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Introduction

The settlement of maturation stages is one of the first steps in fish reproduction studies, providing information to detect the spawn season or the proximity of it. Frequently were used microscopic maturation scales but the importance of histological analysis in recognizing and/or confirmation of those stages has been emphasized (Vazzoler, 1996). On Tocantins River very few works have presented or discussed gonad maturation scales for the local species (Braga, 1990;Valentim, 1998; Antão, 2000; Lima, 2000). Furthermore, a very few works were produced based on data obtained from male individuals and presented histological descriptions about the reproductive system (Andrade and Godinho, 1983; Narahara, 1983; Agostinho et al., 1987a;  Benedito-Cecílio and Agostinho, 1991a; Romagosa et al., 1993; Menezes and Pellegrini-Caramaschi, 1994). This work approached reproductive biology aspects of representative species of upper Tocantins River. The gonad maturation scales are assessed and discussed and suggested the spawning season of the analysed species.

Methods

Ageneiosus brevifilis, Hypostomus emarginatus, Leporinus friderici, Pimelodus blochii, Plagioscion squamosissimus, Prochilodus nigricans, Rhaphiodum vulpinius and  Serrasalmus rhombeus (which its importance in the region was assessed in values higher than 1% of the ponderal index, that associates number of individuals to biomass) were analysed.. The capturess took place each two months, between December 1995 and February 2000, with nets in different sizes and types, witch were checked every 8 hours during 24 hours. Each individual was dissected and by visual exam of the gonads settled the gender and maturation stage. Based on the macroscopic features it was defined a maturation scale. The classification was made in account of the following set of macroscopic characteristics: gonad position in coelomic cavity; percentage occupation in coelomic cavity; forms; irrigation; color or colorless (testicle); turgidity; visibility, size and color of oocytes (ovary) and spontaneous elimination of sperm, under light or heavy pressure (testicle). For the histological analysis using light microscopy, the gonads were fixed in phormol at 10%, buffered , processed according to the routine for light microscopy and stained with Hematoxilin and Eosin (HE). The morphology and proportion of the germinative epitellium cells were observed in accordance with Wallace and Selman’s nomenclature (1981) for females and Grier’s et al. (1978) and Grier and Taylor’s (1998) for males.

Results

Females Maturation Scale 

The stages considered microscopically consistent were: Immature, Initial Maturation, Advanced Maturation, Ripe, Partially Spawned/Spawned, Recovering and Recovered, described here under:

Immature: macroscopically ovaries occupy < 1% of coelomic cavity, are transparent, color from white to rosy and without oocytes visible at naked eyes. Microscopically, only OI and OII can be observed, and the OI present themselves in nests, most of the time.

Initial Maturation: the ovaries become slightly wide and appear translucent and yellow (P.squamosissimus e L. friderici ), cream color (A. brevifilis, P. blochii e H .emarginatus)  or orange  (S. rhombeus e R. vulpinius). The irrigation is discreet in all of the species, exception made to S. rhombeus,  in which it’s more conspicuous. Oocytes are visible at naked eye as whitish granules. This stage was identified in the field as maturation 1 and/or 2. In histological sections, OII and some OIII are observed.

Advanced Maturation: they occupy larger volume, except in P. squamosissimus, which appears proportionally inferior to the other species. The color is yellow, except in S. rhombeus (orange color). In H. emarginatus, P. blochii, A.  brevifilis and S. rhombeus  the oocytes are heterogeneous in regard to the opaque or translucent aspect. The irrigation is evident. On the other side, in L. friderici, R. vulpinius and P. nigricans, just homogeneous oocytes (same size) with similar aspect can be observed. The irrigation is discreet. In P. squamosissimus the oocytes are small and the size heterogeneity is not visible at naked eye. The irrigation is evident. S. rhombeus, P. blochii, H. emarginatus, A. brevifilis and P.squamosissimus present some OII, OIII, OIV and some OV. But in L. friderici, R. vulpinius and P. nigricans OIV predominate; there are rare OV.

Ripe: it reaches maximum volume and maintains the same macroscopic features as in previous phase, except for the greater proportion in translucent oocytes visible at naked eye. Nevertheless, microscopically, the species A. brevifilis, P. blochii, S. rhombeus, P. squamosissimus and H. emarginatus presented, concomitantly, OII, OIII, OIV and OV, with predominance of the last one. The species L. friderici, R. vulpinius and P. nigricans presented only OII and OV, again with predominance of the last one.

Semi-spawned: the ovaries present characteristics referring to shape, color and visibility of oocytes similar to the ones presented in the previous two phases, but they are less voluminous, present hemorrhagic areas, evident irrigation and moderate flabbiness. We noticed OII, OIII, OIV, OV and follicle post ovulatory (FPO) . The stage was clearly recognized for A. brevifilis, P. blochii, S. rhombeus, P. squamosissimus and H. emarginatus.

Spawned : the ovaries are flabby and hemorrhagic, with some translucent oocytes and some others opaque and white. Such characteristics were observed in L. friderici, R. vulpinius and P. nigricans. It’s noticed tissue disorganization and predominance of OII, a number of OII in absorption process, post spawning follicles (FPO) and atresic follicles (FA).

Recovering: they appear hemorrhagic and with scattered white oocytes. Predominate OII, the vitelogenic oocytes in absorption, follicle scars and further, tissue disorganization 

Recovered: the ovaries are similar to Immature stage, however they appear larger and longer  in all of the species. Microscopically, they are identified by the predominance of  OII, distended ovuligerous lamellas and by the presence, sometimes,  of  follicle scars. This stage was verified in all of the studied species, exception made to H. emarginatus,  in which it could not be identified in histological exam. For this species, in the ovaries still in the Recovering stage, observations could be made regarding tissue disorganization, predominant presence of OII (with increased volume) and some OIII.

Macroscopically, the stages Recovering and Recovered get confused concerning the species P.nigricans, R. vulpinius, P. blochii and A. brevifilis. Recovered can be confused with the Initial Maturation stage in the species with very thick ovarian capsule (P. blochii and A. brevifilis). In A. brevifilis it was noted, in histological sections, the presence of spermatozoids among the oocytes in all of the stages, except for the Immature stage.

Males Maturation Scale

A scale with 07 (seven) macroscopic maturation stages was considered microscopically consistent and described hereunder:

Immature : dorsal position in H. emarginatus, A. brevifilis, and P. blochii and lateral or dorso-lateral for the other species. Occupation of less than 1% of the celomatic cavity. Finger-like format in P. blochii and A. brevifilis. Discreet irrigation. The gonad is transparent and without coloration. Absence of sperm. Histologically the testicles are constituted by  spermatogonias , wrapped up by abundant conjunctive tissue, dispersed or forming a very few seminiferous tubules.

Maturation: more and more lateral e with greater volume in all of the species. Regarding  H. emarginatus, it  always maintains a dorsal position. Occupation of the coelomic cavity from 5% to 30% . Tubular format, due to the increase of the volume and foliaceus as regards S. rhombeus. The irrigation is discreet; the color is white; opaque. The sperm (evidenced macroscopically by white coloration), may be eliminated under some pressure.   The seminiferous tubules are already defined and may be observed germinative cells during the different spematogenesis phases. At first, there is an increase of the secondary spermatogonia cysts. Progressively, spermatocyte cysts 1 and 2 and spermatids are formed. It occurs the production of spermatozoids which fulfill the tubules lumen and drainage ducts. 

Ripe: increase of the volume with elimination of sperm under light pressure. The tubules have large lumens and are fulfilled by spermatozoids. Many of them are ramified and anastomosed. Few cysts are detected.  The conjunctive tissue that covers the tubules is scarce.

Partially spent : with the partial liberation of sperm, the testicles turn back to the lateral , latero-dorsal or dorsal position, depending on the species. The occupation is between 20% and 50%. The irrigation is hemorrhagic. The coloration varies between white and rosy, due to hemorrhage. The sperm is eliminated under pressure. Histologically, the main characteristic is the presence of tubules emptying. In R. vulpinius, P. nigricans and S. rhombeus  the release of sperm does not happen completely, leaving the gonads with heterogeneous aspect.

Spent: it occurs a remarkable decrease of the occupation volume (10% up to 20%). The hemorrhagic irrigation provides a rosy coloration. The sperm is little visible, without elimination. Typical  flabby appearance. Tubules smaller and empty. The germinative epithelium is scarce, the cysts are absent and the spermatozoids are rare.

Recovering: small occupation ( 2% up to 5 %). The irrigation is a little hemorrhagic, transparent and colorless.  Macroscopically the sperm is not visible. The tubules present both regular aspect , small size and spermatogonias coating as emptied, without coating and rare spermatozoids.

Recovered : similar to Immature with 1% to 2% of occupation. Tubules well defined, with spermatogonias coating and a few cysts of secondary spermatogonias.

Macroscopical versus microscopical

Regarding the males, 87,5% of the species presented accordance between macro and microscopic diagnoses over 50%. This percentage is lower for the females (37,5%) (Table 1).

Table 1. Accordance percentage (%) between macro and microscopic diagnoses of testicles and ovaries of the studied species  (N= number of cases; F = female; M= male).

	Species
	N
	Concordância %

	
	M
	F
	M
	F

	A. brevifilis
	14
	29
	100
	51.7

	H emarginatus
	20
	74
	50
	39.2

	L. friderici
	13
	79
	692
	49.4

	P. blochii
	12
	42
	333
	50

	P. squamosissimus
	58
	204
	97.6
	37.2

	P. nigricans
	14
	97
	100
	47.4

	R. vulpinius
	10
	118
	80
	28.8

	S. rhombeus
	20
	156
	80
	66


In Table 2 the accordance percentage is presented by stage for the total of the studied species. 

Table 2. Accordance percentage of macro and microscopic diagnoses of testicles and ovaries during the considered  Maturation stages (N = number of cases; F = female; M = male; * only males).

	Stages
	N
	
	Concordância %
	

	
	M
	F
	M
	F

	Immature
	16
	151
	94.1
	59.6

	Initial Maturation 
	
	105
	
	12

	Advanced Maturation 
	
	40
	
	57.5

	Maturation*
	44
	
	93.2
	

	Ripe
	20
	30
	90
	63.3

	Partially Spawned
	
	42
	
	33

	Partially Spent*
	16
	
	87.5
	

	Spawned
	
	38
	
	13.2

	Spent*
	13
	
	92.3
	

	Recovering
	24
	161
	91.6
	46

	Recovered
	16
	267
	12.5
	56.9


The classification error referring to gender was of 8%, concentrating on Immature and Recovered stages. This percentage reaches 29% for P. blochii e 20% for S. rhombeus and H. emarginatus. 
Reproductive period

From the incidence of Mature stage the spawning season is indicated (Table 3).

Table 3 . Incidence of individuals, male and female, in the ripe stage. () % of ripes referring to the total of adult individuals during the period; * < 1%

[image: image1.wmf]Species 

Feb

Apr

Jun

Aug

Oct

Dec

Sex

M

A. brevifilis

0

0

2 (6) 

10 (29)

21 (32)

0

H. emarginatus

1 (1)

11 (6)

0

6 (2)

5 (1)

8 (5)

L. friderici

1*

0

0

0

0

1*

P. blochii

1 (20)

0

0

0

0

1 (2)

P. squamosissimus

18 (14)

21 (13)

30 (21)

37 (24)

43 (19)

36 (15)

P. nigricans

6 (9)

0

0

0

4 (8)

15 (18)

R. vulpinus

9 (6)

1 (1)

0

0

4 (3)

28 (11)

S. rhombeus

6 (2)

8 (2)

6 (2)

4 (2)

6 (2)

15 (4)

Feb

Apr

Jun

Aug

Oct

Dec

Sex

F

A. brevifilis

0

1 (1)

2 (5)

3 (9)

3 (20)

1 (6)

H. emarginatus

39 (45)

22 (31)

12 (15)

120(52)

74 (46)

28 (58)

L. friderici

3 (2)

1*

0

0

4 (3)

10 (4)

P. blochii

23 (19)

1 (1)

0

1 (2)

1 (2)

26 (23)

P. squamosissimus

4 (4)

6 (6)

14 (17)

14 (12)

10 (5)

8 (4)

P. nigricans

2 (3)

1 (1)

2 (5)

0

0

6 (9)

R. vulpinus

17 (12)

5 (2)

0

0

21 (11)

39 (20)

S. rhombeus

3 (1)

18 (5)

6 (2)

16 (8)

10 (4)

14 (4)


Discussion

We concluded that the proposed scales were efficient and can be used in the field.

The characteristics used for the description of gonad proved adequate once they comprehend the morphological variety of the analysed species. (belonging to taxonomically distinct groups) and the variations originating from the reproductive process.

For the females, it was registered the natural occurrence of two groups with distinct ovarian development, pointing to different reproduction strategies. The occurrence of the Partially Spawned stage is related to the species which present asynchronic development in more than two groups and spawn in more than one lot, along the reproductive period. They are: A. brevifilis, H. emarginatus, P. blochii, P. squamosissimus and S. rhombeus. The scale with Spawned stage characterizes the species which present synchronic development in two groups (Vazzoler, 1996) which spawn just in one lot at each reproductive season. To this category belong the following species:  L. friderici, P.nigricans and R. vulpinius. The macroscopic identification can be done through means of observation , in the stages Advanced Maturation and Ripe, of the ovocytes size. The histological analyses will confirm the assessment. The absence of  the Recovered Stage in the ovaries of  H. emarginatus  suggests continuous cell maturation process (Pellegrini-Caramaschi et al., 1982).

It is advisable the histological confirmation for the gender identification of individuals from P. squamosissimus and  S. rhombeus with  standard length inferior to 15,0 cm (Valentim, 1998) and 12,0 cm (Antão, 2000), respectively, and for ovaries in the Advanced Maturation, Partially Spawned and Spawned stages.

With the males few variations occurred as regards to constitution and development of the germinative epithelium, representing a common pattern for the species, coherent with the literature (Grier et al., 1978; Menezes and Pellegrini-Caramaschi, 1994; Grier and Taylor, 1998).

The macroscopic characteristics utilized  proved being very effective in the stages identification since it can be noticed that, except for Pimelodus blochii, the remaining species presented an accordance percentage over  50%. The lowest value observed in Recovered stage is due to the small size of the testicles in this phase, inducing to error in the distinction between Immature and Recovered stages and in the gender identification as well. It is advisable a complementary histological analyses with S. rhombeus  and H. emarginatus.

One can notice that the mature females are available during a greater number of months comparison made with the males. The period ranging from December until February proved being the one with the greatest number of species with ripe individuals occurrence.
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