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Abstract

Sand smelt Atherina boyeriRissg 1810), which is an exotic species with invasi
character, is the third most caught species in the sisedle fisheries among the inlan
fisheries in Turkey. The fact that it has become an important source of income fo
fishermen with low income duto its export potential has led to the maintenance ¢
its stock recently. In this study, the selectivity of coastal beach seine used in the fi
of the species was investigated. A specially designed coastal beach seine with
codend consisting of different compartments was used in the study. Among tl
compartments of the codend, which was surrounded by a 6 mm mesh cover, ir
codend panels mesh with 9, 12 and 14 mm were used. Field studies were carrie
on a monthly basis in 4 different staiod 2 F TIi yAl [F1S AY
collected by the covered codend method and analyzed by means of a logistic equ
with the maximum likelihood method. A totally 3053 individuals were caught len
ranged from 2.611.2 cm and weight rangedom 0.1311.02 g. The mealso values
of 14, 12 and 3mm panels were determined as 6.71, 5.62 and 4.51 cm total len
respectively. It is concluded that 12 mm mesh size panel is suitable for sustatnal
boyerifishery by beach seine net when coresied given by length at first maturity
size.

Introduction

Actually, marine origin species big scale sand sn
(Atherina boyeri Risso, 1810) has rapid spread -
isolated inland water thanks to adaptability. It was fir
reported in 1940 from Sapantake in Turkey (Battalgil
MpnmMT % af,SZDIB) After 1988, when firs
204 SN GA 2y ®ASDbykrsbng of Thé fiysh
commercial fish species of the lake and its producti
has shown increase trend year by year (Dogan, 20!
Produdion was started from 60 t/year in 1989 (Dogal
2009), and increasing approximately 1350 t in 2017.

During theA. boyeriadaptation periods to the lake
ecosystem fishermen were investigated the suitak
fishing methods and gears. In the first years, dishen

used small beach seine (maximum length approximat
50-60 m) with manpower. Following years, gears &
developed with the giant ones (length range 2000 m)

and also engine power began to be used instead
manpower. Portable net drum (with tractphas been
utilized for hauling of very big seine from the lake.

2007, annual gross income of a fisherman was repor
as 27 788 $USD based AnboyeriF A A KAy 3 A
(Dogan, 2009).

According to the 2017 dat#. boyeriwas the third
caught speies in Turkey inland fisheries. Their econon
value of 4892 t ofA. boyeriproduction was almost
2 065 150 SD6 ¢} LYZ HAMQPLD O
LINE RdzOG A2y KlFa 0SSy LINE/
all individuals are proceeding as a crisps and exfwor
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some European county such as lItaly, England, Fre
and Spain. Due to hardening of scale and spine of lal
individuals (larger than -8 cm total length) not
preferred for crisps production, this circumstance
causes abnormal fishing pressure on ygundividuals.
TITyAal [F1S Aa GKS FAFI
km? surface area. A total 180 licensed fishermen work
commercially in four fishing area. Besid&s boyerj
Cyprinuscarpio, Carassius gibelio, Rutilus frisii, Silt
glanisand Adacus leptodactyluiave been caught in
the lake.Fishing operation for sand smelt is made |
beach seine with % fishers (a team). According to th
2018 data, there are 42 teams in the lake. Beach sei
with smaller than 9 mm mesh size (stretched) we
commonly used foA. boyerfishing.
There are some studies conducted én boyeri
T A & KA Y 3 TClimeat&k eI Presented gillnet
selectivity ofA. boyerin Ebro Delta Lagoon (NorBast,
Spain) by usingSELECTethod. Catch composition,
CPUEDbycatch and discard rate studies were carried ¢
on beach seine fishing (Broadhuett al., 2008; Akyol,
2003; Cabrakt al,, 2003; EMor et al, 2002; Gray &
Kennelly, 2003; Vanderkliftt al., 1998; Hutchings &
Lamberth, 2002a; Hutchings & Lamberti2002b).
However, there are very limited beach seine selectiv
aldzRASa 020K Ay (GKS &St
(2003), determinedMullus barbatus, Pagellus erythrinu
and Diplodus annularisselectivity parameters in
¢dzNJ SeQa ! SIS yed ¢oB8and ndethod.
The other study was conducted by Tesfaye, Wolff ¢
Taylor. (2016) for investigated. niloticus, C. gariepinu
andC. carpicselectivities in Lake Koka (central Ethiopii
NJXet/alq(2018) investigated the selectivity of th
commergal creels with 41mm mesh, which were used
fishingNephrops norvegicus the Mediterranean, using
the control creel with 41mm mesh and he found the It
value as 31.82 for 1 soak time. In another study, De
et al. (2016) investigated the selectivityf 30 and T90
codends with 50 mm mesh on commercial shrin
species in Turkish deepwater trawl fishery, Easte
Mediterranean; it was found that there was an increa:

in the escape rates dfristaeomorpha foliacea, Aristeu
antennatus, Parapenaeus longirastrand Plesionika
martia in case the codend was transformed frarto
TOO® { LTl X NEASEZ | SNNXIy
investigated the selectivity of a grid system, which w
designed for grading of striped venus claBhémelea
galling after fishng with hydraulic dredge. The grii
system with 5 different sequential holes spacing (Filt:
32.5 mm, Grid 1: 21.5 mm, Grid 2: 21.1 mm and Gric
20.3 mm and Filter:10.5 mm) was used in the stugy.
sizes for Grid 1, Grid 2 and Grid 3 were found to
25.01, 24.29 and 22.84 mm. A similar approach to «
study was demonstrated in pooling the data used in t
calculations. However, there are not any stu
conducted on beach seine selectivity fér. boyeri
fishing.

In this study, our goal is to determin¢he
selectivity characteristics of coastal beach seine, wh
was designed to determine the selectivity of coden
with different meshes (9, }2and 14mm nominal

stretched mesh size) in the same haulir
simultaneously, in sand smelt fishing.
Material and Method
StudyArea
¢KS addzRe ¢l a O2yRdzO0

of most importantA. boyeriproducer (Figure 1). As .
G§S0G2yA O 2 NJochte gouthefsterh Part Bf
the Marmara region in Turkey. Altitude is 85 m ai
maximum depths was determined as a little bit mo
GKFry Ttn Y G ySFkN az2dziK

km? and length is 32 km (Ceribasi, 2018). Lake loca
0SG6SSo/-nmeowm b € 4AHdRSIZ
f2y3AddzRSa 6, +F€0A g ! aidl

SamplingProcess

Experiments were carried out 4 different station «
lake in 2014 with monthly period. Only one haulir
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Figure 1.Study area and sampling stations
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applied each station. A beach sine used in hauling wt
was specially designed and rigged to determine mi
codend mesh selectivity parameters at samauling
operation. More information about the geometry ani
characteristics of the used beach segieen Figure 2.

Multimesh codend model was generated from fot
different codend compartment by connected with eac
other using touch & close tape. First€aJ- NI Y Sy
end rigged codend mesh with 14 mm and it surround
gAGK O2@0SN) YSaK 6c YYOT
end rigged codend mesh with 12 mm and it surround
gAGK O2@SNJ YS&AK oOc YvYeénd
rigged codend mesh with 9 mm andsitrrounded with
cover mesh (6 mm) and finally all of last compartme
covered by 6 mm cover mesh (Figure 3).

A unique data pooled model wased in the study
due to the possibility that the length distributions of th
haul obtained from different statiomin the same period
could be different. Due to the possibility that the schoc
of different length distributions will be evaluated eac
time during the sampling, it was expected to see th
there were inconsistencies in the estimated values at
the chssic single codend & cover application, whi
stemmed from the diverse size distributions of tr

E:0.70 6 mm

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

Data Analysis

Caught fish were classfi by codend type and
measured total length with 0.1 cm precision and gag
total weight with 0.01 g precision. Covered codel
techniques was utilized estimation of selectivii
parameters (Wilemanet al, 1996). The data were
analyzed using a logistequation with the maximum
likelihood method (Wilemaret al, 1996). The mean
selectivity of the individual hauls was calculated
taking into account betweeiaul variation according to
Fryer (1991) using th&CModellersoftware (ConStat,
1995) which ados the REML method (residual
maximum likelihood). The choice of the model whi
best describes the data was based on the lowest va
F2NJ !'1lA]1SQa L y-AMQ@ NBfyeri &
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Figure 2General view (not in scale) and net cutting plan of modified beach seine
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Figure 3Data pooling process for estimating the multimesh codend selec(mslrs‘ectioning which shown in Figure 2)

Shepherd, 1996)t-test and acme-way ANOVAwith
Tukey'SPwere usedfor statistical comparing of normal
disturbed data evaluations process for catch total leng
FYR ¢6SA3IKGI o0& Y2yiGKo | K3
was calculated using K=(W/TL30 Rmnn
KolmogorovSmirnov K-S test was used to determine
differences between size frequency distributions of fis
Ol dzZa3KiG o0& RAFTFSNByG 021
package (Wood, 2019) in RStudio (v11.2.5019) to mc
the relationships between total length and influencir
factors (sampling month, sampling station, codend tyg
in Generalized Additive ModelsGAM3 evaluating
process. Th&AMsis given by:

Model:tl D siEm)+sE9+sfc)

Where, tl:total length, sm: sampling month,ss
sampling station,ct: test codend, s(.) is a splin
smoothing function. RStudio (v11.2.5018pmputer
software was used all statistical analysis.

Result
CatchGomposition

A total of 13 valid/successful hauls were carrit
out for estimating selectivity parameters. End of fishil
trial, a total of 3053A. boyeriwere caught total length
range between 2.41.2 cm and total weight betweer
0.11-11.02 g. Mean total length and totaleight are
shown statistical differences by sampling month (Tal

1) (P<0.05).

Statistical differences were found mean tot:
length and veight values P<0.05) between codends
There are no statistical differences in 6 and 12 n
codends between male and female total length Af
boyeri (P>0.05), while differences were found in 9 ar
14 mm codends between male and female individui
(P<0.05).The highest mean total length was observed
DI ff NOS &ldlGA2yT 6KAES
Statistical differences were found between mean tot
lengths of sampling stationsP€0.05). Mean total
lengths of catch are shown statistical differenc
between stations for same sampling peridé(Q.05)

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

The effects of sampling month, sampling static
and test codend variables on total length was model
through GAMsand the results were given in Figure 5.
Oy oS adridSR GKFdG (KS
negatively affected the total length, the total length &
affected negatively from the summer months towarc
the winter months, and that the increase of mesh si
used in codend affected total length positively.

Fromthe K-Stest results (Table 3), in the all paire
compare, statistical differences weréound length
frequency distribution of A. boyeri from different
codend.
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Table 1.Lengthweight distribution and condition factor of captured A. boyeri by sampling month

Total Length (cm) Total Weight (g) K

Month N asdiyp{ Mn  Max aStye{ Mn  Max

March 165 5.4 podpppnc 34 10.3 mMmodnnknd 0.26 8.24 0.584
April 642 21.0 cdoofnc 31 11.2 HOmMn B o 014 11.02 0.679
May 502 16.4 chdnngpnc 35 9.8 Mm®pygnc 0.19 6.74 0.623
June 431 14.1 pPychnec 26 10.6 MOPy THANC 011 9.25 0.660
July 573 18.8 pdmcanc 26 9.7 Md®mMmMB nco 0.12 5.65 0.713
August 400 13.1 pPpmBnc 28 9.5 M®dnHREND 0.22 4.53 0.738
September 340 11.1 pdoHENd 31 8.9 M®HoORNd 0.20 4.86 0.699
Different letters within columns show significant differences between moR#®(05).

Table 2.Comparison of models for total length usiAblOVAonparametric 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 usgdAMsanalysis

Table 3.K-Stest result ofA. boyericaptured from different codend

Net 1 Net 2 KolmogorovSmirnov Test

Mesh Size N Mesh Size N D max I NAGAOIE I £ dz Decision
14 824 12 771 0,3288 0,0681 Ho Reject
14 824 9 767 0,3138 0,6820 Ho Reject
14 824 6 691 0,3741 0,0702 Ho Reject
12 771 9 767 0,2805 0,0694 Ho Reject
12 711 6 771 0,4123 0,0712 Ho Reject
9 767 6 691 0,3569 0,0713 Ho Reject




