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ABSTRACT

Chalceus guaporensis is an endemic fish to the upper Madeira River whereas C. epakros is widespread in many rivers of the central and
lower portions of the Amazon Basin, middle and upper Orinoco River Basin, the Essequibo River in Guyana and in the Nanay River in
northern Peru. According to literature, both species do not occur in syntopy. We carried out ichthyological surveys along the Madeira
River Basin and its rapids, and data on abundance, diet and habitat use were obtained for both species. Chalceus guaporensis and C.
epakros are morphologically similar, occupying floodplain habitats and exploiting similar food resources. The former predominated
upstream from the Jirau Fall, whereas the latter had most of its abundance bellow the last fall of the Madeira River; both species co-
occurred along part of the rapids stretch and in the Machado River, but with strongly uneven abundances. This pattern may have
developed in the past by speciation regarding the presence of the falls, while co-occurrence of the two species seems to be regulated
by competitive interactions or maintained by slight differences in environmental requirements nowadays. The recent disruption of
the Madeira River by two run-of-river dams built in cascade submerged a large portion of the rapids stretch and substituted it by
semi-lenthic habitats created by the dam reservoirs, together with the construction of a fish passage. These environmental changes
may allow the invasion of the upper reaches of the Madeira River by C. epakros, and disturb the population of endemic C. guaporensis.
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Segregacao espacial entre Chalceus guaporensis e Chalceus epakros
(Osteichthyes: Characiformes) no rio Madeira, Bacia Amazonica

RESUMO

Chalceus guaporensis é descrita como uma espécie endémica do alto rio Madeira, enquanto C. gpakros estd amplamente distribuida
em rios das porgoes central e inferior da bacia Amazdnica, no médio e alto rio Orinoco, ¢ nos rios Essequibo, na Guiana, e
Nanay, no norte do Peru. A literatura nfo registra essas espécies como sintépicas. Expedicoes ictiolégicas realizadas ao longo do
rio Madeira e suas corredeiras nos deram a oportunidade de registrar a presenca, abundéncia, habitat e dieta utilizadas por essas
espécies. Chalceus guaporensis e C. epakros sio muito similares morfologicamente, ocupam habitats inunddveis e apresentam
espectro alimentar semelhante. A primeira espécie predominou a montante da cachoeira Jirau, enquanto que a segunda teve a
maior parte de sua abundancia registrada a jusante das cachoeiras do rio Madeira. Ambas espécies coocorreram ao longo de parte
do trecho de corredeiras e no rio Machado, mas com abundincias muito desiguais. Esse padrdo pode ter se desenvolvido no
passado, por especia¢io, em func¢io da presenca das corredeiras, enquanto a coocorréncia das duas espécies parece ser regulada
por interagdes competitivas ou mantida por diferencas sutis em requisitos ecoldgicos no tempo atual. O recente barramento do
rio Madeira por duas hidrelétricas construidas em cascata submergiu uma grande por¢ao do trecho de corredeiras e o substituiu
por habitats semilénticos, criados pelos reservatérios das hidrelétricas a fio d’dgua, juntamente com a construgio de uma passagem
para peixes. Essas alteragoes ambientais podem permitir que C. ¢pakros invada o trecho superior da bacia do rio Madeira, com
possiveis impactos negativos sobre a populagio da espécie endémica C. guaporensis.

PALAVRAS-CHAVE: Alestidae; coexisténcia; biologia; barreira geografica; 4gua branca
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INTRODUCTION

Information on the spatial distribution and ecological interactions
among species are fundamental to understanding the factors
that allow coexistence in biological communities (Mooney ez a.
2008). In this context, sympatric congeneric species may present
unique research opportunities (and challenges) to explain the
mechanisms responsible for species coexistence (Helmus ez 4/.
2007). Pairs of sympatric congeneric species, especially sister
species, share similar phenotypic and ecological traits, with the
possible exception of those biological characteristics that have
diverged as a function of competition (Mooney ez al. 2008).
When two species compete for the same resource, the one with
a slight advantage will out-compete the other, which is known
as the competitive exclusion principle while when no extinction
oceurs, it is due to adaptation to slightly different niches
(Capitdn er al. 2015). Coexistence theory might guide a general
understanding of when and how biotic interactions impact the
limits of a species’ range (Godsoe et al. 2017). However, an
unresolved question refers to the spatial scales at which species
coexist, conceptualizing the outcome of a geographic-scale
coexistence problem (Hart ez al. 2017).

Alestidae, a predominantly African representative of the
Characiformes, includes 116 valid species (Eschmeyer ez /. 2017)
of which Chalceus (with five species) is the only genus present in
the Neotropics, occurring in the Amazon, Orinoco and Essequibo
river basins (Zanata and Toledo-Piza 2004; but see Oliveira ez a/.
2011 for a different phylogenetic hypothesis for Chalceus). Four
species of Chalceus were recorded in the Madeira River Basin,
Chalceus guaporensis Zanata and Toledo-Piza 2004, Chalceus
epakros Zanata and Toledo-Piza 2004, Chalceus erythrurus (Cope
1870) and Chalceus macrolepidotus Cuvier 1818, but the last two
species are represented by a single record each (Zanata and Toledo-
Piza 2004; Zanata 2013). Chalceus guaporensis is considered
endemic to the Guaporé, Mamoré, Madre de Dios and upper
Madeira rivers, and can be distinguished from congeneric species
mainly by the presence of seven (vs. eight) branched pelvic-fin
rays. Chalceus epakros has a much wider distribution throughout
the central and lower portions of the Amazon Basin (including the
lower course of the Madeira River), middle and upper Orinoco
River Basin, the Essequibo River in Guyana and the Nanay River
in Peru (Zanata and Toledo-Piza 2004; see www.gbif.org for
occurrence points of Chalceus species). Zanata and Toledo-Piza
(2004) also suggested that the natural limit of the distribution of
these species in the Madeira River would be the Santo Anténio
Fall, which was recently obliterated by the construction of the
Santo Antdnio run-of-river dam. However, the Santo Antonio
Fall was constituted by a low-slope stretch of rapids that may
not necessarily have acted as an absolute barrier to Chalceus
species distribution (Cella-Ribeiro ez a/. 2013). Moreover, the
Teotonio and Jirau falls, located a few kilometers upstream, have
been demonstrated to be stronger barriers to several fish species
(Torrente-Vilara et al. 2011).
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'The strong morphological similarity of these two species of
Chalceus indicates similar ecological characteristics (cf. Peterson
1999), thus their apparently disjointed distributions could be
the result of competitive exclusion (Anderson et al. 2002) or
a result of an allopatric speciation due to ecological barriers.
In this study we hypothesize that the distribution ranges of C.
guaporensis and C. epakros result mostly from historical factors
linked to the geographic barrier represented by the downstream-
most falls of Madeira River (Teotdnio and Santo Antdnio
falls). If this holds true, then both species should have sharply
disjunctive distributions, with a (possible) narrow contact
zone in the rapids where the abundances of the species should
be strongly unbalanced (C. guaporensis dominating upstream,
and C. epakros downstream of the falls). Alternatively, if the
distributions observed are not completely disjunct, they may be
aresult of ecological segregation by limiting similarity, with both
species co-occurring along a wide contact zone, with differences
in local relative abundances not being geographically structured.
We also describe ecological aspects of reproduction, feeding,
and habitat used by adults of C. guaporensis and C. epakros,
comparing these aspects between species whenever possible.
Our results highlight biological aspects of both species and may
be especially important for the conservation of the endemic C.
guaporensis in the Madeira River Basin, recently subjected to
the impacts of the Santo Ant6nio and Jirau run-of-river dams.

MATERIAL AND METHODS
Study area

The Madeira River is a muddy water river which transports
a huge amount of suspended sediments (Sioli 1968), with a
mean annual discharge of 31,704 m’.s" that corresponds to
~15% of the Amazon River mean discharge (Siqueira-Jtnior ez
al. 2015). However, all of its tributaries in the study area have
clear to blackish waters that are pushed upstream by Madeira
River muddy waters during the flood season, which usually
lasts from October to April. Rock outcrops are present in the
upper portion of the river, with large boulders emerging and
forming a series of rapids. The most important geographical
features along the upper Madeira River were the Teotdnio and
Jirau falls, which represented natural limits for frogs (Simées
eral. 2008; 2010), alligators (Hrbek et al. 2008), and acted as
an environmental filter for several fish species (Torrente-Vilara
et al. 2011). Also, Teot6nio and Jirau falls were considered
to have driven allopatric speciation for frogs (Simées ez al.
2010), population structure for turtles (Santos et al. 2016)
and sardines (Queiroz ez /. 2017), and hybrid zones for frogs
(Simées ez al. 2012) and dolphins (Gravena ez a/l. 2015). Both
falls, along with other rapids in the upper Madeira River, were
flooded in 2011 by the Santo Ant6nio and Jirau run-of-river
dams built at a 110-km interval over the Santo Antdnio and
the upriver Caldeirio rapids, respectively.
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Fish sampling

Sixteen sampling sites were established at the mouth of the
main tributaries of a section about 1500 km between the
cities of Costa Marques, on the upriver major clear water
tributary Guaporé River at the Brazil-Bolivia border, and
Nova Olinda do Norte, close to the mouth of the Madeira
River into the Amazon River. Six sites were upriver from
the Jirau Fall, two between the Jirau and Teot6nio falls, one
between the Teotdnio and Santo Antdnio falls, and seven
below Santo Antonio (Figure 1). Details of sampling sites
and Madeira River rapids are available in Queiroz ez al.
(2013) and Cella-Ribeiro et al. (2016). All tributaries were
characterized as clear-black water with pH varying from 4.8
and 6.6 (Torrente-Vilara er al. 2011). Fish were sampled
monthly, from April 2009 to March 2010, and bimonthly
from April 2010 to February 2013. A set of 13 gill nets with
30-200 mm mesh size (measured between opposite knots)
was exposed in each site for 24h on each sampling event.
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Biological data

After each sampling occasion, fish were sorted and Chalceus
specimens were separated, identified, counted, and individually
measured (standard length, SL, in cm). An abdominal incision
exposed the gonads for macroscopic determination of sex and
gonadal maturation (immature, developing, mature, spawning,
regressing and regenerating; Nufez and Duponchelle 2009).
"The stomach repletion index (SRI) was determined based on the
space filled by food in the stomach (Hahn ez 2/ 1999) where: 0
(empty), 1 (up to 25%), 2 (between 25 and 75%), and 3 (75%
to completely full). Voucher specimens were preserved in 10%
formalin, subsequently transferred to 70% ethanol and deposited in
the Fish Collection of the Universidade Federal de Ronddnia under
acronym UFRO-I. All data were collected by the Laboratério de
Ictiologia e Pesca (LIP) of the Universidade Federal de Rondénia
(UNIR) at Porto Velho, Rond6nia state, Brazil, under the Santo
Anténio Energia (SAE) and Energja Sustentdvel do Brasil (ESBR)
Fish Conservation Programs (Permit #51/09 from Instituto Brasileiro
do Meio Ambiente e Recursos Naturais Renovaveis — IBAMA).
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Figure 1. Study area and location of sampling sites. CAU: Cautério River, SOT: Sotério River, PAC: Pacads River, ARA: Araras stream, MUT: Mutum-Parana River, SLO: Sdo
Lourenco River, KAR: Karipunas stream, JAC: Jaciparana River, JAT: Jatuarana stream, BEL: BelImont, CUN: Cunia Lake, MAC: Machado River, PUR: Puruzinho Lake, MAN:
Manicoré River, ARI: Aripuana River, SAM: Sampaio Lake. Falls indicated from upstream to downstream in the Madeira River are Jirau, Teotonio and Santo Antonio. The
size of the fall symbol represents the degree of barrier importance.
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Data analysis

We tested the hypothesis that Teotonio Fall constitutes the
distributional limit for the two Chalceus species by pooling
abundance data of each species and running a binomial
regression analysis (general linear models—GLM with a logit
link) with presence/absence data (1 and 0) as a function of the
distance from the Teotonio Fall. Parameter estimates were used
to predict probability of occurrence of species along the distance
axis (distance from Teotonio Fall). The analyses were carried out
in the R software (R Core Team 2014), using gl function from
MASS 1.3 (Venables & Ripley, 2001) and graphics were made
with the ggplot2 package (Wickham, 2009).

The temporal distribution of relative frequencies for
gonadal development phases was used to infer the spawning
period. The size at first gonadal maturation was estimated by
fitting the size distribution of adult individuals in classes of 2
cm SL intervals in a logistic regression function (Duponchelle
et al. 2007). The lengths when 50% and 100% of the

population reaches maturity (L, and L respectively) were

100,
established for grouped males and females due to the low

number of immature specimens.

The relative contribution of the food items for the diet of
both Chalceus species was analyzed by frequency of occurrence
(FO% = number of times that a food type occurred in the
stomach contents in relation to the total number of stomachs
with food), and relative volume (VO% = ratio between the
estimated volume of each food item and the total volume of
food in the stomachs; cf. Hyslop 1980). A visual estimate of
the relative volume was done for each item in the stomach
content (Hahn ez 2/ 1999). Since we considered each stomach
as having 100% of the total volume, these values were
multiplied by the stomach fullness index (see above) to correct
its relative value. Both methods (FO and VO) were combined
in the alimentary index (IAi; Kawakami and Vazzoler 1980).

60 -
C. epakros

B C. guaporensis

Frequency of occurrence (%)
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Food items were identified to the most precise taxonomic level
possible, mostly to order or family for invertebrates.

RESULTS

A total of 330 specimens of Chalceus guaporensis and 57 of C.
epakros were captured. Both species were most abundant in the
largest tributaries of the Madeira River in the study area. About
30% of C. guaporensis occurred in the Jaciparand River (N=98),
the largest tributary in the upper Madeira rapids section, and
25% in the Sao Lourengo stream (N= 76) above Jirau (Figure 2).
Almost 60% of the total abundance of C. epakros occurred in the
Machado River (N=33), a major tributary below Santo Antdnio
(Figure 1). Chalceus specimens were captured in 362 out of 398
samples obtained during the study period; however, Chalceus
guaporensis and C. epakros were collected together in only four
samplings, with varying proportions: twice in Machado River (1:1
and 1:5) and once in Sampaio Lake (1: 2), below Santo Antonio
Fall, and once in the Karipunas stream (1: 2) above Teot6nio Fall.
‘The three sampling sites where both Chalceus species co-ocurred
are located downstream from the Jirau Fall (Figures 1 and 2).
Chalceus epatkros abundance (N= 57) was higher downstream
from the Teotdnio Fall, on the sedimentary portion of the Madeira
River (98% of total abundance, Figure 2). On the other hand,
Chalceus guaporensis (N=330) predominated upstream from the
Teotonio Fall (68% of total abundance, Figure 2). Therefore, the
rapids stretch and the Machado River formed the main contact
zones for populations of C. guaporensis and C. epakros (Figure 2).

The binomial GLM analysis indicated that the probability of
occurrence of both species showed a significant association with
the distance from the Teotonio Fall (P<0.001; Figure 3). Chalceus
guaporensis had a high overall probability of occurrence along the
sampling sites, with a maximum of 0.99 at the most upstream
site, decreasing in downstream direction to 0.29 (mean = 0.87 +
0.20 DP). Chalceus epakros, however, had almost half the overall
probability of occurrence of C. guaporensis (mean = 0.44 + 0.39

33

Santo

Teoténio Antonio

A A

Figure 2. Frequency of occurrence of Chalceus guaporensis and C. epakros in Madeira River tributaries between 2009 and 2013, and the position of the Jirau, Teoténio
and Santo Antonio falls. The number below the site abbreviation indicates the distance (km) from the Teotonio Fall. The number above the bar indicates the absolute

abundance of each species at each sampling site.
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Figure 3. Observed records (presence/absence data; individual symbols) and predicted probabilities of occurrence (smoothed lines) for Chalceus guaporensis (black
symbols/black line) and C. epakros (white symbols/grey line) along the Madeira River. Predicted values were based on a binomial GLM model with distance from the
Teotonio Fall as a fixed predictor. Grey diamonds represent sites where the two species co-occurred. The X axis indicates distances upstream (negative values) and
downstream (positive values) from the Teotonio Fall (position zero on the axis) representing the river flow from west to east. The dashed lines mark the position of
the Teotonio, Jirau falls (upstream) and Santo Anténio Fall (downstream) on the relative distance axis. Zero and 1 along the Y axis represent, respectively, absence and

presence of the species.

DP). The probability of occurrence of C. gpakros was maximum
(0.99) at the most downstream site, and reached almost zero
above the Jirau Fall.

The size of the collected specimens of C. guaporensis ranged
between2.0and 18.4cm SL(SL, =14.2cm, Table 1), while
for C. epakros it varied between 9.5 and 15.1 em SL(SL, . =
10.5 cm, Table 1). Most specimens of C. guaporensis were adults,
with only afew immature fish (N, =38). The smallest mature
C. guaporensis measured 10.7 cm SL among males, and 15.7
cm among females. For both genders combined the estimated
L, was 9.9 cm SL, and all individuals reached maturity at 13.3
cm SL (L,). Ripe or spawning females of C. guaporensis (N=
6) were found only in December in the Sio Lourenco River,
during the rising water period. However, the only reproducing
male was registered at the Karipunas stream, separated from
the Sio Lourenco River by the Jirau Fall. Ripe and ready to
reproduce females and males of C. ¢pakros were not captured
during our study.

The diet of C. guaporensis (N=35 specimens with food) was
composed mainly of allochthonous invertebrates (IAi=60.5%),
mostly ants (Formicidae; 51.6%) (Table 2). Authochtonous
items (aquatic insects; [Ai=18.3%) were mainly composed by
Lepidoptera larvae (12.4%). Only four specimens of C. epakros
had food in their stomachs, with 61% of the diet composed of
allochthonous food items, mostly Hymenoptera (36.9%) and
Blattodea (Kalotermitidae; 24%).
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Table 1. Total abundance and body size parameters of Chalceus guaporensis
and C epakros captured in the Madeira River between 2009 and 2013. SL =
standard length; L, , L =lengths when 50% and 100% of the population reach
maturity, respectively; LWR = length-weight relationship. Numbers are individual
measurements or the mean + SD, and the range (minimum-maximum) (in cm).

min SL = smallest body size for that category. LWR values are from Cella-Ribeiro

etal (2015).

Chalceus guaporensis Chalceus epakros
Abundance 330 57
SL (overal) 1214£25020-184)  109+14(95-15.1)
SL (females) 1322201-184 0 1;)“0«0 -
SL (males) 1B1+1606-157) 4170010

min SL mature female

min SL mature male

SL immature females

SLimmatures (not sexed)

136

10.7

95,100,103,11.2

(20-11.1)

9.9

135

Wi=0.0109Ls>%%°

15.1)

Wit=0.0162Ls3%*
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Table 2. Alimentary Index (IAi) of major food items in the diet of Chalceus
guaporensis (n=35) and C. epakros (n = 4) captured in the Madeira River between
2009 and 2013, grouped by food source. * = refers to the total IAi % of each major
taxonomic group (adapted from Cella-Ribeiro et al. 2016).

Food items Cha/ceusl Chalceus
guaporensis epakros
Allocthonous source
Phylum Arthropoda 60.5% 61%
Class Arachnida (spiders) 2.2
Class Insecta 58.3*
Order Coleoptera (beetles) 03
Order Hymenoptera 52.4* 36.9%
Family Formicidae (ants) 51.6 6.8
Family Vespoidae (wasps) 6.0
non identified hymenopterans 0.8 24.1
Order Blattodea
Family Termitidae (termites) 0.2
Family Kalotermitidae (termites) 24.1
Order Orthoptera (crickets) 54
Autocthonous source
Class Insecta 18.3% 39.0%
Order Hemiptera (aquatic bedbugs) 49 75
Order Lepidoptera (butterflies) (larvae) 124
Order Odonata (dragonflies) (larvae) 1.0
non-identified insects 31.5
Unidentified source
Plants 11.0%
Other material 10.3%

DISCUSSION

One of the main questions concerning species distribution
patterns refers to which sites should be sampled to provide
an accurate representation of their distribution among
habitat patches throughout the landscape (Thomas and
Kunin 1999). This is often estimated by the species’
presence or absence in the sampling sites (Tischendorf
and Fahrig 2000; Tremlov4 and Miinzbergovd 2007). Our
study showed a pattern of partial spatial segregation of the
two Chalceus species along the Madeira River. Chalceus
guaporensis were hypothesized by Zanata and Toledo-Piza
(2004) to be endemic to the upper Madeira River and
limited downstream by the Santo Antdnio Fall. Indeed, C.
guaporensis predominated in the tributaries along the rapids
stretch upstream from that fall. However, several specimens
of C. guaporensis were collected downstream from the falls,
therefore expanding its known distribution in the Madeira
River Basin. One possible explanation to the presence
of C. guaporensis downstream from the rapids could be
related to a very recent range expansion, or, alternatively,
to an intermittent presence related to temporally favorable
environmental conditions. The hydrologic year of 2008-
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2009 had higher discharges than the average expected for
the Madeira River Basin, according to the levels registered
at Guajard-Mirim (Ovando ez al. 2016). Since the flood
season regulates fish reproduction (Lowe-McConnell 1987;
Aratgjo-Lima and Oliveira 1998), extreme flood events
might facilitate larvae drift downstream and surpassing the
falls, creating opportunities to increased species dispersal
and colonization of the floodplain bellow the rapids. In this
sense, the river stretch downstream from the rapids could be
a demographic sink for C. guaporensis related to differences
in the intrinsic growth rate or in the strength of the biotic
interactions between the sister species (g.2. Godsoe ez al.
2017), which remains to be investigated. The supposed
absence of C. guaporensis downstream the rapids stretch
proposed by Zanata and Toledo-Piza (2004) possibly
reflected only a detection failure of the species resulting
from its low local abundance, combined with a historical
undersampling of that portion of the Madeira River.

Chalceus epakros was most abundant in the sedimentary
portion of the Madeira River Basin, especially in the
Machado River, and no specimens were collected upstream
from the Jirau Fall. This apparent geographical limitation is
surprising, considering the broad geographic distribution
of C. epakros in the Amazon Basin (Zanata and Toledo-
Piza 2004), which contrasts to the restricted distribution
and endemicity of C. guaporensis in the upper Madeira
River Basin. The phylogenetic proximity and high overall
morphological similarity between the two Chalceus
species point out to similar ecological requirements, which
could be expected by the niche conservatism hypothesis
(Peterson 1999). However, the two species were rarely
collected together in the same sample (4 out of 364), despite
occupying apparently very similar environments (forested
stretches of large clear and blackish water streams and rivers,
with well oxygenated waters, where they occupy the upper
layer of the water column and forage for invertebrates;
Planquette ez al. 1996; Zanata and Toledo-Piza 2004;
Zuanon and Ferreira 2008; Torrente-Vilara et a/. 2011; our
personal field observations). This pattern of distribution
may have developed in the past by speciation regarding
the presence of the falls (Dias ez /. 2013) and maintained
in the present by ecological factors. Two hypotheses could
explain this pattern of co-occurrence: i) slightly different
environmental requirements among species (e.g. Estevo ez al.
2017), with C. guaporensis having greater ability to cope with
longitudinal changes in environmental conditions than C.
epakros; or ii) competitive interactions between both Chalceus
species, resulting in the observed slight overlap (with uneven
abundances) at their limits of distribution (Brown and
Wilson 1956; Hutchinson 1959; Davies ez al. 2007).

Chalceus guaporensis had a higher overall abundance,
suggesting that this species could be best adapted to the
habitats found at tributaries along the rapids stretch, where
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seasonal flooding dynamics is temporally more variable
and strongly responds to local rainfall. On the other hand,
C. epakros would be better fitted for the conditions that
predominate in the sedimentary plains downstream in
the Madeira Basin, where the connectedness to the main
Amazon lowlands results in a temporal dynamic that
follows a more regular and predictable annual flood pulse
(Junk ez al. 1989). However, C. epakros occurs in a much
wider area in the Amazon Basin, which embraces an ample
range of environmental conditions that include similar
habitats to those occupied by C. guaporensis in the upper
stretches of the Madeira River.

Despite the seemingly absence of conspicuous
differences in the habitats occupied by the two Chalceus
species upstream and downstream from the main falls in
the Madeira River, the possible effect of environmental
factors influencing their distribution along the river
cannot be ruled out. Environmental differences (usually
considered environmental filters) might act in conjunction
with competitive interactions in determining patterns of
species co-occurrence or segregation. If species abundance
covary with environmental gradients, then the outcomes
of competitive interactions may also vary with the
environment (q.v. Cadotte and Tucker 2018). In this sense,
differences in local habitat conditions alone are probably
insufficient to explain the observed abundance differences
between the two Chalceus species along the studied stretch
in the Madeira River.

Biological aspects and conservation issues

The high proportion of single specimens of Chalceus in our
samples (68% for C. epakros and 52% for C. guaporensis;
data not shown) indicates that both species do not form
large schools. Samples with more than 10 specimens were
rare and observed only in the Sao Lourengo and Jaciparand
rivers for C. guaporensis during the lowing and dry periods
(June to September), probably as a result of the seasonal
contraction of aquatic habitats, leading to increased fish
densities and capture rates with gillnets.

Regarding biological aspects, Chalceus guaporensis was
inferred to spawn in the early flooding season as expected
for most species of Characiformes inhabiting large rivers
of the Amazon Basin (Lowe-McConnell 1987). Both C.
guaporensis and C. epakros were considered allochthonous
invertivores. Chalceus guaporensis fed predominantly
on ants, crickets, spiders and butterfly larvae, while C.
epakros consumed mostly termites, wasps and ants. The
high consumption of allochthonous invertebrates can
be considered typical of Chalceus species, as also shown
by Répke e al. (2014) for C. epakros occupying aquatic
macrophyte stands in the lower Trombetas River. This
suggests that food resource availability should not be an
ecological restriction to C. epakros occurrence upstream
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from the Teot6nio Fall, once riparian vegetation is
abundant in the uppermost reaches of the Madeira River.

Species conservation may involve the protection or
restoration of specific habitats, which in turn depends on
identifying and preserving environmental elements such as
rapids and falls. The hydroelectrical power plants of Jirau
and Santo Antdnio dammed the Madeira River recently
(2011). Both run-of-river dams built in cascade flooded
important geographical barriers (Jirau and Teotonio falls,
respectively) and drowned a large portion of the lower
courses of several tributaries of the upper Madeira River
Basin (Torrente-Vilara ez /. 2011). These environmental
changes submerged a large stretch of rapids and substituted
it by semi-lenthic habitats created by the dam reservoirs.
This, together with the construction of a fish passage
linking the floodplain of the lower Madeira River to the
reservoir of Santo Antdnio dam, may allow the invasion
of the upper reaches of the Madeira River by C. epakros.
Besides, this kind of anthropogenic disturbance may alter
the co-occurrence pattern of the two Chalceus species
in that portion of the river (e.g. Larsen and Ormerod
2014), with possible negative impacts for the endemic
C. guaporensis. Attenuation of the local flood pulse by
the dams, and possible disruption of the seasonal input
of allochthonous materials to the river (such as fish food
items) constitute a strong and (possibly) irreversible
environmental impact. In this sense, a conservation plan
for the endemic Chalceus guaporensis is necessary in order to
protect its remaining habitats and life cycle. Unfortunately,
a similar destiny may be foreseen for C. epakros in the
lower Madeira River Basin. The Machado River, one of the
main tributaries used by this species in the Madeira River
Basin, is currently being impacted by the construction of
another dam (Tabajara Hydroelectric Power Plant). Habitat
conservation and natural biogeographical filters (e.g.
falls) regulating species distribution are two fundamental
conditions to the maintenance of the richest freshwater fish
fauna in the world, but biodiversity conservation does not
appear as a current priority in the Brazilian governmental
planning (Ferreira ez al. 2014). Effective actions for
protecting floodplain areas throughout the Madeira River
Basin (including its tributaries) are urgent and strongly
needed to face the expected impacts of dams that are under
construction or scheduled for construction in the Amazon
(Finer and Jenkins 2012; Latrubesse ez a/. 2017).

CONCLUSIONS

Chalceus guaporensis is not restricted to its upper reaches
as initially supposed and was detected downstream from
the Santo Antdnio Fall in the Madeira River. Despite the
co-occurrence of both Chalceus species in the rapids stretch
of the Madeira River, they were rarely collected together in
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the same sample, which suggests competitive interactions
between the species. The higher abundance of C. guaporensis
further suggests that this species could be best adapted to
the habitats found at tributaries along the rapids stretch
of the Madeira River.
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