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ABSTRACT The ‘saguiru’ Steindachnerina insculpta, a small teleost detritivorous fish species in Furnas reservoir,
upper rio Parana basin, Minas Gerais, Brazil, has a prolonged period of reproductive activity that extends from
September to March, with fractionated spawning. During gonadal maturation, the females showed a low
hepatosomatic index, suggesting that hepatic substances are possibly transferred from liver to ovaries. During
the reproductive period, this fish had lower stomach repletion and coelomic fat indexes, indicating that the
species eat less and consume more fat reserves. The weight of the ovaries influenced positively the condition
factor (K1), since the lowest K2 values (without the gonads weight), were obtained during maturation, confirm-
ing the influence of the weight of the ovaries upon the physiological condition of the females.
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RESUMO. Biologia reprodutiva de Steindachnerina insculpta (Fernandez-Yépez) (Teleostei, Curimatidae) no
reservatorio de Furnas, Minas Gerais, Brasil. O ‘saguiru’ Steindachnerina insculpta, peixe teledsteo detritivoro que
ocorre no reservatorio de Furnas, bacia do alto Parana, Minas Gerais, apresenta periodo reprodutivo prolongado
que se estende de setembro a mar¢o, com desova parcelada. Durante a maturagdo gonadal, fémeas apresentaram
baixos valores do indice hepatossomatico, sugerindo que possivelmente, substancias hepaticas sio transferidas
do figado para os ovarios. Durante o periodo reprodutivo, os peixes desta espécie apresentam indices de replecao
estomacal e de gordura celdbmica baixos, indicando diminuicdo da atividade alimentar e consumo de reservas. O
peso dos ovarios influencia positivamente o fator de condicdo (KI), uma vez que os mais baixos valores de K2
(sem o peso das gonadas) foram obtidos durante a maturacio, confirmando a influéncia do peso dos ovarios na

condicao fisiologica das fémeas.

PALAVRAS-CHAVE. Desova; reproducao; teledsteo de agua doce.

Furnas reservoir was built in 1962 by damming the Grande
River. It has 1522 km? of maximum flooding area, a depth of
15.4 m and 20.86 x 10° m?® of water volume. The reservoir has a
dendritic shape and a fish fauna in which small and medium-
sized species are dominant (Santos & Formaagio 2000).

The ‘saguiru’ Steindachnerina insculpta (Fernandez-Yépez,
1948), a small detritivorous fish species, has its geographic dis-
tribution in the upper Parané river basin, South America and it
is important to the food chain maintenance (Reis et al. 2003).
The species has an illiophagus feeding habit reaching a maxi-
mum total length of 15 cm for males and 21 cm for females in
the Mogi Guassu river (Gopoy 1975). There are few studies re-
lated to this species, included those concerning gillnet selec-
tivity evaluations in Ibitinga reservoir, Tieté river (Campos et al.
1991), and the determination of the spawning areas and pe-
riod in Itaipu reservoir, upper Parana river basin (BENebiTo-
CeciLio & AcosTINHO 1997).

The reproductive cycle is an important parameter in un-
derstanding the reproduction of native fish species and to the
establishment of conservation programs (VazzoLer 1996). The
oocytes released by the females in the reproductive period may
be total or fractioned. In tropical environments, total spawning
usually occurs in large fish species that migrate over long dis-
tances and reproduce, usually in markedly seasonal lotic envi-
ronments. Fractioned spawning, on the other hand, is frequent
in fish living in stable, lentic environments being associated with
reduced body size and relatively small ovaries of these species
(Nikotski 1963). Fractioned spawning is characterized by asyn-
chronous oocyte development, long period of reproduction and
high frequency of females with partially spawned ovaries
(RiINcHARD & KEesTEMONT 1996). It constitutes a reproductive strat-
egy designed to reduce the egg and larvae predation, the risk of
spawning in unfavorable hydrographic and climatic conditions,
and the competition for spawning sites (Mcevoy & Mcevoy 1992).
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The fish energetic needs, which increase during gonadal
maturation to meet the different reproductive strategies, are re-
duced in the period that precedes spawning and spermiation.
Feeding is interrupted and endogenous nutrients are converted
into energy for reproduction, with a consequent reduction in
body weight and energetic reserves (Mabbock & Burton 1999).
In tropical environments feeding plays a fundamental role in
determining reproductive rhythm (VazzoLer & MEeNezes 1992).
Variations in fish coelomic fat level (CFI) may be related to their
reproductive cycle as well as the river or reservoir hydrologic
cycle (Lamas & GobinHo 1996). During the reproductive cycle,
the condition factor (K) may vary according to the feeding con-
ditions and gonadal development and may be used, for some
species, as an indicator of spawning period (BArBiErI & VERANI
1987).

The present work focuses on the reproductive biology of
S. insculpta in Furnas reservoir by determining the reproduc-
tive cycle stages, reproductive period length, type of spawning
and the biological indexes related to the species reproduction.

MATERIALS AND METHODS

Two hundred and fifty males and five hundred and eleven
females were captured in the Furnas reservoir, Minas Gerais State,
Brazil (20°40’S, 46°19'W) from September 1992 to August 1994,
using gill nets. All captured specimens were fixed in 10% forma-
lin solution. After dissection, sex identification, and macroscopic
determination of the stages of the reproductive cycle, the fol-
lowing data were recorded for each specimen: standard length
(SL), body (BW), gonads (GW), liver (LW), stomach (SW), and
coelomic fat (CFW) weights. The biometric data obtained were
used for calculating the gonadosomatic (GW/BW x 100), hepato-
somatic (LW/BW x 100), stomach repletion (SW/BW x 100) and
coelomic fat (CFW/BW x 100) indexes, as well as the condition
factors (K1 = BW/SL3; K2 = BW-GWY/SL?®). The stages of the repro-
ductive cycle were established using the macroscopic character-
istics of the gonads, whereas the spawning type was determined
by analysis of the frequency distribution of the referred stages
(Bazzoul 2003). Data were analyzed quarterly according to the
season of the year. An ANOVA test was performed for testing
variations in the mean values of the indexes calculated for each
stage of reproductive cycle and by sex. When needed, a Duncan’s
test was applied for determining statistically significant differ-
ences (p < 0.05) (Sampaio 1998).

RESULTS

The testes and ovaries of S. insculpta are elongated, paired
organs, located latero-dorsally in the coelomic cavity and
ventro-laterally to the gaseous bladder. They were attached to
the coelomic wall and to the gaseous bladder by the mesor-
chium and mesovarium, respectively. Both testes and ovaries
are joined in their caudal ends, forming the common duct that
opens in the urogenital papilla. Variations in thickness, vol-
ume and color of the gonads were observed in the distinct stages
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of the reproductive cycle. Based on the variations in color, vas-
cularization, volume, and turgidity, the following stages of the
reproductive cycle of S. insculpta were determined: 1 =rest, 2 =
initial ripening, 3 = advanced ripening/mature, 4A = partially
spent for males and partially spawned for females, and 4B =
totally spent for males and totally spawned for females (Tab.
1). Over most of the study period, there was low occurrence of
males and females in the rest stage. Males and females in the
initial ripening and mature stages occurred practically in all
trimesters of the two years studied, with a higher frequency of
mature specimens in December-January-February. Spent/
spawned males and females also occurred in almost all quar-
ters sampled, but were found more frequently in March-April-
May and June-July-August (Fig. 1).

The high frequency of partially spawned females in the
two studied cycles, with occurrence of the extended reproduc-
tive period from September to March (Fig. 1), accompanied by
quarterly variations in the gonadosomatic index, indicate that
S. insculpta has a fractionated type spawning. The mean
gonadosomatic index for males and females increased signifi-
cantly (p < 0.05) from stage 1 to stage 3 and decreased thereaf-
ter (p < 0.05) (Tabs II, I11). The mean hepatosomatic index for
females increased from stage 1 to stage 2 and decreased abruptly
in stage 3 (p < 0.05). The mean stomach repletion index was
significantly lower in stage 3, for males and females (p < 0.05).
The mean coelomic fat index did not show statistically signifi-
cant differences. The mean of the condition factors (K1 and
K2) values for males did not show statistically significant dif-
ferences during the reproductive cycle. For females, the K1 val-
ues were significantly higher in stage 3 (Tabs II, I1I).

DISCUSSION

Ovaries and testes of S. insculpta are paired, elongated
and fusiforms organs located in the coelomic cavity, ventrally
to the kidneys, dorsally to the digestive tube and latero-ven-
trally attached to the gas bladder, similar to those found in
other Brazilian Curimatidae (ALves & GobinHO 1992, ALVARENGA
et al. 2006).

In all quarters studied, males and females in reproduc-
tive activity and having fractionated-type spawning were re-
corded. An extended reproductive period and a fractionated
spawning type appear to be characteristic for the most of
Curimatidae (Romacosa et al. 1984, ALves & GobinHO 1992, HArRTZ
& Barsierl 1994). However, Curimatella lepidura (Eigenmann &
Eigenmann, 1889) has a total spawning type (ALVARENGA et al.
2006). The prolonged reproductive period, common in several
Brazilian teleosts, occurs as a response to the conditions in tropi-
cal waters (Lowe-MccoNnNELL 1987).

In this work, the variations in the GSI of males were more
discreet, if compared to those of the females, and can be attrib-
uted to the differences between testes and ovaries (in terms of
volume, mass and energetic demand required for the produc-
tion of gametes). These results are similar to the findings of SLotTe
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Figure 1. Quarterly distribution of percentual (%) frequencies of the stages of the reproductive cycle of S. insculpta males (M) and females
(F) captured in the Furnas reservoir, from September/1992 to August/1994 (1 = rest, 2 = initial ripening, 3 = advanced ripening/mature, 4A
= partially spent for males and partially spawned for females, and 4B = totally spent for males and totally spawned for females).
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Table 1. Macroscopic characteristics of testes and ovaries of S. insculpta collected in the Furnas reservoir from September/1992 to
August/1994, in the various stages of the reproductive cycle (SRC).

SRC Testes Ovaries
1 Rose-colored, elongated, filiform, with a translucent aspect. = Rose-colored, thin, translucent, with little vascularization.
2 Whitish, voluminous, with blood vessels evident. Yellowish, voluminous, with rare oocytes visible to the
naked eye and blood vessels evident.
3 Milky-whitish, attaining maximum volume, with blood vessels Yellowish, very voluminous, with a large number of
evident. oocytes visible to the naked eye, blood vessels evident.
aA Reddish, flaccid, reduced volume, blood vessels less evident.  Light brown, flaccid, with hemorrhagic areas containing
oocytes visible to the naked eye, blood vessels less evident.
4B Brown-reddish, very flaccid, with very reduced volume, blood Brown-colored, with opaque oocytes visible to the naked

vessels not very evident. eye, blood vessels not very evident.

(1) Rest, (2) initial ripening, (3) mature, (4a) partially spent/spawned, (4b) totally spent/spawned.

Table Il. Mean values of the gonadosomatic (GSI), hepatosomatic (HSI), stomach repletion (SRI), and coelomic fat (CFl) indexes and
condition factors (K1 and K2), in each stage of the reproductive cycle (SRC) of S. insculpta males collected in the Furnas from
September/1992 to August/1994.

SRC N [€N]] HSI SRI CFI K1 K2
39 0.25+0.19¢c 0.46 £ 0.69 a 1.35+0.44 ab 096+1.21a 2.60+0.43a 259+ 043a
60 0.78+0.44 b 0.40+0.29 a 1.29+0.43 bc 0.71 +0.77 ab 248+0.34a 246+ 0.34ab
86 249+1.02a 0.38+0.24 a 1.14+0.38¢c 0.73 +0.66 ab 243+0.26 a 246+ 0.26 b
4A 29 0.50+0.27 ¢ 0.41+0.15a 1.50+0.45a 0.43+0.38b 248+0.35a 255+0.35ab
4B 36 0.40+031lc 0.41+0.17a 1.37 £0.19 ab 0.87 £0.84 a 255+0.63a 2.55+0.63 ab

(N) Number of examples by SRC. In the same column, different superscript letters indicate statistically significant differences (p < 0.05).

Table Ill. Mean values of the gonadosomatic (GSI). hepatosomatic (HSI). stomach repletion (SRI). and coelomic fat (CFl) indexes and
condition factors (K1 and K2). in each stage of the reproductive cycle (SRC) of S. insculpta females collected in the Furnas reservoir from
September/1992 to August /1994.

SRC N GSI HSI SRI CFI K1 K2
17 0.67+0.62c 0.49+0.25 ab 1.33+047a 1.00+0.98 a 242+031b 2.39+0.32ab
74 3.99+2.75b 0.56£0.35a 1.27+0.47a 0.93+0.75a 245+0.36b 2.35+0.34 ab
3 181 13.25+5.05a 0.38+0.24b 0.98+0.36b 0.77+0.60 a 269+0.35a 233+032b
42 147 1.76 £3.05¢c 0.41+0.37b 1.24+0.35a 0.82+1.50a 247+031b 2.43+0.31ab
4B 92 0.78 £0.35¢c 0.41+021b 1.38+0.33a 0.68+0.93a 250+£0.33b 247+0.33a

(N) Number of examples by SRC. In the same column, different superscript letters indicate statistically significant differences (p < 0.05).

(1999) who also correlated GSI increasing with the lowering of
the mesenteric fat at higher rates in females than in males.
The GSI and HSI of S. insculpta showed an inverse rela-
tion over the reproductive cycle, similarly to what was reported
by Yonepa et al. (1998), Houso et al. (2004), MacaLHAEs et al. (2004)
and Avwvarenca et al. (2006). The HSI of females reached higher
values, when compared with those of males, and felt abruptly
during the advanced ripening/mature stage, at which time the
GSI became higher, indicating the consumption of hepatic re-
serves during ovarian maturation. This occurs as a result of
depletion of the storage of glycogen and lipids of hepatocytes
(SvepinG & Wickstrom 1997), vitellogenin synthesis and trans-
fer to the oocytes (Luzzana et al. 1996). The HSI may also vary
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between teleosts species, due to the differences in energetic
reserve storage capacity, physiological condition, feeding hab-
its, and availability of nutrients in the habitat (Svepine &
Wickstrom 1997). Therefore, variations in the relation between
GSI and HSI are attributable not only to gonadal maturation,
but also to the physiological and adaptational capacity of each
species, as well as to environmental conditions.

Both males and females showed lower SRI values in the
advanced ripening/mature stage. The reduction in the feeding
activity during the reproductive period is due to compression
of the digestive organs by the gonads, particularly in females,
with feeding being resumed immediately after spawning (SLotTe
1999), as was observed in the present study. In the same way,
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in C. lepidura of the Juramento reservoir, Minas Gerais, Brazil,
the stomach repletion was higher in the dry season, when fish
are not in the reproduction season (ALvArReNGA et al. 2006).

The CFI values of males and females were lower in the
partially spent and totally spawned stages, respectively, point-
ing to the consumption of lipids during spermiation and ovu-
lation, even though no significant differences were recorded
in the CFI of females. Differences in CFI values between males
and females showed by teleosts during the reproductive cycle
can be attributed to the conversion of fat reserves into prod-
ucts needed for gonadal maturation, since only in females the
metabolism of lipids is naturally accelerated by large quanti-
ties of ovarian steroids (RasasiLTa et al. 1997).

In males of S. insculpta, discreet variations of K1 and K2
were recorded over the reproductive cycle. In females, the high-
est K1 as well as the lowest K2 values were obtained during
maturation confirming the influence of the weight of the ova-
ries upon the physiological condition of the females, as was
observed in Steindachnerina elegans (Steindachner, 1874) by ALves
& GobinHo (1992).

In conclusion, S. insculpta spawned almost throughout
the year in the Furnas Reservoir. The species showed fraction-
ated spawning with peaks of advanced maturation/mature from
December to February. During the reproductive period the spe-
cies eat less and consume more fat reserves. In females, the
weight of the ovaries influenced the condition factor and he-
patic substances were transferred from liver to ovaries during
gonadal maturation.
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