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ABSTRACT 

The swim bladder of Mastacembelus armatus and Macrognathus aculeatum (family: Mastacembelidae) are 

silvery white, elongated and tubular structures. The swim bladder of Mastacembelus armatus is semi-

transparent while in Macrognathus aculeatum, it is absolutely transparent in texture. The gas secreting 

complex in M. armatus is present in the form of five to six curved patches while in M. aculeatum it is in 

the form of a single unit which is an inverted ‘U’ shaped structure. The surface ultrastructure of the gas 

secreting complex in both these fishes shows a central depressed area and slightly raised or bulging 

marginal areas. The region near the middle depressed core are characterized by some raised microvillous 

cells along with some typical rosette like structure scattered over the surface in M. aculeatum whereas the 

same area in M. armatus has some round structures with pores along with a few microvillous cells. 
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INTRODUCTION 
 

The occurrence of swim bladder in teleostean fishes is very irregular and shows some extra ordinary 

modifications in its shape, size and location in the fish. The organ is unique and versatile owing to its 

variable structure and functionality and has attracted the attention from the past. Many studies of teleostean 

swim bladder have described the morphological and functional characteristics of the structure along with 

its gas secreting complex, which is more developed and conspicuous in the physoclist fishes. The swim 

bladder helps the fish to attain neutral buoyancy, i.e. the ability to use little or no energy to stay at 

particular levels of water through the expansion (inflation) and contraction (deflation) of the swim bladder 

due to varying gas pressures (Schmidt and Neilson, 1997). The relationship of the shape and size of the 

swim bladder with the taxonomy or systematic position of the fish has been observed by Marshall, 1960; 

Greenwood, 1963; Ahmad, 1971; Evans, 1973; Sujatha and Dutt, 1985; Hemalatha and Rajkumar, 1996. 

Many studies have correlated the weberian ossicle and inner ear with the swim bladder morphology 

(Starks, 1908; Evans, 1925 & 1930; Nelson, 1949; Srivastava, 1956; Dehadrai, 1957 & 1959; Jasinski, 

1964; Allen et al., 1976; Laming and Morrow, 1981; Barimo and Fine, 1998). 
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   Many studies have described the characteristics of the gas gland and rete mirabile associated with 

swim bladder (Woodland, 1911, 1913; Scholander, 1956; Dehadrai, 1957; Fahlen, 1959; Wittenberg et al., 

1964; Jasinski, 1965) and have revealed marked variability in the morphology of this structure in different 

teleost species. Inspite of the fact that considerable information on the gas secreting complex and the 

ultrastructure of swim bladder is available in general but such information is limited about Indian fish 

species. 

   The  ultastructural details of the swim bladder among different group of fishes have been revealed 

by several workers (Copeland,1960,1961 & 1969; Jasinski and Kilarski, 1964; Fahlen,1967,1970, 1971 

&1973; Brooks,1970; Henderson, 1975 ; Morris & Albright, 1975; Harder, 1975; Green, 1984; Wagner et 

al., 1987; Zheng and Liu, 1988; Maina  et al., 1996; Maina, 2000; Prem et al., 2000) yet the information on 

surface ultrastructure of  the swim bladder epithelium and  gas gland area are limited particularly in Indian 

teleosts. 

   The present work is an endeavour to determine the morphological and ultrastructural details of the 

swim bladder and its gas secreting complex in particular of the two Mastacembellid fishes, Mastacembelus 

armatus and  Macrognathus aculeatum. 
   

 

MATERIALS AND METHODS 
 

    For the study of gross morphology of swim bladder, the two fish species i.e. Mastacembelus 

armatus and Macrognathus aculeatum, belonging to the family Mastacembelidae were taken. The live 

specimens of both the fishes were first anaesthetized in MS222 and then dissected mid ventrally to study 

the structure, position, attachment and vascular network of the swim bladder. Digital images of fish and the 

gas secreting complex were taken with a Canon A2000 Camera. For ultrastructural studies, tissues of the 

swim bladder particularly, from the region of gas secreting complex were fixed with 2.5% glutaraldehyde 

in phosphate buffer  (0.1M, pH-7.4). They were then dehydrated in solutions of mixture of ethanol and 

acetone and finally stored in anhydrous acetone. The specimens were critical point dried with liquid carbon 

di-oxide, sputter coated with gold and examined with a Scanning Electron Microscope QUANTA-200 at 

RSIC, Bose Institute, Kolkata. 
 

RESULTS  

Mastacembelus armatus: 

In Mastacembelus armatus the swim bladder is a single chambered elongated and tubular structure. 

It is the longest organ in the visceral cavity of the fish occupying its entire length. It originates from below 

the oesophagus, near the pectoral fin base and extends upto the anal opening above the caudal peduncle. It 

is whitish in colour and semi-transparent in nature (fig.1).The swim bladder is situated between the 

vertebral column (dorsally) and alimentary canal (ventrally) of the fish. The bladder is pysostomous as it 

remains connected to the oesophagus via a pneumatic duct. However, it possesses a well developed gas 

secreting complex which is characteristic of the physoclistous swim bladder (fig.  ). 

The gas secreting complex is located in the form of several reddish patches on the inner surface of 

the tunica interna. Though there are a number of gas gland areas associated with the rete mirabile yet the 

one which is situated near the entrance of pneumatic duct is more prominent and conspicuous. On exposure 

from the inner side, the gas secreting complex is present in the form of five to six pieces of curved worm 

like units (fig.  ). The concavities of these pieces are oriented towards a central region and remain 

connected through blood vessels. The tufts of blood capillaries (rete mirabile) can be seen radiating from 

each of the gas gland units. 

 

http://www.jetir.org/


© 2020 JETIR October 2020, Volume 7, Issue 10                                                            www.jetir.org (ISSN-2349-5162) 

JETIR2010074 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 620 
 

Macrognathus aculeatum 

In M. aculeatum the characteristics of the swim bladder is almost similar to that of M. armatus. It is 

tubular and elongated freely lying structure extending into the whole of body cavity. The structure is glossy 

white in colour and transparent in nature (fig.1,2  ). The organ acquires maximum diameter in the middle 

region while both the anterior and posterior ends are pointed. The swim bladder is of physoclistous type 

and bears no connection with the oesophagus. The gas secreting complex is situated on the ventral wall of 

swim bladder on its internal side i.e. facing the lumen (fig.3  ). The region is characterized by a dark red, 

thick layer of epithelium when exposed and spread. The gas secreting complex is present in the form of an 

inverted ‘U’ with rounded ends (fig.4  ). 

ULTRASTRUCTURE 

The photomicrographs from the region of gas secreting complex when viewed through a Scanning 

electron microscope, show some remarkable structures in both of the  experimental fishes, M. armatus and 

M. aculeatum. The gas gland areas may be distinguished into two separate regions, the central depressed 

core and the marginal raised areas in both the fishes (fig. 7). The marginal raised areas show numerous 

parallel striations which ramify from the central depressed core of the gas gland. The striations are the 

impressions of underlying capillaries. The surface shows epithelial cell margins and mucous gland 

openings, which are very prominent in this region (fig.6  ). 

The central core of the gas gland epithelium in both the fish species i.e. M. armatus and M. 

aculeatum is characterized by well defined hexagonal cells with prominent margins. Some of the cells are 

raised and covered by distinct microvilli. In Macrognathus aculeatum this region bears some rosette like 

raised structures (fig. 6 ), scattered near the microvillous cells. While the same region in Mastacembelus 

armatus has some oval structures that are devoid of any microvilli and contain many pocket like openings. 

They seem to be made up of fine capillaries (fig. 5 ). 

 

DISCUSSION 

   The swim bladder in both the species i.e. M. armatus and M. aculeatum is single chambered 

tubular and elongated structure. It is the longest organ in the visceral cavity of the fish occupying its entire 

length. The shape is similar to the typical teleost physoclistous condition, particularly to M. pancalus of the 

same family (Jha, 2011) and Xenentodon cancila (Day, 1978; Jha, 2011) belonging to the family 

Belonidae, some of the Hemiramphids and Exocoetids (Tibbets et al., 2007). A single chambered swim 

bladder are typically regulated by a hypertrophied vascular system including the rete mirabile and the oval 

body (Prem and Pelster, 2000; Yamada et al., 2004). The structure of the gas secreting complex is very 

different in both the species, though they belong to a single family Mastacembelidae. The structure of 

glandular apparatus or the gas secreting complex is essentially of the type described for the eel by 

(Woodland, 1911). The capillaries emanating from the rete mirabile rejoin to form arterioles and venules 

which go to the gas gland, where they breakup into capillaries providing a very rich blood supply to the 

glandular membrane. Every fold of the membrane contains blood vessels and it is probable that each gland 

cell has access to a blood capillary at its base. Capillary connections are found between arterioles and 

venules emanating from the same rete as well as between blood vessels emanating from different retia. The 

scheme of the blood supply is similar to that described in toadfish, Opsanus tau (Fange and Wittenberg, 

1958) and eel, Anguilla (Woodland, 1911). 

       Woodland (1911), in his classic description of the gas gland, distinguishes three major types of 

gas gland: those in which the glandular epithelium is composed of a single layer of cells, those in which 

gland is massive and those in which a primitively single layer of cells is secondarily folded into a massive 
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structure. The Macrognathus aculeatum belongs to the second category (Woodland, 1911) in which “the 

glandular epithelium is composed of many layers of cells which remains complexly folded...”. 

          In M. aculeatum the gas secreting complex is made up of single unit, in the form of ‘U’ and 

the ends of this ‘U’ are rounded or blunt. The area is characterized by a thick epithelium but not as massive 

as in M. armatus and appears to belong to the first category from the description of (Woodland, 1911). 

According to him, in the first category “the glandular epithelium is composed of a single layer of cells 

which either remains unfolded or is only simply folded..” .Woodland further subdivides his first class of 

gas glands on the basis of the extent of the glandular epithelium and the degree of reunion of the blood 

vessels. The M. aculeatum belongs to the Syngnathus subdivision type Ib, similar to that of Opsanus tau 

(Fange and Wittenberg, 1958) and Anguilla anguilla (Woodland, 1911; Fange, 1953) in which “ the 

glandular epithelium is restricted in area, not lining the whole of the bladder cavity, and the rete mirabile is 

contiguous with the gas gland, although a small amount of reunion of the capillaries of the rete may occur 

before these supply the epithelium”. 

     According to Wittenberg et al. (1964) “all gas gland (except in species in which the gas secreting 

complex is diffused or weakly developed) are intensely vascular. The difference lies in the position of the 

capillaries”. In the majority of species the gas gland capillaries lies below the cells, with which they are 

intimately associated (Woodland, 1911). 

    The photomicrographs from the region of gas secreting complex when viewed through the 

Scanning Electron Microscope, shows some remarkable structures. The gas gland areas may be 

distinguished into two separate regions, the central depressed core and the marginal raised areas in both the 

fishes. The marginal raised areas show numerous parallel striations which ramify from the central 

depressed core of the gas gland. The striations are the impressions of underlying capillaries. The surface 

shows epithelial cell margins and some mucous gland openings, which are very prominent in this region. 

Prem    et al. (2000) has observed similar swim bladder surface with epithelial cells in the non-gas gland 

region in a perch, Perca fluviatilis. Prem et al. (2000) has also reported similar openings from the gas gland 

region, and they have been termed as canal openings in Perca fluviatilis. 

     The central core of the gas gland epithelium in both the fish species i.e. M. armatus and M. 

aculeatum is characterised by well defined hexagonal cells with prominent margins. Some of the cells are 

raised and covered by distinct microvilli. These seem to be impressions of the underlying gas secretory 

cells, as has been described by Maina et al. (1996) in the gas gland region of the swim bladder of a cichlid, 

Oreochromis alcalicus alcalicus. The presence of scattered microvilli in the region of gas gland in Perca 

fluviatilis has also been reported by Prem et al. (2000). 

    Small outgrowths of different shapes and sizes are seen bulging from this surface and remains 

scattered all over in both the fishes. In M. aculeatum, on higher magnification these impressions appear as 

typical rosette like structures. These rosettes demonstrate the presence of guanine crystals on the surface of 

gas secreting complex. The swim bladder wall is made impermeable by the presence of these guanine 

crystals to prevent gas loss from its surface. In M. armatus the gas gland surface from the marginal raised 

area is worked with two distinct types of structures, one having microvillous surface while the other is 

round structure made of capillary network. 
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