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Abstract  

This study aimed to determine some morphological characteristics of freshwater crayfish 
(Astacus leptodactylus Eschscholtz 1823) populations in various water resources in 
Turkey. We present the relationships between total length (TL), carapace length (CL), 
chelae length (ChL), abdomen length (AL) and total weight (W) for Astacus 
leptodactylus from three lakes, three dam lakes and an irrigation lake. The values of the 
exponent b of the length˗weight relationships ranged from 1.0760 to 3.6939 and 
intercepts from 1.0760 to 3.6939 for combined data. The r2 values ranged from 0.6599 to 
0.9561 and relationships were estimated highly significant (P<0.05). Differences in 
slopes of regression lines between sexes as well as among locations were not significant, 
tested by ANCOVA. 

Key words: Crayfish, morphometric characteristics, length˗weight relationship, 
allometric growth. 

Introduction 

Length˗weight relationships have several applications, namely, in fish biology, 
physiology, ecology and fisheries assessment. According to Andrade and 
Campos (2002), this is widely used in the analysis of fishery data and 
particularly useful when sampling large species, mostly because of the difficulty 
and time required to record weight in the field. Length˗weight relationships 
(LWR) for fish are estimation of average weight of the fish of a given length 
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group (Mendes et al. 2004; Tosunoğlu et al. 2007). Besides the estimation of 
weight from length (Beyer 1991), the fish LWR, which describe mathematically 
the correlation between fish length and weight, are useful for the conversion of 
growth˗in˗length equations to growth˗in˗weight for use in stock assessment 
models (Lindqvist and Lathi 1983; Deval et al. 2007), to estimate stock biomass 
from limited sample sizes (Verdiell˗Cubedo et al. 2006). They also allow 
morphological comparisons among species or among populations of the same 
species from different habitats and/or regions at similar or different times 
(Moutopoulos and Stergiou 2002; Etchison et al. 2012). At the same time, 
length˗ weight relationships for fish were originally used to provide information 
on the condition of fish and to determine whether somatic growth was isometric 
or allometric (Ricker 1975). Estimates of the relationship parameters a and b 
can be related to ecological processes and life history.  

Environmental factors may impact crayfish growth by affecting feeding 
behavior, foraging efficiency, and the availability and quality of food resources. 
The relationship between pre˗molt and post˗molt length has been used to 
describe growth and the effects of environmental conditions on growth patterns, 
but the functional relationships vary. Length˗weight patterns may have the 
potential for indicating differential growth that may be associated with the 
severity of environmental stress across the range of a species (Westman and 
Savolainen 2002; Olsson 2008). 

In the present work we report the length˗weight relationships for Astacus 
leptodactylus from diverse geographic areas, describing the variation of the 
regression parameters among seven different geographical locations. 

Material and Methods 

A. leptodactylus specimens were collected in seven inland waters: Avşar Dam 
Lake (1), Çıldır Lake (2), Eğirdir Lake (3), Hirfanlı Dam Lake (4), Keban Dam 
Lake (5), Porsuk Dam Lake (6) and Karpuzlu Pond (7) (Figure 1). 

 
Figure 1. Seven inland waters in Turkey where Astacus leptodactylus were sampled       

in this study 
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The carapace length (CL), chelae length (ChL), abdomen length (AL) and total 
length (TL) of each specimen were measured with a digital caliper to the nearest 
0.1 mm, while weighted to the nearest 0.01 g, and each specimen was sexed 
(Rhodes and Holdich 1979). LWRs were estimated by fitting an exponential 
curve, W = aLb, to the data (Ricker 1973; 1975). Parameters a and b of the 
exponential curve were estimated by linear regression analysis over 
log˗transformed data (log W = log a + b log L), where W is the total weight (g), 
L the total length (cm), a the intercept (initial growth coefficient or condition 
factor) and b the slope (growth coefficient, i.e., fish relative growth rate), using 
the least˗squares method. The null hypotheses of isometric growth (H0: b = 3) 
were tested by the t –test, using the statistic: ts = (b˗3)/Sb, where Sb is the 
standard error of slope, for α=0.05 (Sokal and Rohlf 1981). For testing 
significant differences among slopes (b) between two regressions for the sexes, 
a t˗test was also used. Additionally, we used analysis of covariance (ANCOVA) 
to compare more than two slopes when testing for differences in LWR of A. 
leptodactylus at Keban Dam Lake, Porsuk Dam Lake, Karpuzlu Pond, Çıldır 
Dam Lake, Eğirdir Lake, Hirfanlı Lake and Avşar Dam Lake (Zar 1999). All 
statistical differences were considered significant at P<0.05. 

Results 

A total of 1122 A. leptodactylus (523 female, 599 male) were collected from 
three lakes, three dam lakes and an irrigation lake of Turkish inland waters, 
where the crayfish populations were exploited. TL ranged from 80 to 183 mm. 
A significant difference in mean TL was found between lakes (F=80.82, 
P<0.05), except between Avşar Dam Lake and Porsuk Dam Lake (P=0.352). 
TW ranged from 13.77 to 178.93 g. There was significant difference between 
lakes in overall weight (F=59.44, P<0.05), while statistically significant 
difference was not found between Çıldır Lake and Keban Dam Lake (P=0.750). 
The smallest crayfish specimen was analyzed 801 mm TL and weighed 13.77 g., 
the biggest specimen was 183 mm TL and weighed 178.93 g, which were 
caught in the Avşar Dam Lake and Karpuzlu Pond, respectively (Table 1). 
LWRs of crayfish are summarized in Table 1. The slope of regression lines 
between male and female derived by ANCOVA indicated significant variation. 
The slope did not differ indicating a significant variation in the growth pattern 
between sexes (P>0.05) (Table 1).  

The regression equation for the allometric coefficient of A. leptodactylus varied 
between 2.4158 (Porsuk Lake) and 2.958 (Eğirdir Lake) for females, 2.968 
(Eğirdir Lake) and 3.439 (Karpuzlu Pond) for males (Table 1). The LWR of 
combined data of males and females from seven different geographical locations 
indicated that the value of b was above 3. The estimated values of the b 
parameter ranged from 2.4158 to 3.439 (Table 1), corresponding to a median 
value of 3.0436, whereas 50% of values of b were in the interval between 
2.8162 and 3.2595. Higher values of the b parameter (3.0253–3.335) were found 
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in this study. The values for allometric coefficient b of the LWRs were close to 
isometric growth for combined values for both sexes in the Keban Dam Lake, 
Porsuk Dam Lake, Çıldır Lake, Eğirdir Lake, Hirfanlı Dam Lake and Avşar 
Dam Lake. However, positive allometric growth was suggested for A. 
leptodactylus in the Karpuzlu Pond. The coefficient of determination (r2) of the 
LWRs varied between 0.7008 (Porsuk Dam Lake) and 0.8989 (Çıldır Lake) for 
both sexes combined, with a median value of 0.8814 and the r2 values were > 
0.90 in nine cases for male and female. All models were statistically significant 
(P<0.05). 

The carapace length˗weight (CL˗W) relationship of crayfish was estimated 
separately (Table 2). The largest value of the b parameter was estimated 3.4572 
for male (Keban Dam Lake), while the lowest value was 2.405 for females 
(Porsuk Dam Lake). The median value of b was 2.9807, while 50% of the b 
values were between 2.7745 and 3.1089. The CL˗W relationships showed 
isometric growth except Keban Dam Lake (positive allometry). ANCOVA was 
performed to compare the slope of regression lines between males and females, 
and seven different inland waters. The results indicated that there was no 
significant difference (P>0.05) between sexes for all the chosen variables, while 
statistically significant differences were found between the seven lakes 
(P<0.05). All relationships were highly significant (P<0.05), that most r2 values 
were greater than 0.9016; except for Porsuk Dam Lake, which showed a good fit 
to the exponential curve.  

 
Figure 2. Length˗weight relationships (log a vs. b) for Astacus leptodactylus from seven 

different inland waters in Turkey 

 
The chelae length˗weight (ChL˗W) relationships indicated a positive allometric 
growth (b values: 1.076˗2.1873). A negative allometry growth was observed 
only in female of the Çıldır Lake, while a positive allometry growth condition 
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was observed for the rest of samples. The result of ANCOVA showed ChL˗W 
relationships was significantly different between sexes (P<0.05). The coefficient 
of correlation of the ChL˗W relationships ranged between 0.6769 and 0.9409 for 
male, female and combined sexes. It was also very low (r2=0.6769) for female 
in Porsuk Dam Lake, whereas all remaining values of b were higher than 0.7164 
(Table 3) and were all statistically significant (P<0.05). 

The values obtained for the abdominal length˗weight (AL˗W) relationship 
showed negative allometric growth in Porsuk Dam Lake, Hirfanlı Dam Lake 
and Eğirdir Lake, while isometric growth was seen in Karpuzlu Pond, Çıldır 
Lake, Avşar Dam Lake and Keban Dam Lake for both sexes combined (Table 
4). The values of b ranged from 2.0981 for females in Porsuk Dam Lake to 
3.6939 for males in the Çıldır Lake, corresponding to a mean values of 
2.8365(±0.3756) and a median value of 2.9072. The significance of variation 
between the 14 regressions lines were tested by ANCOVA. It was found that 
there was no significant difference in the regression lines (P>0.05). All AL˗W 
relationships were significant (P<0.05) with r2 values greater than 0.6599 
(Figure 2). 

Discussion 

In this study, 1122 Astacus leptodactylus were measured to present descriptive 
statistic values for males, females, and combined sexes. It was determined that 
mean TL, CL, ChL and W of the male individuals was greater than those of the 
females (s 1, 2 and 3). On the other hand, AL of females was greater than that of 
males (Table 4). Since the samples of crayfish were provided by an export 
company, the samples did not include juvenile individuals. Additionally, these 
data were not representatives of a particular season or time of the year and for 
comparison purposes should be considered only as mean annual values, as 
suggested by Petrakis and Stergiou (1995) and Gonçalves et al. (1997). 

Variation in morphometric traits may also be largely affected by environmental 
factors such as feeding, behavior, foraging efficiency, and the availability and 
quality of food resources (Lindquist and Lathi 1983; France 1985). 
Environmental conditions influence crustacean growth by effecting molt 
intervals and incremental increases in length and weight. 

The relationship between body length and weight is an important and widely 
used equation in fishery studies, fish length being the easiest parameter to 
measure, particularly in the field. During their development, crustaceans are 
known to pass through stages in their life history which are defined by different 
length˗weight relationships. The parameter b is characteristic of species and 
generally does not vary significantly throughout the year, unlike the parameter 
a, which may vary daily, seasonally, between different habitats, water 
temperature and salinity, sex, food availability, differences in the number of 
specimens examined, as well as in the observed length ranges of the species 
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caught (Tesch 1971; Kleanthids et al. 1999). It is generally accepted that b 
values, if different from 3 indicate that the shape of fish changes with growth, 
while a value of 3 characterizes an isometric one (Anderson and Neumann 
1996). In the present study, growth was isometric for six areas (P>0.05) 
(Alaşehir Lake, Eğirdir Lake, Çıldır Lake, Hirfanlı Dam Lake, Keban Dam Lake 
and Porsuk Dam Lake) except for Karpuzlu Irrigation Lake, which displayed a 
positive allometry. Similar results were reported for Procambarus zonangulus 
(Romaire et al. 1977), Procambarus alleni (Acosta and Perry 2000), 
Procambarus leniusculus (Westman and Savolainen 2002), Austropotamobius 
torrentium (Streissl and Hödl 2002), Procambarus acutus acutus (Mazlum et al. 
2007) and Procambarus clarkia (Correia and Costa 1994). Local environmental 
factors are partly responsible for differences found in Turkey. In the present 
study the b values were estimated between 2.4158 and 3.4390. b values 
identified by other authors varied from 2.1166 to 3.66685 in Turkey (Köksal 
1988; Duman and Pala 1998; Köksal et al. 2003; Balık et al. 2005; Harlıoğlu 
and Harlıoğlu 2005; Güner 2006; Deniz et al. 2010). 

The relationships between carapace length and weight have many uses. They 
are, for example, indicators of condition and can be used to calculate biomass 
and to estimate the recovery of edible meat from crayfish of various sizes. They 
also have a practical value since they make it possible to convert length into 
weight and vice versa. On the other hand, body weight and total length, 
carapace length and carapace width are the most frequently used dimensions in 
the study of crustaceans (Atar and Seçer 2003). There are several possible 
explanations for such a pattern but the most likely in this case being different 
growth rates between sexes. This pattern can be obtained by the overlapping of 
two normally distributed cohorts showing different, and in Crustacea step˗like, 
growth rates (Abelló et al. 1990). There was non˗homogeneity in carapace 
length˗weight relationship of males, females and combine sexes in Alaşehir 
Lake, Hirfanlı Dam Lake, Keban Dam Lake, Porsuk Dam Lake and Karpuzlu 
Irrigation Lake, whereas there was homogeneity in males females and combine 
sexes in Eğirdir Lake and Çıldır Lake. The results obtained from Eğirdir Lake 
and Çıldır Lake are in good agreement with the previous studies (Harlıoğlu and 
Harlıoğlu 2005; Bolat 2001) when compared to the carapace length˗weight 
relationship. Isometric growth between 2.7531 and 2.8786 was observed only in 
females of Eğirdir Lake, Çıldır Lake and Keban Dam Lake. Some crayfish 
species show allometric differences in growth whereby males develop large 
chelae and females develop wider abdomens when they become reproductively 
mature (Lowery 1988). A negative allometric growth condition was observed 
for Alaşehir Lake, Hirfanlı Dam Lake, Porsuk Dam Lake and Karpuzlu 
Irrigation Lake populations; such changes in the b value may be attributed to 
certain environmental factors such as over fishing, food competition and the 
trophic potential of the lakes. 

The ChL˗W relationships of male, female and both sexes combined showed 
positive allometric growth (b<3), except for Çıldır lake, which displayed a 
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negative allometry. Similar relations were found for O. limosus by Ďuriš et al. 
(2006). The positive allometry in growth of chelae correlated to the sexual 
maturity of male crayfish (Schulz and Śmietana 2001; Hamr 2002). This may 
reflect the fact that male chelae undergo allometric growth during ontogeny, 
while female chelae grow isometrically (Mason 1975; Elser et al. 1994). In the 
current study, the b–values were generally in good agreement with the results 
obtained from other geographical areas. 

The disproportionately rapid growth of chelae in males has been compared with 
females (Wang et al. 2011). Males with large chelae are more successful in 
copulating with females and often overpower females much larger than 
themselves (Stein 1976; Buřič et al. 2010). Rhodes and Holdich (1979) 
identified diphasic chelae growth in male and female Austropotamobis pallipes; 
male chelae grew significantly faster than female chelae after sexual maturity. 
This disparity is primarily due to the accelerated development of the chelae in 
sexually mature males, whereas chelae of females remain isometric throughout 
life (Maguire and Dakić 2011). ChL˗W relationships are important factors for 
determining aggressive behavior and competitive outcomes. Because crayfish 
species compete for limited resources such as food and shelter, space is 
significant in determining the competitive outcome (Garvey and Stein 1993; 
Mazlum et al. 2007).  

The abdomen of juveniles and males grows almost isometrically; on the other 
hand, the growth observed in female abdomen, correlated to sexual maturity of 
female crayfish, is positive allometry (Ibbotson and Furse 1995). A large female 
abdomen may increase the capacity for carrying eggs, which increases the 
potential reproductive fitness as it is the case of most Decapoda (Grandjean et 
al. 1997). Our results on the regression coefficients for the AL˗W comparisons 
indicated isometric for weight in all treatments. That means the weight 
increased at a faster rate than the cube of the abdomen length (i.e. slope >3.0).  

The morphometric characters would be helpful in comparing the same species in 
different locations. There are different populations of A. leptodactylus in 
Turkey. It can be concluded that the study of morphometric characters could be 
used to describe populations. This study also provides basic information on the 
length˗weight, carapace length˗weight, chelae length˗weight and abdomen 
length˗weight relationships that would be useful for sustainable fisheries 
management, part of recovery programs, or management and conservation 
activities in the inland fisheries of Turkey. Hence, the results of the study will 
make useful information, needed for the effective management and utilization of 
this resource in these areas, where the crayfish occurs. 
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Türkiye’de 7 farklı içsu kaynağından yakalanan  
Astacus leptodactylus (Eschscholtz 1823)’un bazı morfolojik 
özelliklerinin incelenmesi üzerine bir çalışma 

Özet 

Bu çalışmada, Türkiye’nin farklı tatlı su kaynaklarındaki tatlı su istakozu (Astacus 
leptodactylus Eschscholtz 1823)’un bazı morfolojik ve populasyon karakterlerinin 
belirlenmesi amaçlanmıştır. Astacus leptodactylus’un toplam boyu (TL), karapaks boyu 
(CL), chelae boyu (ChL), abdomen boyu (AL) ve yaş ağırlığı arasındaki ilişki üç göl, üç 
baraj gölü ve bir sulama göletin için gösterilmiştir. Boy ağırlık ilişkisinde tüm bireyler 
için b değeri 1,0760˗3.6939 ve a değeri 1.0760˗3.6939 arasında bulunmuştur. Korelasyon 
katsayı değeri r2= 0,6599˗0.9561 arasında olup aralarında güçlü bir ilişki olduğu 
belirlenmiştir (P<0.05). Dişi ve erkek bireyler arasında regresyon eğim çizgisinin 
farklılığı ANCOVA testi ile test edilmiştir. Kerevit örneklerinin elde edildiği bölgeler 
arasındaki farklılıklar da farklı bulunmuştur. 
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