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Abstract: The Amazon basin comprises the most diverse freshwater fish fauna in the world, but remains poorly-known concerning
the potential number of species. This study aims to produce an updated checklist of fish species from the Caxiuana National
Forest (FLONA Caxiuand), a protected area of the Eastern Amazon. Sampling from 20 years (1993 to 2012) was compiled
from the ichthyological collection of the Museu Paraense Emilio Goeldi and previously published inventories. A total of
211 fish species belonging to 44 families and 13 orders was recognized for the FLONA Caxiuana. Characiformes was the
richest order with 80 species (representing 38% of the total), followed by Siluriformes (56 species, 27%), Perciformes
(33 species, 16%), and Gymnotiformes (21 species, 10%). Almost 40% of the fish diversity was considered new records
for the Caxiuana region, with a higher species increment occurring in 2004, and a lower average increment of species
in the last years. Therefore, additional species records could be obtained if more effort were applied in surveying the
ichthyofaunal, considering different fishing techniques, and covering different microhabitats.
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Resumo: A bacia amazodnica possui a maior diversidade de peixes de dgua doce do mundo, mas ainda é insatisfatoriamente
conhecida quanto ao niimero real de espécies. Este estudo objetiva produzir uma lista atualizada de espécies de peixes
da Floresta Nacional de Caxiuana (FLONA Caxiuand), uma das poucas areas protegidas da Amazénia Oriental. Dados
referentes a 20 anos (1993 a 2012) de amostragem foram compilados da colecdo ictiolégica do Museu Paraense Emilio
Goeldi e de inventarios previamente publicados. Um total de 211 espécies de peixes pertencentes a 44 familias e a 13
ordens foi identificado para a FLONA. Characiformes foi a ordem mais rica, com 80 espécies (representando 38% do
total), seguido por Siluriformes (56 espécies, 27%), Perciformes (33 espécies, 16%) e Gymnotiformes (21 espécies,
10%). Do total da diversidade de peixes registrada, quase 40% representam novos registros, com maior incremento de
espécies no ano de 2004 e menor incremento médio de espécies nos Ultimos anos de amostragem. Portanto, registros
de espécies adicionais ainda podem ser obtidos se estudos na regido relacionados a ictiofauna empregarem diferentes
técnicas e apetrechos de coleta e forem realizados em diferentes microhabitats.
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INTRODUCTION

The freshwater fish fauna of South America is the most
diverse on Earth, with recent estimates standing between
8,000 and 9,000 species and currently more than 5,600
species formally described (Reis et a/., 2016). Within South
America, the Amazon basin, the largest and most diverse
freshwater basin in the world, contains an expressive part
of this total, with more than 2,400 species described (Reis
et al., 2003, 2016).

Gaining a better knowledge of this fish diversity
depends on more effort devoted to inventories (Ota et
al., 2015), although detecting and describing the fauna of
a certain region, and interpreting the data obtained in the
field, is not an easy task. Generally, in megadiverse groups
such as fish, taxonomic knowledge is changeable due
to the description of new species, taxonomic revisions,
formation of new specialists, and different sampling effort
in different aquatic environments (Silveira et al., 2010; Ota
et al., 2015; Hurd et al., 2016). On the other hand, direct
anthropogenic activities such as deforestation, pollution,
demographic occupation, reservoir construction, and
overexploitation, contribute to the decline of fish diversity
(unk et al., 2007; Winemiller et al., 2016), including the
extinction of species that have not even been described.
Thus, the establishment of protected areas is an important
strategy for the maintenance of natural environments and
genetic patrimony, and the conservation of biodiversity
(Silva-Oliveira et al., 2016). Since the 1980s, a network
of protected areas has been created in the Amazon as a
response to pressing environmental issues regarding forests
and their biodiversity, but little attention has been paid to
managing freshwater ecosystems (Castello et al., 2013).

The Caxiuana National Forest (hereafter FLONA
Caxiuand), a federal sustainable use protected area located
in Par4 State, was created in November 1961, in accordance
with the Brazilian system of protected areas (Brasil, 2011), and
is the second oldest protected area in Brazil. In 1993, in the
FLONA Caxiuana, the Ferreira Penna Field Station (in Brazilian
Portuguese: Estacdo Cientffica Ferreira Penna) was installed.

The station is managed by the Museu Paraense Emilio
Goeldi and the Ministério de Ciéncia, Tecnologia, Inovacées
e Comunicagbes, which conduct research, mainly of long
duration, on the local biodiversity (Lisboa et al., 2013).

The first checklist of fishes from FLONA Caxiuana
was based on sporadic samples, resulting in 41 species
with no voucher specimens being deposited in a scientific
collection (Lisboa, 1997). The second checklist comprised
208 fish species that were cataloged from samples collected
between 1999 and 2004 (Montag et a/., 2008), sampling
mainly the open waters of rivers and bays.

Thereafter, many ecological studies of fish population
of FLONA Caxiuanad have been carried out, focused on
most representative species (Freitas et al., 2011a, 2011b,
2014, 2016, 2017; Prudente et al., 2015, 2016; Hashiguti et
al., 2017; Oliveiraet al., 2017), which occasionally resulted
only in new records of species. Studies of stream fish
assemblages conducted by Sousa (2014) and Benone et al.
(2018) also have contributed with new records of species
for Caxiuand, since they have extensively investigated a
poorly-sampled environment, the stream ecosystem.

Thus, considering the above-mentioned studies and
their large number of samplings carried out after Montag et
al. (2008), and the advances in freshwater fish taxonomy,
the aim of this study was to produce an updated checklist
of fish species of the FLONA Caxiuana.

MATERIALS AND METHODS

The Caxiuana National Forest in Eastern Amazonia, state
of Para, Brazil (between 1° 37’ S, 51°19° W and 2° 15’ S,
51° 55" W) (Figure 1) holds an area over 300,000 hectares
encompassing part of Portel and Melgaco municipalities
(Lisboa et al., 2013). The FLONA Caxiuana is part of the
Xingu and Tocantins rivers systems in a lowland Amazon
plain. Owing to a geological event leading to the drowning
of valleys of the Anapu River during the Holocene (Behling
& Costa, 2000), which define the region as a ‘ria lake’ that
show little variation in fluviometry between hydrological
periods (Costa et al., 2002).
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Figure 1. Location of the Caxiuana National Forest, showing the sites where fish sampling occurred (period 1993 to 2012). The star symbol

represents the Scientific Station (Estacdo Cientifica Ferreira Penna).

The updated checklist was based on vouchers
specimens collected in FLONA Caxiuand and catalogued
in the fish collection of the Museu Paranse Emilio Goeldi
(MPEG). All species had their vouchers revised in part,
according to recent taxonomic revisions, and studies
without voucher specimens were not considered herein.
Current nomenclature follows the Catalog of Fishes
(Eschmeyer et al., 2017).

According to the local where a species was
registered, they were assigned to different aquatic
environments (river/bay, stream, floating bank); more
detailed environmental descriptions can be found in
Montag et al. (2008, 2013). The fish species were also
checked for their potential exploitation by the ornamental
fishery, based on the list of ornamental fish species (Brasil,
2012), and for their threat status considering the list of

threatened species of Pard (Para, 2007), the Brazilian
list of threatened species (Brasil, 2014a), and the [UCN
Red List of Threatened Species (IUCN, 2017). Finally, an
accumulation curve over the 20 years of non-standardized
fish samplings (1993 to 2012) was performed based in the
year of first record for each species.

RESULTS

Atotal of 211 fish species belonging to 44 families and 13
orders were recognized for the FLONA Caxiuana (see
Appendix 1 for checklist and Appendix 2 for voucher
codes). Characiformes was the richest order with
80 species (38% of total), followed by Siluriformes
(56 spp., 27%), Perciformes (33 spp., 16%), and
Gymnotiformes (21 spp., 109%). The other nine orders
represented 9.5% (20 spp.) of total species richness.
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The most representative families in number of species
were Cichlidae (28 spp., 13.3%), followed by Characidae
(22 spp., 10.5%), Auchenipteridae (15 spp., 7.1%),
Loricariidae and Serrasalmidae (12 spp., 5.7% each),
and Pimelodidae and Lebiasinidae (10 spp., 4.7% each)
(Figure 2).

Most species (110 spp., 52.1% of total) were
recorded only in rivers and bays, followed by species
recorded in streams (44 spp., 20.9%) and species
in banks of floating macrophytes (11 spp., 5.2%). A
total of 14 species were found both in rivers/bays
and streams (6.6%); seven species occurred both in
rivers/bays and in floating macrophytes (3.3%); and
14 species were commonly registered in streams
and floating macrophytes (6.6%). Eight species
(3.8%) were registered for the three environments:
Crenuchus spilurus (Crenuchidae), Hoplias malabaricus
(Erythrinidae), Megalechis picta, Megalechis thoracata
(Callichthyidae), Acaronia nassa, Mesonauta festivus
(Cichlidae), Colomesus asellus (Tetraodontidae), and
Synbranchus marmoratus (Synbranchidae). Three species
(1.49%) had no habitat information.

Overall, 91 species (31fish families) can be exploited
for ornamental purposes, which represents 43.1% of
the total diversity. Most of them belongs to the families
Cichlidae (18 spp.) and Characidae (15 spp.). None
species in this study is listed as threatened.

Regarding the assessment of species record
accumulation, the species recorded in FLONA Caxiuana
in the three first sampled years (1993, 1999, and 2000)
represented 46% (98 spp.) of the total fish diversity.
The following years (2001, 2002, and 2003) registered
an increment of 2, 19, and 17 species, respectively.
The highest species additions occurred in 2004 with 58
new records, reaching 91.9% of the cumulative species
richness (Figure 3). In the last years of sampling (2005
to 2012), two species were added as an average per
year, with the greatest contribution in 2010 (6 spp.) due
to sampling in stream ecosystems.

—

Figure 2. Representativeness of fish species by orders (A) and most
diverse families (B) in the Caxiuana National Forest, Eastern Amazon,
Brazil. Empty sections accounted less than 10% and 5% of species
richness (orders and family, respectively).

Figure 3. Species accumulation curve and new records of fish species
sampled between 1993 to 2012 in the Caxiuana National Forest,
Eastern Amazon, Brazil.
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DISCUSSION

In the Neotropical region, the fish diversity is mainly
composed of Characiformes, followed by Siluriformes,
and Gymnotiformes or Perciformes (Lowe-McConnell,
1999: Albert et al., 2011; Claro-Garcia et al., 2013;
Melo et al., 2016; Silva-Oliveira et al., 2016). In the
present study, Perciformes was the third richest order.
The higher diversity of this order, when compared with
Gymnotiformes, may be attributed to the predominance
of Cichlidae (Perciformes) in slow-flowing rivers
(Kullander, 2003), as noticed in the ‘ria lake’ system of
FLONA Caxiuana (Behling & Costa, 2000). Additionally,
the lower richness of Gymnotiformes may be attributed to
less sampling effort in environments such as deep-channel
rivers, which are commonly occupied by Gymnotiformes
species (Cox-Fernandes et a/., 2004).

Within the Neotropical fish fauna, Characidae,
Loricariidae, and Cichlidae are the families with the
greatest number of valid species (Reis et al., 2016), which
reflects the predominance of these families in previous
inventory studies. In the present study, Cichlidae was the
most diverse fish family, which can be attributed by the
predominance of the slow-flow habitats, as mentioned
above. The inversion in the number of species between
Cichlidae and Loricariidae was also reported in some
studies (e.g. Barros et al., 2011; Melo et al., 2016; Silva-
Oliveira et al., 2016).

Despite the increment of only three species to the
total fish diversity in FLONA Caxiuana since Montag et
al. (2008), who reported 208 species versus 211 species
in our study, the present list reports 79 new records of
species to the area (40% of total). A sizable part of this
increment was due to checking taxonomic updates of
vouchers (50 spp.), which also reduced identification
inaccuracies. Samplings that occurred between 2005
and 2012 also registered new records of species for the
FLONA Caxiuani (29 spp.), mostly because of greater
sampling effort in 1 to 3 order streams (Sousa, 2014;
Benone et al., 2018).

Recently, four species were described from material
collected in the FLONA Caxiuana, namely: Physopyxis
ananas, Hypopygus benoneae, Eigenmannia antonioi, and
Jatia caxiuanensis. The last three species are currently
known only from the Anapu River drainage at FLONA
Caxiuana (Sarmento-Soares & Martins-Pinheiro, 2008;
Peixoto et al., 2013, 2015). Nevertheless, at least five
new records (e.g., Hyphessobrycon sp., Hypoptopoma sp.,
Peckoltia sp., Pimelodus sp., and Priocharax sp.) probably
correspond to undescribed species, showing that the local
ichthyofauna remains not fully-known.

Considering that the locality is a protected area that
aims at the sustainable exploitation of natural resources,
more than 40% of recorded species are considered for
ornamental fishing (e.g., cichlids, characids, and lebiasinids).
A managed exploitation of these species, after population
dynamics studies, may comprise an important economic
activity for the region. Additionally, no species is considered
endangered in the list of threatened species of the state of
Para (Para, 2007), in the Brazilian list of threatened species
(Brasil, 2014a), nor in the IUCN Red List of Threatened
Species (IUCN, 2017). All these data should be carefully
revisited due to the recently approved environmental
licensing for reduced-impact logging in almost 200,000
hectares for the next 40 years within FLONA Caxiuana
(ICMBIO, 2013; Brasil, 2014b). Despite being considered
a sustainable practice with low influence on Amazonian fish
assemblages (Dias et al., 2010), this activity can modify the
stream physical habitat structure (Prudente et al., 2017),
compromising fish diversity, especially for the endemic species.

Finally, additional species records could be obtained
by devoting more effort to surveying the ichthyofauna by
applying diverse fisheries techniques (e.g., trawl nets) and
covering different microhabitats. Such efforts are likely
to increase the number of species records, particularly
if employed in the western region of the FLONA
Caxiuana. This effort can contribute to a reduction of
biogeographical and ecological shortfalls in fish faunas and
biodiversity conservation.
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Appendix 1. List of fish species collected in different aquatic environment of the Caxiuana National Forest, Eastern Amazon, Brazil, during
the years 1993 to 2012. Legends: ¢ = new record of species coming from voucher checking; ® = new record of species from sampling
carried out after 2004; < = species considered for ornamental exploitation; * = no habitat information.

(Continue)
e Environment
River/bay ‘ Stream ‘ Floating bank

MYLIOBATIFORMES

Potamotrygonidae

Potamotrygon constellata (Vaillant, 1880) X ‘ ‘
LEPIDOSIRENIFORMES

Lepidosirenidae

Lepidosiren paradoxa Fitzinger, 1837 X ‘ ‘ X
OSTEOGLOSSIFORMES

Arapaimidae
Arapaima gigas (Schinz, 1822) X ‘ ‘
Osteoglossidae

Osteoglossum bicirrhosum (Cuvier, 1829) X ‘ ‘
CLUPEIFORMES

Engraulidae
Anchovia surinamensis (Bleeker, 1865) X
Anchoviella cayennensis (Puyo, 1946)° X

Lycengraulis batesii (Gunther, 1868) X

Pristigasteridae

llisha amazonica (Miranda Ribeiro, 1920) X

Pellona castelnaeana Valenciennes, 1847 X

Pellona flavipinnis (Valenciennes, 1837) X

CHARACIFORMES

Acestrorhynchidae
Acestrorhynchus falcatus (Bloch, 1794) X
Acestrorhynchus falcirostris (Cuvier, 1819) X
Acestrorhynchus microlepis (Jardine, 1841) X X

Gnathocharax steindachneri Fowler, 1913 X

Heterocharax virgulatus Toledo-Piza, 2000¢ X

Anostomidae

Laemolyta proxima (Garman, 1890) X X
Leporinus agassizi Steindachner, 1876¢ X X
Leporinus fasciatus (Bloch, 1794)° X

Leporinus moralesi Fowler, 19422 X
Leporinus parae Eigenmann, 1907 X

Leporinus trifasciatus Steindachner, 1876 X

F=¢=*
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e Environment
River/bay Stream Floating bank

Schizodon vittatus (Valenciennes, 1850) X

Chalceidae

Chalceus epakros Zanata & Toledo-Piza, 2004 X

Characidae

Charax pauciradiatus (Gunther, 1864) X

Hemigrammus bellottii Steindachner, 1882¢ X

Hemigrammus levis Durbin, 1908¢ X
Hemigrammus ocellifer (Steindachner, 1882) X X
Hemigrammus schmardae (Steindachner, 1882)° ¢ X X
Hemigrammus unilineatus (Gill, 1858)> X

Hyphessobrycon bentosi Durbin, 1908 X

Hyphessobrycon copelandi Durbin, 1908¢ X X
Hyphessobrycon diancistrus Weitzman, 1977% <

Hyphessobrycon heterorhabdus (Ulrey, 1894)° X

Hyphessobrycon aff. moniliger Moreira, Lima & Costa, 2002° X

Hyphessobrycon sp.2 X
Jupiaba anteroides (Géry, 1965)° X

Moenkhausia ceros Eigenmann, 1908%*©

Moenkhausia collettii (Steindachner, 1882) X

Moenkhausia lata Eigenmann, 19082 X X
Moenkhausia mikia Marinho & Langeani, 2010 X

Priocharax sp.° X

Pristella maxillaris (Ulrey, 1894 X

Roeboides descalvadensis Fowler, 19322« X

Tetragonopterus chalceus Spix & Agassiz, 1829*¢ X

Thayeria obliqua Eigenmann, 1908 ¢ X X

Crenuchidae

Crenuchus spilurus Gunther, 1863¢ X X X
Microcharacidium eleotrioides (Géry, 1960)* X X

Ctenoluciidae

Boulengerella maculata (Valenciennes, 1850) X

Curimatidae

Curimata inornata Vari, 1989 X

Curimata vittata (Kner, 1858) X

Curimatopsis aff. evelynae Géry, 1964° X

Cyphocharax abramoides (Kner, 1858) X

F=¢=*
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(Continue)

Taxon

Environment

River/bay Stream Floating bank
Cyphocharax festivus Vari, 1992¢ X
Cyphocharax multilineatus (Myers, 1927) X
Cynodontidae
Cynodon septenarius Toledo-Piza, 2000 X
Erythrinidae
Erythrinus erythrinus (Bloch & Schneider, 1801)° X X
Hoplerythrinus unitaeniatus (Spix & Agassiz, 1829) X
Hoplias malabaricus (Bloch, 1794) X X X
Gasteropelecidae
Carnegiella strigata (GUnther, 1864)° X X
Hemiodontidae
Hemiodus atranalis (Fowler, 1940) X
Hemiodus unimaculatus (Bloch, 1794)° X
Micromischodus sugillatus Roberts, 1971 X
Iguanodectidae
Bryconops gracilis (Eigenmann, 1908) X
Bryconops melanurus (Bloch, 1794)¢ X
lguanodectes rachovii Regan, 1912% X
Lebiasinidae
Copeina guttata (Steindachner, 1876)° X
Copella arnoldi (Regan, 1912)* < X
Copella callolepis (Regan, 1912) X
Nannostomus beckfordi Gunther, 1872° ¢ X
Nannostomus eques Steindachner, 1876¢ X X
Nannostomus limatus Weitzman, 1978 X
Nannostomus trifasciatus Steindachner, 1876 ¢ X
Nannostomus unifasciatus Steindachner, 1876° X
Pyrrhulina semifasciata Steindachner, 1876° X
Pyrrhulina sp. X
Serrasalmidae
Catoprion mento (Cuvier, 1819) X
Metynnis sp. X
Myloplus arnoldi Anl, 1936 X
Myloplus asterias (Muller & Troschel, 1844) X
Myloplus rhomboidalis (Cuvier, 1818) X
Pristobrycon striolatus (Steindachner, 1908)" X

F=¢=*
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River/bay Stream Floating bank
Pygopristis denticulata (Cuvier, 1819)¢ X X
Serrasalmus altispinis Merckx, Jégu & Santos, 2000 X
Serrasalmus eigenmanni Norman, 1929¢ X
Serrasalmus gouldingi Fink & Machado-Allison, 1992 X
Serrasalmus rhombeus (Linnaeus, 1766) X
Serrasalmus sp.? X
Triportheidae
Agoniates halecinus Muller & Troschel, 1845 X
Triportheus albus Cope, 1872¢ X
Triportheus elongatus (Gunther, 1864) X
SILURIFORMES
Auchenipteridae
Ageneiosus inermis (Linnaeus, 1766) X
Ageneiosus lineatus Ribeiro, Rapp Py-Daniel & Walsh, 20172 X
Ageneiosus ucayalensis Castelnau, 1855 X
Auchenipterichthys longimanus (Gunther, 1864) X
Auchenipterichthys punctatus (Valenciennes, 1840)° X
Auchenipterus nuchalis (Spix & Agassiz, 1829) X
Centromochlus heckelii (De Filippi, 1853) X
Pseudauchenipterus nodosus (Bloch, 1794) X
Tatia caxiuanensis Sarmento-Soares & Martins-Pinheiro, 2008° X X
Tatia intermedia (Steindachner, 1877 X
Tetranematichthys quadrifilis (Kner, 1858)° X
Tetranematichthys wallacei Vari & Ferraris, 2006¢ X
Trachelyichthys exilis Greenfield & Glodek, 1977 X
Trachelyopterus galeatus (Linnaeus, 1766)" X
Trachelyopterus gr. striatulus (Steindachner, 1877 X
Callichthyidae
Callichthys callichthys Linnaeus, 1758¢ X
Megalechis picta (Muller & Troschel, 1849) X X X
Megalechis thoracata (Valenciennes, 1840)° X X X
Cetopsidae
Cetopsis coecutiens (Lichtenstein, 1819) X
Helogenes marmoratus Gunther, 1863¢ X
Doradidae
Acanthodoras cathaphractus Linnaeus, 1758¢ X

F=¢=*
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Taxon

Environment

River/bay Stream Floating bank
Acanthodoras spinosissimus (Eigenmann & Eigenmann, 1888)° X
Astrodoras asterifrons (Kner, 1853)° X X
Megalodoras uranoscopus (Eigenmann & Eigenmann, 1888)° X
Ossancora asterophysa Birindelli & Sabaj Pérez, 2011 X
Physopyxis ananas Sousa & Rapp Py-Daniel, 2005 X
Heptapteridae
Gladioglanis conquistador Lundberg, Bornbusch & Mago-Leccia, 1991¢ X
Rhamdia muelleri (Gunther, 1864)° X
Loricariidae
Ancistrus sp. X X
Farlowella amazonum (GUnther, 1864)* =<
Hypancistrus lunaorum Armbruster, Lujan & Taphorn, 2007 X
Hypoptopoma sp. X X
Limatulichthys griseus (Eigenmann, 1909)? X
Loricaria sp.? X
Loricarichthys acutus (Valenciennes, 1840) X
Otocinclus mura Schaefer, 1997° X
Panaqolus tankei Cramer & Sousa, 2016* X
Peckoltia sp. X
Pseudacanthicus hystrix (Valenciennes, 1840)* X
Pterygoplichthys sp. X
Pimelodidae
Brachyplatystoma filamentosum (Lichtenstein, 1819) X
Brachyplatystoma vaillantii (Valenciennes, 1840) X
Hypophthalmus fimbriatus Kner, 1858 X
Hypophthalmus marginatus Valenciennes, 1840 X
Pimelodina flavipinnis Steindachner, 1876*¢ X
Pimelodus albofasciatus Mees, 1974 X
Pimelodus ornatus Kner, 1858¢ X
Pimelodus sp. X
Platynematichthys notatus (Jardine, 1841) X
Pseudoplatystoma punctifer (Castelnau, 1855) X
Pseudopimelodidae
Batrochoglanis aff. villosus (Eigenmann, 1912) X X
Trichomycteridae
Ochmacanthus sp.° X
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River/bay Stream Floating bank
Plectrochilus sp.° X
Potamoglanis hasemani (Eigenmann, 1914) X
Tridentopsis sp.° X
Vandellia cirrhosa Valenciennes, 1846° X
GYMNOTIFORMES
Apteronotidae
Apteronotus aff. albifrons (Linnaeus, 1766)* ¢ X
Porotergus sp.* X
Sternarchogiton sp.? X
Gymnotidae
Electrophorus electricus (Linnaeus, 1766) X X
Gymnotus carapo Linnaeus, 1758¢ X X
Gymnotus coatesi La Monte, 19352 X
Gymnotus coropinae Hoedeman, 1962° X
Hypopomidae
Brachyhypopomus brevirostris (Steindachner, 1868)° X X
Brachyhypopomus pinnicaudatus (Hopkins, 1991)¢ X
Microsternarchus bilineatus Fernandez-Yépez, 1968 X X
Rhamphichthyidae
Gymnorhamphichthys rondoni (Miranda Ribeiro, 1920)" X
Hypopygus benoneae Peixoto, Dutra, de Santana & Wosiacki, 2013° X
Hypopygus lepturus Hoedeman, 1962¢ X
Rhamphichthys marmoratus Castelnau, 1855*¢ X
Steatogenys duidae (La Monte, 1929)° ¢ X
Sternopygidae
Archolaemus blax Korringa, 1970 X
Eigenmannia antonioi Peixoto, Dutra & Wosiacki, 2015 X
Eigenmannia aff. macrops (Boulenger, 1897) X
Eigenmannia nigra Mago-Leccia, 1994*¢ X
Sternopygus macrurus (Bloch & Schneider, 1801) X X
Sternopygus xingu Albert & Fink, 1996 X
CYPRINODONTIFORMES
Cynolebiidae
Anablepsoides urophthalmus (Gunther, 1866) X X
Laimosemion strigatus (Regan, 1912) X X
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River/bay Stream Floating bank

Poecilidae

Fluviphylax palikur Costa & Le Balil, 1999 ¢ X X
Pamphorichthys cf. araguaiensis Costa, 1991 X

BELONIFORMES

Belonidae

Potamorrhaphis guianensis (Jardine, 1843) X

Pseudotylosurus angusticeps (Ginther, 1866) X

Pseudotylosurus microps (Gunther, 1866) X

PERCIFORMES

Cichlidae
Acarichthys heckelii (Muller & Troschel, 1849)° X X
Acaronia nassa (Heckel, 1840)° X X X
Aequidens tetramerus (Heckel, 1840) X X
Apistogramma gr. agassizii (Steindachner, 1875) X X
Apistogramma gr. regani Kullander, 19807 X
Astronotus crassipinnis (Heckel, 1840) X

Biotodoma cupido (Heckel, 1840) X

Caquetaia spectabilis (Steindachner, 1875) X X
Chaetobranchus flavescens Heckel, 1840° X

Cichla melaniae Kullander & Ferreira, 2006° X

Cichla monoculus Agassiz, 1831 X

Cichla temensis Humboldt, 1821 X

Crenicichla macrophthalma Heckel, 1840 X

Crenicichla regani Ploeg, 1989 X

Crenicichla strigata Gunther, 1862¢ X

Crenicichla sp.* X X

Geophagus proximus (Castelnau, 1855)° X

Geophagus aff. surinamensis (Bloch, 1791) X

Heros efasciatus Heckel, 18402 ¢ X
Heros notatus (Jardine, 1843)° X

Hypselecara coryphaenoides (Heckel, 1840)° X X

Laetacara curviceps (Ahl, 1923)° X
Mesonauta festivus (Heckel, 1840) X X X
Nannacara taenia Regan, 1912%¢ X

Pterophyllum scalare (Schultze, 1823)° X

F=¢=*
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(Conlusion)

Taxon

Environment

River/bay

Stream

Floating bank

Satanoperca jurupari (Heckel, 1840)-

X

Symphysodon aequifasciatus Pellegrin, 1904<

Taeniacara candidi Myers, 1935

Eleotridae

Microphilypnus ternetzi Myers, 19272

Polycentridae

Monocirrhus polyacanthus Heckel, 1840¢

Polycentrus schomburgkii Muller & Troschel, 1849¢

Scianidae

Pachypops fourcroi (Lacepéde, 1802)

Plagioscion squamosissimus (Heckel, 1840)

PLEURONECTIFORMES

Achiridae

Hypoclinemus mentalis (GUnther, 1862)°

TETRAODONTIFORMES

Tetraodontidae

Colomesus asellus (Muller & Troschel, 1849)

SYNBRANCHIFORMES

Synbranchidae

Synbranchus marmoratus Bloch, 1795

Synbranchus sp.

F=¢=*
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Appendix 2. Voucher codes.

MYLIOBATIFORMES. Potamotrygonidae. Potamotrygon
constellata: MPEG 11711.

OSTEOGLOSSIFORMES. Arapaimidae. Arapaima gigas:
MPEG 11302. Osteoglossidae. Osteoglossum bicirrhosum:
MPEG 3769, MPEG 11377, MPEG 15280.

CLUPEIFORMES. Engraulidae. Anchovia surinamensis:
MPEG 6524, MPEG 8865, MPEG 8952, MPEG 11277,
MPEG 11278, MPEG 35290. Anchoviella cayennensis:
MPEG 6140. Lycengraulis batesii: MPEG 6499, MPEG
8709, MPEG 9331. Pristigasteridae. llisha amazonica:
MPEG 8647, MPEG 11306, MPEG 11338, MPEG 27161.
Pellona castelnaeana: MPEG 6538, MPEG 11340. Pellona
flavipinnis: MPEG 11339.

CHARACIFORMES. Acestrorhynchidae. Acestrorhynchus
falcatus: MPEG 11326, MPEG 16213. Acestrorhynchus
falcirostris: MPEG 4830, MPEG 19193, MPEG 27166.
Acestrorhynchus microlepis: MPEG 4762. Gnathocharax
steindachneri: MPEG 6217. Heterocharax virgulatus: MPEG
8176, MPEG 11459. Laemolyta proxima: MPEG 4858,
MPEG 8612, MPEG 8681, MPEG 8720, MPEG 8845,
MPEG 18631. Leporinus agassizi: MPEG 8671. Leporinus
fasciatus: MPEG 4859, MPEG 8652, MPEG 8698,
MPEG 8701. Leporinus moralesi: MPEG 10187. Leporinus
parae: MPEG 8713. Leporinus trifasciatus: MPEG 8690.
Schizodon vittatus: MPEG 8992. Chalceidae. Chalceus
epakros: MPEG 8638. Characidae. Charax pauciradiatus:
MPEG 6525, MPEG 6584, MPEG 8114, MPEG 15447.
Hemigrammus bellottii: MPEG 7664. Hemigrammus levis:
MPEG 10157, MPEG 10388. Hemigrammus ocellifer:
MPEG 11687. Hemigrammus schmardae: MPEG 10302,
MPEG 10303. Hemigrammus unilineatus: MPEG 11520,
MPEG 11677. Hyphessobrycon aff. moniliger: MPEG 23385.
Hyphessobrycon bentosi: MPEG 11264, MPEG 11269.
Hyphessobrycon copelandi: MPEG 10147, MPEG 10150.

(Continue)

Hyphessobrycon diancistrus: MPEG 10298. Hyphessobrycon
heterorhabdus: MPEG 10391, MPEG 12098, MPEG 12099.
Hyphessobrycon sp.. MPEG 9887, MPEG 9968, MPEG
1362. Jupiaba anteroides: MPEG 15445. Moenkhausia
ceros: MPEG 11685. Moenkhausia collettii: MPEG 9951,
MPEG 10389, MPEG 11254, MPEG 11680. Moenkhausia
lata: MPEG 6609, MPEG 6610, MPEG 8600, MPEG 11290.
Moenkhausia mikia: MPEG 8731, MPEG 8843, MPEG
8990, MPEG 10134, MPEG 35293, MPEG 35296, MPEG
35299. Priocharax sp.. MPEG 23389. Fristella maxillaris:
MPEG 35302. Roeboides descalvadensis: MPEG 8920.
Tetragonopterus chalceus: MPEG 8685. Thayeria obliqua:
MPEG 6212, MPEG 11450, MPEG 11509, MPEG 11623,
MPEG 15517, MPEG 15272. Crenuchidae. Crenuchus
spilurus: MPEG 6155, MPEG 10476, MPEG 10484.
Microcharacidium eleotrioides: MPEG 6194, MPEG 6561,
MPEG 11492, MPEG 11662. Ctenoluciidae. Boulengerella
maculata: MPEG 11036, MPEG 19182. Curimatidae.
Curimata inornata: MPEG 8570, MPEG 11305, MPEG
11350. Curimata vittata: MPEG 6521, MPEG 11159,
Curimatopsis aff. evelynae: MPEG 10142, MPEG 10485,
MPEG 11415, MPEG 11447. Cyphocharax abramoides:
MPEG 8803, MPEG 8996, MPEG 15539, MPEG 4889.
Cyphocharax festivus: MPEG 8750, MPEG 9304, MPEG
15452, MPEG 15518. Cyphocharax multilineatus: MPEG
8700. Cynodontidae. Cynodon septenarius: MPEG 19184,
MPEG 8627. Erythrinidae. Erythrinus erythrinus: MPEG
11567, MPEG 11577, MPEG 12023, MPEG 16577, MPEG
16676, MPEG 6512. Hoplerythrinus unitaeniatus: MPEG
23387. Hoplias malabaricus: MPEG 8115, MPEG 8842,
MPEG 8910, MPEG 4844. Gasteropelecidae. Carnegiella
strigata: MPEG 10410, MPEG 10481, MPEG 11906,
MPEG 11908, MPEG 6204. Hemiodontidae. Hemiodus
atranalis: MPEG 8863, MPEG 8682, MPEG 8683.
Hemiodus unimaculatus: MPEG 15457, MPEG 15460,
MPEG 15480, MPEG 18632, MPEG 4972. Micromischodus
sugillatus: MPEG 6539, MPEG 11136, MPEG 15469.
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Iguanodectidae. Bryconops gracilis: MPEG 6545, MPEG
6574, MPEG 6582, MPEG 6592, MPEG 8560, MPEG
8617, MPEG 9356, MPEG 35288, MPEG 35294. Bryconops
melanurus: MPEG 6543, MPEG 6568, MPEG 6572, MPEG
6575, MPEG 6578, MPEG 6586, MPEG 6587, MPEG
6588, MPEG 6599, MPEG 6602, MPEG 8556, MPEG
8564, MPEG 8571, MPEG 8573, MPEG 8616, MPEG 8661,
MPEG 8672, MPEG 8679, MPEG 8684, MPEG 8686,
MPEG 8692, MPEG 8727, MPEG 8746, MPEG 8765,
MPEG 8771, MPEG 8821, MPEG 8826, MPEG 8829, MPEG
8839, MPEG 8854, MPEG 8862, MPEG 8867, MPEG 8875,
MPEG 8908, MPEG 8916, MPEG 8949, MPEG 8950, MPEG
8951, MPEG 8955, MPEG 9309, MPEG 9338, MPEG 9341,
MPEG 9342, MPEG 9346, MPEG 9355, MPEG 11621.
[suanodectes rachovii: MPEG 11449. Lebiasinidae. Copeina
guttata: MPEG 10415, MPEG 10426, MPEG 10440. Copella
arnoldi: MPEG 10416, MPEG 10436, MPEG 11271, MPEG
11491, Copella callolepis: MPEG 10407, MPEG 10437,
MPEG 10477, MPEG 11667. Nannostomus beckfordi: MPEG
1276, MPEG 11452, MPEG 11457. Nannostomus eques:
MPEG 6114, MPEG 6193, MPEG 6570. Nannostomus
limatus: MPEG 6115. Nannostomus trifasciatus: MPEG
6159. Nannostomus unifasciatus: MPEG 11266. Pyrrhulina
semifasciata: MPEG 23388. Pyrrhulina sp.: MPEG 10425,
MPEG 10480, MPEG 6156. Serrasalmidae. Catoprion
mento: MPEG 8770, MPEG 11343, MPEG 18638, MPEG
6583, MPEG 6593. Metynnis sp.: MPEG 19185, MPEG
22938, MPEG 24343, MPEG 6182. Myloplus arnoldi:
MPEG 6527, MPEG 11337. Myloplus asterias: MPEG 9362.
Myloplus rhomboidalis: MPEG 8781. Pristobrycon striolatus:
MPEG 8775, MPEG 8913. Pygopristis denticulata: MPEG
8759, MPEG 8767, MPEG 9322, MPEG 11267, MPEG
19308. Serrasalmus altispinis: MPEG 6505, MPEG 8592,
MPEG 8613, MPEG 10019, MPEG 11363, MPEG 19183,
MPEG 19318. Serrasalmus ejgenmanni: MPEG 8967, MPEG
9590, MPEG 15511, Serrasalmus gouldingi: MPEG 6506,
MPEG 6550, MPEG 6603, MPEG 15461, MPEG 15828,

(Continue)

MPEG 35295. Serrasalmus rhombeus: MPEG 11367, MPEG
6505. Serrasalmus sp.: MPEG 6142, MPEG 6507, MPEG
6522, MPEG 8607, MPEG 8607, MPEG 35291, MPEG
8982, MPEG 9322, MPEG 11286. Triportheidae. Agoniates
halecinus: MPEG 15471, MPEG 15825, MPEG 18634,
MPEG 24337, MPEG 6604. Triportheus albus: MPEG 8611,
MPEG 8670, MPEG 8825, MPEG 8864, MPEG 8939,
MPEG 11316. Triportheus elongatus: MPEG 6589, MPEG
8744, MPEG 8776.

SILURIFORMES. Auchenipteridae. Ageneiosus inermis:
MPEG 8630, MPEG 8719. Ageneiosus lineatus: MPEG 8640,
MPEG 8642, MPEG 8643, MPEG 8646, MPEG 8649,
MPEG 8651, MPEG 8726, MPEG 8857, MPEG 8877, MPEG
8896, MPEG 11291. Ageneiosus ucayalensis: MPEG 8108,
MPEG 8112, MPEG 11715, MPEG 16208. Auchenipterichthys
longimanus: MPEG 14851, MPEG 14950, MPEG 15049,
MPEG 15148, MPEG 15247, MPEG 15346, MPEG 15445,
MPEG 15544, MPEG 4370. Auchenipterichthys punctatus:
MPEG 15838. Auchenipterus nuchalis: MPEG 8724, MPEG
8764, MPEG 8888, MPEG 4357. Centromochlus heckelii:
MPEG 8578. Pseudauchenipterus nodosus: MPEG 8582,
MPEG 8583. Tatia caxiuanensis: MPEG 6201, MPEG 9859.
Tatia intermedia: MPEG 8769, MPEG 8891, MPEG 6601.
Tetranematichthys quadrifilis: MPEG 4373, MPEG 6552.
Tetranematichthys wallacei: MPEG 6501, MPEG 6528.
Trachelyichthys exilis: MPEG 8580, MPEG 8584, MPEG
8666. Trachelyopterus galeatus: MPEG 8804, MPEG 8818,
MPEG 10190, MPEG 11349, MPEG 11378, MPEG 35289,
MPEG 35297, MPEG 35298. Trachelyopterus gr. striatulus:
MPEG 8664, MPEG 8660, MPEG 8961, MPEG 8986,
MPEG 35292. Callichthyidae. Megalechis picta: MPEG
6154, MPEG 9551. Megalechis thoracata: MPEG 6541,
MPEG 11387, MPEG 13328. Callichthys callichthys: MPEG
11309, MPEG 11320. Cetpsidae. Cetopsis coecutiens: MPEG
4381, MPEG 8636, MPEG 8659. Helogenes marmoratus:
MPEG 11915, MPEG 11916, MPEG 11476. Doradidae.
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Acanthodoras cathaphractus: MPEG 23392. Acanthodoras
spinosissimus: MPEG 11307, MPEG 11529, MPEG 15446,
MPEG 16204. Astrodoras asterifrons: MPEG 8645, MPEG
11003, MPEG 15276. Megalodoras uranoscopus: MPEG
11308. Ossancora asterophysa: MPEG 9970, MPEG 10153.
Physopyxis ananas: MPEG 6151, MPEG 11919, MPEG 13936.
Heptapteridae. Gladioglanis conquistador: MPEG 11655,
MPEG 11663, MPEG 35283. Rhamdia muelleri: MPEG
13408. Loricariidae. Ancistrus sp.: MPEG 11345, MPEG
11816. Farlowella amazonum: MPEG 11602. Hypoptopoma
sp.: MPEG 8597, MPEG 10165. Limatulichthys griseus:
MPEG 6595, MPEG 6596, MPEG 8730, MPEG 8783.
Loricaria sp.: MPEG 8802. Loricarichthys acutus: MPEG
8936, MPEG 8988, MPEG 15278. Otocinclus mura: MPEG
23386. Panaqolus tankei: MPEG 11274. Peckoltia sp.: MPEG
6613, MPEG 6614, MPEG 6615, MPEG 8644, MPEG 8779,
MPEG 11292, MPEG 11345, MPEG 11361, MPEG 24346.
Pseudacanthicus hystrix: MPEG 9306. Pterygoplichthys
sp.: MPEG 6555. Pimelodidae. Brachyplatystoma
filamentosum: MPEG 11405. Brachyplatystoma vaillantii.
MPEG 1303. Hypophthalmus fimbriatus: MPEG 4377,
MPEG 18954. Hypophthalmus marginatus: MPEG 18954,
MPEG 4377. Pimelodina flavipinnis: MPEG 11321. Pimelodus
albofasciatus: MPEG 4377. Pimelodus ornatus: MPEG
8844, MPEG 15277. Pimelodus sp.. MPEG 8991, MPEG
11288, MPEG 11348, MPEG 11620. Platynematichthys
notatus: MPEG 6560. Pseudoplatystoma punctifer:
MPEG 8629. Pseudopimelodidae. Batrochoglanis cf.
villosus: MPEG 9980, MPEG 10424. Trichomycteridae.
Ochmacanthus sp.: MPEG 10396. Plectrochilus sp.: MPEG
27172, MPEG 27174. Potamoglanis hasemani: MPEG
10395, MPEG 10401, MPEG 10412, MPEG 10499,
MPEG 10501, MPEG 12069, MPEG 12071, MPEG
12073, MPEG 12075, MPEG 12077, MPEG 12079,
MPEG 12115, MPEG 16560, MPEG 16561, MPEG 16562,
MPEG 16563, MPEG 16564, MPEG 16565. Tridentopsis
sp.: MPEG 23384. Vandellia cirrhosa: MPEG 27173.

(Continue)

GYMNOTIFORMES. Apteronotidae. Apteronotus
aff. albifrons: MPEG 8615, MPEG 11333. Porotergus
sp.: MPEG 9886. Sternarchogiton sp.: MPEG 9964.
Gymnotidae. Electrophorus electricus: MPEG 6488,
MPEG 15270. Gymnotus carapo: MPEG 6490. Gymnotus
coatesi: MPEG 11652, MPEG 10173, MPEG 10518,
MPEG 23390. Gymnotus coropinae: MPEG 18710, MPEG
18711. Hypopomidae. Brachyhypopomus brevirostris:
MPEG 9884. Brachyhypopomus pinnicaudatus: MPEG
3735, MPEG 6482, MPEG 9942, MPEG 9943, MPEG
9962, MPEG 9987, MPEG 10162. Microsternarchus
bilineatus: MPEG 6124, MPEG 6483, MPEG 9885,
MPEG 10163, MPEG 10510, MPEG 10512, MPEG 10515.
Rhamphichthyidae. Gymnorhamphichthys rondoni: MPEG
12041, MPEG 10507. Hypopygus benoneae: MPEG 3729,
MPEG 3731, MPEG 18713, MPEG 23603, MPEG 23604,
MPEG 23605, MPEG 24295, MPEG 24296. Hypopygus
lepturus: MPEG 6210, MPEG 9945, MPEG 9965, MPEG
9967, MPEG 10008, MPEG 10171, MPEG 10509, MPEG
12043, MPEG 12044, MPEG 12045. Rhamphichthys
marmoratus: MPEG 8833, MPEG 27171, MPEG 15528,
MPEG 6489, MPEG 6491. Steatogenys duidae: MPEG
12042, MPEG 9340. Sternopygidae. Archolaemus blax:
MPEG 8596. Eigenmannia aff. macrops: MPEG 8798,
MPEG 9319. Eigenmannia antonioi: MPEG 9940, MPEG
10156, MPEG 10167, MPEG 10181, MPEG 10182, MPEG
10186, MPEG 29486, MPEG 11670. Eigenmannia nigra:
MPEG 6484, MPEG 8717, MPEG 15522. Sternopygus
macrurus: MPEG 6487, MPEG 11323, MPEG 11539.
Sternopygus xingu: MPEG 6484, MPEG 8657, MPEG
10015, MPEG 10191.

CYPRINODONTIFORMES. Cynolebiidae. Anablepsoides
urophthalmus: MPEG 9946, MPEG 9954, MPEG 11615,
MPEG 11650. Laimosemion strigatus: MPEG 9949,
MPEG 9984, MPEG 10154, MPEG 10434, MPEG 11584.
Poecilidae. Fluviphylax palikur: MPEG 11574, MPEG 11581,
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MPEG 11603, MPEG 11611, MPEG 11613, MPEG 11661.
Pamphorichthys cf. araguaiensis: MPEG 6564,

BELONIFORMES. Belonidae. Potamorrhaphis guianensis:
MPEG 6203, MPEG 11330, MPEG 11702. Pseudotylosurus
angusticeps: MPEG 8780, MPEG 8929. Pseudotylosurus
microps: MPEG 11708.

PERCIFORMES. Cichlidae. Acarichthys heckelii: MPEG
4916, MPEG 8662, MPEG 11409, MPEG 11601. Acaronia
nassa: MPEG 3835, MPEG 9875, MPEG 10141, MPEG
11282, MPEG 11335. Aequidens tetramerus: MPEG 6446,
MPEG 6450, MPEG 6472, MPEG 10505, MPEG 23438,
MPEG 27160. Apistogramma gr. agassizi: MPEG 6117,
MPEG 10482. Apistogramma gr. regani: MPEG 9881, MPEG
10137, MPEG 10139, MPEG 23391. Astronotus crassipinnis:
MPEG 11402. Caquetaia spectabilis: MPEG 10519, MPEG
6454. Biotodoma cupido: MPEG 6131. Chaetobranchus
flavescens: MPEG 6476. Cichla melaniae: MPEG 6478.
Cichla monoculus: MPEG 11391, MPEG 15294, MPEG 6477.
Cichla temensis: MPEG 8831, MPEG 11395, MPEG 3840.
Crenicichla macrophthalma: MPEG 9329. Crenicichla regani:
MPEG 6444. Crenicichla sp.1: MPEG 6479, MPEG 8790,
MPEG 10180. Crenicichla strigata: MPEG 3841, MPEG 8609,
MPEG 8693, MPEG 8999. Geophagus aff. surinamensis:
MPEG 6462, MPEG 15267, MPEG 15269, MPEG 15467,
MPEG 6178. Geophagus proximus: MPEG 8563, MPEG
8603, MPEG 8604, MPEG 8641, MPEG 11280. Heros

(Conclusion)

efasciatus: MPEG 6191, MPEG 8752. Heros notatus: MPEG
6166, MPEG 10417. Hypselecara coryphaenoides: MPEG
9909, MPEG 6447. Laetacara curviceps: MPEG 6119, MPEG
6120, MPEG 6452, MPEG 10138, MPEG 10161, Mesonauta
festivus: MPEG 6177, MPEG 9908, MPEG 11546. Nannacara
taenia: MPEG 6150, MPEG 6445, MPEG 6467, MPEG
11263. Pterophyllum scalare: MPEG 6453. Satanoperca
Jurupari: MPEG 6475, MPEG 8118, MPEG 9122, MPEG
6475. Symphysodon aequifasciatus: MPEG 11273, MPEG
11531, MPEG 11373. Taeniacara candidi: MPEG 9883, MPEG
23431. Microphilypnus ternetzi: MPEG 10421, MPEG 11412.
Polycentridae. Monocirrhus polyacanthus: MPEG 10488,
MPEG 12091. Polycentrus schomburgkii: MPEG 11258.
Scianidae. Pachypops fourcroi: MPEG 8614, MPEG 6138,
Plagioscion squamosissimus: MPEG 3808, MPEG 8677,
MPEG 8721, MPEG 8801.

PLEURONECTIFORMES. Achiridae. Hypoclinemus
mentalis: MPEG 6139, MPEG 8655, MPEG 8806.

TETRAODONTIFORMES. Tetraodontidae. Colomesus
asellus: MPEG 6134, MPEG 8121, MPEG 9960, MPEG
9972, MPEG 11518.

SYNBRANCHIFORMES. Synbranchidae. Synbranchus
marmoratus: MPEG 9955, MPEG 10192. Synbranchus sp.:
MPEG 9939, MPEG 9977, MPEG 11582, MPEG 14942,
MPEG 11525.

===

204



	_GoBack

