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By Dr. Gyan Chandra  and Dr. Dorota Fopp-Bayat

Technological innovations and needs for improved conservation and production

Reviewing some of the main technologically innovative applications in sturgeon aquaculture and conservation, and further research needed for aquaculture,
management and conservation programs. Photo by Darryl Jory.
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Sturgeons are primitive �sh and are often referred to as “living fossils.” Fishes of this order (Acipenseriformes) are found in the Atlantic, the Paci�c, the
Mediterranean and the Black Sea as well as rivers, lakes and inland seas of the Northern Hemisphere above the 30th parallel.

Many species of sturgeons are commercially exploited for their caviar, �esh and isinglass, and are one of the most endangered groups of vertebrates. But
species like the European sturgeon Acipenser sturio) is already extinct from the Guadalquivir, Rhine, Elbe and the Thames Rivers due to the combined high
pressure of over�shing, blockage of spawning migrations and habitat degradation.

Construction of dams has adversely affected the migration of sturgeon. However, �shways and arti�cial spawning habitats are gaining importance in
maintaining sturgeon populations in their natural environments. But sturgeons need international conservation programs, and many existing populations
have little chance to survive without arti�cial breeding and ranching programs.

Numerous publications are available on sturgeon biology, conservation genetics, aquaculture, embryonic development and several other pertinent areas. In-
depth knowledge of embryological development is crucial for hatchery management, effective conservation and restocking programs of sturgeon. In
recirculation aquaculture systems (RAS), where the temperature, light, feeding regime and water quality are maintained at optimum levels, sturgeons attain
maturity very quickly, up to twice as fast as in their natural environment.

 

This article – adapted and summarized from the original publication (https://doi.org/10.1111/raq.12466) (Chandra, G. and D. Fopp-Bayat. 2021. Trends in
aquaculture and conservation of sturgeons: a review of molecular and cytogenetic tools. Rev. Aquac. 13(1), January 2021) – reports on a comprehensive
review paper describing several research tools and their potential application in resource management, aquaculture and conservation of sturgeon
populations.

Genome engineering in sturgeons
Genome engineering [or genome editing, a form of genetic engineering in which DNA is inserted, deleted, replaced or modi�ed in the genome of a living
organism] techniques such as chromosome manipulation, gynogenesis [asexual reproduction where the egg cell of the organism is able to develop,
unfertilized, into an adult using only maternal genetic material] and androgenesis [development of an embryo that contains chromosomes from only the male
parent] are useful in developmental biology, reproduction, genetics and sex determination, and conservation-related studies, as well as to improve aquaculture
production.

Gynogenesis and androgenesis are used to
induce polyploidy [condition where the cells of
an organism have more than one pair of
chromosomes], and can be valuable for
improved animal production. For example,
some triploid [organisms with an extra set of
chromosomes present in each cell] �sh grow
faster, taste better, are usually sterile and utilize
energy for �esh production rather than for
gonadal development. Both are also important
for the production of all-female or all-male
populations.

An important gynogenesis application is to
produce sturgeons that contain only the
maternal genome and are therefore helpful in
the production of female stock, a source of
black caviar, an expensive food product.
Androgenesis is useful in conservation through
the restoration of endangered species in their
natural habitat. Species identi�cation of
sturgeon is decisive in the prevention of illegal
and mislabeled trade of caviar and meat and
plays a pivotal role in conservation, selective
breeding and enforcement of sturgeon �sheries
regulation across the globe.

Molecular analyses
Morphological methods of identi�cation are based on size, shape, color and meristics [an area of �sh studies involving counting quantitative features of �sh,
such as the number of �ns or scales], but often give imprecise results. Morphological methods alone cannot differentiate closely related species of the same
genus. Various protein-based methods have been used for the identi�cations of �sh and �sheries products, but these techniques are not very suitable for
species identi�cation as protein characteristics and their presence depend on the cell types, and they lose their biological activity after the death of the
animal. Furthermore, most proteins get denatured permanently when exposed to heat.

Molecular analysis, based on speci�c DNA fragments, gives reliable results in species identi�cation, parentage analysis, breeding and selection programs.
DNA is more heat-stable than proteins and can be isolated from thermally processed �sh products. Furthermore, DNA can be isolated from any biological
tissues and �uids of �sh, and DNA contains much more genetic information than protein.

Mother of Pearl spoons with salmon roe (top) and sturgeon black caviar (bottom). Photo by THOR (CC BY 2.0).
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Species identi�cation
Species identi�cation is crucial in conservation, selection, breeding and prevention of illegal and mislabeled trade of �sh and �sheries products. Sometimes
low-value �sh products are sold in the market as mislabeled, high-value �sh products. There are several molecular methods available for species
identi�cation, including polymerase chain reaction (PCR) and several others that are being widely used. The suitability of the method used largely depends on
the objective of the research, the cost and time to produce results.

The eggs of sturgeons are the source of black caviar and are traditionally identi�ed by their size, color, texture, smell and taste, which often gives a vague
result. However, the molecular method is simple, fast, accurate and even useful for a small amount of caviar. The identi�cation of caviar is essential for the
conservation and enforcement of �sheries regulation across the globe. Several molecular techniques are currently applied in the identi�cation of sturgeon.

Applications in aquaculture and conservation
Many techniques described in the comprehensive, original publication are very important and useful in aquaculture and conservation of valuable and
vulnerable sturgeon �sheries resources of the world, and information regarding embryonic development is critical in sturgeon hatchery management, embryo
and larvae production, aquaculture and conservation of these species.

For example, cryopreservation [or cryoconservation, a process where tissues, cells, organs and other body structures susceptible to damage are preserved by
cooling to very low temperatures, usually minus-80 degrees-C using solid carbon dioxide or minus-196 degrees-C using liquid nitrogen] of sperm helps in
maintaining the genetic diversity of a �sh population and also reduces the cost and area of broodstock development.

Genome engineering techniques such as chromosome manipulation, gynogenesis [asexual reproduction where the egg cell of the organism is able to
develop, unfertilized, into an adult using only maternal genetic material and androgenesis [development of an embryo that contains chromosomes from only
the male parent] are useful in developmental biology, reproduction, genetics and sex determination, and conservation-related studies.

Parentage analysis gives accurate information about effective population size, inbreeding assessment, genetic diversity levels and migration patterns, which
are essential for effective conservation and restocking programs of �sh in their wild habitat.

The expedited development and application of the techniques discussed – and possibly others – will support the promotion of aquaculture production and
the conservation of endangered species of sturgeons. Newly developed technologies are very e�cient and usually provide fast returns in comparison with
older techniques.

Perspectives
Sturgeons are one of the most endangered �sh groups in the world, especially because of obstruction in spawning migrations due to dam construction in
rivers, human encroachment and destruction of natural breeding grounds, and intensive exploitation mainly for black caviar. Due to the disappearance of
many natural sturgeon populations, aquaculture of various sturgeon species is growing rapidly, and currently, many sturgeon products are from aquaculture
production. During this development of sturgeon aquaculture, scienti�c research began to develop rapidly to support and optimize new production
technologies. Nevertheless, the newest research technologies are essential to support the latest trends of sturgeon aquaculture.

Sturgeons have a high ability to form viable and fertile hybrids that are useful in aquaculture. The new methods of species/hybrid identi�cation are very
important, as hybridization is very common in sturgeon. Banking of sturgeon sperm for aquaculture reproduction and preservation of biodiversity steadily
increases its importance. Cryopreservation of semen collected from endangered sturgeon species is very important in aquaculture and conservation of these
valuable �sh resources. Banking of embryos and their long-term storage will be probably the most needed innovation, especially important for disappearing
sturgeon species. The technology of embryos banking would be a breakthrough in the conservation of sturgeons, which is in danger of extinction.

New research focused on biology, physiology, genetics and genome engineering are essential to understand the reproductive biology of sturgeon towards the
creation of all-female populations and early sex control in sturgeon. Prospective research on genome engineering techniques and gene expression analysis
can provide fundamental data for accurate sex determination in sturgeons at the early stages of development, and this will have a noteworthy impact on
caviar production by the female.

Genome sequencing of all sturgeon species is a very important objective to help in the identi�cation of potential genes and their regulation in the organism,
and to address various issues related to breeding, diseases, sex determination and maturation. Draft genomes are available for 24 sturgeon species and
hybrids.

The rapid development of sturgeon aquaculture has resulted in outbreak of some infectious diseases. Several viral, bacterial, fungal and parasitic diseases
are causing serious problems to sturgeon breeding and propagation efforts. The identi�cation of most infectious sturgeon diseases and their control
methods is not well-standardized; hence, new applications for quick identi�cation of disease are crucially needed. Because of the increasing interest on
sturgeon aquaculture worldwide, quick diagnostic tests for various sturgeon pathogens should be prioritized in research efforts.
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