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Reproductive activity and recruitment of the yellow-mandi
Pimelodus maculatus (Teleostei: Pimelodidae)

in the Igarapava Reservoir, Grande River, Southeast Brazil

Bruno Pereira Maia*, Sandra Maria Franco Ribeiro*, Paula Maciel Bizzotto*,
Volney Vono** and Hugo Pereira Godinho™*-***

The catfish yellow-mandi, Pimelodus maculatus, is a valuable sporting and commercial fish of inland waters of Southeast
Brazil including Igarapava Reservoir. It is a short-distance migrant that needs shorter stretches of free-flowing river to spawn
compared to other Neotropical migrants. Igarapava Reservoir is one the 13 hydroelectric reservoirs, arranged in a cascade
fashion, impounding the 1,300 km-long Grande River, SE Brazil. In this paper, we examined reproductive features and recruit-
ment of the yellow-mandi in Igarapava Reservoir. We also evaluated the role of the Igarapava Fish Ladder (IFL) built around
Igarapava Dam on the sustainability of its fisheries. Female adult yellow-mandis that were gill netted (nets of 8-20 cm stretch-
mesh) during the reproductive season of 2002/2003, showed adequate ovarian development, indicated by the gonadosomatic
index (12.9 £2.1, at mature stage) and absolute fecundity (413,794 £206,259; range = 125,601-742,026), which were higher than
those found in the literature. Postovulatory follicles present in ovarian tissue of 32% of the females examined showed that they
possibly could have spawned in the reservoir area. Gill nets of 3-5 cm stretch-mesh aimed at capturing juvenile yellow-mandi
were unproductive. These results indicated that Igarapava Reservoir and its reduced catchment area did not provide adequate
conditions for recruitment of the yellow-mandi. This fish, the most abundant in the IFL, and those reaching the reservoir
tended to remain there since no upstream passage mechanism is present. Thus, the IFL apparently was responsible for
maintaining the Igarapava Reservoir stock of yellow-mandi.

O mandi-amarelo, Pimelodus maculatus, ¢ um peixe importante nas pescarias comercial e desportiva de 4guas continentais do
Sudeste do Brasil, incluindo o reservatorio de Igarapava. Ele ¢ um migrador de curta distancia que necessita de segmentos mais
curtos de fluxos livres de rios para desovar do que outros migradores. O reservatdrio de Igarapava ¢ um dos 13 reservatdrios
hidrelétricos, dispostos em cascata, que fragmentaram os 1.300 km do rio Grande, no sudeste do Brasil. Neste trabalho,
examinamos aspectos reprodutivos e o recrutamento do mandi-amarelo no reservatdrio de Igarapava. Avaliamos também o
papel da escada de peixes, construida em torno da barragem de Igarapava, na sustentabilidade da pesca desse peixe no
respectivo reservatorio. Fémeas de mandis-amarelos adultas, capturadas durante o periodo reprodutivo, com redes de emalhar
(tamanho de malha entre 8 e 20 cm, medido entre nds opostos), exibiram adequado desenvolvimento ovariano, indicado pelo
indice gonadossomatico (12,9 + 2,1, no estadio maduro) ¢ fecundidade absoluta (413.794 + 206.259; amplitude = 125.601-
742.026). Esses valores foram mais altos do que os registrados na literatura. Foliculos pos-ovulatérios, presentes no ovario de
32% das fémeas examinadas indicaram que, possivelmente, elas poderiam ter desovado no reservatorio. Redes de emalhar de
3-5 cm de malha (medida entre nos opostos), colocadas com o objetivo de se capturar juvenis, mostraram-se improdutivas.
Esses resultados indicaram que o reservatorio de Igarapava e sua reduzida bacia hidrografica ndo teriam condi¢des adequadas
para o recrutamento do mandi-amarelo. Esta € a espécie mais abundante na escada de peixes de Igarapava e os individuos que
atingem o reservatorio de Igarapava tenderiam a permanecer ali em razio da inexisténcia de mecanismo de passagem para
montante. Portanto, a passagem de mandis-amarelos pela escada foi, aparentemente, responsavel pela manutengao de seu
estoque no reservatorio de Igarapava.
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Introduction

Migratory fishes are an important component of Neotro-
pical freshwater fisheries (Carolsfeld & Harvey, 2003). In the
last decades, they have been submitted to severe constraints
by hydroelectric dams that change the original flow of the
river and block their migration. As a consequence, reduction
in downstream fish diversity (Agostinho et al., 2003; Mérona
et al.,2005) and even local extinction (Godinho & Godinho,
1994), mainly of migratory species, are prone to occur in
dammed Neotropical rivers. More than 130 major hydroelec-
tric reservoirs (with dams > 10 m in height) are now in opera-
tion in the Upper Parana River basin, Southeast Brazil (Agos-
tinho et al., 2003).

Around the world, fishways have been built to success-
fully reconnect migratory routes disrupted by dams (Clay,
1994). Their efficiency in maintaining fish diversity has been
under close scrutiny in Brazil (Godinho ef al., 1991; Agosti-
nho et al., 2002). Relevant aspects of fish population mainte-
nance in both lower and upper river segments artificially cre-
ated by dams are frequently neglected in studies judging the
convenience of installing such passages (Clay 1994; Agosti-
nho et al., 2002).

The yellow-mandi catfish, Pimelodus maculatus, is a valu-
able sport and commercial fish in inland waters of Southeast
Brazil, reaching maximum standard length of 36 cm (Lundberg
& Littmann, 2003). As a migratory species, it needs shorter
free-flowing stretches of river to spawn than do other Neo-
tropical migrants (Agostinho et al., 2003). During the repro-
ductive season, it leaves Corumba Reservoir, on the Corumba
River, Centralwest Brazil, to spawn in the main inflowing river
(Dei Tos et al., 2002). In the Upper Parana river basin, its
spawning period may extend from a few (Agostinho ez al.,
2003) to several months (Vazzoler et al., 1997). It is highly
fecund (3,200 eggs/g of ova) and the gonadosomatic index
averages 5.5, reaching 7.2 (Sato et al., 1999).

In this paper, we evaluated reproductive features, recruit-
ment and the role of the Igarapava Fish Ladder (IFL) on the
yellow-mandi fisheries in Igarapava Reservoir.

Material and Methods

Study area

The Grande River, one of the tributaries that give rise to
the Parana River, is a tropical plateau river whose headwaters
are in the southeastern region of the State of Minas Gerais, at
an altitude of 1,250 m, and its mouth is located 1,301 km down-
stream at the western tip of that state.

Igarapava Reservoir (19°59'30" S; 47° 45' 29" W, at dam),
located between the Volta Grande (downstream) and Jaguara
(upstream) reservoirs, is one of the 13 hydroelectric reser-
voirs built in a cascade fashion impounding the Grande River
(Fig. 1). Filled in 1998, the reservoir has a surface area of 36.5
km?, with an impounded capacity of 234.5x10° m?. It possesses
a few small tributaries, and only a ~5 km stretch of free-flow-
ing river separates the reservoir from Jaguara Dam upstream.
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Fig. 1. Study area; location of Volta Grande, Igarapava and
Jaguara reservoirs in the Grande River, Southeast Brazil.

The reservoir water level fluctuates less than 1 m during the
year and this greatly limits the reservoir’s lateral expansion.

In 1999, a vertical-slot type fish ladder was put into opera-
tion alongside Igarapava Dam (http://www.uhe-
igarapava.com.br/; cited: 12 March 2006). It is 17.5-m high,
282 m-long, with a slope of 6%. It has 87 pools, measuring 3 x
3 x 3 m each, interconnected by 40-cm vertical slots with a
mean hydraulic head of 19 cm per slot. An auxiliary water
system (attraction flow) located at the ladder entrance was
projected to deliver up to 6 m*s! of water. Range of water
velocity at the slotis 1.1-1.9 m s (Viana, 2005). A counting
window made of transparent acrylic, 1.5-m high and 1.0-m
wide, placed near the ladder exit allows visual counts of fish
as they exit the ladder.

Adult fish sampling

We examined female adult Pimelodus maculatus La
Cepede, 1803 (> 21 cm, standard length) from captures made
by artisanal fishermen in their regular professional activities
in Igarapava Reservoir. We used females captured during three
consecutive days in December, 2002 and January and Febru-
ary, 2003, using gill nets of 8 cm to 20 cm stretch-mesh. The
nets were placed in the middle and distal third of the reservoir
in regard to the dam near the mouth of tributaries. They re-
mained in the water column for approximately 15 h, from the
afternoon to the next morning; a total 85,845 m? of nets were
used. The following variables were recorded in the field: sex,
standard length (SL, to the nearest cm), body weight (BW, to
the nearest g) and ovary weight (OW, to the nearest g). Only
the ovaries of each female were kept for histological and fe-
cundity studies. After collecting the data, all carcasses were
returned to the fishermen for commercialization. Voucher
specimens were deposited in the “Colecdo de Peixes do Centro
de Transposig¢do de Peixes, Universidade Federal de Minas
Gerais (CP/CTP 02/2000-03/2001).”

Ovarian histology
In the field, fragments of the middle portion of one ovary,
randomly selected from each female, were fixed by immersion
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in 5% glutaraldehyde, buffered with 0.1 M phosphate to pH
7.3, for 3 h, kept on ice, washed and maintained in the cold
buffer until further processing for histological analyses. In
the laboratory, the fragments were re-fixed in Bouin’s fixative
for 2 h, dehydrated in a graded series of ethanol, and embed-
ded in glycol methacrylate. Sections, ~ 3 um thick, were stained
with 0.5% toluidine blue solution and viewed using light mi-
croscopy.

Female stages of gonadal maturation and gonadosomatic
index

The stages of gonadal maturation of each female were
classified as: 1) resting, ii) maturation (initial, intermediate and
advanced), iii) mature or iv) spawned. The classification was
based on gross aspects of the ovaries, on the gonadoso-
matic index (GSI), in the most advanced phase of oocyte de-
velopment and in the presence of postovulatory follicles in
the ovarian tissue (Wallace & Selman, 1981; Bazzoli &
Godinho, 1991; Taylor et al., 1998). The following oocyte de-
velopment phases were described based on histological char-
acteristics common to teleosts (Wallace & Selman, 1981): 1)
chromatin nucleolar, in which the scanty cytoplasm is homo-
geneously basophilic and the centrally located nucleus con-
tains a single, large basophilic nucleolus, ii) perinucleolar,
indicated by nucleus enlargement, multiple nucleoli appear-
ance and presence of basophilic, dense material (Balbiani
body) in the perinuclear cytoplasm, iii) yolk vesicle, charac-
terized by the appearance of clear cytoplasmic vesicles which
increase in size as they move towards the peripheral oop-
lasm, iv) vitellogenesis, oocytes with central nucleus and
whose ooplasm is filled with yolk granules. The gonadoso-
matic index was calculated as follows: GSI=0OW/BW * 100.

Fecundity

Each intact mature ovary of 26 females was transported
frozen to the laboratory for fecundity studies. After thawing,
each ovary was longitudinally sectioned, and then dipped
individually into plastic bottles containing 300 mL of Gilson’s
modified fluid (Bagenal, 1978). Weekly, for approximately 10
months, the plastic bottles were gently stirred. Afterward, the
hardened vitellogenic oocytes were freed from the ovarian
tissue. The remaining partially intact ovarian pieces were then
gently broken up with the help of a glass rod. Next, the con-
tent of each plastic bottle was poured through a sequence of
two metal screens of respectively 500-um and 420-pm mesh
size, and washed to separate the vitellogenic oocytes from
the rest of the disaggregated ovarian tissue. The screen mesh
sizes used were chosen after obtaining the diameter of 30
isolated vitellogenic oocytes (oocyte diameter: 567 + 42 um,
range: 456-672 pm). The oocyte mass now containing only
vitellogenic oocytes was oven-dried at 40 °C for 24 h and
then weighed.

Sub-samples of 20-31 mg of dried vitellogenic oocyte mass
from 12 females had their number of vitellogenic oocytes
counted. A linear regression equation of oocyte number ver-
sus sub-sample mass was then established: N =-50.1 + 23780
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SM; where N = number of vitellogenic oocytes, SM = sub-
sample mass, r>= 0.96. The absolute fecundity (number of
vitellogenic oocyte/female) was then estimated using the
equation N for the total weight of the dried vitellogenic oo-
cyte mass. The relative fecundity based on SL, BW and OW
was also estimated.

Capture of juveniles

Gill nets of 3-5 cm stretch-mesh, aimed at capturing juve-
nile yellow-mandi (Dei Tos et al., 2002), were used in June,
2003, when 0+ fingerlings would have grown sufficiently to
be caught. A total of 1,749 m? of nets were used. As in the
case of adult captures, the nets were placed in the middle and
distal third of the reservoir, near tributary mouths, and re-
mained in the water column for approximately 15 h, from the
afternoon to the next morning.

Ovarian evaluation of females captured in the IFL

In order to determine if spawned individuals could reach
Igarapava Reservoir through the IFL, we histologically ana-
lyzed the ovaries of 71 yellow-mandis previously captured
within the IFL from February, 2000 to March, 2002. Fragments
of these ovaries were fixed in Bouin’s fluid during 4-12 h,
dehydrated in a graded series of ethanol and embedded in
paraffin. Sections, 5-7 um, were stained with haematoxylin-
eosin and viewed using light microscopy. The occurrence of
postovulatory follicles was considered as an indication of
recent spawning (Bazzoli & Godinho, 1991).

Results

Two-hundred and twenty-six yellow-mandi females cap-
tured in Igarapava Reservoir were examined. The number of
females used to classify each stage of gonadal maturation
and respective morphological characteristics, including ova-
rian weight, gonadosomatic index and types of oocytes are
shown in Table 1.

The distinct ovarian morphology allowed the classifica-
tion of the stages of gonadal maturation. Ovaries in the rest-
ing stage were small in size, exhibiting low GSI. The ovarian
size and respective IGS then increased through the different
stages to peak at the mature stage. Spawned ovaries were
reduced in size. The ovarian color also changed at different
stages: purplish at resting, grey during maturation and red-
dish at spawned.

Ovarian features regarding the presence of different types
of oocytes are shown in Fig. 2. Chromatin nucleolar and
perinucleolar oocytes, seen in all stages, were the only oo-
cytes observed at the resting stage. The presence of yolk
vesicle oocytes indicated the beginning of the maturation
stage. Vitellogenic oocytes, which indicated the end of the
vitellogenic process, and the presence of postovulatory fol-
licles characterized respectively the mature and spawned
stages.

Absolute fecundity of the yellow-mandi was 413,794 +
206,259 (range 125,601-742,026); fecundity relative to SL (cm),
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Table 1. Stages of gonadal maturation of the female yellow-
mandi (Pimelodus maculatus) in Igarapava Reservoir (SGM
= stage of gonadal maturation; n = number of fish analyzed;
OW=ovarian weight, g; GSI = gonadosomatic index).

SGM Morphological characteristics

1. Resting Pear shaped ovaries, with reduced size, purplish and

translucent;

n=14,0W=33+1.8;GSI=0.6+0.3;

Histologically, only two types of oocytes were present:

i) chromatin nucleolar (95 + 3 um in diameter) with
large, vesiculous nucleus (41.7 = 1.2 um in diameter)
and squamous follicular cells (Fig. 2a, O1);

ii) perinucleolar (157 £ 4 um in diameter) with thin zona
radiata and still paved follicular cells (Fig. 2a, 02);

2. Maturation Ovaries progressively enlarged;

initial maturation: n=15; OW = 8.6 £ 6.4; GSI = 2.0 +
0.9; intermediate maturation: n = 67, OW = 28.7 +
12.2; GSI = 5.2 + 1.1; advanced maturation: n = 26;
OW =452+19.6; GSI =8.1 £0.8;

Besides chromatin nucleolar (Fig. 2b, O1) and
perinucleolar oocytes (Fig. 2b, O2), the ovaries had
yolk vesicle oocytes (272 + 4 um in diameter) with
zona radiata thicker than in previous oocytes and
cuboidal follicular cells (Fig. 2b, O3);

3. Mature The ovaries reached their largest size, maintained their

pear shape and were grey in color;

n=32;GSI=129+2.1

They contained chromatin nucleolar (Fig. 2¢, O1),
perinucleolar (Fig. 2c, O2) and vitellogenic (455 + 6

um in diameter) oocytes (Fig. 2¢, O4).

Flaccid ovaries with reduced volume, reddish in color.

n=72;GSI=3.2+22.

Histologically, they showed postovulatory follicles (Fig.
2d, POF) and atresic oocytes (Fig. 2d, AO) together
with all types of the oocytes previously described; in
Fig. 2d only chromatin nucleolar (Fig. 2d, O1) and
perinucleolar (Fig. 2d, O2) are shown.

4. Spawned

to BW (g) and to OW (g) was respectively 13,468 £6,201, 571
+192 and 4,420 + 1,202. Data on linear regression of absolute
fecundity versus these variables are in Table 2.

No yellow-mandi juveniles were captured in Igarapava
Reservoir. The ovarian histological examination showed the
occurrence of postovulatory follicles in 14% of the females
captured in the IFL.

Discussion

Long-term experimental fish catches have shown that
yellow-mandi is the most important species in Igarapava Res-
ervoir fisheries; its population, composed of individuals mea-
suring >17.5 cm (standard length), tended to remain relatively
constant after three years of age or even increased in the last
two years of the study (V. Vono, personal observations). The
feasibility of using video technology for estimating and evalu-
ating fish passage was successfully tested at IFL. Thus, it
allows us to document and count fish-ladder passage (Bowen
et al., 20006). This technology was used by Bizzotto (2006)
who collected data in the period of June, 2003 to May, 2004.

Fig. 2. Histological sections of yellow-mandi ovaries at dif-
ferent stages of gonadal maturation; tissues were fixed in 5%
buffered glutaraldehyde and then post-fixed in Bouin’s fluid;
bars =100 pm. a) Resting stage: chromatin nucleolar (O1) and
perinucleolar (O2) were the only types of oocytes present. b)
Maturation stage: besides O1 and O2 oocytes, the ovary con-
tained yolk vesicle oocytes (O3). ¢) Mature stage: at this
stage the ovaries showed chromatin nucleolar (O1),
perinucleolar (02) and vitellogenic (O4) oocytes. d) Spawned
stage: postovulatory follicle (POF) was a striking structure
present in the ovaries at this stage; atresic oocyte (AO); chro-
matin nucleolar (O1) and perinucleolar (O2) oocytes were also
observed.

She demonstrated that adult yellow-mandis ( 33.6% of the
total number of fishes) is the most abundant species in the
IFL. The present work confirms the findings of Vono et al.
(1997), obtained prior to the construction of Igarapava Dam,
which demonstrated that the yellow-mandi was capable of
reaching gonadal maturation in the area of the future reser-
VOIr.

Combined analyses of ovarian anatomy, histology and
GSI of all females studied, allowed us to determine the stages
of ovarian maturation of the yellow-mandi. GSI was a good
estimate of the reproductive activity as indicated for other
Neotropical fishes (Vazzoler, 1996). The presence of mature
as well as spawned females in February suggested that the
reproductive season in Igarapava Reservoir could have ex-
tended beyond the period of study.

Table 2. Linear regression (Y = a + bX) of absolute fecundity
(n=26) versus standard length (SL, cm), body weight (BW,
g) and ovarian weight (OW, g) of yellow-mandis from Igara-
pava Reservoir; R = range of variable; a = regression con-
stant + standard deviation; b= regression coefficient + stan-
dard deviation; r’= determination coefficient.

Variable R a b r

SL 23.4-345 -982084 378277 46357+ 12515 0.34
BW 300 - 1050 -130574 +£106140 776.4 +146.0 0.52
ow 42 - 150 -38349 £ 65944 49359 +£674.8 0.68
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GSI of our fish specimens was well above that recorded
by Sato ef al. (1999) and Vono et al. (2002), indicating that
females had adequate ovarian development, and conse-
quently, higher fecundity when compared with that of indi-
viduals of the same species studied elsewhere (Godinho et
al., 1977; Sato et al., 1999). The various oocyte cohorts, in-
cluding vitellogenic ones, associated with postovulatory fol-
licles characterized the species as group synchronous, batch
spawner, as shown earlier by Godinho ez al. (1977). The pres-
ence of postovulatory follicles in fish ovarian tissue is an
indication of recent spawning (Bazzoli & Godinho, 1991).
Possibly, not all spawned females captured in Igarapava Res-
ervoir spawned there since 14% of the females captured in
the IFL exhibited postovulatory follicles indicating that they
had already spawned before reaching the reservoir.

Damming of the Grande River has caused a reduction in
its fish diversity (Santos & Formagio, 2000) as seen in other
areas of the Upper Parana River basin (Agostinho et al., 2003).
However, the effects of reservoir cascade on the reproduc-
tion and recruitment of the yellow-mandi are not well estab-
lished. Experimental yellow-mandi catches of variable magni-
tudes have been reported in Grande River reservoirs bearing
distinct morphology. They are abundant in reservoirs with
extensive catchment area and large tributaries (e.g. Furnas:
Santos et al., 1994; Marimbondo: Santos & Formagio, 2000)
as well as in reservoirs with a reduced number of significant
tributaries (e.g. Volta Grande: Santos et al., 1994; Santos &
Formagio, 2000).

As the reproduction of Neotropical migratory fish occurs
during the rainy season, its small and buoyant eggs or larvae
are passively driven to downstream floodplains where they
accomplish their initial period of life (Agostinho et al., 2003).
The yellow-mandi in our work had reached full ovarian matu-
ration, as indicated by the high GSI and fecundity, as well as
possibly spawned in the reservoir area. However, the lack of
juveniles in gill nets, appropriate for capturing them (Dei Tos
et al.,2002), as V. Vono (pers. observ.) has recorded, was an
indication that the area did not provide adequate conditions,
functional floodplains for example, for yellow-mandi recruit-
ment.

Recent radiotelemetry experiments have shown that less
than 22% of the yellow-mandis that were captured in the IFL,
tagged and then released in Igarapava Reservoir, returned
via turbines to the downstream Volta Grande reservoir (Silva,
2004). As there is no passage mechanism allowing fish to
move upstream from Igarapava Reservoir, most of the yellow-
mandi that reached the reservoir tended to remain there.

In conclusion, the yellow-mandi apparently was able to
spawn in Igarapava Reservoir. However, the unsuccessful
effort to capture juveniles was a strong indication that re-
cruitment in the reservoir area was absent. Although a small
proportion of yellow-mandis might have returned downstream,
the majority of those reaching the reservoir through the IFL
possibly remained there. Thus, Igarapava yellow-mandi fish-
eries was shown to be heavily dependent on the upstream
passage of Volta Grande fish through the IFL.
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