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(Steindachner, 1875) (Anostomidae)
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SuMMARY — White-piau (Schizodon knerii), one of the most im-
portant fish in commercial catches at Trés Marias reservoir in the
San Francisco river, has its reproductive biology been under in-
vestigation for the first time. Ovaries and testes of the white-piau
are of the cystoovarian and lobular types, respectively. The
reproductive period of this species extends from October to April
similarly to that of most species of Southeast Brazil. This period
coincides with the rainy season, high water temperature and long
daylength. Females are in better ‘‘condition’” when outside the
reproductive period. The amount of fat accumulated within ab-
dominal cavity follows the cyclic variation in the reservoir water
level. The white-piau is a fractional spawner, has adhesive eggs
and spawning occurs within reservoir waters. Females were induced
to spawn in captivity with crude carp pituitary extract.

Key words : Teleost fish, Schizodon knerii, reproductive biology,
artificial spwaning, Trés Marias Reservoir, tropical reservoir.

INTRODUCTION

The growing demand on hydrolectric power in Brazil has been
matched with the construction of large hydroelectric reservoirs
(<1,000 Km? of impounded area). Trés Marias reservoir at the
San Francisco river (Fig. 1), the oldest among these, was built in
the early 60’ and only recently has its fishery resources been under
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F1G. 1. Trés Marias reservoir (insert = general location) in the San Francisco River at the

state of Minas Gerais, Brazil (18 - 20 °S, 44 - 46 °W).

FiG. 2. Schematic drawing of the white-piau (Schizodon knerii).

evaluation. Commercial fishery at Trés Marias is performed by ap-
proximately 150 fishermen. Gill nets are the fishing gear used. An-
nual production is estimated to be around 400 metric tons and the
white-piau (Schizodon knerii Steindachner, 1875) being one of its

most important species (SATo & Osorio, 1987).

Anostomidae fish, to which belongs the white-piau, are her-
bivorous and found in large rivers (BRITsKI et alii, 1984). White-piau
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feeds mainly on macrophytes, algae and sediment (BoTELHO & ToOR-
RES, 1984). The largest white-piaus captured in experimental cat-
ches during 1981-1986 had 35 cm, standard length, and 1 Kg, body
weight, whereas commercial fish weighed circa 0.2-0.3 Kg (SaTo,
pers. com.).

The reproduction cycle of this fish at Trés Marias reservoir is
reported, to our knowledge, for the first time. Data on artificial
propagation of this species is also given.

MATERIAL AND METHODS

The fish were captured from May, 1982 to October, 1984 with
gill nets placed in the water in late afternoon and removed in the
early morning of the next day. 1,201 fish with standard length
greater than 13.6 cm (males) and 14.7 (females) were used.

The following parameters were obtained from fish captured in
the period of May, 1982 to June 1983 (197 females and 207 males) :
body weight (BW), standard length (SL), sex (M,F), stages of the
reproductive cycle (SRC), weight of one gonad (GW), liver weight
(LW) and abdominal fat weight (AFW). Female SRC were : 1 =
resting; 2A = initial maturation; 2B = advanced maturation; 3
= mature; 4A = partially spawned; 4B = totally spawned. Male
SRC were : 1 = non-reproduction (totally spent/resting); 2 =
reproduction (2A = in maturation/mature; 2B = partially spent).
Gonad fragments were fixed in Bouin’s liquid for histological
studies which included microscopic evaluation of the SRC and
estimation of the relative frequency of the stages of oocyte matura-
tion (SOM). The latter was obtained through ABERCROMBIE’s for-
mula (1946) modified by AMANN (1962).

The fish (363 females, 434 males) captured in the period of Ju-
ly, 1983 to October, 1984 had their BW, SL, S and SRC (only
macroscopically) obtained.

The following indexes were then calculated : GSI (gonadosomatic
index) = GW x 200/BW, HSI (hepatosomatic index) = LW X
100/BW, AFI (abdominal fat index) = AFW x 100/BW and K
(condition factor) = BW x 100/SL3.

Three females and three males were induced to reproduce with
crude carp pituitary extract according to the technique described
in WoyNarovicH & HorvATH (1980). This work was performed
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at the Fishery Station of Trés Marias (CoDEvasF), Trés Marias,
State of Minas Gerais, in December, 1985.

The regression analysis and the other statistical calculations of
the present paper were performed accordingly to Ricker (1975).

RESULTS AND DisCUSSION

White-piau (Fig. 2) presents a pair of gonads situated in the dor-
solateral portion of the coelomatic cavity, ventrally to the gaseous
vesicle. The ovaries are of the cystovarian type (HoAr, 1969), and
the testes are of the lobular type (BILLARD, 1986). Near the genital
papila they unite to each other to form a single excretory duct.
Macroscopic changes in size and color of the gonads are seen dur-
ing the reproductive cycle.

The histological organization of the gonads are similar to that
of other Brazilian characiform fish (ANDRADE & GODINHO, 1983;
BazzoLl, 1985; TAVARES, 1986). The seminiferous tubules of the
white-piau contain cysts inside which all the gametogenic cells are
in the same stage of development. Cysts of spermatogonia are seen
along the whole length of the seminiferous tubules. For this reason
the testis of this fish belongs to the « unrestricted spermatogonial
type » of GRIER er al. (1980) and GRIER (1981). Sertoli cells which
constitute the wall of these cysts (GRIER, 1976; GRIER, 1981) disrupt
at the final stage of spermiogenesis and release the spermatozoa
in the lumen of the seminiferous tubules (RUBY & MCMILLAN, 1975;
SHERESTHA & KHANNA, 1976).

Table 1 and 2 and Figures 3 to 11 present the main reproductive
characteristics of females and males during the reproductive cycle.

The log transformed data on lenght/weight relationship for
females and males, respectively, are given in the formulae below :

In BW = 4,147 + 3.078 In SL, and
In BW = -3,692 + 2.923 In SL

Fics. 3 to 7 depict histological sections of white-piau ovaries at different stages of the repro-
ductive cycle (paraffin embedded, 7 um thick, haematoxylin-eosin stained, bar = 100 pm) :
Fic. 3. Resting stage; short arrows = type 1 oocyte; long arrows = type 2 oocyte.
FiG. 4. Initial maturation stage; arrow = type 3 oocyte.

FiG. 5. Advanced maturation stage; large type 4 oocyte at the center; asterisks = highly
prismatic follicular cells.

FiG. 6. Partially spent stage; straight arrow = type 3 oocyte; bent arrows = empty follicles.
Fi1G. 7. Totally spent stage; short arrow = type 1 oocyte; bent arrow = empty follicle;
long arrow = type 4 oocyte in reabsorption.
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Isometrically growth (LE CrEN, 1951) may be ascribed to the
white-piau since the regression coefficient (b value in above for-
mulae) is close to 3. SATo & BARrBIERI (1983), although relating
similar results, have considered it to be of the allometric type.

Fig. 12 shows the relative frequency (%) of oocytes at different
stages of maturation during the reproductive cycle. Type 1 and 2
oocytes (previtellogenic) predominate in all stages of the reproduc-
tive cycle. Type 3 oocytes (in vitellogenesis) are present in ovaries
at initial maturation and in those partially spent. Type 4 oocytes
(complete vitellogenesis) are seen at the stage of advanced matura-
tion and also in process of reabsorption in ovaries totally spent.
Only about 10% of the previtellogenic oocytes complete
vitellogenesis within one reproductive cycle and may eventually be
extruded. The oocyte dynamics in the white-piau follows the group-
synchronous pattern which is the most common type among teleosts
(WALLACE & SELMAN, 1981).

Data on K, GSI and HSI of females at each stage of the reproduc-
tive cycle are in Fig. 13. Females are in better « condition » (LE
CREN, 1951) when outside the reproductive period. Peak values
of GSI and HSI were found at the stages of advanced maturation
and partially spent. This finding suggests that the GSI may be us-
ed as an indicator of the reproduction period as in other teleosts
from man made reservoirs (RAHMAN & MOGHRABY, 1984; TOMASSON
et al., 1984). Variations of these parameters in males were inex-
pressive (Fig. 14).

Fig. 15 shows monthly AFI’s of females and males. In both sexes,
higher monthly AFI values occurred in the period of July-
September. Thereafter they gradually diminished to reach lowest
values in January-February to raise again in the following months.
This variation follows behind that of the reservoir water level.
Submerged littoral macrophytes during the reservoir water rais-
ing period possibly are transformed into feeding resources for the

Fics. 8 to 11 are light photomicrographs of white-piau testis at different stages of the
reproductive cycle (paraffin embedded, 7 pm thick, haematoxylin-eosin stained).

Fic. 8. Non-reproduction stage; totally spent testis; lumen (L) of seminiferous tubules is
open; luminal spermatoza are absent; SC = cysts of spermatogonia; 425 x.

Fi6. 9. Non-reproduction stage; resting testis showing only cysts of spermatogonia; lumen
of seminiferous tubules is collapsed; 1088 x.

Fie. 10. Reproduction stage; maturing testis; wall of seminferous tubules shows cysts at
various stages of spermatogenesis; 425 Xx.

Fic. 11. Reproduction stage; mature testis; lumina of seminiferous tubules packed with
spermatozoa (Z); 425 X.
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TasLE 1. Reproductive characteristics of white-piau females from Trés Marias reservoir
during the reproductive cycle.

Stage Characteristics
Resting Thin, flattened and translucid ovaries, containing types 1 and
(F1G. 3) 2 oocytes. Type 1 oocyte: 57.3 + 26.7 um in diameter;

homogeneous and basophyl cytoplasm; vesiculous nucleus with
peripheral nucleoli. Type 2 oocyte : 109.5 + 38 um in diameter;
cytoplasm is granular with vitellinic nucleus; nucleus is similar
to that of type 1 oocyte; thin zona pelucida; squamous follicular

cells.
Intial maturation Size of ovaries is increased; gray oocytes are observed with nak-
(F1G. 4) ed eyes; type 1, 2 and 3 oocytes are present. Type 3 oocyte : 284.5

+ 69.2 uym in diameter, vitellinic vesicles at the cytoplasm
periphery, central nucleus with smaller number of nucleoli; zona
pelucida becomes evident; cubic follicular cells; thin theca.

Advanced maturation | Ovaries are pale green in colour and greatly increased in size;
(FiG. 5) type 1, 2, 3 and 4 oocytes are present. Type 4 oocyte : 545.4 +
97.4 ym in diameter; cytoplasm is filled with vitellinic globules;
nucleus is excentric in some oocytes, high prismatic follicular cells;
thick zona pelucida; theca well evident.

Mature Final maturation of oocytes occurs at this stage; fish at this stage

were not identified due to the methods used in the presente work.
Partially spent Ovaries are reduced in size, with hemorrhagic areas; type 1, 2,
(F1G. 6) 3 and 4 oocytes are present intermingled with empty follicles.
Totally spent Ovaries are flaccid, opaque, with hemorrhagic areas; type 1 and
Fic. 7) 2 oocytes are present; remaining type 4 oocytes are in reabsorp-

tion process; empty follicles present.
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FiG. 12. Relative frequency (%) of the different oocyte maturation stage (OMS) at each
stage of the reproductive cycle (RCS) of white-piau from Trés Marias reservoir.

white-piau. The importance of this ecosystem on white-piau feeding
strategy has been emphasized by ESTEVES & SATO (1986). Probably,
such water level fluctuation along the year may play a more im-
portant role in the variation of the abdominal fat content than the
stage of the reproductive cycle.
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FiG. 16. Bimonthly relative frequency (%) of female reproductive cycle stages (RCS) of
white-piau from Trés Marias reservoir from 1982 to 1984.

The reproductive period of the white-piau extends from October
to April (Figs. 16, 17). The cyclic reproductive pattern of fish from
Tr€s Marias reservoir (GopINHO, 1984; BazzoL1, 1985; TAVAREs,
1986; TELEs, 1989; present paper) tends to follow that found in
the fish from the rest of Southeast Brazil. They usually reproduce
during the rainy season, when the water temperature and daylength
are at their highest values in the year (Fig. 18). Capture of white-
piaus in all stages of the reproductive cycle and their alevins (pers.
obs.) gives support to GODINHO (1984) who mention the reproduc-
tion of this species within Trés Marias waters. However, the exact
site of spawning and its reproductive behaviour remain unknown.
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TaBLE 2. Reproductive characteristics of white-piau males from Trés Marias reservoir dur-
ing the reproductive cycle.

Stage Characteristics
Non-reproduction Testes totally spent (FiG. 8) or resting (Fic. 9). The former are
(Fics. 8, 9) reduced in size, flacid, with hemorrhagic areas; cysts of sper-

matogonia and residual spermatozoa in the lumen of the
seminiferous tubules may be seen. Resting testes are thin shaped
and translucid containing only spermatogial cysts; seminiferous
tubules lumina are empty and collapsed.

Reproduction Testes in maturation (FiG. 10), mature (FiG. 11) or partially spent
(Fics. 10, 11) were classified as in reproduction. Testes in maturation are thick
and whittish; cysts of all spermatogenic cells are seen; spermatozoa
are present in the lumen of the seminiferous tubules in variable
amounts. Fish with mature testes expel semen under abdominal
pressure; it has only cysts of spermatogonia and the lumen of
seminiferous tubules are packed with spermatozoa. Testes par-
tially spent show hemorrhagic areas; only cysts of spermatogonia
are seen; lumen of seminiferous tubules contains reduced amount
of spermatozoa.

FREQUENCY (%)

Fic. 17. Bimonthly relative frequency (%) of male reproductive cycle stages (RCS) of white-
piau from Trés Marias reservoir from 1982 to 1984.

The presence of type 3 and 4 oocytes coincidently with empty
follicles and the egg adhesiveness at spawning (SATo et al., 1985;
present paper) suggest that white-piau is a fractional spawner.

All three white-piau females used in the present paper were
sucessfully induced to spawn with crude carp pituitary extract. The
injection of same extract in the males helped to milt them. The
oocytes measured, at extrusion, 956 + 55um and, after hydration,
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FiG. 18. Monthly daylength (hours), rain (mm) and Trés Marias reservoir historical water
temperature (°C).

1222 + 69 pm. The number of oocyte.g™* of ova was 1898 + 77.
Extrusion was performed at 212 degree-hours and hatching occured
at 497 degree-hours, the water temperature being 23.5 - 24.5 °C.
Shrub (Cupressus sp) stems were placed into the incubators to serve
as egg substrate. Data on degree-hours at extrusion and hatching,
oocyte size and its strong adhesiveness correspond to those obtained
by Sato et al. (1985).
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SUMMARY — The changes induced |
teral (UV) vasectomy in the testis, epi
of laboratory mice belonging to the I
bed. Marked degenerative changes we
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Even though vasectomy has gained w
of male contraception, there are still ¢




