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Abstract

The Siberian sturgeon (Acipenser baerii) represents a species of major interest, recently introduced into Romanian
aquaculture due to its adaptability to controlled rearing conditions and its high economic value. As a species with an
ancient phylogeny, it exhibits distinct biological and physiological traits that significantly influence growth
performance, metabolic processes, and feeding behavior. From a biological perspective, A. baerii is a benthic species
characterized by relatively slow growth and late sexual maturation, as well as a high tolerance to variations in
environmental conditions, making it suitable for intensive and semi-intensive aquaculture systems.From a
physiological standpoint, the species demonstrates efficient oxygen utilization, while its metabolic activity is
strongly influenced by temperature and water quality parameters. These factors directly affect feed intake, nutrient
assimilation, and overall growth and development performance.From a nutritional perspective, 4. baerii requires
protein-rich diets and efficiently utilizes lipids as a primary energy source, but exhibits a limited capacity to
metabolize carbohydrates, highlighting the importance of optimal feed formulation.This review article aims to
synthesize current knowledge regarding the biological, physiological, and nutritional characteristics of the Siberian
sturgeon, with the objective of identifying key factors influencing species growth, in order to support the
development of efficient and sustainable aquaculture practices.
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1. Introduction evolution [6]. Within this group, the Siberian

sturgeon (Acipenser baerii Brandt, 1869) occupies
Sturgeons represent one of the oldest extant a distinct position due to its distribution in the
groups of actinopterygian fishes and are often major hydrographic basins of Siberia, including
regarded as “living fossils” due to the preservation the Ob, Yenisei, and Lena rivers, being one of the
of primitive morphological traits throughout their few sturgeon species exclusively adapted to
evolutionary history [1 ,2, 3]. The order freshwater environments [7, 8]. The origin of this
Acipenseriformes has an ancient origin dating species’ presence in these habitats is explained by
back to the Mesozoic and is associated with early two main hypotheses: one supporting an ancient
evolutionary lineages of bony fishes [4, 5]. autochthonous origin based on paleontological
Contemporary species retain a series of archaic evidence, and another suggesting a relatively
features, such as a predominantly cartilaginous recent colonization from the Ponto-Caspian region
skeleton, persistence of the notochord, and the in the context of paleogeographic changes during
presence of dermal bony scutes, which confer the Pleistocene [3, 9]. Regardless of the initial
particular importance in studies of phylogeny and scenario, the current distribution of the Siberian

sturgeon has been strongly influenced by glacial
dynamics and the reorganization of hydrographic
* Corresponding author: Catédlina Teodora Florea, systems [7]. From an ecological perspective,
+40754830230, catalina.florea@iuls.ro sturgeons are characterized by high plasticity and
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a considerable capacity to adapt to diverse
environmental conditions [2, 10]. Most species
exhibit an anadromous behavior, migrating from
marine  environments to  freshwater for
reproduction;  however, there are also
potamodromous forms that complete their entire
life cycle in freshwater, as is the case of the
Siberian sturgeon [7, 8, 11, 12]. From a trophic
standpoint,  sturgeons are  predominantly
benthophagous, feeding on benthic organisms
such as aquatic invertebrates, although they may
also display ichthyophagous behavior at certain
ontogenetic stages or under specific ecological
conditions [13-16]. Thus, their evolutionary
success does not reflect stagnation, but rather the
result of a balance between the conservation of
ancestral traits and high ecological flexibility [2,
10]. In this context, the present review aims to
synthesize current knowledge regarding the
biological, anatomical, and nutritional
characteristics of the Siberian sturgeon (Acipenser
baerii), highlighting the factors that contribute to
its performance in aquaculture, as well as their
relevance for promoting species cultivation and
optimizing  exploitation  systems  through
appropriate nutritional management.

2. Materials and methods

A systematic review was conducted using major
international scientific databases and authoritative
institutional sources, including Google Scholar,
ScienceDirect, Web of Science, Scopus, PubMed,
ResearchGate, as well as reports and data from the
Food and Agriculture Organization (FAO) and the
International Union for Conservation of Nature
(IUCN). The literature search was performed
using predefined keywords and was further
refined according to publication year and article
type. Following the application of inclusion and
exclusion criteria, 62 studies were deemed
relevant and included in the final analysis.

A. BIOLOGY

Historically, the species was divided into three
geographically distinct subspecies: Acipenser
baerii baerii (Ob River basin), Acipenser baerii
stenorrhynchus (eastern Siberian rivers such as the
Yenisei and Lena), and Acipenser baerii
baikalensis (Lake Baikal system and its
tributaries, including the Selenga and upper
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Angara) [17-19]. However, detailed
morphological studies and modern genetic
analyses, including sequencing of the cytochrome
oxidase I (COI) gene, have demonstrated that
intra-population variation exceeds the differences
observed among these subspecies. Consequently,
the Siberian sturgeon is currently regarded as a
monotypic species, characterized by broad and
clinal phenotypic variability [2, 19]. From a
genetic perspective, the family Acipenseridae is
classified according to ploidy level. In this
context, Acipenser baerii belongs to the group of
species exhibiting between 240 and 250
chromosomes (evolutionarily octoploid species,
often considered functionally tetraploid) [2, 20].
Within this group, the species is morphologically
and genetically close to Ponto-Caspian sturgeons,
particularly  Acipenser  gueldenstaedtii  and
Acipenser naccarii, from which it differs through
its exclusively potamodromous ecology [20].
Sturgeons possess an elongated, fusiform body
adapted to benthic life, and a tegument lacking
typical scales, being instead protected by five
longitudinal rows of bony plates (scutes): one
dorsal row, two lateral rows, and two ventral rows
[21, 22]. Primitive ganoid scales persist only on
the upper lobe of the caudal fin in the form of
fulcra [22] as illustrated in Figure 1.
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Figure. 1 Anatomy of siberian sturgeon (Acipenser
baerii)
The caudal fin is heterocercal, with a more
developed upper lobe into which the vertebral
column extends, representing an archaic feature
similar to that observed in sharks [23, 24]. The
internal skeleton is predominantly cartilaginous,
and the notochord persists throughout life without
complete ossification of vertebral bodies [23, 25].
The skull consists of a cartilaginous neurocranium
covered by dermal bony plates [24]. The mouth is
ventrally positioned, highly protrusible, and
toothless in adults. It is preceded by four sensory
barbels involved in food detection [22]. The jaws
are suspended by cartilaginous elements
(hyomandibular and symplectic), enabling their
extension into a tube-like structure used for
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suction feeding [22]. The digestive tract includes
the esophagus, a differentiated stomach (glandular
and muscular regions), pyloric caeca, and
intestine. A key primitive feature is the spiral
valve, which increases absorptive surface area and
slows food transit [22, 24]. The central nervous
system is of a primitive (palaeoniscid) type, with a
relatively small brain and a well-developed
mesencephalon [22, 23]. The circulatory system
includes a ventrally positioned heart with a well-
developed pulsatile conus arteriosus and multiple
valves [22]. The reproductive cycle is
characterized by late sexual maturation, typically
occurring between 10 and 20 years in natural
conditions [19,23]. Females do not reproduce
annually; spawning occurs at intervals of 2-8
years due to asynchronous ovarian development
[22, 26]. Reproduction takes place in spring or
summer, in areas with strong currents and hard
substrates (gravel, rocks), where adhesive eggs
attach to the substrate to prevent dispersal [23,
27]. The ploidy-based genetic structure of
sturgeons confers a high capacity for interspecific
and intergeneric hybridization, both in natural
environments and aquaculture. A notable example
is the hybrid Bester (beluga X sterlet) [23, 27, 28].
The muscular system is metameric, composed of
myomeres separated by myosepta, and includes a
well-developed abdominal musculature [22].

B. PHYSIOLOGY

A defining biological trait of sturgeons is their
high plasticity, which has led to the formation of
intraspecific biological groups. In migratory
species, two seasonal reproductive stages are
commonly distinguished: spring and autumn [22,
23]. Individuals of the autumn stage enter rivers
with immature gonads, overwinter in deep pools,
and reproduce the following spring. In contrast,
spring-stage individuals migrate with mature
gonads and spawn shortly after entering
freshwater. This differentiation allows extended
utilization of spawning habitats. Genetically,
sturgeons possess a complex genome shaped by
multiple whole-genome duplication events. They
are grouped into species with approximately 120
chromosomes and those with 240-250
chromosomes, the latter including Acipenser
baerii [9, 29]. The lower chromosome number is
considered a plesiomorphic condition.
Fluorescence in situ hybridization studies have
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revealed exclusively terminal telomeric sequences,
suggesting the absence of recent major
chromosomal rearrangements [30]. Sturgeons are
adapted to benthic feeding in turbid or deep
waters, where vision plays a secondary role. Food
detection relies on sensory barbels and
electroreceptive ampullary organs located on the
ventral surface of the rostrum, enabling tactile and
chemical prey detection. The protrusible mouth
then forms a suction tube for food intake [22]. The
gustatory system comprises oral and extraoral
subsystems. Extraoral taste buds, located on the
lips and barbels, develop before the onset of
exogenous feeding and enable detection of very
low concentrations of dissolved amino acids. In
cases of olfactory impairment, these structures
may hypertrophy and partially compensate for
spatial orientation toward food [31]. Early
ontogeny includes several adaptive mechanisms to
counter high mortality rates. Oocytes possess
numerous micropyles, enhancing fertilization
success in fast-flowing waters. The hatching gland
prevents premature hatching under unfavorable
conditions [23]. After hatching, larvae undergo
passive downstream migration without active
feeding. Survival depends on lipid reserves
accumulated in the liver during yolk sac
utilization. Juveniles exhibit early euryhalinity,
allowing access to estuarine environments rich in
trophic resources. In northern species such as the
Siberian sturgeon, low-temperature embryonic
development results in larger larvae capable of
rapid transition to exogenous feeding [19].
Migration and osmoregulation are tightly
regulated by the hypothalamic—pituitary axis.
Environmental cues such as light, temperature,
salinity, and water flow influence hormonal
secretion and reproductive behavior [22, 23].
Nitrogenous waste is excreted primarily as
ammonia through the gills, which also play
essential roles in respiration, ion regulation, and
acid-base balance [32]. Although Acipenser baerii
possesses partial adaptations to increased salinity,
it is not an efficient hyperosmotic regulator.
Juveniles fail to maintain plasma osmolality above
7%o salinity, leading to reduced activity and
feeding cessation. Osmoregulation is energetically
demanding, and cortisol is the primary hormone
involved [33, 34]. The endocrine system regulates
growth, reproduction, stress response, and
homeostasis. Gonadal development is controlled
by sex steroids, including testosterone, estradiol-
17B, and 11-ketotestosterone [35]. In females,
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ovarian steroidogenesis shows specific patterns.
Near ovulation, testosterone levels may exceed
estradiol concentrations; however, final oocyte
maturation is triggered by C21 steroids,
particularly 17,20,21-trihydroxy-4-pregnen-3-one
[36]. Stress responses are mediated by the
hypothalamic—pituitary—interrenal axis, resulting
in cortisol and catecholamine release under
adverse conditions [37, 38]. Endocrine disruptors
are of particular concern in aquaculture. Nitrate
accumulation in recirculating systems can alter
endocrine activity, while phytoestrogens such as
genistein (from soybean meal) may disrupt steroid
metabolism and reproductive synchronization [39,
40]. Metabolically, the Siberian sturgeon is
adapted to cold, food-limited environments.
Proteins and lipids are the primary energy sources,
while carbohydrates are poorly utilized. Lipids
serve as efficient non-protein energy reserves,
particularly during fasting [41]. A distinctive
feature is the high investment in generative
metabolism, reflected by a high gonadosomatic
index and fecundity, representing an adaptation to
harsh environments [20]. Respiration occurs via
gills using a countercurrent exchange mechanism.
Under hypoxic conditions, metabolism shifts to
anaerobic  pathways, leading to lactate
accumulation and metabolic acidosis, followed by
recovery upon reoxygenation [32].

C. NUTRITION

The Siberian sturgeon (Acipenser baerii, Brandt,

1869) is a euryphagous species with a
predominantly benthophagous diet, reflecting
benthic community composition. In natural

environments, it feeds primarily on insect larvae
(chironomids), crustaceans (amphipods, isopods),
worms, and mollusks, consistent with the dietary
spectrum illustrated in Figure 2, exhibiting high
trophic plasticity [19, 42]. An important adaptive
trait is its ability to feed throughout the year,
including at temperatures close to 0°C and during
the reproductive period [8, 43]. In early
ontogenetic stages, larvae are polyphagous and
initiate feeding shortly after hatching near
spawning areas [15]. In certain ecosystems, such
as Lake Baikal, mature individuals (typically older
than 10 years) may shift toward ichthyophagy,
feeding predominantly on fish [19]. In
aquaculture, the optimization of Siberian sturgeon
nutrition is not limited to the quantitative level of
macronutrients but particularly targets their
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quality and physiological effects on the organism.
Thus, the profile of essential amino acids plays a
decisive role in supporting growth and protein
metabolism; however, the partial or total
replacement of fish meal with alternative sources,
such as plant proteins or processed animal
proteins, does not negatively affect growth
performance or nitrogen balance [13-14, 22, 44-
45].
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Figure. 2 Main feed sources for siberian sturgeon
(Acipenser baerii)
With regard to lipids, beyond their energetic role,
their composition—especially the ratio of omega-
3 polyunsaturated fatty acids (DHA and EPA)-
significantly influences reproductive performance

and offspring quality [46, 47]. In contrast,
carbohydrate utilization is physiologically limited,
and high levels of digestible carbohydrates may
negatively affect growth, feed conversion
efficiency, and hepatic function [48, 49]. A critical
stage in Siberian sturgeon culture is the transition
from endogenous to exogenous feeding, during
which larvae are initially fed live food, followed
by a gradual weaning process toward commercial

diets—an essential step for adaptation to
aquaculture conditions [22, 50]. Furthermore,
dietary supplementation with bioactive

compounds contributes to improved health status
and zootechnical performance. Although the
Siberian sturgeon is capable of synthesizing
ascorbic acid, additional dietary vitamin C intake
is beneficial for stimulating the immune system
[51]. Likewise, the use of probiotics, prebiotics,
and synbiotics has a positive effect on intestinal
microbiota, enhancing resistance to stress and
disease [52] as well as improving nutritional
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efficiency [53, 54]. Understanding the trophic
plasticity of Siberian sturgeon is essential for
improving aquaculture practices. The transition
from natural feeding conditions to controlled

nutritional management. These changes directly
influence growth performance, health status, and
overall productivity. Therefore, a comparative
overview of the species’ trophic characteristics

aquaculture systems involves significant changes under different conditions is necessary, as
in diet composition, feeding behavior, and illustrated in Table 1.

Table 1. Comparison of the trophic characteristics of the Siberian sturgeon (Acipenser baerii) in natural

environments and aquaculture.
Parameter Natural Environment Aquaculture References
Feeding Euryphagous, predominantly Euryphagous, adapted to compound [19,42,55]
type benthophagous feeds
Diet Insect larvae (chironomids), crustaceans, Extruded feeds based on fish meal, [42,55,56,61]
composition | worms, mollusks plant proteins, and oils
Trophic High, dependent on resource availability Controlled through feed formulation [19,55,60]
plasticity
Feeding Continuous feeding, including at low Controlled feeding, depending on [19,55]
adaptations | temperatures and during reproduction technological regime
Early stages | Polyphagous larvae, early feeding in Starter feeds with high protein (50— [50,55]
natural environment 55%) and lipid content (12—15%)
Juveniles Diverse benthic diet Proteins: 45-50%; Lipids: 12—-18% [55,56]
Adults Predominantly benthophagous; in some Proteins: 40-45%; Lipids: 10-20% [19,55]
ecosystems become ichthyophagous
Variability | High, influenced by habitat and resources | Reduced, controlled through nutritional | [19,55]
management
The Siberian sturgeon (Acipenser baerii, Brandt,

As alternative feed sources, particularly in 1869) is a species of significant importance for

recirculating systems, the inclusion of microalgae
such as Spirulina has been reported, showing
positive effects on growth and lipid profile in
sturgeons [57]. More recently, artisanal fermented
products (kombucha and kefir) have also been
successfully tested as dietary additives [58], along
with insect-derived meals, such as those obtained
from the black soldier fly (Hermetia illucens).
These products contribute to  improved
gastrointestinal digestion and sustainable somatic
growth [59]. For semi-intensive and intensive
farming systems, particularly in the northeastern
region of Romania, targeted agrotechnical
measures are required to enhance aquatic trophic
chains and increase the biomass of nutritionally
suitable benthic organisms. In this context,
adapting feeding strategies to local environmental
conditions and available resources plays a key role
in optimizing production efficiency. At the same
time, the use of regionally available feed
ingredients and the valorization of natural trophic
resources can contribute  significantly to
improving both the economic performance and
ecological sustainability of sturgeon farming.

3. Conclusions

245

aquaculture due to its adaptability to controlled
rearing conditions and its suitability for both
intensive and semi-intensive systems. Although it
is characterized by relatively slow growth and late
sexual maturation, these limitations are
compensated by its high ecological plasticity and
its ability to tolerate a wide range of
environmental conditions, making it a reliable
species for aquaculture production. The
physiological performance of this species is
strongly influenced by environmental factors,
particularly water temperature, dissolved oxygen,
and overall water quality. These parameters
directly regulate metabolic activity, feed intake,
and growth efficiency. Suboptimal conditions can
lead to stress, reduced productivity, and increased
susceptibility to diseases, highlighting the
importance of maintaining stable and optimal
rearing environments. At the same time, Siberian
sturgeon shows sensitivity to stress factors such as
handling, high stocking density, and sudden
environmental changes. These stressors can
disrupt metabolic balance and negatively affect
growth and health status. In addition, maintaining
proper osmotic balance is essential, especially in
systems where water composition may vary. From
a nutritional perspective, the species has a high
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requirement for proteins and lipids, which are
essential for growth and energy supply, while its
capacity to utilize carbohydrates remains limited.
This emphasizes the need for well-balanced diets
that meet its specific physiological requirements
and support efficient feed utilization. In
conclusion, the  optimization of  both
environmental conditions and nutritional strategies
is essential for improving growth performance,
ensuring fish welfare, and increasing production
efficiency. A  well-integrated management
approach represents a key factor in achieving
sustainable and economically viable Siberian
sturgeon aquaculture.
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