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ABSTRACT

Fishery-dependent catch per unit effort (CPUE) Values ar dicator for assessing stock
abundance due to the high cost of fishe this study, it was aimed to
determine the spatial (Black Sea, Sea of } e editerranean Sea) and temporal
(2016-2022) changes in the fishing ef$6 ] A all-scale fisheries (SSF) along the
Turklsh coast. Records collected by the Mi ¢ and Forestry between 2017 and 2023

While hlgher CPUE (k ’)s were obtained in 2022 compared to 2016 in all seas (p <
0.05). The /vessel/day) values in all years were in the Black Sea, and the lowest
<0.001). The CPUE (kg/kW/day) for the whole sea decreased by
. T'1shing days per year was lower and the CPUE (kg/vessel/day) were
he previous periods.
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OZET

Balik¢iliga bagli birim ¢aba basma diisen av miktar1 (CPUE) degerleri, balik¢iliktan bagimsiz
arastirmalarin  yliksek maliyeti nedeniyle stok bollugunun degerlendirilmesinde ©nemli bir
gostergedir. Bu ¢alismada, Tiirkiye kiyilarindaki kiigiik 6lgekli balik¢iligin (SSF) balik¢ilik ¢abasi ve
CPUE degerlerindeki mekansal (Karadeniz, Marmara Denizi, Ege Denizi ve Akdeniz) ve zamansal
(2016-2022) degisimlerin belirlenmesi amag¢lanmistir. SSF'ye yonelik uygulanan destek kapsaminda
Tarim ve Orman Bakanlhigi'min 2017-2023 yillar1 arasinda tuttugu kayitlar retrospektif olarak
incelenmis ve analiz edilmistir. Balik¢ilik ¢abasi (yilda balik¢ilik giin sayis1) ve CPUE (kg/gemi/giin

ve kg/kW/giin) degerleri tiim deniz ve segmentler (y1l ve deniz) i¢in hesapla
karsilagtirmalar tek yonlii varyans analizi (ANOVA) ile yapilmistir. Bu
Olcekli balik¢iliginda CPUE hesaplamasina motor giiciinii (kW) dahil eden
giin sayisinda 2016-2022 yillar1 arasinda 32 giin azalma olmus, yillar

daha yiiksek CPUE (kg/tekne/giin) degerleri elde edilmistir (p <0
(kg/gemi/giin) degerleri Karadeniz'de, en diisiik degerler ise
0,001). Tiim denizler birlikte degerlendirildiginde CPUE (kg/k
%7 azalmistir. Balikgilik giin sayist 6nceki donemlere gg

daha ytiksektir.

Anahtar sozciikler: Kiiciik 6l¢ekli balik¢ilik, CPUE

Denizi

1. INTRODUCTION

and Ondes,
goals/contributio
United Nations' 17

Tiirkiye has a very large marine fishing fleet in
terms of number and capacity. Within this fleet,
small-scale fishing can be defined as “fishing
carried out by fishing vessels smaller than 12
meters, which accept the coastal area as fishing
grounds, use passive fishing gear (gillnets,
longlines, traps, etc.) for daily fishing, and sell
their catch commercially” (Unal, 2003; Unal and
Ulman, 2020). As 0f 2023, 90% (13,609 vessels)

1$ ve istatistiksel
Tiirkiye kiiciik
calismadir. Balik¢ilik
i farklar

niz, Egd Denlizi, Akdeniz, Marmara

arine fishing vessels licensed are
2 meters (GDFA, 2023).

eir importance, issues related to small-
scale fisheries in many developing countries are
y documented and not well understood
arrugio, 2015; Gianelli et al., 2018). In order to
properly manage this type of fishery, it is
necessary to know the status of the stocks in
addition to information on the fishery. Knowing
only the fishing effort or only the amount of catch
does not give enough information about the
stocks. At this point, catch per unit effort (CPUE)
data gains importance. When long year series are
constructed, CPUE data can be used to have an
idea about whether the stocks are getting better
Or Worse.

Catch per unit effort (CPUE) provides a relative
index of fish stock abundance in the presence of
successive landings, especially for closed
populations (Nishida and Chen, 2004; Skalski ef
al., 2005). CPUE is an important indicator of fish
density in the sampling area when standardized
nets are used (Naesje ef al., 2007). However, due
to the high cost, unavailability or inadequacy of
fishery-independent surveys, “fishery-dependent
CPUE” will remain a common and informative
indicator for fishery stock assessments
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(Ducharme-Barth et al., 2022).
For this important indicator, first of all, basic
reliable data on the relevant fisheries are needed.
Due to the lack of reliable basic data for small
scale fisheries (SSF) in Turkish coast this
indicator could not be calculated (Goktiirk and
Deniz, 2017), or it could be only for a limited
region (Dereli ef al., 2015; Akyol et al., 2024). In
this study though, the records kept by the
Ministry of Agriculture and Forestry between
2017 and 2023 within the scope of the support
implemented for SSF were retrospectively
examined and analyzed. The aim of this study is
to determine the spatial (Black Sea, Sea of
Marmara, Aegean Sea and Mediterranean Sea)
and temporal (2016-2022) changes in the fishing
effort and CPUE values of small-scale fisheries
along the Turkish coast

2. MATERIAL AND METHOD

The material of this study consisted of the
records kept by the Ministry of Agriculture and
Forestry between 2017 and 2023 within the
scope of the support applied to the SSF (Table 1).
The Ministry recorded information on the effort
and catches of the previous year based on the
declarations of the fishers who applied under the
support programme implesgented within the
framework of the Com gs on Recording

provided by the
reviewed and

Years Number of Vessels in the The Support
Marine Fishing Fleet Scope

2016 13282 )

2017 13119 The vessel’s

2018 1302 overall length < 10

2019 12926 : m

2020 13701 11701 85.4% The vessel’s

2021 13670 11586 84.8% overall length < 12

2022 12093 88.8% m

“number er year” and
“kW* calculated
“kg/kW/day” (a) and

s explained below. The

to calculate effort (kW*day/year) and
catch per unit rt (CPUE) (kg/kW/day). In
these calculatidns, unlike Ulman and Pauly
(2016), the data on the number of vessels in the
fleet and engine power (kW) were taken into
account in the General Directorate of Fisheries
and Aquaculture (GDFA) databases instead of
the Turkish Statistical Institute (TUIK).

(a) For the calculation of catch per unit effort
(CPUE) (kg/kW/day), first the mean of catch was
calculated from the survey data as
“kg/vessel/year”. The total catch was determined

by multiplying this value by the number of small-
scale vessels in the fishing fleet for the relevant
year obtained from GDFA. The total catch was
divided by the fishing effort (kW*day/year). For
fishing effort (kW*day/year), the mean of the
“number of fishing days in a year” was calculated
from the data. This value was multiplied by the
number of small-scale vessels in the fishing fleet
and kW per vessel values obtained from GDFA
for the relevant year.

(b) The -catch per unit effort (CPUE)
(kg/vessel/day) was calculated from the data by
dividing “the amount of catch of the vessel in a
year” by “the number of fishing days of vessel
during the year”.

Data were analyzed using the statistical package
program IBM SPSS Statistics Standard
Concurrent User V 26 (IBM Corp., Armonk,
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New York, USA). In order to reduce the effects
of outliers in the data set and to make the
analyses more accurate, the Trimmed Mean (5%)
method was used to prune the data. Descriptive
statistics were given as number of units (n),
percentage (%), mean + standard deviation
(x £sd), median (M), minimum (min) and
maximum (max) values. The normal distribution
of the data was evaluated by Shapiro Wilk
normality test. Comparisons by sea and year
were analyzed using One-Way Analysis of
Variance. A value of p<0.05 and p<0.001 was
considered statistically significant.

3. RESULTS

3.1. Number of fishing days

The total number of fishing days at sea in a year
decreased from 151 = 68.8 in 2016 to 119 + 70.6
in 2022. There was a statistically significant
difference between the years (p < 0.001) (Table
2). The highest fishing days in all seas wagg
2016 and then a decline was observed.
number of fishing days at sea was ana

in all years and betw
0.001) (Table 2).

small-scale
million kW#*da

eased by 37% from 57.6
ear in 2016 to 78.7 million

kW#*day/year in 2022. Similar increases are seen
in all seas, with higher values in the last 2 years
(2021-2022) compared to previous years. In all
years, the Black Sea has the highest and the
Mediterranean the lowest kW*day/year values
(Table 3).

effort

3.3. Catch per unit (CPUE)

(kg/kW/day)

The total CPUE in all sea;
and negative breakdow
highest value (0.65 kg/

s shown positive
sincd2016, with the

Marmara, while
the Aegean Sea

— RlackSea

e— Sea of Marmara

— Mediterranean

CPUE {kg/kW/day)

0,30 —_ﬁﬁ_—_-‘-\/ e AN Sea

020

0,10

0,00

2016 2017 2018 2019 2020 2021 2022

Figure 1. CPUE (kg/kW/day)
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Table 2. Descriptive statistics for the number of fishing days and comparison by years and seas (n:
number; Mean: arithmetic mean; SD: standard deviation; CI: 95% confidence interval; L: lower
limit; U: upper limit)

Years ANOVA
Seas 2016 2017 2018 2019 2020 2021 2022 F p
n 3236 3779 4218 4282 4819 4780 4874
S Mean 141 121 117 114 108 100 107
§ SD 70.3 71 71.8 72.7 69.6 70.1 71 132.42 0.001
2 CI-L 139 119 115 112 106 98
CL-U 144 123 119 116 110 102
n 1276 1527 1773 1812 2263 2170
o £ Mean 151 127 129 122 104
3 g SD 68.6 682 69.2 68.6 65.1 0.001
= CIL 147 123 126 118 102
CL-U 155 130 133 125
- n 1843 1922 2354 2590
@ Mean 160 146 144
§ SD 662  69.4 0.1  44.637 0.001
¥ e 157 143 131
CL-U 163 150 136
g n 1247
g Mean 139
;f, sD 685 19.291 0.001
g CLL 139 134 136
CL-U 147 142 143
11219 11035 11455
118 114 119
70.3 70.8 70.6  260.435 0.001
117 113 117
119 116 120
ANOV 122.828 133.296 184.584 202.479 133.429
001  0.001  0.001 0.0l  0.00l  0.001
Table 3. Total fishing effort (kW*day/year)
Years Sea of Marmara Aegean Sea Mediterranean Total
2016 14389052 13986664 8178115 57554079
2017 15391809 14726468 651180 52938111
2018 20222724 13750077 14227506 7346773 55547080
2019 20964982 14437642 15152208 6079977 56634809
2020 21241436 14302622 15915903 4309052 55769013
2021 25457728 19285372 19635999 8601877 72980976

2022 24358887 21215097 20115262 13017879 78707125
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Table 4. Catch per unit effort (CPUE) (kg/kW/day)

Years Black Sea Sea of Marmara Aegean Sea Mediterranean Total
2016 0.902 0.439 0.302 0.438 0.551
2017 0.792 0.533 0.308 0.426 0.651
2018 0.855 0.547 0.289 0.468 0.590
2019 0.747 0.417 0.289 0.486 0.533
2020 0.838 0.474 0.311 0.538 0.618
2021 0.611 0.369 0.248 0.370 0.433

2022 0.905 0.433 0.289 0.3 0.515

3.4. Catch per unit effort (CPUE) The highest vgflies w&e obtained in 2022 for the
(kg/vessel/day)
. Statistically
nd between years
e 5). The highest
in the Black Sea,
armara, when CPUE
d by seas. The lowest values
the Aegean Sea in all years.

Descriptive statistics for catch per unit effort
(CPUE) (kg/vessel/day) and comparison by
years and seas are presented in Table 5. The
CPUE in all seas increased from 2016 and
reached its highest value in 2022 (45 + 207.2
kg/vessel/day). A  statistically
difference was found between the yearg
0.001). When the change in CPUE 1

Table 5. Descriptive stati
year and sea (n: number; Mea?
inte

metic mearf; SD: standard deviation; CI: 95% confidence
: lower limit; U: upper limit)

Years ANOVA
2019 2020 2021 2022 F p
4120 4616 4401 4624
51 54 61 59 72
250 357 290.6 2973 479 0.001
45 46 51 51 63
57 62 71 68 80
2395 2751 2703 2698
gg Me 20 33 28 26 37 38 42
gg SD 707 1123 67.8 667 1349 1544 1783 9.42  0.001
72 o 14 28 25 23 32 32 35
CL-U 26 39 31 29 42 43 49
L. ! 724 2006 2466 2697 2989 2903 3094
#  Mean 10 13 13 13 18 18 21
§ SD 214 387 394 329 703 659 758 10323 0.001
%” CI-L 8 11 12 12 15 15 19

CL-U 11 15 15 15 20 20 24
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Table 5. (Continued)

g n 220 1536 1714 1698 1800 1833 1875
% Mean 14 20 24 26 28 26 25
E SD 20.8 40.6 81.8 84.7 65.2 82.7 72 2.779  0.011
% CI-L 11 18 20 22 25 23 22
& CL-U 17 22 28 30 31 30 29
n 2252 9045 10485 10910 12156 11840
- Mean 22 32 33 33 40 39
E SD 68.8 118.6  139.7 162 233.8 198.1
CI-L 20 29 30 30 36 35
CL-U 25 34 36 36 44 43
ANOVA F 22.017 39.441 43.535 39.214 23.16
p 0.001  0.001 0.001 0.001 0.001
4. DISCUSSIONS o s€en that the numbdf of fishing days is

The mean fishing days of the small-scale marine
fishing fleet decreased by 32 days from 151 days
in 2016 to 119 days in 2022. In
Communiqués regulating commercial fi
(Communiqués No. 4/1 for the period 24
and Communiqués No. 5/1 for the period
2024), there is no time ban for smg &

2016 and 2020)." Al
restrictions, it is thou

that the pindemic
arch 2020 and
il mid-2021 and

by Karakula al. (2023) that mucilage in the
Sea of Marma uses a decrease in fishing
effort in the regygh. In addition, it is thought that
the fishermen may have voluntarily reduced their
fishing effort due to the decrease in fishing
incomes (in dollars and euros) and the increase in
fuel costs as identified in the report published by
Dereli and Tekindal (2023). In addition, in recent
years, especially in the southern Aegean Sea,
fishermen have reduced their fishing days due to
the low amount of fish landing in small-scale

fishing gears (Unal et al., 2022).

xamined. In a study
6 |\ different fishing areas
,  Mordogan, Akyaka,
armaris) for the Aegean Sea
eries in the 2002-2003 fishing

rimed as 184.7 = 75 (Foga), 192.1 + 84
Karaburun), 219 + 73 (Mordogan), 224.2 + 58
yaka), 185.6 = 46 (Akcapinar) and 147.8 + 64
armaris) (Unal and Franquesa, 2010). Unal
(2003) found that part-time small-scale
fishermen in the Aegean Sea (Foga) in the 1999-
2000 fishing season had an average of 136
days/year of sea work days and had lower sea
work days than full-time fishermen. In this study,
it is seen that the value obtained for full-time
small-scale fisheries in 2022 (133 + 70.1
days/year) is below the values of part-time
fisheries 22 years ago.

This is the first study to include engine power
(kW) in the calculation of effort and CPUE in
small-scale fisheries. While total fishing effort
(kW#*day/year) of the small-scale fishing fleet
increased in all seas, CPUE (kg/kw/day) for the
whole fleet decreased in the last 2 years (2021-
2022) compared to previous years (2016-2020
period). In the only other study in the literature
where engine power (kW) was included (Ulman
and Pauly, 2016), calculations were made by sea
based on TUIK statistics for the total marine fleet
including large-scale fisheries.
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In contrast to the decrease in the number of
fishing days, the increase in fishing effort
including vessel engine power (kW) is
noteworthy. In the support communiqués
published in the last 3 years (2021-2023), vessels
in the range of 10-12 meters were included in the
scope of support. It is thought that the increase in
engine power depending on vessel length has led
to an increase in fishing effort (kW*day/year)
values and subsequently a decrease in CPUEs
(kg/kw/day), especially in the last 2 years.

For CPUE (kg/vessel/day), Berkes (1986)
reported a value of 20 kg/vessel/day for small-
scale fisheries (for vessels with 2 people) in the
Turkish seas. In this study, it was observed that
the CPUE value determined in 2016 (22.4+ 68.8
kg/vessel/day) for the Turkish seas (all) was
close to Berkes (1986). In the following years,
CPUE increased with a statistical difference
(p<0.05) and reached 45.5 + 207.2 kg/vessel/day
in 2022.

It is thought that the high values in the last 2 years

gear, in the support. This opinion is co
Dereli and Tekindal (2023) in which

CPUE was found
1/day (Unal and
tudy, it was
PUE values calculated for
16-2022 period were

statistically, it n on a continuous increase
trend since 201 .9 £ 21.5 kg/vessel/day) and
reached 22.7 + 87.4 kg/vessel/day in 2022. In
another study conducted in the Aegean Sea
(Gokova Bay) between 2009 and 2011 (Dereli et
al., 2015), CPUE values of 10.8 + 11.0
kg/vessel/day were reported for vessels using
gillnets and 5.2 + 4.3 kg/vessel/day for longlines,
and it was determined that the CPUE values in
this study calculated for the Aegean Sea between
2016 and 2022 were higher.

S. CONCLUSION

Fishing effort (fishing days) decreased
significantly both in the period under study (from
2016 to 2022) and in comparison with previous
periods (1999-2000 and 2002-2003) in the
literature. In contrast to the decrease in the
number of fishing days, fishing effort
(kW*days/year), including vessel engine power
(kW), increased from 2016 t@ 2022. It is thought
that these increases due to the
replacement of boat en es with larger engines,
but to the inclusion of b

(kg/kw/day) is
-2022) compared

fisheries in Tiirkiye for all
. The first requirement for the
cvelopment of SSF is the

SIS F-related data reliably and regularly.
ollowmg the installation of the system, data on
catches should be collected regularly from
e SSF vessels and recorded statistically using
logbooks containing discard and bycatch data
(Goktiirk and Deniz, 2017). Similarly, Birkan
and Ondes (2020) suggested that fishing effort
and catch quantities should be monitored using
mandatory logbooks for sustainable management
of the sector.
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