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Introduction

Inland fisheries are of vital

Abstract

In this study, a stock assessment of the Pontastacus leptodactylus (Eschscholtz, 1823)
population in Egirdir Lake where Turkey's most important crayfish production center,
was made. The study was carried out between June 2021 and May 2022 in the concept
of length-based data-poor fisheries management. TropFishR R package was used in
study due to pretty effective in analysing of the length-frequency (LFQ) data. As a result
of monthly fishing trials, 14,919 crayfish were caught between 29.92 and 163.38 mm
in total length (14.83 — 80.95 mm carapace length). The female-male ratio of the
population was found to be 1:1.21. It was determined that growth occurred (+)
allometrically in all sexual groups (female, male, female+male). The growth
parameters L., K and @ of the P. leptodactylus stock were found to be 86.06-mm,
0.59/year, and 3.64, respectively. The annual rate of total (Z), natural (M) and fishing
mortality (F) were estimated to be 3.02, 0.64, and 2.38/ year, respectively. The
exploitation rate (E) of the crayfish stock was estimated to be 0.78, Feyr/Fmax ratio 1.79
and SPR ratio 0.13. In this context, Egirdir Lake P. leptodactylus stock was evaluated as
overfished. To ensure the sustainability of the stock of the species in the lake, it is
necessary to reduce the mortality rate caused by fishing.

concept of low-budget, non-permanent data-poor
fisheries management (Abobi et al., 2019; Tesfaye et al.,

importance for 2021; Veroli et al., 2021). However, fish stocks in inland

especially low-income developing countries in the
world, as it supports the livelihood of 60 million people
and is a source of food for hundreds of millions more
(Smith et al., 2005; The World Bank, 2012; Moutopoulos
et al., 2022). Despite this important function, inland
fisheries have generally been seen as undervalued and
ignored on a national or regional scale (Cooke et al.,
2016; Moutopoulos et al., 2022)), and have never been
part of any high-profile global fisheries assessment due
to a lack of reliable data (Cooke et al., 2016). In this
context, a significant majority of the stock evaluation
studies in inland waters were carried out under the
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water environments, which are much more fragile than
marine ecosystems, are now under serious threat due to
human-induced interventions such as wetland
reclamation for the expansion of agricultural land,
hydropower generation, water abstraction, chemical
pollution, invasive species, and illegal or unregulated
fishing activities in both developing and developed
countries (Closs et al., 2016; Moutopoulos et al., 2022).

Crayfish, an indispensable element of lentic and
lotic ecosystems, are globally distributed omnivorous
invertebrates (Momot et al., 1978; Taylor et al., 1996).
Crayfish, defined as ecosystem engineers, have received
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this title with their movement and nutritional activities
and their ability to affect sediment circulation in waters
(Albertson & Daniels, 2018; Jones, 1984; Statzner et al.,
2003). In addition to its ecological importance, the fact
that it is a commercial product and a luxury nutrient has
increased the importance of crayfish once again, and the
demand for crayfish for humanity worldwide has
increased day by day due to its ecological and economic
value.

Turkey's crayfish production is completely based
on fishing, and all of the product produced is exported
abroad, especially to European countries. Consumption
of the species within the borders of the country is not
very common. Crayfish became a good source of income
for our inland fishermen in Turkey after World War Il,
especially after 1968, with its increasing export potential
until the 1990s (Alpbaz, 2005; Harlioglu, 2008; Koksal,
1988). Annual production peaked at 7,937 tons in 1984
and decreased to 320 tons in the early 1990s (FAO,
2022). Plague disease (Aphanomyces astaci) was
responsible for this reduction, in addition to
unsuccessful stock management. Serious fluctuations in
production continued to be observed in the post-
disease period.

Egirdir Lake is the most important center of
crayfish production in Turkey. 891 tons (72.2%) of the
production, which was realized as 1,233 tons
throughout the country in 2020, was obtained from
Egirdir Lake (Turkstat, 2022). Crayfish is still the most
important source of livelihood for 656 fishermen, who
are members of ten cooperatives that make a living by
fishing in the lake, and it is extremely important to
maintain a healthy stock.

Within the framework of the communique
regulating commercial fisheries in Turkey (2016/35), (/)
minimum landing size application in crayfish fishing
(catching of individuals under 10 cm in total length is
prohibited); (//) closed season (fishing is prohibited in
the period November 01-June 30); (//l) closed areas
(fishing of crayfish in forest waters is prohibited); (/V)
prohibitions on fishing technique (using of the baited
trap is prohibited); (V) regulations on catch composition
(female male discrimination is prohibited). In addition,
within the framework of other special legislations, there
is an obligation to determine a quota by the
administration for the maximum amount of products
that can be caught during the season. In the quota
application, which is a very effective instrument in terms
of sustainable fisheries management, there are some
problems in determining the maximum amount of
products that can be caught and ensuring that the
determined amount is not exceeded. The current study
has the potential to be an important reference in
determining the quota in crayfish fishing and ensuring a
country-wide method of cooperation.

Because it is not possible to determine the age of
crayfish from osteoid body parts, as it is with fish, age-
based packages (such as fishmethods (Nelson 2023), FSA
(Ogle 2023), or FLR (Kell, Mosqueira & Grosjean 2007))

cannot be used to modelling of the growth. Therefore,
the growth analysis of crayfish has to conducted on
length-based. In this context, Electronical LEngth
Frequency ANalysis (ELEFAN) is the most efficient
method for analysing of the length data. Until recent
years, FiSAT Il (Gayanilo et al., 2005) program has been
widely preferred in ELEFAN analysis, but nowadays
TropFishR is preferred by stock assessors (Alam et al.,
2022; Aydin & Tirasin, 2023; Kindong et al., 2022).
Because TropFishR is used in growth parameter
estimation, with new two optimisation techniques
(simulated annealing and genetic algorithms), Millar’s
nonlinear selectivity models (Millar & Holst 1997), and a
complete set of methods for fisheries analysis with
length-frequency (LFQ) data (Mildenberger et al., 2017).

In studies conducted to date regarding the natural
populations of the species, some growth characteristics,
reproductive characteristics, genetic characteristics of
populations, population size research, disease research,
length-weight and size-length relationship,
morphological characteristics, fyke net selectivity,
mortality rates, and recruitment properties have been
studied (Akhan et al., 2014; Alekhnovich & Kulesh, 1996;
Bolat, 2001; Bolat et al., 2010; Bok et al., 2010; Cilbiz,
2020; Demirol et al., 2017; Deval et al., 2007; Kokko et
al., 2012; Vasileva et al., 2006; Yilmaz et al., 2011; Yuksel
et al., 2013); however, no studies have been conducted
to date to evaluate the stock of the most important
population of the species in Turkey. In this study, it was
aimed to fill in this gap.

Material and Methods
Study Area

The Study was carried out in Egirdir Lake which is
the most important crayfish harvest centre in Turkey. A
total of ten sampling stations were used each of them
representing the fishing area of different fisheries
cooperatives (Figure 1). As the second largest fresh
water resource of Turkey, Egirdir Lake has a 457 km?
surface area and is located at latitude 372 50" 41”382
16’ 55” N and longitude 30° 57' 43"-30° 44’ 39" E in the
southwest of Turkey (Figure 1) (Ozseven et al., 2020;
Sener et al., 2019). The average depth of the lake is 9
meters and the altitude above sea level is 918 meters
(Ozseven et al., 2020).

Data Collection

All the biological data were gained with survey
fishing. Fishing trials were carried out from June — 2021
to May — 2022 with monthly based operations. A total of
600 fyke nets were used in crayfish sampling, 400
specially rigged non-selective fyke nets with 18 mm
mesh size (stretched mesh size) and 200 commercial
fyke nets with 34 mm (40 fyke net experimental and 20
fyke net commercial for each station). Fyke nets were
harvested in two days unless occurred any negative
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Figure 1. Egirdir Lake and sampling stations

situation, so the mean soak time was 48 hours. Caught
crayfish were classified by stations and carapace length
(CL) and abdomen length (AL) measured by using a
digital calliper with 0.01 mm sensitivity. The total
lengths (TL) of individuals were determined by summing
the carapace and abdomen lengths. The total weight
(TW) of the crayfish was balanced by using digital scales
with 0.01 g sensitivity. The sex of the crayfish was
determined as macroscopically.

Data Analyses

There is a non-linear relationship between the
length and weight of crayfish like fishes [/]. The equation
(L) is represented total or carapace length and (W) total
weight, besides a and b values are expressed as constant
parameters of the equation (Harlioglu, 1999; Romaire et
al., 1977). t-test was used for determining the b value
from 3 whether different, or not (Pauly, 1984).
Computed a and b values for both sexes were used as
input parameters for Yield per Recruit analysis in
TropFishR. Estimating of the growth parameters
Electronic LEngth Frequency ANalysis (ELEFAN) method
was used (Pauly & David, 1981). Analysing of data’s
TropFishR v.1.6.3 R package was used (Taylor &
Mildenberger, 2017). In the modelling of the crayfish
growth “seasonally oscillating growth function
(soVBGP)” was utilized which was developed by Somers
(1988) [Il] Optimisation of the growth parameters
ELEFAN with simulated annealing (ELEFAN_SA) function
was used (Xiang et al., 2013). The growth performance
index (@) [//I] was estimated by Pauly and Munro (1984).
The maximum age (Tmax) was estimated using Pauly

(1980)’s equation [/V]. The optimum size (Lopt) [V] was
determined by Froese (2004). Natural mortality is
estimated using the length-based updated Pauly
estimator recommended by Then et al. (2015) [V/]. The
linearized length-converted catch curve method [VII]
was used for estimating of the instantaneous rate of
total mortality (Z) (Pauly, 1990; Pauly et al., 1995). The
fishing mortality rate (F) was computed based on the
relationship (VIIl). The exploitation rate (E) was
determined by the formula [/X]. Jones’s (1984) length-
based virtual population analysis (VPA) was used for
stock size estimates. The model of Thompson and Bell
(1934) was used for estimating of the relative yield per
recruit (Y’/R) and reference points. The length-based
spawning potential ratio (SPR) was estimated based on
Goodyear (1993) [X]. In this study, carapace length (in
mm) was used in the length frequency analysis due to a
more rigid structure than the total length. The optimal
bin size (OBS) was computed to be ~3 mm by Wang et
al. (2020) equation [X1].

W=a.l? 1))

L,

=L, (1

_ e—(K(t—to)+S(t)—S(to)))
0]

2log1o(Le)

(1

logio(K) + (1)
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In the spawning potential ratio analysis, input
parameters Lmat and Wmat were applied as 43.43 mm
carapace length and 17.33 g respectively. Lso maturation
length of female P. leptodactylus reported as 9.04 cm
total length by Cilbiz (2020), this value converted to
carapace length by using linear regression equation
which gained this study for female crayfish as “CL =
0.479TL + 0.997”. Comparing of the mean CL and TW
values by sampling months ANOVA with Tukey"P test
was used. agricolae v1.3-5 (de Mendiburu, 2021) and
rstatix v0.7.0 (Kassambara, 2021) R packages and
Rstudio v2022.02.3 (RStudioTeam, 2022) software were
used evaluating of the data.

Results

Monthly Length Distributions and Catch Composition
of P. leptodactylus

14919 crayfish were caught, total length range
29.92 — 163.38 mm and a total weight range 0.55 —
113.06 g, at the end of the research fishing. The mean

carapace length and the total weight of crayfish were
shown statistical differences by catching months
(p<0.05) (Table 1). While minimum mean carapace and
total weight values were observed in September, the
maximum was in April. Monthly catch numbers show
differences between 63 — 2458. While the most
productive month was December, most unproductive
was January. The total catch consisted of 6739 (45.2%)
female and 8180 (54.8%) of male crayfish. In this scope,
the ratio of female-male was computed as 1:1.21 and it
is observed that natural balance was destroyed for
females against.

Length-weight Relationship

The length-weight parameters, a and b, were
obtained from total length (TL) and weight (W) data
using Equation (/), and the relationship was computed as
TW = 0.022713%%, TW = 0.0127L33% and TW =
0.0167L32% for female, male and both sexes respectively
(Figure 2). All sex groups were shown an allomeric (+)
growth type. Model parameters of length-weight
relationship are given in Table 1.

Length-weight  relationship  graph of P.
leptodactylus is given in Figure 2 for different sex
groups. In general, different sexes show similar growth
types up to 7-8 cm total length (by overlapped
regression lines). It can be seen that after 9-10 cm, males
of the same length class gain more weight compared to
females.

Growth Parameters

The length-frequency data of P. leptodactylus was
used for the determination of growth parameters. Both
ELEFAN_SA and ELEFAN_GA algorithms were applied to
length-frequency data. ELEFAN_SA results were

150 —_— 0 TW=0.022 TL** F=0.97 N=6739

Total weigth (g)

TW=0.012 TL** F=0.96 N=8180
| TW=0.016 TL*** F=0.94 N=14919

0

10
Total length (cm)

Figure 2. Length-weight relationship graph of P. leptodactylus (blue open circles represent males and red ones females; blue, red
and green lines show regression line of male, female and both sexes respectively; grey areas describe the 95% Clis of regression

lines)
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evaluated as more suitable for the data set than
ELEFAN_GA in terms of higher Rn (goodness of fit index)
value. Accordingly, L~ was estimated as 89.07 mm,
87.02 mm, and 86.06 mm carapace length for female,
male, and both sexes respectively; K values were
estimated as 0.54 year™, 0.57 year™ and 0.59 year™ for
female, male and both sexes respectively. Estimated
other growth parameters based on ELEFAN_SA are given
in Table 2.

The seasonally oscillating growth curve was
computed for both sexes by using growth parameters
given in Table 2 (Figure 3). Mainly, the stock has been
composed of four age class. Attendance of juveniles on
the stock occurred in July when arrived at 15-16 mm
carapace length; thereafter, they showed rapid growth
performance to December. The growth of crayfish
almost stopped from December to April.

Mortality and Exploitation Rates

Based on a linearized length-converted catch curve
(Figure, 4), the estimated total mortality rate (Z) by
‘TropFishR’ is 3.02 year~. The natural mortality (M) was
then estimated as 0.64 year! using the method
described by Then et al. (2015). Finally, fishing mortality
(Feurr) was calculated as 2.38 year™ by subtracting M
from Z. The present exploitation rate (Ecurr) was
computed as 0.78 (Table 3).

Evaluating of Stock Status

The length at first capture (L) was 46.65 mm
(carapace length), corresponding to P. leptodactylus of

about 1.33 years. The optimum length (Lopt) and tmax
were calculated as 63.21 mm and 5.11 vyears
respectively. Length-based cohort analysis results are
given in Figure 5. Most of the death was caused from
catching in over the optimum length, in addition fishing
mortality was increased by increasing the length class.
Estimated biological reference points (yield per
recruit (YPR), biomass per recruit (BPR), spawning
potential ratio (SPR)) of P. leptodactylus are given in
Table 3. The current E value (0.78) is higher than Gulland
(1969)’s optimal level (Fopt = M or E = 0.5). In this case, it
can say that stock is overfished according to the higher
Ecurrvalue than 0.5. SPR is a measure of the impact that
fishing has on the ability of each recruit to contribute to
spawning. In this study annual SPR is computed as 0.13
lower than SPR at Fmax (0.19) which showed the
overexploited condition. The estimated present fishing
mortality (Ferr) is much higher than the optimum
biological fishing mortality Fmax (1.33 year-1) and Fo.:
(0.65 year-1). The ratio of Feurr/ Fmax is computed as 1.79
which is very higher than the optimum level 1 which is
another indicator result for over fishing. Figure 6 shows
the graphical outputs of the catch curve and YPR model.

Discussion

As a result of fishing trials, a total of 14,919 crayfish
were caught between 29.92 and 163.38 mm in total
length (14.83 — 80.95 mm CL). When compared with
other studies on the species (Berber et al., 2012; Bok et
al., 2013; Bliylikcapar et al., 2006; Deval et al., 2007), it
can be stated that the number of samples is quite high,
and the length range is relatively wider. The main reason

Table 1. Length—weight relationship model parameters of P. leptodactylus

Parameters of the relationship

Sex n Length range (TL, cm) a b 95% Cl of b 2 p ts
Female 6739 2.992 -16.338 0.022 3.041 3.025-3.058 0.97 <0.001 9.112
Male 8180 3.200-15.417 0.012 3.347 3.033-3364 0.96 <0.001 66.11b
Both sexes 14919 2.992 —-16.338 0.016 3.215 3.200-3.230 0.94 <0.001 34.21¢
a(t>tg,0s, 6739=1.64); b(t>tos, 8180=1.64) ); (t>to.0s, 14919=1.64)
Table 2. Estimated growth parameters gained with ELEFAN_SA algorithm
Loo K tanchor ts c ¢
Sex group (mm) (year) (year)
Female 89.07 0.54 -0.223 0.98 0.55 0.96 3.63
Male 87.02 0.57 -0.212 0.97 0.58 0.89 3.44
Both sexes 86.06 0.59 -0.206 0.97 0.57 0.99 3.64
tanchor: Fraction of the year, t;: Summer point, C: Intensity of seasonality
Table 3. Effect of fishing mortality changes on biological reference points of P. leptodactylus in habiting Egirdir Lake
Level of F Parameters
F E YPR BPR SPR
01 0.65 0.22 221.46 437.14 0.35
04 0.55 0.18 211.95 482.15 0.3
05 0.45 0.15 198.30 537.73 0.45
max 1.33 0.44 239.32 273.76 0.19
current 2.38 0.78 244.14 206.90 0.13
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for this situation is that in addition to the commercial
traps with 34-mm mesh size used by the fishermen in
the sampling, low selective fyke nets with 18-mm mesh
size, which were specially equipped for this study, were
used. However, it is believed that the fish caught by
nonselective fishing tools represent the distribution of
the length of the population (de Graaf & Dekker, 2006).
The use of commercial catch or highly selective fishing
tools for Length-frequency data (LFQ) may lead to
misleading results in estimating growth parameters
correctly and predicting the length & period of stock
participation, as it will lead to the removal of small

individuals from the data pool. In this study, if
commercial fishing data were used for LFQ data, the
number of samples below10 cm TL would be extremely
limited due to the application of minimum landing size
(MLS), whereas 54.7% of the current data consisted of
individuals below MLS. Veroli et al. (2021) reported that
the majority of the crayfish analyzed in their length-
based population dynamic study conducted with
another crayfish species, Procambarus clarkii were
adults, and in this case, it was only due to fishing gear
selectivity that enabled larger individuals to be caught.
Mildenberger et al. (2021) state that the sample, the

Length classes

=

T T

T T T T

T T
Jun-21 July-21  Aug-21 Sep-21 Oct-21 Nov-21 Dec-21 Jan-22 Feb-22 Mar-22 Apr-22 May-22

Figure 3. Length-frequency histograms with the growth curves (blue lines) obtained through the bootstrapped ELEFAN with SA

analysis superimposed for P. leptodactylus
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T T T
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Figure 4. Length-converted catch curve of P. leptodactylus (marked with solid dots points were used in calculating using least

squares linear regression)
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Figure 5. Results of Jones’ cohort analysis for P. leptodactylus inhabit Egirdir Lake



Turkish Journal of Fisheries & Aquatic Sciences

TRJFAS22354

source of the LFQ, should be representative of the whole
stock under investigation and for all seasons of the year.

It can be seen that the number of monthly samples
given in Table 4 varies between 63 and 2,458. This is due
to the biological characteristics of the species
(reproduction period, moulting period), environmental
factors (water temperature, vegetation) and
operational problems (freezing of the lake surface, and
loss of traps). The difference in monthly average lengths
is thought to be due to growth, attendance on stock and
fishing.

Another important parameter for natural crayfish
populations is the female/male ratio. Since they are
cannibalistic creatures, keeping the ratio of dominant
male individuals at a certain level will reduce the
predation effect, especially on young crayfish. In the
present study, it was found that the female/male ratio
in the Egirdir Lake crayfish population deteriorated from
the natural ratio (1/1) to 1/1.21 against the females. A
similar situation was observed in other natural stocks of
the species. Cilbiz (2020) reported the female/male ratio
of crayfish as 1/1.28 for Hirfanli Dam Lake, Berber and
Balik (2006) 1/1.88 for Manyas Lake, Deval et al. (2007)
1/1.77 for some northern Marmara's reservoirs, and
Yuksel and Duman (2012) 1/1.22 for Keban Dam Lake.
The main reason for this situation is thought to be sex-
selective fishing. Since the abdominal meat yield of
female crayfish is higher than that of male crayfish,
although it is prohibited by law, fishermen can
occasionally only catch female crayfish in line with the
trader and market demands. This situation may cause a
decrease in the rate of spawner individuals and thus in
the participation in stock in the following years.

The b value of Egirdir Lake crayfish in the length-
weight relationship was found to be 3.041 in females,

FO1 - #- Fmax

- ¥- FO5

3.347 in males, and 3.215 in the female-male sex group.
All sex groups showed (+) allometry. Bok et al. (2013), in
their study examining the length-weight relationships of
crayfish populations in Alasehir Lake, Cildir Lake, Hirfanli
Dam Lake, Keban Dam Lake, Porsuk Dam Lake and
Watermelon Pond, reported that male individuals in all
locations showed (+) allometry similar to our study, but
either isometric or (-) allometry was displayed in the
female and female+male combined group. The
difference between the findings is generally thought to
be due to the length range of the individuals constituting
the sample and the sampling methodology. While the
abdomen of the females tends to grow especially after
the reproductive period, it is seen that the carapace is
larger in males than in females. Since the denser
carapace weighs more than the abdomen, males in the
same length group are heavier. The effect of this
situation is seen in the length-weight relationship graph
given in Figure 2.

In the population studies conducted so far
regarding the P. leptodactylus species, biomass has
generally been dealt with, but no comprehensive
evaluations have been made regarding the status of the
stock being operated. Bolat et al. (2011) investigated the
population size of crayfish in Egirdir Lake by marking
method, and the population density in the sampling
area was reported as 32,590 (min: August 27) and
73,503 (max: September 28). Yuksel and Duman (2011)
investigated the size of the crayfish population in Keban
Dam Lake with the Schnabel Method, and the total stock
for Agin, Keban, and Cemisgezek regions was estimated
to be 204,601 kg. (Yuksel et al., 2013), in their study
using the Leslie regression model (Leslie and Davis,
1939), estimated the size of the Keban Dam Lake
crayfish population consisting of individuals above the
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legal length at the beginning of the season as 28,450 kg
with the regression model they created using the
changes in the CPUE values corresponding to the fishing
effort applied from the beginning to the end of the
season. To determine the growth and mortality rates of
the species, two different studies were conducted using
the FiSAT Il (Gayanilo et al., 2005) software, and the
summary findings are given in Table 5. Until now the
preferred software for single species stock assessment
with length-frequency data has been the windows-
based program FiSAT Il due to its user-friendly, click-
based interface. The software is, however, limited in its
ability to import data and perform automated analyses
(Mildenberger et al. 2017)

When Table 5 is examined, it is observed that the
L values in our study were slightly higher than the other
studies. The main reason for this situation may be the
maximum lengths of the individuals sampled. The
maximum carapace length was 73.7 mm in the study of
Berber et al. (2012), and 78.00 mm in the study of Deval
et al. (2007), while it was found to be 80.95 mm in our
study. Another reason may be the techniques used in
the optimization of parameters. While optimization may
differ from user to user in other studies conducted with
Fisat I, TropFishR eliminates user-induced errors thanks
to its advanced algorithms and allows standard results

to be obtained for the same data. The K values reported
for the species varied between 0.40 and 0.68 in previous
studies, and it is believed that the difference is caused
by the sex distribution and habitat-related nutritional
conditions. The estimated exploitation rate (E) 0.78 is
quite high compared to other fishing areas in the
country. Another remarkable point in Table 5 is that the
fishing mortality (F) rates applied to male and female
individuals are different. This may be an indication that
sex-selective fishing is taking place. The deterioration of
the female-male ratio in natural environments can also
be explained in this way.

SoVBGP (Figure 3), which was drawn using growth
parameters determined by using TropFishR, has very
successfully modelled the growth of the species in the
natural environment. Unlike fish, crayfish are creatures
that can only grow by changing their shells, and
moulting is essential for growth (Cilbiz, 2021; Mclay &
van den Brink, 2016). In this context, the period of
moulting and the period in which growth takes place
corresponds to approximately the same months.
Growth should not be observed in crayfish that do not
change almost any shell in the winter season. When
Figure 3 is carefully examined, it can be seen that there
is no length increase in January, February, March, and
April, whereas when the water starts to heat up,

Table 4. The number of samples and monthly carapace length and total weight distributions

Month N Carapace length (mm) Total weight (g)
Min-Max Mean+SE Cl (95%) Min-Max Mean+SE Cl (95%)
Jun-2021 1144 21.54-80.62 44.42+0.28¢ 0.557 3.02-97.53 19.50+0.42¢d 0.82
Jul-2021 732 16.82-75.26 44.18+0.26¢ 0.682 0.7-88.84 17.4040.374d 0.735
Aug-2021 871 14.83-80.07 44.80+0.36¢° 0.704 0.55-93.45 19.83#0.41¢ 0.798
Sep-2021 1045 15.83-71.42 41.03+0.34¢ 0.673 0.6-76.82 16.01+0.37¢ 0.722
Oct-2021 760 19.24-71.80 42.47+0.414 0.803 1.31-89.49 18.76+0.56< 1.106
Nov-2021 891 21.70-80.95 49.74+0.39b 0.771 1.83-108.81 30.652+0.682 1.341
Dec-2021 2393 23.63-77.50 49.60+0.18P 0.351 2.4-113.06 27.93+0.30¢ 0.579
Jan-2022 63 31.88-68.95 50.82+0.732b 1.467 6.67-70.98 28.71+1.36%P 2.711
Feb-2022 919 19.45-70.81 45.48+0.35¢ 0.691 1.04-78.97 22.95+0.50b 0.974
Mar-2022 2051 21.41-75.22 48.75+0.22b 0.422 1.35-90.35 26.51+0.33b 0.643
Apr-2022 2458 20.49-79.38 50.61+0.192 0.368 1.35-106.54 29.95+0.312 0.604
May-2022 1592 25.36-77.79 48.60+0.23bP 0.445 2.71-111.31 27.56+0.38b 0.749
Table 5. Summary result of some population dynamics studies carried on P. leptodactylus
Author Locality Sex Leo K V4 F M E
Deval l. h
eval et a some northern Q45T 80.8 0.40 211 1.53 0578 0.72
(2007) Marmara reservoirs
°L 73.45 0.61 1.87 1.06 0.81 0.57
Manyas Lake
fofes 81.90 0.55 1.52 0.82 0.70 0.54
Berber et al. o] 74.96 0.46 1.78 1.13 0.65 0.63
Uluabat Lake
(2012) ga 76.81 0.51 1.69 0.91 0.68 0.57
. o 71.47 0.41 1.79 1.19 0.60 0.66
Iznik Lake
fofes 69.97 0.68 1.78 0.03 0.85 0.53
e 89.07 0.54 - - - -
Current study Egirdir Lake fofes 87.02 0.57 - - - -
QR+ 86.06 0.59 3.02 2.38 0.64 0.78
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significant growth occurs especially in the 1-year-old
group in the May-October period when the shell
changes start. In support of this idea, Cilbiz (2021)
reported in his study conducted at Hirfanli Dam Lake
that he did not sample soft-shelled crayfish in
November, December, January, February, and March,
but observed soft-shelled crayfish in other periods,
especially in May.

In our study, the length-based Thompson and Bell
(1934) method was preferred for future product and
biomass estimation. In the study conducted by Chong et
al. (2019) evaluating the performances of 4 different
data-limited, length-based stock assessment methods
(length-based Thompson and Bell (7B), length-based
spawning potential ratio (LBSPR), length-based
integrated mixed effects (/ime), and length-based risk
analysis (LBRA)), it was stated: "In the absence or
uncertainty of such knowledge on life history,
recruitment, and exploitation, LBSPR and TB can be
expected to perform more consistently than LIME and
LBRA in the rapid assessment of limited data of a single
year”.

Conclusions

In the concept of data-limited, length-based stock
assessment, TropFishR is very successful in the effective
evaluation of limited data. It has filled an important gap
in the evaluation of stocks, especially crayfish, where
age determination is almost impossible. In this context,
the widespread use of natural resources will contribute
positively to the sustainable use of natural resources.
Within the framework of the estimated biological
reference points, considering (/) the E value predicted as
0.78 at a level higher than 0.5, (/) the Feurr / Fmax ratio
predicted as 1.79 at a level higher than 1, and finally (///)
the SPR ratio as 0.13, which is considerably below 0.40,
which is acceptable for many stocks, it can be said that
the crayfish stock of Egirdir Lake is overfished. If the limit
SPR ratio is predicted to be 0.20 and 0.40 at the target
SPR rate, fishing-related death should be reduced to Fos
levels. In this case, the current fishing pressure needs to
be reduced by approximately 82%. In this context, it is
recommended that the fishing quota determined by the
administration as 1,000 tons for 2022 be reduced to 180
tons. In addition, fishing activities should be closely
monitored so as not to exceed the determined quota.
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