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Abstract: This study aimed to determine the selectivity properties of multifilament gillnets and trammel nets for Prussian carp (Carassius gibelio Bloch,1782) in
Marmara Lake (Manisa, Turkey). A total of 36 fishing trials were performed with three different stations on a monthly in 2012. Nets with same mesh sizes (4, 6, 8
and 10 cm) and characters were used in gillnets and trammel nets. SELECT method was utilized to estimate the selectivity parameters. Normal scale and normal
location model gave the best fit for gillnet and trammel nets respectively. A total of 2234 Carassius gibelio were caught ranges between 8.80-27.50 cm in total
lengths. The model length for 4 cm mesh size was estimated as 12.24 cm for gillnets and 12.63 cm for trammel nets. No statistical differences were found between
estimated model lengths for different sex groups. Model lengths are much higher than first maturity size which 11.5 cm was given by different authors. This situation
makes it impossible combating with this invasive species. Therefore, special fishing equipment or devices are needs to be investigated just for caught C. gibelio.
In addition, C. gibelio was the second species by production rate in Turkey inland fisheries; therefore, it should be economically evaluated using different processing
techniques.
Keywords: Gillnet selectivity, trammel net selectivity, Prussian carp, Carassius gibelio, Marmara Lake
Öz: Bu çalışmada, Marmara Gölü’ndeki gümüşi havuz balığı (Carassius gibelio Bloch, 1782) için multifilament sade ve fanyalı uzatma ağlarının seçicilik
özelliklerinin belirlenmesi amaçlanmıştır. Araştırma 2012 yılında, aylık olarak 3 farklı istasyonda toplam 36 balıkçılık denemesi ile gerçekleştirilmiştir. Çalışmada
aynı göz açıklıklarına (4, 6, 8 ve 10 cm) ve teknik özelliklere sahip sade ve fanyalı uzatma ağları kullanılmıştır. Seçicilik parametrelerinin tahmininde SELECT
metot’dan yararlanılmıştır. En düşük sapmayı vermesinden dolayı sade ağlar için normal scale, fanyalı ağlar içinde normal location en uygun model olarak
değerlendirilmiştir. 8,80-27,50 cm total boy aralığında toplam 2234 C. gibelio yakalanmıştır. 4 cm ağ göz açıklığı için model boyu sade ağlar için 12,24 cm fanyalı
ağlar için 12,63 cm tahmin edilmiştir. Farklı cinsiyet grupları için tahmin edilen model boyları arasında istatistiksel olarak bir fark bulunamamıştır. Tahmin edilen
model boyları, farklı yazarlar tarafından verilen 11,5 cm'lik ilk üreme boyundan oldukça yüksektir. Bu durum, istilacı bir tür olan C. gibelio ile uzatma ağları kullanarak
mücadele etmeyi imkânsız kılmaktadır. Bu nedenle, sadece C. gibelio yakalaması için özel balıkçılık ekipmanlarının veya cihazlarının geliştirilmesi gerekmektedir.
Ek olarak, C. gibelio üretim oranı itibariyle Türkiye'de iç su balıkçılığında ikinci sıradadır; bu nedenle, farklı işleme teknikleri kullanılarak ekonomik olarak
değerlendirilmesi gerekmektedir.
Anahtar kelimeler: Sade ağ seçiciliği, fanyalı ağ seçiciliği, gümüşi havuz balığı, Carassius gibelio, Marmara gölü

INTRODUCTION
In recent years, habitat destruction, pollution, overfishing
and unconscious fishing give rise to decrease fishing
population and this reflects the yield production. The proportion
of assessed fish stocks fished within biologically sustainable
levels declined from 90% in 1974 to 71.2% in 2011, when 28.8
percent of fish stocks were estimated as fished at a biologically
unsustainable level. Of the stocks assessed in 2011, fully fished
stocks accounted for 61.3% and underfished stocks 9.9%
(FAO, 2014). Overfishing and low selectivity fishing gears is
indicated as the most important reason for this condition
© Published by Ege University Faculty of Fisheries, Izmir, Turkey

(Alverson et al., 1994). For sustainable fishery, fish should
spawn at least once time during the lifetime. Therefore,
adequate fishing management requires selectivity. Selectivity is
the ability to select captured fish by species, size or a
combination of these during fishing operations. Size selectivity;
fishing gears catch adult fish and allow juvenile fish to escape
(Armstrong et al., 1990; Wileman et al., 1996).
A set gillnet consists of a single netting wall kept more or
less vertical by a floatline and a weighted ground line. A
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trammel net consists of two/three layers of netting with a slack
small mesh inner netting between two layers of large mesh
netting within which fish will entangle (FAO, 2017). Both are
passive fishing gears and used commonly marine and inland
fishermen all around world and as well as in Turkey. Planning
an experiment involves prior knowledge of the factors that can
affect gear selectivity. Holst et al. (1998) published manual for
gillnet selectivity and they presented that parameter; related to
gears (gang and net dimensions, mesh size, hanging ratio,
vertical slack, twine characteristics, floatation and weight,
soaking time and arrangement of nets in the fleet - sequence
and joining between nets), related to the fish (fish abundance,
fish availability to the net, fish behaviour towards the net, fish
size, fish shape (girth at different body points), presence of bycatch, presence of predators, net saturation, patchy distribution
in the net) and fishing operations (dimension of boats (low-lying
vs. high-lying boats), net handling techniques, environmental
parameters, light level, sea state and currents, seabed type,
depth, occurrence of water/bottom debris).
There are many selectivity studies conducted on both gill
and trammel nets. Moth-Poulsen (2003) investigated seasonal
variations of trammel nets selectivity for Pleuronectes platessa
in the Danish demersal fishery. Significant seasonal differences
reported in selectivity by researcher. Carol and García-Berthou
(2007) studied gillnet selectivity and its relationship with body
shape for eight freshwater fish species in Catalonia (NE Spain).
It was found that percent in depth and percent in girth have
significant positive correlation and both showed information
about fish shape. Ayaz et al. (2010) investigated effects of
hanging ratio on gill net selectivity for Diplodus annularis. There
is no effect of hanging ratios on size selectivity of D. annularis
by this study result. Ayaz et al. (2011) researched effect of twine
thickness on selectivity of gillnets for Boops boops and authors
reported that there is a differences in the size selectivity existed
between gillnets with different twine thicknesses.
Carassius gibelio was first reported in Turkey (from Lake
Gala, Thrace region of Turkey) by Baran and Ongan (1988).
Over subsequent years, rapid increases in abundance and
distribution have been observed in many parts of Turkey (Şaşı
and Balık, 2003; Özcan, 2007; Ekmekçi et al., 2013; İlhan and
Sarı, 2013; Özuluğ et al., 2013; Dereli and Dinçtürk, 2016). C.
gibelio is the second in the most fishing species as 7652 tons
in 2016 in inland waters of Turkey’s (Anonymous, 2017). Due
to the large quantities captured it has become an important
income source for inland fishers, despite the low commercial
values (0.42 USD/kg). There are some biological and selectivity
studies conducted on the species. (Emiroğlu et al., 2010; Cilbiz
et al., 2014a, 2014b; İlhan et al., 2014; Şaşı, 2008, 2015;
Korkmaz and Kuşat, 2016). However, there is no study,
affected of the sex factor, compared identical mesh size of gill
and trammel net selectivity at same time experiments. In this
study it was aimed that determination of the selectivity
properties of gill and trammel net with 4, 6, 8 and 10 cm
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stretched mesh size, also researching effect of sex factor on
gillnet and trammel selectivity.
MATERIALS AND METHODS
Study area
The study was conducted on Lake Marmara which altitude
is 79 m and surface between 3200-6800 ha based on depth
differences. Lake depth is changes coupled with year by year,
it is about average 3-4 m (Arı and Derinöz, 2011). Experiments
were carried out in the three different stations identified eastern,
middle and western areas as in the longitudinal length of the
lake (Figure 1). In order to ensure homogeneity between
stations, twelve nets were used on each station (totally 36 nets)
on a monthly basis in 2012.
Sampling and data collection
Multifilament gillnets and trammel nets were used in the
fishing trial. Experimental gillnets have 4, 6, 8 and 10 cm
stretched mesh size and 210 denier/2 twine thickness. Each
panel has 35 m in length, 50 vertical meshes and 0.50 hanging
ratio. Trammel nets inner panels have same character with
gillnets. The outer panel has 210 denier/6 twine thickness,
vertical mesh number 7 meshes and stretched mesh size was
25 cm.
All nets were connected each other with float line and lead
line randomly and set at the bottom of sampling station in the
afternoon and was hauled the following day. Average fishing
time for per catching operation was 16 hours. Caught fish were
classified to the nets and total lengths were measure with 1 mm
precision measurement board.

Figure 1. Study area
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Selectivity analysis

Gamma:

As indirect estimation method, SELECT (Share Each
Length’s class Catch Total) method was used to determine
selectivity (Millar, 1992; Millar and Holst 1997; Millar and Fryer,
1999). Data obtained from experiments were analysed by R
(3.4.2) based RStudio (1.0.136) (R Development Core Team
2017). R-codes are developed by Millar (2009) and Millar
(2010). Length selectivity of each mesh size was described by
five different models (normal location, normal scale, gamma,
lognormal and bi-normal) of the SELECT method (Millar and
Fryer, 1999; Park et al., 2011). The equations for each model
are given in below.
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The most suitable model was chosen taking into account
the lowest deviation value. The Kolmogorov-Smirnov (K-S) test
was used to compare the catch size frequency distributions of
different sex groups caught by same mesh size of gillnets and
trammel nets (Karakulak and Erk 2008; Siegel and Castellan
1989). One-way ANOVA with Tukey and t-test were utilized for
multi comparing and binary comparing, respectively. RStudio
(1.0.136) software was used all statistical calculations.
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RESULTS
A total of 2234 C. gibelio was caught with the total length
and weight ranging from 8.80-27.50 cm and 10.9-378.4 g,
respectively. A total catch consists of 47.6% gillnet and 52.4%,
trammel nets specimens. Mean total lengths are 14.35±0.10
cm for gillnet and 14.98±0.10 cm for trammel nets. Significant
differences were found between the mean lengths of gill and
trammel nets (p < 0.001). Mean weights are 55.14±1.46 g for
gillnet and 63.98±1.41 g for trammel nets. Also significant
differences were found between the mean weights of gill and
trammel nets (p < 0.001) (Table 1).
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Table 1. Lengths and weights of gillnets and trammel nets catch
Gillnet

Parameters

Trammel net

Mean±SE

Min.

Max.

Mean±SE

Min.

Max.

p

Total length (cm)

14.35±0.10

8.80

27.50

14.98±0.10

10.20

26.90

< 0.001

Total weight (g)

55.14±1.46

10.90

378.40

63.98±1.41

17.70

358.90

Samples consist of 78.2% female and 21.8% male
individuals. Inverse ratio was found between increasing mesh
size and the ratio of male individuals in the total catch. Species
male individuals were not caught either with 10 cm mesh sized
trammel or gill nets.
The 4 cm is the most effective mesh size to catch fish for
both gillnets and trammels net (Table 2). This situation might

be due to the mean lengths of the specimens which caught in
the 4 cm mesh size. When mesh size increases, catching ratios
are decrease but mean length of the sizes are increases
(Figure 2). Same mesh size of gill and trammel net mean
lengths were found close each other. No clear differences were
found (p > 0.05) between them except 4 cm mesh size (p <
0.001) (Table 2).
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Table 2. Average total length of catch caught by different net type and mesh sizes
Mesh
Sizes (cm)
4
6
8
10

Gillnets
N
733
292
31
8

N%
68.6
27.3
2.9
0.7

Mean±SE
12.52±0.04a
17.78±0.07b
22.01±0.47c
26.79±0.21d

Length-frequency distributions are given in Figure 2. In
general, it is observed that length intervals of fish individuals
caught by gillnet are narrower than trammel net. For example;
Caught fish individuals length interval was between 10-18 cm
for 4 cm mesh size gill net, while same mesh size trammel nets
catches length interval was found to be 10-22 cm.
Model length and selectivity parameters of gillnet and
trammel nets were given in Table 3. From the table, normal
scale and normal location gave the best fit for gillnet and
trammel nets, respectively by the lowest deviance approach.
Model length of gillnet and trammel nets for 4 cm mesh size
were estimated 12.24 ± 0.13 and 12.63 ± 0.09 cm,
respectively. From the result, it can be said that trammel nets
caught smaller fish than gillnets.

Trammel nets
N
N%
696
59.5
424
36.2
47
4.0
3
0.3

p
< 0.001
> 0.05
> 0.05
> 0.05

Selectivity curves of gillnet and trammel nets and deviance
residual plots of gillnets and trammel nets were given in Figure
3. There is no significant abnormality in the distribution.
The model estimated for 4 cm mesh size nets was tuned
for nets with 6, 8 and 10 cm mesh size regarding to scale of
length and spread values. Modelled lengths for different mesh
size and gender groups were given in Table 4. As general
tendency, modelled lengths were found too close each other.
However, it was found that there is no significant different
between groups (female, male and combined sex) of estimated
models for 4, 6, 8 and 10 cm mesh size of the nets (F=0.002,
p=0.998 for gillnets; F=0.018, p=0.982 for trammel nets).

Figure 2. Length frequency distributions of C. gibelio by different net and mesh sizes
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Mean±SE
12.79±0.07a
17.70±0.08b
22.10±0.29c
25.97±0.63d
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Table 3. Selectivity model parameters of C. gibelio and estimated selection curves for gillnets and trammel net with 4 cm mesh size
Gillnets

Equal fishing power

Models

Parameters

Estimates

Spread 1 Deviance df

Estimates

Mode 1

Spread 1 Deviance df

Normal location k
σ

2.92(0.02) 11.71(0.09) 1.93(0.09)
1.93(0.09)

56.78

52

3.15(0.02) 12.63(0.09) 2.81(0.09)
2.81(0.09)

108.09

52

Normal scale

k1
k2

3.06(0.03) 12.24(0.13) 1.25(0.07)
0.09(0.01)

55.66

52

3.40(0.02) 13.60(0.09) 2.04(0.06)
0.26(0.01)

163.40

52

Lognormal

μ1
σ

2.49(0.01) 12.01(0.12) 1.39(0.08)
0.11(0.005)

73.21

52 2.59(0.008) 13.03(0.10) 2.23(0.08)
0.16(0.005)

128.19

52

Gamma

k
α

0.03(0.004) 12.09(0.12) 1.34(0.07)
83.16(8.70)

65.69

52 0.08(0.005) 13.22(0.10) 2.14(0.07)
40.05(2.42)

134.10

52

2.95(0.02) 11.82(0.09) 1.96(0.10)
1.96(0.10)

56.34

52

3.23(0.02) 12.95(0.10) 2.87(0.09)
2.87(0.09)

111.25

52

Bi-normal

k1
k2
k3
k4
c
Normal location k
σ

Fishing power α mesh size

Mode 1

Trammel Nets

No fit

Normal scale

k1
k2

3.09(0.03) 12.37(0.14) 1.24(0.07)
0.09(0.01)

55.55

52

3.47(0.02) 13.90(0.10) 2.01(0.05)
0.25(0.01)

164.38

52

Lognormal

μ1
σ

2.51(0.01) 12.16(0.13) 1.41(0.08)
0.11(0.005)

73.21

52 2.62(0.009) 13.38(0.11) 2.29(0.08)
0.16(0.005)

128.19

52

Gamma

k
α

0.03(0.004) 12.24(0.13) 1.35(0.07)
84.16(8.70)

56.34

52 0.08(0.005) 13.56(0.10) 2.16(0.07)
41.05(2.42)

134.10

52

Bi-normal

k1
k2
k3
k4
c

No fit

Table 4. Model length and spread values of C. gibelio for trammel nets and gillnets
Mesh size
(cm)
4

Gillnets

6
8
10
4

Trammel Nets

6
8
10

(Female)

(Male)

(Combined sex)

Model Length
(cm)
12.26

Spread Value
(cm)
1.27

Model Length
(cm)
12.07

Spread Value
(cm)
1.07

Model Length
(cm)
12.24

Spread Value
(cm)
1.25

18.39

1.91

18.11

1.61

18.36

1.88

24.52

2.54

24.14

2.14

24.48

2.50

30.65

3.18

30.18

2.68

30.60

3.13

12.02

0.76

12.35

2.76

12.63

2.81

18.03

1.14

18.53

4.14

18.90

4.07

24.04

1.52

24.70

5.52

25.20

5.42

30.05

1.90

30.88

6.90

31.50

6.78
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Figure 3. Selectivity curves and deviance residual plot of gillnets and trammel nets. (A: Gillnet; B: Trammel Net; 1: Selectivity curve ; 2:
Deviance residual plot)

It is not found any difference between length frequency
distributions of C. gibelio's sex groups, which are caught by the
same mesh size (6 cm) of gillnet, excluding comparison
between males and combined sex (Table 5). There was not

significant difference in length frequency distributions between
all gender groups caught by 4 cm mesh size and females and
combined sex of 6 cm mesh size of trammel-net, while there
was significant difference between remaining comparisons.

Table 5. Kolmogorov-Smirnov (K-S) test result (F: female, M: male, C: combined sex)
Gillnet
Trammel Nets
Dmax
C.V.
Decision
Dmax
4 (F)
4 (M)
0.2091
0.4554
H0NotReject
4 (F)
4 (M)
0.3724
4 (F)
4 (C)
0.1243
0.4163
H0NotReject
4 (F)
4 (C)
0.1618
4 (M)
4 (C)
0.1877
0.3908
H0NotReject
4 (M)
4 (C)
0.2365
6 (F)
6 (M)
0.2833
0.3071
H0NotReject
6 (F)
6 (M)
0.3683
6 (F)
6 (C)
0.0307
0.1390
H0NotReject
6 (F)
6 (C)
0.0414
6 (M)
6 (C)
0.3556
0.3345
H0Reject
6 (M)
6 (C)
0.4152
8 (F)
8 (M)
0.8000
0.6569
H0NotReject
8 (F)
8 (M)
0.4444
8 (F)
8 (C)
0.1143
0.3384
H0NotReject
8 (F)
8 (C)
0.0784
8 (M)
8 (C)
0.6286
1.3793
H0NotReject
8 (M)
8 (C)
0.1686
Ho: There are no significant difference between length frequency distributions (α=0.05, K=1.36). C.V.= Critical Values
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C.V.
0.1631
0.1345
0.1486
0.2681
0.1235
0.2849
0.4995
0.2834
0.6373

Decision
H0Reject
H0Reject
H0Reject
H0Reject
H0NotReject
H0Reject
H0NotReject
H0NotReject
H0NotReject
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DISCUSSION
In this study, gillnets and trammel nets selectivity
parameters were compared for Prussian carp (Carassius
gibelio Bloch, 1782) in Marmara Lake (Manisa, Turkey).
Trammel nets (52.43%) are more productive than gillnets
(47.67%) in present study. However, it was presented that gill
net (59.6 %) catch is higher than trammel net (40.4%) from
Eğirdir Lake (Cilbiz et al., 2014a). This difference might be
mesh size of the gears. Because they used different mesh size
both in gill nets (32, 40, 50, 60, 70, 80 and 90 mm) and trammel
(100, 110, 120,130 and 140 mm) nets. It is well known that
increasing mesh size can lead to decrease catch size of given
species. There are adverse relationship between increasing
mesh size and retention of male individuals. Female specimens
were caught three times more than male specimens same
results were reported by Uysal et al., (2014); Emiroğlu (2008);

Sarı et al., (2008). This was due to the female specimens ratio
was higher than male specimens in advances age groups.
Selectivity results of 40, 50, 60, 70, 80 and 90 mm mesh
size are 11.68, 17.52, 23.26 and 29.20 cm for gillnet, 11.68,
17.52, 23.36 and 29.20 cm for trammel net, respectively. These
are close to presented by Cilbiz et al (2014a, b). Cilbiz et al.
(2014a) found that 8.74, 10.92, 13.65, 16.38, 19.11, 21.84 and
24.57 cm for multifilament (210d/2 no) gillnet mesh size of 32,
40, 50, 60, 70, 80 and 90 mm and also 27.20, 29.92, 32.64,
35.36 and 38.08 cm for multifilament trammel nets (inner panel;
210d/2 no, outer panel; 210d/6 no) mesh size of 100, 110, 120,
130 and 140 mm, respectively, from the Eğirdir lake according
to Bi-modal model. Besides, model lengths were estimated as
8.77, 10.96, 13.70, 16.44, 19.18, 21.92, 24.66 for 32, 40, 50,
60, 70, 80, 90 mm monofilament gill nets and 24.90, 27.39,
29.88, 32.37, 34.86 for 100, 110, 120, 130 and 140 mm
monofilament trammel nets (Cilbiz et al., 2014b).

Table 6. Some selectivity study results for C. gibelio analysed with SELECT method for combined sex
Author
Cilbiz et al. (2014a)

Location
Lake Eğirdir, Turkey

Cilbiz et al. (2014b)

Lake Eğirdir, Turkey

Net type
Multifilament
Gillnet
Monofilament
Gillnet

Cilbiz et al. (2015)
Present study

Lake Manyas,
Turkey
Lake Marmara,
Turkey

Monofilament
Gillnet
Multifilament
Gillnet
Multifilament
Trammel Net

Generally model lengths obtained from trammel nets are
higher than same mesh size of gillnet (Table 6). These
differences might be due to between fishing principles of gill
and trammel nets. Because size range of trammel nets
specimens more wider/larger than gillnet specimens (Table 1).
There was no statistical difference between the predicted
model sizes for different sex groups. In this context it can be
thought that the sex factor is not important both gill and
trammels net selectivity for C. gibelio. Despite difference
between frequency distributions, it is thought that model lengths
related to sex-related very close to each other. The main
reason of the situation is that morphometric characteristic of
male and female individuals (İlhan et al., 2014). Boroń et al.,
(2011) presented that C. gibelio maximum body depth, head
depth and head width, which are very important gill/trammel net
selectivity, are very close for both male and female individuals.
The first reproduction size is very important in fighting with
C. gibelio through catching. Balık et al., (2004) reported that L50
maturation length of C. gibelio as 10.3 cm with fork length.
Combatting with fish that after L100 all individual reached
maturation length of approximately 15 cm must begin at least

Mesh size (cm)

Model length (cm)

4.0

10.92

4.0

10.96

4.0

11.76

4.0

11.66

4.0

12.27

in this length. When fork lengths are converted to the total
lengths according to the equations by Gaygusuz et al., (2006),
(11.5 cm total length), the 50 mm or above multifilament mesh
sizes should be used. However, to combat with the species
through catching, lowered the legal mesh size up to 50-60 mm
likely cause some negative results on the other species in the
environment, so it is an issue that needs to be considered.
Even C. gibelio is not target species, it has been existed
many inland waters as an invasive species from the first time
introduced in Turkey. Marmara Lake has low altitude, shallow
and temperate; this leads to a longer breeding period of C.
gibelio and is more advantageous than many local varieties in
population density. According to Anonymous (2017) data of five
years, C. gibelio is the second species by production rate after
(Alburnus tarichi) in inland waters of Turkey. Therefore, C.
gibelio should be economically evaluated for alternative
processing techniques. There is no minimum mesh size
regulation for C. gibelio. However, 60 and 130 mm mesh size
are obligators for Esox lucius and Cyprinus carpio, respectively
in Manisa province.
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According to our results, the optimal catch length of 60 mm
mesh sizes are 18.36 and 18.90 cm for gillnet and trammel net,
respectively. This situation makes it impossible combatting with
this species. Therefore, special fishing equipment and devices
are needs to be investigated just for catching C. gibelio.
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