Genetics in Fisheries Management
Introduction
Genetics have been playing a major role in identification, classification and nomenclature of newly discovered species of organisms. It is an indispensable tool in the validation of known species. The basis for using genetics in species identification and conservation as well as breeding lies in the fact that every species has a unique set of genetic organization that is distinct from any other organism of a different species. The role of genetics in identification and propagation of species of importance has been in use for a long time in history and is still in use today. It has been in practice since the discovery of genetic material or the concept of Mendelian factors that contributes to the phenotypes of an individual. 
Use of genetic markers in conservation of fish stocks is a very important and modern approach to maintain a good genetic pool of fish species so that a healthy diversity in the gene pool is maintained for future use as well as for the particular species to exist. Management of stock fish population is one of the primary aims of fisheries management. Tis is to ensure sustainability in harvesting commercially important fishes. The management of fish stock has become important because of the dramatic decline in fish population around the fishing zones of the world due to over exploitation. One of the major strategy to promote a sustainable means of managing fish population is to combine the traditional conservation techniques and genetics. However, traditional conservation strategy often faces certain drawbacks as one strategy may not be applicable in another ecological setting and other non-biological factors such as politics can further delineate the effort from being successful. 
In the context of fisheries management, stocks of fish or population are considered the fundamental biological unit. The use of genetic data in the improvement of population structure as well as diversity is well-validated in fishes of the freshwater and anadromous species. It is a known fact that the behavior of natal homing results in a habit of reproductive isolation led to formation of many genetically distinct species of anadromous fishes. The incorporation of population genetics in stock management is a recent development in the area of fisheries. It is both applicable in wild stocks as well as those that are in aquaculture. The aim of incorporation of the recent technology is to maintain a sustainable stock population and maintain biodiversity both at the specific and genetic level. 
Recent development of genomics is a branch of genetic science that deals with the DNA structure and serves as a tool for mapping evolutionary history as well as identification of new species. There are a number of RNA and DNA dependent techniques that are used in the field. The branch of genomics can be classified into three categories viz, functional, comparative and environmental genomics. The process of evaluating the whole genome for its content, order and evolutionary history is related to comparative genomics. On the other hand the functional genomics aspect looks into the function of genes that are present in an organism and the interaction of their products. In case of environmental genomics it encompasses studies that pertains to variation in the genetic organization between organisms of the same species or of different species. It also involves analysis of variations in population and their response to the environmental factors. 
Genetics can be employed in fisheries in a number of ways as for example It can be used for identification of species, management of stock structure, understanding and resolving types of mixed stocks in fisheries, as an indicator of age, as a means to monitor change in the ecosystem, to estimate rate of harvest and calculation of abundance, to check diversity of gene in a gene pool, to estimate evolutionary impact due to fishing, to understand genetic consequence in the process of stock enhancement, for detection of pathogens and involvement of invasive species and as a means of surveillance. 
Due to its wide applicability in fisheries the field of genetics seems promising and eventually will be one of the most useful tool in fisheries management. In order to avail the potential presented by the study of genetics there are certain techniques that are employed to bring about a conclusive statement on the applications of genetics in fisheries, Some of the tools that are used are sequencing of whole genome and use of microsatellite markers to establish a fingerprint of a species. 
Genetic tools for fisheries management   
Microsatellite markers
	It is a known fact that evolution is a continuous process and is evident in the form of micro and macro evolution. With development in recent tools of science, mostly in molecular biology, it is understood that evolution takes place at the genetic level and a modification of a single base can lead to change in phenotype of an organism, which can be either favourable or deleterious. Variation in the genetic make-up leads to production of phenotypically distinct organism at micro or macro-level. The process further leads to speciation with groups of identical organisms called stocks which are fundamental units of evolution. In fisheries the term stocks are used to manage commercially viable organisms. Therefore identification of the small population called stocks within the same species becomes essential. 
	Genetic diversity does appear between two individuals of the same species and no two organisms are similar in a sexually producing group of organisms. However, closely related organisms has certain similarity in the arrangement of small conserved sequences called the microsatellites. It is of utmost importance that in more recent applications of the marker (microsatellites) is used to trace lineage of an organism from parent stocks. In fisheries genetic markers are used to settle dispute in case of taxonomic conflicts. It is also used to determine if domesticated or wild groups are genetically different from each other. In case if there is an observation of genetic diversity among groups in a population of same species the division of units as stocks makes it easier for management purpose. 
	Microsatellite is a molecular marker which can be from the nuclear or mitochondrial origin. In nuclear DNA markers such as RFLP (restriction fragment length polymorphism), RAPD (random amplified polymorphic DNS) and AFLP (Amplified fragment length polymorphism), SNPs (single nucleotide polymorphisms) are used as marker for biparental inheritance. However, in case of mitochondrial DNA markers, it is considered to be only and exclusively maternally inherited and is associated with a high rate of mutation. It is not prone to recombination and helps in identifying lineage through maternal origin simpler (Abdul-Muneer 2014). 
	Another tool that is finding wide application due to increase in affordability and simplicity is the sequencing of DNA after amplification by a polymerase chain reaction 6(PCR). The PCR based genetic analysis is widely accepted because of its requirement of a small amount of sample as well as its power of amplification and versatility. 
	In identification of DNA markers there is utilization of repeated sequences that may vary in size as well as numbers in organisms. Such conserved repeated sequences are known as satellites, which are the largest, minisatellites which are comparatively smaller and microsatellites which are the smallest types of nucleotide sequence. Microsatellites has 1-6 repeats that may be present in 100 of repeats in a cluster. Using microsatellites as reference the genetic marker for a particular species of fish can be established by RFLP or RAPD [Figure 1].
	The data generated by microsatellite markers can be used for estimating genetic variation and structure of stock in species of fishes and management at the stock level is a significant step towards successful management of the species concerned. Estimation of variation is indicative of loss of habitat, loss of variation indicates dwindling population of the species and marks a concern for conservation and reestablishment of the species. It can also track migration, genetic drift among geographical barriers. 
SNPs as genetic marker
Single nucleotide polymorphisms (SNPs) present in Expressed Sequence tag (EST) are very useful tool in genetics for use as markers. They are very abundant and has a potential for high throughput application in fisheries and other fields that involves genomics. In a study by Thomas M. et al., in 2008 for identification of SNPs in cod fish of Atlantic region it was found that it can be used as a marker for tracking evolutionary history, more specifically the way nature selects for evolution. In a total of 17,056 ESTs that are identified 724 SNPs were used for the study for the establishment of a tool of genetics for management of aquaculture and also marker for diversity in population of cod fishes in the Atlantic region (Moen et al. 2008).  
In yet another study the SNPs markers were used to estimate the population of Chinook Salmon that was caught in Yukon River fisheries. It was used as a means to estimate Canadian origin chinook salmon and US origin chinook salmon (Smith et al. 2005).  The group successfully identified SNP markers that were applicable to specific stock Chinook salmon that originated from the US and those from Canada and estimated the number. The tool they developed can also be used for tracking migration and homing habits of salmon in the region.
	Both studies proves that SNPs are very important tools that can be utilized in fisheries for a number of application. In fact, any type of genetic marker can be utilized for the purpose stated earlier in fisheries. 
Applications of genetics in fisheries
	Identification of species	
In fisheries, the establishment of identity of the fish is important in conservation, monitoring as well as marketing. Therefore, there cannot be a more solid tool than the use of genetic markers for establishment of identity and species of an organism. In doing so analysis of DNA is used to establish a DNA barcode that is specific for a particular species. When identifying or establishing authenticity of the organism DNA analysed from the specimen is compared to already validated DNA sequence from the database. Usually an accuracy of greater than 90% can be achieved and if so it is considered a good match. To make the things practical there are DNA databases for fishes that are established and can be accessed worldwide. Using the method species identity of fish eggs, juveniles and larvae were established and was released in the Mexican waters to complete its life cycle. 
DNA barcoding has tremendous application and can be used in all fishes that are freshwater, marine or brackish (Ward, Hanner & Hebert 2009). Many institutes and organizations have used DNA barcoding to establish species identity and location of origin of the species of fishes. In future the DNA barcodes of fishes will be increasingly used and DNA databases will include many genes from the same species (Burg 2007).
 Stock structure of fishes
In fisheries stocks are considered the fundamental units of management. They are demographically cohesive spools of fishes. In order to determine the spatial distribution of stocks genetic analysis is used. By genetic analysis patterns of stocks are determined the number of stocks within a species. By understanding the stock structure of fishes it becomes easy for those managing fisheries to allot manpower and resources towards more diverse stock population within a species. In successful cases of stock management genetically determined stocks were used to manage sharks and snappers that are in continuous distribution from Australia to Indonesia. Stock records of salmon fishes are used to maintain a sustainable harvest of salmons in North America. 
In managing stock population there are certain barriers which are questions of its application in appropriate spatial distribution which are revealed by genetic tests. There is a requirement of better and more communication between scientists and geneticists as well as managers to establish and maintain a stock structure. Meaning a huge manpower is essential in such case. 
Like the DNA barcoding the genetic markers that determines stock of fishes will increase with increase in research findings. In future management of stock population will focus on behavior pertaining to an individual organism in ecological timeframe rather than taking a long term behavior average of the entire population (Ovenden, Jenny R et al. 2009; Shaklee et al. 1999).
In mixed stock fisheries
In some fisheries there is collection of different fishes that belongs to the same species but of different stock which is called a mixed stock. The mixed stock analysis reveals the number of stocks that are mixed in an aggregated farming and to ascertain if the aggregation is beneficial or detrimental. The establishment allows management of multiple stocks at the same time promotion of breeding among stocks for producing variability in the population. In successful cases of stock management a huge cache of juvenile ocean-heading sockeyes were identified and reassigned to the breeding population through matching of stocks (Habicht et al. 2010). It is also established that salmons present in the exclusive economic zone of Russia are from North America. It also helps in establishing their route of migration in a seasonal manner. 
Although there are no potential barriers in taking up stock data and maintaining a database there is yet to be a very good database that can be considered as a reference point. Moreover, costs factor always plays a role in any project so as the management of stock population through genetic markers. It is estimated that development in faster DNA sequencing will, help in bringing more stock records and database faster for reference. 
DNA data as biomarker for age
Fishes should be timed properly for harvest to get maximum yield and quality. In order to estimate growth and harvest strategy a proper characterization of age is essential. Though age can be established roughly by visualization and size of growth rings in hard parts such as otoliths in few fishes such as finfish many fishes do not have the hard part that can be used as a means of estimating age. Moreover, counting the hard part is carried out posthumously.  
By use of genetic markers such as shortening of telomerase the age of the fish can be determined. However, the rate of telomeric shortening depends upon species of interest therefore a proper calculation and estimation of rate of shortening, if established, can be used for the purpose of measuring age. The challenge lies, however, in that the difference in environmental condition also determines longevity therefore establishing an acceptable model is difficult. There has been a successful estimation of telomere length and size of shell in abalone fish but an actual correlation between length of telomerase and age of fishes is yet to be established (Ovenden, Jennifer R & Godwin 2011). 
Monitoring the ecosystem
Use of genetic tool in monitoring the ecosystem is one aspect of fisheries. In recent development in fisheries, the ecosystem bases management strategy has taken an immense importance. The genetic tools can establish a unique understanding of the process in the ecosystem which includes understanding the food web, estimating and realizing stressors in the ecosystem, and establishing an evolutionary effects of change in climatic change. 
DNA studies has the potential to understand the effect of fishing and dietary habits (Deagle, Kirkwood & Jarman 2009). Moreover, understanding the activity of particular genes that are expressed in presence of stressors or pollutants in an ecosystem can help establish possible contamination in the environment. In another application of genetics in fisheries the estimation of genetic variation can help establish effect of change in the environment over time. Some of the successful application of use of genetic material in studying ecological change are, in Alaskan salmon there is a change in genetic expression profile associated with the season of breeding (Kovach, Gharrett & Tallmon 2012). Some of the organisms like mussels can be used as biosensors. The use of DNA as indicator of environmental changes and tracking ecosystem is a well-established method and there will be minimal hindrance in using the technique. This is a rapidly developing field and is in line with recent development in technologies. As there is a growing concern of the environment the tools to measure environmental effects will be widely accepted in future. 
Calculating the harvest rate and abundance 
To maintain a sustainable means of fishing commercial species of fishes there is always a necessity of estimating harvest rates and calculating the abundance of the target species. In a classical way of estimating population of fishes the use of capture mark and capture technique is well-established. However, it can be much more efficient by means of genetic tagging and following capture mark release recapture technique (Buckworth et al. 2012). 
The genetic tags that is used in such techniques are unique fingerprints of DNA that is specific for a particular individual organism which function in a similar manner as conventional non-genetic tags. There has been successful use of the technique in humpback whales which showed accuracy much more than the conventional photograph comparison technique (Palsbøll et al. 1997). 
Although promising there are considerable barriers in taking up the project in a large scale. The cost factor of tagging an organism genetically is much higher than conventional tags that was used earlier. Being a relatively new application in fisheries the technique is yet to be properly established. 
Other applications of genetic markers in fisheries includes checking evolutionary response to fishing in which undesirable changes in evolution introduced by fishing is monitored through functional genomics. Genetics can also be employed in strategizing means of stock improvement and enhancement through release of stocks in depleted regions which are compatible environmentally (Araki & Schmid 2010). 
With multiple applications in fisheries, the use of genetics in fisheries remain a promising field that will eventually lead to better management of the resource. 
Conclusion
 Use of genetic markers in management of fisheries is well-established with respect to few applications. The field have got good attention in the recent past decades because of the immense potential that the technique presents as well as the flexibility in application as it involves DNA of fishes harvested from the source and no other samples to establish a conclusive statement. Right from the identification of a particular species to understanding the food and behavior of stocks genetics have a great role that is authentic and unbiased. Development in the field is expected more in the coming years which will lead to establishment of separate DNA database exclusively for species of fishes. With high throughput DNA sequencing techniques it is assumed that the field of genetics will find a comfortable niche in fisheries as an important and indispensable tool for management. 
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[image: ]Figure 1: Whole genome sequencing approach of fishes.
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Figure 2: Cloning a specified sequence from a whole genome for easy referencing. 


 
Table 1: number of base pairs in satellites, minisatellites and microsatellites
	Type
	Degree of repetition
	Repeat units (bp)

	Satellites
	103-107
	One to several thousands

	Minisatellites
	10-103
	9-100

	Microsatellites
	10-102
	1-6



[bookmark: _GoBack]Table 2: Application of genetics in fisheries

	Studied by
	Technique used
	Cases

	Burg 2007
	DNA Barcoding
	Species identification

	Ovenden, Jenny R et al. 2009
	DNA Barcoding
	Stock structure determination

	Habicht et al. 2010
	DNA sequence analysis
	Mixed stock farming

	Ovenden, Jennifer R & Godwin 2011
	Telomeric ends
	Age calculation

	Kovach, Gharrett & Tallmon 2012
	Gene expression
	Ecosystem Monitoring, presence of stressor.

	Deagle, Kirkwood & Jarman 2009
	Gene expression
	Change in population

	Buckworth et al. 2012
	DNA tagging
	Estimating abundance
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