have a significant impact 
on lead and arsenic transition to the water, soil and sediment and 
also fertilizers contain significant quantities of zinc and copper 

(ATSDR, 2004; 2005a; 2005b; 2007). The Thrace Part of the Mar-
mara Region is known as a significant agricultural zone in Turkey 
and has very large agricultural lands because of its rich soil and 
much ground – surface freshwater resources. In the present study, 
as a result Potential Ecological Risk Index, cadmium, lead and ar-
senic, which are known as agricultural origin toxicants, were found 
to be the most risky elements for the sediments of dam lakes lo-
cated in the Ergene River Basin. The most significant anthropo-
genic sources of chromium in freshwater ecosystems is known as 
industrial activities, which are being intensively performed around 
the upstream of the Ergene River Basin (especially in the Çorlu 
and Çerkezköy Distrits) (ATSDR, 2000). According to the results of 
the Potential Ecological Risk Index, chromium did not pose a sig-
nificant risk factor for the sediments of the investigated reservoirs. 
These results reflect that the dam lakes of the Thrace Region are 
not being affected significantly by the intensive industrial activi-
ties conducted around the Ergene River Basin.

In a study performed in the Gala Lake National Park (Meriç – Er-
gene River Basin) in Turkey, the Potential Ecological Risk Index 
was used to evaluate the sediment quality. As a result of this 
study,  similar to the present study, cadmium was found to be the 
most risky element for the Gala Lake (Tokatlı, 2017). According to 
the results of another Potential Ecological Risk Index application 
conducted in Seydisuyu Stream Basin, similar to the results of the 
present study, chromium and cadmium were reported as the 
most risky elements for the Seydisuyu Stream Basin (Tokatlı et al., 
2017b). Soliman et al. (2015) assessed the potential ecological 
risks of heavy metals in sediments of the Mediterranean coast in 

Table 3. Toxic metal risk index values in sediments of the reservoirs

Dam Lakes Stations
Ei

r
RI

Multinomial 
MeanAs Cr Cu Pb Zn Cd

Süloğlu SD1 0.012 0.003 0.005 0.033 0.005 0.070 0.129 0.192
SD2 0.014 0.006 0.023 0.072 0.008 0.133 0.255

Kırklareli KD1 0.019 0.005 0.073 0.353 0.016 0.751 1.216 0.761
KD2 0.014 0.003 0.010 0.071 0.007 0.107 0.213
KD3 0.486 0.003 0.023 0.106 0.009 0.229 0.855

Kayalıköy KKD1 0.059 0.026 0.084 0.229 0.011 0.374 0.784 0.654
KKD2 0.036 0.014 0.077 0.087 0.013 0.309 0.535
KKD3 0.027 0.025 0.043 0.086 0.007 0.456 0.644

Karaidemir KDD1 0.008 0.004 0.014 0.041 0.008 0.086 0.159 0.208
KDD2 0.022 0.009 0.058 0.080 0.015 0.215 0.398
KDD3 0.006 0.002 0.004 0.014 0.004 0.035 0.065

Altınyazı AD1 0.009 0.019 0.024 0.028 0.009 0.106 0.194 0.291
AD2 0.028 0.025 0.043 0.083 0.011 0.199 0.389

Sultanköy SKD1 0.046 0.012 0.037 0.124 0.007 0.191 0.417 0.397
SKD2 0.039 0.012 0.038 0.101 0.008 0.180 0.378

Monomial Mean 0.055 0.011 0.037 0.100 0.009 0.229
*Ci

n 15.00 60.00 30.00 25.00 80.00 0.50
*Ti

r 10.00 2.00 5.00 5.00 1.00 30.00

*Reference values (Ci
n) and toxicity coefficients (Ti

r) values of heavy metals (Hilton et al., 1985)
Ei

r is the monomial and RI is the multinomial heavy metal Potential Ecological Risk Index
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Egypt and, similar to the present study, the risk assessment of this 
study showed that Cd had the highest ecological risk (Er = 21.52), 
followed by Pb (Er = 3.01), while Zn had the lowest risk (Er = 0.23).

In a study performed in Turkey, cadmium contents of different 
fertilizer samples taken from different fertilizer factories were in-
vestigated. It was reported that cadmium residues of many fertil-
izers used in Turkey were found to be over the limit values noti-
fied for fertilizers. It is known that phosphate rocks are the main 
ingredient of phosphate fertilizers and they are being imported 
from abroad to Turkey (Köleli and Kantar, 2005). Cadmium con-
centrations of these imported phosphate rocks are much more 
than what they should be. As a result of using phosphate fertiliz-
ers based of these imported phosphate rocks, significant 
amounts of cadmium are being accumulated on the land surface 
and also being moved to surface and groundwater resources 
(Emiroğlu et al., 2013). 

The Thrace Region is known as one of the most productive lands 
in Turkey. Rice and sunflower are the two main crops produced in 
the region. Edirne City is also known as the most important city 
for rice production in Turkey.  But unfortunately, agricultural ap-
plications carried out in the basin have been generally per-
formed in the form of monoculture applications for many years 
(Helvacıoğlu et al., 2015). This situation causes the decrease of 
soil quality and increase in the use of fertilizers, and may be the 
reason for the detected quite high cadmium accumulations in re-
gional sediments.

CONCLUSIONS

In this study, the Potential Ecological Risk Index was used to 
evaluate the sediment quality of the most significant artificial la-

custrine habitats of the Ergene River Basin. According to results 
of Potential Ecological Risk Index, cadmium, lead and arsenic 
were found to be the highest ecological risk factors for the dam 
lakes and the ecological risk levels of the investigated reservoirs 
were recorded as; Kırklareli > Kayalıköy > Sultanköy > Altınyazı 
> Karaidemir > Süloğlu in general. The data of this research re-
veals that agricultural runoff caused by pesticide and fertilizer 
applications because of mainly monoculture practices conduct-
ed almost all around the region was the main ecological risk for 
the sediment qualities of the reservoirs located in the Ergene 
River Basin. Also, the present study clearly presents the necessi-
ty and availability of sediment indices on freshwater sediment 
quality assessment studies. In order to improve the sediment 
qualities of these significant artificial lentic ecosystems, mono-
culture practices in agricultural applications should be changed 
and the local people should be encouraged to use polyculture 
practices. Also, the uninformed use of  chemical fertilizers and 
pesticides should be avoided by giving the necessary training to 
the farmers.
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ABSTRACT
This study aims to determine the species composition and range of Mediterranean Blennies (Ac-
tinopterygii, Blenniidae) occurring in river estuaries and lagoon systems of the Mediterranean 
coast of Turkey, and to characterise the length–weight relationship of the specimens. A total of 15 
sites were surveyed from November 2014 to June 2017. A total of 210 individuals representing 3 
fish species (Rusty blenny-Parablennius sanguinolentus, Freshwater blenny-Salaria fluviatilis and 
Peacock blenny-Salaria pavo) were sampled from five (Beşgöz Creek Estuary, Manavgat River Es-
tuary, Karpuzçay Creek Estuary, Köyceğiz Lagoon Lake and Beymelek Lagoon Lake) of the locali-
ties investigated. The high juvenile densities of S. fluviatilis in Karpuzçay Creek Estuary and P. 
sanguinolentus in Beşgöz Creek Estuary were observed. 

Various threat factors were observed in five different native habitats of Blenny species. The threats 
on the habitat and the population of the species include the introduction of exotic species, water 
pollution, and more importantly, the destruction of habitats. Five non-indigenous species (Prus-
sian carp-Carassius gibelio, Eastern mosquitofish-Gambusia holbrooki, Redbelly tilapia-Copt-
odon zillii, Stone moroko-Pseudorasbora parva and Rainbow trout-Oncorhynchus mykiss) were 
observed in the sampling sites. In addition to these freshwater species, several lessepsian species 
(Keeled mullet-Liza carinata, Por's goatfish-Upeneus pori, Goldband goatfish-Upeneus moluccen-
sis, Marbled spinefoot-Siganus rivulatus, Sillago suezensis and Yellowstripe barracuda-Sphyraena 
chrysotaenia) were observed in the sampling areas. 

Keywords: Peacock blenny, Freshwater blenny, Rusty blenny, distribution, estuary

INTRODUCTION

Blenniidae are one of the most abundant fish 
families inhabiting tropical and subtropical  re-
gions. The family consists of 58 genera and 397 
species (Nelson, Grande, & Wilson, 2016). The 
blennids of the Mediterranean display a re-
markable diversity with regard to habitat pref-
erences, feeding habits, and behaviour (Patzner, 
Gonçalves, & Hastings, 2009). 

Twenty species have been reported in the East-
ern Mediterranean with 3 alien species includ-

ed. Alien Blenny species were introduced to the 
Mediterranean-Black Sea Basin from the Suez 
Canal (Golani, Öztürk, & Başusta, 2006). As 
there is a low interest of commercial fishing of 
this family in the Turkish coast, there is no avail-
able data on the catch statistics of this species. 

The biological data on the species, however, 
are scarce and limited to their distribution 
(Erazi, 1941; Steinitz, 1950; Aksiray, 1987; Çoker, 
1996; Taşkavak, Bilecenoglu, Basusta, & Mater 
2000; Bat, Gönlügür Demirci, & Öztürk 2006; 
Yılmaz, Barlas, Yorulmaz, & Özdemir 2006; Bi-

https://orcid.org/0000-0002-1686-0959
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lecenoğlu, Kaya, Cihangir, & Çiçek, 2014; Özgür-Özbek, Özkaya, 
Öztürk, & Golani, 2014), parasitology (Alaş, Öktener, Iscimen, & 
Trilles 2008; Özer, Özkan, Gürkanlı, Yurakhno, & Çiftçi, 2016) and 
evolution (Zander, 1972; Almada et al., 2009).

The parameters of the length-weight relationship (LWR) of the 
fish species are crucial in the fisheries’ biology, supplying the in-
formation on several aspects of fish population dynamics 
(Bagenal & Tesch, 1978). The current knowledge on LWRs for 
Blennies is limited to six species, namely, Aidablennius sphynx 
(Özen, Ayyıldız, Öztekin, & Altın 2009), Blennius ocellaris (Çiçek, 
Avsar, Yeldan, & Ozutok, 2006; Sangun, Akamca, & Akar, 2007; 
Özaydın, Uçkun, Akalın, Leblebici, & Tosunoğlu, 2007; İşmen, 
Özen, Altınağaç, Özekinci, & Ayaz, 2007; İlkyaz, Metin, Soykan, & 
Kınacıgil 2008; Bok et al., 2011; Acarlı, Kara, & Bayhan 2014; 
Bilge, Yapıcı, Filiz, & Cerim, 2014), Salaria pavo (Özen et al., 2009; 
Bilge et al., 2014), Parablennius sanguinolentus (Keskin & Gaygu-
suz, 2010; Kara, Sağlam, Acarlı, & Cengiz, 2017), Parablennius 
tentacularis (Keskin & Gaygusuz, 2010), Salaria fluviatilis (İlhan, 
Ustaoğlu, & Berberoğlu 2013; Ergüden, 2016; Kara et al., 2017).

In both temperate and tropical habitats, the coastal lagoons and 
estuaries play a crucial role in the aspect of ecology and biology of 
the species (Bruno, Barbini, Diaz De Astarloa, Martos, & 2013). Sta-
tus of Blennies fish composition in Brackishwater systems are still 
poorly understood. The current study aims to update the range 
and species composition of Blennids occurring in river estuaries 
and lagoon systems of Mediterranean coast of Turkey, and to char-
acterise the length–weight relationship of specimens.

MATERIALS AND METHODS

A total of 15 sites (Yelkoma Lagoon Lake, Ceyhan River Estuary, 
Seyhan River Estuary, Göksu River Estuary, Paradeniz Lagoon 
Lake, Berdan River Estuary, Sultansuyu Creek Estuary, Hacımusa 
Creek Estuary, Karpuzçay Creek Estuary, Manavgat River Estuary, 
Köprüçay River Estuary, Beşgöz Creek Estuary, Kopak Creek Estu-
ary, Beymelek Lagoon Lake and Köyceğiz Lagoon Lake), repre-
senting a variety of habitats (including mouths of rivers and 
creeks, coastal canals of rivers and lagoonal areas), were repeat-
edly surveyed from November 2014 to June 2017. Details (Type, 
substrate structure, macrophyte vegetation density, flow regime) 
of habitats were recorded. Sampling localities are given in the 
map (Figure 1), and sampling sites and descriptions are given in 
Table 1 and Table 2.

The ichthyofauna of the systems was sampled using a shore 
seine net (10 m long and 2 m high; 1.2 x 2 mm mesh size). Fish 
species were identified according to Aksiray (1987). The intro-
duced and exotic taxa of the species were identified following İn-
nal & Erk’akan (2006). At each locality, the general observations 
on the population and its situation were also made. Specimens 
were weighed to the nearest 0.01 g total weight (W) and were 
measured to the nearest 0.1 cm in total length (TL). The a and b 
parameters were calculated by linear regression on the trans-
formed equation: log(w) = log(a) + b log (L). For each species, 
the slopes of l ength-weight regressions were compared to 3 us-
ing student’s t-test.

Figure 1. 1-Köyceğiz Lagoon Lake; 2- Beymelek Lagoon Lake; 3- Kopak Creek Estuary; 4- Beşgöz Creek Estuary; 5- Köprüçay 
River Estuary; 6- Manavgat River Estuary; 7- Karpuzçay Creek Estuary; 8- Hacımusa Creek Estuary; 9- Sultansuyu Creek 
Estuary; 10- Paradeniz Lagoon Lake; 11- Göksu River Estuary; 12- Berdan River Estuary; 13- Seyhan River Estuary; 14- 
Ceyhan River Estuary; 15- Yelkoma Lagoon Lake.
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RESULTS AND DISCUSSION

Brackishwater systems of the Mediterranean encompass diverse 
habitat types and provide nursery grounds for a number of Blen-
nid species. A total of 210 individuals representing 3 fish species 
[Parablennius sanguinolentus (Pallas, 1814), Salaria fluviatilis 
(Asso, 1801) and Salaria pavo (Risso, 1810)] were sampled from 
five (Beşgöz Creek Estuary, Manavgat River Estuary, Karpuzçay 
Creek Estuary, Köyceğiz Lagoon Lake and Beymelek Lagoon 
Lake) of the localities investigated. 

One hundred and seven individuals of P. sanguinolentus were 
found at Beşgöz Creek and Manavgat River Estuary, 100 individ-
uals of S. fluviatilis were found at three localities (Karpuzçay 

Creek Estuary, Manavgat River Estuary and Köyceğiz Lagoon 
Lake), 3 individuals of S. pavo were found in one locality (Bey-
melek Lagoon Lake). As can be seen in Table 3, the sample size 
ranged from 3 individuals for S. pavo to 87 for P. sanguinolentus.

The high juvenile densities recorded for S. fluviatilis in Karpuzçay 
Creek Estuary and P. sanguinolentus in Beşgöz Creek Estuary sug-
gest that Beşgöz and Karpuzçay Estuaries provide an important 
nursery grounds for these species. Nursery areas may be attractive 
to Blenny species because they provide high food availability and 
low predation pressure (Martinho et al., 2007; Francis, 2013). Sev-
eral factors may affect the distribution of Blenny species at the ex-
amined stations such as life history, hydrological conditions, pre-
dation, prey availability, and anthropogenic impacts. 

Table 2. Habitat description of sampling sites

Locality Type Substrates Macrophyte vegetation Flow velocity

Köyceğiz, Köyceğiz (Muğla) Coastal lake gravel-silt-sand Medium Steady
Beymelek, Demre (Antalya) Coastal lake silt-sand Low Steady
Kopak, Aksu (Antalya) Open creek estuary silt-sand Low Slow
Beşgöz, Serik (Antalya) Open creek estuary silt-sand Medium Slow
Köprüçay, Serik (Antalya) Open river estuary gravel-silt-sand Low Fast
Manavgat, Manavgat (Antalya) Open river estuary silt-sand Low Fast
Karpuzçay, Manavgat (Antalya) Closed creek estuary silt-sand Low Slow
Hacımusa, Gazipaşa (Antalya) Open creek estuary gravel-silt-sand Low Slow
Sultansuyu, Anamur (Mersin) Open creek estuary gravel-silt-sand Low Slow
Paradeniz, Silifke (Mersin) Coastal lake silt-sand Low Steady
Göksu, Silifke (Mersin) Open river estuary silt-sand Low Fast
Berdan, Tarsus (Mersin) Open river estuary silt-sand Low Slow
Seyhan, Tarsus (Mersin) Open river estuary silt-sand Medium Fast
Ceyhan, Karataş (Adana) Open river estuary silt-sand Medium Fast
Yelkoma, Yumurtalık (Adana) Coastal lake silt-sand Low Steady

Table 1. Sampling sites with its coordinates

No Locality Coordinates

1 Köyceğiz, Köyceğiz (Muğla)  36°57'30.45"N 28°40'30.46"E
2 Beymelek, Demre (Antalya)  36°16'26.25"N 30° 3'15.01"E
3 Kopak, Aksu (Antalya)  36°51'7.27"N  30°52'1.87"E
4 Beşgöz, Serik (Antalya)  36°51'21.89"N  30°56'39.81"E
5 Köprüçay, Serik (Antalya)  36°49'46.82"N  31°10'26.82"E
6 Manavgat, Manavgat (Antalya)  36°44'18.42"N  31°29'38.43"E
7 Karpuzçay, Manavgat (Antalya)  36°42'56.84"N  31°33'00.95"E
8 Hacımusa, Gazipaşa (Antalya)  36°15'45.14"N  32°16'46.54"E
9 Sultansuyu, Anamur (Mersin)  36° 2'15.42"N  32°49'8.11"E
10 Paradeniz, Silifke (Mersin)  36°18'27.51"N  34° 0'39.00"E
11 Göksu, Silifke (Mersin)  36°17'46.24"N  34° 2'42.75"E
12 Berdan, Tarsus (Mersin)  36°44'53.83"N  34°53'29.27"E
13 Seyhan, Tarsus (Mersin)  36°43'44.41"N  34°54'37.71"E
14 Ceyhan, Karataş (Adana)  36°34'10.83"N  35°33'36.15"E
15 Yelkoma, Yumurtalık (Adana)  36°42'27.30"N  35°40'36.72"E
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Very little information is available on the ecology of most of the 
Blenny species, which do not have commercial fishery value. 
Length–weight parameters a, b and the correlation coefficient 
values are given in Table 4.

The total length of 2.1- 7.5 cm with the mean value of 4.34 cm for 
S. fluviatilis, the total length of 8.6- 9.2 cm with the mean value of 
8.93 cm for S. pavo and the total length of 1.7- 5.0 cm with the 
mean value of 2.82 cm for P. sanguinolentus were recorded. Also, 
the weight of 0.075- 4.94 g with the mean value of 1.07 g, 4.0 -5.9 
g with the mean value of 4.67 g and 0.032 -0.85 g with the mean 
value of 0.23 g for S. fluviatilis, S. pavo and P. sanguinolentus 
were recorded, respectively. Salaria pavo was however, excluded 
because of the inadequate sample size.

The slope b value of the length-weight relationships for S. fluvi-
atilis from all localities was 3.308 (100 individuals). The slope b 
value of the length-weight relationships for P. sanguinolentus in-
vestigating all localities was 3.367 (107 individuals). The correla-
tion coefficient values ranged from 0.95-0.99. The values of pa-
rameter b for the localities evaluated was found to be within the 
expected range of 2.5-3.5 as described by Froese (2006), with 
Beşgöz as an exception. The parameter b value for Beşgöz was 
found to be 3.638. The maximum length of Parablennius san-
guinolentus found in the current study was smaller than other 
studies (Keskin & Gaygusuz, 2010; Liousia et al., 2012). Outside of 
b value from its normal range (2.5-3.5) could be due to the small 
length range (2.1-4.2 cm) of P. sanguinolentus, the data were not 
representative for big size individuals. Manavgat population of P. 

sanguinolentus has an isometric growth type while Beşgöz pop-
ulation has a positive allometric growth type. 

Among the populations of S. fluviatilis analyzed, one population 
(Manavgat River Estuary) showed isometry, two populations (Kar-
puzçay Creek Estuary and Köyceğiz Lagoon Lake) showed allom-
etry. Of the “b” value for seven populations of S. fluviatilis report-
ed by İlhan et al., 2013, among the population analyzed, one 
population (Doğu Akdeniz) showed negative allometry, five pop-
ulations (Marmara, Küçük Menderes, Antalya, Seyhan and Cey-
han populations) showed Isometry and one population (Batı Ak-
deniz) showed positive allometry. Variations of growth types re-
ported by the current study and previous reports may be due to 
physico-chemical and biological parameters of systems and 
studied methods (time, sampling equipments, length range, go-
nadal maturity, sex, preserved techniques). 

Although S. fluviatilis in Turkey shows a large distribution in 
aquatic systems such as coastal lagoons, estuaries and freshwa-
ter systems, P. sanguinolentus and S. pavo are restricted to only 
marine habitats. However, there has not been sufficient data 
about threats to the latter two species in previous studies. Threat 
status of these species are of the least concern (Di Natale et al., 
2014 a, b). 

S. fluviatilis was reported from drainage of the Aeagean, Black 
Sea and Mediterranean regions of Turkey (Geldiay & Balık, 1996; 
Demirsoy, 2002; Bostancı, Darçın, & Helli, 2016). However , S. flu-
viatilis was commonly reported in sea level habitats . Alp & Kara 

Table 3. Locality, sample size and size range (cm, TL; g, W) of species 

Species Locality N TL (Min-Max) W (Min-Max)

S. pavo Beymelek 3 8.6-9.2 4.0-5.9

S. fluviatilis

Karpuzçay 74 2.5-7.5 0.15-4.94
Köyceğiz 15 2.8-5 0.15-0.85
Manavgat 11 2.1-5 0.075-0.99

All populations 100 2.1-7.5 0.075-4.94

P. sanguinolentus
Beşgöz 87 2.1-4.2 0.072-0.83

Manavgat 20 1.7-5.0 0.032-0.85
All populations 107 1.7-5.0 0.032-0.85

Table 4. Length–weight parameters a and b values of species (Growth pattern; N: negative allometry; P: positive allometry; 
I: Isometry)

Species Locality a b 95% CI of b t-test Growth pattern R2

S. pavo Beymelek       
S. fluviatilis Karpuzçay 0.0095 3.077 3.0629-3.0943 p<0.05 P 0.99

Köyceğiz 0.0082 2.869 2.8232-2.9133 p<0.05 N 0.97
Manavgat 0.0074 2.963 2.8996-3.0323 p=0.279 I 0.99

All populations 0.0062 3.308 3.2755-3.3339 p<0.05 P 0.96
P. sanguinolentus Beşgöz 0.0047 3.655 3.629-3.6728 p<0.05 P 0.96

Manavgat 0.0069 3.0078 2.9347-3.058 p=0.903 I 0.99
All populations 0.006 3.367 3.3379-3.3942 p<0.05 P 0.95
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(2007) reported that this species is present in Turkey from high 
mountain creeks up to 750 meters . S. fluviatilis is found in Medi-
terranean freshwater systems with small and localized popula-
tions (Vinyoles, Cote, & De Sostoa, 2002). In Mediterranean hab-
itats in which S. fluviatilis occurs, the water pollution, eutrophica-
tion, deterioration of the quality of the water, gravel extraction, 
loss of habitat, the existence of exotic species, and construction 
of dams and river channelization have affected the survival of this 
species (Crivelli, 2006; Vinyoles, De Sostoa, Casals, & Bianco 
1991; Ferrito & Tigano, 1996; Vinyoles & De sostoa, 2007; Lapor-
tea, Bertolo, Berrebi, & Magnan, 2014). 

Five brackishwater systems throughout the Turkish coast have 
been classified as nurseries for three Blennid fish species (S. flu-
viatilis, P. sanguinolentus and S. pavo). The results of this study 
indicate that Blenny species are threatened and under significant 
danger from many anthropogenic activities. 

Eleven fish species from nine families were identified as being 
alien to the 5 brackishwater systems surveyed in this study (Table 
5). Ten non indigenous species (Gambusia holbrooki, Liza carina-
ta, Upeneus pori, Siganus rivulatus, Sillago suezensis, Oncorhyn-
chus mykiss, Sphyraena chrysotaenia, Carassius gibelio, Upene-
us moluccensis and Pseudorasbora parva) were observed in the 
same habitat with Parablennius sanguinolentus and Salaria fluvi-
atilis in Manavgat River Estuary in the current study. 

S. fluviatilis was also observed in Köyceğiz lagoon and Karpuzçay 
Creek, both of which have been subjected to agricultural activity. 
Coptodon zillii and Gambusia holbrooki in Köyceğiz Lagoon and 
Gambusia holbrooki in Karpuzçay Creek shared the same habi-
tats with S. fluviatilis.

Six non indigenous species (Carassius gibelio, Pseudorasbora par-
va, Liza carinata, Gambusia holbrooki, Siganus rivulatus and Silla-

go suezensis) were observed in the same habitat with Parablen-
nius sanguinolentus in Beşgöz Creek Estuary in the current study.

Furthermore, the freshwater supply of Beşgöz Creek and Kar-
puzçay Creek had greatly decreased in recent years due to agri-
cultural irrigation. Municipal waste waters have been discharged 
into Beşgöz Creek, Köyceğiz Lagoon and Manavgat River. 

CONCLUSIONS

P. sanguinolentus, S. pavo and S. fluviatilis were collected in five 
brackishwater systems in the Mediterranean Coast of Turkey 
(Beşgöz Creek Estuary, Manavgat River Estuary, Karpuzçay Creek 
Estuary, Köyceğiz Lagoon Lake and Beymelek Lagoon Lake). The 
high juvenile densities recorded for S. fluviatilis in Karpuzçay Creek 
Estuary and P. sanguinolentus in Beşgöz Creek Estuary suggest 
that Beşgöz and Karpuzçay Estuaries provide an important nursery 
grounds for these species. Various threat factors were observed in 
five different localities which are the habitat of Blennid species.

The current study supplies some fundamental information about the 
distribution and L ength-weight relationships of brackishwater Blen-
ny species and can be helpful for the future studies in the region.
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Table 5. Alien fish species of localities 

No Species Family Köyceğiz Beymelek Beşgöz Manavgat Karpuzçay

Native Blenny species

1 Salaria pavo Blenniidae  √    
2 Salaria fluviatilis Blenniidae √ √ √
3 Parablennius sanguinolentus Blenniidae   √ √  

Alien species

1 Coptodon zillii Cichlidae √     
2 Carassius gibelio Cyprinidae √ √
3 Pseudorasbora parva Cyprinidae   √ √  
4 Liza carinata Mugilidae √ √
5 Upeneus moluccensis Mullidae    √  
6 Upeneus pori Mullidae √
7 Gambusia holbrooki Poeciliidae √ √ √ √ √
8 Oncorhynchus mykiss Salmonidae √
9 Siganus rivulatus Siganidae  √ √ √  
10 Sillago suezensis Sillaginidae √ √
11 Sphyraena chrysotaenia Sphyraenidae    √  
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manuscript. It is the authors’ responsibility to carefully protect 
the patients’ anonymity. For photographs that may reveal the 
identity of the patients, signed releases of the patient or of their 
legal representative should be enclosed. 

Aquatic Sciences and Engineering requires experimental 
research studies on vertebrates or any regulated invertebrates 
to comply with relevant institutional, national and/or 
international guidelines. The journal supports the principles 
of Basel Declaration (basel-declaration.org) and the guidelines 
published by International Council for Laboratory Animal 
Science (ICLAS) (iclas.org). Authors are advised to clearly state 
their compliance with relevant guidelines. 

Aquatic Sciences and Engineering advises authors to comply 
with IUCN Policy Statement on Research Involving Species at Risk 
of Extinction and the Convention on the Trade in Endangered 
Species of Wild Fauna and Flora for research involving plants.

All submissions are screened by a similarity detection software 
(iThenticate by CrossCheck).

Instructions to Authors
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In the event of alleged or suspected research misconduct, 
e.g., plagiarism, citation manipulation, and data falsification/
fabrication, the Editorial Board will follow and act in accordance 
with COPE guidelines.

Each individual listed as an author should fulfil the authorship 
criteria recommended by the ICMJE. The ICMJE recommends 
that authorship be based on the following 4 criteria:

1. Substantial contributions to the conception or design of the 
work; or the acquisition, analysis, or interpretation of data 
for the work; AND

2. Drafting the work or revising it critically for important 
intellectual content; AND

3. Final approval of the version to be published; AND
4. Agreement to be accountable for all aspects of the work in 

ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved.

In addition to being accountable for the parts of the work he/
she has done, an author should be able to identify which co-
authors are responsible for specific other parts of the work. In 
addition, authors should have confidence in the integrity of the 
contributions of their co-authors.

All those designated as authors should meet all four criteria 
for authorship, and all who meet the four criteria should be 
identified as authors. Those who do not meet all four criteria 
should be acknowledged in the title page of the manuscript.

Aquatic Sciences and Engineering requires corresponding 
authors to submit a signed and scanned version of the 
authorship contribution form (available for download through 
istanbul.dergipark.gov.tr/ase) during the initial submission 
process in order to act appropriately on authorship rights and 
to prevent ghost or honorary authorship. If the editorial board 
suspects a case of “gift authorship,” the submission will be 
rejected without further review. As part of the submission of the 
manuscript, the corresponding author should also send a short 
statement declaring that he/she accepts to undertake all the 
responsibility for authorship during the submission and review 
stages of the manuscript.

Aquatic Sciences and Engineering requires and encourages 
the authors and the individuals involved in the evaluation 
process of submitted manuscripts to disclose any existing or 
potential conflicts of interests, including financial, consultant, 
and institutional, that might lead to potential bias or a conflict 
of interest. Any financial grants or other support received for 
a submitted study from individuals or institutions should be 
disclosed to the Editorial Board. To disclose a potential conflict 
of interest, the ICMJE Potential Conflict of Interest Disclosure 

Form should be filled in and submitted by all contributing 
authors. Cases of a potential conflict of interest of the editors, 
authors, or reviewers are resolved by the journal’s Editorial 
Board within the scope of COPE and ICMJE guidelines.

The Editorial Board of the journal handles all appeal and 
complaint cases within the scope of COPE guidelines. In such 
cases, authors should get in direct contact with the editorial 
office regarding their appeals and complaints. When needed, 
an ombudsperson may be assigned to resolve cases that cannot 
be resolved internally. The Editor in Chief is the final authority 
in the decision-making process for all appeals and complaints.

When submitting a manuscript to Aquatic Sciences and 
Engineering, authors accept to assign the copyright of their 
manuscript to İstanbul University Faculty of Aquatic Sciences. 
If rejected for publication, the copyright of the manuscript 
will be assigned back to the authors. Aquatic Sciences and 
Engineering requires each submission to be accompanied by 
a Copyright Transfer Form (available for download at istanbul.
dergipark.gov.tr/ase). When using previously published content, 
including figures, tables, or any other material in both print and 
electronic formats, authors must obtain permission from the 
copyright holder. Legal, financial and criminal liabilities in this 
regard belong to the author(s).

Statements or opinions expressed in the manuscripts published 
in Aquatic Sciences and Engineering reflect the views of the 
author(s) and not the opinions of the editors, the editorial 
board, or the publisher; the editors, the editorial board, and 
the publisher disclaim any responsibility or liability for such 
materials. The final responsibility in regard to the published 
content rests with the authors.

MANUSCRIPT PREPARATION
The manuscripts should be prepared in accordance with 
ICMJE-Recommendations for the Conduct, Reporting, 
Editing, and Publication of Scholarly Work in Medical Journals 
(updated in December 2017 - http://www.icmje.org/icmje-
recommendations.pdf). Authors are required to prepare 
manuscripts in accordance with the CONSORT guidelines 
for randomized research studies, STROBE guidelines for 
observational studies, STARD guidelines for studies on 
diagnostic accuracy, PRISMA guidelines for systematic reviews 
and meta-analysis, ARRIVE guidelines for experimental animal 
studies, TREND guidelines for non-randomized studies, and 
COREQ guidelines for qualitative studies.

Manuscripts can only be submitted through the journal’s online 
manuscript submission and evaluation system, available at 
istanbul.dergipark.gov.tr/ase. Manuscripts submitted via any 
other medium will not be processed.
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Manuscripts submitted to the journal will first go through a 
technical evaluation process where the editorial office staff will 
ensure that the manuscript has been prepared and submitted 
in accordance with the journal’s guidelines. Submissions that do 
not conform to the journal’s guidelines will be returned to the 
submitting author with technical correction requests.

Authors are required to submit the following forms during the 
initial submission. These are available for download at istanbul.
dergipark.gov.tr/ase 

• Copyright Transfer Form,
• Author Contributions Form, and
• ICMJE Potential Conflict of Interest Disclosure Form (should 

be filled in by all contributing authors)

Preparation of the Manuscript
Title page: A separate title page should be submitted with all 
submissions and this page should include:

• The full title of the manuscript as well as a short title (running 
head) of no more than 50 characters,

• Name(s), affiliations, and highest academic degree(s) of the 
author(s) and ORCID ID (orcid.org)

• Grant information and detailed information on the other 
sources of financial support,

• Name, address, telephone (including the mobile phone 
number) and fax numbers, and email address of the 
corresponding author,

• Acknowledgment of the individuals who contributed to 
the preparation of the manuscript but who do not fulfil the 
authorship criteria.

Abstract: A Turkish and an English abstract should be submitted 
with all submissions except for Letters to the Editor. Submitting 
a Turkish abstract is not compulsory for international authors. 
Please check Table 1 below for word count specifications.

Keywords: Each submission must be accompanied by a 
minimum of three to a maximum of six keywords for subject 
indexing at the end of the abstract.

Manuscript Types
Original Articles: This is the most important type of article since 
it provides new information based on original research. The 
main text should contain Introduction, “Materials and Methods”, 
“Result and Discussion”, "Conclusion" and "References" sections.

Statistical analysis to support conclusions is usually necessary. 
Statistical analyses must be conducted in accordance with 
international statistical reporting standards. Information on 
statistical analyses should be provided with a separate subheading 
under the Materials and Methods section and the statistical 
software that was used during the process must be specified.

Units should be prepared in accordance with the International 
System of Units (SI).

After the Conclusion section and before references list, 
information regarding conflict of interest, financial disclosure, 
ethics committee approval and acknowledgement are given. 
These information are to be provided in the author form which 
must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is 
routinely requested from every research article based on 
experiments on living organisms and humans. Sometimes, 
studies from different countries may not have the approval of 
the ethics committee, and the authors may argue that they 
do not need the approval of their work. In such situations, we 
consult COPE’s “Guidance for Editors: Research, Audit and 
Service Evaluations” document and evaluate the study at the 
editorial board and decide whether or not it needs approval.

Financial disclosure: If there is any, the institutions that support 
the research and the agreements with them should be given 
here.

Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

Review Articles: Reviews prepared by authors who have 
extensive knowledge on a particular field and whose scientific 
background has been translated into a high volume of 
publications with a high citation potential are welcomed. These 
authors may even be invited by the journal. Reviews should 
describe, discuss, and evaluate the current level of knowledge of 
a topic in researches and should guide future studies. The main 
text should start with Introduction and end with "Conclusion" 
and "References" sections. Authors may choose to use any 
subheading in between those sections.

After the Conclusion section and before references list, 
information regarding conflict of interest and acknowledgement 
are given. These information are to be provided in the author 
form which must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.



Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

Short Communication: This type of manuscript discusses 
important parts, overlooked aspects, or lacking parts of a 
previously published article. Articles on subjects within the 
scope of the journal that might attract the readers’ attention, 
particularly educative cases, may also be submitted in the form 
of a “Short Communication” Readers can also present their 
comments on the published manuscripts in the form of a “Short 
Communication”. The main text should contain Introduction, 
“Materials and Methods”, “Result and Discussion”, "Conclusion" 
and "References" sections.

After the Conclusion section and before references list, 
information regarding conflict of interest, financial disclosure, 
ethics committee approval and acknowledgement are given. 
These information are to be provided in the author form which 
must be submitted togather with the manuscript.

Conflict of interests: When you (or your employer or sponsor) 
have a financial, commercial, legal or professional relationship 
with other organizations or people working with them, a conflict 
of interest may arise that may affect your research. A full 
description is required when you submit your article to a journal.

Ethics committee approval: Ethical committee approval is 
routinely requested from every research article based on 
experiments on living organisms and humans. Sometimes, 
studies from different countries may not have the approval of 
the ethics committee, and the authors may argue that they 
do not need the approval of their work. In such situations, we 
consult COPE’s “Guidance for Editors: Research, Audit and 
Service Evaluations” document and evaluate the study at the 
editorial board and decide whether or not it needs approval.

Financial disclosure: If there is any, the institutions that support 
the research and the agreements with them should be given here.

Acknowledgment: Acknowledgments allow you to thank people 
and institutions who assist in conducting the research.

Tables
Tables should be included in the main document, presented 
after the reference list, and they should be numbered 
consecutively in the order they are referred to within the main 
text. A descriptive title must be placed above the tables. 
Abbreviations used in the tables should be defined below 
the tables by footnotes (even if they are defined within the 
main text). Tables should be created using the “insert table” 
command of the word processing software and they should be 
arranged clearly to provide easy reading. Data presented in the 
tables should not be a repetition of the data presented within 
the main text but should be supporting the main text.

Figures and Figure Legends
Figures, graphics, and photographs should be submitted as 
separate files (in TIFF or JPEG format) through the submission 
system. The files should not be embedded in a Word document 
or the main document. When there are figure subunits, the 
subunits should not be merged to form a single image. Each 
subunit should be submitted separately through the submission 
system. Images should not be labeled (a, b, c, etc.) to indicate 
figure subunits. Thick and thin arrows, arrowheads, stars, 
asterisks, and similar marks can be used on the images to 
support figure legends. Like the rest of the submission, the 
figures too should be blind. Any information within the images 
that may indicate an individual or institution should be blinded. 
The minimum resolution of each submitted figure should be 300 
DPI. To prevent delays in the evaluation process, all submitted 
figures should be clear in resolution and large in size (minimum 
dimensions: 100 × 100 mm). Figure legends should be listed at 
the end of the main document.

All acronyms and abbreviations used in the manuscript should 
be defined at first use, both in the abstract and in the main text. 
The abbreviation should be provided in parentheses following 
the definition.

When a drug, product, hardware, or software program is 
mentioned within the main text, product information, including 
the name of the product, the producer of the product, and city 
and the country of the company (including the state if in USA), 
should be provided in parentheses in the following format: 
“Discovery St PET/CT scanner (General Electric, Milwaukee, WI, 
USA)”

All references, tables, and figures should be referred to within 
the main text, and they should be numbered consecutively in 
the order they are referred to within the main text.

Limitations, drawbacks, and the shortcomings of original 
articles should be mentioned in the Discussion section before 
the conclusion paragraph.

Type of   Abstract Reference 
manuscript Page  word limit  limit

Original Article ≤20 250 40

Review Article ≤25 250 60

Short Communication ≤5 250 20

Table 1. Limitations for each manuscript type
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References
While citing publications, preference should be given to the 
latest, most up-to-date publications. If an ahead-of-print 
publication is cited, the DOI number should be provided. 
Authors are responsible for the accuracy of references. List 
references in alphabetical order. Each listed reference should 
be cited in text, and each text citation should be listed in the 
References section. The reference styles for different types of 
publications are presented in the following examples.

Reference Style and Format

Aquatic Sciences and Engineering complies with APA (American 
Psychological Association) style 6th Edition for referencing and 
quoting. For more information:

- American Psychological Association. (2010). Publication 
manual of the American Psychological Association (6th ed.). 
Washington, DC: APA.

- http://www.apastyle.org

Accuracy of citation is the author’s responsibility. All references 
should be cited in text. Reference list must be in alphabetical 
order. Type references in the style shown below.

Citations in the Text

Citations must be indicated with the author surname and 
publication year within the parenthesis.

If more than one citation is made within the same paranthesis, 
separate them with (;).

Samples:

More than one citation;
(Esin et al., 2002; Karasar, 1995)
Citation with one author;
(Akyolcu, 2007)
Citation with two authors;
(Sayıner & Demirci, 2007)
Citation with three, four, five authors;
First citation in the text: (Ailen, Ciambrune, & Welch, 2000) 
Subsequent citations in the text: (Ailen et al., 2000)
Citations with more than six authors;
(Çavdar et al., 2003)

Major Citations for a Reference List

Note: All second and third lines in the APA Bibliography should 
be indented.

• A book in print: Baxter, C. (1997). Race equality in health 
care and education. Philadelphia: Ballière Tindall. ISBN 
4546465465

• A book chapter, print version: Haybron, D. M. (2008). 
Philosophy and the science of subjective well-being. In M. 
Eid & R. J. Larsen (Eds.), The science of subjective well-being 
(pp. 17-43). New York, NY: Guilford Press. ISBN 4546469999

• An eBook: Millbower, L. (2003). Show biz training: Fun and 
effective business training techniques from the worlds 
of stage, screen, and song. Retrieved from http://www.
amacombooks.org/ (accessed 10.10.15)

• An article in a print journal: Carter, S. & Dunbar-Odom, 
D. (2009). The converging literacies center: An integrated 
model for writing programs. Kairos: A Journal of Rhetoric, 
Technology, and Pedagogy, 14(1), 38-48.

• An article with DOI: Gaudio, J. L. & Snowdon, C. T. (2008). 
Spatial cues more salient than color cues in cotton-top 
tamarins (saguinus oedipus) reversal learning. Journal of 
Comparative Psychology, https://doi.org/10.1037/0735-
7036.122.4.441 

• Websites - professional or personal sites: The World 
Famous Hot Dog Site. (1999, July 7). Retrieved January 5, 
2008, from http://www.xroads.com/~tcs/hotdog/hotdog.
html   (accessed 10.10.15)

• Websites - online government publications: U.S. 
Department of Justice. (2006, September 10). Trends in 
violent victimization by age, 1973-2005. Retrieved from 
http://www.ojp.usdoj.gov/bjs/glance/vage.htm  (accessed 
10.10.15)

• Photograph (from book, magazine or webpage): Close, C. 
(2002). Ronald. [photograph]. Museum of Modern Art, New 
York, NY. Retrieved from http://www.moma.org/collection/
object.php?object_id=108890 (accessed 10.10.15)

• Artwork - from library database: Clark, L. (c.a. 1960's). 
Man with Baby. [photograph]. George Eastman House, 
Rochester, NY. Retrieved from ARTstor

• Artwork - from website: Close, C. (2002). Ronald. 
[photograph]. Museum of Modern Art, New York. Retrieved 
from http://www.moma.org/collection/browse_results.
php?object_id=108890  (accessed 10.10.15)

REVISIONS
When submitting a revised version of a paper, the author 
must submit a detailed “Response to the reviewers” that 
states point by point how each issue raised by the reviewers 
has been covered and where it can be found (each reviewer’s 
comment, followed by the author’s reply and line numbers 
where the changes have been made) as well as an annotated 
copy of the main document. Revised manuscripts must be 
submitted within 30 days from the date of the decision letter. 
If the revised version of the manuscript is not submitted within 
the allocated time, the revision option may be canceled. If the 
submitting author(s) believe that additional time is required, 
they should request this extension before the initial 30-day 
period is over.
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Accepted manuscripts are copy-edited for grammar, 
punctuation, and format. Once the publication process 
of a manuscript is completed, it is published online on the 
journal’s webpage as an ahead-of-print publication before 
it is included in its scheduled issue. A PDF proof of the 
accepted manuscript is sent to the corresponding author and 
their publication approval is requested within 2 days of their 
receipt of the proof.
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