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Abstract. This study examines the monthly population
parameters of Pontastacus leptodactylus in Lake Yenicaga,
including sex, length, and weight compositions, length-weight
relationship, fecundity, morphometry, meat yield, and crayfish
plague ratio. For this purpose, 641 crayfish were collected
using fyke nets with a 34 mm mesh size. The females carrying
eggs were observed between February and May. The female
specimens carried between 103 and 841 eggs each, with
a diameter ranging from 2.03 to 2.82 mm. The research
revealed a size range of 80-168 mm and weight range of
15-133 g for crayfish specimens. As a result of regression
analyses, the length-weight relationship was calculated as W =
0.0392L°""*® for males and W = 0.0701L>°"*’ for females. The
population exhibited negative allometric growth based on the
length and weight data. The evaluation of meat yield was based
on the total meat yield, which comprises cheliped meat yield
and abdomen meat yield. The study found that 14.35% of the P.
leptodactylus population in Yenicaga Lake was affected by
crayfish disease. The results indicate that the P. leptodactylus
population in Lake Yenigaga has an overall healthy population
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structure, with a size suitable for fishing, and should be
considered from an economic standpoint.
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Introduction

Pontastacus leptodactylus, also known as the nar-
row-clawed crayfish or Turkish crayfish, is a species in
the family Astacidae, and is classified in the genus
(Crandall and De 2017).
P. leptodactylus has been identified in a wide geo-

Pontastacus Grave
graphical range including Europe and Asia (Skurdal
and Taugbel 2002). Although it is most abundant in
Eastern Europe and the Middle East, it has been intro-
duced into several countries by humans and has been
found in 32 territories in Europe (Kouba et al. 2014).

P. leptodactylus is an economically valuable spe-
cies thanks to its cultivation and harvesting. The
practice of crayfish fishing was first initiated in Tur-
key in 1961, and since 1968, these organisms have
been exported primarily to European countries. Tur-
key became the leading supplier of P. leptodactylus
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in the world through exports of crayfish from 1970 to
1986 (Koksal 1988, Harlioglu and Harlioglu 2009).
However, the crayfish plague (Aphanomyces astaci),
which was detected widely in Turkish inland waters
after 1985, affected numerous crayfish populations.
In numerous lakes and ponds, including Lake
Yenicaga, the subject of this study, crayfish popula-
tions were significantly impacted by the disease, re-
sulting in substantial declines in catch rates (Koksal
1988). This is reflected in Turkey’s crayfish produc-
tion, which declined from 7,936 tons in 1984 to
1,565 tons in 1987 and further to 320 tons in 1991.
Nevertheless, the production of P. leptodactylus has
demonstrated a recovery, reaching 1,233 tons by
2020 (Cilbiz et al. 2020).

In order to protect the population and ensure
sustainable fishing, it is important to know the char-
acteristics of the crayfish and the size of the popula-
tion. Biological research on this subject is crucial in
providing valuable results on crayfish populations,
and is also valuable in terms of commercial manage-
ment and for determining harvesting bans. In
Yenicaga Lake, there has been no research on the
population parameters of P. leptodactylus. For this
reason, some biological parameters of the P.
leptodactylus population (length and weight distri-
bution of male and female specimens, length-weight
ratio, fecundity, morphological characteristics, meat
yield, and the rate of crayfish plague in the popula-
tion) were determined within the framework of this
research for a period of one year.

Materials and methods

This study was conducted in Lake Yenicaga
(40°47°N, 32°01’E), which is a tectonic, eutrophic,
shallow lake in the northwestern Black Sea region
and is recognized as one of Turkey’s important
2004).
P. leptodactylus was one of the commercially har-

wetlands  (Saygt and  Demirkalp
vested species in Lake Yenicaga until 1986. After
the occurrence of crayfish plague in Turkish inland

waters, crayfish stocks in Lake Yenicaga were also

negatively affected, and commercial crayfish har-
vesting could not be conducted in the lake for a long
time. The effects of crayfish plague gradually de-
creased when harvesting was halted (personal com-
munication).

Monthly crayfish sampling was conducted using
fyke nets with a 34 mm mesh size between May 2017
and April 2018. Fyke nets were cast into the water at
three different stations. A total of 641 crayfish sam-
ples were obtained and fixed in 70% ethyl alcohol.
After washing the crayfish with water to remove the
ethyl alcohol, they were separated by sex. Male speci-
mens were identified by their gonopods. Any speci-
mens displaying symptoms of crayfish plague, the
presence of brown spots on the carapace of the or-
ganisms, were isolated from the healthy population
and counted separately.

Each specimen was weighed with a Radwag
AS220X2 digital scale (0.1 g sensitivity), and their to-
tal lengths and body measurements (carapace length,
carapace width, abdominal length, abdominal width,
cheliped length, and cheliped width) were measured
with an AGT-00121 digital caliper (to the nearest 0.1
mm) (Rhodes and Holdich 1984). The Le Cren
(1951) equation was used to determine the relation-
ship between length and weight - W = al’. In this
equation, W is the total weight (g), L is the total
length (mm), and a and b are regression parameters.
Egg diameters were determined by measuring 50
randomly selected eggs from each of 38 egg-bearing
females using a digital caliper. A total of 152 speci-
mens were selected from healthy crayfish and sub-
jected to a meat yield examination. The crayfish were
boiled for 5 minutes and then allowed to cool at room
temperature (Huner et al. 1995). The meat in the ab-
dominal and cheliped parts of each specimen was
separated using a scalpel and weighed with the digi-
tal scale. To determine the statistical significance of
the differences between the sexes, the length, weight,
morphometric characteristics, and meat yield of male
and female specimens were analyzed using a t-test.
Statistical analysis was performed with the SPSS
20.0 program.
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Table 1
Total weight, total length, and morphometric characteristics of Pontastacus leptodactylus in Lake Yenicaga

Female Male

Parameters Min Max Avg SD Min Max Avg SD P value
Total weight (g) 15.00 112.00 45.86 17.25 16.00 133.00 54.21 24.04 P<0.05
Total length (mm) 86.00 168.21 117.45 17.46 80.00 162.20 11694 18.09 P> 0.05
Carapace length (mm) 41.00 76.00 58.52 7.96 36.80 84.20 60.50 9.46 P <0.05
Carapace width (mm) 20.00 42.31 30.70 4.69 20.00 45.00 31.92 5.64 P <0.05
Abdominal length (mm) 39.80 76.96 59.25 9.10 37.10 77.20 56.23 8.54 P>0.05
Abdominal width (mm) 18.00 46.45 30.96 6.29 16.00 35.55 25.87 4.31 P <0.05
Cheliped length (mm) 24.26 56.96 39.12 6.91 24.14 87.27 50.39 13.26 P <0.05
Cheliped width (mm) 8.04 22.44 15.50 2.87 8.99 30.72 17.45 4.26 P <0.05

Results

A total of 641 crayfish (245 females and 396 males)
were caught during the annual sampling period from
Lake Yenicaga. The total length of the specimens
ranged from 80 to 168 mm. The size distributions of
males (80-162 mm) and females (81-168 mm) were
similar. The weight of the crayfish ranged from 15 to
133 grams (Table 1). The relationship between the
length and weight of the crayfish population in Lake
Yenicaga was analyzed using all 641 crayfish speci-
mens (Fig. 1). The b values for the male and female
crayfish in the Lake Yenicaga crayfish population
were 2.914 and 2.613, respectively. Length-weight
relationship equations were calculated for males and
W = 0039277 and W
0.07011%0139, respectively. The results indicated
that the population of P. leptodactylus in Lake

females at

Yenicaga showed negative allometric growth, which
meant that the crayfish become slenderer as weight
increased. The determination coefficient (r2) between

Table 2

the length and weight of the freshwater crayfish sam-
ples was 0.9944 and 0.9917 for male and female
crayfish, respectively. These values, which are close
to 1, determined that there was a positive relation-
ship between length and weight. A comprehensive
examination was conducted on 38 egg-bearing fe-
male crayfish. The first observation of female speci-
carrying eggs
Subsequent monthly observations revealed that no

mens was made in February.
female specimens were observed carrying eggs after
May. During the breeding period, female crayfish
were observed to carry between 103 and 841 eggs
each, with an average of 270 to 422 eggs per speci-
men. The diameter range of the eggs was 2.03-2.82
mm, with an average diameter of 2.45 mm (Table 2).
The morphometric measurements (carapace
length, carapace width, abdomen length, abdomen
width, cheliped length, and cheliped width) of 641
crayfish revealed significant sexual dimorphism
(Table 1). The male crayfish exhibited significantly
larger carapace length, carapace width, cheliped

Number of eggs carried by female crayfish and egg diameter (mm) during the reproductive period

Number of Eggs Egg Diameter (mm)
Month Number of Individuals Min Max Avg = SD n Min Max Avg = SD
February 4 103 469 347 + 82.67 200 2.1 2.82 2.45+0.09
March 13 104 608 338 + 46.60 650 2.2 2.73 2.45+0.03
April 18 124 841 422 + 44.55 900 2.1 2.77 2.46+0.04
May 3 160 444 270 « 87.88 150 2.0 2.66 2.43+0.04
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Figure 1. Length-weight relationship of male and female crayfish in Lake Yenigaga.

length, and cheliped width compared to the female
crayfish (P < 0.05). The female crayfish exhibited
greater abdominal length and abdominal width
compared to the males. However, no significant dif-
ferences in abdominal length were observed (P >
0.05). A total of 152 crayfish samples were ran-
domly selected for the meat yield examination,
which was divided into three groups: abdominal
meat, cheliped meat, and total meat yield. The mean
abdominal meatyield was 3.39 g for males and 3.77
g for females. However, no significant difference
was observed between the sexes (P > 0.05). The av-
erage cheliped meat yield was 1.55 g in males and
090 ¢

in females, indicating a statistically

significant difference between the sexes (P < 0.05).
The total meat yield, obtained by combining the ab-
dominal and cheliped meat yields, averaged 4.94 g
for males and 4.70 g for females, which also did not
indicate a statistically significant difference be-
tween the sexes (P > 0.05) (Table 3). Crayfish
plague was detected in male specimens in all
months except March, June, and August, with an
average prevalence of 13.88% in the male popula-
tion. Female specimens exhibited signs of crayfish
plague in the majority of sampling months, with an
average of 15.10% affected. The overall prevalence
of the disease in the crayfish population was
14.35%.
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Table 3

Meat yield of Pontastacus leptodactylus in Lake Yenicaga

Male Female
Parameters Length (mm) n Avg + SD n Avg = SD P value
Abdominal meat (g) 40-49 15 1.69+0.48 8 1.24+0.56 P <0.05
50-59 34 3.3x1.01 20 3.46+1.18 P> 0.05
60-69 43 4.05+1.26 32 4.60+£1.47 P> 0.05
Average 58.18 92 3.39+1.34 60 3.77+£1.69 P>0.05
Cheliped meat (g) 40-49 15 0.46=0.20 8 0.28+0.11 P>0.05
50-59 34 1.42+0.61 20 0.81+0.28 P <0.05
60-69 43 2.03+0.99 32 1.15+0.51 P <0.05
Average 58.18 92 1.55+0.95 60 0.92+0.50 P <0.05
Total meat (g) 40-49 15 2.16+0.66 8 1.52+0.65 P <0.05
50-59 34 4.72+1.49 20 4.27+1.36 P> 0.05
60-69 43 6.09£2.04 32 5.76+1.84 P>0.05
Average 58.18 92 4.94+2.16 60 4.70+2.09 P> 0.05
Discussion considerably, with males significantly heavier than

The findings from this study, aimed at understanding
the P. leptodactylus population in Lake Yenicaga,
were compared with other studies in the literature,
and the biological characteristics of the species were
evaluated.

The female-to-male ratio of all specimens caught
during the study was 0.62:1.00. While the sex ratio
of female to male is close to 1:1 in Astacidae species,
there are known variations (Reynolds et al. 1992).
These differences in sex ratio are believed to arise
from seasonal differences between male and female
crayfish (Aydin et al. 2015). Several studies on P.
leptodactylus have demonstrated a higher probabil-
ity of capturing male specimens during the breeding
season compared to females (Berber and Balik 2009,
Dartay and Atessahin 2013, Aydin et al. 2015). The
female-to-male sex ratio observed in our study at
Lake Yenigaga is consistent with findings from simi-
lar research conducted across Turkey.

The study found that female P. leptodactylus in
Lake Yenicaga had a slightly higher average total
length than males, but the difference was not statisti-
cally significant (P > 0.05) (Table 1). The weight dis-
tribution of P. leptodactylus in Lake Yeni¢aga varied

females (P < 0.05) (Table 1). This pattern is consis-
tent with observations in other crayfish populations,
where males are typically heavier than females
(Dartay and Atessahin 2013, Vasileva et al. 2017).
This is attributed to the larger size of their chelipeds
and walking legs. Additionally, crayfish in Lake
Yenicaga exhibited a higher average weight com-
pared to other populations, likely due to the absence
of active harvesting, which allows specimens to grow
larger.

The b values acquired at the end of the regression
analyses indicate that the P. leptodactylus population
in Lake Yenicaga exhibited negative allometric
growth for both male and female specimens (Fig. 1).
Comparative studies revealed that the b value indi-
cated negative allometric growth in both male and fe-
male crayfish in Gaga Lake (Yilmaz et al. 2011).
Isometric growth was observed in females and posi-
tive allometric growth in males in Lake Iznik and
Demirkoprii Dam Lake (Balik et al. 2005, Aydin et
al. 2015). In Mamasin Dam Lake and Keban Dam
Lake, females exhibited negative allometric growth,
while males demonstrated positive allometric growth
(Biiylikgapar et al. 2006, Dartay and Atessahin
2013). In Lake Apolyont, females showed negative
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Table 4

Growth types of different Pontastacus leptodactylus populations

Location n b Growth Type Literature

Iznik Lake
Female 896 3.011 Isometric Aydin et al. 2015
Male 1001 3.301 Positive Allometric

Mamasin Dam Lake
Female 194 2.754 Negative Allometric ~ Biiyiikgapar et al. 2006
Male 356 3.104 Positive Allometric

Keban Dam Lake
Female 27 2.338 Negative Allometric ~ Dartay and Atessahin 2013
Male 63 3.018 Positive Allometric

Gaga Lake
Female 129 2.490 Negative Allometric Yilmaz et al. 2011
Male 131 2.550 Negative Allometric

Apolyont Lake
Female 573 2.955 Negative Allometric Berber and Balik 2009
Male 843 3.025 Isometric

Demirkgprii Dam Lake
Female 113 3.054 Isometric Balik et al. 2005
Male 233 3.266 Positive Allometric

Yenicaga Lake
Female 245 2.613 Negative Allometric ~ This study
Male 396 2.914 Negative Allometric

allometric growth, whereas males exhibited isomet-
ric growth (Berber and Balik 2009) (Table 4).
Vasileva et al. (2017) examined the length-weight re-
lationship in three distinct age groups and observed
negative allometric growth in two-summer-old fe-
male crayfish groups. Conversely, they found positive
allometric ~ growth  in  one-year-old and
one-summer-old female and male crayfish and
two-summer-old male crayfish. A strong correlation
exists between growth and shell change in crayfish,
particularly in younger specimens that experience
rapid growth and frequent molting during their ini-
tial years. After reaching reproductive maturity, cray-
fish shells begin to thicken during the growth period.
In some species, weight gain from shell changes can
exceed three times the length increase. Male crayfish
often show increased cheliped weight during molt-

ing, while females typically exhibit negative

allometric or isometric growth (Harlioglu 1999). Dif-
ferences in the length-weight relationship observed
in this study compared to others may be due to fac-
tors such as trophic level, population density, food
competition, human influences, and environmental
physicochemical parameters.

P. leptodactylus is one of the most productive Eu-
ropean crayfish species, with a female egg yield of be-
tween 200 and 400 (Harlioglu and Harlioglu 2009).
In Lake Yeni¢aga, females carried an average of 270
to 422 eggs, with an average egg diameter of 2.45
mm. In studies conducted in different regions of Tur-
key, the average number of eggs carried by P.
leptodactylus specimens was 170 in Lake Egirdir,
156 in Lake Beysehir, 161 in Lake Eber, and 161 in
Lake Aksehir. Egg diameter was between 2.44 and
2.49 mm in crayfish populations in Lake Egirdir,
Lake Aksehir, and Lake Eber (Erdemli 1982). It was
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found that the egg productivity in the Lake Yenicaga
crayfish population was higher than in other popula-
tions. The size of crayfish eggs is influenced by sev-
eral environmental factors, including parasitism,
predator pressure, water quality, and nutrition. The
high number of eggs obtained per female in Lake
Yenicaga relative to other lakes can be attributed to
the absence of crayfish harvesting and the region’s
ecological conditions.

In this study, the male crayfish exhibited signifi-
cantly larger carapace length, carapace width,
cheliped length, and cheliped width compared to the
female crayfish (P < 0.05), and females exhibited
a significantly wider abdomen than males (P < 0.05).
In Manyas Lake, male crayfish exhibited greater
cheliped length and width than females, while fe-
males demonstrated higher values for total length,
carapace length and width, and abdominal length
and width (Berber and Balik 2009). Similarly, in
Iznik Lake, females generally exhibited larger sizes
than males. (Aydin et al. 2015). Vasileva et al. (2017)
conducted a study in Bulgaria that showed males had
greater carapace and cheliped length and width,
while females had greater abdominal length and
width. Aksu and Kaya (2017) found that male cray-
fish in Ardahan Aktas Lake had larger carapaces
than females, while females exhibited larger abdo-
men width. Dartay and Atessahin (2013) observed
that males in the Pertek Region of Keban Dam Lake
surpassed females in total length, carapace width,
and cheliped size, while females had a greater ab-
dominal length and width. In contrast, in the Vrbas
River, male crayfish had a greater abdominal length
(Rolji¢ et al. 2019). The morphometric analyses sug-
gest that the crayfish from Lake Yenicaga have simi-
lar body morphometry to other naturally occurring
populations, which is consistent with the literature.
The larger body length of males may be due to more
frequent molting, while the wider abdomen mea-
surements in females may be linked to their use of
the abdomen for carrying eggs.

The edible meat of freshwater crayfish is primar-
ily derived from the abdominal meat, although total
meat yield calculations also include cheliped meat
(Berber 2005). In this study, females had a higher

abdominal meat yield compared to males, while
males demonstrated greater cheliped and total meat
yields. However, only differences in the cheliped
meat yield was statistically significant (P < 0.05) (Ta-
ble 3). Females typically show an increase in abdomi-
nal meat yield only during the breeding period,
whereas males generally exhibit higher yields in both
cheliped and abdominal meat (Harlioglu and
Holdich 2001). The meat yield values noted in the
present study were similar to those of crayfish in
Ardahan Aktas Lake, where males were more pro-
ductive than females in terms of abdominal,
cheliped, and total meat yield (Aksu and Kaya 2017).
This is consistent with findings from Gaga Lake,
where males had significantly higher meat yields
(Yilmaz et al. 2011). Conversely, in Apolyont Lake,
males exhibited a lower abdominal meat yield than
females, while no differences in total meat yield were
noted. (Berber and Balik 2009). The findings from
Lake Yenicaga align with those of other populations.
The higher meat yield in males may be attributed to
their more active feeding habits and frequent molt-
ing, resulting in greater meat yield, particularly in the
chelipeds.

Crayfish plague (A. astaci), a fungal-like disease,
has caused a significant decline in native European
freshwater crayfish populations since the 1860s. The
populations in Turkey were also affected by this dis-
ease, but they have recently begun to recover
(Harlioglu and Harlioglu 2009). In this study, we as-
sessed the prevalence of crayfish plague in the P.
leptodactylus population in Lake Yeni¢aga. On aver-
age, 15.10% of female and 13.88% of male speci-
mens were found to have the disease. In a healthy
population, the prevalence of crayfish plague is typi-
cally around 20%. If this threshold is exceeded in
Lake Yenicaga, this could potentially threaten the
stability of the population and lead to a decline in the
crayfish stock in the lake (Koksal 1988). However,
the current prevalence of crayfish plague is below the
level that could threaten the future stability of the
crayfish population in the lake. Nevertheless, regular
monitoring is very important due to the presence of
disease symptoms.
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The collection and analysis of data on the biologi-
cal characteristics of crayfish populations are crucial
for the maintenance of ecosystem balance and the
potential development of practical cultivation strate-
gies. The comprehensive results demonstrate that the
P. leptodactylus population in Lake Yenicaga exhib-
its a healthy population structure, with an optimal
size for fishing, and should be considered from an
economic standpoint. It is recommended that cray-
fish fishing in Lake Yenicaga, where it is currently
not practiced, be initiated in compliance with rele-
vant legislation, and comprehensive information on
the regulations should be communicated to fishers.
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