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ABSTRACT 
Maturity stages of fishes are generally classified using various methods, including external as well as cellular 
examination of the gonads. In order to quantify maturity stages of shovelnose sea catfish Arius subrostratus both 
macroscopical and histological examination were applied in this study. Formalin preserved samples were preserved in 
4% formalin and conditioned in different concentrations of alcohol. Accordingly, dehydrated samples were embedded in 
paraffin wax and made them sectioned.  The sexes of fishes can be separated internally by the visual examination of 
gonads. Gonads (testes of males and ovaries of females) are paired structures that are suspended by mesenteries across 
the roof of the intestinal cavity. The complicated cellular level changes occurred during the maturation process of testes. 
Both spermatogenesis and spermiogenesis are clearly explained in which spermatocytes and spermatozoa are formed 
respectively. 
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INTRODUCTION 
Maturity stages of fishes are typically quantified according to the external examination of gonads. 
Although it is inexpensive and easiest method, accurate estimation is not always possible merely by the 
examination of macroscopic appearance of gonads.  Classification of maturity stages are always species 
and habitat specific. Conversion of primordial germ cells into mature gametes by a variety of cytological 
changes is called gametogenesis. When gametogenesis takes place in male gametes it is called as 
spermatogenesis. Spermatogenesis of the fishes were scrutinised by plenty of workers up to date [1], [2], 
[3]).  
Arius subrostratus is known as shovel nose catfish due to the shape of its head and snout is one of the 
genera in Ariidae family distributed throughout the world. Although manifold works on reproductive 
biology were carried out on different catfish species, the testicular organization of this species remains 
unknown from the literature surveys especially from the Indian background. Hence, the objective of this 
experiment is to interpret different maturity classes of the testes by macroscopical as well as histological 
images. This study paves the way for further research activities by providing preliminary cytological data 
on the testes of A. subrostratus. 
 
MATERIAL AND METHODS 
Fish specimens for conducting this analysis were collected monthly from Cochin estuary, Kerala, India (90 
91’ N and 760 32' E to 90 51'N and 760 15' E) from April 2011 to March 2013. A total of 88 specimens of 
Arius subrostratus ranging in size from 18.5 to 34.5 cm in total length were used for estimating different 
parameters related to reproductive characteristics. The fresh specimens were brought to the laboratory 
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for analysis. Eventually, their gonads were dissected out and length and weight are noted for calculating 
gonadosomatic ratio. Then the testes have been sorted by the external examination and preserved in 4% 
formalin for histological analysis. 
Maturity stages were evaluated according to macroscopic and microscopic observation of different 
maturity stages of the testes. Males and females were grouped into different gonadal stages of 
development according to Nikolsky [4]. Although the macroscopic level staging of fish gonads is 
inexpensive, it has some limitations to discriminate certain stages of maturity. In order to quantify 
maturity stages by histological analysis, selected testes preserved in formalin were washed thoroughly in 
distilled water and then subjected to dehydration in ascending concentration of alcohol.  Slices of tissues 
were embedded in paraffin wax and then the sections were cut at 3 -6 μm in LEICA RM 2125 RTS 
microtome. Then staining was done by haematoxylin followed by eosin and observed under a research 
microscope (LEICA DM 500).  
 
RESULTS 
Classification of testes or quantification of maturity stages  
Macroscopic examination of the testes of Arius subrostratus: The gonads of Arius subrostratus have 
been grouped into 5 stages by the visual inspection. Then, the fishes with different maturity stages were 
broadly classified as early immature (I), late immature (II), maturing (III), ripe (IV), spawning   and spent 
(V). (Figure 1) 
Immature - Very small thread like testes close to the vertebral column. Testes are transparent, colourless 
to grey and very small fine thread like appearance. Mean Gonadosomatic ratio (GSR) obtained was 0.2108 
(Figure 1 a).  
Developing- Translucent testes with its length is about half of the ventral cavity. Testes slightly enlarged 
in size and dark yellowish in appearance. mean GSR was 0.5862 (Figure 1b).   
Maturing - Testes became opaque and reddish with blood capillaries. Testes occupied about two thirds of 
ventral cavity and enlarged in size and weight.  Their mean GSR was 2.2199 (Figure 1 c).  
Mature/Spawning - Sexual organs are filling the ventral cavity. Testes enlarged and pale white in colour. 
Obtained mean 3.7175 (Figure 1 d).  
Spent - Gonads were flaccid and shrinking. Ventral cavity seems not fully empty. Testes flabby and 
reduced in their size and weight, pale in colour. Their mean GSR came down to 0.8747(Figure 1 e). 
Histological examination of the testes of Arius subrostratus: Different maturity stages of the gonads 
of A. subrostratus were categorised according to the cytological changes occurred in the testes during the 
developmental phases. Processes like spermatogenesis could be well explained with the help of 
histological analysis in which spermatogenesis is the development of sperm from the primordial germ 
cell. 
Spermatogenesis and spermiogenesis of the testes of Arius subrostratus: According to the 
histological examination of the testes Arius subrostratus could be grouped into five stages.  
Stage I.  Immature (Spermatogonial stage): This is the first stage of spermatogenesis encompasses 
primary and secondary spermatogonia (Figure 2.a). A large number of cysts or compartments were 
distributed inside the testes surrounded by seminiferous tubule. Each of the cells were well demarcated 
and with full of spermatogonia. Primary spermatogonia are the sperm mother cells and the cysts 
contained lightly stained nucleolus and the ooplasm was rather granular. Primary spermatogonia divided 
to form secondary spermatogonia where darkly stained nucleolus and darker ooplasm was observed.  
Connective tissues were obvious (Figure 2.b). 
Stage II.  Early maturing (primary and secondary spermatogonia): Spermatogonia became active and 
dividing and primary as well as secondary spermatogonia seen inside the seminiferous tubules. There 
was a slight reduction in cell volume which could also be observed. The granules became larger and the 
nuclear material apparently condensed. Cells became purple colour with haematoxylin – eosin dye and 
the connective tissues were diminished (Figures 3.a & b).  The chromatin nuclear materials were 
condensed and some spermatids were also visible (Figure 3.a).  
Stage III.  Maturing (Spermatids): Each cell was full of spermatids and some secondary spermatocytes 
were scattered inside. The spermatids are the final product of meiosis with deeply stained nucleus 
(Figures 4.a & b).  
Stage IV Mature (Spermatozoa): Seminiferous tubules became large and encompass full of sperms 
whereas, the spermatids were reduced in number and drained into the lumen (Figures 5. a & b). 
Stage V Spent: During the spent stage seminiferous tubules were empty with some ruptured cells. 
Moreover, Phagocytosis occurred in the collapsing spermatids and sperms during this phase. Ruptured 
seminiferous tubules with remnants of sperm visible during this stage (Figure 6).   
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The mean GSR for different maturity stages for the species are presented in Table 1. From the table it can 
be understood that higher GSR (3.7175) occurred in the mature stage followed by maturing stage 
(2.2199). But the lowest GSR (0.2108) showed during the immature stage during this investigation. 

 
Table 1:  Gonado somatic ratio of the testes of A. subrostratus based on maturity stages 

 

 

  

  

                                          
Figure 1: Testes of A. subrostratus based on different maturity stages from Cochin Estuary 

a: Immature stage of testes, b: Developing stage of testes, c: Maturing stage of testes d: Mature/Spawning 
stage of testes; e: Spent stage of testes 
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Figure 2 a: Cross section of immature testes of A. subrostratus (40 x) surrounded by tunica albugenea 

(Ta); b: Immature (Spermatogonial stage with primary (SG) and secondary spermatogonia (SG 2) (1000x) 
 

  
Figure 3 a: CS of early maturing testes (40 x) with spermatocyes; b: CS of early maturing testes with 

Primary spermatocyte (SC) and secondary spermatocyte (SC 2) (1000x) 
 

  
Figure 4 a: CS of maturing testes with large number of spermatids (SD) (40x); b: Maturing testes (400x) 

 
 

Figure 5 a: CS of mature testes with spermatozoa (SZ)(100x); b: Mature testes with spermatozoa (SZ) 
(1000x) 
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Figure 6: CS of spent testes with empty and ruptured cells 

DISCUSSION 
The present investigation delivers the first macroscopical and histological interpretation of gonad 
developmental stages in Arius Subrostratus. From the macroscopical identification five maturity stages of 
testes could be identified. A similar number of stages have been described for a threatened catfish Mystus 
montanus [5]. However, Siddiqua et al [6] classified testes of 4 stages in Ompok pabda such as 
spermatogonia, spermatocytes, spermatids and spermatozoa. Findings from this analysis disclosed that, 
in the earlier stages the testes appeared as narrow thread like structures and pale white in colour. 
Whereas, maturing and matured testes were smooth and ribbon like. Both lobes of the testes were fused 
together in a sperm duct and opened to the posterior end of the abdominal cavity called as genital 
opening. Exact knowledge of maturity stages of any fish species is a requisite for the prediction of 
reproductive capacity of that particular species in a stock [7].  An upsurge in Gonado – somatic ratio from 
the immature stage onwards occurred in Channa punctatus where peak GSR obtained during the maturity 
stage [8]). 
Histological examination of the gonads has been the best and precise technique to evaluate ovarian 
developmental process. The event of development of gonads and its maturation procedure in majority of 
the vertebrates follow the same pattern [9].  The primordial germ cells act as sex cells during the earliest 
embryological development until the formation of gonads and are called as spermatogonia or oogonia 
according to the sex [10]. The cross section of the testes of A. subrostratus unveiled that the testes were 
composed of seminiferous tubules occupied with germinal cysts. These cysts were again encircled by 
cytoplasmic processes of Sertoli cells. Spermatogenic cyst are the functional unit of germinal epithelium 
in fishes and amphibians [11].  Proliferation of spermatocytes and oocytes due to the mitotic cell division 
are called as spermatogenesis and oogenesis. Spermatogenesis in vertebrates including fishes can be 
classified into spermatogenesis and spermiogenesis. Spermatogenesis is a process by which the meiotic 
spermatocytes are formed by the mitotic division of spermatogonia and during spermiogenesis 
spermatozoa or sperm is formed by the metamorphosis of spermatids after the second meiotic division of 
spermatocytes [11]. The spermatogenesis and spermiogenesis in A. subrostratus in the current study 
revealed the spermatogonium, spermatocyte, spermatids and spermatozoan stages by the histological 
examination.  
In the present observation primary spermatogonia occurred mostly in the immature and early maturing 
stages. Nevertheless, investigation done by Dziewulska and Domagała [12] on the testicular morphology 
of salmonid fishes explicated that in some fishes primary spermatogonia or the sperm mother cells 
occurred throughout the entire spermatogenic process. Again, they confirmed that, in the 
spermatogenesis process sertoli cells plays a major role in vacuole formation phagocytosis and opening of 
cyst to release sperm to the lumen. Moreover, Spermatozoa remained after spawning were engulfed by 
the phagocytosis of sertoli cells. 
There are two types of testes detected in fishes such as tubular type and lobular type. In tubular testes, a 
large cavity occurs at the core of testes where bundles of spermatozoa are stored, whereas in lobular type 
testes there are numerous lobules formed by connective tissues lined by sertoli cells [13]. Most of the 
teleost fishes including Arius subrostratus exhibited lobular testes. Though, some fishes such as 
salmonids, cyprinids and lepisosteids exhibited tubular type testes [14].  
Saka et al [15] made clear about the cellular changes of testes during the maturation of Clarias gariepinus, 
that provided best understanding of the spermatogenesis and spermiogenesis in the testes. Whereas, 
Salam & Naeem [16] explained importance of leydig cells and sertoli cells in the process of 
spermatogenesis. Vazquez et al [17] gave a clear explanation of spermatogenesis of South American 
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perciform fish Cichlasoma dimerus using light and electron microscopy. He further explained testicular 
maturation process and cellular structures of spermatogonia such as sertoli cells, endoplasmic reticulum 
and mitochondria.  
Spent stage is the last maturity stage observed during this study where seminiferous tubules were either 
empty or with some ruptured cells. Same findings were obtained in the histological analysis of the testes 
of majority of fishes.  El- Zoghby et al [18] supports these findings by disclosing the evidence of testicular 
lobules in spent testes of different catfishes. 
 
CONCLUSION 
In this study maturity stages of A.subrostratus is assessed with the aid of macroscopic and histological 
criteria. Dramatic cellular changes occurring throughout the spermatogenesis and is an evolutionary 
phenomenon happened in all vertebrates as well as invertebrates. Spent stages were also predominant 
during the study with empty testes with residual sperms. Also, highest GSR obtained during the mature or 
ripe stage of fishes. 
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