Suzuki et al.: Mapping the critical habitats forgnaitory species of the upper Grande River regionasGerais State, Brazil
- 645 -

MAPPING THE CRITICAL HABITATSFOR MIGRATORY
SPECIES OF THE UPPER GRANDE RIVER REGION, MINAS
GERAISSTATE, BRAZIL

Suzukl, F.M.=ZaMBALDI , L.P.* — POMPEU, P.S.*

'Universidade Federal de Lavras
University Campus, P.O Box-3037, CEP. 37200-000, Lavras, MG, Brazl
(phone: +55-35-3829-1200; e-mail: fm.suzuki @hotmail.com)

*Corresponding author
e-mail: ludzambal di @hotmail.com, pompeu@dbi.ufla.br

(Received 18 February 2013; acceptef September 2013)

Abstract. Spawning sites, floodplain lakes and the vegetatitegrity were mapped and quantified in the
upper Grande River basin, to aid the conservatibriooal migratory fish fauna, including the
management of the existing fish pass. The disiobubf critical habitats for the life cycle of mafory
species, such as spawning sites and nursery deassential because some significant impacts, asch
"source-sink" dynamics and ecological traps may tallkice depending on their distribution. We asskesse
seven lotic stretches throughout the upper Grarider Rasin, including the Aiuruoca, Capivari, Mate
and Cervo tributaries and three regions in maimstdoodplain lakes were present and well distgdut
in all of the tributaries and stretches of the @eRiver, although all of them had less than halthe
original vegetation. Due to their high density @fge and larvae, the Mortes and Aiuruoca tributaries
stood out as essential for fish recruitment inkthsin. It was possible to figure out the curretutation of

the upper Grande River basin in terms of the reimginegetation surrounding the lotic stretches, the
presence of nurseries (floodplain lakes), and spaysites (egg and larvae drift), and to propose
management strategies for the entire basin.

K eywor ds. Conservation, ichthyoplankton, neotropical fish, nursery areas

Introduction

The acceleration of Brazilian economic developmewer the last decades has
proportioned to a rising demand for electric energgstly from the use of hydropower
source (Aneel, 2011). Although is important to ewoy growth, the river
impoundments to production of electric energy repné one of main impacts for
aquatic biodiversity, mainly for the fishes. Foe ttmigratory species, the dams represent
insurmountable obstacle, both to upstream movemoénadult as the downstream
movement of their offspring toward to developmeeias.

Migratory fish represent only a small fraction ol aeotropical ichthyofauna
(Petrere, 1985; Godinho and Godinho, 1994; Agostighal., 2003). However, due to
their size (Agostinho et al., 2003; Agostinho et &007a) and greater abundance
(Northcote, 1978), they are most appreciated byfegsional (Goulding, 1979;
Godinho, 1993; Agostinho et al., 2003) and recoeati fisheries (Agostinho et al.,
2003).

The construction of fish passes has been one oftthgegies adopted by Brazilian
authorities and the energy sector to diminish tifects of these barriers on migratory
fish communities. However, most facilities have e®nsidered ineffective because
the presence of critical habitats such breedingssétnd nurseries (floodplain lakes)
below and above the pass, plus the feasibilityovfrtstream movements of eggs, larvae
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and adults through the reservoir and past the daengeterminant for assessing whether
a fish pass is working as a conservation tool (Rangt al., 2011).

The distribution of critical habitats is also eds#rbecause some significant impacts
related to fish passes, such as "source-sink" digsa@odinho and Kynard, 2009) and
ecological traps (Pelicice and Agostinho, 2008) ynteke place depending on their
distribution. Because the number of dams is riginBrazil, there is an increased risk of
migratory species being confined to short riveetsties without spawning sites or
floodplains.

Studies on the drift of eggs and larvae (Nakatanalge 1997a; 1997b; 2001;
Baumgartner et al., 2004) highlight the importan€etudying the ichthyoplankton to
identify spawning sites and breeding grounds, wilaighessential areas for fish species
recruitment. In contrast, remote sensing technigeembined with geographic
information system tools can be applied to asdesedcurrence of floodplain lakes and
the integrity of the riparian vegetation (MeailledaWald, 1990; Weng, 2002). The use
of these data is relevant to identification of #reas or remaining stretch of rivers
essential to conservation of fish species. Thetifiemtion of these important areas that
can be subsidize protection measures and managectéotis to preservation of fishes
(Nakatani et al., 2001). Applying these tools ie thrande River basin is essential due
to its enormous hydroelectric potential. Along tngper course there are four power
plants: Furnas, Funil, Itutinga, and Camargos,dditeon to numerous others planned
for construction. The presence of these dams may tréical factor in the success of
fish recruitment in this basin. The reservoirs astobstacles to ichthyoplankton from
the lotic remnants of the basin (Suzuki et al., Y0Among the hydroelectric dams
mentioned, only the Funil Dam incorporates a fistsgage mechanism (fish lift) in
which many fish are transported upstream duringsiiewvning season (Suzuki et al.,
2011).

This study aimed to assess the distribution ofcadithabitats (spawning sites and
floodplain lakes) and integrity of the vegetationthin the floodplain of the upper
Grande River basin, to aid the conservation of lleomgratory fauna, including the
management of the existing fish pass.

Material and methods
Study area

The Grande River basin, which belongs to the up@ana River basin, covers an
area of 143,000 kf including 86,500 krmwithin the State of Minas Gerais, Brazil.
The Grande River originates from the Serra da Maeira and travels 1,300 km until
its confluence with the Paranaiba River (Cemig @etkc, 2000). In the upper Grande
River region, the Funil, Itutinga, and Camargosrbgtectric dams are located upstream
of the Furnas reservoir. The following importanbutaries have mouths located in the
influence areas of these reservoirs: the Aiurudica, Capivari River, and the Mortes
River, ordered from upstream to downstream. Therusica River, which drains
directly into the Camargos reservoir, is locatedlon left margin of the Grande River.
The Capivari and Mortes, located on the left amghtrimargins, respectively, directly
meet the Grande River at the Funil reservbable 1).
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Table 1. Technical data for the Funil, Itutinga and Camargos hydroelectric power plants
located along the upper Grande River, Minas Gerais, Brazl (http://mww.cemig.com.br)

. Hydroelectric dam
Technical data . .
Funil [tutinga Camargos
Number and type of turbines 3 (Kaplan 4 (Kaplan) (Kaplan)
Fish pass Lift - -
. Run-of-the- Run-of-the-
Type of reservoir . : Pumped-storage
river river
Maximum inundation area (Kin 38.32 1.73 73.35
Installed power (MWh) 180 52 48
Maximum reservoir volume (hin 258 13 792

In the present study, we assessed seven loticlstethroughout the upper Grande
River basin. These included the Aiuruoca, Capivisliortes, and Cervo tributaries in
addition to three stretches of the Grande Rivetwéen the Furnas reservoir and Funil
dam (Furnas-Funil), between the Funil reservoir lmtihga dam (Funil-ltutinga), and
upstream of the Camargos reservéirg( 1). Itutinga dam strongly regulate the river
flow, while the Funil is considered a run of rii@am.
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Figure 1. Locations of sampling site in the upper Grande River basin upstream of the Furnas
Reservoir (Minas Gerais State, Brazl). (RCE = Cervo River, RM= Mortes River, RCA =
Capivari River, RA = Aiuruoca River, RGI=between Furnas and Funil, RGlI=immediately
downstream of the Funil Dam, RGI1I=between Funil and Itutinga, RGIV=immediately
downstream of the Itutinga Dam and RGV=upstream of the Camargos Reservoir)
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Integrity of theriparian vegetation and quantification of floodplain lakes

In the seven study areas, we quantified and mappednhatural vegetation and
floodplain lakes considering a 1,000 m buffer frahe river margins. Data were
collected from the image classifications from thendsat 5 TM sensor satellite in the
UTM coordinate system and WGS84 ellipsoid modekasr covered by clouds were
detected by reflectance values in the blue banddafteted from the images (Sakamoto,
2007). We classified the images using a multispégiixel by pixel analysis, applying
the maximum likelihood classification method. Thairing samples necessary for
applying the method were obtained by collecting toerdinates from the area of
interest in October 2008. The classification rexililin a map with three classes of
interest: water (representing river courses anafdiidain lakes), vegetation, and others.

The identification of floodplain lakes was detergdnthrough an object-oriented
classification from a Landsat 5TM image taken orioDer 14th, 2008, using band 5
corresponding with the mid-infrared band with salatesolution of 30 m. The image for
the analysis was chosen in the dry season becadde reser stretch experiences
different flooding regimes during the rainy seasbhe images were segmented using
60 scales, which resulted in segments represemipects that were candidates for
classification as floodplain lakes.

Polygons with spatial and spectral attributEab(e 2) similar to lakes were identified
as floodplain lakes using the coordinates colledtethe field. Polygons that did not
represent floodplain lakes due to their locatiod aontext were manually deleted from
the final classification.

Table 2. Gray levels values for attributes used in object oriented classification of floodplain
lakes

Attributes Minimum Maximum
Minimum values for band 5 -0.0055 30.4000
Spectral Maximum values for band 5 0.0002 83.0078
Medium values for band 5 -0.0007 55.4431
Area 812.2500 2920642.7500
Size 114.0000 8387.0137
Compact 0.1866 0.2976
Convexity 1.0000 1.3502
Solidity 0.5384 1.0000
Spatial Form Factor 0.2030 0.7923
Elongation 1.0000 5.5583
Length of the longest axis of polygon 38.0936 12194
Length of the minor axis of polygon 28.5000 730208
The ratio of the total area of the polygon to the 0.9984 1.0000
area of the outer contour of the polygon.

The classification accuracy was estimated using stadistical techniques: overall
accuracy and Kappa accuracy. The first techniqua 8mple descriptive statistical
method that calculates accuracy by dividing theremtrtotal by the total number of
pixels in the error matrix, while Kappa accuracyaisliscrete multivariate technique
containing a KHAT statistic. The accuracy valuesdiassifying rivers and vegetation
were 97.39 % using the overall accuracy index afbih Ysing the Kappa index. In
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classifying the floodplain lakes, the accuracy watimated to be 90.25 % using the
overall accuracy index and 88% using the Kappaxnde

| chthyoplankton sampling

In order to assess the contribution of eggs anchéafrom each tributary and each
stretch of the Grande River, nine ichthyoplankt@mpling points were defined
downstream of each regioRig. 1).

Samples were taken every two weeks from Novemb@8 20 March 2009 twice per
sampling day from 6 am to 9 am and 7 pm to 9 pne. §dmples were collected weekly
only for the sampling point immediately downstreamthe Funil dam. The samples
were taken using a conical ichthyoplankton net \Bii® um mesh and equipped with a
flowmeter to estimate the volume filtered. The weis positioned approximately 2 m
from one of the banks, preferably in areas withhbrgwater velocity, and it was kept
submerged for approximately 10 minutes at each bBagpoint. The collected samples
were fixed in 4% formaldehyde. The screening antiseguent identification of
ichthyoplankton were performed on Bogorov trays amd Carl Zeiss ® Stemi DV4
stereoscopic microscope. The egg and larvae demsitiere calculated for each
sampling point and standardized in relation to nendf individuals collected per 10°m
of filtered water. The larvae were identified t@ tlowest taxonomic category possible
according to Nakatani et al. (2001). Larvae werasgfied as unidentified when
identification was not possible due to their iditlage of development or damaged
structures.

Differences in ichthyoplankton density between tiver sites were tested using the
Kruskal-Wallis test. The eggs and larvae were diasls by developmental stage
according to the terminology described by Nakagdmil. (2001).

Results

An analysis of the conservation status of the aseaunding rivers based on the
percentage of remaining vegetation revealed intearsiropogenic activity in all
tributaries and stretches of the Grande River. gixte the Cervo River, all rivers had
less than half of the original vegetatidralfle 3).

Table 3. Percentage of remaining natural vegetation established on both margins, at a
distance of 1000 mto each side, along the entire river bed stretches of tributaries and the
main river of the upper Grande River, Minas Gerais, Brazil

Stretch Remnant vggetation Others (km?) Percentage of
(km?) vegetation
Aiuruoca 971,295 1265,079 43,4
. . Capivari 524,957 707,876 42,6
Tributaries | 1ortes 849,776 1879,465 31,1
Cervo 528,206 442,514 54,4
Furnas-Funil 122,975 241,888 33,7
Grande River| Funil-ltutinga 167,242 347,399 32,5
Upstream Camargos 1103,117 1850,38)7 37,3
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Floodplain lakes were present and well distributedall of the tributaries and
stretches of the Grande Rivéiig. 2). A total of 492 floodplain lakes were found. The
Mortes and Aiuruoca Rivers had the most lakes antbadributaries, and the Grande
River upstream of the Camargos reservoir had thst taies among the stretches of
main river courseTable 4). However, when considering the number of lakeskpe of
river, the stretch of the Grande River between &sirand Funil had the highest value,
followed by the Aiuruoca and Mortes tributaries.eTurnas-Funil stretch had also the
highest total area of lakes compared with the oshadtied stretches, even though it had
fewer lakes Table 4).

S

-

:} B Rio das Mortes
L

Funil-ltutinga

Upstream Camargos

Rio do Cervo Rio Capivari Rio Aiuruoca

Rio Grande

Figure 2. Resulting map of Landsat image object oriented classification in october 14, 2008,
showing floodplain lakesin tributaries (Aiuruoca River, Capivari River, Mortes River and
Cervo River) and stretch of Grande River (between Furnas-Funil, between Funil-Itutinga and
upstream of the Camargos Reservoir), in the upper Grande River basin, Minas Gerais, Brazl

Table 4. Total number (n), total area (knv) number per kilometer (n/km) of floodplain lakes
along entire river stretch of tributaries and main river sampled during this study, in the
upper Grande River basin, Minas Gerais, Brazl

Floodplain lakes
Stretch n Area (km?) n/km
Aiuruoca 133 0,005 0,936
Tributaries Capivari 30 1,916 0,433
Mortes 145 0,283 0,768
Cervo 39 0,582 0,494
Furnas-Funil 52 2,325 1,376
Grande River Funil-ltutinga 2 1,385 0,064
Upstream Camargos 91 0,559 0,295
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An amount of 7,111 eggs were collected during theys Most of these eggs were
collected from the Grande River between the Fumil Burnas (28.4 %) and from the
Mortes River (24.5 %). Less significant collectiansluded the Capivari (16.6 %), the
Aiuruoca (14.5 %), the Grande River upstream of @guos (11.28 %), the Grande
River between the Funil and ltutinga (4.4 %), amel Cervo River (0.3 %). Eggs were
not collected from the sampling points immediatdigwnstream of the Funil and
[tutinga dams.

Much fewer larvae were collected, totaling 230 bg &nd of the study. The most
larvae were collected from the Mortes River (77%Nowed by the Capivari (7.4 %),
Cervo (1.3 %), and the Aiuruoca (0.4 %). The renmgimarvae (13.9 %) were collected
from stretches of the Grande River: 12.6 % betwbenFurnas and Funil and only 0.9
% and 0.4% from the stretches upstream of the Ggoeaeservoir and between Funil
and ltutinga, respectively. No larvae were colldcttom the sampling points
immediately downstream of the Funil and ltutingandaduring the study period.
Among the larvae collected, it was possible to idgseven taxonomic groupJdble
5). The Heptapteridae and Pimelodidae families wpred the Siluriformes order,
while the Anostomidae and Characidae families greed the Characiformes order.
There was only one sample recorded from the Gyrunotes order; however,
identification at a lower taxonomic category was passible.

Table 5. Number and frequency of occurrence of larvae collected at each sampling site
according to taxonomic group (RGI = immediately downstream of the Funil Dam; RGII =
immediately upstream of the Funil Reservoir; RGIII = immediately downstream of the
Itutinga Dam; RGIV = immediately upstream of the Camargos Reservoir; NI = non-
identified larvae). * Larvae identified by order. *NI = Not Identified

T Tributaries Grande River
axa N FO Aiuruoca | Capivari | Mortes | Cervo | RGI | RGIII | RGV
Characiformes* 8 3,48 ¢ ¢ ¢ .
Anostomidae 25 10,87 ¢ ¢ ¢
Characidae 8 3,48 ¢ ¢ ¢ .
Gymnotiformes* 1 0,43 .
Siluriformes* 108 | 46,96 . . * *
Heptapteridae 8 3,48 .
Pimelodidae 4 1,74 . *
NI 68 29,56 . . . ¢

A comparison of the total densities of eggs anddarcollected revealed the presence
of spawning sites in tributaries of the Grande Riespecially the Mortes River. Only
one stretch between the Furnas and Funil in thenderaRiver had a significant
collection of eggs and larvaEig. 3).
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Figure 3. Total density of fish eggs and larvae at each sampling site and the sum of density in
Grande River and in tributaries, from November 2008 to March 2009, in the upper Grande
River basin, MG, Brazl. The illustration represents the sites wher e the ichthyoplankton was

sampled. (Triangle=reservoir, Black dot= sampling site, Arrow= flow direction, RGI=between
Furnas and Funil, RGlI1=immediately downstream of the Funil Dam, RGI11=between Funil and
Itutinga, RGIV=immediately downstream of the Itutinga Dam and RGV=upstream of the
Camargos Reservoir)

There was a significant difference in the mean ign&lues of the eggs collected
between the sampling sitekig. 4a). The studied tributaries, except for the Cervo
River, had values very similar to each other, rBmgaimportant similarities in
spawning areas. Higher variations were found batwsteetches of the Grande River,
and the Furnas-Funil stretch had the highest mahrevThe highest mean density of
larvae was obtained in the Mortes River, followadtbe Furnas-Funil stretch of the

Grande RiverKig. 4b).

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(4):45-659.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



Suzuki et al.: Mapping the critical habitats forgnaitory species of the upper Grande River regionasGerais State, Brazil
- 653 -

25 Mean |:| Mean+SE I Mean+SD
Deggs KW-H(8:162) = 44,5199; p = 0,0000005
20
— 15 -
|
o —_—
2 10
s
(2]
2 S
]
5 5
£ [ C L
[
o 0 — - [, T T, S
J5 4 —
ot Tributaries ... —— Rio Grande . . |
-10
RA RCA RM RCE RGI RGII  RGIlI RGIV RGV
Sampli ite
a ampling si
20 O Mean [ MeantSE _|_ Mean#SD
Dlarvae: KW-H(8;162) = 54,7639; p = 0,000000005
157+
E 10}
-
=
> ]
S 05}
©
‘s
= i
§ 0,0' — T =r§—.»———__._—*—-_
]
-0,5
RS Tributaries .. R Rio Grande .. ,
-1,0
RA RCA RM RCE RGI RGII  RGIII RGIV RGV
Sampling site
b

Figure 4. a-b. Box plot of the number of eggs (a) and larvae (b) at each sampling site, from
November 2008 to March 2009, in the upper Grande River basin, Minas Gerais, Brazl. (RA =
Aiuruoca River, RCA = Capivari River, RM, Mortes River, RCE = Cervo River, RGI=between
Furnas and Funil, RGI1=immediately downstream of the Funil Dam, RGI11=between Funil and

Itutinga, RGIV=immediately downstream of the Itutinga Dam and RGV=upstream of the
Camargos Reservoir)
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Among the eggs collected, most were in the inisge of development (first
cleavage), except for those from the Mortes Rivetsh. Among the larvae collected,
there was predominance of less advanced stages$y(hatehed and yolk-sac larvae) in
all of the sampled environments. The more advastages of both the eggs and larvae
were less represented. The last stage of larvatlopment (postflexion) was only
present among the larvae collected from the GrdRigter, but in small quantity. A
small difference among the different embryonic etagccurred at the Mortes River,
where we found all egg developmental stages intiaddio more larvaeHig. 5).

RGV | I
RGIII | |
RGI | l§
2
= P f—
% ores o | [
c S E—
a
E Cervo - H
[0
7]
Capivari{ [ Initial cleavage I ]I 1 Newly hatched
Initial embryo Yolk larval
B Free tail I Preflexion
Aiuroca I Final embryo I I Flexion )
— W Postflexion
T T T T T T T T
2500 2000 1500 1000 500 0 50 100 150 200 250
Eggs (Ind.) Larvae (Ind.)

Figure5. Spatial distribution of eggs and larvae number, and yours respective embryonic
stage and post-embryonic, from November 2008 and March 2009, upper Grande River basin,
Minas Gerais, Brazl. (RGI = between Furnas and Funil, RGIII = between Funil and Itutinga,

and RGV = upstream of the Camargos Reservoir)

From these results, it was possible to schematicafiresent the current situation of
the upper Grande River basin in terms of the remginegetation surrounding the lotic
stretches, the presence of nurseries (floodplaieska and spawning sites (egg and
larvae drift) Fig. 6).
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Figure 6. Schematic representation of current scenario in the upper Grande River basin with
regard to remnant vegetation surroundings the rivers, from November 2008 and March 2009.
The numbers illustrations (vegetation, floodplain lakes and ichthyoplankton) are represented in
accordance with the scores attributed in each environment (1 point = 1 illustration, 2 points =
3illustrations and 3 points = 5illustrations). The numbersin parentheses refersto the stretch
lotic extension

Discussion

Anthropogenic impacts on aquatic systems have ase in recent years, altering
the hydrological cycle and deteriorating water gudlTundisi and Matsumura-Tundisi,
2008). In addition to river impoundments, land gkanges constitute one of the most
evident impacts. The removal of vegetation thatrasurds rivers not only alters
drainage patterns but also increases sediment@ilaitland, 1995), causing negative
effects to fish assemblages (Jones, 1999). Becaudeectly reflects the state of
environment conservation, assessing the integfitthe vegetation through mapping
and quantifying the vegetation surrounding the revés essential for developing
effective management plans for the conservatiooteption, and restoration of aquatic
systems (Tundisi and Matsumura-Tundisi, 2008). fdsellts show that areas adjacent
to lotic stretches of the upper Grande River baswegept for the Cervo River, have less
than half of their original vegetation, with thegetation possibly being removed for
livestock practices (Scolforo et al., 2008). Thes#vities are also evident in many
areas surrounding the floodplain lakes of the ugpeande River basin, whose area
should be protected because it was recognizedpasnaanent preservation area (Law
4771/65, September 13.965).

Floodplains are used as sites for feeding, reptaziycand initial development by
many fish species (Junk et al., 1989; Lowe-McCdnri99). These environments
generally have favorable conditions for larval depenent due to their higher
temperatures and the presence of shelter and Faaghries et al., 1999; Agostinho et
al., 2003), and are important for both migratoryl @edentary species (Ziober et al.,
2007; Daga et al., 2009). The results of the ptesardy reveal a large number of
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floodplain lakes along most of the studied riveetsthes, including all of the tributaries.
However, it should be noted that the number ofdfdain lakes can be overestimated
by including seasonal lakes not connected to treg.ri

Tributaries often act as important spawning siéssgemonstrated by several studies
on ichthyoplankton (Nakatani et al., 1997a; 199Baumgartner et al., 2004; Hermes-
Silva et al., 2009; Pinto et al., 2009). Due tartinggh density of eggs and larvae, the
Mortes and Aiuruoca tributaries stood out as esaeior fish recruitment in the basin.
The presence of these tributaries is even more ritamo when located between
impoundments on the Grande River, where they mayascn alternative route for
reproduction (Antonio et al., 2007; Pinto et a009).

Despite the importance of tributaries for fish wprction, the remaining lotic
stretches of the Grande River were also importansgawning areas, especially the
region between the Furnas and Funil. Reproductiadhis region is essential because it
is unlikely that ichthyoplankton have passage t& Eunil reservoir to the floodplain
lakes located there.

In contrast, a smaller number of egg and larvaeewsllected from the Funil-
Itutinga stretch of the Grande River, reflecting impact of large impoundments on
fish reproduction and recruitment. Transparencyféowd regulation by the Itutinga and
Camargos reservoirs must be interfering with figproduction along this stretch
(Suzuki et al.,, 2011). Increased transparency faywedation by visual predators,
reducing the chances of offspring survival (Antoetoal., 2007). Flow regulation can
affect fish recruitment in two ways: removing th@peopriate conditions for
reproduction and/or the conditions necessary foraladevelopment (Humphries and
Lake, 2000). Shields et al. (2000) emphasized t@gative influence of lateral water
movement dynamics, which reduce the formation @ddplains and explain the fewer
floodplain lakes in this region.

The Funil hydroelectric dam is the only dam in tkgion that has a fish passage
mechanism. This dam was initially thought to haypavening areas upstream and
downstream, while the developmental sites were ghbwo be located downstream
(Pompeu et al.,, 2011). The results of this studyl dde presence of initial
developmental sites (floodplain lakes) in the Iaticetches upstream of the reservoir,
primarily in the tributaries (Mortes and Capivathough the presence of the fish lift
Is important for maintaining connectivity betweeabltats, the functioning of this fish
passage should be studied and carefully monitomhuse there is no descending
ichthyoplankton migration downstream (Suzuki et &011). The absence of this
migration makes the Funil fish lift one way, whicluld compromise fish species
recruitment downstream of the dam (Suzuki et @112 and consequently undermine
its value in conserving the basin's fish speciesngeu et al., 2011). Its function should
be primarily aimed at maintaining genetic flow beem populations, where in principle,
the populations upstream and downstream would beswssaining due to the
occurrence of spawning and nurseries areas. ltlé¢hmunoted that this situation could
change with the eventual construction of new hydadc dams upstream or
downstream from this dam, especially in the Capizad Mortes tributaries.

The more eggs observed compared with larvae, edlyeait the initial stage of
development (first cleavage), may be related tahigh fragmentation of the remaining
lotic stretches in the region. Larvae were mairtjlected from the Mortes River, a
tributary long enough that the spawning sites acated sufficiently distant to allow the
collection of forms at this initial stage of deveioent.
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Among the taxonomic groups identified in this studply the Gymnotiformes do
own migratory species. In the Grande River basigriging to the upper Parana River
basin, most of the migratory species are knowneaimong the Characiformes and
Siluriformes orders, specifically in the Characid@#nostomidae, and Pimelodidae
families (Agostinho et al., 2003), which were grsuientified among the larvae
collected in this study. It is noteworthy that naitpry species exhibit non-adhesive
eggs, while most sedentary species have some defjegg adhesiveness (Rizzo et al.,
2002). Migratory species among these taxa coveertt@mn 100 km between different
habitats to complete their life cycle (Agostinhaaét 2003), which is why these species
are most affected by dam construction.

Given the presence of numerous breeding groundsaboddant floodplain lakes
throughout most of the studied rivers, the creatibprotected areas can be considered
important management strategies for ichthyofaunasewation. This is necessary
because new hydroelectric projects are plannedlfaf the remaining lotic stretches
included in this study, with the exception of theatde River upstream of the
Camargos, which is already protected by state laaw(15.082, April 2% 2004). The
creation of these areas must be based on the dooiceter corridors and knowledge
of the life cycles of key species (Agostinho et 2005), considering all of the habitats
required during their life cycle (King, 2004).

Although it is necessary to consider other paramgtich as richness (Pompeu et
al., 2009) and the presence of umbrella specieogifitho et al., 2005), the results
obtained in this study (percentage of surroundiegetation, number of floodplain
lakes, egg and larvae contribution) are essental d@iding the development and
implementation of future environmental action pergs aimed at conservation,
preservation, and recovery (Pompeu et al., 2009).
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