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Abstract

Fish farming plays a significant role in ensuring the global food supply. For achieving maximum yields in the
global production of edible fish products, aquaculture has become the most dynamically developing sector. Within
this context, the cultivation of Clarias catfish (Clarias gariepinus) holds particular importance due to its biological
advantages in terms of growth and development when compared to other artificially cultured fish species under
aquaculture conditions. This article presents findings on the morphological structure of the respiratory organs
(gills and lungs) of the Clarias catfish, obtained using macroscopic, morphometric, and statistical research meth-
ods. Observations revealed distinctive features in the structure of respiratory organs in air-breathing (bimodal)
fish, of which the Clarias catfish is a representative. It was shown that during the phylogenetic development of air-
breathing fish, modifications occur in their gas exchange and circulatory systems—specifically, the development of
a double circulatory loop-like that observed in amphibians. In these animals, paired lungs form in addition to gills,
enabling them to breathe atmospheric air. Thus, in the evolutionary development of the respiratory organs of air-
breathing fish such as the Clarias catfish, structural adaptations are observed compared to fish that rely solely on
gill respiration. These changes ensure efficient gas exchange between the animal’s body and the surrounding
environment. Such adaptations are characterized by the improvement of respiratory structures typical of amphibi-
ans, in which paired lungs form alongside gills, allowing the organism to utilize atmospheric oxygen. In unfavora-
ble aquatic conditions, Clarias catfish can migrate to alternative water bodies. In Clarias catfish, the gills are in the
pharyngeal region on the gill arches, with two rows of gill filaments attached to their outer edges. A dense network
of fine blood capillaries is found within these filaments. The lungs (right and left) of the Clarias catfish are com-
posed of branched anatomical structures situated on the second and fourth gill arches. These are paired hollow sacs
with alveolate walls, connected to the esophagus and adapted for aerial respiration. The lungs originate from the
gill cavities and branches in a tree-like manner to form the parabrachial organ, which includes both the right and
left lungs. Each lung comprises medial and lateral lobes. Morphologically, the lungs exhibit three surfaces: dorsal
(facing the dorsal part of the trunk), ventral (facing the ventral side), and mediastinal (facing the midline). The
lungs also possess distinct cranial, caudal, and lateral borders. According to the results of morphometric analysis,
the absolute lung mass in Clarias catfish is 5.24 + 0.09 g, and the relative lung mass is 0.33 + 0.02 %. The absolute
mass of the left lung is 2.52 £ 0.17 g (48.13 +2.71 %), while the right lung weighs 2.72 + 0.16 g (51.87 £ 2.71 %)).
Among the lung lobes, the medial lobes are more developed, while the lateral lobes are less developed. Specifical-
ly, the absolute mass of the medial lobe of the left lung is 2.16 + 0.12 g (41.46 + 2.94 %), and the lateral lobe is
0.36 £ 0.11 g (6.68 = 1.84 %). The absolute mass of the medial lobe of the right lung is 2.24+ 0.11 g (42.83 +
1.5 %), while the lateral lobe weighs 0.48 + 0.1 g (9.03 + 1.7 %). Based on linear measurements the length of the
medial lobe of the right lung is 21.0 £ 0.78 mm, the width is 32.2 £ 1.0 mm, and the thickness is 12.8 + 0.33 mm,
the lateral lobe of the right lung measures 11.2 + 0.25 mm in length, 17.5 + 0.4 mm in width, and 6.0 + 0.48 mm in
thickness, the medial lobe of the left lung measures 20.2 + 0.45 mm in length, 31.4 £ 0.63 mm in width, and
12.0 + 0.6 mm in thickness, the lateral lobe of the left lung measures 10.9 + 0.73 mm in length, 17.3 £ 0.68 mm in
width, and 5.8 + 0.35 mm in thickness. According to the lung development index (length-to-width ratio), which is
64 %, the lungs of the Clarias catfish are classified as the expanded-shortened type.

Keywords: vertebrate animals; gills; lungs; morphometry.
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1. Introduction

Fish farming plays a significant role in ensuring food se-
curity both in Ukraine and globally. According to fish product
monitoring data, the cultivation of aquatic organisms—mainly
edible species—already accounts for nearly half of the global
demand for fish products, and projections suggest this figure
may rise to 60-70 % by 2030 (Subasinghe et al., 2009). To
achieve the highest yields in global food fish production,
aquaculture remains the most dynamically growing sector.

Within this sector, particular attention is given to the cul-
tivation of Clarias catfish due to its biological advantages in
growth and development compared to other fish species
reared under artificial conditions. These advantages include
low environmental requirements, disease resistance, rapid
growth rates, high stocking density tolerance, omnivorous
feeding habits, and more — all of which are of exceptional
economic importance in reducing production costs
(BaBmann et al., 2017; Lawal et al., 2017; Ukagwu et al.,
2017; Juin et al., 2017; Strauch et al., 2020).

The African Clarias catfish, also known as the marbled
Clarias or Nile catfish (Clarias gariepinus), is naturally
distributed throughout Africa, including Saharan water bod-
ies, the Jordan River basin, and regions of South and South-
east Asia. It inhabits freshwater lakes, swamps, river
mouths, rivers, irrigation canals, ponds, and floodplain wa-
ters—even those that periodically dry up (Hecht et al., 1996;
Hildebrand et al., 2023). This species is air-breathing, om-
nivorous, freshwater-dwelling, and thermophilic, capable of
breathing atmospheric air in addition to utilizing gill respira-
tion (Tsaryk et al., 2018).

Optimal development of this fish species requires a spe-
cific temperature regime in the aquatic environment-ranging
from 20 °C to 30 °C (Hogendorn & Vismans, 1980; Britz &
Hecht, 1987; Huisman & Richter, 1987). Clarias catfish can
tolerate water temperatures as low as 8 °C (Zadorozhnii &
Bekh, 2024) and are also moderately tolerant of low salinity
levels (Clay, 1977; Chervinski, 1984).

Considering the species’ tolerance for intensive stocking,
capacity for reproduction under artificial conditions, and low
sensitivity to water quality parameters, Clarias catfish farm-
ing is regarded as a promising direction in aquaculture in
many countries (Hogendorn, 1979; Hogendorn, 1980; Viveen
et al., 1985; Bovendeur et al., 1987; De Graaf & Janssen,
1996; Eding & Kamstra, 2002), including Ukraine. The culti-
vation of Clarias catfish under controlled conditions is a
relatively new and developing area in the Ukrainian aquacul-
ture industry (Zadorozhnii, 2023; Zadorozhnii & Bekh, 2024).

For the successful development of aquaculture, im-
provement of productivity traits and disease prevention must
be addressed not only through management strategies, but
also through comprehensive biological studies of the organ-
ism, including macro- and microscopic examination of or-
gans and systems. A particularly relevant aspect is the study
of structural and functional characteristics of the respiratory
system at the species level and under the influence of an-
thropogenic environmental factors (Horalskyi et al., 2022).

This has not only theoretical importance for morpholo-
gists but also serves as a foundation for ichthyologists and
fish farmers to prevent diseases caused by stress and adverse
environmental conditions during fish cultivation in aquacul-
ture systems.

In vertebrates, the respiratory organs perform essential
life-sustaining functions (Prokushenkova, 2009). In all ter-
restrial vertebrates, the respiratory system includes air-
conducting pathways and gas-exchange organs—lungs. Pul-
monary respiration is characteristic of all terrestrial verte-
brates, including adult amphibians, reptiles, birds, and
mammals. Unlike diffusive, gill, or tracheal respiration,
pulmonary respiration is a more advanced form of gas ex-
change, providing for external respiration-i.e., the exchange
of gases between air and blood. Through this process, oxy-
gen enters the organism and carbon dioxide is expelled
(Horalskyi et al., 2020; 2022; 2023).

In fish, respiration is primarily gill-based, and lungs are
generally absent. However, in air-breathing (bimodal) fish
such as Clarias catfish, the respiratory system includes
paired lungs in addition to gills. As a result, these fish can
perform pulmonary respiration and breathe atmospheric air
(Aleksiienko, 2007; Melnyk et al., 2008; Sherman et al.,
2009; Tsaryk et al., 2018).

Therefore, the Clarias catfish exhibits specific morpho-
logical features in its respiratory organs and a distinct physi-
ological respiratory mechanism. This formed the basis for
our study.

Consequently, we conducted a comparative morphologi-
cal and morphometric evaluation of the gill and lung struc-
tures in the air-breathing catfish Clarias gariepinus.

2. Materials and methods

The study was conducted in accordance with the interna-
tional principles of the European Convention for the Protec-
tion of Vertebrate Animals Used for Experimental and Other
Scientific Purposes (Strasbourg, 1986) and the Rules for
Conducting Work with the Use of Experimental Animals
approved by Order No. 281 of the Ministry of Health of
Ukraine dated November 1, 2000, “On Measures for Further
Improvement of Organizational Forms of Work with Exper-
imental Animals,” as well as the Law of Ukraine “On the
Protection of Animals from Cruelty” (No. 3447-IV of Feb-
ruary 21, 2006, Kyiv).

The research complied with the general rules of Good La-
boratory Practice (GLP, 1981) and the provisions of the
“General Ethical Principles of Animal Experiments”, ap-
proved by the First National Congress on Bioethics (Kyiv,
2001).

The object of the study was the gills and lungs of the Afri-
can catfish (Clarias gariepinus), a species of air-breathing
vertebrate (Chordata), class Actinopterygii, family Clariidae.

The cultivation and maintenance of Clarias gariepinus
(Burchell, 1822) were carried out under controlled domestic
conditions using artificially created ecosystems with appro-
priate environmental parameters, including optimal water
temperature, acidity, and salinity, to ensure comfortable
living conditions.

For this purpose, aquaria with a volume of up to 500 li-
ters were used. These were equipped with technical devices
and filtration systems for mechanical, biological, and bacte-
riological treatment—Eheim Professional 3 1200XL filters
and Resun UV-08 24W external ultraviolet sterilizers. Oxy-
genation of the water was maintained by Resun ACO-001
air compressors.

Water temperature (maintained at 25-28 °C) was con-
trolled using JBL ProTemp e500 external heaters with a
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capacity of 500 W. The quality of water and fish stocking
density complied with the recommended standards for the
cultivation of Clarias gariepinus (Hecht et al., 1996). Tap
water, previously dechlorinated by settling and heated to
tank temperature, was used for water supply and replenished
daily in an amount equivalent to 10 % of the total volume.

Hydrochemical monitoring of the water was performed
once daily, including measurements of pH, temperature,
NHs;, NH4", NO:z~, and NO;™ levels. The pH level was meas-
ured using an SX-620 laboratory pH meter; temperature was
recorded with an electronic thermometer; concentrations of
NHs, NH4", NO2~, and NOs~ were assessed using Ptero water
quality test kits.

The room where the tanks were located was dimmed
during daylight hours. The fish were fed compound feed
twice daily—morning and evening. General clinical assess-
ment of the fish was performed via daily visual observation,
focusing on their mobility, general behavior (activity), appe-
tite, etc.

Morphological, morphometric, and statistical research
methods were employed. The study was conducted on five
specimens of Clarias gariepinus (n = 5). Clinical examina-
tion of freshly caught specimens and assessment of external
(appearance, body weight) and internal (linear dimensions,
absolute and relative organ mass) parameters after anatomi-
cal dissection were performed in accordance with ichthyo-
logical (Pylypenko et al., 2006) and morphological
(Horalskyi et al., 2020) guidelines. To minimize the
impact of stress factors, fish were anesthetized with a
hypnodil solution (5—10 ml/L) prior to dissection.

Body weight was determined using VTD-3/0.1FD “Dne-
provyes” scales, accurate to 0.1 g. The absolute mass of
lungs and their structural components was measured with
electronic scales of 0.1 g precision. Relative organ mass
(RM) was calculated as: RM = absolute organ mass / body
mass x 100.

Linear parameters (length, width, thickness) of the lungs
were measured directly using a caliper. The lung develop-
ment index was determined as the ratio of their total length
to width, according to the formula:

Lung Development Index = (lung length / lung width) x 100.

Morphological terminology for lung structures was pro-
vided according to the International Nomina Anatomica
Veterinaria and Nomina Histologica Veterinaria.

The digital processing of the study results was carried
out using Statistica 7.0 software (StatSoft Inc., Tulsa, USA).
Statistical differences between values were evaluated using
ANOVA. Differences were considered statistically signifi-
cant at P < 0.05, considering Bonferroni correction.

3. Results and discussion

3.1 Results

According to our research, the gills of Clarias gariepi-
nus are in the pharyngeal region and are supported by four
pairs of vertical bony branchial (gill) arches. Attached to the
outer margin of each gill arch are two rows of red-colored
gill filaments (Fig. 1). Inside these filaments are thin-walled
blood vessels that branch into a dense network of fine capil-
laries. Gas exchange occurs through the walls of these capil-
laries-oxygen is absorbed from the water, and carbon diox-
ide is released.

Water flows between the gill filaments due to the rhyth-
mic contractions of the pharyngeal musculature and the
movement of the opercular (gill cover) flaps. Along the
inner edge of each gill arch are gill rakers, which function to
filter out foreign particles and food debris, preventing them
from entering and damaging the delicate gill tissues (Fig. 1).

Our findings confirm that the African catfish possesses
four pairs of gill slits, each formed by the corresponding gill
arches (Fig. 1).
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Fig. 1. Macroscopic structure of the respiratory organs in
African catfish (Clarias gariepinus) in dorsal position:
1 — gills; 2 — gill filaments; 3 — gill arches; 4 — opercular covers;
5 — esophagus; 6 — right lung; 7 — left lung; 8 — lung attachment to gill
arches; 9 — dorsal surface of the lungs; 10 — cranial lung margin; 11 —
caudal lung margin; 12 — lateral lung margin. Macroscopic specimen

1o 1

The lungs of Clarias gariepinus are located in the right
and left halves of the cranial part of the trunk, positioned
laterally to the mediastinum. Dorsally, the lungs are situated
on either side of the cartilaginous notochord, which runs cen-
trally along the body in the form of a dorsal tube. The lungs
lie within well-developed paired suprabranchial cavities (right
and left), which are shaped as convex, finger-like oval recess-
es located in the dorsal wall of the cranial cavity of the anteri-
or trunk region, formed by a robust bony shield (Fig. 2).

Fig. 2. Cranial part of the trunk of Clarias gariepinus (ven-
tral view): 1 — cartilaginous notochord; 2 — right suprabranchial
cavity; 3 — left suprabranchial cavity. Macroscopic specimen
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Ventrally, the right and left lungs of Clarias gariepinus —
a representative of dipnoan or air-breathing fish—are located
at the base of the pharynx on either side of the esophagus.
By connecting to the esophagus, they form a highly special-
ized organ for aerial respiration (Fig. 3). Morphologically,
the lungs of Clarias gariepinus appear as paired hollow sacs
with alveolated walls, which open into the esophagus and
enable atmospheric breathing (Fig. 3).

The lungs originate from the gill cavities and then branch
in a tree-like manner to form the suprabranchial organ—
comprising the right and left lungs (Fig. 3). They attach to the
caudal portion of the gill arches (Fig. 1). Due to the arborized
branching penetrated by numerous blood vessels, and the
trabeculae projecting into the pulmonary cavity, the respirato-
ry surface area of the lungs is significantly increased.

This anatomical feature allows Clarias gariepinus to
survive for extended periods (up to 48 hours) outside water
or in turbid, oxygen-depleted aquatic environments, and
even to move over land surfaces.

Each lung is formed by branched structures located on
the second and fourth gill arches (Fig. 1) and is largely cov-
ered with vascularized tissue (Fig. 3), facilitating oxygen
exchange between the body and the external environment.
The suprabranchial cavity that receives air connects with
both the pharynx and gill arches.

L 1.3 & ;
Fig. 3. Cranial part of the trunk of Clarias gariepinus
(ventral view): 1 — gill arches; 2 — base of the pharynx; 3 —
esophagus; 4 — left lung; 5 — right lung; 6 — vascularized tissue; 7 —
connection of the lung with the esophagus. Macroscopic specimen

The lungs of Clarias gariepinus are pale pink in color.
According to our morphological analysis, three surfaces can

Fig. 5. Lateral lobe: a — of the

b

be distinguished: dorsal, ventral, and mediastinal. The dorsal
surface faces the dorsal side of the body, the ventral surface is
oriented toward the ventral part, and the mediastinal surface
faces the midline (mediastinum). Anatomically, the lungs also
have distinct cranial, caudal, and lateral borders (Fig. 1).

In vertebrates (Chordata), class Actinopterygii, family
Clariidae, species Clarias gariepinus, according to our
research, the right and left lungs consist of a medial (large)
lobe and a lateral (small) lobe (Fig. 4).

The medial lobes of the lungs are in the cranial part of
the trunk, respectively on the right and left sides of the
esophagus. The lateral lobe adjoins the dorsal surfaces of the
medial lobes and lies laterally adjacent to the fourth gill
arch, contacting the operculum (Fig. 4). Cranially, the lateral
lobe borders the gill arches.

Fig. 4. Macroscopic structure of the respiratory organs of
Clarias gariepinus: 1 — gills; 2 — gill filaments; 3 — gill arches;
4 — medial lobe of the right lung; 5 — lateral lobe of the right lung;
6 — medial lobe of the left lung; 7 — lateral lobe of the left lung.
Macroscopic specimen

The right and left lungs originate from the gill arches as
a trunk that branches in a tree-like manner, forming morpho-
logical structures similar to the bronchial and alveolar trees
observed in mammals, thereby creating the right and left
lungs. The main trunk of the medial lung lobe branches into
four large branches, which further divide into medium and
small branches, forming a tree-like structure. The lateral
lung lobe has a separate trunk that is not connected to the
medial lobe of the lung (Fig. 5).

left lung; b — of the right lung:

1 — main trunk; 2 — medium branch; 3 — small branch; 4 — pulmonary vesicles. Macroscopic specimen

Ukrainian Journal of Veterinary and Agricultural Sciences, 2025, Vol. 8, N 3

87



The small branches of both the right and left lungs sharptooth catfish (Clarias gariepinus) averages 64 %, in-

branch into even smaller twigs, which terminate blindly in cluding: medial lobe of the right lung: 65 %; medial lobe of
thick-walled vesicles (Fig. 5), thereby forming alveolar tree- the left lung: 64 %; lateral lobe of the left lung: 63 %; lateral
like structures similar to those found in mammals. In the lobe of the right lung: 64 %.

walls of the large, medium, and small branches, blood ves- Therefore, the lungs of Clarias gariepinus are classified
sels originating from the efferent branchial arteries extend as expanded-shortened in type.

into the lungs of these air-breathing fish. These vessels fur- According to the organometric analysis, the absolute
ther divide into smaller branches, forming a microcirculato- lung mass in Clarias gariepinus is 5.24 + 0.09 g, while the
ry network within the thick-walled vesicles, where gas ex- relative mass accounts for 0.33 = 0.02 % of body weight.
change likely occurs. The absolute mass of the left lung is 2.52 = 0.17 g (48.1 £

According to our morphometric data, the length of the 2.7 %), while that of the right lung is 2.72 + 0.16 g (51.9 £
medial lobe of the right lung measures 21.0 + 0.8 mm, width 2.7 %), which is 1.08 times greater than the left lung
— 322 £ 1.0 mm, and thickness — 12.8 + 0.4 mm. Corre- (Table 1).

sponding values for the lateral lobe of the right lung are: Based on morphometric data, the absolute mass of the
length — 11.2 = 0.3 mm, width — 17.5 = 0.4 mm, and thick- medial lobe of the left lung averages 2.16 + 0.12 g (41.5
ness — 6.0 £ 0.5 mm. 2.9 %), and the lateral lobe — 0.36 = 0.11 g (6.68 £ 1.84 %).

The medial lobe of the left lung measures 20.2 + 0.5 mm The absolute mass of the medial lobe of the right lung is
in length, 31.4 £ 0.6 mm in width, and 12.0 + 0.6 mm in 2.24 + 0.11 g (42.8 £ 1.5 %), and the lateral lobe — 0.48 £+
thickness. The lateral lobe of the left lung has a length of 0.10 g (9.03 £ 1.75 %) (Table 1).

10.9 £ 0.7 mm, width — 17.3 = 0.7 mm, and thickness — Thus, in Clarias gariepinus, the medial lobes of both
5.8+ 0.4 mm. lungs are more developed, whereas the lateral lobes are
Based on these linear measurements and the ratio of lung significantly less developed (P < 0.001) (Table 1).

length to width, the lung development index in the African

Table 1
Absolute and Relative Mass of the Lungs in African Sharptooth Catfish (Clarias gariepinus)

Parts of the Left lung Right lung Both lungs
lungs Absolute mass (g) Relative mass (%) Absolute mass (g) Relative mass (%) Absolute mass (g) Relative mass (%)
Medial lobe 2,16 £0,12° 41,5+2,0° 224+0,11° 428+1,5 4,41 +0,15° 84,3 2,00
Lateral lobe 0,36+0,11° 6,68 + 1,84 0,48 + 0,122 9,03 + 1,75 0,84 + 0,16 15,7+ 2,92

Note: letters indicate significant differences between the subgroups within one line (P < 0.05) according to the Tukey’s test

Thus, in the structure of the respiratory organs of air- large, alveolated swim bladder is transformed into one or
breathing fishes, represented by the African sharptooth cat- two lungs that enable the breathing of atmospheric air
fish (Clarias gariepinus), evolutionary changes can be ob- (Mel’chenkov et al., 2011). According to Mel’chenkov E.
served compared to fish that rely solely on gill respiration. A., Pryzov V. V., and Tansykbaev N. N. (2011), lungs in the

These changes are reflected in the development of a respira- African sharptooth catfish (Clarias gariepinus) are even
tory system that ensures efficient gas exchange between the more essential for survival than the gills (Mel’chenkov et
organism and the external environment. Such adaptations al., 2011).
manifest in the morphological improvement of the respirato- Based on a literature review, including scientific publica-
ry apparatus, resembling that of amphibians, in which, in tions (Mel’chenkov et al., 2011), textbooks and manuals on
addition to gills, paired lungs are formed. This allows the vertebrate zoology (Aleksiienko, 2007; Melnyk et al., 2008;
animals to breathe atmospheric air. As a result, when the Sherman et al., 2009; Tsaryk et al., 2018), available infor-
aquatic environment becomes unsuitable for survival, Clari- mation on the morphological structure of the respiratory
as catfish can migrate across land to reach a more favorable organs in fishes is fragmentary and primarily illustrated only
aquatic habitat. by schematic diagrams.
Therefore, we conducted a detailed morphological study

3.2 Discussion of the gills and lungs, as well as their morphometric charac-

The gills are the primary respiratory organs in bony fish- teristics, in air-breathing fishes using Clarias gariepinus as a
es. They are formed by numerous filaments attached proxi- model organism.
mally to the gill arches. In cartilaginous fishes, in contrast to According to I.S. Tsaryk and others (Tsaryk et al., 2018),
bony fishes, gill lamellae are attached on one side to the the gills are the main respiratory organs in bony fishes and
intrabronchial septum. The gill surface area in bony fishes is are located on the first to fourth gill arches. Paired gill fila-
significantly larger than in cartilaginous fishes, which ena- ments are attached at their bases along the bony arches.
bles a more advanced mechanism of inhalation and exhala- Along these arches run gill arteries that branch into the fila-
tion. Moreover, a considerable amount of gas exchange in ments, forming a capillary network. The filaments have thin
fish (up to 10 %) occurs through the skin. Additionally, the transverse lamellae—up to 15 per millimeter—on their sur-
swim bladder and certain parts of the intestine may also face, which greatly increases their area (typically 1-3 cm?
participate in gas exchange (Melnyk et al., 2008; Tsaryk et per 1 g of fish body mass). The distal ends of the filaments
al., 2018). interlock during water flow, creating a vaulted structure.

In air-breathing (dipnoan) fishes, in addition to gill respi- Blood in the capillaries flows in the opposite direction to the
ration, pulmonary respiration also occurs. In such cases, a water stream. This structural adaptation enables the fish to
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extract 4682 % of the dissolved oxygen in water and re-
move over 90 % of the carbon dioxide from the blood
(Tsaryk et al., 2018).

Due to this specialized gill structure, fish draw water into
the oral cavity and, with the help of gill cover movements,
direct it through the pharynx where it washes over the gill
filaments and exits through gill openings (respiratory aper-
tures). The presence of gill slits is characteristic of cartilagi-
nous fishes (sharks, rays), most of which have 5 pairs of gill
slits, while some species have 6 or 7 pairs. In contrast, bony
fishes have only one gill opening, which is covered by an
operculum (Tsaryk et al., 2018).

In dipnoan fishes, in addition to gills, one or two lungs
are present. These are hollow sacs connected to the esopha-
gus. These paired, alveolate sacs have capillary networks
connected to the last pair of branchial arteries. The duct
connecting the lungs to the esophagus arises from the ven-
tral side of the esophagus and remains functional throughout
the fish’s life. Usually, the lungs serve as auxiliary respirato-
ry organs, especially when water bodies dry up (Tsaryk et
al., 2018).

Our research has shown that Clarias gariepinus, an air-
breathing fish species, possesses a specialized pair of lungs
(right and left) in addition to gills, which enable breathing of
atmospheric air.

Morphometric studies in morphology allow for better
understanding of growth and development processes of
organs and systems and help monitor the growth and differ-
entiation of cells in comparative and species-specific con-
texts. Such systematic quantitative analysis of tissue archi-
tecture, structural organization, and interrelationships pro-
vides compelling data to support morpho functional changes
that occur during ontogeny and phylogeny (Horalskyi et
al., 2015).

In vertebrate mammals, based on the lung development
index (LDI), the lungs in most species are categorized as
moderately elongated (LDI = 121-130 %) or elongated (LDI
= 131-140 %) (Horalskyi et al., 2022).

Based on our results, the lung asymmetry coefficient in
Clarias gariepinus is 1:1.08, indicating an absence of signif-
icant asymmetry between the right and left lungs. In con-
trast, the lung asymmetry index in mammals (i.e., the ratio
of the absolute mass of the right lung to the left) is much
higher than in Clarias, for example: in rabbits — 1:1.30, dogs
— 1:1.33, sheep — 1:1.37, pigs — 1:1.34, cattle — 1:1.37, and
horses — 1:1.2. This indicates pronounced asymmetry be-
tween the right and left lungs in these species.

4. Conclusion

In Clarias gariepinus (the African sharptooth catfish), in
addition to gill respiration, pulmonary respiration is also
present. The gills are located in the pharyngeal region on the
gill arches, which consist of four pairs of vertical bony arch-
es. On the outer edge of each gill arch, there are two rows of
red-colored gill filaments, inside which blood vessels are
found, branching into a significant number of fine blood
capillaries. Each lung of Clarias gariepinus is formed by
branched structures located on the second and fourth gill
arches. These are paired hollow sacs with alveolated walls,
which connect to the esophagus and provide for atmospheric
respiration. Topographically, the lungs originate from the
gill cavities and, branching in a tree-like manner, form a

suprabranchial organ—comprising the right and left lungs.
Each lung consists of medial and lateral lobes. Morphologi-
cally, the lungs have dorsal (directed towards the dorsal part
of the body), ventral (directed towards the ventral part of the
body), and mediastinal (directed towards the mediastinum)
surfaces. Anatomically, the lungs are distinguished into
cranial, caudal, and lateral borders.

The absolute mass of the lungs in the Clarias catfish is
5.24 + 0.09 g, and the relative mass is 0.33 + 0.02%. The
absolute mass of the left lung is 2.52 + 0.17 g, and the right
lung is 2.72 £ 0.16 g. The absolute mass of the medial lobe of
the left lung is 2.16 = 0.12 g, and the lateral lobe is 0.36 +
0.11 g. The absolute mass of the medial lobe of the right lung
is 2.24 + 0.11 g, and the lateral lobe is 0.48 + 0.10 g. The
length of the medial lobe of the right lung is 21.0 + 0.78 mm,
the width is 32.2 £ 1.0 mm, and the thickness is 12.8 + 0.33
mm. The length of the medial lobe of the left lung is 20.2 +
0.45 mm, the width is 31.4 = 0.63 mm, and the thickness is
12.0 = 0.6 mm; for the lateral lobe, the length is 10.9 £ 0.7
mm, the width is 17.3 + 0.7 mm, and the thickness is 5.8 +
0.35 mm. According to the lung development index (the ratio
of lung length to width), which is 64 %, the lungs of the
Clarias catfish belong to the expanded-shortened type.
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