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ABSTRACT
Skeletal deformities are relatively well described in both cultured and wild fish. These diseases are 
observed in many fish species and occur due to environmental and genetic factors. It negatively 
affects the biological performance and commercial value of fish. For this reason, this study at-
tempts to quantify and identify kyphosis in the natural populations of Barbus pergamonensis 
Karaman, 1971 collected from Dalaman Stream (Gölhisar/Burdur) and tends to find a possible re-
lationship between these anomalies and several types of pollutants present in the environment. 
The current study found that the environmental pollutants may represent a potential risk to induce 
kyphosis in the natural populations of B. pergamonensis. 

Keywords: Bergama barbel, pollution, skeletal deformities, pharmaceutical, pesticide

INTRODUCTION

It is widely known that many anatomical diseas-
es occur in fish due to the environmental and 
genetic factors (Jawad & Ibrahim, 2018). In re-
cent decades, fishery biologists have become 
more interested in skeletal deformity diseases 
of wild and reared fish (Kužir et al., 2015). Many 
types of deformities (Afonso et al., 2000; Sato, 
2006; Jawad et al., 2017; Jawad & Ibrahim, 
2018) have been reported from the variety of 
fish species living in the different habitats (Iwa-
saki et al., 2018). It was reported that these de-
formities affect mostly the ribs, fins, cranium 
and vertebral column of fish (De La Cruz-Ague-
ro & Perezgomez-Alvarez, 2001). These diseas-
es have negative effects on the biological per-
formance of fish as well as decreasing the com-
mercial value (Raja et al., 2016; Majeed et al., 
2018). In wild fish, skeletal deformities that oc-
cur in any life stage of fish can cause them diffi-
culties such as defending their territory (Sato, 
2006; Majeed et al., 2018), competing for a 
mate (Sato, 2006), and decreasing production 
performance (Noble et al., 2012). In farmed fish, 

these injuries can affect the organism by reduc-
ing growth (Hansen et al., 2010), limiting their 
feeding ability (López-Olmeda et al., 2012; 
Okamura et al., 2018), increasing the infection 
(Janakiram et al., 2018) and mortality rate (Jara 
et al., 2017). Moreover, these negative effects of 
the skeletal deformities inevitably cause rea-
sonable economic loss in the fish farms (Bogli-
one, 2013a; Yıldırım et al., 2014).

There are a variety of reasons for the occur-
rence of the skeletal deformities in fish. These 
are mostly known as scolosis, spondylolisthesis, 
lordosis (dorsal curvature, v shape), and kypho-
sis (ventral curvature, ^ shape (Yıldırım et al., 
2014; Jawad et al., 2017). Although there are 
many reports of lordosis (Afonso et al., 2000; 
Fjelldal et al.,2009; Gorman et al., 2010), the 
rate of occurrence of kyphosis is less common 
than lordosis (Jawad et al., 2017). Like lordosis, 
kyphosis can also appear in both pre-haemal 
and haemal positions (Boglione et al., 2013a). 
All these deformities are linked to genetic and 
epigenetic factors (Nguyen et al., 2016). Some 
environmental parameters, such as salinity, sud-

https://orcid.org/0000-0002-1686-0959
https://orcid.org/0000-0002-8029-9254
https://orcid.org/000-0002-5717-3928
https://orcid.org/0000-0002-9118-4591
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den changes of water temperature and turbulence, oxygen con-
tent, organic compounds, radiation, heavy metals, industrial ef-
fluents, stress, food deficiency, parasitism (Dionísio et al., 2012; 
Fridman et al., 2012; Kolarevic et al., 2013) and pollution are 
among the most considerable epigenetic factors (Sfakianakis et 
al., 2006). In addition, pollution is considered as a useful index for 
evaluation of the frequency of deformities in fish (Boglione et al., 
2013b).

Bergama barbel, Barbus pergamonensis Karaman, 1971, belong-
ing the family Cyprinidae is a freshwater fish species distributed 
in the fresh waters of Turkey and Greece (Kottelat & Freyhof, 
2007). The distribution areas of this fish in Turkey are reported to 
be from the Aegean drainages, the Bakır and Menderes Rivers 
and the drainages of Muğla (Kottelat & Freyhof, 2007). Barbus 
pergamonensis was reported as being heavily affected by agri-
cultural activities, domestic and industrial pollution from the in-
dustry (Freyhof & Kottelat, 2018). Therefore, the aim of this study 
is to identify and quantify the skeletal deformities of B. pergam-
onensis collected from Dalaman Stream (Gölhisar/Burdur/Tur-
key) as well as finding a possible relationship between the defor-
mities of this species and several types of pollutants that occur in 
this region.

MATERIAL AND METHODS

Specimen collection
The individuals of B. pergamonensis ranging from 3.5 cm to 20 
cm were collected from the Dalaman Stream from three different 
stations [1-) 37°13’36.53’’N, 29°32’57.66’’E; 2-) 37°14’39.39’’N, 
29°31’44.33’’E; 3- )37°15’10.14’’N, 29°30’09.29’’E, Gölhisar/Bur-
dur/ Turkey] between June 2015 and June 2016. In total, 54 indi-
viduals were caught after seven sampling events carried out us-
ing electrofishing. All fish samples used in the current study were 
anaesthetized with MS-222. Fish samples were fixed in 4% form-
aldehyde solution and then deposited in 70% ethanol in the fish 
collection of the Ichthyology Laboratory at the Department of Bi-
ology, Burdur Mehmet Akif Ersoy University. Specimens were 
measured to the nearest 0.1 cm for standard length (SL) and 
weighed to the nearest 0.001 g for body weight.

X-ray treatment
In order to determine skeletal deformities of specimens, the 
fresh fish samples were individually x-rayed using a Fujifilm FCR 
Prima T®-Tokyo, Japan at Burdur Mehmet Akif Ersoy University, 
Faculty of Veterinary Clinics. Specimens were x-rayed at the ex-
posure time 100 kVp, 30 mAs, 3 second from the lateral positions 
of each sample to demonstrate the exact nature of the deformi-
ties.

Non-metallic inorganic parameters, dissolved metals, 
pharmaceutical and pesticide analysis in water samples
Many chemical parameters of Dalaman Stream were also anal-
ysed in order to determine the relationship between the pollu-
tion and kyphosis occurring in fish in the studied area. These in-
cludes non-metallic parameters, dissolved metals, pharmaceuti-
cal compounds from variety of drug groups and pesticides. 
Non-metallic inorganic parameters and dissolved metals shown 
in Table 1 were analysed in ALS Laboratory in Czechia. All meth-

ods used for the analysis of non-metallic inorganic parameters 
and dissolved metals/ major cations were shown in Table 1. Solid 
phase extraction (SPE) and liquid chromatography tandem mass 
spectrometry (LC-MS/MS) were used for the pesticide and phar-
maceutical analyses.

For pharmaceutical analysis, 1 L surface water sample was fil-
tered using glass fibre filters (GF/F, Whatman). After filtration, 
samples were adjusted to pH 2 with H2SO4 (98wt %). Then, solid 
phase extraction was conducted for pharmaceutical analysis us-
ing the method of Guzel et al. (2018). First, internal standard di-
azepam-d5 were added to the water samples. Then, Oasis HLB 
cartridges (500 mg, 6 cc) were conditioned with 5 ml dichloro-
methane (DCM), 5 ml methyl tert-butyl ether (MTBE), 5 ml meth-
anol (MeOH) and 5 ml ultrapure water. Water samples were then 
added to the SPE cartridge at a flow rate of 15 ml/min and it was 
washed with 5 ml ultrapure water. Next, sample loading cartridg-
es were dried under vacuum for 1 hour. Eluent was taken with 5 
ml of MeOH and 5 ml 10:90 (v/v) MeOH/MTBE. The eluent was 
dried with nitrogen and then dissolved with 1 ml MeOH. Extract-
ed samples were analysed by using LC/MS-MS.

Solid phase extraction for pesticide analysis was made by us-
ing modified method of Hladik et al. (2008). Internal standard 
dimethoate-d6 were added to the 1 L water samples. Oasis 
HLB cartridges (500 mg, 6 cc) were conditioned with 10 mL eth-
yl acetate, 10 mL MeOH and 5 mL of ultrapure water. Water 
samples added to the SPE cartridge at a flow rate of 10 ml/min. 
Then, samples were loaded to cartridges and it was dried un-
der vacuum for 1 hour. Eluent was taken with 12 ml of ethyl ac-
etate. The eluent was dried with nitrogen and then dissolved 
with 1 ml MeOH. Extracted samples were analysed by using 
LC/MS-MS.

Instrumental analysis was performed with Shimadzu CBM-20A ul-
tra flow liquid chromatography, Shimadzu SIL-20A/HT auto sam-
pler system and Shimadzu 8040 mass spectrometry. Pharmaceu-
tical compounds were separated using pentafluorophenylpropyl 
(PFPP) column (Allure 50x2.150 mm, 5μm, Restek, Bellefonte, PA, 
USA) and pesticide compounds were separated by using Shim-
pack Column, FC-ODS 150X2.0 mm, Kyoto, Japan. Pharmaceuti-
cal and pesticide compounds were detected with multiple reac-
tions monitoring (MRM) mode. Total run time for pharmaceutical 
method and pesticide method were 18 and 20 minutes respec-
tively.

RESULTS AND DISCUSSION 

The skelatal deformities of the fish samples
The spinal curvature (kyphosis) was found in two (3.7%; A and B 
in Figures 1, 2) out of 54 adult fish sampled from three different 
stations in Dalaman Stream. The Standard length (SL) of these 
two samples were measured as 12.3 cm (A) and 12.1 cm (B) re-
spectively (Fig. 1 and 2). In fish A, the vertebral anomaly was 
found between 17 and 47 vertebrae. Whereas the spinal anoma-
ly was involved between 16 and 32 vertebrae in fish B. Although 
kyphosis in the caudal vertebrae of both samples were diag-
nosed, no external lesions were observed on these body of de-
formed specimens.
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Determining the chemicals, pharmaceutical and pesticide in 
water samples
Non-metallic inorganic parameters and dissolved metals are giv-
en in Table 1.

In the current study, 10 out of 14 non-metallic parameters and 11 
out of 26 dissolved metals were found higher than normal values 
(see Table 1). 156 pharmaceutical compounds from variety of 
drug groups including painkillers (analgesics, anti-inflammato-
ries and antipyretics), antibiotics, andantibacterials, cardiovascu-

lar drugs (ß- blockers), hipolipidemics, central nervous system 
drugs, stimulants and illicit drugs were investigated in water sam-
ples. 17 of these pharmaceuticals (escitalopram, citalopram, 
DEET, ephedrine, caffeine, metformin, carbamazepine, etodolac, 
pseudoephedrine, lidocaine, diltiazem, amisulpride, verapamil, 
pheniramine, diphenhydramine, venlafaxine, metoprolol) were 
detected in ng/L values (Fig. 3).

In addition, 144 pesticides that include herbicides, insecticides, 
acaricides, fungicides were analysed and 12 of them (nicosulfu-
ron, epoxiconazole, fenoxaprop-P-ethyl, foramsulfuron, metal-
axyl-M, prochloraz, fipronil, chlorpyrifos ethyl, acetamiprid, 
imazalil, deltamethrin, parathion methyl) were detected in the 
water samples (Fig. 4).

The results of non-metallic inorganic parameters were given in 
Table 1. Ammonia and ammonium ions as N, ammonia and 
ammonium ions as NH4 and nitrite as N were found lower than 
method detection limits. According to Turkey Surface Water 
Quality Regulations, nitrates and total kjeldahl nitrogen as N 
concentrations were found as 2nd grade water quality (less 

Figure 1.	 Radiological images of two Barbus pergamonen-
sis samples diagnosed with kyphosis; (A) 12.3 cm 
SL; (B) 12.1 cm SL.

Figure 2.	 Photography images of two Barbus pergamon-
ensis samples diagnosed with kyphosis; (A) 12.3 
cm SL; (B) 12.1 cm SL.

Figure 3.	 Pharmaceutical concentrations of water samples 
(DEET and caffeine concentrations reduced 10 
times, <LOQ: Lower than quantitation limit).

Figure 4.	 Pesticide concentrations of water samples 
(<LOQ: Lower than quantitation limit).
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contaminated water) (Anonymous, 2016). And total nitrogen as 
N and orthophosphate as P concentrations were found as 1st 
grade water quality (high quality water). But for the ECE (Eco-
nomic Commission for Europe) Standard Statistical Classifica-
tion of Surface Freshwater Quality for the Maintenance of 

Aquatic Life total nitrogen as N was found as class IV (UNECE, 
1994)

Twenty-six metals and major cations were analysed in water sam-
ples (Table 1). Most of the detected metals and major cations 

Table 1. Non-metallic and dissolved metals inorganic parameters

No Parameter
Limit of reporting (mg/l) 
(LOQ) Method Result (mg/l)

Nonmetallic Inorganic Parameters

1 Ammonia and ammonium ions as N 0.040 W-NH4-SPC <LOQ
2 Ammonia and ammonium ions as NH4 0.050 W-NH4-SPC <LOQ
3 Chloride 1.00 W-CL-IC 568
4 Inorganic Nitrogen as N 0.500 W-NING-SPC 0.876
5 Nitrates 0.27 W-NO3-SPC 3.88
6 Nitrite + Nitrate as N 0.060 W-NNO-SPC 0.876
7 Nitrites 0.0050 W-NO2-SPC <LOQ
8 Organic Nitrogen as N 0.50 W-NORG-SPC 0.70
9 Orthophosphate 0.040 W-PO4O-SPC 0.049
10 Total Kjeldahl Nitrogen as N 0.50 W-NKJ-PHO 0.70
11 Total Nitrogen as N 1.0  W-NTOT-CC 1.6
12 Nitrate as N 0.060 W-NO3-SPC 0.876
13 Nitrite as N 0.0020  W-NO2-SPC <LOQ
14 Orthophosphate as P 0.010 W-PO4O-SPC 0.016 

Dissolved Metals / Major Cations

1 Aluminium 0.010 W-METAXFL1  <LOQ
2 Antimony 0.010 W-METAXFL1 <LOQ
3 Arsenic 0.0050 W-METAXFL1 <LOQ
4 Barium 0.00050 W-METAXFL1 0.0243
5 Beryllium 0.00020 W-METAXFL1 <LOQ
6 Boron 0.010 W-METAXFL1  0.016 
7 Cadmium 0.00040 W-METAXFL1 <LOQ
8 Calcium 0.0050 W-METAXFL1 42.6
9 Chromium 0.0010 W-METAXFL1  0.0019
10 Cobalt 0.0020 W-METAXFL1 <LOQ
11 Copper 0.0010 W-METAXFL1 <LOQ
12 Iron 0.0020 W-METAXFL1 <LOQ
13 Lead 0.0050 W-METAXFL1 <LOQ
14 Lithium 0.0010 W-METAXFL1 0.0044
15 Magnesium 0.0030 W-METAXFL1 31.9 
16 Manganese 0.00050 W-METAXFL1 <LOQ
17 Molybdenum 0.0020 W-METAXFL1 <LOQ
18 Nickel 0.0020 W-METAXFL1 0.0039
19 Phosphorus 0.010 W-METAXFL1  0.025
20 Potassium 0.015 W-METAXFL1 1.43 
21 Selenium 0.010 W-METAXFL1 <LOQ
22 Silver 0.0010 W-METAXFL1 <LOQ
23 Sodium 0.030 W-METAXFL1 6.66
24 Thallium 0.010 W-METAXFL1 <LOQ
25 Vanadium 0.0010 W-METAXFL1 0.0022
26 Zinc 0.0020 W-METAXFL1 <LOQ
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were lower than the quantification limits. According to ECE Stan-
dard Statistical Classification of Surface Freshwater Quality for 
the Maintenance of Aquatic Life only chromium was classified as 
class II, the other quantified metals were classified as class I.

To the best of our knowledge, a few biological studies (Gaygusuz 
et al., 2013; Erk’akan et al., 2014) have been conducted on this 
species (Freyhof & Kottelat, 2018). Kyphosis which is a skeletal 
deformity of fish was studied by many researchers (Hansen et al., 
2010; Boglione et al., 2013a; Hayes et al, 2013; Jawad & Ibrahim, 
2018). In addition, there are some reports on kyphosis in cyprinid 
species from different regions (Bogutskaya et al., 2011). The ad-
verse effects of skeletal deformities on the fish health and econ-
omy were also reported in detail in the previous studies (Yıldırım 
et al., 2014; Nguyen et al., 2016). In recent years, although the 
number of studies on wild and cultured fish health have been in-
creasing in Turkey, there are limited studies on the skeletal defor-
mities of fish such as cultured sharpsnout seabread Diplodus 
puntazzo (Yıldırım et al., 2014) and silverside Atherina boyeri 
(Jawad et al., 2017). In the current study, kyphosis was detected 
in the Barbus pergamonensis population of Dalaman Stream. It 
is the first study that kyphosis was detected in the wild popula-
tion of this fish. In addition, there is no kyphosis report from oth-
er fish species from Dalaman Stream.

Previous reports discussed the reasons of skeletal deformities 
which are genetic and environmental factors (Quigley, 1995, Di-
vanach et al., 1996; Divanach et al., 1997; Sfakianakis et al. 2006; 
Harris et al., 2014). Micropollutants in the aquatic habitats is one 
of the major issues worldwide (Eggen et al., 2014). These micro-
pollutants have based on the anthropogenic effects, such as 
pharmaceuticals, pesticides, personal care products and indus-
trial chemicals (Luo et al., 2014). It is known that all these microp-
ollutants have toxic effects on aquatic species (Morasch et al., 
2010; Pochodylo & Helbling, 2015; Minguez et al., 2016). Aquatic 
communities can be dramatically affected by the cocktail of low 
concentrations of micropollutants (Morash et al., 2010). The ef-
fects of cocktail micropollutants can be much higher than the ef-
fect of a single micropollutant.

In the current study, the relationship between B. pergamonensis 
and anthropogenic factors occurred in the habitat of this species 
were emphasised. The pollution effecting the aquatic environ-
ment has also been increasing in Turkey with the rising industrial-
isation and other reasons (Deniz Innal Pers. Obs.). In the study 
area of the current research, these reasons can be referred for 
many reasons. First, the studied area has been used as a cultivat-
ed area for the production of carrot, sugar beet, maize, green 
beans and wheat. In order to maintain the agricultural activities 
in the region, the local people and industries are using variety of 
chemicals (Deniz Innal Pers. Obs.). Another reason for the pollu-
tion can be the treatment facilities in the area. It was observed 
that the discharge of a treatment facility has been performing via 
Dalaman Stream. Furthermore, it was detected that the waste 
from the marble factory and other mining facilities have been 
carried to this aquatic system. The road construction on the high-
way between Gölhisar and Çavdır changed the structure of Dala-
man Stream. Moreover, the construction of a reservoir on the sys-
tem for the aim of irrigation has also adverse effect on this prob-

lem. The last two reasons caused the decrease of water flow of 
Dalaman Stream.

In this study, pollution parameters in the studied area have been 
detected in detail. In total, 17 pharmaceutical and 12 pesticide 
concentrations were found over the threshold values. Caffeine as 
a pharmaceutical concentration was detected at the highest con-
centration (158.51 ng / L). Caffeine concentration is newly used 
as an anthropogenic effect indicator. Because caffeine is used 
only by humans (Sauvé et al., 2012). Similarly, in some studies, the 
concentration of caffeine was found to be in the highest concen-
trations (Yu & Cao, 2016; Guzel et al., 2018). When considered 
the caffeine level found in the current study, it can be supposed 
that the anthropogenic effect plays a main role for this reason. 
Whereas the highest concentrated pesticide was detected as 
chlorpyrifos ethyl (123.40 ng/L). One of the most frequently de-
tected compounds was the specific metabolite of chlorpyrifos in 
wastewaters which indirectly and/or directly reaching to surface 
waters (Gracia-Lor et al., 2017). These pesticides are sold from 
different companies which is mainly used to eradicate several 
pests including worms and insects. Pesticide usage is highly tox-
ic for the non-target organisms such as fish (Ogunfowokan, et al., 
2012; Qu, et al., 2011). Ecotoxicological studies show that such 
pollutants can cause undesirable effects on fish even at very low 
concentrations (Faggiano et al., 2010; Ogunfowokan et al., 2012). 
These kind of detrimental effects of kyphosis can result in death 
of fish species through impaired metabolism. In the study, the 
detected pharmaceutical, pesticide and inorganic compound 
concentrations were low but there may be negative effects on 
the living organisms when all the substances are present at the 
same time in the water.

CONCLUSIONS

Environmental pollutants may represent a potential risk to in-
duce spinal deformities in natural populations of B. pergamon-
ensis. As a result, the incresing pollution and the detrimental 
chemical contents releasing from the differet systems to Dala-
man Stream should be firmly decreased in order to prevent the 
health problems of the aquatic organism living in the region. Fur-
thermore, the emergent skelatal deformities of B. pergamonen-
sis and potentially other fish species living in the region seem to 
be a serious problem for the future of aquatic organisms in Dala-
man Stream. Consequently, the further studies should focus on 
the prevention of these deformities and the main reasons of 
these health problems in detail.
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ABSTRACT
Histomorphological structure of the liver of Ranidae species during the reproduction period con-
tribute significantly to the production rate in the frog culture studies. In this study, the cytoplasmic 
status of hepatocytes, lipid and melanin pigment in liver parenchyma of adult male and female 
Pelophylax ridibundus (Pallas, 1771) were investigated before and after reproduction. For histo-
logical studies, adult frogs were collected from nature and placed in production ponds to exam-
ine the reproduction process. In this study, twenty four breeding male frogs, with average weight 
36.63±12.84 g and length 69.29±9.15 mm, and twenty four breeding females with average weight 
and length of 56.61±19.59 g and 79.54±7.07 mm were used. Samples from the liver tissue of frog 
were taken in 2015 during (March) and after reproduction (June) period. Histologically pictures of 
liver parenchyma were taken from the as homogeneous fields as possible. Before the reproduc-
tion, it was found that the liver parenchyma of the female frogs were cytoplasmically intense, with 
a low amount of melanin pigment and lipid droplets. Similarly, male frogs liver parenchyma and 
hepatocytes were found to be cytoplasmically intense, containing a low amount of melanin pig-
ment and lipid droplets. Both female and male frogs completed the reproduction in April and 
May. After reproduction period, a great amount of melanin pigment in the liver parenchyma was 
observed and the cytoplasmic density of the hepatocytes decreased. As a result, cytoplasmic 
decrease in hepatocytes, structural changes and increase in melanin pigments supports the idea 
that glycogen and lipids stored in the liver parenchyma are used for reproduction. 

Keywords: Pelophylax ridibundus, Ranidae, liver tissue, hepatocyte, histology, reproduction

INTRODUCTION

Examining the histological changes is one of 
the important research areas of biology and 
aquaculture laboratories (Wester & Canton, 
1991). In addition, knowing the histophysiolog-
ical structure of Ranidae species which are eco-
nomically valuable and commonly cultivated 
contributes significantly to the reproduction 
rate of this species (Bambozzi et al., 2004; Arau-
co, De Stefani, Nakaghi & Oliveira-Bahia, 2007). 
Before and after reproduction differences in liv-
er or gonads and alterations caused by environ-
mental effects can be followed by histological 

studies in amphibians (Gernhofer, Pawet, 
Schramm, Müller & Triebskorn, 2001). The liver 
plays a number of indispensible functions in 
many body physiological processes such as the 
digestion of nutrients from other parts of the 
body and also a storage area for the nutrients. 
Therefore, it is perfect organ of a key to under-
stand the health and nutritional status of the 
animals (Akiyoshi & Inoue, 2012). On the other 
hand, liver tissue is a very good reflector of 
health management caused diseases and infec-
tions in food processing and zootechnics 
(Hipolito, Leme & Bach, 2001; Hipolito, Martins 
& Bach, 2004). However, information about the 
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normal and abnormal functions of the amphibian liver is still lim-
ited. Thus, most liver disorders are known only by a retrospective 
diagnosis or autopsy (Crawsha & Weinkle, 2000).

Chen et al. (2011) noted in Rana chensinensis the increase in gly-
cogen and lipid reserves before the reproduction and hiberna-
tion period and reported that the increase in glycogen and lipid 
reserves between reproduction and hibernation period altered 
depending on reproductive strategy. The increase in melanin 
pigment in liver parenchyma is inversely related to glycogen and 
lipid concentration. It is thought that glycogen, lipid and other 
substances are stored in the liver for the energy needed in the re-
productive period. Furthermore, these substances are used in 
the initial formation of egg-sperm as well as energy-requiring ac-
tivities such as cell division and mating (Cadeddu & Castellano 
2012; Cayuela et al., 2014; Mentino, Mastrodonato, Rossi & Scilli-
tani, 2014).

Mentino et al. (2017) discovered the seasonal changes in glyco-
gen, lipid and melanin pigment in the liver of frog (Pelophylax 
esculentus). They found that melanin pigment in the liver tissue 
reach its maximum value during May and June which could be 
related with the reproductive activities. Asisi (1991) reported the 
degenerative changes in some liver hepatocytes after an apop-
totic process such as vitellogenesis and pointed out the fact that 
that melanins mediated indirectly to apoptosis. Melanin pig-
ments in the frog liver at the time of hibernation were reached 
more than the active period after the hibernation (Purrello et al., 
2001). In addition, the reason for the high amount of melanin pig-
ments before hibernation was reported as the support of pig-
ments by two mechanisms: reproduction or hypertrophy (Barni et 
al., 2002). 

This study was aimed to the morphological evaluation of the his-
tological changes that occurred before and after reproduction of 
the liver of male and female edible water frog Pelophylax ridib-
undus (Pallas, 1771) which has economic importance. Also, know-
ing the changes in the histomorphological structure of the liver 
of this species during the reproduction period are thought to 
contribute significantly to the production rate in the frog culture 
studies.

MATERIALS AND METHODS

In this study, an edible frog (P. ridibundus), which has an econom-
ic importance, was used. The adult female and male frogs used 
in the study were collected around Gölbaşı Lake in Kırıkhan Dis-
trict of Hatay in March 2015. The collected adult frogs were trans-
ferred to the frog farm established in Aydincik in plastic boxes. 
The adult female and male frogs were placed in breeding ponds 
of 6 m2. For this study, twenty four breeding male frogs, with av-
erage weight 36.63±12.84 g and length 69.29±9.15 mm, and 
twenty four female frogs with average weight and length of 
56.61±19.59 g and 79.54±7.07 mm were used. For histological 
studies, frogs (n=48) were taken from the ponds before repro-
duction (March) and after reproduction (June) periods and they 
were brought to the research laboratory of the Faculty of Marine 
Sciences and Technology of Iskenderun Technical University. 
Then, histological samples were taken from liver tissue. 

The female and male frogs were kept in ice containing containers 
for 30 minutes and then treated with 25 ml chloroform spilled 
cottons for the competition of anesthesia procedure in the labo-
ratory. Then, the dissection procedure was carried out and the 
removed liver tissues were immediately stored in 10% formalin 
solution. Samples were then dehydrated through a series of 
graded alcohols, cleared in xylene, infiltrated, and embedded 
into paraffin. Liver paraffin wax blocks were cut into 4 μm thick 
sections, stained with hematoxylin and eosin (H&E), and then 
they were examined under Olympus CX 41 microscope (Akiyoshi 
& Inoue, 2012; Seixas Filho et al., 2013). Images were captured 
Olympus DP 20 digital camera. Pictures of liver parenchyma were 
taken the most homogeneous fields possible. 

RESULTS AND DISCUSSIONS

In the liver of P. ridibundus is a single-layer plate and it contained 
hepatocytes with a multi-faceted structure and round core in the 
middle. Also, hepatocytes arranged in clusters and these struc-
tures were surrounded by sinusoid networks of liver cordon; por-
tal venular, hepatic arterial and bile ducts were observed to be 
separated from each other by the presence of traditional. In his-
tological observations of female frogs, the liver parenchyma was 
cytoplasmically intense, contained low amounts of melanin pig-
ments and lipid droplets before reproduction (march) period 
(Figure 1, 2). Similarly, the livers of male frogs, liver parenchyma 
and hepatocytes were cytoplasmically intense, containing low 
amounts of melanin pigment and lipid droplets (Figure 3, 4). 

The livers of female and male frogs, which completed reproduc-
tion in April and May were examined histologically in June and in-
tense amount of melanin pigment was detected on liver paren-
chyma (Figures 5, 6, 7). Parallel to this, obvious changes in the 
shape of hepatocyte cells were observed and cytoplasmic density 

Figure 1.	 Low amounts of melanin pigments and lipid 
droplets in the liver of female frog before repro-
duction (H: Hepatocyte, M: Melanin, CV: Central 
vein, S: Sinusoid, L: Lipid, LP: Liver parenchyma. 
Stain: H & E, Magnification: 10X, original).
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of hepatocytes was decreased compared to pre-reproduction pe-
riod in both male and female individuals (Figure 6, 8). As a result 
of cytoplasmic decrease, structural changes and increased mela-
nin pigments in hepatocytes; support the idea that glycogen and 
liver parenchyma stored in hepatocytes are used in reproduction. 

The liver is an important organ that serves as a storage for glyco-
gen and lipids, particularly in temperate climatic conditions for 
hibernation species and manages the change in seasonal 
amounts of these two substances (Dinsmore & Swanson 2008; 

Fenoglio, Bernocchi & Barni,, 1992; Pasanen & Koskela, 1974; 
Singh & Sinha, 1989). Haar and Hightower (1976) reported that 
Notophthalmus viridescens hepatocytes contain great amount 
of lipid and glycogen inclusions. Chen et al. (2011) reported in 
anuran that glycogen and lipid reserves increased before the re-
productive period and hibernation and linked the increase be-
tween hibernation and beginning of the reproductive period 
with reproductive strategy. In pre-reproduction period (March), is 
determined that the liver parenchymal and density of hepato-
cytes in cytoplasm was intense for both male and female breed-
ing frogs and melanin pigments and lipid droplets in the liver pa-

Figure 2.	 Low amounts of melanin pigments and lipid 
droplets in the liver of female frog before repro-
duction (H: Hepatocyte, M: Melanin, L: Lipid, LP: 
Liver parenchyma. Stain: H & E, Magnification: 
40X, original).

Figure 3.	 Low amounts of melanin pigments and lipid 
droplets in the liver of male frog before repro-
duction (H: Hepatocyte, M: Melanin, CV: Central 
vein, S: Sinusoid, L: Lipid, LP: Liver parenchyma. 
Stain: H & E, Magnification: 20X, original).

Figure 4.	 Low amounts of melanin pigments and lipid 
droplets in the liver of male frog before repro-
duction (H: Hepatocyte, M: Melanin, L: Lipid, LP: 
Liver parenchyma. Stain: H & E, Magnification: 
40X, original).

Figure 5.	 High amounts of melanin pigments and lipid 
droplets in the liver of female frog after repro-
duction (L: Lipid, M: Melanin. Stain: H & E, Mag-
nification: 10X, original).
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renchyma was found to be low. Therefore, it was concluded that 
the breeding frogs have the necessary energy reserves for repro-
duction and these reserves vary depending on the breeding 
strategy.

The concentration of glycogen and lipids is inversely related to 
the increase of melanin pigment in the liver cell and during the 
mating period of the anurans, glycogen, lipid and other sub-
stances stored in the liver were used for synthesis of egg-sperm 
formation related substances (Cadeddu & Castellano 2012; 
Cayuela et al., 2014; Mentino et al. 2014). In another study, it was 
reported that degenerative changes in some liver hepatocytes 
may be seen after an apoptotic process such as vitellogenesis 
(Assisi, 1999). It is known that melanins mediate indirectly to 
apoptosis during vitallonegenesis (Barni et al., 2002; Purrello et 
al., 2001). In this study, after the reproduction of the liver of the 
frogs was observed histologically and detected a large number 
of melanin pigment on the liver parenchyma. In addition, both 
male and female frogs showed significant changes in the shape 
of hepatocyte cells and decreased cytoplasmic density of he-
patocytes.

As a result, these histomorphological changes observed in the 
liver parenchyma; support both the idea of glycogen and lipid in 
the liver parenchyma or hepatocyte are used in reproduction and 
liver parenchyma or hepatocyte are inversely related with mela-
nin pigment abundance. Barni et al. (1991) reported the increase 
in the melanin area in the liver depending on increase in hyper-
trophy and melanin synthesis in hibernating frogs and linked this 
situation inversely with glycogen storage in hepatocytes. 

Mentino et al. (2017), examined the seasonal changes in the gly-
cogen P. esculentus and reported that the melanin pigments in 
the liver reached its maximum in May and June, which may be re-
lated to reproductive activities. Similarly, in this study, melanin 

pigments in the liver were found to be a large number and the in-
crease in melanin pigment area is thought to be related to repro-
duction.

CONCLUSION

As a result of cytoplasmic decrease, structural change and in-
crease in melanin pigments on liver parenchyma after the repro-
duction; lipids, protein and glycogen that stored in the hepato-
cytes were used for reproduction. Also, this study will contribute 
to the production rate for frog culture by shedding light on the 
preparation of pellet food rations according to the metabolic en-
ergy needs of the frogs in the frog breeding period. 

Figure 6.	 High amounts of melanin pigments and lipid 
droplets in the liver of female frog after repro-
duction (H:  Hepatocyte,   M:  Melanin,  L: Lipid, 
LP: Liver parenchyma. Stain: H & E, Magnifica-
tion: 40X, original).

Figure 7.	 High amounts of melanin pigments in the liver of 
male frog after reproduction (H: Hepatocyte, M: 
Melanin, CV: Central vein, LP: Liver parenchyma. 
Stain: H& E, Magnification: 20X, original).

Figure 8.	 Cytoplasmic density of hepatocytes male frog af-
ter breeding (H:  Hepatocyte, M: Melanin, CV: 
Central vein, LP: Liver parenchyma. Stain: H&E, 
Magnification: 40X, original).
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ABSTRACT
The study area is focused on the Mariana Trench, west Pacific Ocean. The research aim is to inves-
tigate correlation between various factors, such as bathymetric depths, geomorphic shape, geo-
graphic location on four tectonic plates of the sampling points along the trench, and their influ-
ence on the geologic sediment thickness. Technically, the advantages of applying Python 
programming language for oceanographic data sets were tested. The methodological approach-
es include GIS data collecting, data analysis, statistical modelling, plotting and visualizing. Statis-
tical methods include several algorithms that were tested: 1) weighted least square linear regres-
sion between geological variables, 2) autocorrelation; 3) design matrix, 4) ordinary least square 
regression, 5) quantile regression. The spatial and statistical analysis of the correlation of these 
factors aimed at the understanding, which geological and geodetic factors affect the distribution 
of the steepness and shape of the trench. Following factors were analysed: geology (sediment 
thickness), geographic location of the trench on four tectonics plates: Philippines, Pacific, Mariana 
and Caroline and bathymetry along the profiles: maximal and mean, minimal values, as well as the 
statistical calculations of the 1st and 3rd quantiles. The study revealed correlations between the 
sediment thickness and distinct variations of the trench geomorphology and sampling locations 
across various segments along the crescent of the trench. 

Keywords: Programming language, Python, Statistical analysis, Pacific Ocean, Hadal trenches, 
Mariana Trench, oceanology, marine geology

INTRODUCTION

Multiple approaches and GIS methods have 
been used so far to model ocean seafloor, the 
most unreachable part of the Earth. These in-
clude echo sounding (Smith, & Sandwell, 1997), 
CTD (conductivity-temperature-depth profiler) 
technique (Taira et al., 2005), acoustic methods, 
continual profiling with single-beam systems 
and bottom coverage capability, multi-beam 
swath-mapping systems (Dierssen, & The-
berge, 2014), classic approaches of the GIS 
mapping and other tools of geoinformatics (Fu-
jie et al., 2006), remote sensing images analysis, 
navigation charts and data modelling using 
schematic cross-sections of the subduction 

zones (e.g. Schellart, 2008), statistical model-
ling using R and packages, e.g. dplyr, ggplot2, 
PMCMR, car (Reid et al., 2018). Of all these, sta-
tistical modelling of the oceanological data 
sets by means of R and Python programming 
languages is the most cost-effective for investi-
gating hadal trench geomorphology. 

Various studies have been reported on the 
geologic variations of the Mariana Trench in-
volving uneven distribution of various geo-
morphic phenomena across the seafloor (e.g., 
Michibayashi et al., 2007; Grand et al., 1997). 
Amongst these, the questions of how the 
trench shape is varies and what are the factors 
affective its geomorphology are the most chal-

https://orcid.org/0000-0002-5759-1089
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lenging in view of the importance of the deep ocean segments 
for the whole ocean environment. The distribution of elevations 
on the Earth or hypsography is highly uneven. Thus, the major-
ity of the depths is occupied by deep basins (4– 6.5 km) while 
relatively few areas are covered by shallow zones. At the same 
time, a considerable pool of resources is hidden by the ocean 
depths which explains the actuality of the ocean research for 
the national economies. The limitations in marine geological 
methods are imposed by the high cost of the actual cruise ma-
rine expeditions. Using available open source geodata sets 
have removed this problem by the use of low-cost geospatial 
data and their processing in GIS and open source program-
ming language R and Python. Similarly, Python based statistical 
set of libraries, such as NumPy, SciPy, StastModels, and Mat-
plotlib statistical package present effective low-cost and easily 
available method for the marine oceanological data processing 
and modelling. 

Regional studies of the marine geology of the trenches across 
the Pacific Ocean (e.g., Bello-González et al., 2018; Boston et al., 
2017), modelling and predictions made upon analysis of the 
geophysical settings of various trench, produced by these inves-
tigators were instrumental in understanding current issues of 
the marine geological studies. The concepts of these reports on 
seafloor spreading, tectonic slab subduction, continental drift, 
and plate tectonics in the Pacific Ocean were analysed in the 
current research.  

STUDY AREA AND DATA

The study area is located in the Mariana Trench, west Pacific 
Ocean, where the deepest place of the Earth is recorded (The-
berge, 2008).

The geomorphology of the Mariana Trench was studied through 
the spatial and statistical analysis of the 25 cross-section bathy-
metric profiles digitized across the trench. Each profile has a 
length of 1000 km and a distance between each two is 100 km. 
The methodology consists of two parts: geospatial data process-
ing and statistical analysis. 

First, during the geospatial part of the research, the data were 
collected from the Quantum GIS project as vector layers. The at-
tribute tables contained numerical data on bathymetry, geology, 
tectonic plates and geometric features of the Mariana Trench in 
its various segments of the geographic location: north-west, cen-
tre, south-west. 

Second, during the statistical part of the research, the table in 
.csv format was then read into the Python environment using 
Pandas package. The profiles were observed using methods of 
the statistical modelling performed by Python programming lan-
guage. During the statistical testing and experiment, several ex-
isting approaches (Box, & Tiao, 1992; Timm, 2007; Oliphant, 
2007; Oliphant, 2015; Lemenkova, 2019) provided by the Python 
StatsModel and Matplotlib libraries were used as the core algo-
rithms described below.

METHODOLOGY

Design matrix and model fit summary by the Ordinary Least 
Squares
The variables of geologic interest were stored in the table con-
sisting of 18 rows where numeric information describes geology, 
bathymetry, geodesy and tectonics of the Mariana Trench. To fit 
most of the models covered by StatsModels Python library, the 
design or regressor matrix was created using existing approach-
es (Everitt, 2002; Box, & Tiao, 1992; Millman & Aivazis, 2011). The 

Figure 1.	 Study area: Mariana Trench, west Pacific Ocean (Source: author, QGIS project).
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first is a matrix of endogenous variables of sediment thickness, 
which show the response or geological regressand on changed 
environmental conditions: geographic location, depth or tecton-
ic plate.

The design matrix (Table 1, left) shows the results of the first six 
lines representing values of explanatory variables in a set of geo-
logical attributes, Mariana Trench. 

The computing of the Ordinary Least Square (OLS) was based on 
the formula (1):

b1= 
∑n i=1 (xi-x)(yi-y)
∑n i=1 (xi-x) 		  (1)

Where,
n is the sample size;
x is a constant and a scalar regressor; 
y is a random regressor, sampled together with x;
h is the number of lags being tested;

Each row of the calculated OLS coefficient estimates (Table 1, 
right) shows an individual bathymetric profile with the successive 
columns corresponding to the geologic and oceanographic vari-
ables and their specific values across the profiles. 

Quantile statistics (QQ)
The used algorithm is very straightforward with a selected func-
tion of qqplot() by StatsModels to perform this task. The QQ re-
gression is a common abbreviation for ‘quantile by quantile’ sta-
tistical plot. The plot shows (Figure 2) one quantile against an-
other across various geological parameters (from left to right):  A) 
Sediment thickness; B) Slope angle degrees; C) Pacific Plate; D); 
Philippine Plate E) Mariana Plate; F) Distribution of samples of ig-
neous volcanic areas. 

Technically, the plotting was performed using following code of 
Python for each corresponding plot: 

ax1.plt = qqplot(df.sedim_thick, line=’q’, 
ax=ax1, fit=True,
linewidth=.5, alpha = .5, markerfacecolor=’#00a497’,
markeredgecolor=’grey’,)

The QQ statistics calculation has been based on the following 
formula (2) after Ljung, & Box (1978):

Q= n(n+2)∑n k=1 (n-k)
l 2

k

		  (2)

Where,      
n is the sample size;
rho is the sample autocorrelation at lag k, and 
h is the number of lags being tested.

The comparison of all the six subplots enables to analyse the 
form of their shape against a straight line. The quantiles are 
bathymetric sample observations with geologic attribute values 
placed in the ascending order. The QQ statistics are used over 
the pool of the sampling data to study their distribution. A QQ 
statistic is a visual representation of the quantiles of a standard 
normal distribution of the geological data set across the Mariana 
Trench, showing their variation in space.

Weighted Least Squares
A Weighted Least Squares (WLS) for the geological variables are 
shown on Figure 3. The approach of a weighted least squares is 
a standard approach in regression analysis to approximate the 
solution of overdetermined systems which is the case for the 
complex marine geological systems. The least squares algo-
rithms has two sub-types: linear or ordinary least squares and 
nonlinear least squares. In the scope of this research, only the lin-
ear least squares were tested: ordinary least squares and weight-

Table 1.	 Python code for design matrix ‘dmatrices’ (left) and OLS computation by StatsModels of Python (right), Mariana 
Trench data frame.
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ed least square which is a generalization of the first one. In this 
case, the off-diagonal entries of the correlation matrix of the 
geological residuals are null the variances of the observations, 
yet unequal along the covariance matrix.

A WLS is a statistical approach representing a special case of the 
generalized least squares. 

The calculation is based on the principle of the Gauss–Newton 
algorithm that solves a non-linear least squares problem by mod-
ifying a Newton’s method for finding a minimum of a function. 
The computation was based on the general approach of existing 
equation (after Björck, 1996):

JT WJ ∆ ß= JT W ∆ y				    (3)

Where 
W is a diagonal when the observational errors are uncorrelated 
and the weight matrix;
J (t) is a transposed Jacobian matrix;
ß are unbiased estimators as linear column vectors, the entries of 
the Jacobian matrix;
y is a vector of the response values.

The calculations of the WLS for the data set (Table 2) were done 
according to the reported procedures (Seabold & Perktold, 2010; 
Strutz, T. (2016) by Python code snippet:

	 # Step-1.
mod_wls = sm.WLS(y, X, weights=1./(w ** 2))

res_wls = mod_wls.fit()
print(res_wls.summary())
	 # Step-2.
res_ols = sm.OLS(y, X).fit()
print(res_ols.params)
print(res_wls.params)
	 # Step-3.
se = np.vstack([[res_wls.bse], [res_ols.bse], 
[res_ols.HC0_se], 
                [res_ols.HC1_se], [res_ols.HC2_
se], [res_ols.HC3_se]])
se = np.round(se,4)
colnames = [‘x1’, ‘const’]
rownames = [‘WLS’, ‘OLS’, ‘OLS_HC0’, ‘OLS_HC1’, 
‘OLS_HC3’, ‘OLS_HC3’]
tabl = SimpleTable(se, colnames, rownames, txt_
fmt=default_txt_fmt)
print(tabl)

Quantile regressions
Quantile regression shows (Figure 4) the estimated conditional 
median and other quantiles of the response geological variables. 
Thus the upper two rows of the plot show (Figure 4, A, B, C, D) 
data distribution across tectonic plates: Pacific Plate, Philippine 
Plate, Mariana Plate and Caroline Plate. The lower row of the plot 
(Figure 4, E, F) shows data distribution for the cumulative sedi-
ment thickness and slope angle degree by profiles.

Figure 2.	 Plotted QQ statistics for the data distribution: A) Sediment thickness; B) Slope angle degrees; C) Pacific Plate; D); 
Philippine Plate E) Mariana Plate; F) Volcanic spots.
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The quantile regressions were plotted (Figure 4) using Python 
code by StatsModel:

	 # Step-1. Least Absolute Deviation
mod = smf.quantreg(‘profile ~ slope_angle’, data)
res = mod.fit(q=.5)
print(res.summary())
	 # Step-2. Placing the quantile regression 

results in a Pandas DataFrame, and the OLS 
results in a dictionary
quantiles = np.arange(.05, .96, .1)
def fit_model(q):
    res = mod.fit(q=q)
    return [q, res.params[‘Intercept’], res.
params[‘slope_angle’]] +             res.conf_
int().loc[‘slope_angle’].tolist()   

Figure 3.	 Weighted Least Squares plotted for data distribution: A) Pacific Plate, B) Philippine Plate, C) Mariana Plate, D) 
Sediment thickness, E) Depths (max); F) Slope angle degree.
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Table 2.	 Computed results of the WLS modelling for the data distribution by plates: A) Pacific; B) Philippine; C) Mariana; D) 
Sediment thickness; E) Depths; F) Slope angle.

Table 3.	 Results of the computations for the quantile regression for sediment thickness versus geologic parameters: A) Pacific 
Plate, B) Philippine Plate, C) Mariana Plate, D) Caroline Plate, E) Cumulative sediment thickness and F) Slope angle 
degree by profiles.
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models = [fit_model(x) for x in quantiles]
models = pd.DataFrame(models, columns=[‘q’, ‘a’, 
‘b’,’lb’,’ub’])
ols = smf.ols(‘profile ~ slope_angle’, data).fit()
ols_ci = ols.conf_int().loc[‘slope_angle’].
tolist()

ols = dict(a = ols.params[‘Intercept’],
           b = ols.params[‘slope_angle’],
           lb = ols_ci[0],
           ub = ols_ci[1])
print(models)
print(ols)

Figure 4.	 Quantile regression plotted for sediment thickness (m) versus geologic parameters: A) Pacific Plate, B) Philippine 
Plate, C) Mariana Plate, D) Caroline Plate, E) Cumulative sediment thickness and F) Slope angle degree by profiles.
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Essentially, quantile regression is another approach of the linear 
regression tested in the current research. The quantitative results 
of the quantile regression are shown on Table 3, with respect to 
the relevant plots shown on Figure 4 (corresponding to Figure 4: 
A, B, C, D, E, F).

Dynamic regression model: State Autoregressive Moving Av-
erage (SARIMA)
The methodology of the dynamic regression model is based on 
the StatsModels embedded algorithm (Seabold & Perktold, 2010).

The abbreviation of SARIMA is the Space AutoRegressIve Mov-
ing Average model, initially developed by Ansley & Kohn, (1985). 
The concept of the application of the SARIMA time series esti-
mation and post-estimation lies in the following. The changes in 
the variables that are taken as time lags in classic dynamic re-
gression models are applied towards bathymetric profiles from 1 
to 25. In this way, unlike in time series case when the SARIMA fits 
the univariate models with time-dependent disturbances, this 
case applies space-dependent disturbances, crossing the sam-
pling selection from 1 to 25 (X axe). 

Because the model includes both dependent and independent 
variables, the selected type of SARIMA was SARIMAX (see the Py-
thon code snippet below). The first group consists in changing 
variables that is geologic settings and bathymetry (depths). The 

second group (independent variables) is presented by the pro-
files lags that cross the Mariana Trench with the distance between 
each of 100 km and the length of 1000 km. This cross-section pro-
files are taken as independent variables. Therefore, the depen-
dant variables differ spatially in different segments of the trench.

The model (Figure 5) fits univariate model of the geomorphic 
structure of the trench by independent values of the distribution 
of the bathymetric observation by profiles with dependent dis-
turbances of depths. 

Fitting the model was done using the Python snippet:

mod = sm.tsa.statespace.SARIMAX(data[‘sedim_
thick’], trend=’c’, order=(1,1,1))
res = mod.fit(disp=False)
print(res.summary())
fig = sm.graphics.tsa.plot_pacf(data.iloc[1:]
[‘Ddf.geology’], lags=25, ax=axes[1])

The algorithm fits a model where the disturbances follow a linear 
specification of the bathymetric distribution across the trench. 
The dependent and independent geological variables vary by 
profiles (Figure 5). Plotting was done using sublplot function of 
Matplotlib:

fig, axes = plt.subplots(2, 2, figsize=(15,8))

Figure 5.	 Plotted SARIMAX statistics for the bathymetry: A) Sediment thickness index; B) Data distribution index, Philippine 
Plate; C) Autocorrelation; D); Partial Autocorrelation.
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RESULTS AND DISCUSSIONS

The conducted statistical data modelling and several types of 
the regression analysis were aimed to compare the variance in 
the geological data sets of the Mariana Trench explained by the 
complex interplay of the geomorphic, geological and oceano-
logical attributes of the data and the bathymetric factors of the 
location of several segments of the trench in various parts of the 
Pacific Ocean. Using StatsModels library of Python, in particular 
several linear models of the correlation between various factors 
were computed, analysed and explained by the groups of vari-
ables. 

Tested environmental variables of the Mariana Trench include 
four main geological factors (location on the tectonic plates, 
slope steepness degree, sediment thickness of the layer and 
bathymetric depth and submarine volcanism) and attributes of 
the 25 cross-section bathymetric profiles (mean values, maximal 
depths, median values and two quartile sub-division of the data 
sets) and the shared variances between environment and attri-
butes. Shared variance arises due to correlations between the 
factor of sediment thickness and slope angle degree, e.g. be-
cause the attributes of the sediment accumulation are influenced 
by the canyon shape apart from the directly or indirectly depend-
ing on the oceanological conditions of the submarine currents.

The graphical output shows normal data distribution as demon-
strated by (Figure 2), where each QQ profile has a given value for 
data distribution by quantiles across the trench profiles. The dis-
tribution of the geologic residuals is shown on Figure 3 showing 
particularly data correlation for several cases: frequency of the 
data distribution by Pacific Plate, Philippine Plate, Mariana Plate, 
sediment thickness, and range of the bathymetric depths taken 
for the maximal values, and finally, geomorphological shape as 
slope angle degree. The results shown on Table 2 represent the 
computed numerical values of the previous graph (Figure 3).  

The results on the Quantile regression (Figure 4) show the condi-
tional median of the response geologic variable given changing 

bathymetric values with movement southwards across the Mari-
ana Trench. Thus, the upper plots shows (Figure 4, A, B, C) data 
distribution across tectonic plates: Pacific Plate, Philippine Plate, 
Mariana Plate and Caroline Plate. The lower plot (Figure 4, D, E, 
F) shows data distribution for the Caroline Plate and cumulative 
sediment thickness and slope angle degree by profiles. 

The numerical explanation of the Figure 4 with corresponding 
sub-plots is presented in Table 3. The Figure 5 shows dynamic re-
gression model using Python function embedded in StatsModel: 
State Autoregressive Moving Average. Finally, Table 4 shows the 
Python code that was used to perform the procedure of SARI-
MAX and the resulting output table. The model shows autocor-
relation of the data by bathymetric profiles. The results demon-
strated a correlation between the geological variables and geo-
spatial location of the samplings across Mariana Trench, which 
proves the interplay between multiple factors affecting its geo-
morphology.

CONCLUSIONS

While the usage of the traditional methods of geoinformatics 
and spatial analysis is, beyond doubts, strongly recommended 
for any research in geoscience, there is another powerful tool for 
the geospatial data processing other than GIS, sometimes over-
looked or skipped by the geographers: a data modelling by use 
of Python or R programming languages. Python, an open source 
free programming language is highly suitable for the statistical 
analysis in geoscience research, since it has a powerful statistical 
and math libraries, e.g. StatsModel, highly effective for scientific 
computing and used in the current research. The functionality of 
Python language and StatsModel, tested in this work, is proved 
to be highly effective for the statistical analysis of the geo-marine 
sets. 

The proposed approach of the Python based statistical analysis 
enables accurate and efficient computation and modelling of the 
large data sets in marine geology and oceanology. A challenge 
in the evaluation of geological big data sets (that is, several thou-

Table 4.	 Python programming code for used SARIMAX algorithm (left) and Statespace Model Results (right). Tested case in 
Mariana Trench tectonics: sediment thickness across Philippine Plate.



60

Aquat Sci Eng 2019; 34(2): 51-60
Lemenkova. Testing Linear Regressions by StatsModel Library of Python for Oceanological Data Interpretation

sand of observation points as in this case, 12.590 samples) con-
cerns the difficulty in manual identifying a correct algorithms in 
the computations and data distribution analysis.

The necessity to apply a precise machine learning algorithms is 
recently increased in geographic sciences with respect to the im-
portance of choosing an effective method for data visualization 
and computation. The solutions to the mentioned above prob-
lems are provided by Pandas data frames: for example, optimiz-
ing structure of the data, selecting the correct parts from the 
whole data frame (columns, rows in the data arrays) and plotting. 
Based on the presented results, the application of Python pro-
gramming language is strongly recommended in geoscience re-
search as an addition to the traditional GIS methods.
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ABSTRACT
Protein is both an essential and a costly nutrient in aquafeeds. In this study, the effects of different 
cyclic protein ratios on growth performance, biological indices, and profitability of meagre (Argy-
rosomus regius) were investigated. Diets which included 48, 44, and 40% protein ratios were pre-
pared, and the experimental groups were designed by cyclical periods of 48% for 12 weeks (P48, 
control), 40% for 6 weeks + 48% for 6 weeks (P40/48), and 44% for 6 weeks + 48% for 6 weeks 
(P44/48). The study was carried out with three replicates for 12 weeks in nine 450 L fiberglass tanks 
connected to a recirculating marine water system. Meagre with an average weight of 49.93±0.35 
g were kept with 10 fish per tank. At the end of the study, the best weight gain was observed in 
the P48 group compared to the other treatments (P<0.05). However, no statistical differences 
were found between the specific growth rates and feed conversion ratios of the experimental 
groups (P>0.05). In addition, both condition factor and viscerosomatic index were higher in P44/48 
and P40/48, respectively (P<0.05). In conclusion, aquafeeds with a protein content of 48% can be 
circulated for short periods as part of 40% protein diets. 

Keywords: Marine aquaculture, fish nutrition, cycled feeding, profitability, Argyrosomus regius

INTRODUCTION

Protein is a dietary nutrient that directly affects 
growth, weight gain, and biological parameters 
in fish. Protein requirements of fish are influ-
enced by several biotic and abiotic factors, in-
cluding species, size, age, physiological situa-
tion, diet quality, protein to energy ratio, tem-
perature, salinity, etc. (Tacon and Cowey, 1985; 
NRC, 2011). Determination of daily protein 
amounts per animal is particularly necessary in 
culture conditions (Kureshy and Davis, 2002). Di-
etary protein deficiency prevents fish from 
reaching their maximum growth values and ex-
cessive protein in the feed is not suitable both 
economically and environmentally (Lovell, 
1989). Nevertheless, protein is considered as a 
limiting factor in aquafeeds, because of its high 
costs (Gatlin III et al., 2007). For this purpose, re-
searchers have focused on decreasing protein 

ratios (especially fish meal proteins) in aqua-
feeds using various methods such as increasing 
the amount of plant-based raw materials (soy-
bean meal, corn meal, etc.), using alternative 
animal-based protein sources (squid meal, krill 
meal, etc.), and applying different feeding strat-
egies (feeding level, feeding frequency, feeding 
rate, etc.). However, some of these methods are 
not suitable for certain fish species. For exam-
ple, carnivorous fish need a diet including high 
amounts of animal-based proteins and increas-
ing the level of plant-based ingredients in their 
aquafeed depresses the growth of fish (Hartvik-
sen et al., 2014). The best method for these spe-
cies is to apply specific feeding regimes, includ-
ing cycled nutrition combined with diets con-
taining different protein levels.

Feeding is an important operation in aquacul-
ture because it accounts for the largest share of 

https://orcid.org/0000-0002-8254-1403
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expenses in the production process. This share might be balanced 
with the application of proper feeding regime (Güroy et al., 2017). 
Feeding management depends on different factors, including 
species, size of fish, physical conditions of facilities, farmer/staff 
experience. Regular feeding regimes should specify an integrated 
schedule of these factors. Regulating the optimum feeding sched-
ule for cultured species may improve the growth performance, 
survival rate, and feed utilization by decreasing feed wastage (Ji-
wyam, 2010; Okorie et al., 2013). One of the basic applications of 
a proper feeding regime is the cycling of aquafeeds or feed ingre-
dients. Some compensatory growth studies have been carried out 
on different commercial fish species, including rainbow trout (On-
corhynchus mykiss), gilthead sea bream (Sparus aurata), and Euro-
pean sea bass (Dicentrarchus labrax) (Quinton and Blake, 1990; Er-
oldoğan et al., 2008; Türkmen et al., 2012) which focus on feeding 
the fish with restricted/cycled periods or starvation. These kinds of 
studies aimed to minimize consumption of feed by decreasing or 
limiting and cycling the portions and thus, improving profitability. 
In other feeding regime studies, the ratio of important nutrients 
such as protein in the diet was reduced instead of the feeding rate. 
For example, Gaylord and Gatlin III (2001) carried out a study with 
diets which included different protein and energy ratios on chan-
nel catfish (Ictalurus punctatus).

Meagre (Argyrosomus regius) is a high potential marine fish 
which is popular in Mediterranean aquaculture due to its valu-

able meat quality and flavour (Vallés and Estévez, 2013; Güroy et 
al., 2017). This species has been readily accepted for culturing by 
farmers because of its exceptional natural features in culture 
conditions such as its high growth performance (Monfort, 2010; 
Ribeiro et al., 2013). Also, meagre shows advanced survival rates, 
optimum feed conversion ratio, and a more rapid growth rate 
than gilthead sea bream (S. aurata) and sea bass (D. labrax) in 
aquaculture conditions (Barata et al., 2016; Emre et al., 2016). The 
market share of meagre is increasing day by day. Determining 
the specific feed needs and feeding regimes of meagre is im-
portant for the expansion of market share.

The aim of this present study was to investigate the influence of 
diets composed of different protein ratios by giving cyclical por-
tions to meagre (Argyrosomus regius). Thus, it is predicted that 
using a combination of cyclical feeds alternating low and high 
protein content may reduce feed costs if it leads to positive ef-
fects on growth performance.

MATERIALS AND METHODS

Experimental design and diets
Three protein levels were determined (40, 44, and 48%) and cy-
cled feeding regimes were applied in this study. The control 
group (P48) was continuously fed with diets containing 48% pro-
tein during the experiment. P40/48 and P44/48 groups were fed 

Table 1.	 Formulation and proximate composition of the experimental diets

Ingredients P40 P44 P48

Fish meal1 18.80 25.00 34.00
Corn gluten2 14.50 14.50 14.50
Dehulled soybean meal3 11.00 11.00 11.00
Poultry by-product4 6.00 6.00 6.00
Feather meal5 2.40 2.40 2.40
Wheat gluten6 2.50 2.50 2.50
Wheat flour7 17.56 12.82 9.00
Sunflower seed meal8 12.00 11.00 8.00
Fish oil9 13.65 13.65 12.15
Vitamin premix10 0.20 0.20 0.20
Mineral premix10 0.15 0.15 0.15
Choline chloride10 0.10 0.10 0.10
Dicalcium phosphate10 1.14 0.68 0.00
Chemical Composition
Crude Protein (%) 41.32 44.44 48.78
Crude Lipid (%) 18.12 18.72 18.14
Crude Ash (%) 5.31 5.86 6.61
Crude Fibre (%) 4.04 3.75 3.10
NFE (%)* 29.96 26.44 23.27
1Anchovy fishmeal, Sibal Feed Mill Company, Sinop, Turkey
2Cargill, İstanbul, Turkey
3Kırcı Soya Company, Balıkesir, Turkey 
4Sibal Feed Mill Company, Sinop, Turkey
5Sibal Feed Mill Company, Sinop, Turkey
6Cargill, İstanbul, Turkey 
7İpek Wheat Company, Nevşehir, Turkey
8Sibal Feed Mill Company, Sinop, Turkey
9Anchovy fish oil, Sibal Feed Mill Company, Sinop, Turkey
10DSM Nutritional Products, İstanbul, Turkey
*Nitrogen-free extract (NFE) = 100 - (protein + lipid + ash + fibre)
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with diets of 40% and 44% protein ratios in the first half (initial 6 
weeks) of the experiment, respectively, and then during the sec-
ond half of the experiment (last 6 weeks), these groups were fed 
with diets containing 48% protein. All experimental diets with 40, 
44 and 48% dietary protein were formulated using fish meal, 
plant ingredients, fish oil and vitamin-mineral mix (Table 1). Di-
etary ingredients were mixed in a food mixer (Dirmak Food 
Equipment, IBT-22) with water until a soft slightly moist consis-
tency was achieved. This dough was then cold press extruded (La 
Monferrina, PTM P6) to produce discs of 4 mm in diameter. The 
moist pellets were then fan-dried and stored at -18 °C until use.

Rearing system and fish
Meagre were obtained from a commercial hatchery in Muğla, Tur-
key and transported to the Marine and Freshwater Fish Unit of Ar-
mutlu Vocational School, Yalova University, Turkey. Prior to the 
feeding trials, the fish were transferred to the 450-L tanks and fed 
a commercial sea bass diet (45% protein, 18% lipid, 2.5% fibre, 7% 
ash; Sürsan Inc., Turkey) for two weeks for acclimation. Nine 450-L 
circular tanks within a 25000-L recirculation seawater system were 
annexed to a 650-L sand filter, bag filter, and ultraviolet light unit. 
A partial seawater exchange (15% total system volume) was per-
formed twice each week. The water flow rate was 5 L/min and wa-
ter quality was monitored daily. Water temperature was main-
tained at 22.7±1.01 ºC and dissolved oxygen at 8.12±0.29 mg/L 
(Handy Polaris, Oxy-Guard). Average pH was recorded at 
7.89±0.17 (HANNA HI 9125), salinity at 21.2±0.10 ppt (Atc Refrac-
tometer), and ammonia at 0.13±0.02 mg/L (Hach Lange DR 2800). 
The recirculation system was housed in a climate-controlled unit 
with controlled photoperiod 12:12 h (light:dark). Meagre (mean 
body weight 49.93±0.35 g) were randomly distributed over nine 
fiberglass tanks at a density of 10 fish per tank. Fish were hand-fed 
to near satiation three times a day (09:00, 13:00, and 17:00) for 84 
days. Feed was carefully administered by dropping a few pellets 
into the tanks until the feeding activity ceased.

Evaluation of growth performance
Fish were weighed biweekly in bulk after suspending feeding for 
1 day. All fish were anesthetized with clove oil (50 mg/L) during 
the weighing procedure (Barata et al. 2016). Growth parameters, 
including feed conversion ratio (FCR), specific growth rate (SGR), 
and survival rate (SR) were calculated using the following equa-

tions: FCR = feed intake / weight gain, SGR = 100 x [(Ln final fish 
weight) - (Ln initial fish weight)] / experimental days, SR = 100 x 
(total fish count - dead fish count) / total fish count.

Measurement of somatic indices
Three fish per tank were randomly selected, individually weighed, 
and then dissected to obtain the viscera to determine biological 
parameters. The somatic indices, including condition factor (CF), 
viscerosomatic index (VSI), hepatosomatic index (HSI), and mes-
enteric fat index (MFI) were calculated using the following formu-
lae: CF = 100 x (final body weight / fork length3), VSI = 100 x (vis-
cera weight / final body weight), HSI = 100 x (liver weight / final 
body weight), MFI = 100 x (body fat weight / final body weight).

Economic analysis
Economic analyses in terms of economic conversion ratio (ECR) 
and economic profit index (EPI) were developed by Sán-
chez-Lozano et al. (2007). These parameters were determined us-
ing the following formulae: ECR = feed conversion ratio x feed 
price, EPI = (final body weight x fish sale price) - (economic con-
version ratio x weight gain).

The cost of feed ingredients was as listed by index mundi (Index-
Mundi, 2018). Meagre sale price was calculated at 4.5 €/kg.

Statistical analysis
The Shapiro-Wilk W test and Levene test were examined to veri-
fy normality and homogeneity of variance before further analysis 
was undertaken. All data was subjected to one-way analysis of 
variance (ANOVA), after proving the normality and homogeneity 
of the data. Tukey’s multiple range test was used to rank groups 
when different interaction was found using Statgraphics Centuri-
on XVI (Statpoint Technologies Inc., The Plains, VA) statistical 
software (Zar, 1999). All data was presented as “mean±standard 
error” of the mean calculated from all replicates. Differences 
were considered significant at P<0.05.

RESULTS AND DISCUSIONS

Growth parameters recorded for 6 weeks and 12 weeks of the 
study are given in Table 2. The mean weight at the 6th week of the 
P48 group was significantly different to the P44/48 group 
(P<0.05). Feed intake at the 6th week of the P48 group was high-

Table 2.	 Growth parameters of meagre fed with diets containing different protein ratios by cyclical feeding regimes for 6 
weeks (6w) and 12 weeks (12w)

P40/48 P44/48 P48

Initial mean weight (g) 49.59±0.60 49.09±0.75 50.22±0.22
Mean weight at 6w (g) 69.02±1.41ab 65.15±1.26a 74.04±1.83b

Mean weight at 12w (g) 86.04±0.87a 82.77±2.28a 94.25±1.71b

Feed intake at 6w (g) 73.64±0.16a 75.79±0.84a 83.37±4.23b

Feed intake at 12w (g) 74.85±0.66a 79.03±0.49a 85.82±2.42b

Specific growth rate at 6w (%/day) 0.85±0.07 0.73±0.02 0.99±0.15
Specific growth rate at 12w (%/day) 0.71±0.03 0.67±0.02 0.81±0.08
Feed conversion ratio at 6w 1.26±0.10 1.47±0.05 1.13±0.13
Feed conversion ratio at 12w 1.32±0.04 1.50±0.06 1.26±0.08
Survival rate (%) 96.67±3.33 93.33±3.33 93.33±3.33
In the same line, different letters indicate statistical significant differences (P<0.05) among the treatments
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er than both the P40/48 and P44/48 groups (P<0.05). There were 
no statistical differences in the specific growth rates and feed 
conversion ratios at the 6th week between the experimental 
groups (P>0.05). The highest mean weight and feed intake val-
ues at the 12th week were recorded in the P48 group (P<0.05). 
There were no statistical differences in the specific growth rates 
and feed conversion ratios at the 12th week or in survival rates be-
tween all groups (P>0.05).

In Figure 1, weight increments of the meagre are shown week by 
week. The very close mean weights were recorded in the 4th 
week in the P48 and P40/48 groups with 65.88 and 65.76 g, re-
spectively. The mean weight of P40/48 dramatically deviated 
from the P48 after the 6th week. The mean weights in different 
weeks of P44/48 never reached that of either P48 or P40/48 
groups during the study. The weight gains of experimental 
groups were noted as 44.02, 36.75, and 33.68 for P48, P40/48, 
and P44/48 groups, respectively (Figure 2).

The biological indices of the meagre fed with the different pro-
tein level diets are listed in Table 3. The condition factor (CF) of 
P48 was significantly different to the P44/48 (P<0.05). The highest 
viscerosomatic index (VSI) was found in the P40/48 group (P<0.05). 
No differences were observed in the hepatosomatic index (HSI) 
and mesenteric fat index (MFI) between the groups (P>0.05).

Economic analysis of this experiment is presented in Table 4. No 
significant difference was found in economic conversion ratios 
(ECR) across all groups (P>0.05). The economic profit index (EPI) 
of P48 was significantly different from P44/48 (P<0.05).

The results of this present study clearly show that meagre need 
high protein levels in their diets and that decreasing the protein 
level (in their diets or partial feeding regimes) directly affects 
growth performance. In this study, cycled feeding with diets con-
taining 40 and 44% protein levels were not as efficient as contin-
uously feeding with 48% protein. Meagre is a fish species that 

Figure 1.	 Mean weight increments of experimental groups of meagre during the 12 weeks.

Figure 2.	 Weight gains of experimental groups of meagre during the 12 weeks.
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needs high dietary protein levels in the range of 45-50% (Chatzi-
fotis et al., 2012; Güroy et al., 2017).

The WG and FI of the P40/48 and P44/48 groups were found con-
tinuously lower than the P48 group during the experiment. Kureshy 
and Davis (2002) stated that protein requirement depends on the 
optimum protein ratio of the diet and inferior levels of protein 
might be recompensed by a higher feed intake. Nevertheless, in 
this study, dietary protein level and feed intake increased linearly. 
This could be explained by size of the fish. In previous studies car-
ried out on several carnivorous marine fish, including yellowtail 
(Seriola dumerilii), Korean rockfish (Sebastes schlegeli), and par-
rotfish (Oplegnathus fasciatus) it was stated that 45-50% was the 
optimum protein ratio in the juvenile stages of these species (Jo-
ver et al., 1999; Cho et al., 2015; Kim et al., 2017). However, Craig 
and Helfrich (2017) declared that the protein requirements of fish 
were related to the life stages of the species. The authors also not-
ed that older fish need lower levels of dietary protein. Interesting-
ly, however, although there was a quantitative difference between 
the SGR and FCR parameters of the groups at the midpoint and at 
the end of the experiment, they were found to be significantly sim-
ilar (P>0.05). These parameters are used to specify the efficiency 
level of the feed or feeding regime in aquaculture (Craig and Hel-
frich, 2017). From this point of view, it is thought that the outputs 
of the study are useful for proving the importance of growth pa-
rameters in the condition of cyclical feeding regime with diets in-
cluding different protein levels.

The CF displayed an inverse relation with the mean weights and 
feed intakes at the 6th and 12th weeks in this study. In contrast, 
Kim et al. (2001) recorded a parallel tendency between the CF 
and growth parameters in Korean rockfish (S. schlegeli). In a 
study carried out with grouper (Epinephelus coioides), the CF 
and VSI were improved at the optimum protein level (Luo et al., 
2004). Yang et al. (2003) revealed that the VSI of Taiwan barb 
(Spinibarbus hollandi) was decreased with increased protein lev-
els. The VSI was not enhanced with the highest growth (P48) in 
this current study. Kim et al. (2001) reported that the HSI of Kore-
an rockfish (S. schlegeli) was improved with increased protein lev-

els. Although there is no statistical difference between the 
groups, similar results were found in this present study (HSI 
ranged between 0.65 and 0.80). Lee et al. (1993) revealed that en-
hanced HSI was a sign of increased protein levels. An inverse re-
cord has been presented on the Atlantic cod (Gadus morhua) by 
Grisdale-Helland et al. (2008).

Fish meal and fish oil are the most expensive raw materials in 
aquafeeds. However, the carnivorous fish species need high 
quality animal protein sources in their diets. Decreasing the pro-
tein levels of diets means improving the profitability (Sweilum et 
al., 2005; Güroy et al., 2017). In this study, the EPI of P48 was high-
er than the other groups, but significantly related to P40/48. This 
situation might lead to a decrease in the production profitability 
in the culture of early stages of meagre, but this result may be 
useful for broodstock management because adult fish need less 
protein levels in their diets.

CONCLUSION

It can be concluded that meagre need high levels of protein in 
their diets and this species cannot compensate for reduced lev-
els. Low levels of protein limited the growth performance and bi-
ological parameters of the fish. It is useful to compare the pres-
ent study with previous protein level studies because this partic-
ular type of study has not been examined before. As mentioned 
above, the outputs of this study may be beneficial in adult feed-
ing or broodstock management in the meagre culture and for fu-
ture studies related to cyclical feeding regimes with important 
nutrients in the diets.
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Table 3. Somatic indices of meagre fed with diets containing different protein ratios by cyclical feeding regimes for 84 days

P40/48 P44/48 P48

Condition factor (%) 1.37±0.01ab 1.39±0.02b 1.31±0.02a

Viscerosomatic index (%) 5.88±0.77b 5.14±0.17a 5.16±0.23a

Hepatosomatic index (%) 0.65±0.04 0.69±0.03 0.80±0.05
Mesenteric fat index (%) 0.04±0.01 0.05±0.01 0.08±0.02

In the same line, different letters indicate statistical significant differences (P<0.05) among the treatments

Table 4. Profitability analysis of meagre fed with diets containing different protein ratios by cyclical feeding regimes

P40/48 P44/48 P48

Economic conversion ratio (€/kg) 1.34±0.04 1.58±0.07 1.38±0.09
Economic profit index (€/fish) 3.39±0.03ab 3.19±0.10a 3.64±0.08b

In the same line, different letters indicate statistical significant differences (P<0.05) among the treatments
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ABSTRACT
In this study, the hosting status of Astacus leptodactylus, which has one of the highest economic 
value of the inland waters fisheries of Turkey, dependent on zebra mussels (Dreissena polymor-
pha) was studied. Seasonal and sexual differences of zebra mussel prevalence, density situation 
on crayfish and some morphometric properties of zebra mussels retrieved from host were deter-
mined. Field works were carried out in January, April, July and October of 2015 with 8 fishing op-
erations. 200 fyke net with different mesh sizes were used in sampling process. Sex of the crayfish 
and if they have mussels on them were determined by organoleptic observation. Mann-Whitney 
U, Kruskal Wallis and Chi-Square tests were used for evaluating of nonparametric data. A total of 
4024 crayfish were caught and D. polymorpha was determined on 624 of them. The annual prev-
alence was found as 15.51% for both sex groups and it is higher in female (19.81%) than in males 
(9.82%). The highest mean abundance was found to be 1.93 in the spring season. The mean 
weights of the mussels were 0.2277 g and the average shell size was 12.3802 mm indicating a 
strong exponential relationship between weight and shell size. 

Keywords: Invasive alien species, freshwater ecosystems, aquatic invasions

INTRODUCTION

The freshwater zebra mussels D. polymorpha 
have become one of the most dominant spe-
cies in many lakes and rivers of Europe, since it 
started spreading from the Caspian area at the 
beginning of the 19th century (Stanczykowska, 
1977). It is a relatively small mollusk (25-34 mm 
long) which is native to the Black Sea basin and 
can form dense colonies in the hard and soft 
substrates of waterbodies. Over the last de-
cades, the zebra mussel has invaded and 
spread across Eurasia and North America (Hig-
gins and Vander Zanden, 2010). Some agencies 
such as fishing equipment ballast water, boat 
hulls, aquarium dumping, and perhaps by wa-
terfowl has mediated to introducing successful-

ly to several continents of Dreissena sp. (Reyn-
olds and Donohoe, 2001). 

Zebra mussels have a short maturation time 
(1-2 years), as well asthe ability for high disper-
sion and a really high fecundity (large number 
of eggs produced) (Higgins and Vander Zan-
den, 2010). Zebra mussels have high filtering 
capability and their seasonal production of 
free-swimming veliger larvae which will attach 
to hard substrates with their byssus, a strong 
filamentous structure secreted by bivalves. This 
species has caused much disruption both eco-
nomically and ecologically on unexploited 
freshwater system of the worldwide (Reynolds 
and Donohoe, 2001). 
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Monotypic colonization is the typical characteristic of zebra mus-
sels. Once established, zebra mussels have proven nearly impos-
sible to remove. Therefore, their control is of considerable inter-
est (Reynolds and Donohoe, 2001; Johnson and Carlton, 1996). 
Zebra mussels are physiologically strong organisms. They live 
longer than many other bivalves. An environment like Great 
Lakes which has the greatest diversity of freshwater bivalves with 
297 species (Ricciardi et. al., 1998) and constitutes an extremely 
suitable habitat for zebra mussels. D. polymorpha shares charac-
teristics of many successful invasive species: rapid growth, prolif-
ic reproduction at an early age (0-1+) and a relatively short life 
span. This usually provides the potential for rapid exponential 
growth of zebra mussel populations within a waterbody (Frances, 
2006). This suggests that juveniles are capable of making deci-
sions of where to colonize. One factor in deciding where to colo-
nize is the threat of predation. Interior substratum is not suitable 
for Dreissenids using of protection and live, but rocky substrata is 
a very good alternative for that intended use (Thorp et. al., 1998). 
There are many zebra mussels predators in North American wa-
ters, for instance crayfish by Stewart et. al., (1998) and sunfish by 
Molloy et al. (1997) and Magoulick and Lewis (2002). Predator 
and prey interactions are very strongly in the biological commu-
nities (Polis and Strong, 1996). 

In the previous studies, which were carried out on crayfish and 
zebra mussels relationship, (I) the connection location of zebra 
mussel on the crayfish was researched by Berber et al. (2018) and 
(II) predation effect of crayfish on the zebra mussels was investi-
gated (Martin and Corkum ,1994; Perry et al. 1997; Reynolds and 
Donohoe, 2001; Kutluyer et al., 2013). However, there are no 
studies connected with the hosting status of natural crayfish 
stock for invasive zebra mussels by evaluating of seasonally.

We aimed to determine the seasonal and sexual differences of 
Zebra Mussel prevalence and density on crayfish, and also inves-
tigated some biometric characteristics of zebra mussels which 
were extracted from A. leptodactylus.

MATERIAL AND METHOD

The fieldworks were conducted in January, April, July and Octo-
ber of 2015 with 8 fishing operations. 200 fyke net with 14, 26, 34 
and 42 mm mesh size were used in the fishing trial. Fyke nets 

were harvested once every two days. The sex of the crayfish and 
whether or not they carried mussels on them were determined 
by organoleptic observations. Morphometric measurements of 
crayfish were determined with 0.01mm sensitivity using digital 
caliper according to Rhodes and Holdich (1984). In the evaluat-
ing of nonparametric data Mann-Whitney U, Kruskal Wallis and 
Chi-Square tests were used. In addition, Dunn’s test was utilized 
for multiple comparisons. Pearson Correlation test was used to 
determine the relationship between the morphometric measure-
ments of crayfish and the total number of Dreissena they carry. R 
(v3.3.3) based RStudio (v1.0136) program was used for all statisti-
cal calculations. Prevalence, mean intensity and mean abun-
dance values have been modified from Bush et. al., (1997) as fol-
lows. 

Prevalence= x100
Number of crayfish with mussel
Number of total caught crayfish

Mean Intensity=
Number of total mussel

Number of crayfish with mussel

Mean Abundance=
Number of total mussel

Number of total caught crayfish  	

RESULT AND DISCUSSION

Of the 4024 crayfish examined, Dreissena was seen at 624 (454 
female and 170 male), but not at 3400 (1838 female and 1562 
male). There is statistical difference between sex groups by host-
ing or not (p<0,05) (Table 1). Minimum, maximum and mean 
number of zebra mussel collected from crayfish are given Table 
2. Statistical differences were found between male and female 
crayfish with regard to the carrying of zebra mussels (p<0,05); 
presence of Dreissena on females is higher than on males. The 
annual prevalence was found to be 15.51 but showed great sea-
sonal differences. The prevalence was highest in female in the 
spring season (%44.99). The host situation of crayfish for Dreisse-
na was of minimum level in the autumn and winter months (Table 
4). Mean density has shown statistical differences between sam-
pling seasons (p<0,05). Mean abundance was highest in the 
spring months. It is thought that the cause of this density is due 

Table 1. Hosting status of crayfish by different sex groups

Sex Groups Dreissena (+) Dreissena (-) X2 p

♀♀ 454 1838
75,185 0,000♂♂ 170 1562

Table 2. Mean density of D. polymorpha which are hosted by A. leptodactylus

Sex Groups Mean±SE Min. (n) Max. (n) Man.Whit (U) Wilcoxon (W) p

♀♀ 4.41±0,24 1 43
32934 47469 0,004♂♂ 3.56±0,33 1 28

*Calculations were conducted only host crayfish 
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to the fact that Dreissenan and crayfish life cycle are not in the 
period of shell change. Mean density was calculated as 10.0 for 
the autumn season as highest value. It is thought that, this result 
stemming from very poor data which gained for autumn season. 

The presence of D. polymorpha on crayfish has been shown dif-
ferences by length class (X2: 81,325) (p<0,05). It is said that, small 
length class of crayfish were less sensitive then middle and big 
length class in regard to Dreissena invasion. The highest preva-
lence in the female was found in the 6 cm length group with 
25.938% and in the males was found in 5 cm length group with 
13.636%. The highest prevalence in the calculation for both sex 
groups was 21.023% in the 6 cm length group (Table 6). In gener-
al, the prevalence of the individuals above the 10 cm group was 
significantly lower than the other groups. In general, prevalence 
of female individuals was higher than male individuals.

Minimum and maximum number of D. polymorpha which were 
isolated from each crayfish and values of mean density and abun-
dance are given in Table 7. It was determined that, while the 
number of D. polymorpha isolated from female crayfish was min-

imum 1 and maximum 43 (an individual in the 7 cm size group) in 
males, min 1 and maximal 28 (an individual in the 8 cm size 
group). 

It is seen that the prevalence is very high in 6,7,8 cm length class-
es according to advanced length classes. The main reason for 
this situation is thought to be catching composition-oriented. 
Because the young crayfish constitute a significant portion of the 
prey in this group the prevalence is higher than others. In gener-
al, prevalence of female individuals was higher than male individ-
uals. This situation can be explained by the fact that the males 
who tend to grow faster than females have changed the shell be-
fore the sampling period and thus they are free from the Dreisse-
na on them.

The average density and abundance of D. polymorpha in female 
and male crayfish showed significant differences according to 
the length classes (p<0,05). In general, the average intensity in 
malesincreases in parallel to the length increase. D. polymorpha 
was not found in female crayfish above 10 cm and in male cray-
fish above 13 cm. Prevalence was observed more in small size 

Table 3. D. polymorpha presence on A.leptodactylus  by season and sex groups

Season

Sex Groups

♀♀ ♂♂ ♀♀+♂♂

+ - Prv. (%) + - Prv. (%) + - Prv. (%)

Spring 368 450 44.99 123 199 38.20 491 649 43.07
Summer 86 772 10.02 45 516 8.02 131 1288 9.23
Autumn - 81 - 2 76 2.56 2 157 1.26
Winter - 535 - 0 771 0.00 - 1306 -
Annual 454 1838 19.81 170 1562 9.82 624 3400 15.51

(+: . D. polymorpha positive, -. D. polymorpha negative, Prv: Prevalence)

Table 4. Mean density and abundance of D. polymorpha which are hosted by A. leptodactylus

Season

Total Number of
Total Caught 

Crayfish 
Mean 

Density
Mean 

Abundance

Number range of Dreissena

Host 
Crayfish

Dreissena Min. (N) Max. (N)

Spring 491 2203 1140 4.49±0.23ab 1.932 1 43
Summer 131 384 1419 2.93±0.34a 0.270 1 28
Autumn 2 20 159 10.0±9.00b 0.125 1 19
Winter 0 0 1306 0 0 0 0
Total 624 2607 4024 4.177 0.647 0 43

Table 5. Presence of mean density D. polymorpha on crayfish by length class

Length Groups n Dreissena (+) Dreissena (-) Mean±SE Min.-Max.

3-6 21 21 140 2.10±0.42a 1-9
7-9 543 543 2380 4.25±0.21b 1-43
>10 60 60 879 4.25±0.61ab 1-19
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groups as Dreissena was common in seasons when the crayfish 
were small in size (Table 7).

In female crayfish, there is an increase in both the number of host 
crayfish and the number of hosts starting from the 5 cm height 
class. A similar situation is observed in male crayfish. This in-
crease has a tendency to decrease by making a 7 cm height class 
peak and after the 10 cm length class, both the number of host 
crayfish and the number of hosts decrease significantly. A similar 
situation is observed in male crayfish.

The correlation matrix of relations between some body measure-
ments of crayfish and the D. polymorpha numbers which they 

carry is given in Table 8. In general, the relationship between the 
number of zebra mussels on the body and the different body 
lengths was found to be very weak.

The Dreissena keep on crayfish at the end of the winter months 
and spring months continue to grow on crayfish until July until 
beginning of shell change period. Figure 1(A) and (B) shows Dre-
issena colonization on crayfish and Figure 4(C) shows some ex-
amples of different sized Dreissena isolated from crayfish. 

The spread and overgrowth of zebra mussels which are defined 
as an aquatic invasive species in its settling environment has be-
come an important ecological problem for all countries around 

Table 7. Mean density and abundance values by different length class and sex 

Length 
Class

♀♀ ♂♂

Min. Max. Sum
Mean 

Density
Mean 

Abundance
Min. Max. Sum

Mean 
Density

Mean 
Abundance

3
4 9 9 9 9.000 0.643
5 1 4 18 1.636 0.247 1 4 17 1.889 0.258
6 1 21 332 4.000 1.038 1 12 88 3.143 0.423
7 1 43 852 4.605 1.142 1 18 188 2.892 0.357
8 1 31 683 4.914 1.105 1 28 165 3.837 0.327
9 1 17 93 3.720 0.332 1 19 74 4.625 0.404
10 1 4 15 1.500 0.136 5 18 38 9.500 0.418
11 5 10 30 7.500 0.441
12
13 5 5 5 5.000 0.227
14
15

Table 6. D. polymorpha presence on A. leptodactylus by length class and sex groups

Length 
Class

Sex Groups

♀♀ ♂♂ ♀♀+♂♂

+ - Prv (%) + - Prv (%) + - Prv (%)

3 1 1
4 1 13 7.143 8 1 21 4.545
5 11 62 15.068 9 57 13.636 20 119 14.388
6 83 237 25.938 28 180 13.462 111 417 21.023
7 185 561 24.799 65 462 12.334 250 1023 19.639
8 139 479 22.492 43 461 8.532 182 940 16.221
9 25 255 8.929 16 167 8.743 41 422 8.855
10 10 100 9.091 4 87 4.396 14 187 6.965
11 64 4 64 5.882 4 128 3.030
12 37 42 79
13 23 1 21 4.545 1 44 2.222
14 7 9 16
15 3 3

 (+: . D. polymorpha positive, -. D. polymorpha negative, Prv: Prevalence) 
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the world. According to Bobat et al. (2001), it is estimated that 
the spread of the zebra mussel to the other major continents 
from the natural spreading areas is through the bilge (ballast) wa-
ters of the ships. Access to other water sources at the places of 
transportation is due to their ability to attach themselves to 
boats. But it is not a question of intercontinental spread to Tur-
key. The zebra mussels naturally found in the Euphrates Basin 
(East-South Turkey) and breeding below the damage limit have 
grown extensively by finding a more suitable environment (tem-
perature, pH, calcium, nutrients, adhesive surface, etc.) to breed 
due to the changing ecological conditions after dam construc-
tion. In addition, the pouring of domestic waste into the Atatürk 
Dam Lake increased the phosphate content in the aquatic envi-
ronment, which also played a nurturing role for the mussels (Bo-

bat et al., 2001). Another element of dissemination way may be 
commercial fishermen by means of carrying fishing gears from 
one fishing location to the another. For example, gillnets, tram-
mel nets, crayfish fyke-nets and beach seine net etc. In addition, 
the sales of second-hand boats widely held in the inland waters 
of Turkey. Zebra mussels cause deterioration of the water quality 
and in the food chain in the lakes (Noonburg et al., 2011) where 
they are oriented towards eutrophication, which cause irrevers-
ible damage in the long run. For this reason, there is need for 
studies on the distribution and overproduction of mussels. Ardu-
ra et al. (2017) have developed a species-specific environmental 
DNA marker for early detection of a global invasion problem, ze-
bra mussel, and consequently report that the method is consis-
tent, reproducible, rapid, inexpensive and technically easy.

Table 8. Correlation matrix between number of the D. polymorpha and measured body part of A. leptodactylus  

Correlations
Total Number of 
D. polymorpha

Total
Length

Carapace 
Length

Abdomen 
Length

Carapace 
Width

Abdomen 
Width

Total Number of 
D. polymorpha

1

Total Length 0.066 1
Carapace Length 0.056 0.977 1
Abdomen Length 0.069 0.974 0.903 1
Carapace Width 0.063 0.957 0.922 0.946 1
Abdomen Width 0.089 0.918 0.860 0.933 0.898 1

Figure 1.	 Different sized Dreissena samples isolated from crayfish.
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It is thought that the prevalence of female individuals is higher 
than that of male individuals, which is generally due to the fact 
that male individuals with better growth performance are more 
likely to molt than females. Generally male crayfish are more fre-
quently molting than females during the year are in the higher 
prevalence than females compared to males because they are 
removed from the Dreissena on them end of the moulting pro-
cess. 

According to Bolat (2001), male crayfish can molt 45-50 times a 
year and females 30-35 times (Groves, 1985; Alpbaz, 1993). In 
Turkey, it has been reported by some researchers that the cray-
fish species Astacus leptodactylus start to molt in June. It has 
been reported that immature individuals molt 8 times in the first 
year, 5 times in the second years and 2-3 times in the third year, 
after maturation males molt twice a year and females only once 
a year (Atay, 1984; Anonymous 1985; Erdem, 1993; Bolat, 2001).

Brazner and Jensen (2000), have reported that the number of ze-
bra mussels per crayfish ranged from 16 to 431, attached zebra 
mussels ranged in size from 1.2 mm up to 12.0 mm, with a mean 
size of 3.6 mm. The number of colonized individuals, length 
range of Dressenia and number of zebra mussels for per crayfish 
infestation were a bit smaller than our result. This may be related 
to the relative motility and/or moulting characteristics of these 
different organisms. This kind of works can give some results to 
countries, understanding of seriousness of the situation and 
spend the budget for the struggle.

CONCLUSION

Zebra mussels cause many ecological and economical dangers 
in aquatic areas. Dressenia and crayfish interactions have been 
unexplained up until now except prey-predator relationship. In 
this context, recently increasing of the crayfish production in 
Eğirdir Lake may derive from Dreissenia based feeding regime 
of crayfish. Zebra mussels present crayfish a with very good 
camouflage ability to protect them from predators in addition 
to a potential food relationship. However, there are some ob-
served dangers of zebra mussels on crayfish. Such as, (I) using 
extra energy for carrying of penetrated Dreissena during move 
in habitat and (II) deteriorating of the fyke net selectivity. While 
most crayfish with a normal body shape (below the minimum 
landing size) can easily escape the fyke net, carrying of the pen-
etrated zebra mussel on the shell makes escaping the fyke net 
almost impossible. New studies are needed, especially focus 
on the escape of caught crayfish (carrying the zebra mussel on 
its shell) from the fyke net easily for sustainable stock manage-
ment.
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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



AQUATIC 

SCIENCES and ENGINEERING

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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