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Introduction

The present study was to evaluate diversification of crayfish populations based
on length and weight measurements. Crayfish were collected from natural stock
with fyke-net at five different populations of Turkey in the lakes Iznik (IL), Egirdir
(EL) and Sera (SL) as well as Hirfanli Dam Lake (HD) and Keban Dam Lake (KL)
from June to July, 2008. The mean length, weight and hepatopancreas moisture
content (HM, %) of the individuals sampled from different regions were found
in order from largest to smallest as EL>HD>KL>IL>SL, EL>HD>KL>SL>IL and
IL>KL>HD>KL>SL, respectively. In this study the median value of b coefficient,
describing growth type from length-weight relationship, of five populations was
3.08, and fifty percent of the values were fell between 2.72 and 3.75. The growth
types in these populations were determined as isometric, except in Keban Dam
Lake (positive allometric). DFA (Discriminant Function Analysis) showed that
there were no significant differences among the populations, meanwhile 53.06
% dissimilarities between populations was driven by length and HP with the
contribution of 60.18% and 39.82% (based on SIMPER analysis), respectively.
Although results from b coefficients, HM values and DF analysis of populations
may reveal that their environmental conditions and growth types were similar in
a certain extent, many more data taken from at least one-year sampling period
is highly recommended for better understanding on factors that influenced the
growth of its crayfish structure.

Recent research has shown that there are more
than 640 species of freshwater crayfish known
worldwide (Crandall and De Grave, 2017). Crayfish
belong to three taxonomic families: Parastacidae
in the Southern Hemisphere with 175 species,
and Astacidae and Cambaridae in the Northern
Hemisphere wit 39 species and 426 species,
respectively (Hobbs, 1989). Freshwater crayfish are
favored as model organisms in several disciplines
such as ecology, biology, genetics, evolution,
physiology and population. Because of their
ability to survive in different habitats and climatic
conditions, body shape and other morphological
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characteristics may be quite different in this
species (Hossain et al., 2018). Moreover, high
adaptability, morphological differences caused by
environmental conditions, and hybrid formation of
some species make taxonomy of crayfish difficult
(Benzie, 2005).

Crayfish has been considered as one of the most
valuable fishery sources in Turkey. Until 1984,
crayfish has a great demand in Europe market.
However, after 1986, natural stocks of crayfish
declined rapidly in most lakes and dams as a
result of over fishing, habitat loss and disease.
Especially crayfish  plague (Aphanomyces

1823) populations from different parts of Turkey. Marine and Life Sciences, 1(1): 1-9.
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astacj) infected in Turkish inland water resources
and had been causing large scale mortalities
and severe damage on crayfish populations.
All of these inevitably have been led to massive
economic losses in crayfish harvest industry. Even
in some attempts like supplemental stocking of
Pontastacus leptodactylus only has increased the
harvest up to 3%. (Mazlum et al., 2017).

Growth in crayfish is not as continuous as in fish,
but is based on the periodic increase in body
length. As in all arthropods, crayfish have to
change their exoskeleton to grow. For molting,
crayfish terminate to feed and decrease activity.
In addition, biochemical composition of crayfish
changes depending on environmental conditions
and reproduction period (Dutra et al., 2008). Food,
stress, overcrowding and disease or reproductive
cycle can affect morphometric variation of crayfish.
Therefore, growth measurement in crustaceans is
complex because of molting, sexual dimorphism
and the growth increment can vary in different
ontogenetic stages in crustaceans (Lindgvist and
Lathi, 1983; Aiken and Waddy, 1987).

Total length and weight are the most commonly
used measurements to measure growth in
crayfish biometric studies (Mazlum et al., 2007).
Relationships between these two measurements,
commonly called as length-weight relationships,
are very suitable for fisheries studies such as stock
assessment (Valset et al.,, 2007; Demirci et al.,
2018), growth and development (da Rocha et al.,
2015; Vasileva et al., 2017 ), biomass, condition
factor, sexual maturity (Waiho et al., 2016), age
structure (Stevenson and Woods, 2006; Demirci
et al., 2016), biology and ecology (Mazlum, 2003;
Kumar et al., 2018) and life cycle (Goncalves et al.,
1996, Froese, 2006; Moutopoulos and Stergiou,
2002; Anastasiadou et al., 2008).

Crayfish store large amounts of energy (lipid) in
the hepatopancreas for reproduction (Harrison,
1990; Moore et al., 2000; Rosa and Nunes,
2003), larval development (Rosa et al., 2005) and
survival (Eversole and Mazlum, 2002; Mazlum and
Eversole, 2004). The relative moisture content
of the hepatopancreas has been suggested as
an indicator of crayfish physiological conditions
(Huner et al., 1985, 1990). Previous studies
have shown that there are inversely a linear
relationship between moisture and energy
content in the hepatopancreas (HM) (Jussila and
Mannonen, 1997). In addition, high moisture in the
hepatopancreas indicates insufficient food intake
in crayfish (McClain, 1995).

In this study, the following measurements were
evaluated i) the length-weight relationships of
five different P. /epfodactylus populations, and ii)

diversification of these population based on their
length and HM values (%).

Materials and Methods
Sample collection

Crayfish (P. leptodactylus) were collected from
natural stock with fyke-net at five different locations
of Turkey; Iznik lake (40°27°06.2”N 29°32'04.3”E),
Hirfanli dam lake (39°12’10.8”N 33°32’48.0”E),
Sera lake (40°59°00.1”N 39°36'46.3”E), Keban
Dam lake (38°38°14.3”N 39°28°58.7”E) and Egirdir
lake (37°59’33.4”N 30°52'03.4”E) on June and
July 8, 2008 (Fig. 1). Each location consists of
10 samples for analysis. Crayfish shipped by bus
and arrived at University Aquaculture research
facilities. The total length (TL) of each crayfish was
measured from the tip of the rostrum to the end
of the telson to the nearest mm with a measuring
board. Whole frozen crayfish were placed on
filter paper for several minutes to remove excess
water then wet weight (W) was measured to the
nearest 0.01 g. The hepatopancreas from each
individual was removed and weighed to the
nearest 0.01 g after blotting (Hww) and dried in a
convection oven (80°C) to a constant dry weight
Hdw). Hepatopancreas moisture content (HM)
was calculated using following formula (Eversole
and Mazlum, 2002).

(Hww — Hdw)
=~ %1
Hww

HM 00

Data analysis
Length-weight relationship

All data were checked out for outliers. Freshwater
crayfish has a nonlinear relationship between
length and weight, as in fishes, the weight may
be considered as the function of length therefore
more satisfactory formula for the expression of
the relationship is WT = a TL°, where, WT=wet
weight in g, TL=total length in mm. Parameters
a and b were estimated by using the non-linear
fitting approach. Confidant limits of the b with 95
% values were calculated to determine the growth
type as b = 3 represents an isometric growth, b< 3
represents a negative allometric growth, and b> 3
represents a positive allometric growth.

Discriminant Function Analysis (DFA)

Discriminant Function Analysis was used to
determine which combinations of variables
(distances) discriminated the best among
populations and detected which populations were
the most different (Ruiz-Campos et al., 2003). Total
weight was not considered in DFA due to having
high variable nature. Before conducting DFA, the
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variables (total length and HM) were standardized
by logarithmic transformation-log(x). In addition
to DFA, SIMPER (Similarity Percentage) was
used for assessing which variables are primarily
responsible for an observed difference between
populations (Clarke, 1993). All computations and
statistical analyses were carried out by using
Microsoft Excel and Past software (V. 3.23)
(Hammer et al., 2001).

Results and Discussion

Freshwater crayfish can easily survive in lakes,
ponds, dams and rivers that are exposed to
various environmental factors. Geographical and
environmental factors affect population density,
growth and life cycle of species. Temperature, pH
and dissolved oxygen values in the life cycle of
crayfish known as highly effective environmental
factors (Erol et al., 2017). In addition, these factors
are affecting the diversity of the population of some
species. Systematic and taxonomic studies have
shown that crustaceans display a high degree of
variation, which includes variability in size and
proportion of major body parts.

The descriptive statistics of three variables (total
length, total weight and HM %) according to the
populations were given in Table 1. The mean
length, weight and HM values of the individuals
sampled from different regions were given in order
from largest to smallest as EL>HD>KL>IL>SL,
EL>HD>KL>SL>IL and IL>KL>HD>KL>SL,
respectively.

Itis wellknown that the male and female crayfish are
different in size have been well documented in the
crayfish literature since the work of Huxley (1881).
Mazlum et al. (2007) analyzed the weight-length
relationship of Procambarus acutus acutus and

they were revealed that males gained weight with
increasing length faster than female specimens
during the growth period, showing the common
nature of sexual dimorphism in freshwater crayfish
(Balik et al., 2005; Guner, 2006). Having a sexual
dimorphism in any animal population requires
evaluating of sexes separately. But in this study,
sexual dimorphism was not evaluated for each
population due to a small number of samples.
However, there was also no significant difference
between the mean length and HM percent values
of the populations (p> 0.05). Also, based on the
coefficients of variations (CV, %), variation in
length (IL: 8.35, HD: 13.02, EL: 11.56, SL: 16.39
and KL: 7.59) and hepotopancreas moisture
content (HM, %), (IL: 14.42, HD: 10.98, EL: 12.56,
SL: 15.96 and KL: 7.44) were almost similar.
Therefore, sexual dimorphism related errors in
calculating both length-weight relationships, DA,
and simper analysis somehow may be considered
as not significant. The variable “crayfish weight”
is not as stable as length and hepatopancreas
moisture, because of the even the nutrients taken
during the day affect the weight of the crayfish

Crayfish store large amount of lipid as an energy
in their hepatopancreas for growth, survival and
reproduction (Harrison, 1990). For this reason,
moisture content of the hepatopancreas has been
used to describe the feeding condition of crayfish
(Mannonen and Henttonen, 1995; McClain, 1995).
Generally, as organic reserves are depleted from
the hepatopancreas tissues, moisture level in the
tissues increases. In this study, non-significant
differences were present among the mean HM of
the populations reveals that the factors affecting
the condition of the different populations are
almost same.

TL w HM (%)
Populations mean +sd mean +sd mean +sd
(min-max) (min-max) (min-max)
. 9.45+0.79 19.76+4.86 73.54+10.61
iznik Lake (IL)
(8.1-10.5) (11.87-26.21) (56.01-86.44) Table 1. Mean (xsd) and range
- 10.06+1.31 31.42+13.11 66.44+7.30 (min-max) of total length
e D) (7.9-12.1) (12.95-51.50)  (57.05-82.16) (TL),  weight — (W)  and
) ’ ) ) ) ) hepatopancreas moisture
Earidir Lake (EL) 11.85+1.37 47.34+16.56 64.29+8.08 (HM %) of P. leptodactylus
ridir Lake . . b
9 (9.9-14.5) (08.77-85.48)  (55.88-82.24) used llntffhls swy fizom various
opulations ot |urkey.
8.72+1.43 21.19+10.38 62.37+9.96 pop y
Sera Lake (SL)
(6.6-10.6) (8.36-40.12)  (48.93-79.77)
Keban Dam 9.74 + 0.74 27.14+8.81 66.99+4.99
Lake (KL) (8.1-10.5) (12.33-40.26)  (63.08-76.30)
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The coefficient b in the length-weight relationships
of crayfish individuals obtained from different
populations varied between 2.85 and 4.34.
The growth types in these populations were
determined as isometric, except in Keban Lake
(positive allometric) (Table 2).

Figure 1 shows the Box-jitter plot of b coefficient
with some descriptive statistics of five populations.
In our study the median value of b coefficient of
these five populations was 3.08, and fifty percent of
the values were fall between 2.72 and 3.75 (Figure

1). The median of b values of reviewed studies was
3.00 and fifty percent of the b values fall between
2.85 and 3.11 (Figure 2). These results showed
that our findings were almost consistent with the
previous studies. However, our b values tend to
be positive allometric growth (Skewness = 1.62)
with the range of 1.74 (4.34-2.60), other studies
tend to be negative allometric growth (Skewness
= -2.26) with the range of 1.12 (3.22-2.10) (Table
3, Figure 2). The two values of b, namely 4.34 (this
study) and 2.10 (previous studies) were out of the
general tendency.

Population a b  R-square %‘59,;0? G-'l'-%‘gh
IL 0.035 2.85 0.79 (1.65-3.95) I
HD 0.019 3.17 0.91 (2.36-3.98) | Table 2 Length-weight parameters
with R-square and growth type
EL 0.072 2.60 0.89 (1.80-3.40) ! of P. leptodactylus from various
SL 0.024  3.08 0.96 (2.59-3.36) [ populations of Turkey.
KL 0.001  4.34 0.93 (3.39-5.28) (+ A

I: isometric growth, (+) A : positive allometric growth

b
N 5
457 Min 2.60
Max 4.34
. . o Mean 3.20
Figure 1. Box-jitter plot of b SD 0.67
coefficient  with  some P Median 3.08
descriptive  statistics  of T 357 25 prentil  2.72
P. leptodactylus from five 2 . 75 prentil ~ 3.75
populations. EY0 ) ES—— o — Skewness  1.62
O C. var 20.89
. ——
20 =
345 b
330 N 23
— Min 2.10
3154
R ﬁg:n 3;? Figure 2. Box-jitter plot of b
3007 i sD 023 coefficient with some
2s5 ] A Median 3.00 descriptive statistics of
E 25 prentil 2.85 P {ep todqcz‘y/us in the
2 2701 1 75 prentil  3.11 reviewed literatures.
255 Skewness  -2.26
C. var 7.93




Mar and Life Sci (2019) 1(1): 1-9

Mazlum et al.

Location b r Literature

Iznik Lake 3.035 0.95 Aydinetal. (2015)

Sera Lake 3.122  0.97 Erkbay (2004)

Keban Dam Lake 2.643 0.92 Harlioglu (1999)

Egirdir Lake 2.829 0.96 Bolat (2001)

Apolyant Lake 2.955 0.96 Berber and Balik (2009)
Mogan Lake 3.086 - Tdzin (1987)

Ayranci Dam Lake 3.015 - Erdem and Erdem (1994)
iznik Lake 3.004 - Erdem et al. (2001)
Mogan Lake 2.101 0.99 Benzer et al. (2015)
Thrace region reservoirs 3.224  0.92 Deniz Bok et al. (2010)
Demirkopri Dam Lake 3.1685 0.97 Balk et al. (2005)
Yenicaga Lake 2.836 099 Gencay (2019)

Sapanca Lake 3.186 0.91 Baltaci (2018)

Bafra Lake 2916 0.91 Uzun (2013)

Keban Dam Lake 2.946 0.83 Yuksel (2007)

Keban Dam Lake 2946  0.83 Yiksel and Duman (2012)
Mogan Lake 3.086 - Karabatak and Tizlin (1989)
Aktas Lake 3.016  0.97 Aksu and Kurt Kaya (2017)
Egirdir Lake 2.870 0.90 Bolat and Kaya (2016)
Seven inland waters 2.07 0.99 Deniz et al. (2013)
Apolyont Lake 3.008 - Berber and Balik (2009)
Terkos Lake 2.842 0.91 Guner (2006)

Egirdir Lake 2.850 0.95 Baliketal. (2005)

Table 3. Literatures on length-weight
relationship [log(W) = log a +
b log (L)] of P. /eptodactylus
in different populations
from Turkey (b : slope of the
equation, r-square: coefficient
of determination)

Previous study and our knowledge indicate that
there are several factors that could contribute
to the variations in allometry of decapod
crustaceans such as age, sex, differences in diet,
foraging behavior, availability and quality of food,
environmental conditions with abiotic factors
which consist of season, temperature, salinity
and rainfall (Taddei et al., 2017). In crustaceans,
the body growth occurs by continuous molts
dependent upon physiological aspects regulated
by abiotic factors, such as photoperiod,
temperature, and availability and quality of food
(Hartnoll, 1982; Mazlum and Eversole, 2005). In the
morphometric relationship of length and weight
of crustaceans, study of total length, carapace
length and abdominal length in the length-weight
relationships are prevalent as these parameters
are less variables and more easily measured in
the field. As such, the use of these measurements
in aquaculture are extremely suggested because
there are the most accurate and simple alternative
of analyzing growth pattern of animal (Lalrinsanga
et al., 2012). In habitat with more food availability
and higher temperature, crayfish tend to have
higher growth rates (Eversole et al., 2006). The
differences in the values of the b parameter
between the study species probably results of

differences in feeding, sex, breeding behavior
and greater capacity of obtaining, converting and
storing energy according to living conditions.

Discriminant analysis (DFA) was used to determine
the differentiation among the populations. Four
functions were identified with DFA, but only first
two were explained the 99.51% of total variance as
79.09% and 20.42%, respectively. The specimens
were correctly classified into populations with
53.06 % using Jackknife estimation procedure
from DFA results (Table 4).

Although DFA showed that there were no significant
differences among the populations (Figure 3,
Figure 4), SIMPER analyses showed that the 53.06
% dissimilarities between populations was driven
by Length and HM with the contribution of 60.18
% and 39.82%, respectively. Recall, precision
and F-measure of populations calculated from
confusion matrix implied that the diversification
for the populations in descending order (based
on F-measure) as; EL>SL>IL>KL>HD. So, from
that point of view we can conclude that the EL
(Egridir Lake) population with 70 % ratio is much
more diverged from then other populations, while
HD (Hirfanli Dam Lake) population is only 20 %
(Table 5).
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Populations IL HD EL SL KL Total
IL 6 1 0 2 1 10
HD 2 2 3 2 1 10 Table 4. Confusion matrix with Jackknifed
EL 0 2 7 0 0 9 classifications from DFA
SL 1 2 0 7 0 10
KL 2 3 0 1 4 10
Total 11 10 10 12 6 49
Po . Recall Precision
pulations (%) (%) F-measure
Table 5. Recall, precision and IL 60 54.85 57.14
F-measure  of  populations HD 20 20.00 20.00
calculated from confusion matrix EL 70 70.00 70.00
SL 70 58.33 63.64
KL 40 66.67 50.00

The pikeperch is a piscivorous species whose
natural role is top predator in a complex of fish
species. The lake Egirdir was known for 11 local
species until it was stocked in Stizostedion

lucioperca. However, after 1955, the number
of local species decreased by 3-4. Lake Egirdir
vegetative

nowadays pollution, excessive

development, entering new species and the
extinction of natural species is under the pressure
of many environmental impacts resulting from
changes in the water structure (Campbell, 1992).
For this reason, 70 % differentiation is thought
to be caused by the pressure of environmental
impact of this lake. Hirfanh is one of Turkey’s

Asis ?

Figure 3. DFA results with convex
hulls for P. /eptodactylus

Figure 4. DFA results with 95
% Confidant limits for A.

Mais 2

leptoaactylus.

-6.0

Axis 1
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largest dam. There are many small islands in
the reservoir. Tinca tinca was the dominant fish
species in Hirfanli dam lake. The dam, which was
built for electricity generation, is also used for
irrigation.

In current study, the main reason of why the length
and HM did not differ among the populations in
terms of parameters (length and HM) it may
be due to the low number of samples, and not
to evaluating the populations separately as
male and female. It may be suggested that, sex

Conclusion

The present study provided some knowledge on
length-weight relationships and diversification of
five crayfish populations from different regions of
Turkey. Although results from b coefficients, HM
values and DF analysis of populations may reveal
that their environmental conditions and growth
types are similar in a certain extent, many more
data taken from at least one-year sampling period
is highly recommended for better understanding
on factors that influenced the growth of its crayfish

discrimination should be made by taking sample structure.
data of at least 1 year. Moreover, the generality
of our results can be evaluated by investigating
the properties of the sample populations including
physico-chemical parameters, nutrient status, and

competition, etc.

Acknowledgement

Authors wish to acknowledge that there is no
conflict of interest.

References

Aiken, D. E. & Waddy, S. L. (1987). Molting and growth in crayfish: a review. Canadian Technical Report of Fisheries and Aquatic Sciences, 1587:
1-89.

Aksu, 0. & Kurt Kaya, G. (2017). The relationships between length-weight, and meat yield of freshwater crayfish (4stacus leptodactylus Eschscholtz,
1823) of Aktas Lake. Journal of Balikesir University Instifute of Science and Technology, 19 (2): 283-295. (In Turkish)

Anastasiadou, C., Liasko, R. & Leonardos, I. D. (2008). Biometric analysis of lacustrine and riverine populations of Pa/aemonetes antennarius (H.
Milne-Edwards, 1837) (Crustacea, Decapoda, Palaemonidae) from North-western Greece. Limnologica, 39(3): 244-254.

Aydin, H., Harlioglu, M. M. & Deniz, T. (2015). An investigation on the population parameters of freshwater crayfish (Astacus leptodactylus Esch.,
1823) in Lake Iznik (Bursa). 7urkish Journal of Zoology, 39: 660-668.

Balik, I., Cubuk, H., Ozkdk, R. & Uysal, R. (2005). Some Biological Characteristics of Crayfish (Astacus leptodactylus Eschscholtz, 1823) in Lake
EQirdir. 7urkish Journal of Zoology, 29: 295-300.

Ballk, S., Ustaoglu, M. R., Sari, H. M. & Berber, S. (2005). Determination of traits some growth and morphometric of crayfish (Astacus lepfodactylus
Eschscholtz, 1823) at Demirkoprii Dam Lake (Manisa). £ge Journal of Fisheries and Aquatic Sciences, 22(1): 83-89. (In Turkish)

Baltaci, M. A. (2018). Determination of Morphometrics and Growth Parameters of Crayfish (Astacus /eptocactylus Eschscholtz, 1823) Population in
Lake Sapanca, Turkey. MSc Thesis, Kocaeli University, 52 p. (In Turkish)

Benzie, J. A. H. (2005). Guides to the identification of the microinvertebrates of the continental waters of the world. Backhyus Publishers, Leiden,
The Netherlands. 376 p.

Benzer, S., Karasu-Benli., . & Benzer, R. (2015). The comparison of growth with length-weight relation and artificial neural networks of crayfish,
Astacus leptodactylus, in Mogan Lake. Journal of the Black Sea / Mediiterranean Environment, 21: 208-223.

Berber, S. & Balik, S. (2009). The lenght-weight relationships, and meat vyield of crayfish (Astacus /epfodactylus Eschcholtz, 1823)
population in Apolyont Lake (Bursa, Turkey), Journal of FisheriesSciences.com, 3(2): 86-99. (In Turkish)

Bolat, Y. (2001). An estimation in the population density of freshwater crayfish (Astacus leptodactylus salinus, Normdan 1842) living in Hoyran Area
of Egirdir Lake, Isparta, Turkey. PhD thesis, Siileyman Demirel University, Isparta, Turkey, 116 p. (In Turkish).

Bolat, Y. & Kaya, M. A. (2016). Determination of growth and reproduction properties of freshwater crayfish (4stacus leptodactylus, Eschscholtz,
1823) in Egirdir Lake-Turkey. Acta Aquatica Turcica, 12(1): 11-24. (In Turkish)

Campbell, R. N. B. (1992). Food of an introduced population of pikeperch, Stizostedion lucigpercal.., in Lake Egirdir, Turkey. Aguaculture Research,
23(1): 71-85.

Clarke, K R. (1993). Nonparametric multivariate analyses of changes in community structure. Australian Journal of Ecology, 18: 117—-143.

Crandall, K. A. & De Grave, S. (2017). An updated classification of the freshwater crayfishes (Decapoda: Astacidae) of the world, with a complete
species list. Journal of Crustacean Biology, 37: 615-653.

Rocha, S. S. D., Silva, R. L. S. D., Santos, J. D. L. & Oliveira, G. D. (2015). Length-weight relationship and condition factor of Macrobrachium ama-
zonicum (Heller, 1862)(Decapoda, Palaemonidae) from a reservoir in Bahia, Brazil. Nauplius, 23(2): 146-158.

Demirci, S., Demirci, A. & Simsek, E. (2018). Spawning season and size at maturity of a migrated fish, randall’s threadfin bream (Memipterus ran-
aall) in Iskenderun Bay, northeastern Mediterranean, Turkey. fresenius Environmental Bulletin, 27(1): 503-507.

Demirci, S., Simsek, E. & Demirci, A. (2016). Assessment of age and growth parameters of the nakedband gaper Champsodon nudivittis (Ogilby,
1895) with different models in the Eastern Mediterranean. Pakistan Journal of Zoology, 48(3): 891-894.

Deniz Bok, T., Harlioglu, M. M. & Deval, M.C. (2010). A study on the morphometric characteristics of Astacus leptodactylus inhabiting the thrace



Mar and Life Sci (2019) 1(1): 1-9 Mazlum et al.

region of Turkey. Journal of Knowledge and Management of Aquatic Ecosystems, 397(05): 1-13.

Deniz, Bok, T., Aydin, H. & Ates, C. (2013). A study on some morphological characteristics of Astacus /leptodactylus (Eschscholtz 1823) in seven
different inland waters in Turkey. Journal of the Black Sea / Mediterranean Environment, 19: 190-205.

Dutra, B. K., Zank, C., Silva, K. M. D., Conter, M. R. & Oliveira, G. T. (2008). Seasonal variations in the intermediate metabolism of the crayfish
Parastacus brasiliensis (Crustacea, Decapoda, Parastacidae) in the natural environment and experimental culture. /zeringia. Série
Zoologia, 98(3): 355-361.

Erdem, U. & Erdem, U. (1994). Ayranci baraj géliindeki (Karaman) tatlisu istakozu (4stacus leptodacytius Esch. 1823)’nun bazi ekolojik ve morfo-
metrik 6zelliklerinin incelenmesi. X/ Ulusal Biyoloji Kongresi, Hidrobiyoloji Seksiyonu, Edirne/Tiirkiye, Bildiri Kitabi, 358-360.

Erdem, U., Cebeci, M., Selguk, S., Tung, N., Ozbay, A. & Gildem, B. (2001). iznik GOlirndeki tathsu istakozu (Astacus leptodactylus Eschscholtz,
1823)’nun bazi biyo-ekolojik 6zelliklerinin incelenmesi. X. Ulusal Su Urdnleri Sempozyumu, Hatay, Tiirkiye, Bildiri Kitabi, 449-456.

Erkbay, C. (2004). Biological characteristic, stock status in Sera Lake (Trabzon) and aquaculture possibility in the Black Sea Region, Trabzon, Turkey.
PhD thesis, Karadeniz Technical University, 71 p. (In Turkish)

Erol, K. G., Ozkdk, R., Cilbiz, N., Kiiciikkara, R., Cinar, S., Tiimgelir, L., Ceylan, M., Meke, T,, Diler, 0., Didinen, B. I. & Bahadir Koca, S. (2017). Effect
of different feed and stocking density on survival and growth performance of Aszacus leptodactylus (Esch., 1823) juveniles. Journal of
Limnology and Freshwater Fisheries Research, 3(3):159-165.

Eversole, A. G. & Mazlum, Y. (2002). Comparative fecundity of three Procambarus species. Journal of Shellfish Research, 21: 255-258.

Eversole, A. G., Mazlum, Y. & Spacil, M. S. (2006). Procambarus acutus acutus (Girard) replacement of 2 clarkii (Girard): a possible explanation.
Freshwater Crayfish, 15: 63-68.

Froese, R. (2006). Cube law, condition factor and weight-length relationships: history, meta-analysis and recommendations. Journal of Applied
lehthyology, 22(4): 241-253.

Gencay, I. (2019). Researches on the population parameters of the crayfish (4stacus leptodactylus) in the Yenicaga Lake (Bolu), Ankara, Turkey. MSc
Thesis, Hacettepe University, Ankara, Turkey, 72 p. (in Turkish)

Gongalves, J., M. S., Bentes, L., Lino, P. G., Ribeiro, J., Canario, A. V. M. & Erzini, K. (1996). Weight-length relationships for selected fish species of
the small-scale demersal fisheries of the south and south-west coast of Portugal. Fisheries Research, 30(3): 253-256.

Giiner, U. (2006). Some morfometric characteristics of crayfish (Astacus lepfodactylus Eschscholtz, 1823) in Lake Terkos. £ge Journal of Fisheries
and Aquatic Sciences, 23(1): 163-167.

Harlioglu, M. M. (1999). The relationships between length-weigh and meat yield of freshwater crayfish, Astacus lepfodactylus Eschscholtz, in the
Agin region of Keban Dam Lake. 7urkish Journal of Zoology, 23(3): 949-957. (In Turkish)

Hartnoll, R. G. (1982). Growth. In: Bliss, D. E. eds. The biology of Crustacea: embryology, morphology and genetics. New York, Academic. p. 111-196.

Huner, J.V., Lindqvist, 0.V. & Kononen, H. (1985). Responses of intermolt noble crayfish, Asfacus astacus (Decapoda: Astacidae), to short-term and
long-term holding containers at low temperatures. Aguaculture, 47: 213-221.

Huner, J.V., Kononen, H. & Lindqvist, 0.V. (1990). Variation in body composition and exoskeleton mineralizationas functions of the molt and reprodu-
ctive cycles of the noble crayfish, Astacus astacus . (Decapoda:Astacidae), from a pond in central Finland. Comparative Biochemistry
and Physiology Part A: Physiology, 96(1): 235-240.

Hobbs, H. H. Jr. (1989). An illustrated checklist of the american crayfishes (Decapoda: Astacidae, Cambaridae, and Parastacidae). Smithsonian
Contributions to Zoology, 480: 1-236.

Hammer, @., Harper, D. A. T. & Ryan, P. D. (2001). PAST: Paleontological statistics software package for education and data analysis. Pa/aeontologia
Electronica, 4(1): 1-9.

Harrison, K. E. (1990). The role of nutrition in maturation, reproduction and embryonic development of decapod crustaceans: a review. Journal of
Shellfish Research, 9: 1-28.

Hossain, M. A., Lahoz-Monfort, J., Burgman, M., Béhm, M., Kujala, H. & Bland, L. M. (2018). Assessing the vulnerability of freshwater crayfish to
climate change. Diversity and Distributions, 24(12): 1830-1843.

Huxley, T. H. (1881). The crayfish: an introduction to the study of zoology. New York, NY: D. Appleton & Co.

Jussila, J. & Mannonen, A. (1997). Marron (Cherax tenuimanus) and noble crayfish (Astacus astacus) hepatopancreas energy and its relationship
to moisture content. Aguaculture, 149(1-2): 157-161.

Karabatak, M. &Tiiz(in, i. (1989). Mogan géliindeki kerevit (Astacus leptodactylus Esch., 1823) populasyonunun bazi 8zellikleri. Akdeniz Universitesi
Su Urdinleri Miihendisligi Dergisi; 2: 1-34.

Kumar, U., Rajaee, A. H., Idris, M. H., Nesarul, M. H., Siddique, M. A. M. & Abu Hena, M. K. (2018). Length-weight relationships of Secutor interruptus
(Valencennes, 1835) and Quisthopterus tardoore (Cuvier, 1829) from the South China Sea, Sarawak. Journal of Applied lchthyology,
34(3): 703-705.

Lalrinsanga, P. L., Pillai, B. R., Patra, G., Mohanty, S., Naik, N. K. & Sahu, S. (2012). Length weight relationship and condition factor of giant fres-

hwater prawn Macrobrachium rosenbergii(De Man, 1879) based on developmental stages, culture stages and sex. 7urkish Journal of
Fisheries and Aquatic Sciences, 12(4): 917-924.

Lindgvist, 0. V. & Lathi, E. (1983). On the sexual dimorphism and condition index in the crayfish, Astacus astacus\L. in Finland. Freshwater Crayfish,
5:3-11.

Mannonen, A. & Henttonen, P. (1995). Some observations on the condition of crayfish (4stacus astacus (L.)) in a river affected by peat mining in
central Finland. Freshwater Crayfish, 10: 274-281.



Mar and Life Sci (2019) 1(1): 1-9 Mazlum et al.

Mazlum, Y. (2003) Ecology and culture of Procambarus acutus acutus. PhD dissertation, Clemson University, Clemson, SC, USA. 85 p.

Mazlum, Y. & Eversole, A. G. (2004). Observation on the life cycle of Procambarus acutusacutus in South Carolina culture ponds. Aguaculture,
238(1-4): 249-261.

Mazlum, Y. & Eversole, A. G. (2005). Growth and survival of Procambarus acutus acutus (Girard, 1852) and Procambarus clarkii (Girard, 1852) in
competitive settings. Aguaculture Research, 36(6): 537-545.

Mazlum, Y., Can, M. F. & Eversole, A. (2007). Morphometric relationship of length weight and chelea length-width of eastern white river crayfish
(Procambarus actus actus, Girard, 1852), under culture conditions. Journal of Applied lchthyology, 23(5): 616-620.

Mazlum, Y., Guner Gurlek, 0. & Sirin, S. (2017). Effect of different substrates on survival and growth of juveniles of the freshwater narrow-clawed
crayfish Astacus leptodactylus Eschscholtz, 1823 (Decapoda, Astacidae). Crustaceana, 90(11-12): 1289-1302.

McClain, R. W. (1995). Effects of population density and feeding rate on growth and feed consumption of red swamp crawfish Procambarus clarkii.
Journal of the World Aquaculture Society, 26(1): 14-23

Moore, L. E., Smith, D. M. & Loneragan, N. R. (2000). Blood refractive index and whole-body lipid content as indicators of nutritional condition for
penaeid prawns (Decapoda: Penaeidae). Journal of Experimental Marine Biology and Ecology, 244(1): 131-143.

Moutopoulos, D. K. & Stergiou, K. I. (2002). Length-weight and length-length relationships of fish species from the Aegean Sea (Greece). Journal
of Applied Ichthyology, 18(3): 200-203.

Rosa, R. & Nunes, M. L. (2003). Biochemical composition of deep-sea decapod crustaceans with two different benthic life strategies off the Portu-
guese south coast. Deep Sea Research Part I: Oceanographic Research Papers, 50(1): 119-130.

Rosa, R., Calado, R., Andrade, A. M., Narciso, L. & Nunes, M. L. (2005). Changes in amino acids and lipids during embryogenesis of European lobster,
Homarus gammarus (Crustacea: Decapoda). Comparative Biochemistry and Physiology Part B: Biochemistry and Molecular Biology,
140(2): 241-249.

Ruiz-Campos, G., Camarena-Rosales, F., Varela-Romero, A., Sanchez-Gonzalez, S. & De La Rosa-Vélez J. (2003). Morphometric variation of wild
trout populations from northwestern Mexico (Pisces: Salmonidae). Reviews in Fish Biology and Fisheries, 13(1): 91-110.

Stevenson, R. D. & Woods, J. W. A. (2006). Condition indices for conservation: New uses for evolving tools. /tegrative and Comparative Biology, 46
(6):1169-1190.

Taddei, F. G., Reis, S. de S., David, F. S., Silva, T. E. da, Fransozo, V. & Fransozo, A. (2017). Population structure, mortality, and recruitment of Mac-
robrachium amazonicum (Heller, 1862) (Caridea: Palaemonidae) in the eastern Amazon region, Brazil. Journal of Crustacean Biology,
37(2): 131-141.

Tiiziin, . (1987). Mogan Gélii'ndeki Kerevit (4stacus leptodactylus Eschscholtz, 1823)'in Biyolojisi, Yiksek Lisans Tezi, Ankara, 48s.

Uzun, G., Baki, B., Baki, B. & Karayiicel, S. (2013). Egg fertility of freshwater lobster Astacus leptodactylus (Eschscholtz, 1823) in Ulugdl of Bafra
fish Lake. Aguaculture Studies, 1: 20-26.

Valset, A., Bouchon-Navaro, Y., Louis, M. & Bouchon, C. (2007). Weight—length relationships for 20 fish species collected in the mangroves of Gua-
deloupe (Lesser Antilles). Journal of Applied lchthyology, 24(1): 99-100.

Vasileva, P. L., Hubenova, T. A., Zaikov, A. N. & Stoyanov, 1. Y. (2017). Morphometric variability, allometric growth and sexual dimorphism in narrow-c-
lawed crayfish, Astacus lepfodactylus Eschscholtz, 1823 (Crustacea: Decapoda) during the ontogenesis. Acta Zoologica Bulgarica
Supplementum 8: 99-106.

Waiho, K., Fazhan, H. & Ikhwanuddin, M. (2016). Size distribution, length—weight relationship and size at the onset of sexual maturity of the orange
mud crab, Scylla olivacea, in Malaysian waters. Marine Biology Research, 12(7): 726-738.

Yiiksel, F. (2007). The investigation of the crayfish (Astacus /eptodactylus Eschscholtz, 1823) population amplitude in Keban Dam Lake. Ph. D.
Thesis, Firat University, 80 pp. (In Turkish)

Yiiksel, F. & Duman, E. (2012). An investigation on some morphological characteristics of crayfish in Keban Dam Lake. Journal of FisheriesSciences.
com, 6(4): 271-281. (In Turkish)



