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Abstract 
 
Sand smelt (Atherina boyeri Risso, 1810), which is an exotic species with invasive 

character, is the third most caught species in the small-scale fisheries among the inland 

fisheries in Turkey. The fact that it has become an important source of income for the 

fishermen with low income due to its export potential has led to the maintenance of 

its stock recently. In this study, the selectivity of coastal beach seine used in the fishing 

of the species was investigated. A specially designed coastal beach seine with 10 m 

codend consisting of 4 different compartments was used in the study. Among the 

compartments of the codend, which was surrounded by a 6 mm mesh cover, in the 

codend panels mesh with 9, 12 and 14 mm were used. Field studies were carried out 

on a monthly basis in 4 different statioƴǎ ƻŦ TȊƴƛƪ [ŀƪŜ ƛƴ нлмпΦ {ŜƭŜŎǘƛǾƛǘȅ Řŀǘŀ ǿŜǊŜ 

collected by the covered codend method and analyzed by means of a logistic equation 

with the maximum likelihood method. A totally 3053 individuals were caught length 

ranged from 2.6-11.2 cm and weight ranged from 0.11-11.02 g.  The mean L50 values 

of 14, 12- and 9-mm panels were determined as 6.71, 5.62 and 4.51 cm total length, 

respectively. It is concluded that 12 mm mesh size panel is suitable for sustainable A. 

boyeri fishery by beach seine net when considered given by length at first maturity 

size. 

Introduction 
 

Actually, marine origin species big scale sand smelt 
(Atherina boyeri Risso, 1810) has rapid spread to 
isolated inland water thanks to adaptability. It was first 
reported in 1940 from Sapanca Lake in Turkey (Battalgil, 
мфпмΤ 9ƪƳŜƪœƛ et al., 2013). After 1988, when first 
ƻōǎŜǊǾŀǘƛƻƴ ȅŜŀǊ ƛƴ TȊƴƛƪ [ŀƪŜΣ A. boyeri is one of the first 
commercial fish species of the lake and its production 
has shown increase trend year by year (Dogan, 2009). 
Production was started from 60 t/year in 1989 (Dogan, 
2009), and increasing approximately 1350 t in 2017.   

During the A. boyeri adaptation periods to the lake 
ecosystem fishermen were investigated the suitable 
fishing methods and gears. In the first years, fishermen 

used small beach seine (maximum length approximately 
50-60 m) with manpower. Following years, gears are 
developed with the giant ones (length range 200-400 m) 
and also engine power began to be used instead of 
manpower. Portable net drum (with tractor) has been 
utilized for hauling of very big seine from the lake. In 
2007, annual gross income of a fisherman was reported 
as 27 788 $USD based on A. boyeri ŦƛǎƘƛƴƎ ƛƴ TȊƴƛƪ [ŀƪŜ 
(Dogan, 2009).  

According to the 2017 data, A. boyeri was the third 
caught species in Turkey inland fisheries. Their economic 
value of 4892 t of A. boyeri production was almost  
2 065 150 $USD ό¢¦LYΣ нлмфύΦ ѻ ƻŦ ǘƻǘŀƭ ¢ǳǊƪŜȅΩǎ 
ǇǊƻŘǳŎǘƛƻƴ Ƙŀǎ ōŜŜƴ ǇǊƻǾƛŘŜŘ ŦǊƻƳ TȊƴƛƪ [ŀƪŜΦ !ƭƳƻǎǘ 
all individuals are proceeding as a crisps and export to 
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some European county such as Italy, England, France 
and Spain. Due to hardening of scale and spine of larger 
individuals (larger than 6-7 cm total length) not 
preferred for crisps production, this circumstance is 
causes abnormal fishing pressure on young individuals.  

TȊƴƛƪ [ŀƪŜ ƛǎ ǘƘŜ ŦƛŦǘƘ ƭŀǊƎŜǊ ƭŀƪŜ ƻŦ ¢ǳǊƪŜȅ ǿƛǘƘ олл 
km2 surface area. A total 180 licensed fishermen work as 
commercially in four fishing area.  Besides A. boyeri, 
Cyprinus carpio, Carassius gibelio, Rutilus frisii, Siluris 
glanis and Astacus leptodactylus have been caught in 
the lake. Fishing operation for sand smelt is made by 
beach seine with 4-5 fishers (a team). According to the 
2018 data, there are 42 teams in the lake.  Beach seines 
with smaller than 9 mm mesh size (stretched) were 
commonly used for A. boyeri fishing. 

There are some studies conducted on A. boyeri 
ŦƛǎƘƛƴƎΤ wƻŘǊƝƎǳŜȊ-Climent et al. (2012) presented gillnet 
selectivity of A. boyeri in Ebro Delta Lagoon (North-East, 
Spain) by using SELECT method. Catch composition, 
CPUE, bycatch and discard rate studies were carried out 
on beach seine fishing (Broadhurst et al., 2008; Akyol, 
2003; Cabral et al., 2003; El-Mor et al., 2002; Gray & 
Kennelly, 2003; Vanderklift et al., 1998; Hutchings & 
Lamberth, 2002a; Hutchings & Lamberth, 2002b). 
However, there are very limited beach seine selectivity 
ǎǘǳŘƛŜǎ ōƻǘƘ ƛƴ ǘƘŜ ǎŜŀ ŀƴŘ ƛƴƭŀƴŘ ǿŀǘŜǊΤ ¢ƻǎǳƴƻỆƭǳ 
(2003), determined Mullus barbatus, Pagellus erythrinus 
and Diplodus annularis selectivity parameters in 
¢ǳǊƪŜȅΩǎ !ŜƎŜŀƴ {Ŝŀ ōȅ ǳǎƛƴƎ ŎƻǾŜred codend method. 
The other study was conducted by Tesfaye, Wolff and 
Taylor. (2016) for investigated O. niloticus, C. gariepinus 
and C. carpio selectivities in Lake Koka (central Ethiopia).  

.Ǌőƛŏ et al. (2018) investigated the selectivity of the 
commercial creels with 41mm mesh, which were used in 
fishing Nephrops norvegicus in the Mediterranean, using 
the control creel with 41mm mesh and he found the l50 
value as 31.82 for 1 soak time. In another study, Deval 
et al. (2016) investigated the selectivity of T0 and T90 
codends with 50 mm mesh on commercial shrimp 
species in Turkish deepwater trawl fishery, Eastern 
Mediterranean; it was found that there was an increase 

in the escape rates of Aristaeomorpha foliacea, Aristeus 
antennatus, Parapenaeus longirostris and Plesionika 
martia in case the codend was transformed from T0 to 
T90Φ {ŀƭŀΣ .ǊőƛŏΣ IŜǊǊƳŀƴƴΣ [ǳŎŎƘŜǘǘƛΣ ϧ ±ƛǊƎƛƭƛ όнлмсύ 
investigated the selectivity of a grid system, which was 
designed for grading of striped venus clam (Chamelea 
gallina) after fishing with hydraulic dredge. The grid 
system with 5 different sequential holes spacing (Filter: 
32.5 mm, Grid 1: 21.5 mm, Grid 2: 21.1 mm and Grid 3: 
20.3 mm and Filter:10.5 mm) was used in the study. L50 
sizes for Grid 1, Grid 2 and Grid 3 were found to be 
25.01, 24.29 and 22.84 mm. A similar approach to our 
study was demonstrated in pooling the data used in the 
calculations.  However, there are not any study 
conducted on beach seine selectivity for A. boyeri 
fishing.  

In this study, our goal is to determine the 
selectivity characteristics of coastal beach seine, which 
was designed to determine the selectivity of codends 
with different meshes (9, 12- and 14-mm nominal 
stretched mesh size) in the same hauling 
simultaneously, in sand smelt fishing. 

 

Material and Method 
 

Study Area 
 

¢ƘŜ ǎǘǳŘȅ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƛƴ TȊƴƛƪ [ŀƪŜ ǘƘŀǘ ƛǎ ƻƴŜ 
of most important A. boyeri producer (Figure 1).  As a 
ǘŜŎǘƻƴƛŎ ƻǊƛƎƛƴΣ [ŀƪŜ TȊƴƛƪ locate southeastern part of 
the Marmara region in Turkey. Altitude is 85 m and 
maximum depths was determined as a little bit more 
ǘƘŀƴ тл Ƴ ŀǘ ƴŜŀǊ ǎƻǳǘƘ ŎƻŀǎǘΦ [ŀƪŜΩǎ ǎǳǊŦŀŎŜ ŀǊŜŀ ƛǎ нур 
km2 and length is 32 km (Ceribasi, 2018). Lake located 
ōŜǘǿŜŜƴ плϲно  - плϲол b ƭŀǘƛǘǳŘŜǎ ŀƴŘ нфϲнл  - нфϲпн  9 
ƭƻƴƎƛǘǳŘŜǎ ό¸ŀƐŎƛ ϧ ¦ǎǘŀƻƐƭǳΣ нлмнύΦ  

 
Sampling Process 
 

Experiments were carried out 4 different station of 
lake in 2014 with monthly period.  Only one hauling 

 
Figure 1. Study area and sampling stations. 
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applied each station. A beach sine used in hauling which 
was specially designed and rigged to determine multi 
codend mesh selectivity parameters at same hauling 
operation. More information about the geometry and 
characteristics of the used beach seine given Figure 2.  

Multimesh codend model was generated from four 
different codend compartment by connected with each 
other using touch & close tape. First coƳǇŀǊǘƳŜƴǘΩǎ ǘŀƎ-
end rigged codend mesh with 14 mm and it surrounded 
ǿƛǘƘ ŎƻǾŜǊ ƳŜǎƘ όс ƳƳύΤ ǎŜŎƻƴŘ ŎƻƳǇŀǊǘƳŜƴǘΩǎ ǘŀƎ-
end rigged codend mesh with 12 mm and it surrounded 
ǿƛǘƘ ŎƻǾŜǊ ƳŜǎƘ όс ƳƳύΤ ǘƘƛǊŘ ŎƻƳǇŀǊǘƳŜƴǘΩǎ ǘŀƎ-end 
rigged codend mesh with 9 mm and it surrounded with 
cover mesh (6 mm) and finally all of last compartment 
covered by 6 mm cover mesh (Figure 3).  

A unique data pooled model was used in the study 
due to the possibility that the length distributions of the 
haul obtained from different stations in the same period 
could be different. Due to the possibility that the schools 
of different length distributions will be evaluated each 
time during the sampling, it was expected to see that 
there were inconsistencies in the estimated L50 values at 
the classic single codend & cover application, which 
stemmed from the diverse size distributions of the 

schools. For this reason, a model, where the size 
selectivities of different codends for each school could 
be tried simultaneously, was necessary. Within this 
framework, a beach seine, on which the part that 
remained in the front part of each panel was taken as 
the codend and the back parts were taken as the cover, 
was used in the study, displayed in detail in Figure 3. 
 
Data Analysis 
 

Caught fish were classified by codend type and 
measured total length with 0.1 cm precision and gaged 
total weight with 0.01 g precision. Covered codend 
techniques was utilized estimation of selectivity 
parameters (Wileman et al., 1996). The data were 
analyzed using a logistic equation with the maximum 
likelihood method (Wileman et al., 1996). The mean 
selectivity of the individual hauls was calculated by 
taking into account between-haul variation according to 
Fryer (1991) using the ECModeller software (ConStat, 
1995) which adopts the REML method (residual 
maximum likelihood). The choice of the model which 
best describes the data was based on the lowest value 
ŦƻǊ !ƪŀƛƪŜΩǎ LƴŦƻǊƳŀǘƛƻƴ /ǊƛǘŜǊƛƻƴ-AIC (Fryer & 

 
Figure 2. General view (not in scale) and net cutting plan of modified beach seine. 
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Shepherd, 1996). t-test and one-way ANOVA with 
TukeyHSD were used for statistical comparing of normal 
disturbed data evaluations process for catch total length 
ŀƴŘ ǿŜƛƎƘǘ ōȅ ƳƻƴǘƘΦ !ƭǎƻΣ CǳƭǘƻƴΩǎ ŎƻƴŘƛǘƛƻƴ ŦŀŎǘƻǊ όK) 
was calculated using K=(W/TL3ύ Ҏмлл ŦƻǊƳǳƭŀΦ 
Kolmogorov-Smirnov (K-S) test was used to determine 
differences between size frequency distributions of fish 
ŎŀǳƎƘǘ ōȅ ŘƛŦŦŜǊŜƴǘ ŎƻŘŜƴŘΦ ²Ŝ ǳǎŜŘ ǘƘŜ άƳƎŎǾέ 
package (Wood, 2019) in RStudio (v11.2.5019) to model 
the relationships between total length and influencing 
factors (sampling month, sampling station, codend type) 
in Generalized Additive Models (GAMs) evaluating 
process. The GAMs is given by: 

 
Model: tl Ḑ s(sm)+s(ss)+s(tc) 

 
Where, tl: total length, sm: sampling month, ss: 

sampling station, ct: test codend, s(.) is a spline 
smoothing function. RStudio (v11.2.5019) computer 
software was used all statistical analysis. 

 

Result 
 

Catch Composition 
 

A total of 13 valid/successful hauls were carried 
out for estimating selectivity parameters. End of fishing 
trial, a total of 3053 A. boyeri were caught total length 
range between 2.6-11.2 cm and total weight between 
0.11-11.02 g. Mean total length and total weight are 
shown statistical differences by sampling month (Table 
1) (P<0.05). 

Statistical differences were found mean total 
length and weight values (P<0.05) between codends. 
There are no statistical differences in 6 and 12 mm 
codends between male and female total length of A. 
boyeri (P>0.05), while differences were found in 9 and 
14 mm codends between male and female individuals 
(P<0.05). The highest mean total length was observed in 
DǀƭƭǸŎŜ ǎǘŀǘƛƻƴΣ ǿƘƛƭŜ ƭƻǿŜǎǘ ǿŀǎ TȊƴƛƪ ǎǘŀǘƛƻƴΦ 
Statistical differences were found between mean total 
lengths of sampling stations (P<0.05). Mean total 
lengths of catch are shown statistical differences 
between stations for same sampling period (P<0.05) 

 Used GAMs model parameters to compare 
catch total length and other response (sampling, month, 
sampling station, test codend) given Table 2 and scatter 
plot matrix for predictors given Figure 4. Model residual 
d.f. and residual deviation were found as 3042.0 and 
1480.6 respectively. All response shown statistical 
difference by fish total lengths. 

The effects of sampling month, sampling station 
and test codend variables on total length was modeled 
through GAMs and the results were given in Figure 5. It 
Ŏŀƴ ōŜ ǎǘŀǘŜŘ ǘƘŀǘ ǘƘŜ ǎŀƳǇƭƛƴƎ ŦǊƻƳ TȊƴƛƪ ǎǘŀǘƛƻƴ 
negatively affected the total length, the total length as 
affected negatively from the summer months towards 
the winter months, and that the increase of mesh size 
used in codend affected total length positively. 

From the K-S test results (Table 3), in the all paired 
compare, statistical differences were found length 
frequency distribution of A. boyeri from different 
codend.  

 
Figure 3. Data pooling process for estimating the multimesh codend selectivity (A-B sectioning which shown in Figure 2). 
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  Table 1. Length-weight distribution and condition factor of captured A. boyeri by sampling month 

Month N (%) 
Total Length (cm) Total Weight (g) K 

aŜŀƴҕ{9 Min. Max. aŜŀƴҕ{9 Min. Max. 

March 165 5.4 рΦфрҕлΦлфc 3.4 10.3 мΦппҕлΦлфbc 0.26 8.24 0.584 
April 642 21.0 сΦооҕлΦлсd 3.1 11.2 нΦмпҕлΦлтd 0.14 11.02 0.679 
May 502 16.4 сΦллҕлΦлсc 3.5 9.8 мΦруҕлΦлрc 0.19 6.74 0.623 
June 431 14.1 рΦусҕлΦмлc 2.6 10.6 мΦутҕлΦлфd 0.11 9.25 0.660 
July  573 18.8 рΦмсҕлΦлрa 2.6 9.7 мΦммҕлΦлоa 0.12 5.65 0.713 
August 400 13.1 рΦрмҕлΦлтb 2.8 9.5 мΦпнҕлΦлрbc 0.22 4.53 0.738 
September 340 11.1 рΦонҕлΦлтab 3.1 8.9 мΦноҕлΦлрab 0.20 4.86 0.699 

Different letters within columns show significant differences between month (P<0.05). 
 
 
Table 2. Comparison of models for total length using ANOVA nonparametric effects 

Response df F p 

Sampling month 3 66.670 P<0.001 
Sampling station 2 42.448 P<0.001 
Test codend  2 108.082 P<0.001 

 
 
 

 
 
Figure 4. Scatter plot matrix for predictors used GAMs analysis. 
 
 
Table 3. K-S test result of A. boyeri captured from different codend 

Net 1 Net 2 Kolmogorov-Smirnov Test 

Mesh Size N Mesh Size N D max /ǊƛǘƛŎŀƭ ±ŀƭǳŜǎ όʰҐлΦлрύ Decision 

14 824 12 771 0,3288 0,0681 H0 Reject 
14 824 9 767 0,3138 0,6820 H0 Reject 
14 824 6 691 0,3741 0,0702 H0 Reject 
12 771 9 767 0,2805 0,0694 H0 Reject 
12 711 6 771 0,4123 0,0712 H0 Reject 
9 767 6 691 0,3569 0,0713 H0 Reject 

 


