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A B S T R A C T   A R T I C L E  I N F O  

Crayfish are one of many freshwater organisms that are subject to biodiversity 

changes. The crayfish stocks in the world and Turkey have been damaged due to 

the crayfish plaque caused by Aphanomyces astaci, overfishing water pollution 

and other causes. For the continuation of endangered stocks of these species, it is 

necessary to protect the populations and restocking into apropriate environment. 

Environmental factors have an vital role in the genetic structure of a population. 

So the genetic diversity between population is vital because the information of the 

genetic construction of population is curical due to the ensuring sustainability and 

conservation of these species when evaluated with other factors but, 

unfortunately, still restricted. With this review, the genetic study conducted so far 

will be discussed to try getting important information for preservation and 

management of crayfish, because preservation of genetic diversity is very 

important for survival or persistence of these species such a long time. 
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Kerevitlerde Genetik Şifre Belirlemenin Önemi ve Kullanılan Yöntemler 

Öz: Kerevitler biyoçeşitlilik değişimlerine maruz kalan birçok tatlı su organizmalarından biridir. Dünyada ve Türkiye’de kerevit 

stokları Aphanomyces astaci fungusunun neden olduğu hastalık, aşırı avcılık, su kirliliği ve diğer nedenlerden tükenme tehlikesiyle 

karşı karşıya kalmıştır. Stokları tehlikede olan bu canlıların devamı için populasyonların korunması ve uygun çevrelere yeniden 

stoklanması gerekmektedir. Çevresel faktörler bir populasyonun genetik kompozisyonunda çok önemli rol oynar. Bu yüzden 

populasyonlar arasındaki genetik çeşitlilik büyük öneme sahiptir çünkü populasyonların genetik yapılarının bilinmesi bu türün 

devamının sağlanması ve korunması açısından hayatidir fakat ne yazıkki bu konuda yapılan çalışmalar hala sınırlıdır. Bu derlemeyle 

şimdiye kadar yapılan genetik çalışmalar tartışılarak kerevitlerin korunması ve yönetimi için önemli bilgiler elde edilmeye 

çalışılacaktır çünkü genetik çeşitliliğin korunması bu türlerin uzun süre yaşaması ya da varlığını sürdürmesi için çok önemlidir. 

Anahtar kelimeler: Genetik çeşitlilik, su ürünleri, koruma, biyoçeşitlilik, moleküler tanılama 
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Introduction 
Importance of crayfish 

In this review, the situation of the freshwater 

crayfish group, a water organism found in every 

continent, is discussed, 59% of these species found in 

North America, 23% of in Oceania (Southeast Asia 

Islands), 10% in South America, 5% in Europe and 

1.1% in Asia with only 7 species. Also 1.4% in 

Madagascar with 9 species. But the other 

phylogenetic studies argues that there are only 4 

species in Asia (Koizumi et al. 2012) and are widely 

regarded as keystones of habitats which they found. 

There are more than 600 crayfish species belong to 

the three family that have different distribution over 

the world. In Turkey the crayfish species which have 

natural distribution in natural lakes, reservoirs, dam 

lakes, ponds and rivers is Astacus leptodactylus 

Esch., 1823. It is reported that this species 

represented by a single and two sub-species in 

Turkey. While A. leptodactylus leptodactylus Esch., 

1823 have distribution in the Black Sea, North 

Marmara and Thrace Regions; Iznik and Terkos Lake 

with the Maritsa and the Danube River and Gelemen 

stream A. leptodactylus salinus Nordman, 1842 in 

South Marmara, Aegean and Central Anatolia 

Regions; Manyas, Eğirdir, Beyşehir, Uluabat, 
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Akşehir, Eber, Gölcük and Miliç lakes (Geldiay and 

Kocataş 1970; Harlıoğlu and Harlıoğlu 2006). Also 

Harlıoğlu and Güner (2007) had reported 

Austropotamobius torrentium (Shrank, 1803) 

presence in Madara Brook. 

Crayfish are valuable animals economic and 

ecologically. They have a significant conneciton in 

the aquatic food chain in many streams and lakes. 

(Helfrich and DiStefano 2009). Crayfish have an 

important environmental role in many freshwater 

habitats and play an important economic and cultural 

role in many communities. Unfortunately, in many 

parts of the world, some crayfish species in 

freshwater ecosystems are under pressure and efforts 

should be made to protect them. Owen et al. (2015) 

reported that crayfish is a highly endangered 

component of these freshwater ecosystems and that 

more than 30% of the world's species are at risk of 

extinction. 

The factors threatening the crayfish 

populations 
People have been changing the dispersion of 

species over the years, they not only causing 

extinctions, but also causing species to migrate 

through biogeographic obstacles and into new 

environments regardless of the geographic and 

genetic resources of stock material (Clavero et al. 

2015). The population is declining and the extinction 

of species takes place at an unprecedented rate all 

over the world (May 2010). There are more than 

79,800 species on The IUCN Red List, and more than 

23,000 are danger of extinction, including 41% of 

amphibians, 34% of conifers, 33% of reef building 

corals, 25% of mammals and 13% of birds. The 

extinction occurs in marine, freshwater and also in 

terrestrial systems. Numbers of described threatened 

species by big groups of organisms were given in 

Table 1. (Cook et al. 2008).

Table 1. Numbers of threatened species by big groups of organisms (IUCN Red List version 2017-1) 

 

 
Estimated Number of described species Number of species evaluated by 2017 

VERTEBRATES    

Mammals 

Bird 

Reptiles 

 Amphibians 

 Fishes 

5,560 

 11,121 

10,450 

7,635 

33,500 

5,560 

11,121 

5,473 

6,533 

16,134 

INVERTEBRATES   

Insects 

Molluscs 

Crustaceans 

Corals 

Arachnids 

Velvet Worms 

Horseshoe Crabs 

1000000 

85.000 

47.000 

2.175 

102.248 

165 

4 

6,912 

7.276 

3.177 

864 

249 

11 

4 

PLANTS   

Mosses 

Ferns and Allies 

Gymnosperms 

Flowering Plants 

Green Algae 

Red Algae 

16.236 

12.000 

1.051 

268.000 

6.050 

7.104 

102 

417 

1.011 

20.725 

13 

58 

FUNGI AND PROTISTS   

Lichens 

Mushrooms 

Brown algae 

17.000 

31.496 

3.784 

8 

25 

15 

Researches shows that freshwater environments 

occupy only 0.8% of the Earth, with about 6% of 

species identified and under pressure from water 

pollution, flow modification, habitat fragmentation 

and exotic species. These habitat breaks cause high 

susceptibility to speciation, habitat destruction and 

limited disintegration capacity. The combination of 

these factors increases the rate of rapid 

disappearance. So, freshwater ecosystems are vital in 

accordance to biodiversity, but are under severe 

pressure and therefore are in need of conservation 

efforts (Ricciardi and Rasmussen 1999; Owen et al. 

2015). The freshwater species that in particular risk 

in many part of world are crayfish.  
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In the 19th century the natural crayfish have been 

depleted dramatically rapidly due to the emergence 

of crayfish plaque and led to the extinction of natural 

species in many parts of Europe. All domestic 

European crayfish species have experienced strong 

declines over the last century, mainly due to the 

outbreak of crayfish plague, a disease caused by 

oomycete Aphanomyces astaci (Clavero et al. 2015). 

It is clear that the population of the world has 

decreased and the extinctions of species have 

occurred in an unprecedented proportion. Despite the 

fact that extinction is a natural phenomenon, 

evidence has shown that the rates of extinction at 

present are greater than in the past and possibly 

attributable to human actions. Since we can not fully 

understand the current and past biodiversity levels, it 

is difficult to predict the rates of extinction accurately 

(Furse et al. 2012). In Turkey, the crayfsh population 

are also affect from crayfish plaque. Crayfish plaque 

disease problem is true for Turkish population. 

Harlıoğlu (2004) had reported that after 1985, the 

yield of A. leptodactylus decreased tragically in many 

Turkish populations as a result of crayfish plague 

disease. In 1991, the harvest was only 320 tonnes. 

 In 2010, freshwater crayfish were evaluated in 

the IUCN Red-Threatened Species List and 

evaluating 528 of them, indicating that crayfish were 

among the 5 most threatened groups of animals in the 

world. 

The crayfish species under risk of extinction are 

Austopotamobius pallipes (Lereboullet), Astacus 

astacus (Linnaeus), A. leptodactylus (Eschscholtz), 

Austropotamobius torrentium (Shrank) (Fetzner 

2011). Recent threats include global climate change 

results increased environmental temperature (Furse 

et al. 2012), and rising density and compactness of 

variable weather events. 

Low capacity in the natural distribution of 

crayfish and inhibition of gene flow through habitat 

alteration results strong/severe fragmentation of 

remaining populations. Therefore to prevent 

destruction of natural stocks, it is required to take 

measures such as protection of natural habitats and 

stocking of appropriate water resources. 

The other major causes in the endangered of 

crayfish are environmental factors, low population 

numbers, small geographic limits and habitat loss.  

Our objective in this review is to examine, 

present and discuss the applications of existing 

molecular genetic methods to protect economically 

valuable freshwater crayfish. Examples will be given 

of how these techniques are applied in freshwater 

crayfish, particularly in determining the levels of 

genetic diversity and how the obtained data can be 

used to maintain these very important species. 

Because the first thing to consider in order to protect 

species is to know the genetic structure or  

diversity. That is, higher genetic diversity means 

more survival, and more successful results can be 

obtained if protection methods are taken in this 

direction. 

 

Genetic Methods Used To Determining 

The Genetic Differences of Crayfish  
Many national and international organisations 

and states make investment for the protection of this 

important aquatic organism. Although this organism 

studied many years, in genetic sence the obtained 

data from study which has started recently may have 

an critical role for the protection of crayfish (Gouin 

et al. 2006; McKniff 2012).  

Molecular methods have been used to determine 

the levels of genetic diversity in a species, data 

requirements in stocking studies, estimation of 

effective population sizes, and determination of 

disease susceptibility (DeSalle and Amato 2004; 

Furse et al. 2012). Potential uses of molecular 

methods encompasses a wide range of applications, 

and the methods used to determine the genetic 

diversity of crayfish have been discussed under the 

following headings. 

Since the mid of 1980s, the scientist have tried to 

determine the genetic structue of crayfish. Different 

methods have been used for this. The first methods 

were depend on protein electrophoresis that revealed 

a low variation between Europen crayfish (Fevolden 

et al. 1994). In recent years, the molecular methods 

have been applied in crayfish successfully and 

revealed high diversity.  

For determining genetic differentiation of 

populations, there are several studies such as 

mitochondrial DNA (in genetic analysis the 

mitochondrial genoms are perfect targets because 

they have no introns, reduce the recombination and 

in the haploid mode of inheretence), ISSR, 

ITS1(Largiader et al. 2000; Li et al. 2012; Matallanas 

et al. 2012) RAPD PCR (Schulz 2000) and 

microsatellites (Gouin et al. 2002).  

Mitochondrial DNA markers 

Because of the maternal mode of heredity and 

lack of recombination, mtDNA was a commonly 

used genetic methods for investigation of population 

structure (Wilson et al. 1985; Avise et al. 1987).  

Koizumi et al. (2012) investigated the genetic 

structure of Japon crayfish. They determined that the 

most of populations composed of 16S mtDNA 

haplotypes and showed important genetic divergence 

(Fst=0,96)  and also the nuclear DNA sequences 

showed deep seperation between strains. However 

the mtDNA has advantages in population genetic 

structure study, it has some disadvantages also. The 
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first represents only one locus, and the  

deduced gene trees may be incompatible with  

organism phylogeny (Avise 1994). Resistance to  

a single genetic locus greatly reduces the significant 

spatial or temporal detection power. Second,  

mtDNA allows only reconstruction of maternal lines. 

Thus, in species-based populations, the population 

structure of maternal hereditary mtDNA may be 

different from the biparental heritable nuclear 

energy. 

Inter simple sequence repeats (ISSR)  

From the used genetic methods the inter-simple 

sequence repeats (ISSRs) are a new molecular 

marker of PCR amplification of DNA by a single 

primer consisting of a repeating sequence fixed by  

2-4 arbitrary nucleotides at the 3 'or 5' end, and have 

been used successfully many in populations genetic 

studies. Schulz et al. (2004) have been investigated 8 

A. astacus stock using ISSR-PCR in Germany and 

Poland. They have been search 22 ambigious and 

polymorphic markers using statistical analysis. They 

found that the polymorphic loci in a population 

ranged from 4-19. The determined relative genetic 

diversity between population ranged from 0.6-0.1  

by Shannon index. For this reason, it has proven that 

ISSR markers are appropriate for assessing  

DNA variations between and within the population 

and for producing a significant distinction in most of 

the stocks. 

ITS1 fragment analysis 

ITS1 fragment analysis, one of the other 

molecular methods, is a relatively simple  

tool to study genetically distinct crayfish  

populations and to determine the origin of these 

populations. Despite that, the ITS1 fragment 

variation can be used to investigate differences 

between populations, as documented in a study 

carried out by Liu et al. (2013) investigated the 

population genetic structure of Pracambarus clarkii 

in China using ITS1. They reported that diversity 

within population (%95.26) was higher than  

diversity between population (%4.74) using 

AMOVA. Genetic differences between Taiwan    

and the environment (FST = 0.160) was medium 

while difference between China and America 

populations (FST = 0.682 and 0.977) were 

significantly higher. Gene flow between China  

and American populations (Nm = 0.006 and 0.117 

respectively) were significantly lower than China 

and the environment (1.536). In another study,  

Edsman et al. (2002) investigated  

15 A. astacus population with ITS1  

markers and they found that different  

population had different form of division.  

RAPD (Random amplified polymorphic DNA) 

PCR 

RAPD-PCR has some advantages over other 

techniques used for population analysis. (RFLPs and 

microsatellites). For example, RAPD-PCR is 

relatively faster, simpler and cheaper to conduct. 

Besides, it requires a small amount of DNA to form 

and provide a large number of polymorphic loci; 

Both are particularly valuable when working with 

populations of species that are danger of extinction or 

low genetic diversity RAPD-PCR has many 

advantages as well as some disadvantages. Of course, 

the most important shortcoming of RAPD-PCR is the 

dominant nature of the bands created by this method. 

In relation to this, Zhang et al. (2015) indicated that 

it is impossible to distinguish a heterozygous locust 

from a dominant RAPD marker in a DNA segment 

amplified from a homozygous locust (Zhang et al. 

2005). Schulz (2000) examined the genetic structure 

of 5 A.astacus stock using RAPD-PCR. Although 

geographic proximity of these 5 stock less than 20 km 

the genetic structure of all of them were different. 

Cytochrome oxidase subunit I (COI) 

The cytochrome oxidase subunit I (COI), one of 

the maternal mitochondrial genes, has been used 

extensively to investigate the population structure 

(Schrimpf et al. 2011; Matallanas et al. 2012), 

phylogenetics, phylogeny and systematics of 

different crayfish species or groups. 

Li et al. (2012) investigated distribution model 

after establishment and population genetic structure 

of P. clarkii in China. In this study they analyzed 

genetic structure and diversity of populations from 37 

sampling region area using COI 16S rRNA 

mitochondrial gene sequences and 12 nuclear 

microsatellite. They reported that from the 

phylogenetic analysis, bayesian study and isolation 

between distance, the population located in same area 

have similar genetic composition and the population 

in China were high genetic diversity but they didn’t 

show expansion. Their study revealed that the COI 

16S rRNA mitochondrial gene sequences is good tool 

to evaluating population genetic structure and genetic 

diversity of P. clarkii. In another study, Schrimpf et 

al. (2011) investigated the haplotype diversity of  

A. astacus by analyzing the partial sequences of 

cytochrome oxidase subunit I of 416 sample from 92 

crayfish stock in Black Sea, North Sea and Baltic Sea. 

From the defined 22 haplotype the one of them was 

common in whole working area. The high haplotype 

diversity (HD= 0.94±0.24)  was found in Balkans 

while the low haplotype diversity (HD = 0.299 ± 

0.038 and HD = 0.163 ± 0.058) were found in Central 

Asia. And also this study show to us the COI is useful 

in the investigation genetic diversity of A. astacus. 
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Schrimpf et al. (2014) studied a portion of the 

mitochondrial cytochrome oxidase subunit and 16S 

rRNA from 540 noble crayfish samples taken from 

156 sites spread around five sea basins in Europe. 

Also, they carried out a microsatellite analysis of 289 

individuals from 22 sites. Both mitochondrial and 

nuclear markers have been implicated in 

anthropogenic translocations in central Europe, 

resulting in genetically relatively homogeneous 

populations. Whereas, some areas showed a distinct 

genetic structure with endemic haplotypes and 

private alleles indicating that these areas were refugia 

for A. astacus in central Europe and that these 

populations have not been subject to anthropogenic 

translocations. Furthermore, researchers have found 

the highest genetic diversity in the Black Sea basin 

and especially in the Western Balkans and other 

Black Sea populations. And also, Akhan et al. (2014) 

investigated the genetic differentiation among 

Turkish populations of the narrow-clawed crayfish 

using a partial sequence of cytochrome oxidase 

subunit I gene (585 bp) of 183 specimens from 17 

different crayfish populations. From this study they 

disclosed a strong haplotype structure with three 

prominent clades diverged by a range between 20 and 

50 mutations and substantial inter-group pairwise 

sequence divergence (5.19–6.95 %), They 

determined the high level of genetic variability (Hd = 

95.8 %, p = 4.17 %) and numerous private 

haplotypes. Helms et al. (2015) examined the genetic 

structure and morphology between three populations 

of 3 catchments of the drainage using mitochondrial 

COI gene sequences and geometric morphometry, 

and multiple populations of Cambarus englishi 

Hobbs and Halland Cambarus halli both of them 

endemic to the Tallapoosa River. 

Bernini et al. (2016) described the genetic 

structure of A. italicus populations in northern Italy 

(Lombardy Alpine foothills and northern Apennines) 

by using the cytochrome c oxidase subunit I, to assess 

the present evolutionary diversity and phylogenetic 

history from a conservation perspective. As a result 

they proposed to consider these two clades as distinct 

molecular operational taxonomic units for the 

conservation of this endangered crayfish.  

Microsatellites 
The another genetic method microsatellites or 

variable number of tandem repeats (VNTRs) are a 

class of nuclear DNA with repeating units of 1-6 

nucleotides, usually formed in a cluster called a 

locus. A microsatellite locus typically varies between 

5 and 40 repeats; the most common forms of repeats 

are dinucleotide, trinucleotide, and tetranucleotide 

repeats. Two desirable features of microsatellites are 

its easy sample preparation and high information 

content. In terms of preparation, microsatellite 

studies use small tissue samples that can be preserved 

for later use, e.g. freshwater crayfish samples in 95% 

ethanol, due to the stability of the DNA as compared 

to enzymes that degrade over time. This also allows 

the microsatellites to still be amplified during the 

process of the polymerase chain reaction (PCR). 

Because small samples are used, microsatellites are 

optimal for their use of fast and cheap DNA 

extractions. In addition, since microsatellites are 

species-specific markers, there is less likelihood that 

cross-contamination by non-target organisms is a 

problem (Selkoe and Toone 2006). In terms of high 

information content, microsatellites as single-locus, 

co-dominant markers can efficiently be combined in 

the genotyping process, which allows for fast and 

inexpensive replication (Selkoe and Toone 2006). 

Microsatellite markers are utilized in population 

genetics studies interested in population structure and 

the relatedness of individuals, migration (gene flow) 

rates, changes in the past ten to one hundred 

generations, and present-day demography or 

connectivity patterns (Selkoe and Toone 2006). Due 

to the relatively high mutation rate, microsatellites 

are useful for their large amount of genetic variability 

and rapid evolution rate for detecting more recent 

changes in population structure. 

There are also several drawbacks of 

microsatellites. First, microsatellites require species-

specific isolation (Selkoe and Toone 2006). Because 

the DNA sequences of the primers are highly 

conserved within a particular species, one has to 

make new primers for each experiment when 

working with different species. It is difficult to isolate 

new primers and the failure rate is high. Yue et al. 

(2008) studied 4 clone of P. clarkii with 5 

microsatellite in 120 individuals. They reported that 

each clone contained identical individual as genetic 

and found as heterozygous in majority of the 

microsatellites and it was confirmed that all of them 

were belonged to P. clarkii. In another study, Yue et 

al. (2010) studied genetic diversity and population 

structure of P. clarkii using 9 polymorphic 

microsatellites. A significant heterozygote deficiency 

was observed in the studied population. And also, 

Ahn et al. (2011) studied population analysis of 

Cambaroides similis in Korea and developed and 

identified 8 microsatellite locus from 49 sample in 4 

location (one population from Mt. Bukhan (BH), 3 of 

from Mt. Gwanak GA). The locus identified per locus 

was ranged between 2-12. Investigated 

heterozygosity and expected heterozygosity were 

found as 0.00-0.33 and 0.25-0.43 respectively. The 

genetic difference between GA and BH population 

was 0.789 and within GA population was 0.454. It 

was thought this high difference to be related from 
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geographic distance. Gross et al. (2013) developed 10 

new microsatellite markers for reveal geographic 

structiring of A. astacus. It is a first large scale study 

for this species. They studied with 633 species and 18 

locations. They identified two highly differentiated 

population groups along Baltic and Black Sea 

respectively. The Baltic Sea populations had lower 

genetic variations and private allele numbers than 

Black Sea. These studies show us the utility of 

microsatellites for determining genetic difference of 

crayfish. Also, Coleman et al (2013), Vorburger et al 

(2014), Blaha et al (2016), have studied with 

microsatellite markers in different species and 

demonstrated that the genetic markers so powerfull 

and useful to define and manage populations of 

threatened species based on the notion that 

populations with unique lineages of mtDNA. 

Next generation sequencing method 
The another and new genetic method which is 

used in genetic analysis is next generation 

sequencing method. Miller et al. (2013) were made 

genetic analysis of Euastacus bispinosus using Next 

generation sequencing method. In this study 10 out of 

15 identified polymorphic loci were characterized 

using 22 individual in the Glenelg River. Number of 

locus per alleles and expected heterozygosity was 

determined as 2,80 and 0,36 respectively. These 

results are considered to be low for genetic diversity. 

Also in Crawford River 10 locus were genotyped and 

genetic diversity and population structure was 

investigated. As a result of analysis high genetic 

diversity were identified between species (FST= 

0,49). The all of the methods which mentioned above 

are useful for the determination of genetic analysis 

and diversity of crayfish species. For the sustainable 

of crayfish in the future these genetic methods and 

conservation strategies must be evaluated together. 

Results 
From the mt DNA markers, ISSR-PCR, COI, 

ITS1, RAPD-PCR, next generation sequencing and 

microsatellites techniques the Next generation 

sequencing and microsatellites have been introduced 

recently but give good results. Each methods have 

advantages and disadvantages but the important one 

is which is the most useful. For understanding of that 

we need to compare these method with each other or 

have to use different gene sequences in the 

mitochondria. But we can say that the molecular 

techniquies used so far for investigation the 

population structure of crayfish species are useful. 

But these studies is not enough alone for the 

protection of these species in the strict sense. For the 

sustainability of these species in the future years 

firstly the genetic structures of all populations must 

be reveal and than aquaculture studies must be 

conducted according to the results of these molecular 

studies. Otherwise the futurity of these species will 

be in threat. 

Discussion 
Conservation strategies can be achieved by 

understanding the genetic make-up because the 

endangered species are spatially fragmented. When 

there is a effort involving restocking and 

reintroduction we need a detailed information about 

population genetics of related species (Bernini et al. 

2016). However, the information of genetic 

difference within and between remaining populations 

is a prerequisite for the continuation of species by 

many authorities (Avise 1994; Riffel and Schreiber 

1995; Haig 1998). During stock measurement, if 

these factors are ignored, a hazard such as neglected 

geographic variation of species which have 

evolutional importance is occurs (Schulz et al. 2004). 

For this reason, Moritz (1994) put forward that 

animal populations have significant genetic diversity 

could be considered as separate inventories and 

managed as different units. 

The management of genetic diversity and, 

ultimately, the survival of a population or an entire 

species depends on several factors. In the short term, 

it can be said that the genetic variation is 

insignificant, but in the long run, genetic diversity is 

required for the ability of the population to adapt to 

changing environmental conditions. For this reason, 

a follow-up management should include protection of 

genetic diversity. Choosing appropriate donor 

populations is easier and healthier when the 

estimated stock size and the quality of the disease 

quality together are assessed. Strong populations 

which have high polimorfizm or genetic diversity are 

preferred for determine the minimum genetic 

diversity, so that Moritz (1994) reported that the 

populations have important genetic difference might 

be managed as seperate stocks and different 

protection units (Fevolden et al. 1994). 

Cryptic variety can be seen in many freshwater 

species. Although species with similar morphology 

may vary from one another understanding the level 

of these cryptic diversity has vital prospects for the 

continuation of biological diversity of freshwater 

species, for the identification of potential resistant 

and vulnerable populations, and the conservation of 

species diversity. If these factors are ignored, the 

management plans will not be effective and probably 

will be results with species losses (McKniff 2012; 

Miller et al. 2013). 

The heterogenity of species may be reflect the 

genetic adaptation of them to the specific climate or 

environmental condition. Crayfish have a low genetic 
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diversity tendency and artificial production 

conditions can worsen this situation by selecting 

storage strategies or superior broodstocks. So the 

genetic diversity of crayfish in culture conditions is 

necessary with the management and periodic 

monitoring of aquaculture programs (Fetzner et al. 

1997). The knowledge acquired from molecular 

genetic studies should be used in the sustainable 

management of crayfish to protect it from extinction. 

The estimation of genetic diversity will help to 

identify potential resistance and sensitive stocks and 

will be a pointer in the protection of resistance stock 

and taking precautions for the monitoring of sensitive 

stock. In stocking studies genetic structure within and 

between population is ignored and this situation leads 

to serious decline in stocks and contamination of 

natural species. Furthermore a recovery of population 

can perform with healthy and sufficient population 

magnitude to sustain genetic polimorfism in order to 

adapt climatic change. So the genetic diversity must 

be considered in governing activities.  
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