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A b s t r a c t  

 

A r t i c l e  I n f o  

Changes in the testes of frigate tuna specimens were investigated during a yearly-cycle 

period, from January to December 2004. Most of the individuals examined ranged in size 

from 25 to 48 cm FL (centimetre fork length). The study shows description of the six-

maturity stages of males frigate tuna determined on the basis of the macroscopic 

observation and histological characteristics regarding reproduction in this small tuna. 

Males investigated have lobular testicular structure. These lobules arrange in a branching 

system of tubules, from the inner toward the outermost side at the testicular periphery, 

enabling the germ cells to develop within such a structure.  
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Introduction 

 

Auxis thazard is one of the two species [Auxis thazard 

(Lacepède, 1800) and Auxis rochei (Risso, 1810)] 

known to date as belonging to the genus Auxis. Frigate 

tuna are pelagic fish that range over most of the world’s 

seas, including tropical and subtropical seas as well as 

the Mediterranean and Black Seas (Collette and Nauen, 

1983). Their body is counter-shaded with darker colour 

dorsally and lighter colour ventrally and laterally 

(Bahou, 2013). Colouring on head is almost black and 

the back is blue purple (Jimenez-Prado and Bearez, 

2004). This species whose ventral and lateral surfaces 

are white-coloured with no markings and spots (Collette 

and Nauen, 1983) can reach up to about 58 cm as 

maximum size (FAO, 2012). 

 

While frigate tuna are epipelagic and oceanic, they do 

come close to shore as neritic fishes (Collette and 

Nauen, 1983). In Côte d’Ivoire, West Africa, they do 

have a year-long occurrence over the continental shelf 

where they are caught in gillnets deployed by an inshore 

small-scale fishery (Bahou et al., 2007). 

 

Though reproduction involves both the female and 

male fish, most studies dealing with the histology of 
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gonads are being focused on the former, causing 

sometimes the reproduction in the later to be less 

documented. This paper deals with the reproduction in 

male frigate tuna, with an emphasis laid on the 

histological characteristics. 

 

Materials and methods 

 

Male frigate tuna were collected weekly from 

commercial catches taken in coastal waters of the 

continental shelf of Côte d’Ivoire (Fig. 1). Specimens (n 

= 369) were caught between January and December 

2004. Fishing gears used included numerous gillnets of 

25 and 35 mm mesh joined to each other, making up a 

single drifting gillnet which can reach up to about 2,000-

2,500 m in length (See Bard et al., 2002). Fishing 

operation is fully described in preceding works (Bahou 

et al., 2007; Bahou, 2013). 

 

 
Fig. 1: Map of the fishing area (the centre of the fishing area is approximately 4°80’N - 5°10’N and 4°30’ W 

– 4°W), as indicated in Bahou et al. (2007). 
 

Prior to histological processing, specimens were 

measured to the nearest centimetre fork length and 

weighed to the nearest 0.1 g. Photographs were taken 

of the fish while dissecting them and each individual 

fish was assigned a maturity stage, following Chur 

(1972) and Diouf (1980) as enhanced by our own 

observation of the gonads of dissected specimens. 

Macroscopic observation comprised criteria regarding 

the colour, consistency, resistance to pressing, and 

vascularization of testes. The preparation of micro 

slides of testes and histological processing were carried 

out adopting standard histological techniques (See 

Martoja and Martoja-Pierson, 1967). All testes were 

preserved in Bouin’s fluid, embedded in paraffin, and 

thin-sectioned at 7 μm. Staining of slides was carried 

out with Hematoxylin and Eosin (H & E). The slides 

were finally mounted in Distrene Platicizal Xylene 

(DPX) mountant and observed under a light 

microscope. Photographs of the maturity stages were 

taken using a digital camera. 
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Results  
 
Length frequency distribution of specimens  

captured 
 
Histograms in Fig. 2 show the sizes of frigate tuna 

specimens that were frequently caught in the gillnets 
deployed over the shelf of Côte d’Ivoire by the small-
scale fishery. These sizes ranged from 25 to 48 cm FL, 
which indicated that immature and adult fishes made up 
the catches. Variation in modal-size classes can be 
noted, due to size heterogeneity in the captured fish. 

Fig. 2: Length frequency distribution for frigate tuna specimens landed by the small-scale fishery at Abidjan 

fishing port (Note: males and females have been lamped together). 
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Macroscopic and histological descriptions of testes 

 

Testes’ size, the counter-shaded-colouring trends of the 

outermost and inner sides of testes, the occurrence of 

lobules or tubules and the size of the main sperm duct, 

as well as the size of germ cells made up the main 

criteria we used to identify the six maturity stages in 

male frigate tuna. 

 

The immature stage I (Fig. 3) 

 

Testes measured 8.9 to 11.0 cm (9.8 ± 0.5 cm) and 

weighed up to about 0.10 to 0.24 g (0.16 ± 0.04 g) in 

specimens of 25 to 29 cm FL (26.5 ± 1.3 cm FL). They 

were elongated, almost transparent and recognizable to 

their shape in thin plate (Fig. 3A). Testes usually stretch 

singly on the anterior side but are joined to each other in 

the main sperm duct on the posterior side. They have no 

blood vessels visible on the surface. Histological 

observation indicated that in immature phase, the testis is 

counter-shaded, with a darker side (the cortex) and an 

inner lighter side (the medulla) (Fig. 3B). Both sides seem 

to be empty of cells when observed under low 

magnification.  

 

 
Fig. 3: Testes of an immature Auxis thazard specimen.  

(A) Overall appearance of immature testes.                     

(B) Microscopic observation of testes of an immature 

specimen under low magnification (× 32). (H & E).          

(C) Cross section of immature testes observed under higher 

magnification (× 200). (H & E).Lb = lobules; Tb = tubules; 

Tes = testes. 

However, when observed under higher magnification, the 

medulla shows accumulation of round-like cells, the 

lobules, arranged one after another as if forming an 

elongated structure, the tubules (Fig. 3C). The germ cells 

development known as spermatogenesis undoubtedly 

occurs within the lobules and tubules. 

 

The onset of maturation or stage II (Fig. 4) 

 

The ventral side of testes showed a few blood vessels on 

its surface (Fig. 4A). Testes got bigger than the ones in 

the preceding stage. They were firm and pinkish in 

colour. Within the lobules and tubules, germ cells such 

as spermatogonia and spermatocytes (derived from 

mitotic and meiotic divisions, respectively), appear to be 

like dark or purple-coloured dots distributed from the 

inner toward the transition zone between the medulla 

and the cortex (Figs. 4B and 4C). In addition, cross 

sections of testes showed germ cells distribution trend 

from the cortex to the medulla and their temporary 

accumulation therein. This step is undoubtedly crucial in 

the development of spermatids and spermatozoa as a 

result of the further gametes differentiation process. 

 

 
Fig. 4: Testes of an Auxis thazard specimen at stage II.  

(A) Overall appearance of testes at onset of maturation.        

(B) Overall view of the testicular portion (cortex + medulla) 

of an adult Auxis thazard specimen at stage II. (× 32) (H & E). 

(C) Cross section of testes of Auxis thazard at stage II 

observed under higher magnification (× 100). (H & E). Cx = 

cortex; Med = medulla; MAC = muscles of abdominal cavity; 

Tes = testes. 
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The maturation stage III (Figs. 5 and 6) 

 

Testes were white in colour, much bigger than the ones 

in the preceding stage, and got more vascularized 

ventrally (Fig. 5A). The spermatids (derived from 

meiotic division of the spermatocytes), visible at the end 

of the maturation phase, occupy approximately the 

central part of the lobules (Figs. 5B, 5C, 6A, and 6B). 

Cross sections of testes showed that there was an 

increasing trend in germ cells development. These cells, 

relatively few in number in the transition zone between 

the medulla and the cortex, got more numerous and 

distributed within the medulla. Thus, gametes 

development is centripetal. Additionally, lobules have 

various shapes and sizes. The progressive germ cells 

development known as spermatogenesis occurs within 

the lobules and tubules.  

 

 
Fig. 5: Testes of an Auxis thazard specimen at stage III 

(maturation). (A) Overall appearance of testes at maturation 

stage. (B) Overall observation of the testicular portion of an 

adult Auxis thazard specimen at stage III (× 32). (H & E). (C) 

Cross section of the testis of an adult Auxis thazard specimen 

at stage III observed under higher magnification (× 200). (H & 

E). BV = blood vessels; Cx = cortex; FA = fish abdomen; 

Med = medulla; MAC = muscles of abdominal cavity; Tb = 

tubules; Tes = testes. 

 

The apparent size of the dark dots within the lobules 

enabled us to distinguish between two cells division 

stages (Figs. 6A and 6B). Within these lobules, the 

primary spermatogonia are found in cysts. The cysts are 

usually found singly near the periphery of the testis. A 

cyst situated on the lobule wall is shown in Fig. 6B. 

Through the spermatogenesis process, the secondary 

spermatogonia meiotically divide to form 

spermatocytes. Primary spermatocytes are much bigger 

than secondary spermatocytes. These spermatocytes 

then meiotically divide to become spermatids. 

Spermatids are much smaller, scarcely joined side by 

side to one another. 

 

 

 
Fig. 6: Cross section of testes showing in details the lobular 

and testicular arrangements in an adult Auxis thazard 

specimen at stage III. (A) A less advanced division stage       

(× 1000). (H & E). (B) A more advanced division stage         

(× 1000). (H & E). C = cysts; Lb = lobules; Sp-I = primary 

spermatocytes; Sp-II = secondary spermatocytes; Sptd = 

spermatids; SPD = sperm duct; Tb = tubules. 

 
The ripening stage IV (Figs. 7 and 8) 

 

Testes reached maximum size, measuring between 13.0 

and 18.1 cm (16.0 ± 1.5 cm) and weighing 20.67 to 

46.78 g (33.17 ± 7.81 g) in specimens whose sizes 

varied between 36 and 46 cm FL (39.8 ± 2.6 cm FL). 
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Testes were almost pinkish in colour, with blood 

vessels visible on the ventral side (Fig. 7A). On the 

histological level, we noted that spermatids probably 

underwent the spermiogenesis process, since the 

majority of germ cells observed resembled 

spermatozoa. These spermatozoa mainly accumulated 

in the main sperm duct, and to a lesser extent, around 

the lobular lumina (Fig. 7B). Additionally, 

accumulation of spermatozoa (purple-coloured dots) 

in the tubules convergence zone (TCZ) was observed. 

The TCZ is located near the center of the testis (Fig. 

7B). In Fig. 7C, we can see white-coloured milt, 

especially in the anfractuosities of the sperm duct. 

The main sperm duct is located near the center of the 

testis as well. It got filled with spermatozoa derived 

from double meiotic division of spermatids.  

 

 
Fig. 7: Testes of an Auxis thazard specimen at stage IV 

(running male, ripe fish). (A) Overall appearance of testes of a 

running male specimen. (B) Cross section of the testis of a 

ripe Auxis thazard specimen (× 100). (H & E).                     

(C) Observation of the medulla of a ripe fish under higher 

magnification (× 200). (H & E). LL = lobular lumina; Mt = 

milt; MAC = muscles of abdominal cavity; MSD = main 

sperm duct; SPD = sperm duct; Spz = spermatozoa; Tes = 

testes; TCZ = tubules convergence zone. 

 
The apparent size of germ cells, some of which appear 

to tangle up, indicates the presence of spermatozoa 

(Figs. 8A, 8B, and 8C). Flagella of these spermatozoa 

arranged as if showing a combined movement of dense 

filaments (Fig. 8C). 

 
Fig. 8: Cross section showing the lobular and tubular 

arrangements of the testis of an adult specimen at stage IV. 

(A) Observation of testes under higher magnification showing 

three tubules arranged side by side (× 1000). (H & E).            

(B) Observation of the inside of the tubule under higher 

magnification (× 1000). (H & E). (C) Observation of central 

medulla of a running male under higher magnification (× 

1000). (H & E). LL = lobular lumina; MSD = main sperm 

duct; SPD = sperm duct; Sp-I = primary spermatocytes; Sp-II 

= secondary spermatocytes; Sptd = spermatids; Spz = 

spermatozoa. 

 

The spent stage V (Fig. 9) 

 

Blood vessels on the ventral side of testes were 

conspicuous. Testes were flaccid, with milt still present 

therein. They were whitish in colour, yet milk-like. Such 

colouring is typical of this stage (Fig. 9A). With a 

pressing to the abdomen, bloody milt sometimes came 

out. Photomicrograph shows that the lobules and tubules 

are separate from each other by spaces which are an 

extension of the sperm duct (Fig. 9B). Almost all phases 

of the spermatogenesis can be seen in a single tubule.  

 
The stage V can show remarkable peculiarities 

depending on two cases. First, at the end of the 

reproduction season, as the spermatogenesis process 

reaches its end, a few residual spermatozoa are observed 

throughout the testis, in shrunken lobules and tubules. 

Second, if reproduction still goes on, as is the case in the 

current study (Fig. 9B), the lobules and tubules contain 

all types of gametes, namely spermatocytes, spermatids 

and spermatozoa. 
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Fig. 9: Testes of an Auxis thazard specimen at stage V 

(spent). (A) Overall appearance of testes at spent stage.         

(B) Observation of testes under higher magnification showing 

three tubules of a spent specimen (× 1000). (H & E). MAC = 

muscles of abdominal cavity; SPD = sperm duct; Sp-I = 

primary spermatocytes; Sp-II = secondary spermatocytes; 

Sptd = spermatids; Spz = spermatozoa; Tb = tubules. 
 

 

 
Fig. 10: Testes of an Auxis thazard specimen at resting stage. 

(A) Overall appearance of testes of a specimen at resting 

stage. (B) Cross section of the testis of a resting male (× 200). 

(H & E). MAC = muscles of abdominal cavity; SPD = sperm 

duct; RSpz = residual spermatozoa; Tes = testes. 

The resting stage VI (Fig. 10) 

 

Testes were no more whitish on the dorsal side, yet 

blood vessels still visible on the ventral side made it 

possible to observe a combination of whitish and pinkish 

colourings on this later side. Testes were lighter and 

shrunken (Fig. 10A). Though testes were shrunken in 

size, they got firmer than in spent condition. There was 

no bloody milt flowing out when pressing the abdomen. 

Cross section of testes showed disordered testes as a 

result of the damage to structural tissue (Fig. 10B). The 

lobules and tubules are relatively empty of germ cells. 

However, we can observe some residual spermatozoa. 

 

Discussion 

 

The specimens of frigate tuna that were captured with 

the nets used by the small-scale fishery ranged in size 

from juveniles to adults. Access to this stock was 

facilitated by the fact that these small tuna are neritic, 

though oceanic (Collette and Nauen, 1983; Valeiras and 

Abad, 2010). Sizes at which these specimens were 

caught are the ones usually encountered in the catches 

made through surface fishing gears, generally 25 cm FL 

as regards frigate tuna (Collette and Nauen, 1983). 

 

In the current study, we identified two regions in the 

testis, due to its being constituted by two parts, namely 

the dorsal and the ventral sides. Depending on the 

maturity stages of the fish, each region gets counter-

shaded. In immature fish, the cortex is much more 

shaded than the medulla, probably because it is much 

thicker. As the fish mature, shade in both sides becomes 

inverted. With the medulla being progressively filled 

with germ cells at different division stages, the medulla 

becomes thicker, thus more shaded, and the cortex 

lightens because of its getting thinner. Ratty et al. (1990) 

reported morphological changes in testes related to the 

thickness of the main duct in a tuna species other than 

frigate tuna. According to these authors, in the immature 

testis, the main sperm duct is thin-walled and highly 

convolute. In the mature testis, however, the main duct 

has thicker walls, and is less convolute (Ratty et al., 

1990). Just as in South Pacific Albacore tuna Thunnus 

alalunga (Ratty et al., 1990), so the main duct is present 

in immature frigate tuna testis, even though no 

spermatozoa are observed therein. As frigate tuna 

mature, the main sperm duct gets located near the center 

of the testis, along with the tubules convergence zone 

(TCZ) where a branching system of tubules radiates 

toward the testicular periphery. According to Meister 
Lb 

Cortex 

Tes 

Lb 
Cortex 

BV Cortex 

Tes 
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and Pashuk (2005), the main testicular ducts of each 

testis join together to form the common sperm duct, 

through which the male gametes are transported from 

the testes to outside the body. In many other teleosts, 

however, the main duct is located along the dorsal 

surface of the testis and may not be present in immature 

stages of the testis (Grier et al., 1980). Which make 

them different from South Pacific Albacore tuna (Ratty 

et al., 1990) and from frigate tuna, at least regarding the 

testicular peculiarities. Yet frigate tuna, like the majority 

of teleosts, have the same testicular cellular 

development. For that reason, we classified the germ 

cells into the following phases of developmental order: 

spermatogonia, primary spermatocytes, secondary 

spermatocytes, spermatids, and spermatozoa. 

Additionally, the lobular-type cellular arrangement we 

observed in the frigate tuna testis is typical of most 

teleosts (See Billard et al., 1982). Still, observation of 

germ cells, which appeared as if dots-like, is not a 

characteristic of our study. That seems to be common in 

male fishes, regardless of species, as shown by many 

other studies on Thunnus albacares (Albaret, 1976), 

Heterobranchus longifilis (Otémé, 2001), Thunnus 

thynnus (Rooker et al., 2007), Auchenoglanis 

occidentalis (Shinkafi et al., 2011), and in which the 

slides were observed under a light microscope. For such 

reasons, no spermatozoa (morphologically subdivided 

into head, neck piece, short midpiece, and tail) were 

observed in the current study, due to non-utilization of 

an electron microscope that enables observation of 

spermatozoa in their entirety.  
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