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Abstract

The Cusiana River sub-basin has been identified as a priority conservation area in the Orinoco region in
Colombia due to its high species diversity. This study presents an updated checklist and identification key
for fishes of the Cusiana River sub-basin. The checklist was assembled through direct examination of speci-
mens deposited in the main Colombian ichthyological collections. A total of 2020 lots from 167 different
localities from the Cusiana River sub-basin were examined and ranged from 153 to 2970 m in elevation.
The highest number of records were from the piedmont region (1091, 54.0 %), followed by the Llanos
(878, 43.5 %) and Andean (51, 2.5 %). 241 species distributed in 9 orders, 40 families, and 158 gen-
era were found. The fish species richness observed (241), represents 77.7 % of the 314 estimated species
(95 % CI=276.1-394.8). The use of databases to develop lists of fish species is not entirely reliable; therefore
taxonomic verification of specimens in collections is essential. The results will facilitate comparisons with other
sub-basins of the Orinoquia, which are not categorized as areas of importance for conservation in Colombia.
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Resumen

La sub-cuenca del rio Cusiana ha sido designada como una de las dreas prioritarias para la conservacién
en la regién del Orinoco en Colombia debido a su alta diversidad de especies. Este estudio presenta una
lista actualizada y una clave de identificacién para los peces del 4rea. Para ello se revisaron los especimenes
depositados en las principales colecciones ictiolégicas colombianas. Se examinaron un total de 2020 lotes de
167 localidades diferentes de la sub-cuenca del rio Cusiana, que oscilaron entre 153 y 2970 m en altitud. El
mayor nimero de registros corresponde a la regién del piedemonte (1091, 54.0%), seguida por los Llanos
(878, 43.5%) y Andina (51, 2.5%). Encontramos 241 especies distribuidas en 9 érdenes, 40 familias y 158
géneros. La riqueza de especies de peces observada (241), representan el 77.7% de las 314 especies estimadas
(IC 95% = 276.1-394.8). El uso de bases de datos para elaborar listas de especies de peces no es del todo
fiable, por lo tanto, es esencial la verificaciéon taxondémica de los especimenes en las colecciones. Estos resul-
tados permitirdn evaluar otras sub-cuencas de la Orinoquia, las cuales no estdn categorizadas como dreas de
importancia para la conservacién en Colombia.
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Introduction

The Orinoco River, with an estimated richness of 1002 species of freshwater fishes, is
the second most diverse drainage in the Neotropical region (Reis et al. 2016). None-
theless, the basin has been exposed to increasing threats due to human activities that
place the enormous fish diversity at risk (Barletta et al. 2010, Rybicki and Hanski
2013, Lasso et al. 2016). The systems draining the Andean region (western tributar-
ies of the Orinoco) are considered the most threatened at basin scale (Rodriguez
et al. 2007, Machado-Allison et al. 2010, Lasso et al. 2016). The rivers originating
in the Andes are heavily exposed to threats like habitat fragmentation, contamina-
tion, deforestation, the introduction of non-native species and mining (Machado-
Allison et al. 2010, Anderson and Maldonado-Ocampo 2011, Lasso et al. 2016).
Additionally, large gaps regarding the basic knowledge of fish diversity of the Andean
sub-basins are persistent, especially in Colombia (Maldonado-Ocampo et al. 2008,
Machado-Allison et al. 2010, Lasso et al. 2016). Filling those gaps are essential to
guide adequate conservation efforts for the freshwater ecosystems and therefore face
the threats above mentioned.

The Meta River basin, with headwaters on the Eastern Cordillera of Colombia, is
one of the major tributaries of the Orinoco River (Usma-Oviedo et al. 2016). Studies
on its fish diversity (e.g., Urbano-Bonilla et al. 2009, 2014, Villa-Navarro et al. 2011,
Maldonado-Ocampo et al. 2013, Urbano-Bonilla and Maldonado-Ocampo 2013),
and recent efforts (Zamudio et al. 2008, Urbano-Bonilla et al. 2016) have advanced
our understanding of the ecology of some species. The Cusiana River sub-basin is one
of the best-known Andean tributaries of the Meta River basin; the first inventories of
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its fish diversity dated back to the 90’s with the establishment of oil companies in the
area. The Cusiana River sub-basin has been considered as a conservation priority area
for the Orinoco biodiversity due to its high diversity in several groups (Lasso et al.
2010, Trujillo et al. 2011), including fishes (Villa-Navarro et al. 2011).

Here an updated checklist and an identification key are presented for the fishes of
the Cusiana River sub-basin. We hope our results may establish a guideline that can be
replicated in other basins of the Orinoco drainage.

Materials and methods

The Cusiana River sub-basin has an extension of 7324 km? and 271 km in length,
originating at 3800 m asl on the eastern slope of the Eastern Cordillera in the Que-
bradas La Iglesia, Melgarejo, and Las Canas, Boyacd Department (5°35'N, 72°47'W),
and empties at 150 m asl in the Meta river, Casanare Department (4°31'N, 71°51"W)
(IGAC 1999) (Fig. 1). The Cusiana River sub-basin was divided by altitudinal limits
in three distinctive regions based on Abell et al. (2008): Llanos (139-300 m asl), Pied-
mont (300-1235 m asl) and High Andes (1235-3000 m asl).

The checklist was assembled by examining specimens deposited in Colombian ichthyo-
logical collections. Acronyms used in the text follow Sabaj-Pérez (2016) except uncatalogued
material housed at Fundacién Universitaria del Trépico Americano (UNITROPICO). The
taxonomic list follows the classification system proposed by Reis et al. (2003) with recent
modifications proposed by Oliveira et al. (2011) for characiform families, Betancur-R et al.
(2016) at high-level groups for osteichthyans in general, and Thomaz et al. (2015) for gen-
era of the Stevardiinae. Valid species names were confirmed through queries on the Catalog
of Fishes of the California Academy of Sciences (Eschmeyer et al. 2017). Species were cat-
egorized as endemic (DoNascimiento et al. 2017), threatened (Mojica et al. 2012), migra-
tory (Usma-Oviedo et al. 2013), and species subject of conservation (Gonzélez et al. 2015).

Species richness interpolation and extrapolation was calculated following Chao et
al. (2014) and using the package iNEXT 2.0.12 (Hsieh et al. 2016) for R v.3.4.0 (R
Core Development Team 2017). The number of localities were obtained per Orinoco
basin from the data set of the “Catalogue of the Freshwater Fishes of Colombia” (Do-
Nascimiento et al. 2017).

To construct the key (for order, families and species), original descriptions of spe-
cies, taxonomic revisions, and direct examination of specimens were used. Finally, in
order to share the information produced herein, the dataset was uploaded to SiB Co-
lombia’s data portal (GBIF Colombia Node) in accordance with their protocols for
species lists. For the latter, the complete dataset was structured and standardized to
comply with the international biodiversity standard: Darwin Core standard (Wiec-
zorek et al. 2012). After mounting the dataset on a Darwin Core spreadsheet template,
it was uploaded to SiB Colombia’s Integrated Publishing Tool for international visuali-
zation in their data portal. A DOI was provided by SiB Colombia for the shared data-
set available at http://doi.org/10.15472/er3svl, all the results, discussion and quantities
herein cited follow the version 1.8 of the published dataset.
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Figure |. Collection localities in the Cusiana River sub-basin.

Results

In total, 2020 lots from 167 different localities from the Cusiana River sub-basin rang-
ing from 152 to 2970 m asl were examined. Most of the records were found in the
piedmont (1091, 54.0%), followed by the llanos (878, 43.5%) and Andean Orinoquia
(51, 2.5%), suggesting sampling bias in elevation for this drainage, being inversely-
proportional to elevation (Fig. 2). The number of localities in Cusiana River sub-basin
represents the quantile 0.83 among the tributaries of the Orinoco drainage in Colom-
bia (Table 1). 241 species were found distributed in nine orders, 40 families, and 158
genera. The order Characiformes showed the highest richness with 106 species, fol-
lowed by Siluriformes (89), Gymnotiformes (20), and Cichliformes (15). The remain-
ing orders were represented by one to three species. The most speciose families were the
Characidae (54), Loricariidae (30), Cichlidae (15), Heptapteridae (15), Pimelodidae
(11), and Curimatidae (9), while the 34 remaining families were represented by 1 - 8
species. Extrapolation suggests that the expected richness for the Cusiana River sub-
basin is roughly 314 species (95% CI = 276.1-394.8) (Fig. 3); with the observed rich-
ness corresponding to around 77.7% the expected richness.

Concerning threatened species, five are currently categorized as Vulnerable (Poza-
motrygon motoro, Brachyplatystoma vaillantii, Pseudoplatystoma metaense, P orinocoense,
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Figure 2. Distribution of sampling records along the Elevational gradient in the Cusiana River sub-
basin. Asterisks indicate categories with the lowest sampling along the elevational gradient.

Table I. Number of sampling sites per basin.

Basin Number of sampling locations
Guamal-Humadea 213
Guacavia-Guatiquia-Humea 174
Cusiana 167
Ariari 74
Upia 61
Guayuriba 57
Cravo-Norte 56
Pauto 56
Cravo-Sur 53
Arauca 43
Guayabero 35
Tua 29

and Zungaro zungaro), and two as Nearly Threatened (Potamotrygon orbignyi and Soru-
bim lima). There are 34 species endemic to the Orinoco drainage, 20 are migratory, and
8 are subjects of conservation. A total of 50 species are new records for the Cusiana Riv-
er sub-basin, while Cetopsorhamdia shermani and Rhamdia muelleri are also new records
for Colombia. Some species from the genera Andinoacara, Astroblepus, Ceratobranchia,
Cetopsorhamdia, Chaetostoma, Characidium, Corydoras, Creagrutus, Curimatopsis, Hy-
postomus, Imparfinis, Microglanis, Parodon, Parotocinclus, Pimelodella, Poecilia, Spatu-
loricaria, and Trichomycterus, require further revision by specialists.
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Figure 3. Species accumulation curve in the Cusiana River sub-basin. Abbreviations: S.obs = observed richness,

S.est = estimated richness. Continuous line represents interpolation, and dashed line represents extrapolation.

Key to orders, families, and species of fishes of the Cusiana River sub-basin
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Five pairs of gills in ventral position...........cccceeeiiririicciininiccciren,
.............................. MYLIOBATIFORMES: Potamotrygonidae (2 species)
Two lateral gill openings, or just one gill opening under head...................... 2
Eyes located on the same side of body........c.ccovveuiriniiiineinniincccnce
...................................... PLEURONECTIFORMES: Achiridae (2 species)
Eyes located on opposite sides of body .........cccovvueineininciniinicncce, 3
Dorsal fin absent......ccoviviuiuiiiiiiiiiciicc e 4
Dorsal fIn PrESENT . .cuvvuirieiiiriciiieieirecet et 5
Anal fin absent; one ventral gill opening ...........cocoeeiiiiniiiiiiiinicce
..... SYNBRANCHIFORMES: Synbranchidae: Synbranchus marmoratus
Anal fin present, always long, two lateral gill openings..........ccccccevvveeinnanne.
............................................................... GYMNOTIFORMES (20 species)
Body naked or covered with bony plates; barbels present near the mouth......
..................................................................... SILURIFORMES (90 species)
Body totally or partially covered with scales; barbels absent...........cccceueuee. 6
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6 Dorsal and anal fins with two or more spines; scales ctenoid.........c.ccceveeee. 7
- Dorsal and anal fins without spines; scales cycloid (ctenoid in some groups)... 8
7 Lateral line interrupted .......ccoeeveevencnnncnnee CICHLIFORMES (15 species)
- Lateral line continuous ..........cccceoiiiiiiiiiiiniiiiiccces
......................................... ACANTHURIFORMES: Sciaenidae (2 species)
8 Mouth superior and somewhat protractile; adipose fin absent..........ccoc.c.......
..................................................... CYPRINODONTIFORMES (3 species)
- Mouth usually in terminal position, never protractile; adipose fin usually pre-
SCIIT.eeeeereeeeeeeeeeeeeeeeeeseraeeeesessesseeeessnnnns CHARACIFORMES (106 species)
MYLIOBATIFORMES
Potamotrygonidae
1 Dorsum brown with yellow or orange regularly distributed ocelli, ocelli rarely
fused; teeth of both jaws in adult males with cusps on the central axis, teeth
in females flattened in all rOws .........cccccciiininiicnnen. Potamotrygon motoro
- Dorsum light brown with black or dark brown spots forming reticulate hex-
agonal lattices, mainly on the interorbital region; teeth small with triangular
slightly monocuspid crowns in males and trapezoid tricuspids in females......
................................................................................ Potamotrygon orbignyi
PLEURONECTIFORMES
Achiridae
1 Pectoral fins present; gill openings wide and extending ventrally on both sides
of head.....coiviiiiiicc Hypoclinemus mentalis
- Pectoral fins absent; gill openings limited to a narrow slit and never con-
nected ventrally to both sides of head..........ccceovneinnnee. Apionichthys sauli
GYMNOTIFORMES
1 Caudal fin and dorsal filament present......c.ccoeevveeciriccnnnee Apteronotidae
- Caudal fin and dorsal filament absent...........cccccovvviiiinnnniiie, 2
2 Mouth in upper position, body cylindrical........ccccoeiniinincacns Gymnotidae
- Mouth terminal or subterminal, body compressed.........cccoeiniriinccnnnnnne. 3
3 Teeth present; nares tubular ......c..ccccevveinicinciniicne Sternopygidae
- Teeth absent; anterior nares NOt tUBUIAT «...eeeeteeeeeieeee e 4
4 Absence of mental accessory electric Organ...........cocceeivivriecicininneceene.
........................................... Hypopomidae: Brachyhypopomus brevirostris

Presence of mental accessory electric organ .................... Rhamphichthyidae
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Apteronotidae
1 Lower jaw with a distinct V-shaped median groove accommodating the
pointed decurved upper jaw........ccccecevrueaee Adontosternarchus devenanzii
- Lower jaw without a V-shaped median groove .........c.ccccoveeciininnncnnne. 2
2 Snout tubular. ..., 3
- Snout obtuse or elongate but not tubular..........cccocooiiiii 5
3 Absence of teeth on upper jaw .........c...... Platyurosternarchus macrostoma
- Presence of teeth 0n UPPer JaW......c.covrieuirieiiinieiniicrceecc e 4
4 Total anal-fin rays 212-242 ..................... Sternarchorhynchus oxyrbynchus
- Total anal-fin rays 193-210 .......cccccevvvviniiinnnen. Sternarchorhynchus roseni
5 Mid-dorsal pale stripe absent .........ccoeeveenenieinenncnnene. Compsaraia compsa
- Mid-dorsal pale Stripe Present........coecveirerieieenierieinenieieeseeeseesreeeaens 6
6 Presence of two clear bands surrounding caudal peduncle.... Apteronotus albifrons
- Presence of a single clear band surrounding base of caudal peduncle........... 7
7 More than 10 scales above lateral line ..........ccceeneenee. Apteronotus galvisi
10 or fewer scales above lateral line .........cccevvueunnes Apteronotus bonapartii
Gymnotidae
1 Without a particular color pattern on body; anal fin confluent with tail .......
............................................................................... Electrophorus electricus
- Body color pattern formed by dark oblique bands alternating with pale bands;
anal fin not confluent with tail..........coooiiiiiii 2
2 Obliquely-oriented dark bands or band pairs with straight or high-contrast
margins, 23 dark bands (usually more than 30) .......... Gymnotus cataniapo
- Obliquely-oriented dark bands or band pairs with irregular and wavy margins
23 Gymnotus carapo septentrionalis
Sternopygidae
1 Orbital margin free; all anal-fin rays simple; background color variable from
uniformly gray to black; humeral black blotch present, rarely diffused; white
narrow band under the lateral line, from the midbody to end of anal fin ......
................................................................................. Sternopygus macrurus
- Orbital margin continuous; background color variable from translucent to
white; humeral Blotch abDSENT...u.eeeeee e 2
2 Anal fin either completely black or with a black margin; no horizontal dark
stripes on body; scales above lateral line 15-18 ......... Eigenmannia limbata

Anal fin hyaline; 2 or 3 horizontal dark stripes on body; scales above lateral
line 8—11 oo Eigenmannia sp.
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Rhamphichthyidae
1 Anterior nares inside upper Lip......ccoeciviniiiininiiiinicec 2
- Anterior nares outside upper lip.....cccccvenieriiininiiiininencnceeeee 3
2 Absence of sixth infraorbital bone..........ccccccevvnrienennne. Hypopygus lepturus
- Presence of sixth infraorbital bone, as a narrow tube, positioned vertically,
parallel to posterior border of eye.......ccccervriineininicanne Hypopygus neblinae
3 Number of pectoral-fin rays fewer than 16........cccoveoineinncineiniiinceen
.............................................................. Gymnorbhamphichthys hypostomus
- Number of pectoral-fin rays more than 16.....c..cccevveeviiciniinncninccee, 4
4 Anal fin usually clear or hyaline ........cccoeeineninee. Rbamphichthys apurensis
- Anal fin usually dark with a terminal dark band.... Rbamphichthys rostratus
CYPRINODONTIFORMES
1 Pectoral fin with 1-2 unbranched rays............c...... Poeciliidae: Poecilia sp.
- Pectoral fin with all rays branched..........cccoconiinnininnne Cynolebiidae
Cynolebiidae
1 Scales on the ventral surface of the head ........cccccceennein. Anablepsoides sp.
- Scales absent on the ventral surface of the head........ Rachovia maculipinnis
SILURIFORMES
1 Mental barbels absent; ventral mouth in the form of a sucking disk with wide
LOWEE LIP.caiiiiiiiicic e 2
- Mental barbels present; terminal mouth.......c.ccocoiniiiniiniiniine, 3
2 Body naked......c.coeeoirieiniiiiiie Astroblepidae
- Body covered with bony plates........cccocoeveinncinicnncincnn Loricariidae
3 Body depressed; skin covered with tubercles and completely keratinized.......
................................................................................................ Aspredinidae
- Body not depressed; skin without tubercles........c.cccovviiniinniinicincen, 4
4 Body covered with bony plates........cccoeevieiioineiiniciniiccces 5
- Body not covered with bony plates .........cccceviveriiininiiiininiccces 6
5 Sides of body covered with two rows of bony plates.............. Callichthyidae
- Sides of body with a mid-lateral row of dermal plates armed with a lateral
TRHOII oo Doradidae
6 Opercle and interopercle with odontodes.........cccoeueunneee. Trichomycteridae

- Opercle and interopercle without odontodes ..........cocveerieverincirincnnecnns 7
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7 Lateral-line system branched on head .........cccoeceniininnan. Pimelodidae
- Lateral-line system simple, not branched on head........ccccoeiniiniinnne. 8
8 Suborbital sulcus present..........ccecvverierieiininininiineneinns Auchenipteridae
- Suborbital sulcus absent..........cccocoiiiiiiii, 9
9 Adipose fin absent.......coeveiriiniiiiiniiiee s Cetopsidae
- AdIPOSE fIN PIESENT cuevnririiiieiiietcietctrt ettt 10
10 Eyes set on anteriormost half of head, thick skin........... Pseudopimelodidae
- Eyes set on posteriormost half of head, thin skin.................... Heptapteridae
Astroblepidae
1 Adipose fin Present ......coveueuiririeuerinieeirinieerieeecreeeeeeeeeeenene Astroblepus sp.
- Adipose fin absent......c.coveveeiviriiinieieiiiccee, Astroblepus mariae
Loricariidae
1 Tail strongly depressed ..o 2
- Tail oval in Ccross-section ..........cccceeiiiiiiiniiiiiiiiiiicc 12
2 Dorsal-fin insertion in front of the anal-fin insertion .......ccccceeevivernecnnes 3
- Dorsal-fin insertion anterior to the anal-fin insertion..........cceeeveuerinecnnns 5
3 Three rows of abdominal plates........cccocoervrucennneee. Farlowella mariaelenae
- Two rows of abdominal plates........c.coeeviririnieininiiineincc e 4
4 Breeding odontodes on preorbital ridge present................... Farlowella acus
- Breeding odontodes on preorbital ridge absent ................ Farlowella vittata
5 Teeth VIO ... 6
- Teeth spoon-shaped, elongate, comb-shaped or even absent but never vil-
JHEOIII 1o 7
6 Pectoral-fin rays ,7 ....ccoevveenieecninciniecncene e Lamontichthys llanero
— Pectoral-fin rays 1,6 .c....ccevveveinieininicniriccecncce, Sturisoma tenuirostre
7 Premaxillary teeth larger than dentary teeth.............. Loricaria cataphracta
- Premaxillary teeth equal to or smaller than dentary teeth..........ccccooeeeeeneeee. 8
8 Snout round in outline; upper lip with long filaments covering mouth open-
ING ettt Dentectus barbarmatus
- Snout acute to ovoid in outline; filaments covering mouth opening absent.... 9
9 Dentary teeth larger than premaxillary teeth........ Rineloricaria eigenmanni
- Dentary teeth smaller than or equal to premaxillary teeth.......cccccvneencnnee 10
10 A pair of digitiform papillae on rictal region of mouth and an additional pair
on MoUth r00f ..o Spatuloricaria sp.

Digitiform papillae on rictal region of mouth but absent on its mouth roof..
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Anterior margin of abdominal plate cover oval in outline; fringes on upper lip

darkly pigmented........ccccoovvviiiiiiininiiiiies Loricariichthys brunneus
Anterior margin of abdominal plate cover irregular in outline; fringes on up-
per lip unpigmented .........ccoeeeiininiiiiie Limatulichthys griseus
Snout naked, not covered with plates........c.coceoerirerineenninnciinccnce 13
Snout covered with plates ........cooeeveiiiniiiiiiininiiic 17
Fleshy tentacles on snout present; three series of lateral plate series on caudal
peduncle ... Ancistrus triradiatus
Fleshy tentacles on snout absent; five series of lateral plate series on caudal
PEAUNCLE ..o 14
Cheek odontodes straight; fleshy excrescence on parieto-supraoccipital ab-
SEII. ettt Chaetostoma dorsale
Cheek odontodes curved; fleshy excrescence on parieto-supraoccipital pre-
RS PO ORROR 15

No dark spots on any fin but dark stripes present along rays in all fins; en-
larged second unbranched ray in anal fin bearing two fleshy ridges in mature

MAES oo Chaetostoma formosae
Dark spots on fins; anal fin never bearing paired fleshy ridges in mature
MALES L. 16
Ventral portion of body posterior to pelvic-fin insertion light, never covered with
abundant dark spots; pectoral-fin spine with dark spots............ Chaetostoma sp.
Body uniformly spotted; pectoral-fin spine without spots... Chaetostoma joropo
Posterior serrae on pectoral-fin spine present......... Hypoptopoma machadoi
Posterior serrae on pectoral-fin spine absent........ceevvueerieeeiniciniecnnicenes 18
Spoon-shaped teeth......c.coeciviiiiriniiiiniiiicc e 19
VAllorm teeth .....cvuiuiiiiciciiiiicccec e 21
Cheek odontodes absent.........cccoeveveeriruceinnee Hypostomus plecostomoides
Cheek odontodes present and erectile .......cccoueevirieincenincnnciniecincees 20

Dark background with yellow or white vertical and irregular bands; small
AdULE SIZ€..oeiiiic e Panaqolus maccus
Color pattern consisting of horizontal stripes; large adult size ...........c..........
................................................................................ Panaque nigrolineatus
Eyes visible in ventral view; adipose fin absent .........cccoveevinciniccnncnnes 22
Eyes not visible in ventral view; adipose fin present.........cccoveenecninicenes 23
Twenty-six or more premaxillary teeth, 21 or more mandibular teeth; teeth
slender, tightly spaced along the jaw rami, spacing between teeth equal to or
greater than the tooth shaft width, tooth cusps small ... Otecinclus huaorani
Fewer than 25 premaxillary teeth, 20 mandibular teeth; teeth robust, spacing
between teeth equal to or greater than tooth shaft width, tooth cusps robust......
............................................................................................. Orocinclus vittatus
Coracoid bearing odontodes in ventral surface................... Parotocinclus sp.
Coracoid covered with skin and not bearing odontodes.............cccccueuenee. 24
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Setiform odontodes on sides of head; three series of lateral plates on caudal
peduncle ..o Lasiancistrus tentaculatus
No setiform odontodes on sides of head; five series of lateral plates on caudal
PEAUNCLE ..o 25
Hypertrophied cheek odontodes surpassing base of pectoral fin; pectoral-fin
spine reaching or surpassing tip of pelvic-fin leading ray .........ccocccceiinnnnne,
............................................................................... Dolichancistrus fuesslii
No hypertrophied cheek odontodes; pectoral-fin spine not reaching tip of
pelvic-fin leading ray.........ccooeiiiiininiiiiiicc e 26
Multiple buccal papillae.........cccovvveiriecnincnnnes Aphanotorulus ammophilus
Single medial buccal papilla..........ccooiiiiiiiiiiii 27
More than 11 branched dorsal-fin rays........ Pterygoplichthys multiradiatus
Less than 11 branched dorsal-fin rays........cccoceoeveeninciinieicnncnccnncee 28
Lower caudal-fin lobe dark and upper lobe light, no spots on caudal-fin; cau-
dal peduncle elongated ..........ccccovvvirviiiiicnnnnn. Aphanotorulus emarginatus
Spots on caudal fin, no distinct dark background on lower caudal-fin lobe;
caudal peduncle not elongated...........cccciviiiiiiiiiiiiii 29
Dark blotches closely-set on dorsal fin ....................... Hypostomus niceforoi
Dark spots arranged in two longitudinal series on interradial membranes, no
blotches on dorsal fin.............. Hypostomus argus (please note that these dif-
ferences in coloration are preliminary observations based on limited samples
along with type specimens, further and more extensive sampling will be re-
quired in order to test such differences between Hypostomus argus and H. nice-
foroi in the Orinoco basin of Colombia; G.A. Ballen & S. Reinales, in prep.)

Aspredinidae

1

Dorsal, ventral and lateral series of bony plates present on body; mouth infe-
rior; hard pectoral spine, without serrae on the anterior margin....................
....................................................................... Hoplomyzon sexpapilostoma
No obvious bony plates on body; mouth terminal; hard pectoral spine serrate
on anterior and posterior Margins...........cccceeeveveuenees Bunocephalus aloikae

Callichthyidae

1

Snout depressed; maxillary barbel long, usually extending beyond gill open-
LI et 2
Snout compressed; maxillary barbel short, usually not extending beyond eye... 3
Caudal fin forked, without conspicuous dark bands; dorsal fin spine about
half the length of the first branched rays; six branched anal-fin rays..............
................................................................................ Hoplosternum littorale
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Caudal fin truncated, with dark transverse band and dark distal margin;

dorsal-fin spine long (52-64% dorsal-fin base length); four or five branched

ANAl-fIN FAYS cveiicccc e Megalechis picta
3 Dorsal fin with a dark blotch .........ccccocooiiiiiiiiiiiin, Corydoras sp.
- Dorsal fin without dark blotches..........cooiiiinniiiiie 4
4 A dark oblique stripe on body runs across dorsolateral body scutes to caudal-
fin base. No vertical bars on caudal peduncle or on caudal fin..........ccococec.e.
...................................................................................... Corydoras axelrodi
- A large dark blotch on the sides extending from slightly in front of dorsal fin to
nearly adipose fin, tapering off posteriorly. A vertical bar in the caudal pedun-
cle. Five to seven vertical bars on the caudal fin...... Corydoras septentrionalis
Doradidae
1 Maxillary barbel branched ..........ccccvvveiiiniiiiniinincins Leptodoras nelsoni
- Maxillary barbel simple, not ramified..........ccccovruecineinniiniinicncce, 2
2 Anterior and posterior dorsal-fin serrae absent................ Amblydoras affinis
- Anterior, posterior, or both dorsal-fin serrae present.........ccceveeeeevccniricnnnee 3
3 Procurrent caudal-fin rays modified in fulcra; dark background with clear
longitudinal Stripe.......cccccciviriiiicciiiiinieccces Platydoras armatulus
- Procurrent caudal-fin rays not modified in fulcra; color pattern without a
clear longitudinal stripe.........cccooeiiiiiiiiiiiiiiii, 4
4 Thick lips, premaxillary and dentary teeth absent............ Oxydoras sifontesi
- Thin lips, premaxillary and dentary teeth present........cccoeevievciniccninicnnnee 5
5 Small body, caudal truncate ..........ccocoeucueiiininnnnne Amblydoras bolivarensis
- Large body, caudal emarginate with two distinct lobes...... Pterodoras rivasi
Trichomycteridae
1 Nasal barbel present (associated with anterior nostril), mouth subterminal.... 2
- Nasal barbel absent, mouth ventral .....cc.eeeeeiieeeeeee e 4
2 Sides of body with a dark band or row of spots from just above the gill-opening
to the base of the upper caudal-fin rays.............. Trichomycterus dorsostriatus
- Sides of body uniformly pigmented ..........cccccoeiiviiiiiiiiiiece 3
3 Eight branched pectoral-fin rays (rarely nine rays); a single median epiphyseal
pore (rarely two asymmetrical pores)........cccevevveveuenuennene. Trichomycterus sp.
- Seven branched pectoral-fin rays (rarely six rays); a pair of symmetrical epi-
physeal pores........ccceveveveiinineniiiiincccee Trichomycterus migrans
4 Lower jaw rami not articulated medially, only joined by soft tissue................

........................................................................................ Vandellia beccarii
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Caudal peduncle with numerous procurrent caudal-fin rays, embedded in
wide dorsal and ventral membranes continuous with the caudal fin, caudal
fin rounded or truncated..........ccooeuveiiiiiiiiiiren, Ochmacanthus alternus
Caudal peduncle with few procurrent caudal-fin rays, restricted to the origin
of the caudal fin, and lacking wide dorsal and ventral membranes continuous

with the caudal fin, caudal fin emarginated................. Schultzichthys bondi

Cetopsidae

1

First ray of pectoral and dorsal fins spinous, lateral line extending to over the
posterior portion of the base of the anal fin but falling short of the caudal
peduncle ... Cetopsidium pemon
First ray of pectoral and dorsal fins not spinous, lateral line either shorter or
extending posteriorly at least onto the posterior portion of the caudal pedun-
Cle e Cetopsis orinoco

Heptapteridae

Eye margin free, first dorsal and pectoral-fin rays with a pungent spine.......2
Eye margin not free, first dorsal and pectoral-fin rays soft and segmented (at
least their distal Part) ......cccoveeeirieinieiinccc e 6
Occipital process in contact with the nuchal plate, posterior cranial fontanelle
0] 0 <o O 3
Occipital process not reaching posteriorly the nuchal plate, posterior cranial
fontanelle closed or reduced.........c.ccoovviviiiiiiiiiiniiiiie 5
Adipose-fin equals to one third of SL or shorter.............. Pimelodella metae
Adipose-fin longer than one third of SL........cccooiiiiiniiiiiicce 4
Upper caudal-fin lobe narrower and shorter than the lower caudal-fin lobe...
.................................................................................... Pimelodella cristata
Upper caudal-fin lobe about same width than lower lobe and distinctively
LONGET ..o Pimelodella gracilis
Upper caudal-fin lobe distinctively shorter than the upper lobe; if undam-
aged, maxillary barbel surpassing the caudal peduncle..... Rhamdia muelleri
Caudal-fin lobes subequal, maxillary barbel not surpassing the caudal pedun-
Cle s Rhamdia quelen
Lower caudal-fin lobe longer than upper lobe .... Phenacorhamdia taphorni
Lower caudal-fin lobe equal or shorter than upper lobe........cccceccvnccnneee. 7
Lateral-line canal incomplete, extending only to dorsal-fin base....................
.................................................................................. Nemuroglanis mariai
Lateral-line canal complete, extending to caudal-fin base ...........cccoceeveeneeee. 8
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Lateral-line canal posteriorly interrupted as a series of short canal segments..
...................................................................................... Imparfinis microps
Lateral line continuous ..........cccceiviiiiiiiiininiiiicce 9
Adipose-fin rectangular..........ccooeeiiiiiiiiiii e 10
Adipose-fin triangular...........cocoeeiiiiiiiiiiiii e 11
Anal-fin origin at vertical through adipose-fin origin, adipose-fin longer than
one fourth of SL, six pale bars across dorsum and sides of body....................
.................................................................................... Chasmocranus rosae
Anal-fin origin anterior to adipose-fin origin, adipose-fin shorter than one
fourth of SL, four pale bars across dorsum and sides of body .........cccoovucuenee
............................................................................. Cetopsorbamdia orinoco
First dorsal and pectoral-fin ray extended as a long filament, maxillary barbel
surpassing anal-fin base...........cccccocveieiinne. Imparfinis pseudonemacheir
First dorsal and pectoral-fin ray not extended as a long filament, maxillary
barbel not reaching anal-fin origin ..........cccccceeivniiiiiinniicce, 12
Blotched pattern of body pigmentation ..........cccccceevvieueieciiinininiececenes 13
Uniform dark pattern of pigmentation ...........cccoeeeivinirinecccininienenene. 14
Pelvic-fin origin approximately at vertical through dorsal-fin origin, adipose-
fin base extending far posteriorly beyond distal end of anal-fin .....................
................................................................... Undescribed genus and species
Pelvic-fin origin slightly behind mid-length of dorsal-fin base, adipose-fin base
ending around same level of distal end of anal fin..... Cetopsorhamdia shermani
Snout conical and conspicuously projected beyond mouth opening, maxil-
lary barbel not surpassing distal end of pectoral fin, dorsal and ventral mar-
gins of end of caudal peduncle with a conspicuous white area, caudal fin clear
contrasting with dark caudal fin base ............... Cetopsorbamdia aff. picklei
Snout depressed, not projected conspicuously beyond mouth opening, maxil-
lary barbel surpassing distal end of pectoral fin, dorsal and ventral margins
of end of caudal peduncle dark, pigmented as remaining of body, caudal fin
dusky, not contrasting with caudal fin base ............cccccceennene. Imparfinis sp.

Pseudopimelodidae

1

Lateral line incomplete; premaxillary tooth patch without posterolateral pro-
jection; smMall SIZ€ .c..eveuiiiriiiiiiiicicc e 2
Lateral line complete; premaxillary tooth patch with posterolateral projec-
TON; [arge SIZe ...vcviiiiiiiiiiiciciic 3
Bar-shaped blotch on caudal-fin base; lateral line reaching a vertical through
adipose-fin Origin.......ceveuiiiiniiiiciiiircecccee Microglanis iheringi
Triangle-shaped blotch on caudal-fin base; lateral line reaching middle of
dorsal-fin base......ccooeveeieiiiiniiiici Microglanis poecilus
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Caudal fin lanceolate; pectoral-fin spine covered with thin skin; anterior nares
on the margin of the mouth..................ccci. Cephalosilurus apurensis
Caudal fin forked; pectoral-fin spine covered with thick skin; anterior nares
behind the maxillar barbel insertion................... Pseudopimelodus bufonius

Pimelodidae

10

Upper jaw projected well beyond lower jaw with premaxillary tooth patch
EXPOSE .ttt Sorubim lima
Lower jaw just slightly or not projected at all, premaxillary tooth plate not
completely eXposed......cc.cuririiriiiniiniiiiic e 2
Upper portion of caudal-fin base with well-defined dark blotch.................. 3
Caudal-fin base without well-defined dark blotch ..........cooeiiiinnnnnne. 4
Leading pectoral-fin ray soft and not pungent or Spinous..........c.ceceeueveuennes

........................................................................ Megalonema platycephalum
Leading pectoral-fin ray strong, pungent, with anterior and posterior serrae .

................................................................................... Platysilurus mucosus
Eye visible in ventral view, set below midline of head in lateral view; barbels
flat and wide ..cooveirieinii Hypophthalmus edentatus
Eye not visible in ventral view, set above midline in lateral view; barbels round
[N CrOSS-SECTION ..vviviiiiiiiitiiticccc e 5
Body color pattern consisting of dark vertical bars ..........cccoeeiiinnnnnee. 6
Body color pattern consisting of dark spots or plain coloration, never with
vertical Bars........coooiiiiiiii 7
Abundant (more than 50) spots on caudal-fin ... Pseudoplatystoma metaense
Few (less than 50) spots on caudal-fin.......... Pseudoplatystoma orinocoense
Body color pattern consisting of numerous spots or blotches, sometimes fuss-
ing so that a vermicular pattern appears; interorbital region flat.................. 8
Body color plain or striped, never with spots or blotches; interorbital region
COMVEX 1rvritieteeteente et eae e et e bt e b e et e e eae s et e e b e e ebe e teens e ebe s ebeeebe et e e e e enteenreeaes 9
Blotches on body; round vomerine tooth patches separated medially as two
independent UNIts.....cc.ecevverieieinenieieineceeeeee Leiarius marmoratus
Spots on body; laterally-elongated vomerine tooth patches fused medially as
a single wide band, sometimes the medial contact between patches visible....

......................................................................................... Zungaro zungaro
Each caudal-fin lobe with dark longitudinal dark stripe from base to tip of
caudal fin; distinct blotch on dorsal fin....ccceveeveeeeeennee.. Pimelodus ornatus
No dark marks on caudal fin........ccocooiiiiiiiiie 10
Giant in adult size; eye small, its diameter much more than three times in
dorsal-fin base length; presence of a patch of teeth on roof of mouth............

........................................................................ Brachyplatystoma vaillantii
Small in adult size; eye large, its diameter about three times in dorsal-fin base
length, absence of a patch of teeth on roof of mouth ....... Pimelodus blochii
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Auchenipteridae
1 Mental barbels absent ..........cccccoeiiiiiiiiiii 2
- Mental barbels present.........coccveirerieciiininiiiiiccce 3
2 Caudal fin deeply forked........ccccceiiininniiiiines Ageneoisus ucayalensis
- Caudal fin truncate.........ocoeeveueiininneeeccceeseeees Ageneiosus magoi
3 7-9 anal-fin rays ......cccovecinieinincce Centromochlus romani
- >18 aNal-fIN FAYS c.eveuiiiiiiciic e 4
4 Dorsal-fin spine shorter than pectoral-fin spine... Pseudepapterus hasemani
- Dorsal-fin spine longer than or equal to pectoral-fin spine..........ccceueueeeee. 5
5 Caudal fin obliquely truncated..........ccceccvrueuennnee. Trachelyopterus galeatus
- Caudal fin forked.......ccoovviiiiiiiiiiiiice, Entomocorus gameroi
CHARACIFORMES
1 Mouth without teeth ........cooiiiiiiniiie Curimatidae
- Mouth with teeth.......ccoiiniiiiiiic e 2
2 Canine teeth PreSENl . cimiiiriiirieieirieiret ettt 3
- Canine teeth abSent ........c.cciiiiiiiiiiiiiiccce e 6
3 Adipose fin absent; caudal fin rounded .......ccoooviiiiniiiniiinnee Erythrinidae
- Adipose fin present; caudal fin not rounded.........ccoeiiiniiniiiniinie 4
4 Dentary canine teeth hypertrophied; caudal fin truncated; rostrum short......
.............................................................................................. Ctenoluciidae
- Dentary without hypertrophied canine teeth; caudal fin bifurcated; rostrum
Jarge ..o 5
5 Scales ctenoid ... Ctenolucidae
- Scales cicloid....covveuiririiiriciiccc e, Acestrorhynchidae
6 Upper jaw without teeth; upper lip with teeth ......ccccooviiniinniinine, 7
- Upper jaw with teeth; upper lip without teeth ........cccoviininniiniinnen. 8
7 Predorsal process present; mouth evertible ........ccooeeieininiininiiiinininn.
....................................................... Prochilodontidae: Prochilodus mariae
- Predorsal process absent; mouth non-evertible...........c.c........ Chilodontidae
8 Abdominal serrated keel present .......cccocveenieiiinicinncinienenn. Serrasalmidae
- Abdominal serrated keel absent............cccccciiviiiiiiiiiniiie 9
9 Branchial membrane fused to isthmus ........cccoeevncinccnnnnene. Anostomidae
- Branchial membrane free from isthmus .........cccoveviniiinninnciniccnce 10
10 Pectoral fins strongly developed and horizontally oriented......................... 11
- Pectoral fins vertically oriented..........coeovvieinieininiciinciniiccccc 12
11 Fewer than three unbranched rays in pectoral fin.................... Parodontidae
- Three unbranched rays in pectoral fin.......cccovveiniinnicinnnne. Crenuchidae
12 Chest extremely compressed and expanded, forming a ventral keel............ 13

Chest not expanded to form ventral keel........c.cooeoireiinninncinninncens 14
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Anal-fin origin anterior to dorsal-fin origin; ventral keel well developed........
................................................. Gasteropelecidae: Thoracocharax stellatus
Anal-fin origin posterior to dorsal-fin origin; ventral keel moderately devel-
OPEA ettt Triportheidae
Upper lobe of caudal fin longer than lower lobe....................... Lebiasinidae
Both lobes of caudal fin of equal size.........ccvveeviriineiininincincccee 15
Two rows of teeth in the dentary........cocovvveenieinincinccnnceen Bryconidae
One row of teeth in dentary.....c.oeceveeeriricinieinncncceec e 16
Anterior margin of maxilla greatly arched above and meeting premaxilla bor-
der at right angle........cccoceiininn Iguanodectidae: Bryconops giacopinni
Anterior margin of maxilla not greatly arched above and not meeting premax-

illa border at right angle........c.ocoooiiiiiiiis Characidae

Curimatidae

[ A T B SN B SV \S)

(@)

Lateral line incomplete, with only few pored scales............ Curimatopsis sp.
Lateral line complete with all or almost all lateral scales with pores............. 2
Caudal fin with scales reaching two thirds in length in both lobes ................
............................................................................. Curimatella immaculata
Caudal fin with scales only on the base of caudal-fin rays......c..cccoeeencnnee, 3
Lateral line with 42 or more scales ..........cccoceiiiiiicciiiniccccee 4
Lateral line with 39 or fewer scales..........ccccciiiiniiciiiinniccece, 8
Lateral-line scales more than 90........................ Potamorhina altamazonica
Lateral-line scales 42—00 .........cccccovviiiiiiiiiiiiiiiiiiiiie 5
Mouth terminal; dorsal fin without dark spot.......c..cccovveinicnncinicnnne, 6
Mouth inferior; dorsal fin with or without dark spot ......cceeccvivcinccnnee. 7
Interorbital width 53-58% of HL; anal-fin rays iii,10-iii,12.; abdominal re-
gion, pectoral, pelvic and anal fins with red coloration in live specimens.......
....................................................................................... Curimata cerasina
Interorbital width less than 52% of HL. Anal-fin rays iii,8-iii,9; abdominal
region, pectoral, pelvic and anal fins without red coloration in live speci-
IMEIIS 1.ttt ettt Psectrogaster ciliata
Dark spot on the dorsal fin; prepelvic region of body not flattened or only
obtusely flattened; 1 to 3 scales between posterior border of anus and anal-fin
OIIZIN oot Steindachnerina pupula
No dark spot on the dorsal fin; prepelvic region of body distinctly flattened;
5 to 7 scales between posterior border of anus and anal-fin origin.................
........................................................................ Steindachnerina hypostoma
Without a dark spot on the basal portion of the middle rays of the dorsal fin...
...................................................................................... Gyphocharax spilurus
With a dark spot on the basal portion of the middle rays of the dorsal fin.....
........................................................................... Steindachnerina argentea
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Erythrinidae

1 Maxilla with 2-3 canine teeth; caudal fin usually spotted; dark lateral stripe
absent or diffuse.......ceoirieiniiiiiniii Hoplias malabaricus

- Maxilla without canine teeth; caudal fin not spotted; dark lateral stripe very
well marked .......ooeiiiinie Hoplerythrinus unitaeniatus

Cynodontidae

1 Dorsal-fin origin anterior to anal-fin origin.................. Hydrolycus armatus

- Dorsal-fin origin in line with anal-fin origin ................ Raphiodon vulpinus

Ctenoluciidae

1 In adults, all lateral-line scales perforated (82 or more); body without round
spots, except one at the base of caudal fin ................... Boulengerella cuvieri

- In adults, only up to 25 lateral-line scales perforated; body with black spots.
............................................................................... Boulengerella maculata

Acestrorhynchidae

1 Lateral line complete with 99-131 scales; dorsal-fin origin anterior to the
anal-fin origin ........cocoeeiininnicccce, Acestrorhynchus microlepis

- Lateral line incomplete with 33-37 lateral-line scales; dorsal-fin origin poste-
rior to the anal-fin origin .........cccoeeiininnnes Gnathocharax steindachneri

Chilodontidae

1 10 or 11 branched anal-fin rays; anal-fin margin convex or straight; mouth
terminal or slightly superior, dorsal fin with a series of dark spots on posterior
rays; posterior margin of scales smooth ...........ccccceveeennes Chilodus punctatus

- 6 to 8 branched anal-fin rays; anal-fin margin somewhat concave in vast
majority of specimens; mouth subterminal; dorsal fin with dark pigmenta-
tion across distal portions of anterior rays but lacking dark spots on remain-
ing portions of fin; posterior margin of scales somewhat serrate..................
.......................................................................... Caenotropus labyrinthicus
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Serrasalmidae

Adipose-fin base long, its length longer than the distance between posterior
margin of dorsal-fin base to the adipose-fin origin ......... Metynnis argenteus
Adipose-fin base short, its length shorter than the distance between posterior
margin of dorsal-fin base to the adipose-fin origin .......c.ccoceeeuiinininincnnne. 2
Two rows of teeth on the premaxilla .........cccceeeeeeee. Mylossoma duriventre
One row of teeth on the premaxilla........cceccoireiniciniiniccceee, 3
Base of dentary teeth circular and separated from adjacent ones; lower jaw prom-
inent and projecting greatly forward from upper jaw.............. Catoprion mento
Base of dentary teeth flattened, in contact or very close to adjacent ones;
lower jaw equal or slightly anterior to upper jaw ........ccccovveeeiininriencnnne. 4
29 or fewer anal-fin rays; snout, head, jaws, and body short and robust; dorsal
profile of head to posterior margin of eyes convex; prepelvic and abdominal
region red in life; black and conspicuous humeral blotch posterior to oper-
Cle s Pygocentrus cariba
30 or more anal-fin rays; snout, head, jaws, and body long and slender; dorsal
profile of head to posterior margin of eyes concave; prepelvic and abdominal
region red only during breeding season ...........cccceiviiiiiiiiniiiiiiiiin, 5
Base of posterior premaxillary tooth (6th) approximately equal to adjacent
one (5th); ectopterygoid teeth unicuspid, generally 5 or fewer ...........c..........
................................................................................ Pristobrycon striolatus
Base of posterior premaxillary tooth (6th) wider than adjacent one (5%); ec-
topterygoid teeth bicuspid or tricuspid, generally 7 or more .........cccoeeee.e. 6
Posterior margin of caudal fin hyaline, with black vertical bar at base of cau-
dal fn e Serrasalmus irritans
Caudal fin completely black or with its posterior margin black................... 7
Body width 1.7 or less in SL; lateral spots vertically elongated ......................
..................................................................................... Serrasalmus altuvei
Body width 1.7-2.0 in SL; lateral spots rounded ..... Serrasalmus rbombeus

Anostomidae

Caudal fin with scales only on its base and without dark bars ..................... 2
Caudal fin with scales at least over two-thirds of both lobes. Caudal-fin with
oblique dark bars .......cooeoiveinii Leporellus vittatus
Dentary teeth tricuspid to pentacuspid; 7 branched anal-fin rays..................
........................................................................... Schizodon scotorhabdotus
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4 Body with 4-5 longitudinal stripes separated by white or yellow stripes........
........................................................................................ Leporinus striatus

- Body with two rounded black spots at midline ......... Leporinus gr. friderici

Parodontidae

1 Dark vertical bars present; dark lateral stripe absent........ Parodon apolinari

- Dark vertical bars absent; dark lateral stripe present..... Parodon aff. suborbitalis

Crenuchidae
1 Chest naked without scales between pectoral fins... Characidium gr. boavistae
- Chest covered with scales between pectoral fins ......c.coccevieerincinncinecnn, 2
2 Body pigmentation composed by irregular lines and dots... Characidium pteroides
- Body pigmentation composed by well-defined vertical bars ........................ 3
3 9 or fewer branched pectoral-fin rays ........cccoveireenineinicnncneceees 4
- 10 or more branched pectoral-fin rays.........cccoveineinneiiniiinncncce 5
4 All vertical bars always originating on dorsum; body depth 23% of HL or
LE8S v Characidium gr. zebra

- Not all vertical bars originating on dorsum, thin vertical bars not reaching the
dorsum between vertical bars originating on dorsum; body depth 24% of HL

OF ITIOTC .ttt ettt et etese e eb ettt b et sb et eb et aene e ene Characidium sp.
5 Mid-lateral stripe diffuse or absent; vertical bars fragmented in rhomboidal
SHAPE i Characidium cf. steindachneri
- Mid-lateral stripe very well developed; vertical bars continuous and with dots
appearance at junction with mid-lateral line ................. Characidium chupa
Triportheidae
1 Pectoral fin not surpassing ventral-fin origin ......... Engraulisoma taeniatum
- Pectoral fin surpassing ventral-fin origin .........c.cocoeeeivinnnicciiinnecne, 2
2 24-27 branched anal-fin rays; 5-6 scale rows between lateral line and dorsal-
N OrIgIN.c.eviiiiiiccccc e Triportheus venezuelensis
2 28-32 branched anal-fin rays; 7 scale rows between lateral line and dorsal-fin
OFIIN vttt Triportheus orinocensis
Lebiasinidae
1 Adipose fin Present .....ceeveeveeuererueirieenineinieeenene Lebiasina erythrinoides

- Adipose fIn aDSENT.....cviuiriiuiriiiiiicicc e 2
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2 One row of teeth in the premaxilla; maxilla S curved; dark lateral stripe com-
plete and well-marked (from mouth to caudal fin)............... Copella arnoldi
- ‘Two rows of teeth on the premaxilla; maxilla not S curved; dark lateral stripe in-
complete and thin (from mouth to few scales after head)...... Pyrrbulina lugubris
Bryconidae
1 Two rows of teeth in the premaxilla ......ccoeeeiiiinicnncinnnnn. Salminus sp.
- Three rows of teeth in the premaxilla .......c.cooeviniiiniiniincce 2
2 Dark lateral stripe present, from opercle to tip of middle caudal-fin rays; up-
per caudal-fin lobe unpigmented ...........ccceccuiiiinniiiiinnnn Brycon whitei
- Dark lateral stripe absent; upper caudal-fin lobe pigmented.... Brycon falcatus
Characidae
1 Lateral line incomplete ........coveveiriiniiiiininiiiiincicecceesceeseeeaeas 2
- Lateral line complete.......cooivieiiiniiniiiiiniiiiinccetcceeeeee e 16
2 Dorsal fin with a black blotch ..o 3
- Dorsal fin without blotches...........cccocoiviiiiiiie 4
3 Body height 26.6 t0 29.3% of SL..........cccceoenenn. Hypbhessobrycon dorsalis
- Body height is 34.5 to 36.9% of SL...........c.c....... Hypbhessobrycon sweglesi
4 One row of premaxillary teeth ......c.covueirieiiiiniiiniicccceees 5
- Two rows of premaxillary teeth ......c.oceviiiiiniiniiicice 7
5 Dorsal-fin origin posterior to the anal-fin origin ...... Paragoniates alburnus
- Dorsal-fin origin anterior to the anal-fin origin..........c.ccccoveeiiiinnncenne. 6
6 A dark embedded crescent-shaped mark on base of each caudal lobe; no red
color on caudal fin ... Microschemobrycon casiquiare
- Without such dark pigmentation on the base of caudal fin; caudal fin red in
LI oo Aphyocharax alburnus
7 Caudal fin with black pigmentation in both lobes..........ccccooeiiiinnnnnee.
.............................................................................. Hypbhessobrycon otrynus
- Caudal fin without black pigmentation...........ccccevueueucininnicciinneennen. 8
8 Anal-fin base with a conspicuous dark band....... Hemigrammus barrigonae
- Anal-fin base without dark pigmentation...........ccccccoevivnieciiinnncicne, 9
9 25-27 branched anal-fin rays; caudal peduncle red or rose in life..................
.................................................................................. Hemigrammus stictus
- 14-22 branched anal-fin rays; no red or pink color on caudal peduncle....10
10 A small dark line of black chromatophores along the anal- and caudal-fin

DASES ..t Cyanogaster noctivaga
Caudal fin without dark coloration or with a well-developed spot at its base
or on caudal-fin [oDes......c.covvuiiriiiniiiiccc e 11
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With a conspicuous caudal SPOt.......ccceevverveirenenieininiciereeececes 12
Without a caudal spot or with a lateral stripe continuing along middle cau-
dal-fin rays, but not forming a caudal SPot.........cccceuiviririniiiiininie. 14
Dark melanophores present on sides of body and between anal fin and lateral
JINE o Hyphessobrycon metae
No dark melanophores present on sides of body and between anal fin and
lateral line......ccooiiiiiiiiiiiiii 13

Caudal spot triangle-shaped covering the central portion of caudal-fin base,
continuing along middle caudal-fin rays and usually not in contact with the
lateral STripe ....coovevveeiiiniiicieiccce Hemigrammus micropterus
A large caudal spot covering entire caudal-fin base, continuing along middle
caudal-fin rays and in contact with lateral stripe.... Hemigrammus newboldi
Body depth 27% or less of SL; 14-16 branched anal-fin rays; maxillary teeth
absent; black blotch on upper caudal-fin lobe .. Hyphessobrycon diancistrus
Body depth 28% or more of SL; 18-20 branched anal-fin rays; maxillary

teeth present; without dark blotch on upper caudal-fin lobe ..................... 15
12 dentary teeth; 6—7 perforated lateral-line scales. Without a dark blotch at
caudal peduncle ........ccoccociininiiiiiiiicne Hyphessobrycon taguae
14 dentary teeth; 9—10 perforated lateral-line scales. With a dark blotch at
caudal peduncle..........cccceiiiniiiiiiiiiice Hyphessobrycon acaciae
Dorsal-fin origin at or posterior to vertical through anal-fin origin ........... 17
Dorsal-fin origin anterior to the anal-fin origin..........cccccccoeeivniiciinnnn. 22
61-68 anal-fin rays.........ccccceviviiieeciiinceee Xenagoniates bondi
25-55 anal-fin FaYS ...cooveviiiiiiecc e 18

Length of maxilla equal or shorter than vertical diameter of eye; adult males
with hypertrophied caudal-fin squamation on lower caudal-fin lobe..............
.............................................................................. Gephyrocharax valencia
Length of maxilla longer than vertical diameter of eye; adult males without

hypertrophied caudal-fin squamation..........ccccevueerincoineiinncincccee 19
No external mammiliform teeth ......c.coeoeoniciniiinnciniinice. Charax sp.
External mammiliform teeth present in the maxilla and premaxilla........... 20
5065 lateral-line scales ..........cccccovviviiciininnncccne, Roeboides dientonito
66 or more lateral-line scales...........cccoooiiiiiiiiiiii 21
6670 perforated lateral-line scales; 12—14 gill rakers on lower arm of the first
Gl archu .o Roeboides sp.
70-88 perforated lateral-line scales; 7—11 gill rakers on lower arm of the first
Gl archu .o Roeboides affinis
16 or less total anal-fin rays......c.ccccoeveeriniiinieinieccec e 23
17 or more total anal-fin rays........covveerieierineiniccee e 27

Premaxillary teeth arranged in 2 rows; Anterior triad of larger teeth with
rounded base absent.......c.occoeveiniriiniiinncc Ceratobranchia sp.
Premaxillary teeth arranged in 3 rows; Anterior triad of larger teeth with
rounded base Present ........coueviiiriirieiiinieniiinecee e 24
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Dorsal-fin origin anterior to pelvic-fin insertion.................... Creagrutus sp.
Dorsal-fin origin posterior or aligned with pelvic-fin origin ..........c.c.c....... 25
Third infraorbital poorly developed, leaving a broad gap between its posterior
margin and the horizontal limb of preopercle ............... Creagrutus bolivari
Third infraorbital well-developed contacting or with a small gap from hori-
zontal limb of preopercle .......c.oeivriiniiininiiicc e 26
38—42 lateral-line scales; interorbital distance 34.0-37.9% of HL ................
...................................................................................... Creagrutus atratus
36-38 lateral-line scales; interorbital distance 28.6-35.4% of HL ................

40 or more total anal-fin rays......cccovueirieiriricinc e 28
39 or less total anal-fin rays......c.cocoeveeerinicinieincc e 33
Cycloid scales on body sides.........ccecvririerieininieniiiniccineceece 29
Ctenoid scales on body sides, or at least in preventral area ..........c.coucuue.e. 30
Maxilla shorter than vertical diameter of eye; cleithrum without a notch on
posteroventral portion; body sides with dark sinuous lines..... Markiana geayi
Maxilla longer than vertical diameter of eye; cleithrum with notch on poster-
oventral portion, near base of posteriorly directed spiniform projection; body

sides with dark sinuous lines .......c.cocceovreoeneinncincicnnceee Charax metae
58 or fewer lateral-line scales; premaxillary and dentary teeth multicuspid;
ctenoid scales only on preventral area.........ccccoeeveuennen. Ctenobrycon spilurus
59 or more lateral-line scales; one or more conical or canine teeth; ctenoid
scales on entire body .......ccooevieiiiiiniiiiii 31
100110 lateral-line scales ........ccecveerieveinennene. Cynopotamus bipunctatus
70-84 lateral-line scales ..........coeviveniiiiiniiniiincc 32

35-38 branched anal-fin rays; 73—76 lateral-line scales ........ccccoveinincnnneee.
.............................................................................. Acestrocephalus sardina
39—45 branched anal-fin rays; 79-84 lateral-lines scales.... Galeocharax gulo
A pair of cuspidate teeth on premaxilla pointing forward on labial sides of
upper jaw; two large black blotches on body sides, one anterior to dorsal-fin

origin and another on caudal peduncle............................ Exodon paradoxus
No cuspidate teeth on premaxilla; different color pattern than that described
ADOVE L.t 34
One row of premaxillary teeth ......c.coeeviriinieininiiniicccce 35
Two rows of premaxillary teeth ......cccoveoiiiiiniiiniiicc 38

Premaxillary teeth with five cusps, the outer cusps very small; dentary teeth
with five cusps, the three central cusps flat and approximately equal in size

and the outer cusps very small ........cccoveininiiniinnne. Cheirodontops geayi
Premaxillary teeth with nine cusps; dentary teeth heptacuspid, with central
cusp longer than others...........coccoooiiiiiiiiiice, 36

A remarkable elongation of the second unbranched dorsal-fin ray in males;
maxilla somewhat triangular, short, with mid-length portion deeper and
gradually narrowing to the posterior tip........cccccoeveueunenee. Odontostilbe pao
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No elongation of the second unbranched dorsal-fin ray in males; maxilla
somewhat spatula-like shaped, short or elongate, with a deep mid-length re-
gion, narrowing abruptly at posterior tip ..........cccceuiiiiiiiiiiiiiiiii 37
Adipose-fin origin at vertical through second or third last anal-fin ray inser-
tion; mature males with hooks on first to sixth-seventh branched anal-fin
FAYS ¢vvveteereatnteiens ettt ee et ettt ettt ettt Odontostilbe splendida
Adipose-fin origin at vertical through last anal-fin ray insertion; mature males
with hooks on first to twenty second branched anal-fin rays ..........ccccoeuenee.
................................................................................... Odontostilbe pulchra
Presence of a predorsal spine; anterior three anal-fin rays black......................
...................................................................................... Poptella compressa

No predorsal spine; three anterior anal-fin rays unpigmented ................... 39
33-38 total anal-fin rays .....cccccoerieiniiiiinicc 40
32 or less total anal-fin rays......c.coccceveeerinicinieinicce e 42

Body depth 28.0-37.0% of SL; maxilla with 20-30 conical teeth; 6 scale
rows between lateral line and dorsal-fin origin; one humeral spot..................
...................................................................... Phenacogaster maculoblonga
Body depth 38.0% or more of SL; maxilla with 1-3 multicuspidate teeth; 7-9

scale rows between lateral line and dorsal-fin origin; two humeral spots......... 41
Caudal peduncle with a large dark spot.............. Tetragonopterus argenteus
Caudal peduncle without spot.........cccceevrvvueueuecnnne. Gymnocorymbus bondi
16-20 total anal-fin rays .......ccceveeeiriciniiiinccc e 43
23-32 total anal-fin rays ........ccoeeriiiincic e 44
17-18 anal-fin rays ......ccceceevrveenecninicenecninicees Knodus deuterodonoides
16 anal-fin rays ......cccocoeveeieiinniieeene, Bryconamericus cf. cismontanus
Spine-like pelvic bones projecting anteriorly from pelvic-fin base, with distal
tip free from musculature.........coecevvviiinieienncinicnces Jupiaba polylepis
No spine-like pelvic bones ..........cccovvuiiriininciiniinincccccccee 45
4 teeth on the inner row of premaxilla ......c.occoeveininciniinniincce 46
5 teeth on the inner row of premaxilla ........cccoeveiriiiniiniicce 48
3 or fewer teeth on maxilla.......cccoeeviniiniciniinicie Knodus alpha
More than three teeth on maxilla........cococciiiiiiiiiie, 47

5 or fewer maxillary teeth in adult individuals (>5 cm SL); second premaxil-
lary tooth of inner row pentacuspid; 12—13 predorsal scales; fins of live speci-
mens reddish........ccooiiiiie Hemibrycon loisae
6 or more maxillary teeth in adult individuals (>5 ¢cm SL); second premaxil-
lary tooth of inner row heptacuspid; 14-16 predorsal scales; fins of live speci-

mens not reddish ... Hemibrycon metae
One or both caudal-fin lobes with dark coloration...........cccccovvvreccinnnne. 49
Both caudal-fin lobes without distinct pigmentation............ccceeeueueueennne. 50
Only upper caudal-fin lobe with dark pigmentation..........ccccccoecivirieccnnnne.

................................................................................ Moenkhausia lepidura

Both caudal-fin lobes with black pigmentation......... Moenkhausia dichoura
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50 Middle caudal-fin rays without dark coloration.............. Moenkahusia copei
- Middle caudal-fin rays with dark coloration........cccccecccerecninciinccnncnnes 51
51 Predorsal line naked..........cccocoeviiiniiiiiiinnniccne Astyanax bimaculatus
- Predorsal line with scales.........cccooiiiiiiiiiiiicccce 52
52 Base of anal fin with an oblique dark stripe extending across caudal peduncle
and onto middle and upper caudal-fin rays.......cccoeerirencnce Astyanax metae
- Base of anal fin without oblique dark stripe .......ccccoeveiniiiniiniiince 53
53 45 or more lateral-line scales ... Astyanax integer
- Fewer than 45 lateral-line-scales...........ccccccoeiiininnnnns Astyanax venezuelae
Cichlidae
1 African lips (posterior portion of the lower lip not covering part of the up-
per lip); three roundish ocellar blotches in adults (large and oval blotches in
JUVENILES) vttt Cichla orinocensis
- American lips (posterior portion of the lower lip covering part of the upper
lip); different color pattern than above.........cccoveeineiininciinccnicincce, 2
2 Bone expansion in the upper region of the first gill arch forming a well-
developed fleshy lobe ......c.oouiiiiiiiiiiiiicccc e 3
- First gill arch without such alobe ........cccociiiiiiii 6
3 Lower pharyngeal bone without teeth along its margin...........cccoeeciinnnnnne,
........................................................................... Mikrogeophagus ramirezi
- Lower pharyngeal bone with teeth along its margin.........cccocccciiinnncnnne. 4
4 Lateral spots on body present; two pectoral spots... Apistogramma macmasteri
- No lateral spots on body; with or without a single pectoral spot ................. 5
5 Pectoral fin base with spot; with distinct abdominal stripes......c.occcevveeeneee.
............................................................................... Apistogramma hongsloi
- Without spot on pectoral fin base; without abdominal stripes .........cccoeueunees
................................................................................. Apistogramma hoignei
6 Irregular predorsal scale pattern ..........cccooeiiiiiiiiiiiiiiiii, 7
- Uniserial or triserial predorsal scale pattern ..........ccceceveviciiiincniincnennn. 11
7 Six or seven anal-fin spines; 24—30 scales in upper lateral line series; vertical
bars 6 and 7 parallel; body deep (50.7-55.6%0f SL)..... Mesonauta egregius
- Three anal-fin spines; 40 or more scales in upper lateral line series; elongate
and somewhat cylindrical body (less than 50.0% of SL) ......cccovevnecnnnnene. 8
8 Humeral blotch present ......c..occiveerinieinieiininiciniecnecececceeeeeeees 9
- Humeral blotch absent..........cccoovviiiiiiiiiiniiiiiiicccceecece 11
9 Lateral line crossing middle portion of humeral blotch........ Crenicichla alta
- Lateral line crossing upper portion of humeral blotch............ccccccueniniee. 10
10 Chain of blotches along lateral lines; length of posterior dorsal-fin spine

9.6-10.6% of SL; caudal peduncle length at ventral part 10.0-11.5% of SL;
length of ventral fin 19.4-20.4% of SL........ccccceuvururunnee. Crenicichla sveni
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No chain of blotches along lateral lines; length of posterior dorsal-fin spine
10.8-11.2% of SL; caudal peduncle length at ventral part 11.8-12.2% of SL;
length of ventral fin 17.3-18.2% of SL.....ccccocovvvviciiinnnnns Crenicichla sp.
Maxilla extending posterior to the anterior margin of eye; caudal-fin length
(from caudal-fin base to tips of middle caudal-fin rays) 16.2-24.6% of SL;
head depth at orbit level 16.7-21.6% SL; caudal peduncle depth where least
10.7-14.2% 0f SL ...oovviiiiiiiiiecccieecceee e Crenicichla geayi
Maxilla only reaching anterior margin of eye; caudal-fin length (from caudal-
fin base to tips of middle caudal-fin rays) 22.7-24.7% of SL; head depth at
orbit level 15.1-15.6% SL; caudal peduncle depth where least 9.34-9.83%
OF SLciiiec s Crenicichla gr. wallacii
Uniserial predorsal scale pattern.........cccoceeevveininiiiinininccninceccen 13
Triserial predorsal scale pattern ........ccoceeeeveirienenieinincnecccce 14
8 branched anal-fin rays; caudal fin rounded; less than 8 scales in the lower
lateral line....ovcerveucniniciicicicc e Andinoacara sp.
7 branched anal-fin rays; caudal fin subtruncate-truncate; more than 8 scales
in the lower lateral line..........ccooieiiiinnniciie Bujurquina mariae
Dark stripe extending from posterodorsal margin of eye to lower angle of
PLEOPEICIE ... Aequidens metae
Dark stripe restricted to a suborbital blotch only .......c.cccoceoiniiniinniine. 14
Head sides with bluish or greenish iridescent stripes (in live specimens)........
..................................................................................... Aequidens diadema
Head sides without bluish or greenish iridescent stripes (in live specimens) ..
.................................................................................. Aequidens tetramerus

Sciaenidae

Lateral-line scales not covered by smaller scales; body depth 3.8-4.3% of SL;
predorsal distance 3.0-3.1% of SL; anal-fin base 5.9-9.3% of SL; caudal
peduncle length 3.4-3.7% of SL; postorbital length 2.0-2.4% of SL; length
of second anal-fin spine 1.8-2.3 % of HL................ Pachyurus gabrielensis
Lateral-line scales covered by smaller scales; body depth 3.0-3.8% of SL;
predorsal distance 2.7-3.0% of SL; anal-fin base 11.2-17.1% of SL; caudal
peduncle length 3.8-4.7% of SL; postorbital length 1.6-2.0% of SL; length

of second anal-fin spine 2.6-6.0% of HL......... Plagioscion squamosissimus

Discussion

Regional checklists of freshwaters fishes become dynamic over time as studies in fresh-
water fish taxonomy and distribution advance for the Neotropical region (Reis et al.
2016). The most recent checklist for the Meta River basin reported 258 species for
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the Cusiana River sub-basin (Usma-Oviedo et al. 2016); it is a higher number of spe-
cies than reported herein because re-identification and taxonomic updating processes
of specimens excluded 59 of the 258 nominal species reported by Usma-Oviedo et al.
(2016). For example, most of the undetermined (e.g., Ancistrus sp., Aphyocharax sp,
Microglanis sp., and Odontostilbe sp.) and erroneous records (e.g., Hemibrycon cristiani,
Pyrrhulina brevis, Schultzichthys gracilis, and Steindachnerina guentheri) originally count-
ed as independent species were merged with other recorded species after our verification
of the data. This is not surprising, taxonomy proceeds at a faster pace than the institu-
tional ability to maintain updated records. For this reason, there is a need to account for
validation of species identification when regional checklists are assembled from multiple
secondary sources in order to avoid errors due to outdated or unverified data.

Extrapolation suggests that the drainage could have a richness of roughly 314 spe-
cies, indicating that the number of species found in the present study represents 77.7%
of the expected richness in the area (Table 1). However, this estimate represents a rough
estimate because sampling efforts have not been uniform across the drainage. A his-
torical sampling-specific bias is not expected in the Cusiana River sub-basin, with the
possible exception of an elevational bias (as is true for the whole Orinoco drainage in
Colombia). Given the non-uniform nature of sampling in comparable river systems,
we suggest that our extrapolations of species richness may be useful for comparisons
among drainages using collection records as the input for rough estimation. This is par-
ticularly important since most checklist studies compare observed and not estimated
richness, with the latter a more appropriate measure because it incorporates (and even
overestimates) uncertainty from the samples into the estimation, and it also serves ac-
counts for sampling effort among drainages.

Among similar Orinoco Andean tributaries, the Cusiana is one of the best-sampled
sub-basins, exceeding in species richness other recently well-sampled sub-basins such
as Orotoy (113 spp.; Ramirez-Gil et al. 2011) and Pauto (182 spp.; Maldonado-Oc-
ampo et al. 2013). In fact, the Cusiana River sub-basin represents the quantile 0.83
among Orinocoan drainages, indicating that 83 % of the other drainages had fewer
than 74 localities represented in the collections. The importance of the Cusiana River
sub-basin is not only determined by its fish richness, but also because of its diverse and
extensive aquatic ecosystem richness (rivers, streams, lagoons, estuaries, palm swamps,
riparian forests, and flooded savannas) that provide important areas for fish repro-
duction, shelter and food. Because aquatic ecosystems have dynamic ecological and
environmental processes (Teresa et al. 2015, Ribeiro et al. 2016, Toussaint et al. 2016),
management and conservation projects of sub-basins should be addressed at regional
(sub-basin) scales.

The documentation of the ichthyofauna in cis-Andean Colombian sub-basins has
been increasing during the last decade, but new records and species can likely still be
found in areas previously thought to be well-sampled (e.g., Ballen 2011, Vanegas-Rios
et al. 2015, Ballen et al. 2016a, 2016b, Burns et al. 2017, Garcia-Alzate et al. 2017).
Most of the sampling effort has been carried out in the piedmont and lowland areas
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in the Cusiana as well as in other sub-basins, and exploration of High Andean areas
could lead to the discovery of local endemic species at the basin scale that usually are
underestimated (Carvajal-Quintero et al. 2015).

Sub-basins adjacent to the Cusiana draining along the eastern slope of the Eastern
Cordillera in the Orinoco region of Colombia (e.g., Guachiria, Casanare, Upia, Tta,
and Cravo Sur) have not been well sampled and their richness is surely underestimated
(Urbano-Bonilla et al. 2014). Continuous efforts are still to be carried out in order to
document the fish fauna present along this region; this information is crucial to better
understand how different anthropogenic activities (mining, oil extraction, agricultural,
and livestock practices) are affecting the environmental conditions of these areas and
as a consequence, the fish that live therein. Combination of this kind of information
and further environmental data is a necessary step in order to generate freshwater con-
servation strategies using different approaches and therefore go further toward effective
protection initiatives for species subject of conservation in the region.
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