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The Neotropical characid fishes of the genus Chalceus Cuvier, 1817, are reviewed. In total, five species are recognized
(including three new species). Chalceus epakros sp. nov. is the most widespread geographically, occurring in many
rivers of the Amazon basin, the Rio Orinoco and in the Essequibo River drainage in Guyana. Chalceus guaporensis
sp. nov. is restricted to the upper Rio Madeira, Rio Guaporé and Rio Madre de Dios, of Brazil, Bolivia and Peru,
respectively. Chalceus spilogyros sp. nov. occurs only in the Rio Trombetas, lower Rio Tapajés and lower Rio
Madeira drainages. Chalceus macrolepidotus Cuvier occurs in the Rio Negro drainage, middle and lower Rio Orinoco
basin and in the rivers of the Atlantic slopes of the Guianas, and Chalceus erythrurus Cope in the Rio Amazonas and
Rio Solimées to Rio Ucayali drainage in Peru. Chalceus ararapeera Cuvier & Valenciennes and Creagrutus pellegrini
Puyo are considered synonyms of C. macrolepidotus, and Pellegrinina heterolepis Fowler is placed into the synonymy
of C. erythrurus. Characters pertaining to the monophyly of Chalceus are discussed and a key to species is
presented. © 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 140, 103—135.
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INTRODUCTION Cuvier & Valenciennes (1850) from the Essequibo
River in Guyana. During the period between the
descriptions of the two species, various additional spe-
cies were assigned to Chalceus by Cuvier (1819), Spix
& Agassiz (1829), Miiller & Troschel (1845) and Cuvier
& Valenciennes (1850). However, all have subse-
quently been reassigned to Brycon Miiller & Troschel
or Triportheus Cope. Glinther (1864: 333) was the first
author to restrict Chalceus to C. macrolepidotus and
C. ararapeera, and to suggest that the latter species be
considered a junior synonym of the former.

The remaining three nominal species currently
assigned to Chalceus have been historically proposed
as members of different genera with some confusion
concerning their identity. Cope (1870) described the
new genus and species, Plethodectes erythrurus, but
subsequently transferred the species to Chalceus
(Cope, 1872: 262). Fowler (1906: 441) nonetheless
retained C. erythrurus in Plethodectes and in addition
described a new genus and species, Pellegrinina het-
erolepis, based on one specimen presumably from West
*Corresponding author. E-mail: mtpiza@usp.br Africa, later shown to be from South America and to

Fishes of the characid genus Chalceus include species
that are relatively common in rivers of the Amazon
and Orinoco basins, and in the Atlantic drainages of
the Guianas. They reach up to 30 cm in length and are
readily recognized by their bright silvery body, red fins
and large scales, attributes that contribute to their
relative popularity in the aquarium trade. Little is
known about the biology of Chalceus species in their
natural habitats. They usually occur in the middle of
the water column in areas varying from flooded forests
to region of riverine rapids, and they feed on inverte-
brates, small fishes and vegetable matter (Schom-
burgk, 1841; Goulding, Carvalho & Ferreira, 1988:
217; Planquette, Keith & Le Bail, 1996: 230).
Chalceus was proposed by Cuvier (1817: 454) to
include a new species, C. macrolepidotus from Brazil.
A second species, C.ararapeera, was described by
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represent a Chalceus species (Géry, 1977: 18). Puyo
(1943: 143) proposed Creagrutus pellegrini based on
two specimens from the Maroni river basin in French
Guiana. This species was later cited as a Chalceus spe-
cies (Myers, 1960: 211; Géry, 1977: 654; Vari & Harold,
2001: 43).

Géry (1977: 342) recognized only two Chalceus spe-
cies — C. macrolepidotus and C. erythrurus — as valid,
an action followed by all subsequent authors prior to
this study. The two nominal forms were distinguished
on the basis of colour pattern, primarily on the pres-
ence of a humeral blotch in C. erythrurus which is
absent in C. macrolepidotus, along with differences in
the life coloration of the fins. Examination of material
from throughout the geographical distribution of the
genus revealed that both Chalceus species currently
recognized are more widely distributed than previ-
ously reported and that there are three additional
undescribed species in the genus.

The objectives of the present paper are as follows:
(1) redescribe C. macrolepidotus and C. erythrurus; (2)
describe the three new Chalceus species; (3) provide
an estimate of the geographical distributions of all
recognized species and (4) discuss the monophyly of
Chalceus.

MATERIAL AND METHODS

The taxonomic revision of Chalceus was based on the
analysis of meristic and morphometric characters
taken from specimens deposited in various institu-
tions. Counts and measurements were made on the
left side of specimens except when the structure being
measured or counted was recognizably abnormal or
damaged, in which case corresponding data were
taken from the right side. Measurements were taken
with calipers and data recorded to tenths of a milli-
metre for lengths under 150 mm and to a millimetre
for longer measurements. All measurements were
taken point to point. Vertebral counts and pterygio-
phore insertion relative to neural and haemal spines
were obtained from cleared and stained specimens.
Counts and measurements follow Fink & Weitzman
(1974) except for body depth (measured at the dorsal-
fin origin), number of scales below the lateral line
(counted from the pelvic-fin insertion) and the last two
branched dorsal-fin rays (counted as a single one; in
Chalceus species, those two rays are associated with a
single pterygiophore). Vertebrae incorporated into the
Weberian apparatus were counted as four elements
and the fused PU1 + Ul was counted as one. Counts
are presented in the species descriptions with the
value of the holotype, when available, given first,
followed (in parentheses) by range, mean and total
number of specimens in which counts were made.
Measurements are presented in tables. Subunits of

the head are given as proportions of head length (HL).
Head length and measurements of body subunits are
given as proportions of standard length (SL). Numbers
in parentheses following a particular vertebral count
are the number of specimens with that count.

Although we summarize the statistical procedures
used herein, see Weitzman & Malabarba (1999: 2-4)
for more complete comments about their use. In run-
ning simple ¢-tests our samples failed to pass the nor-
mality test. Thus our comparisons of counts were
made using the Mann—Whitney rank sum test. We uti-
lize Tukey box plots to present visual comparisons of
the count distribution of two species (C. epakros and
C. guaporensis spp. nov.). In these plots the mean is
represented by a thick vertical bar, the median by a
thin vertical line that is often the same as one of the
vertical lateral borders of the boxes. Therefore, the
numerical value of the median is given in the legend.
The 25th and 75th percentiles are represented by the
lateral borders of the boxes and indicate the respective
values at which 25% of the samples fall below and 25%
fall above the lateral borders of the boxes. Error bars
represent the 10th and 90th percentile points and cir-
cles represent the 5th and 95th percentiles. When the
minimum and maximum, respectively, are different
from these, each is represented by an asterisk.

Live body coloration is described based on photo-
graphs of freshly collected specimens and on speci-
mens maintained in aquaria. In each ‘Material
Examined’ section, lots are grouped by country and
within each country, by state or department, followed
by institutional abbreviation, catalogue number, num-
ber of specimens in the lot, number of cleared and
stained (C & S) specimens when present, their range
of standard lengths and specific locality data. An
asterisk after a catalogue number refers to a lot con-
taining specimens having a characteristic wide and
dark longitudinal band, discussed in detail in ‘Com-
ments on the colour pattern of Chalceus species’ and
‘Colour in alcohol’ in the species descriptions. Institu-
tional abbreviations follow Leviton et al. (1985) and
Leviton & Gibbs (1988).

MONOPHYLY OF CHALCEUS

Characters discussed below pertaining to the question
of the monophyly of Chalceus were derived from a cla-
distic analysis carried out by Zanata (2000) that
focused primarily on the systematics of the characid
genus Brycon. The analysis was based on 144 morpho-
logical characters and 58 characiform taxa and
included one Chalceus species (C. macrolepidotus). In
that analysis Chalceus is hypothesized as more closely
related to African characids and representatives of the
Neotropical families Hemiodontidae and Crenuchidae,
followed by a clade formed by several representatives
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REVISION OF CHALCEUS CUVIER 105

of the Neotropical Characidae. The most basal taxa
included in that analysis was Xenocharax, proposed as
the sister-group of all other characiforms (Fink &
Fink, 1981: 306).

Characters that supported the monophyletic condi-
tion of Chalceus in that analysis were, in the present
study, checked in all recognized Chalceus species.
Some of the characters proposed by Zanata (2000) as
derived for Chalceus species are also present in groups
previously hypothesized as being closely related
to Chalceus (e.g. Brycon and the African characids
(= alestids)) and their eventual utility as synapomor-
phies for Chalceus depends on a more detailed phylo-
genetic analysis focused on the relationships of these
taxa. We chose to include those characters in the dis-
cussion below since they constitute additional distin-
guishing characters for Chalceus.

Supramaxilla (Fig. 1)

All Chalceus species possess a supramaxilla situated
along the posterodorsal margin of the maxilla. Among
characiforms the presence of this ossification has also
been reported for Agoniates ladigesi (Géry, 1963: 278,
fig. 7; = A. anchovia Eigenmann; Zarske & Géry, 1997:
180) and the Chilodontidae (Roberts, 1969: 416; Vari,
1983: 10, fig. 1). The presence of a supramaxilla in
Agoniates has not been confirmed (Castro, 1984: 80).
The maxilla of Agoniates possesses a median stria that
extends along the entire length of the ossification and
which separates that bone into dorsal and ventral por-
tions. This structure may have been erroneously inter-
preted by Géry (1963) as a joint between two separate
bony elements.

The phylogenetic relationships of the Chilodontidae
lie with the Neotropical characiform families Anosto-
midae, Prochilodontidae and Curimatidae (Vari, 1983)
all of which lack a supramaxilla. The common posses-
sion of a supramaxilla in the Chilodontidae and

Chalceus is consequently considered to represent con-
vergence and is hypothesized to be a synapomorphy
for Chalceus species.

Series of premaxillary teeth (Fig. 2)

Chalceus species are characterized by the presence of
three series of cuspidate teeth on the premaxilla. This
feature is also present in Chilobrycon, Brycon and
Triportheus among characiforms, and has been inter-
preted as evidence of relationship among the latter
two genera and Chalceus by various authors (Regan,
1911; Howes, 1982; Lucena, 1993). However, the
arrangement of teeth in the premaxillary series differs
among all these genera, raising questions about the
homology of the feature.

Chalceus species possess well-defined elongate
outer and inner premaxillary teeth series with 6-13
and 5-10 teeth, respectively. A third series is formed
by two more widely spaced teeth of intermediate size
situated between the outer and inner tooth series.

The premaxillary dentition in Brycon and Chilobry-
con is characterized by an outer series with many cus-
pidate teeth and an inner series of two large teeth.
One or two additional series of teeth are situated
between the outer and inner series anteriorly and
become aligned posteriorly with the inner series (e.g.
see illustrations in Howes, 1982). In Triportheus there
is variation in the arrangement of teeth on the pre-
maxilla with two or three series present, in a pattern
more similar to that of Brycon.

The arrangement of premaxillary teeth in Chalceus
is thus a unique pattern among characiforms and is
hypothesized to be synapomorphic.

Internal series of dentary teeth
All Chalceus species possess an internal series of den-
tary teeth formed by a large symphyseal conical tooth

Figure 1. Maxilla and supramaxilla (arrowed) of Chalceus erythrurus, MZUSP 20385, 104.6 mm SL, lateral view, anterior

to left.
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106 A. M. ZANATA and M. TOLEDO-PIZA

Figure 2. Premacxilla of Chalceus erythrurus, MZUSP 20385, 104.6 mm SL, right side, medial view, anterior to left.

(sometimes tricuspid in large specimens) followed by a
gap and a series of smaller conical teeth situated along
the dorsal margin of the replacement tooth trenches.
The size of the gap varies among Chalceus species and
is almost absent in C. macrolepidotus in which the
series of small conical teeth is almost continuous with
the symphyseal tooth.

Internal series of dentary teeth similar to those of
Chalceus occur in Brycon and Chilobrycon deuterodon
(Zanata, 2000). According to this study, the phyloge-
netic relationships of Chalceus apparently do not lie
with either of those genera and the arrangement of
the internal dentary teeth of Chalceus is thus hypoth-
esized to be a synapomorphy for the species of the
genus, with the condition in Brycon and Chilobrycon
representing convergence.

Anterolateral process of the mesethmoid (Fig. 3)

In Chalceus spp. the anterolateral process of the
mesethmoid (lateral ethmoid wing sensu Weitzman,
1962: 19) is greatly reduced, thereby providing a small
region for the support of the posterior region of the
premaxilla. In the majority of characiforms, including
genera proposed as closely related to Chalceus
(Zanata, 2000), such a mesethmoid process is well
developed, serving as an anchoring site for the pre-
maxilla. In evaluating the form of the lateral wing of
the mesethmoid in other outgroup characiforms we
confronted some problems with the coding of this char-
acter. In Hemiodus, Hepsetus and Xenocharax, the
overall forms of the mesethmoid differ significantly
from those present in Chalceus, thereby rendering an
evaluation of the homology of the components of the
mesethmoid between these various taxa problematic.
In the present study the condition of this character in

Figure 3. Mesethmoid of Chalceus spilogyros sp. nov.,
paratype, MZUSP 76069, 122.7 mm SL, dorsal view, ante-
rior at top.

Xenocharax was treated as absent and in Hemiodus
and Hepsetus as unknown. A reduced anterolateral
process of the mesethmoid in Chalceus is herein
hypothesized as autapomorphic for the genus.
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Size of body scales

In all Chalceus spp. the scales situated dorsal to the
lateral line are about twice the size of those situated
ventral to it. In the majority of characiforms, including
genera proposed as closely related to Chalceus
(Zanata, 2000), the scales either decrease gradually in
size dorsally to ventrally or those below the lateral line
are only slightly smaller than those above it. A condi-
tion of the scales similar to that of Chalceus occurs only
in the African characid Arnoldichthys spilopterus
(Paugy, 1990: 232) among Characiforms. As discussed
above, determining whether this feature is either syn-
apomorphic for Chalceus with an independent acqui-
sition in Arnoldichthys or homologous between the two
genera necessitates resolution of the relationships of
the African characids, which has yet to be determined.

Size of lateral-line scales

The scales along the lateral-line series of all Chal-
ceus species are alternatively large or small in the
region from the posterior margin of the opercle to
the anterior portion of the caudal peduncle, and
then are approximately equal in size. In the major-
ity of characiforms, including genera proposed as
closely related to Chalceus (Zanata, 2000), the
scales along the lateral-line series are all of similar
size or gradually decrease in size posteriorly. Only
Arnoldichthys spilopterus has an arrangement of
lateral line scales similar to that of Chalceus.
Determining whether this feature is either synapo-
morphic for the species of Chalceus with an inde-
pendent acquisition in Arnoldichthys, or indicates

phylogenetic affinity between the two genera,
depends, as already mentioned, on the resolution of
the phylogenetic relationships of the African charac-
ids and is beyond the scope of this study.

TAXONOMIC REVISION
CHALCEUS CUVIER, 1817

Chalceus Cuvier, 1817: 454 (type species Chalceus
macrolepidotus Cuvier, 1817: 454, by monotypy).
Plethodectes Cope, 1870: 563 (type species Pletho-
dectes erythrurus Cope, 1870: 563, by monotypy).
Pellegrinina Fowler, 1906: 442 (type species Pellegrin-
ina heterolepis Fowler, 1906: 442, by original designa-
tion and monotypy).

Diagnosis: Chalceus is phylogenetically diagnosed on
the basis of the following synapomorphies (but see
comments in previous section):

(1) Presence of supramaxilla;

(2) Three series of teeth on premaxilla;

(8) Internal series of dentary teeth formed by a large
symphyseal conical tooth followed by a gap and a
series of smaller conical teeth;

(4) Reduced anterolateral process of mesethmoid;

(5) Scales situated dorsal to lateral line much larger
than those ventral to it;

(6) Relative size of scales along lateral line other than
on caudal peduncle alternatively large and small.

In addition, the combination of the following charac-
ters is useful to distinguish the species of Chalceus
among characiforms: bright silvery body, red fins and
short anal fin.

KEY TO THE SPECIES OF CHALCEUS

(1) Absence of distinct spots or conspicuous stripes of dark pigmentation on body

(except for wide and inconspicuous longitudinal band formed by chromatophores

located superficially in the skin in some specimens during reproductive period)

(See ‘Comments on the colour pattern of Chalceus species’) (Figs 4, 5) coouveveiiiviiiniiiiiieinieenieeene C. macrolepidotus
(1") Presence of dark pigmentation forming humeral Spots Or StIiPes ........ccccvuieeeiiiiieiiiiiie e e e 2
(2) Humeral spot absent or poorly defined, round to vertically elongate and

located deep under scales; presence of narrow longitudinal dark stripe from

posterodorsal margin of opercle to caudal peduncle; snout relatively acute;

median fontanel between frontals and parietals absent
(2") Presence of conspicuous humeral spot, round in shape and located

superficially beneath scales; lateral surface of body usually with reticulate pattern;

snout rounded; median fontanel present between frontals and parietals ..........ccccceeeiiiiieiiiiei i 3
(3) Humeral spot with notch on its posterodorsal margin; reticulate pattern of

body coloration more evident along series of scales posterior to humeral blotch;

pelvic and anal fins dark; caudal-fin lobes robust and rounded (Fig. 10)......ccccceevviiiriiieniieniiieniiieeieene C. erythrurus
(3") Humeral spot without notch on its posterodorsal margin; reticulate pattern

of body coloration uniformly distributed over lateral and dorsal portions of body;

pelvic and anal fins hyaline; caudal-fin lobes elongate and slender (Figs 15, 16) ......cccccveevveerveeeieenns C. spilogyros
....................................................................... C. guaporensis
............................................................................... C. epakros

(4) Number of branched pelvic-fin rays 7 (Figs 22, 23).......
(4’) Number of branched pelvic-fin rays 8 (Figs 18, 19).......
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CHALCEUS MACROLEPIDOTUS CUVIER, 1817
(F1GS 4-9; TABLE 1)

Chalceus macrolepidotus Cuvier, 1817: 454, pl. I,
fig. 1 [original description, type locality: Brazill.
Schomburgk, 1841: 216, pl XIV [description, Guy-
ana: Essequibo River, Camuti mountain]. Cuvier &
Valenciennes, 1850: 240 [description based on same
specimen of Cuvier, 1817]. Giinther, 1864: [in part:
British Guiana (= Guyana), Essequibo River; not the
specimen cited for Brazil: Rio Cupai (= Cupari);
Chalceus ararapeera Cuvier & Valenciennes placed
as synonym]. Cope, 1872: 262 [species listed, Brazil:
Rio Solimées]. Eigenmann & Eigenmann, 1891: 55
[literature compilation, in part: British Guiana (=
Guyana), not including the citation of species for the
Rio Cupai (= Cupari) (Brazil) and (Rio) Ambyiacu (=
Ampiyacu) (Peru)]. Regan, 1905: 190 [Rio Negro,

based on drawings made by A. R. Wallace].
Eigenmann, 1910: 439 [in part: not including the
synonymy of Pellegrinina heterolepis]. Eigenmann:
1912: 372 [British Guiana (= Guyana)]l. Regan,
1912: 388 [in part: British Guiana (= Guyana: Esse-
quibo River; Surinam; not including the synonymy of
Pellegrinina heterolepis Fowler]. Cockerel, 1914: 107,
pl. 27, fig. 5 [scale morphology]. Eigenmann & Allen,
1942: 277 [literature compilation in part, not includ-
ing the citation of species for The Rio Ambyiacu (=
Ampiyacu) (Peru)]; not including the listed speci-
mens; not including the synonymy of Chalceus mac-
rolepidotus iquitensis and Pellegrinina heterolepis].
Bertin, 1948: 9 [type specimen at MNHN, Paris].
Puyo, 1949: 129 [French Guiana]. Fowler, 1950: 364
[literature compilation, in part, not including the
synonymy of Pellegrinina heterolepis and Chalceus
macrolepidotus iquitensis Nakashima; common

Figure 4. Chalceus macrolepidotus, ANSP 176678, 200.3 mm SL, Guyana, Siparuni River at Tumbledown Rapids,

4°48’39"N, 58°51'11"W.

Figure 5. Chalceus macrolepidotus, MZUSP 66482, 91.6 mm SL, Brazil, Amazonas, Rio Tiquié, about 1 h downriver from
the Indian community of Cunuri, below Cachoeira do Tucano.
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REVISION OF CHALCEUS CUVIER 109

Figure 6. Chalceus macrolepidotus, juvenile, AMNH 214938, 37.3 mm SL, Guyana, Bartica, junction Mazaruni-Cuyuni
and Essequibo rivers.

Figure 8. Chalceus macrolepidotus, syntypes of Chalceus ararapeera, MNHN A9830, 66.9-80.2 mm SL, Guyana, Esse-
quibo River.
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Figure 9. Map of northern portion of South America showing geographical distribution of Chalceus macrolepidotus (type
locality inexact, Brazil; 1 = type locality of C. ararapeera, Essequibo River, Guyana; 2 = geographically disjunct population
tentatively identified as C. macrolepidotus). Some symbols represent more than one locality or lot of specimens.

name: Saragui, Sao Pedro]. Boeseman, 1952: 189
[Surinam (specimen not examined, identification
inferred by geographical distribution), local name:
moroko]. Mago Leccia, 1971: 10 [Rio Casiquiare
(specimen not examined, identification on geographi-
cal distribution)]. Heyer, 1975: 343 [aquarium; pho-
tograph of live specimens]. Cala, 1977: 7 [Colombia,
Rio Orinoco basin, Rio Inirida and Rio Vichada;
(specimens not examined); common name Arari,
Rabirrojo].  Géry, 1977: 342 [diagnosis]. Azuma,
1979: 58-62 [aquarium, spawning and photographs
of live specimen and fryl. Lauder, 1981: 162 [func-
tional morphology: feeding mechanism]. Géry &
Planquette, 1982: 73 [French Guiana (specimen not
examined, identification inferred by geographical
distribution)]. Géry, Planquette & Le Bail, 1991: 43
[French Guiana: Fleuve Oyapock and Fleuve Appr-
ouague (specimen not examined, identification
inferred by geographical distribution)]. Planquette,
Keith & Le Bail, 1996: 230 [French Guiana: Fleuve
Maroni, local common names, photograph of live
specimen]. Taphorn et al., 1997: 70 [list of species of
Venezuelal.

Brycon macrolepidotus Miiller & Troschel, 1845 [diag-
nosis; incorrect placement in the genus Brycon].

Chalceus ararapeera Cuvier & Valenciennes, 1850:
244 [original description, type locality Essequibo

River, Guyana; common name: Arara-pira, Parshama
(= poisson perroquet)]. Bertin, 1948: 9 [syntypes at
MNHN, Paris].

Creagrutus pellegrini Puyo, 1943: 143, fig. 2 [original
description, type locality French Guiana: upper
Fleuve Itany, upper Fleuve Maroni system]. Puyo,
1949: 128, fig. 66 [description; based on Puyo, 1943].
Myers, 1960: 211 [placement of species in genus Chal-
ceus]. Géry, 1977. 654 [referred species to Chalceus
macrolepidotus]. Vari & Harold, 2001: 2, 43 [discus-
sion of taxonomic status, placement of species in genus

Chalceus].

Diagnosis

Chalceus macrolepidotus can be readily distin-
guished from all other Chalceus species by the
absence of any distinct spots of pigmentation or
stripes (Figs 4-6) (except for some sexually mature
specimens, see next section: ‘Comments on the colour
pattern of Chalceus species’, henceforth abbreviated
to ‘Comments ..."). It differs from C. erythrurus and
C. spilogyros by the lack of a humeral spot and from
C. epakros and C. guaporensis by the lack of a
longitudinal band along the body sides located deep
under the skin. In life C. macrolepidotus can be dis-
tinguished from C. epakros by the lack of red pig-
mentation on the central portions of scales on the
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Table 1. Morphometrics of Chalceus macrolepidotus. Data of syntypes of Chalceus ararapeera Cuvier & Valenciennes —
MNHN A9830 — not included due to poor condition of specimens. All dimensions in mm

Character Holotype n Range Mean
Standard length (mm) 244.6 97 31.1-227.8

Body depth 23.7 96 21.2-29.6 26.1
Snout to dorsal-fin origin 55.2 95 52.9-61.4 57.5
Snout to pectoral-fin origin 25.5 96 23.7-35.4 28.5
Snout to pelvic-fin origin 51.1 96 49.3-59.5 54.8
Snout to anal-fin origin 79.7 95 76.9-85.4 80.7
Caudal-peduncle length - 74 11.3-15.8 13.1
Caudal-peduncle depth 9.7 97 9.2-12.1 10.5
Dorsal-fin length 18.8 93 18.7-27.3 23.2
Anal-fin base 8.9 69 7.9-11.2 9.4
Anal-fin length 13.9 90 13.7-19.9 16.4
Pectoral-fin length 18.2 94 16.4-23.5 20.0
Pelvic-fin length 15.4 95 15.4-20.4 18.2
Head length 24.5 97 22.6-36.3 28.4
Snout length 32.5 96 28.4-37.7 334
Orbital diameter 26.2 94 22.6-41.9 30.2
Interorbital width 46.7 93 27.9-50.8 394
Upper jaw length 36.8 95 36.4-50.0 42.1

longitudinal series above the lateral line and from
C. erythrurus by having the pelvic and anal fins
tinged with red or hyaline (vs. yellow; compare pho-
tographs in Géry, 1977: 329 and 332). Chalceus mac-
rolepidotus may be further distinguished from
C. erythrurus, C. spilogyros and C. guaporensis in
having the first small inner dentary row tooth origi-
nating very close to the symphyseal tooth and form-
ing a nearly continuous series (vs. having first small
tooth of inner dentary row located well behind the
fourth or fifth tooth of the outer row with a
distinct gap between the symphyseal tooth and
first small conical tooth). Chalceus macrolepidotus
can be further distinguished from C.epakros and
C. guaporensis by the presence of a fontanel between
the contralateral frontal and parietal bones in all but
the larger specimens (vs. fontanel absent in all
specimens of C. epakros and C. guaporensis).

Description

Morphometric data presented in Table 1. Maximum
size 228.0 mm SL. Body robust, relatively elongate,
greatest body depth slightly anterior to dorsal-fin ori-
gin. Dorsal profile of head distinctly convex anteriorly
along snout region, nearly straight to posterodorsally
inclined from anterior end of snout to tip of supraoc-
cipital spine. Dorsal profile of head in large speci-
mens (over 200 mm SL) slightly convex and
continuous with dorsal body profile. Anterior margin
of snout somewhat acute in dorsal view. Interorbital

distance wide, proportionally wider relative to SL in
large specimens. Dorsal body profile convex from tip
of supraoccipital spine to dorsal-fin origin, poster-
oventrally inclined along dorsal-fin base, straight to
relatively convex to adipose fin and concave along
dorsal profile of caudal peduncle to origin of procur-
rent caudal-fin rays. Overall dorsal profile of head
and body of juveniles up to 50 mm SL nearly straight
to slightly convex. Ventral profile of head distinctly
convex in region of lower jaw, resembling a chin. Ven-
tral body profile gently convex from the posterior
limit of isthmus to anal-fin origin. Body profile along
anal-fin base posterodorsally inclined, slightly con-
cave along ventral margin of caudal peduncle. Head
robust in large specimens (over 180 mm SL). Smaller
specimens with relatively longer heads and more
acute snout. Dorsal surface of head with distinct
medial fontanel restricted to small region anterior to
epiphyseal bar between contralateral frontals and
completely separating parietals. Fontanel wide in
small specimens and progressively narrower in larger
individuals. Fontanel completely closed in 200 mm
SL specimen. Mouth terminal, large, upper jaw
slightly longer than lower jaw, tip of premaxillary
teeth extending below margin of upper lip giving
saw-like appearance to margin of premaxilla even in
closed mouth. Maxilla extending approximately to
vertical through anterior margin of orbit. Supramax-
illa present.

Dorsal-fin rays i1,10 (i1,10, n = 92). Dorsal-fin origin
posterior to vertical through insertion of innermost
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pelvic-fin rays. First basal dorsal-fin pterygiophore
inserting behind neural spine of 14th vertebra (n = 1).
Distal margin of dorsal fin nearly straight to convex.
Adipose fin present. Anal-fin rays iii,9 (iii,9; iii,8 in one
specimen, n = 87). First basal anal-fin pterygiophore
inserting behind haemal spine of 26th vertebra
(n = 1). Distal margin of anal fin straight to emargin-
ate with anterior branched rays approximately 3
times length of ultimate ray. Pectoral-fin rays i,15
(range 14-18, mean 16, n = 88), pointed distally, with
unbranched- and first branched rays longest. Tip of
pectoral fin not reaching pelvic-fin insertion. Pelvic-fin
rays 1,8 (1,8; 1,7 in 3 specimens, n = 92); fin pointed dis-
tally. Caudal fin forked, with lobes slender, especially
in specimens up to 120 mm SL, lower fin lobe slightly
more developed than upper lobe.

Premaxillary teeth in three rows. Outer row 9
(range 7-10; 11 in one specimen, mean 8.5, n = 92) tri-
cuspid or pentacuspid in large specimens; smaller
specimens with tricuspid or conical teeth, with medial
cusp larger. Tooth close to premaxillary symphysis
slightly larger than others in series. Remaining teeth
of similar size except for slightly smaller one or two
lateralmost teeth. Cusps slightly curved with concave
portion facing mouth cavity. Inner row 6 (range 6-8; 5
in one specimen, 9 in two, mean 6.4, n = 92) with larg-
est, symphyseal tooth usually asymmetric with one
cusp on the medial side and two on the lateral side of
tooth. Remaining teeth penta- or heptacuspid in large
specimens, all teeth tricuspid in small specimens, with
second tooth from symphysis larger and teeth gradu-
ally diminishing in size laterally. Cusps slightly
curved, with concave portion opposite of mouth cavity.
Intermediate row 2 (2; 1 in three specimens, n = 91)
pentacuspid (rarely tricuspid) teeth more spaced than
teeth of other rows and of intermediate size. Cusps
straight.

Maxillary teeth 12 (range 8-13, with single speci-
mens each having 7, 14, 16 and 17 teeth, mean 10.9,
n = 90); smaller specimens usually with higher tooth
counts. First teeth pentacuspid followed by tricus-
pid and conical teeth distally. Maxillary dentition
not extending along entire margin of ossification in
large specimens. Small specimens with maxillary
teeth conical and extending along entire margin of
ossification. Dentary teeth in two rows. Outer row 8
(range 8-13, 14 in one specimen, 16 in 2, mean 10.9,
n =90). Teeth large and pentacuspid anteriorly,
sometimes heptacuspid in large specimens or tricus-
pid in small specimens, gradually diminishing in
size and number of cusps posteriorly. Posteriormost
teeth conical. Cusps slightly curved with concave
portion facing mouth cavity. Inner row consists of
large conical symphyseal tooth (tricuspid in few
larger specimens) followed by series of approxi-
mately 30 minute conical teeth. First tooth origi-

nates very close to symphyseal tooth, forming an
almost continuous series.

Scales cycloid, large overall, approximately twice
as large above lateral line as below it. Circuli on
exposed portion of scales not concentric with those of
anterior portion; circuli on exposed portion of scales
straight and extending to posterior margin of scale in
small specimens; restricted to upper and lower por-
tion of scale in specimens around 140 mm SL; disor-
ganized and with labyrinthic pattern in specimens
around 170 mm SL. Radii originating on centre of
scale and radiating anteriorly and posteriorly on
scale surface.

Lateral line low on body sides, complete, with alter-
nating large and small perforated scales from poste-
rior margin of opercle to vertical through base of last
anal-fin ray; scales smaller and of similar size from
that point to end of caudal peduncle. Canals in large
specimens with 3-9 elevated branches, forming ridges
on scale surface; ridges more evident on region of cau-
dal peduncle. Number of branches decreases toward
caudal peduncle with posterior scales unbranched.
Small specimens (less than 140 mm) with branching
pattern less developed. Lateral-line scales 38 (range
36—40, mean 38, n = 90). Scale rows between dorsal-
fin origin and lateral line 3; between lateral line and
pelvic-fin insertion 2. Scales around caudal peduncle
12. Vertebrae 39 (n = 1).

Colour in life. (Description based on photographs in
Géry, 1977: 329 and Planquette et al., 1996: 231).
Overall coloration of head and body bright silver. No
conspicuous humeral spot. Dorsal portion of eye yel-
low. One specimen (Géry, 1977: 329) with dorsal pro-
files of head and body darker. Somewhat indistinct
longitudinal stripe extending from rear of orbit
through opercle to vertical through adipose fin and
patch of dark pigmentation present on middle portion
of opercle. Caudal fin bright red, adipose yellowish, all
other fins hyaline. Other specimen (Planquette et al.,
1996: 231) with dorsal portions of head and body
darker. Margins of scales on dorsal portions of body
with light concentration of chromatophores, forming
fine reticulate pattern. All fins (except pectoral) bright
red, more so on their proximal portions.

Colour in alcohol. All available specimens lacking
guanine on body except for few that retain silvery
pigmentation on infraorbital and opercular regions.
Ground coloration of head and body in specimens
>60 mm SL yellowish to tan (Figs 4, 5), becoming
darker dorsal of horizontal line through dorsal mar-
gin of orbit. No longitudinal body stripe or humeral
blotch. Dark chromatophores scattered over infraor-
bitals and opercular region. Scales on body with
chromatophores slightly more concentrated along
posterior margin, forming fine reticulate pattern
more evident in recently collected specimens
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(although less evident in large specimens). All fins
hyaline. Some specimens with dark tips on dorsal-
and caudal-fin rays.

Ground coloration of specimens <60 mm SL (Fig. 6)
pale yellowish, somewhat darker dorsally, but differ-
ence between dorsal and ventral regions of body less
pronounced than in larger specimens. Reticulate pat-
tern of scales more conspicuous than in larger speci-
mens. Pectoral and pelvic fins hyaline. Dorsal and
adipose fins dusky. Lower and ventralmost rays of the
upper caudal—fin lobes and anal fin dark.

Some specimens (MZUSP 58962 (1 of 2); MZUSP
43291; and ANSP 161220) with a dark and wide
longitudinal band along the body sides (see
‘Comments . ..).

Distribution

Rio Negro and its tributaries in Amazon basin, middle
and upper Rio Orinoco basin, Essequibo River drain-
age in Guyana, Corantijn River drainage in Suriname
and perhaps Rio Baures, a tributary of Rio Guaporé,
along Brazilian-Bolivian border (12°32'S; 64°19'W)
(for latter locality see ‘Remarks’) (Fig. 9).

Ecology

Puyo (1943: 130) and Planquette et al. (1996: 230)
report Chalceus macrolepidotus from well oxygenated
waters in regions of rapids; the latter authors mention
that the species is uncommon in the lower portions of
river drainages.

Remarks
All samples of C. macrolepidotus examined in the
present study, with one exception, originated in the
Rio Negro, Rio Orinoco and in the Atlantic drainages
of Guyana and Suriname. A single sample (UMMZ
204688) is from a southern locality, in the Rio Baures,
a tributary of the Rio Guaporé, along the Bolivian-
Brazilian border (indicated by 2 in Fig. 9). The series
of 15 specimens from this locality have a cranial fon-
tanel, lack any conspicuous body pigmentation such as
a longitudinal stripe and/or a humeral blotch and can-
not be distinguished from the population samples of
C. macrolepidotus from the Rio Negro, Rio Orinoco
and the Guianas. Therefore, they were tentatively
identified as C. macrolepidotus; this population sam-
ple occurs sympatrically with C. guaporensis, the only
other Chalceus species that occurs in the Rio Guaporé
drainage. This record represents a major range exten-
sion to the south for that species. A similar disjunct
distribution pattern was reported by Vari & Harold
(2001) for Creagrutus maxillaris (Myers).

The description of Chalceus ararapeera Cuvier &
Valenciennes, 1850 was based on two specimens col-

lected by Robert Schomburgk in the Essequibo River
in Guyana. These two syntypes (MNHN A9830)
(Fig. 8) were examined in the present study and
although in poor condition have a cranial fontanel and
can be identified as C. macrolepidotus (Fig. 7). The
only other species that occurs in Guyana is C. epakros,
which lacks a cranial fontanel. Chalceus ararapeera
is herein considered a junior synonym of
C. macrolepidotus as first proposed by Giinther (1864:
333). The type locality of C. macrolepidotus is indi-
cated as originating in Brazil. The specimen on which
Cuvier (1817) based the original description of the spe-
cies was originally deposited in the ‘Cabinet de Lis-
bonne’ (Lisbon, Portugal). At the beginning of the 19th
century, this and additional specimens from that col-
lection were transferred to MNHN, Paris. They were
originally collected by the Brazilian naturalist Alex-
andre Rodrigues Ferreira in the Brazilian Amazon
(Vanzolini, 1996: 196-197).

The generic placement of Creagrutus pellegrini
Puyo (1943: 143) was discussed by Vari & Harold
(2001: 43) who suggested that it should be assigned to
Chalceus and considered it to be a doubtful species,
C. pellegrini, following Myers (1960: 211). We follow
these authors in assigning the species to Chalceus.
The question of the taxonomic status of Chalceus pel-
legrini (Puyo) is somewhat difficult to address in view
of the apparent loss of type material of various species
described by Puyo (Géry, 1959: 345) and the lack of
information in Puyo’s (1943: 143) description which
would permit an unambiguous identification of the
species. In addition, and as was also pointed out by
Myers (1960: 211), Puyo (1949: 128-130) provided a
description for C. macrolepidotus Cuvier following
that of Creagrutus pellegrini, but surprisingly failed to
recognize any relationship between the two nominal
forms.

Puyo (1943: 143) described C. pellegrini on the basis
of two specimens, one from the Fleuve Maroni and one
from Fleuve Itany in French Guiana. Based solely on
Puyo’s description it is impossible to readily determine
whether the specimens he examined represent
C. macrolepidotus or C.epakros, the two Chalceus
species known to occur in the Guianas. The currently
known distribution of C. macrolepidotus and
C. epakros in the Guianas helps to resolve this
problem. Of the two species, only C. macrolepidotus
has been reported in the Fleuve Maroni system
(Planquette etal., 1996: 230). In addition,
C. macrolepidotus also occurs in the Corantijn River in
Suriname and in the Essequibo River in Guyana.
Chalceus epakros has a more restricted distribution in
the Guianas, being recorded only from the middle
Essequibo River. Therefore, we consider Creagrutus
pellegrini to be a junior synonym of Chalceus macro-
lepidotus (see Géry, 1977: 654).
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Material examined

Type material. MNHN 2634, 1, 244.6 mm SL, Brazil,
holotype of Chalceus macrolepidotus Cuvier, 1817,
MNHN A9830, 2, 66.9-80.2 mm SL; Guyana, Esse-
quibo River, syntypes of Chalceus ararapeera Cuvier
& Valenciennes, 1850.

Non-type material. BRAZIL: AMAZONAS: MZUSP
44570, 2, 100.9-141.0 mm SL; Rio Negro, Sdo Joao,
near Tapurucuara. MZUSP 20201, 3, 104.0-
123.0 mm SL; Rio Negro, Rio Jauaperi, from mouth
to 100 km upstream. MZUSP 43291(%), 7, 183.2—
227.8 mm SL; Rio Negro, Cantagalo. — MZUSP
59046, 1, 197.4 mm SL; Rio Negro, lake in Séo Joao,
near Tapurucuara. — MZUSP 58962(*%), 2, 206.9—
210.5 mm SL; Rio Negro, Cantagalo, floodplain lake.
— MZUSP 62223, 2, 71.9-72.1 mm SL; lagoon in
island of Rio Negro, Paricatuba. — MZUSP 63649, 3,
84.5-129.0 mm SL; Rio Uaupés. — MZUSP 66482, 2,
91.6-96.2 mm SL; Rio Tiquié, ¢. 1 h downriver from
the Indian community of Cunuri, below Cachoeira
do Tucano. — CAS 156171, 1, 49.9 mm SL; Rio Negro
or Rio Orinoco. — CAS 156172, 1, 86.1 mm SL;
Rio Negro, Caranguejo, above Sdo Gabriel. — CAS
156170, 1, 95.7mm SL; CAS 156830, 3, 149.0—
168.0 mm SL; Rio Negro, Bucuri. — INPA 16950, 6,
175.0-221.0 mm SL; Rio Jaud, Lago Ibama.

GUYANA: ANSP 176678, 1, 200.3 mm SL; Siparuni
River, Tumbledown Rapids. FMNH 59467, 2, 166.7—
198.0 mm SL; FMNH 7473, 1, 161.6 mm SL; AMNH
7082, 1, 178.0 mm SL; USNM 66156, 1, 161.0 mm SL,;
FMNH 53479, 5, 67.4-200.2 mm SL; FMNH 69807, 2,
75.3-188.3 mm SL; lower Potaro River, Tumatumari.
— CAS 69079, 1, 65.1 mm SL; Essequibo River drain-
age, above the falls at Tumatumari Cataract. — CAS
121888, 1, 164.0 mm SL; Potaro River at Tumatumari
Cataract. — AMNH 14331, 15, 82.4-105.4 mm SL;
AMNH 214975, 6, 70.5-84.7 mm SL; AMNH 13399, 2,
35.5-57.5 mm SL; AMNH 14322, 1, 104.3 mm SL;
Essequibo River, Rockstone. — AMNH 214938, 6,
35.8-43.4 mm SL; junction Mazaruni-Cuyuni and
Essequibo Rivers, Bartica. — AMNH 43352, 9, 31.1-
60.7 mm SL; BMNH 1936.4.4.5-6, 2, 41.4-44.9 mm
SL; Essequibo, Bartica. — CAS 69081, 3, 160.0—
190.0 mm SL; BMNH 64.1.21.46, 1, 134.2 mm SL;
Essequibo River drainage. — CAS 69084, 2, 76.6—
90.1 mm SL; Essequibo River drainage, Konawaruk
pool, near the mouth of the Konawaruk River. —
FMNH 53477, 3, 67.6-104.5 mm SL; Konawaruk. —
FMNH 53478, 3, 74.2-83.4 mm SL; Gluck Island. —
CAS 69086, 2, 83.3-84.7 mm SL; Essequibo River
channels around Gluck Island, near Rockstone. —
AMNH 216222, 1, 171.0 mm SL; headwaters between
Mandi and Kuyuwini rivers, Essequibo River drain-
age. — AMNH 73020, 1, 54.2 mm SL; sandbar on north
bank Cuyuni River, just upstream of Caowry Creek,

Essequibo. — AMNH 220375, 2, 56.9-76.5 mm SL;
USNM 94124, 1, 135.2 mm SL; Essequibo River drain-
age, Kartabo. — AMNH 221068, 2, 22.0-27.5 mm SL;
Akima Island. - BMNH 1972-10.17: 1438, 1, 68.1 mm
SL; Amatuk Creek, Potaro River. — BMNH 1972—
10.17: 1440, 2, 66.5-68.5 mm SL; Kanaima Creek,
Potaro River. — AMNH 16792, 3, 77.6-88.1 mm SL;
AMNH 14313, 4, 88.5-101.2 mm SL; unspecified local-
ities in Guyana.

SURINAME: AMNH 16421, 1, 168.0 mm SL;
BMNH 70.3.10.53, 1, 55.3 mm SL; unspecified locality
in Suriname. — AMNH 54870, 5, 89.1-95.3 mm SL;
Toeboeroe Creek. — AMNH 54810, 2, 67.2-90.5 mm
SL; Dalbana Creek, 150 m upstream from junction
with Kabelebo River. — USNM 226115, 46, 58.0—
127.9 mm SL; Corantijn River at km 180, side channel
of main river along Surinamese shore. — USNM
226114, 1, 198.0 mm SL; Corantijn River, Matapi
Creek. — USNM 225373, 1, 76.4 mm SL; Corantijn
River, about 2 km N of Matapi.

VENEZUELA: AMAZONAS: ANSP 161220(%), 1,
164.4 mm SL; Rio Iguapo c. 1 h. above its mouth, Rio
Orinoco drainage. — ANSP 161221, 2, 131.7-138.0 mm
SL; Rio Ventuari c. 12 km from its confluence with Rio
Orinoco. — ANSP 161223, 2, 89.1-125.5 mm SL; Rio
Pamoni, lagoon c¢. 0.5km from confluence of Rio
Casiquiare. FMNH 103882, 1, 84.8 mm SL; backwater
and beach of Rio Atabapo c. 40 ft above mouth. —
FMNH 103883, 2, 79.1-98.9 mm SL; Rio Atabapo
(pools) c. 1.2 h. above San Fernando de Atabapo. —
FMNH 103885, 1, 76.9 mm SL; Rio Autana at Playa
Cucurito. — FMNH 103884, 1, 164.9 mm SL; Cano
Guasuripana at Guasuripana, tributary of Rio
Atabapo, ¢. 7 min from San Fernando de Atabapo. —
FMNH 103886, 3, 77.3-91.8 mm SL; pool of Rio Ven-
tuari above mouth in Rio Orinoco Laguna Pavon. —
FMNH 103881, 2, 80.9—89.9 mm SL; Cano Tuparero c.
2.5 h above San Fernando de Atabapo in Rio Orinoco.
— MZUSP 62454, 1, 125.8 mm SL; lagoon on Rio Pam-
oni, ¢. 0.5 km from mouth in Rio Casiquiare. — CAS
154592, 1, 92.2 mm SL; Rio Casiquiare. — MZUSP
62455, 2, 78.8-92.5 mm SL; Laguna Pavon in pond
behind beach of Rio Ventuari, ¢. 30 min. from mouth.
APURE: ANSP 165684, 4, 74.2-170.4 mm SL; Cano
Potrerito, 24 km S of Rio Cinaruco on San Fernando de
Apure, Puerto Paez Highway. — FMNH 69909, 1,
104.1 mm SL; FMNH 69910, 13; Rio Cinaruco. —
USNM 270135, Balneario Pozo Azul, ¢. 1km E of
Puerto Ayacucho to Solano road. BOLIVAR: MZUSP
62456, 2, 83.6-87.5 mm SL; Departamento Cedeiio,
mouth of cafio tributary to Rio Nichare. — FMNH
85686, 6, 122.6-125.8 mm SL (1 C & S); Rio Orinoco
drainage, 50 km toward Puerto Ayacucho from Puerto
Nuevo.

The following sample is tentatively identified as
Chalceus macrolepidotus (see ‘Remarks’, above):
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BOLIVIA: UMMZ 204688, 15, 70.7-91.0 mm SL; El
Beni: Rio Baures at mouth on right bank, 6 km SW of
Costa Marques, Brazil.

CHALCEUS ERYTHRURUS (COPE, 1870)
(F1GS 10-14, TABLE 2)

Plethodectes erythrurus Cope, 1870: 563 [original
description, type locality Pebas, Peru]. Fowler, 1906:
441 [description, based on type specimen]. Eigen-
mann, 1910: 439 [Peru]. Eigenmann & Allen, 1942:
278 [Pebas, Peruvian Amazon; not Rio Cupai (= Rio
Cupari)]. Fowler, 1950: 365 [literature compilation].

Plethodectes erythrinus: Eigenmann et al., 1891: 51
[incorrect spelling of P. erythrurus Cope, 1870].

Chalceus erythrurus Cope, 1872: 262 [Ecuador (now
Peru) Rio Ambyiacu (= Ampiyacu)]. Eigenmann &
Eigenmann, 1891: 55 [literature compilation]. Regan,
1912: 388 [in part: Upper Amazon (not including the

reported specimen from Rio Cupai (= Cupari)]. Géry,
1977: 332 [photograph of live specimen]. Ortega &
Vari, 1986: 7 [list of species: Perul].

Chalceus macrolepidotus (not of Cuvier, 1817). Misi-
dentification: Eigenmann & Allen, 1942) [listed speci-
mens]. La Monte, 1935: 7 [Rio Jurud, Brazil].

Pellegrinina heterolepis Fowler, 1906: 442, fig. 39 [orig-
inal description; type locality erroneously cited as
from West Africal.

Chalceus macrolepidotus iquitensis Nakashima,
1941: fig. on p. 76 [original description, type locality,
Peru, surroundings of Iquitos, common name, San
Pedro].

Diagnosis
The presence of a conspicuous rounded humeral spot
with a notch on its posterodorsal margin, the dark pel-

Figure 10. Chalceus erythrurus, AMNH 78064, 139.0 mm SL, Peru, Loreto, Rio Yarapa, tributary of Rio Ucayali, one of

several sites along a 10-km stretch of river.

Figure 11. Chalceus erythrurus, male, INPA 16190, 149.3 mm SL, Brazil, Amazonas, Rio Amazonas, Ilha do Careiro, Igapd
Terra Nova.
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Figure 12. Chalceus erythrurus, juvenile, USNM 308820, 28.8 mm SL, Brazil, Amazonas, Manaus, Lago Janauari, small

house in front of brickworks.

Figure 13. Chalceus erythrurus, holotype of Pellegrinina heterolepis, ANSP 8150, 95.8 mm SL (type locality inexact, South
America, see text for details).

vic and anal fins and the presence of dark chromato-
phores on the posterior margin of the longitudinal
series of scales posterior to the humeral spot distin-
guishes C. erythrurus (Fig. 10) from its congeners (in
some sexually mature specimens, the humeral spot
may be obliterated by a wide dark longitudinal band,
see ‘Comments..., below) (Fig.11). Although
C. spilogyros also has a rounded humeral spot, that
spot is not notched and is relatively smaller than the
spot in C. erythrurus. A humeral spot is present in
C. guaporensis and sometimes in C. epakros, however,
in these species it is usually rounded to vertically
elongate and located deeper in the skin being conse-
quently less conspicuous than the humeral spots of
C. erythrurus and C. spilogyros in which the spot is
located superficially on the skin (see ‘Comments ...,
below). In addition, the caudal-fin lobes in
C. erythrurus are robust and rounded compared to the

more elongate and slender lobes in all other Chalceus
species.

Description

Morphometric data presented in Table 2 (some meris-
tic data for holotype not recorded due to poor condition
of specimen). Maximum size 213.5 mm SL. Body
robust, relatively elongate, greatest body depth
located slightly anterior to dorsal-fin origin. Dorsal
profile of head straight from snout tip to end of
supraoccipital spine in all specimens. Anterior profile
of head distinctly rounded from dorsal view. Interor-
bital distance wide, proportionally wider relative to
body size in larger specimens. Dorsal surface of head
in interorbital region flat. Dorsal body profile straight
to slightly convex from tip of supraoccipital spine to
dorsal-fin origin. Dorsal body profile posteroventrally
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Figure 14. Map of northern portion of South America showing geographical distribution of Chalceus erythrurus (dots,
1 = type locality) and C. spilogyros sp. nov. (diamonds, 2 = type locality) (some symbols represent more than one locality

or lot of specimens).

Table 2. Morphometrics of Chalceus erythrurus (holotype of Plethodectes erythrurus Cope — ANSP 8032 — not measured
due to poor condition of specimen). Holotype is of Pellegrinina heterolepis. All dimensions in mm

Character Holotype n Range Mean
Standard length 95.8 108 28.7-213.5

Body depth 24.1 108 22.8-28.7 25.8
Snout to dorsal-fin origin 56.1 108 53.2-58.2 55.3
Snout to pectoral-fin origin 29.7 108 24.4-33.3 27.9
Snout to pelvic-fin origin 53.9 106 50.5-59.5 53.7
Snout to anal-fin origin 83.1 108 79.4-87.1 82.9
Caudal-peduncle length 11.9 97 9.8-13.5 11.5
Caudal-peduncle depth 104 108 8.3-12.0 10.8
Dorsal-fin length 20.8 107 20.8-26.8 23.8
Anal-fin base 9.4 95 8.2-12.5 9.7
Anal-fin length 17.7 96 13.4-20.0 17.8
Pectoral-fin length 24.2 105 14.2-25.0 22.5
Pelvic-fin length 19.8 105 17.1-22.7 20.0
Head length 29.7 108 23.6-33.7 27.8
Snout length 32.6 108 27.6-35.4 31.9
Orbital diameter 31.2 96 20.6-34.7 26.8
Interorbital width 41.8 108 29.9-50.2 43.9
Upper jaw length 36.8 108 34.5-40.6 37.2

inclined along dorsal-fin base, straight to relatively
convex to adipose fin and concave along dorsal profile
of caudal peduncle to origin of procurrent caudal-fin
rays. Overall dorsal body profile of juveniles up to

40 mm SL convex. Ventral profile of head strongly con-
vex to pectoral-fin, slightly convex to somewhat
straight to pelvic-fin insertion, convex to anal-fin ori-
gin. Body profile along anal-fin base posterodorsally
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Figure 15. Chalceus spilogyros sp. nov., holotype, MZUSP 20314, 208.0 mm SL, Brazil, Para, Igarapé Jacaré, right
margin of Rio Tapajés, near Boim, 3°0’S; 55°15"W.

Figure 16. Chalceus spilogyros sp. nov., paratype, MZUSP 76069, 91.6 mm SL, Brazil, Par4, Igarapé Jacaré, right mar-
gin of Rio Tapajés, near Boim, 3°0’S; 55°15"W.

Figure 17. Chalceus spilogyros sp. nov., paratype, male, MZUSP 76069, 181.4 mm SL, Brazil, Par4, Igarapé Jacaré,
right margin of Rio Tapajés, near Boim, 3°0’S; 55°15'W.
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inclined and slightly concave along ventral margin of
caudal peduncle. Head robust. Dorsal surface of head
with distinct median fontanel restricted to small
region anterior to the epiphyseal bar between frontals
and completely separating parietals. Fontanel wide in
small specimens and progressively narrower in larger
individuals. Fontanel almost completely closed in a
213.5-mm SL specimen but with small space remain-
ing between contralateral parietals. Mouth large, ter-
minal, slightly superior, upper and lower jaw of equal
length. Maxilla not reaching vertical through anterior
margin of orbit. Supramaxilla present.

Dorsal-fin rays (ii,10; ii,11 in one specimen,
n = 102). Dorsal-fin origin located posterior to vertical
through insertion of innermost pelvic-fin rays. First
basal dorsal-fin pterygiophore inserting behind neu-
ral spine of 12th vertebra 9 (n = 1). Distal margin of
dorsal fin nearly straight to convex. Adipose fin
present. Anal-fin rays (iii,9; iii,8 in one specimen,
n =98). First basal anal-fin pterygiophore inserting
behind haemal spine of 25th vertebra (n = 1). Distal
margin of anal fin straight to emarginate with ante-
rior branched rays approximately 3 times length of
ultimate ray. Pectoral-fin rays (range i,15-18, mean
16.5, n =104). Pectoral-fin pointed distally, with
unbranched- and first branched rays longest and not
reaching pelvic-fin insertion. Pelvic-fin rays i,8 (i,8;
i,7 in 3 specimens, 1,9 in one specimen, n = 102); fin
pointed distally. Caudal fin forked, with lobes robust
and rounded, lower fin lobe slightly more developed
than upper lobe.

Premaxillary teeth in three rows. Outer row 8
(range 6-9, 10 in one specimen, mean 7.6, n = 104)
with teeth tricuspid or pentacuspid in large specimens
and smaller specimens with conical or tricuspid teeth,
with medial cusp larger. Tooth close to premaxillary
symphysis slightly larger than other teeth in series.
Remaining teeth of similar size, but with one or two
lateralmost teeth slightly smaller. Cusps slightly
curved with concave portion facing mouth cavity.
Inner row 5 (range 5-6, mean 5.1, n = 104) with larg-
est, symphyseal tooth usually asymmetric with one
cusp on medial margin and two on lateral margin of
tooth. Remaining teeth penta- or heptacuspid in large
specimens, with second tooth from symphysis larger.
Teeth tricuspid in small specimens, with teeth gradu-
ally diminishing in size laterally. Cusps slightly
curved with concave portion opposite of mouth cavity.
Intermediate row 2 (2, n = 105) pentacuspid (rarely
tricuspid) teeth more widely separated than those of
other rows and of intermediate size. Cusps straight.

Maxillary teeth 9 (range 7-10, with one specimen
each having 5, 11 and 12, mean 8.5, n =93) with
smaller specimens usually with higher numbers of
teeth. First tooth pentacuspid followed by tricuspid
and conical teeth distally. Teeth not extending along

entire margin of ossification in large specimens. In
small specimens teeth conical and extending along
entire margin of ossification. Dentary teeth in two
rows. Outer row 8 (range 7-11, 12, 13 and 16 in one
specimen each, mean 9.4, n = 105). Teeth large and
pentacuspid anteriorly, sometimes heptacuspid in
large specimens, tricuspid in small specimens, gradu-
ally diminishing in size and number of cusps posteri-
orly. Posteriormost teeth conical. Cusps slightly
curved with concave portion facing mouth cavity.
Inner row consisting of large conical symphyseal tooth
followed by series of minute conical teeth. First tooth
originating behind fourth to fifth tooth of outer row
with consequent gap between the symphyseal tooth
and first minute conical tooth.

Scales cycloid, large overall and approximately
twice as large above lateral line as below it. Circuli on
exposed portion of scales not concentric with those of
anterior portion. Circuli on exposed portion of scales
straight and extending to posterior margin of scale in
small specimens; disorganized and with labyrinthic
pattern in specimens around 200 mm SL. Radii origi-
nating on centre of scale and radiating anteriorly and
posteriorly on scale surface.

Lateral line low on body sides, complete, with alter-
nating large and small perforated scales from poste-
rior margin of opercle to vertical through base of last
anal-fin ray; scales smaller and of similar size from
that point to end of caudal peduncle. Canals in large
specimens with 3—7 elevated branches (usually 3 or 4),
forming ridges on scale surface; ridges more evident
on region of the caudal peduncle. Number of branches
decreases towards caudal peduncle, with canals of pos-
terior scales unbranched. Small specimens (less than
140 mm) with branching pattern less developed.
Lateral-line scales (range 36-39, 35 in two specimens,
mean 37.2, n = 97). Scale rows between dorsal-fin ori-
gin and lateral line 3; between lateral line and pelvic-
fin insertion 2. Scales around caudal peduncle 12. Ver-
tebrae 37 (n = 1).

Colour in life. (Description based on photograph in
Géry, 1977: 332, and personal observations of one
specimen kept in aquarium). Overall coloration of
head and body bright silver. Conspicuous humeral
spot present on region of four first scales along longi-
tudinal series just above lateral line. Overall shape of
humeral spot rounded with notch on posterodorsal
margin of spot. Dorsal portion of eye yellow. Dorsal
profiles of head and body darker. Margins of scales on
dorsal portions of body with strong concentration of
dark chromatophores, forming well-defined reticulate
pattern. Caudal fin bright red. Pelvic and anal fins dis-
tinctly yellow. Adipose and dorsal fins yellowish, both
tinged with red. Pectoral fin hyaline.

Colour in alcohol. Few specimens that retain
guanine on body and head have silvery ground
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coloration. Most specimens only retain silvery
pigmentation on infraorbital and opercular regions.
Ground coloration of head and body in specimens
>50 mm SL, lacking guanine on scales, yellowish to
tan, darker dorsally. Conspicuous humeral spot on
region of first four scales of longitudinal series just
above lateral line. Overall shape of spot rounded with
notch on its posterodorsal margin. Margins of scales
on dorsal portions of body with strong concentration of
dark chromatophores, forming well-defined reticulate
pattern, that may be present over entire dorsal region
of body, or restricted to dorsal portion of lateral-line
scales and on longitudinal series just above it. Dark
chromatophores scattered over infraorbitals and oper-
cular region. Reticulate pattern less evident in large
specimens and sometimes restricted to series of longi-
tudinal diffuse dark patches. Pelvic and anal fins dark.
Dorsal, adipose and caudal fins dusky. Some speci-
mens with dark tips on caudal-fin rays. Some speci-
mens (AMNH 58440, INPA 16190 (4 of 5), INPA
17226, INPA 18620; MZUSP 13533, MZUSP 20385 (4
of 9) and MZUSP 77595) have dark and wide longitu-
dinal band along body (Fig. 11) (see ‘Comments ...,
below).

Ground coloration of specimens <50 mm pale yel-
lowish (Fig. 12). Reticulate pattern on scales more
conspicuous than in larger specimens and extending
to longitudinal series of scales below lateral line.
Humeral spot small, rounded and somewhat elon-
gated vertically. Dark narrow longitudinal line from
dorsal margin of humeral spot to end of caudal pedun-
cle. Pelvic, dorsal, anal, adipose and lower lobe of cau-
dal fin dark. Pectoral fin hyaline.

Distribution

Rio Amazonas and Rio Solimdes from Manaus to the
Rio Ucayali drainage in Peru (Fig. 14). Localities dis-
tributed mainly along main channel of Rio Amazonas
and Rio Solimdées and mouths of their tributaries.

Remarks

Fowler (1906: 444) described Pellegrinina heterolepis
on the basis of one specimen that he believed origi-
nated from West Africa; as a consequence, he made
comparisons of that nominal form with the African
alestid genera Alestes, Brycinus and Brachyalestes in
the diagnosis of the species. Subsequently the locality
was shown to be incorrect and the fish was identified
as a Chalceus species from South America (Géry, 1977:
18). The holotype of Pellegrinina heterolepis (ANSP
8150) was examined in the present study (Fig. 13) and
on the basis of the presence of a humeral spot with a
notch along its posterodorsal margin it is readily iden-
tified as Chalceus erythrurus. Additional characters
present on the specimen that also characterize
C. erythrurus are the presence of a cranial fontanel,

the dark pelvic and anal fins and the first small inner
dentary row tooth originating behind the fifth tooth of
the anterior outer tooth row with a gap between the
symphyseal tooth and minute first conical tooth.
Based on these features, Pellegrinina heterolepis is
herein considered to be a junior synonym of Chalceus
erythrurus.

Nakashima (1941: 76) described Chalceus macro-
lepidotus iquitensis from the surroundings of Iqui-
tos, in the Peruvian Amazon, but did not provide
any explanation as to why he recognized the mate-
rial as a new subspecies. No information about type
specimens was provided and no types are known to
be extant. Based on his description, especially
regarding the colour pattern and the shape of the
humeral spot in the illustrated specimen, the spe-
cies is most probably Chalceus erythrurus. Chalceus
epakros also occurs in the Peruvian Amazon, but the
humeral spot is usually absent in this species and
when present it is less conspicuous than that of
C. erythrurus and is, furthermore, more vertically
elongate. In addition, C. epakros does not exhibit the
reticulate pattern on the scales described by
Nakashima (1941) which is, however, present in
C. erythrurus. Chalceus macrolepidotus iquitensis
Nakashima is therefore considered to be a synonym
of C. erythrurus.

Material examined

Type material. ANSP 8032, 1, 44.5 mm SL; Peru, Rio
Ambyiacu (= Ampiyacu) at Pebas; holotype of Pletho-
dectes erythrurus Cope, 1870 (specimen in very poor
condition). — ANSP 8150, 1, 95.8 mm SL; Probably
West Africa (?) [locality data incorrect, specimen from
South America, see Géry, 1977: 18]; holotype of Pelle-
grinina heterolepis Fowler, 1906.

Non-type material. BRAZIL: AMAZONAS: INPA 16928,
1, 195.0 mm SL; Rio Amazonas, Ilha do Careiro, Lago
do Mingal.— INPA 16190(*) 5, 119.7-158.7 mm SL;
INPA 16929, 1, 189.0 mm SL; Rio Amazonas, Ilha do
Careiro, Terra Nova.— INPA 18619, 1, 92.1 mm SL;
Mamirauda Lake system, Parand Maiana station A,
2.5 km from Comunidade Boca do Mamiraud; INPA
18620(*), 3, 102.9-176.0 mm SL; Rio Solimées, Lago
Capivara, Costa das Capivaras. — MZUSP 6881, 12,
95-166.7 mm SL; MZUSP 64203, 1, 106.8 mm SL;
USNM 308376, 2, 38.3-39.1 mm SL; USNM 308820,
7, 28.7-37.9 mm SL; USNM 308371, 1, 1, 106.7 mm
SL; USNM 308596, 1, 50.1 mm SL; Lago Janauari,
right margin of Rio Negro, Manaus. — INPA 16949, 3,
75.6-88.6 mm SL; Janauari. — MZUSP 75610, 1,
89.4 mm SL; Lago Janauari, near Canta Galo. —
MZUSP 75611, 2, 86.9-85.4 mm SL; Lago Janauari,
near its mouth. — MZUSP 75612, 2, 79.6—-88.1 mm SL;
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Lago Janaurai, first brick factory. — MZUSP 6707, 35,
94.7-136.3 mm SL; Rio Negro, vicinity of Manaus. —
MZUSP 6462, 3, 160.7-213.5 mm SL; Lago Jacaré,
right margin of Rio Solimées, above Manacapuru. —
MZUSP 20053, 1, 161.7 mm SL; Lago do Rei, Ilha
Canini, in front of Santo Antonio do I¢a. — MZUSP
27297, 2, 95.5-104.2 mm SL; Parana do Lago Amana,
lower Rio Japura. — MZUSP 27296, 6, 84.4-112.5 mm
SL (1 C & S); Costa Japao, Ressaca do Japao, lower Rio
Japura. —- MZUSP 27298, 4, 140.0-145.9 mm SL; Lago
Mamiraud, mouth of Rio Japura. MZUSP 13533(%), 1,
195.9 mm SL; Lago do Miguel, below Itacoatiara. —
MZUSP 20385(*) 1, 109.6 mm SL; Lago Janauaca. —
CAS 139277, 5, 158.0-166.0 mm SL; Rio Solimdes,
Lago Coari. — CAS 69083, 2, 174.3-187.7 mm SL;
Manaus. — INPA 17226(*), 2, 157.0-190.0 mm SL;
MZUSP 77595, 3, 158-178 mm SL; Rio Purus, Parana
do Lago Jacaré. — INPA 17235, 1, 186.0 mm SL; Rio
Purus, Igarapé do Sacado. — INPA 17240, 1, 177.0 mm
SL; Rio Purus, Beruri, at mouth of lake. — INPA 17257,
1, 84.0 mm SL; Rio Purus, Beruri, Parana do Seixo. —
INPA 17294, 1, 172.0 mm SL; Rio Purus, Beaba. —
AMNH 12556, 1, 82.2 mm SL; vicinity of mouth of Rio
Embira, tributary of Rio Tarauacd, Rio Jurua. —
MZUSP 75614, 1, 118.8 mm SL; Séo José, Lago do
Castanho, Janauaca. — USNM 229093, 1, 95.8 mm SL;
Paranda do Lago Janauacd, entrance of Castanho. —
USNM 308821, 3, 72.8-101.1 mm SL; Lago Muru-
muru, Lago Janauacd, near INPA stable. — USNM
308807, 2, 87.2-90.6 mm SL; MZUSP 75613, 6, 84.8—
100.4 mm SL; Lago Murumuru, Lago Janauac4d, at
stable, near Manaus. — USNM 229083, 2, 86.4—
98.2 mm SL; Lago Murumuru, at stable, near
Manaus. — USNM 119947, 18, 92.6-126.0 mm SL;
Rio Solimdes, Codajas. — BMNH, 1929.11.18.3, 1,
189,6 mm SL; Manaus, Rio Amazonas. — BMNH,
1925.10.28.85-84, 5, 87.8—-195.3 mm SL; Rio Solimdes,
Manacapuru.

PERU: LORETO: CAS 69082, 4, 147.7-172.0 mm SL;
Rio Amazonas drainage, Iquitos. — CAS 69074, 6,
92.2-128.1 mm SL; Rio Amazonas drainage, Yarinaco-
cha, lake connected to Rio Pacaya. — CAS 136871, 6,
66.3-87.7 mm SL; Cafio Tuye, Pebas. — CAS 17272, 2,
86.8-141.5 mm SL; Cano Chancho, near Pebas. —
MZUSP 78064, 1, 139.0 mm SL; Rio Yarapa, tributary
of Rio Ucayali, tributary of Rio Amazonas, several
sites along a 10-km stretch of river. - AMNH 218032,
1, 79.9 mm SL; Rio Itaya, near Iquitos. — USNM
167798, 4, 113.7-124.9 mm SL; Yarinacocha. — USNM
280437, 1, 99.5 mm SL; Rio Itaya, main river channel
and lower portion of cafios, 5-20 km upstream of
Belen, Iquitos. — USNM 280441, 3, 74.4-81.7 mm SL;
green water cafnio on leftbank of Rio Manite, about
8 km upriver of junction of Rio Manite and Rio
Amazonas. — FMNH 70229, 3, 90.3-116.8 mm SL;
Rio Maniti, Santa Cecilia 20. — FMNH 100438, 1,

105.4 mm SL; Rio Airico, 5 km above mouth in Rio
Chambira.

AMNH 58440 (*), 1, 105.9 mm SL; South America, no
locality data.

CHALCEUS SPILOGYROS SP. NOV.
(F1GS 14-17; TABLE 3)

Diagnosis

The presence of a dark rounded humeral spot
readily distinguishes C. spilogyros (Figs 15-17) from
C. macrolepidotus and C. epakros. Chalceus spilogyros
shares with C. erythrurus the presence of a humeral
spot formed by dark chromatophores located superfi-
cially on the skin. However, the spot of C. spilogyros is
rounded and relatively small compared with the
larger spot of C. erythrurus; in the latter, there is also
a notch along its posterodorsal margin. In addition,
the caudal-fin lobes in C. spilogyros are relatively
elongate and slender compared to the robust and
rounded lobes of C.erythrurus. A humeral spot is
present in C. guaporensis and sometimes in
C. epakros; however, in these species it is usually
rounded to vertically elongate, located deeper in the
skin and thus somewhat less conspicuous than that of
C. spilogyros. In addition, C. spilogyros lacks the lon-
gitudinal dark stripe characteristic of C. epakros and
C. guaporensis, although in some specimens a wide
dark longitudinal band is present. However, it differs
from the band of C. epakros and C. guaporensis in the
pattern of distribution of the chromatophores on the
skin (see ‘Comments . .., below).

Description

Morphometric data presented in Table 3. Maximum
size 223.2 mm SL. Body robust, relatively elongate,
greatest body depth located slightly anterior to dorsal-
fin origin. Dorsal profile of head distinctly convex
anteriorly in snout region, posterodorsally inclined to
convex from anterior end of snout to tip of supraoccip-
ital spine and continuous with dorsal body profile.
Anterior profile of head somewhat acute from dorsal
view. Interorbital distance wide, proportionally wider
relative to body size in larger specimens. Dorsal body
profile somewhat convex to straight from tip of
supraoccipital spine to dorsal-fin origin. Dorsal body
profile posteroventrally inclined along dorsal-fin base,
straight to relatively convex to adipose fin and concave
along dorsal profile of caudal peduncle to origin of
procurrent caudal-fin rays. Ventral profile of head dis-
tinctly convex along lower jaw. Ventral body profile
gently convex from posterior limit of isthmus to anal-
fin origin. Body profile posterodorsally inclined along
anal-fin base, slightly concave along ventral margin of
caudal peduncle. Head robust in specimens larger
than 120 mm SL. Smaller specimens with relatively
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Figure 18. Chalceus epakros sp. nov., holotype, MZUSP 33392, 132.6 mm SL, Brazil, Para, Rio Tapajés, Sao Luis, above
Itaituba, 4°25’S; 56°10'W.

Figure 19. Chalceus epakros sp. nov., INPA 16926, 95.6 mm SL, Brazil, Pard, Rio do Coco, Caseara, Lago do Casé.

Table 3. Morphometrics of Chalceus spilogyros sp. nov. All dimensions in mm

Character Holotype n Range Mean
Standard length 208.0 88 77.7-223.2

Body depth 24.5 88 23.4-28.7 25.2
Snout to dorsal-fin origin 51.7 88 50.6-59.4 54.3
Snout to pectoral-fin origin 24.0 88 23.4-29.8 26.1
Snout to pelvic-fin origin 52.1 88 49.0-55.3 52.8
Snout to anal-fin origin 77.9 88 77.5-83.2 80.2
Caudal-peduncle length 13.4 88 12.1-15.6 13.6
Caudal-peduncle depth 9.3 88 9.3-11.2 10.2
Dorsal-fin length 19.7 85 19.2-23.3 21.1
Anal-fin base 9.4 87 7.9-11.5 9.3
Anal-fin length 14.6 83 12.7-16.8 15.0
Pectoral-fin length 18.7 87 17.8-20.8 194
Pelvic-fin length 16.8 87 15.0-18.8 17.5
Head length 23.5 88 22.6-29.6 254
Snout length 32.8 88 30.5-35.9 334
Orbital diameter 27.5 86 22.8-33.7 28.3
Interorbital width 47.3 88 35.9-50.0 43.3
Upper jaw length 40.0 88 36.0-43.9 40.1
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longer heads and more acute snout. Dorsal surface of
head with distinct fontanel restricted to a small por-
tion anterior to the epiphyseal bar between frontals
and completely separating contralateral parietals.
Fontanel wide in small specimens and progressively
narrower in larger individuals. Small fontanel still
present in largest examined specimen (223.2 mm SL).
Mouth terminal, large, upper and lower jaw equally
long. Maxilla extending approximately to vertical
through anterior margin of orbit. Supramaxilla
present.

Dorsal-fin rays ii,10 (ii,10; i1,9 in one specimen, ii,11
in three specimens, n = 88). Dorsal-fin origin located
posterior to vertical through insertion of innermost pel-
vic-fin rays. First basal dorsal-fin pterygiophore insert-
ing behind neural spine of 13th vertebra (n = 1). Distal
margin of dorsal fin nearly straight to convex. Adipose
fin present. Anal-fin rays iii,9 (iii,9; iii, 8 in one; iii,10
in two specimens, n = 84). First basal anal-fin ptery-
giophore inserting behind haemal spine of 26th verte-
bra (n =1). Distal margin of anal fin straight to
emarginate with anterior branched rays approxi-
mately 3 times length of ultimate ray. Pectoral-fin rays
i,15 (range 13-17, 18 in two specimens, mean 16.1,
n = 88), pointed distally, with unbranched- and first
branched rays longest, but not reaching pelvic-fin
insertion. Pelvic-fin rays 1,8 (1,8 n = 88), fin pointed dis-
tally. Caudal fin forked, with lobes slender particularly
in specimens up to 120 mm SL, lower fin lobe slightly
more developed than upper lobe.

Premaxillary teeth in three rows. Outer row 8
(range 8-11, 7 in four specimens, mean 9.0, n = 88)
either tricuspid or pentacuspid, with medial cusp
larger. Tooth close to premaxillary symphysis slightly
larger than other teeth of series. Remaining teeth of
similar size with one or two lateralmost teeth slightly
smaller. Cusps slightly curved with concave portion
facing mouth cavity. Inner row 7 (range 6-7, 5 in four
specimens, mean 6.2, n = 88), with largest, symphy-
seal tooth usually asymmetric with one cusp on medial
margin and two on lateral margin of tooth. Remaining
teeth, penta- or heptacuspid in large specimens, with
second tooth from symphysis larger and remaining
teeth gradually diminishing in size laterally. Cusps
slightly curved with concave portion opposite of mouth
cavity. Intermediate row, with 2 (2; 1 in one specimen,
n = 88) pentacuspid teeth more widely spaced than
teeth of other rows and of intermediate size. Cusps
straight.

Maxillary teeth 8 (range 7-11, 6 in two specimens, 12
in three specimens, mean 9.2, n = 88) with smaller
specimens usually having more teeth. First teeth pen-
tacuspid, followed by tricuspid and conical teeth dis-
tally. Teeth not extending along entire margin of
ossification in large specimens. In small specimens con-
ical and extending almost along entire margin of ossi-

fication. Dentary teeth in two rows. Outer row 12
(range 9-14, 8 and 17 in one specimen each, mean 11.0,
n = 87), with teeth large and pentacuspid anteriorly,
sometimes heptacuspid in large specimens and tricus-
pid in small specimens. Teeth gradually diminishing in
size and number of cusps posteriorly. Posteriormost
teeth conical. Cusps slightly curved with concave por-
tion facing mouth cavity. Inner dentary row with large,
conical, symphyseal tooth (tricuspid in a few larger
specimens) followed by series of minute conical teeth.
First small tooth usually situated behind fourth tooth
of anterior row with gap between symphyseal tooth and
first small conical tooth of rest of series.

Scales cycloid, large overall and approximately
twice as large above lateral line as below it. Circuli on
exposed portion of scales not concentric with those of
anterior portion. Circuli on exposed portion of scales
straight and extending to posterior margin of scale in
small specimens; disorganized and labyrinthic pattern
in specimens around 200 mm SL. Radii originating on
centre of scale and radiating anteriorly and posteri-
orly on scale surface.

Lateral line low on body sides, complete, with alter-
nating large and small perforated scales from poste-
rior margin of opercle to vertical through base of last
anal-fin ray. Lateral-line scales smaller and of similar
size from that point to end of caudal peduncle. Canals
in large specimens with 3—-6 (usually 3 or 4) elevated
branches, forming ridges on scale surface. Ridges more
evident on region of caudal peduncle. Number of
branches decreases toward caudal peduncle with
posterior scales unbranched. Smaller specimens
(£140 mm) with branching pattern less developed.
Lateral-line scales 38 (range 36-39, 34 and 40 in one
specimen each, mean 38.2, n="79). Scale rows
between dorsal-fin origin and lateral line 3; between
lateral line and pelvic-fin insertion 2. Scales around
caudal peduncle 12. Vertebrae 38 (n = 1).

Colour in alcohol. All available specimens lack gua-
nine on body except for few individuals that retain
silvery pigmentation on infraorbital and opercular
regions. Ground coloration of head and body yellowish
to tan, darker dorsally. Conspicuous, small, rounded
humeral spot on region of three first scales of longitu-
dinal series just above lateral line. Humeral spot
formed by dark chromatophores located superficially
on skin (see ‘Comments ..., below). Dark chromato-
phores scattered over infraorbitals and opercular
region. Some specimens with dark blotch present on
lower half of opercle. Scales of dorsal portion of body
with chromatophores concentrated along posterior
margin, more so in central portion and forming retic-
ulate pattern, more conspicuous on two longitudinal
series of scales above lateral line. Reticulate pattern
more evident in specimens <150 mm SL (Fig. 16). All
fins hyaline. Distal portion of longer caudal-fin rays
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darkened. Some specimens (MZUSP 7053 (5 of 7),
MZUSP 20314 (1 of 55) and MZUSP 54568 (1 of 5))
with dark, wide longitudinal band along body (Fig. 17)
(see ‘Comments ..., below ).

Distribution
Occurs only in Rio Trombetas, lower Rio Tapajés and
Rio Canuma in the Rio Madeira drainage (Fig. 14).

Etymology

Spilogyros, from the Greek spilos meaning spot and
gyros, meaning circle, round, in reference to the
rounded humeral spot of the species.

Material examined

Type material. HOLOTYPE: MZUSP 20314, 1,
208.0 mm SL; Brazil, Para, Igarapé Jacaré, right mar-
gin of Rio Tapajés, near Boim. (3°0’S; 55°15'W). Col-
lector Expedicdo Permanente a Amazonia, 27/Oct/
1970. PARATYPES: MZUSP 76069 42, 1C & S 86.2—
214.0 mm SL; INPA 18589, 3, 100.3-201.0 mm SL;
USNM 368278, 3, 107.1-196.0 mm SL; UMMZ
239930, 3, 106.8—-183.0 mm SL; same data as holotype.

Non-type material. BRAZIL. AMAZONAS: MZUSP
7054, 10, 92.3-134.8 mm SL; MZUSP 7053(%), 17,
175.9-198.0 mm SL; Rio Canuma. PARA: MZUSP
15801-802, 2, 92.7-174.0 mm SL; MZUSP 15791-92,
2, 145.4-223.2 mm SL; Igapé do Lago Farias, Rio
Trombetas, Reserva Biolégica Trombetas. — MZUSP

54566, 2, 205.1-206.0 mm SL; MZUSP 54568(*), 5,
149.4-195.7 mm SL; Lago Mussura4, left margin of Rio
Trombetas, Porto Trombetas, Oriximina. — MZUSP
54569, 2, 184.4-200.4 mm SL; MZUSP 54570, 1,
188.9 mm SL; Lago Batata, right margin of Rio Trom-
betas, Porto Trombetas, Oriximina. — MZUSP 19698,
18, 77.7-148.6 mm SL; Lagoa Jacaré, Rio Trombetas.
—INPA 16930, 2, 193.0-203.0 mm SL; Lago Cruz Alta,
Rio Trombetas. — INPA 16943, 2, 165.0-210.0 mm SL;
Lago Corusca, Igarapé do Bracgo, Rio Trombetas drain-
age. — INPA 16944, 4, 166.0-190.0 mm SL; Lago
Jamari, Rio Trombetas drainage.

CHALCEUS EPAKROS SP. NOV. (FIGS 18-20, TABLE 4)

Chalceus macrolepidotus (not of Cuvier, 1817), misi-
dentification: de Mérona, Santos & Almeida, 2001:
387 [Brazil, Rio Tocantins at Tucurui dam]. Ferreira,
1984: 356 [Brazil, Para, Rio Curua-Unal].

Chalceus erythrurus (not of Cope, 1870), misidentifi-
cation: Regan, 1912: 389 [Rio Cupari, Brazil].

Diagnosis

Chalceus epakros can be readily distinguished from
all other Chalceus species with the exception of
C. guaporensis by the lack of a median fontanel
between the frontal and parietal bones, the presence
of a longitudinal dark stripe from the posterodorsal
margin of opercle to caudal peduncle and by the rela-
tively longer and more acute snout (Figs 18, 19). It dif-
fers from C. guaporensis by having 8 branched pelvic-

Table 4. Morphometrics of Chalceus epakros sp. nov. All dimensions in mm

Character Holotype n Range Mean
Standard length 132.6 183 64.9-175.6

Body depth 24.1 183 22.1-30.8 26.3
Snout to dorsal-fin origin 53.7 183 51.1-58.5 54.7
Snout to pectoral-fin origin 27.1 182 24.3-32.4 27.7
Snout to pelvic-fin origin 52.6 183 50.5-56.7 53.1
Snout to anal-fin origin 80.1 183 77.8-86.2 80.9
Caudal-peduncle length 14.3 183 10.9-15.8 13.6
Caudal-peduncle depth 10.9 183 9.9-12.2 10.9
Dorsal-fin length 24.3 181 20.8-26.5 23.8
Anal-fin base 8.9 165 7.2-10.4 8.7
Anal-fin length 17.3 177 13.1-20.4 17.2
Pectoral-fin length 18.9 183 16.2-21.8 19.1
Pelvic-fin length 17.6 180 15.6-20.6 18.1
Head length 27.0 183 24.5-31.2 27.7
Snout length 36.6 182 32.1-38.8 35.5
Orbital diameter 27.9 183 24.6-35.6 29.3
Interorbital width 40.8 183 32.9-46.7 40.8
Upper jaw length 43.9 183 39.7-49.2 44.5
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Figure 20. Map of northern portion of South America showing geographical distribution of Chalceus epakros (dots,
1 = type locality) and C. guaporensis spp. nov. (triangles, 2 = type locality). Some symbols represent more than one local-

ity or lot of specimens.

fin rays (vs. 7 in the latter species, see ‘Remarks’ under
C. guaporensis). Although there is broad overlap in the
ranges, the number of lateral line scales in C. epakros
tends to be lower than that in C. guaporensis (Table 6,
Fig. 21). C. epakros may be further distinguished from
C. erythrurus, C. spilogyros and C. guaporensis in hav-
ing the first small tooth of the inner dentary row
located very close to the symphyseal tooth, conse-
quently forming an almost continuous series (vs. first
small tooth of inner dentary row located behind fourth
to fifth tooth of anterior row with a distinct gap
between the symphyseal tooth and first small conical
tooth). The central portions of the scales on the longi-
tudinal series above the lateral line are tinged with
red in live specimens of C. epakros (Géry, 1977: 329)
(vs. red pigmentation absent in C.erythrurus and
C. macrolepidotus); there is no information about live
coloration of C.guaporensis and C. spilogyros). A
humeral spot is sometimes present in C.epakros
(Fig. 19), although in this species it is usually round to
vertically elongate and located deeper in the skin and
thus less conspicuous than those of C. erythrurus and

C. spilogyros in which it is located superficially on the
skin (see ‘Comments ..., below).

Description

Morphometric data are presented in Table 4. Maxi-
mum size 175.6 mm SL. Body robust, somewhat
compressed, relatively elongate, greatest body depth
slightly anterior to dorsal-fin origin. Dorsal profile of
head convex anteriorly on snout region, posterodor-
sally inclined from anterior end of snout to tip of
supraoccipital spine. Anterior profile of head dis-
tinctly acute in dorsal view. Interorbital distance
wide, proportionally wider relative to body size in
larger specimens. Dorsal surface of head in interor-
bital region flat in specimens around 100 mm SL
and smaller and slightly convex in larger speci-
mens. Dorsal body profile convex from tip of supraoc-
cipital spine to dorsal-fin origin. Dorsal body profile
posteroventrally inclined along dorsal-fin base,
straight to relatively convex to adipose fin and con-
cave along dorsal profile of caudal peduncle to ori-
gin of procurrent caudal-fin rays. Ventral profile of
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head somewhat convex from tip of lower jaw to
vertical through posterior limit of isthmus in
specimens up to 120 mm SL, straight and
posteroventrally inclined in larger specimens. Ven-
tral body profile convex from posterior limit of isth-
mus to anal-fin origin. Body profile along anal-fin
base posterodorsally inclined, slightly concave along
ventral margin of caudal peduncle. Smaller speci-
mens have larger head lengths relative to SL.
Median fontanel between frontals and parietals
absent in all samples including smallest specimens.
Mouth terminal, large; upper jaw slightly longer
than lower jaw, tip of premaxillary teeth extending
below margin of upper lip, giving saw-like appear-
ance to margin of premaxilla even in closed mouth.
Maxilla extending to vertical through anterior mar-
gin of orbit. Supramaxilla present.

Dorsal-fin rays ii, 10 (ii,10; ii,9 in one and ii,11 in
two specimens, n = 181). Dorsal-fin origin located pos-
terior to vertical through insertion of innermost pel-
vic-fin rays. First dorsal-fin pterygiophore inserting
behind neural spine of 11th vertebra (n = 2). Distal
margin of dorsal fin slightly straight to convex. Adi-
pose fin present. Anal-fin rays iii,9 (iii,9; iii,8 in 22
specimens, iii, 10 in one specimen, n = 177). First anal-
fin pterygiophore inserting behind haemal spine of
23rd vertebra (n =2). Distal margin of anal fin
straight to emarginate with anterior branched rays
approximately 3 times length of ultimate ray. Pecto-
ral-fin rays 1,16 (range 14-17, 12 in one and 13 in
three specimens, respectively, mean 16.1, n = 175),
pointed distally, with unbranched- and first branched
rays longest, not reaching pelvic-fin insertion. Pelvic-
fin rays 1,8 (i,8; 1,7 in 2 specimens, 1,9 in 4; n = 180),
pointed distally. Caudal fin forked, lower fin lobe
slightly more developed.

Premaxillary teeth in three rows. Outer row 12
(range 9-13, 8 and 14 in one specimen each, mean
10.7, n = 180); tricuspid or pentacuspid, with medial
cusp larger and all teeth of similar size. Cusps slightly
curved with concave portion facing mouth cavity.
Inner row 8 (range 7-10, 6 in 3 specimens; mean 8.0,
n = 180); largest, symphyseal tooth usually asymmet-
ric with one cusp on medial margin and two on lateral
margin of tooth. Remaining teeth penta- or heptacus-
pid, with second tooth from symphysis larger and
teeth gradually diminishing in size laterally. Cusps
slightly curved with concave portion opposite of mouth
cavity. Intermediate row 2 (2; 1 in five specimens, 3 in
one specimen n = 180) pentacuspid teeth, more widely
separated than teeth of other rows and of intermedi-
ate size. Cusps straight.

Maxillary teeth 15 (range 9-16, 8 in 2 specimens, 17
in one, mean 12.6, n = 177). Anterior teeth tricuspid or
conical posteriorly; teeth extending along almost
entire margin of ossification. Dentary teeth in two

rows. Outer row 11 (range 10-18, 9 in one specimen,
19 in 2; mean 13.3, n = 178), large and pentacuspid
anteriorly, sometimes heptacuspid, gradually dimin-
ishing in size and number of cusps posteriorly. Poste-
riormost teeth conical. Cusps slightly curved with
concave portion facing mouth cavity. Inner row teeth
consisting of large, conical, symphyseal tooth followed
by series of minute conical teeth. First small tooth
originating very close to symphyseal tooth and form-
ing an almost continuous series.

Scales cycloid, large overall and approximately
twice as large above lateral line as below it. Circuli on
exposed portion of scales not concentric with those of
anterior portion. Circuli on exposed portion of scales
straight and extending to posterior margin of scale in
small specimens; disorganized and labyrinthic pattern
in specimens around 160 mm SL. Radii originating on
centre of scale and radiating anteriorly and posteri-
orly on scale surface.

Lateral line low on body sides, complete, with
alternating large and small perforated scales from pos-
terior margin of opercle to vertical through base of last
anal-fin ray; scales smaller and of similar size from that
point to end of caudal peduncle. Canals in large spec-
imens with 1-6 branches. Number of branches
decreases toward caudal peduncle with posterior scales
unbranched. Small specimens (<150 mm) with branch-
ing pattern less developed. Lateral-line scales 35
(range 31-37, mean 34.3, n = 169). Scale rows between
dorsal-fin origin and lateral line 3; between lateral line
and pelvic-fin insertion 2. Scales around caudal
peduncle 12. Vertebrae 34 (n =1), 35 (n = 1).

Colour in life. Description based on photographs
taken by various collectors, Géry (1977: 329) and per-
sonal observation of 3 specimens kept in aquarium.
Overall coloration of head and body bright silver. No
conspicuous humeral spot. Dorsal portion of eye yel-
low. Central portions of scales on longitudinal series
just above lateral line tinged with red, coloration less
evident posterior to vertical through anal-fin origin.
All fins (except pectoral) bright red. Pectoral fin hya-
line. Three specimens kept in tanks exhibited rapid
changes in coloration with fins turning pale under
stressful conditions.

Colour in alcohol. Few examined specimens retain
guanine and have silvery reflections on body and head.
Most only retain silvery pigmentation on infraorbital
and opercular regions. Specimens lacking guanine on
body yellowish to tan, darker dorsally. Longitudinal
dark stripe extends from posterodorsal margin of oper-
cle to caudal peduncle, but not reaching base of caudal-
fin rays. Stripe formed of dark chromatophores located
deep in skin (see ‘Comments . . ., below); less evident in
specimens retaining guanine on body. Small specimens
with inconspicuous vertically elongate humeral spot
extending over first three scales of lateral line (see

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 140, 103-135

120z ¥snBNy L uo 3snB AQ 8¥£9Z/2/€0L/1/0% L/210IHE/UBSUUII00Z/WOD dNO™DIWSpEo.)/:SARY WO} POPEOJUMOQ



REVISION OF CHALCEUS CUVIER 127

‘Comments . . ., below). Scales above lateral line with
chromatophores slightly more concentrated along pos-
terior margin forming fine reticulate pattern. Humeral
spot and reticulate pattern progressively less evident
in larger specimens. All fins hyaline, some specimens
with dorsal and anal fins with scattered chromato-
phores. Most specimens with dark tips on adipose fin
and dorsal- and caudal-fin rays.

Distribution

The species is widespread throughout the central
and lower portions of the Amazon basin including the
Rio Madeira, Rio Xingu, Rio Tapajés, Rio Negro, Rio
Branco, Rio Trombetas and Rio Tocantins-Araguaia
basins (Fig. 20). It also occurs in the middle and upper
Rio Orinoco basin, the Essequibo River in Guyana and
in the Rio Nanay in Peru (see ‘Remarks’).

Etymology
Epakros, from the Greek for ‘pointed at the end’, refer-
ring to the snout of the species.

Remarks

The single specimen of C.epakros (ANSP 175371)
from the Essequibo River represents an extension to
the north-east relative to the other records of the spe-
cies. A major extension to the west is represented by
samples from the Rio Nanay, in the Peruvian Amazon.
These samples could not be distinguished from those
originating in the more central and eastern portions of
the Amazon basin and are consequently considered
conspecific despite the gap in the known distribution
of the species.

Material examined

Type material. HOLOTYPE: MZUSP 33392, 1,
132.6 mm SL; Brazil, Para, Rio Tapajés, Sdo Luis,
above Itaituba (4°25’S; 56°10°W). Collector M. Gould-
ing, 22/0ct/1983. PARATYPES: MZUSP 76070, 53,1 C
& S, 110.1-150.7 mm SL; INPA 18590, 3, 119.1-
129.6 mm SL; USNM 368279, 3, 121.8-138.4 mm SL;
UMMZ 239931, 3, 128.4-136.2 mm SL; same data as
holotype.

Non-type material. BRAZIL: AMAZONAS: INPA 705, 2,
107.5-138.1 mm SL. - INPA 16931, 5, 129.6—
148.4 mm SL; Rio Uatuma. — INPA 16965, 2, 124.1—
131.7 mm SL; Rio Uatuma&, mouth of Igarapé Catitu. —
INPA 16960, 1, 162.0 mm SL; INPA 16963, 2, 128.0-
145.5 mm SL; Igarapé da Arraia, Rio Uatuma. — INPA
16956, 1, 162.0 mm SL; Igarapé da Agua Branca, Rio
Pitinga. — INPA 18617, 7,112.2-141.9 mm SL; Rio Pit-
inga, Cachoeira Travessdo. — MZUSP 6706, 24, 93.7—
156.0 mm SL; Rio Negro, surroundings of Manaus. —
MZUSP 31341, 1, 103.9 mm SL; Rio Negro, Anavilha-
nas. PARA: INPA 16961, 2, 143.0 (from 1 spec.), Rio

Jari, Igapé and margin of island in front of Porto
Sabdo. — INPA 16969, 9, 135.0-156 mm SL; Rio Jari,
below Cachoeira de Santo Antonio. — INPA 4293, 2,
58.5-66.1 mm SL; Rio Xingu, Arroz Cru, Lagoa da
Palmeira. — INPA 4181, 3, 70.7-72.8 mm SL; INPA
4133, 2, 117.1-132.9 mm SL; Rio Xingu, Ilha de
Babaquara. — MZUSP 33394, 31, 125-175.6 mm SL;
MZUSP 30758, 1, 81.6 mm SL; MZUSP 63651, 3,
127.0-146.1 mm SL; Rio Xingu, Belo Monte. — MZUSP
45884, 1, 125.3 mm SL; Rio Riozinho, Serra de
Kukoinhokren. — MZUSP 36816, 1, 133.3 mm SL;
Cachoeira do Espelho, Rio Xingu. — USNM 119949, 3,
98.1-178.8 mm SL; Rio Xingu, Porto de Moz. — INPA
6746, 3, 136.0-158.0 mm SL; Rio Jamanxim, tributary
of Rio Tapajés, ITha Terra Preta. — MZUSP 22095, 4,
86.4-95.3 mm SL; Rio Tapajés, Ilha da Barreirinha,
near Séo Luis. — MZUSP 25431, 1, 88.4 mm SL; right
margin of Rio Tapajés, in front of Pimental. - MZUSP
30750, 3, 127.0-133.0 mm SL; Rio Tapajés, between
Itaituba and S&o Luis. — CAS 69080, 1, 88.5 mm SL;
Rio Tapajés, Itaituba. — MZUSP 25503, 2, 102.9—
108.5 mm SL, left margin of Rio Tapajés, between
National Park headquarters and branch of Saita, km
67. — MZUSP 30754, 14,1 C & S, 69.3-94.7 mm SL,;
Rio Tapajés, Pederneiras. — MZUSP 21992, 4, 114.4—
128.5 mm SL; Rio Tapajés, Sao Luis, Po¢a de Pedra. —
MZUSP 20276, 8, 103.8-115.6 mm SL; Rio Tapajés,
inland lake in front of Monte Cristo. INPA 748, 1,
133.7 mm SL; Rio Curua-Una. — INPA 16945, 1,
99.4 mm SL; INPA 16946, 2, 104.2-106.5 mm SL;
INPA uncat., 10, 93.6-101.7 mm SL; Icangui, Rio
Tocantins. — INPA 16947, 21, 79.1-103.8 mm SL; Rio
Tocantins, below Tucurui dam. — MZUSP 30751, 1,
133.2 mm SL; Rio Itacaiunas, Rio Tocantins, Cal-
deirdo. — MZUSP 20364, 2, 71.5-77.2 mm SL; on mar-
ginal lagoons of Rio Tocantins, near Tucurui. —
MZUSP 20649, 2, 74.4-74.6 mm SL; Igarapé Muru,
Rio Tocantins, below Tucurui. — MZUSP 20324, 2,
71.9-77.0 mm SL; Igarapé Urubu, Rio Tocantins, near
Posto Trocarda. — MZUSP 20088, 2 77.8-97.5 mm SL;
Rio Trombetas, Oriximind. — INPA 16968, 2, 135.2—
137.1 mm SL; INPA 16959, 4, 105.2-116.4 mm SL; Rio
Trombetas, below Cachoeira Porteira. INPA 16948, 5,
131.7-144.4 mm SL; Rio Trombetas, above Cachoeira
Porteira. — CAS 69075, 1, 102.5 mm SL; Rio Amazo-
nas, market at Santarém. — CAS 69077, 3, 108.0—
115.3 mm SL; Rio Amazonas, Maraba. GOIAS: MZUSP
54571, 1, 132.0 mm SL; Rio Tocantins, Minacu, Porto
do Garimpo, below Serra da Mesa dam. — MZUSP
54572, 2, 105.3—-122.3 mm SL; Rio Tocantins, Porto do
Garimpo, below Serra da Mesa dam. MATO GROSSO:
MZUSP 64960, 3, 118.0-130.3 mm SL; Ribeirdo
Suaizinho near Fazenda Cascavel, tributary of Rio
Suia-Missu, Rio Xingu. — INPA 16970 9, 87.6—
99.0 mm SL; Rio do Co6co, Caseara, Lago do Case.
INPA 18602, 1, 89.5 mm SL, Rio do Céco; Caseara,
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Cantéo. — INPA uncat., 21, 84.5-99.8 mm SL; Rio Ara-
guaia, Fazenda Santa Fé. — INPA 18604, 4, 91.3—
104.3 mm SL; Lago Santa Fé, Rio Araguaia; Cantao
State Park. — INPA 18603, 1, 98.4 mm SL; Lago Arira-
nhas. — INPA 18605, 3, 87.6—88.2 mm SL; Porto Balsa,
Rio Céco. - MZUSP 63650, 3, 117.4-125.7 mm SL; Rio
Correntes, Rio Araguaia, Barra do Garca. — MZUSP
19631, 3, 73.9-108.8 mm SL; Rio Araguaia, Santa
Terezinha. — MZUSP 3847, 1, 107.7 mm SL; Rio Ara-
guaia. — MZUSP 64202, 5, 138.8-165.3 mm SL. —
MZUSP 54445, 1, 109.1 mm SL; Rio Cristalino, Rio
Araguaia. — MZUSP 62535, 4, 124.6-138.8 mm SL;
Rio Teles Pires, Pesqueiro do Dentinho, municipio de
Alta Floresta — USNM 31083, 5, 132.9-173.0 mm SL;
Rio Batovi, small tributary and shallow lake drainage,
Rio Xingu. Rondénia: INPA 16925, 3, 105.6-140.2 mm
SL; Rio Jamari, c. 5 km above Samuel dam. — INPA
16967, 1, 79.9 mm SL; Rio Urup4, tributary of Rio
Jiparana (= Rio Machado). — INPA 16966, 2, 110.8—
114.9 mm SL Rio Urup4, tributary of Rio Machado,
c. 10 km above Jiparana; INPA 16957, 2, 158.0 mm
SL; Lago Espanha, below Samuel dam. — INPA 16962,
2,139.0-158.0 mm SL; Igarapé Japiim, c. 45 km above
Samuel dam. — MZUSP 14032, 5, 129.6-167.3 mm SL;
Lago do Paraiso, Rio Machado, Rio Madeira. - MZUSP
77270, 1, 89.3, Panelas, Rio Roosevelt, above falls.
RORAIMA: MZUSP 30752, 1, 128.3 mm SL; Cachoeira
do Bem-Querer, Rio Branco. — MZUSP 30749, 5,
108.1-144.6 mm SL; Rio Uraricoera, Maraca. — INPA
8113, 1, 74,7 mm SL; Igarapé number 1.

COLOMBIA: AMNH 38183, 1, 118.9 mm SL, C&S;
Amazon Basin.

GUYANA: ANSP 175371, 1, 89.3 mm SL; Essequibo
River, sandbars 1.0-1.5h upstream from Maipuri
campsite.

PERU: LoreTo: USNM 280438, 2, 67.3—77.1 mm
SL; Rio Nanay, c¢. 20 km upstream of mouth in the
main channel. — USNM 280440, 1, 64.9 mm SL; Rio
Nanay, north-east of Iquitos. — USNM 240442, 1,
76.6 mm SL; Rio Nanay at Nanay beach, West of Iqui-
tos. — ANSP 167068, 1, 69.8 mm SL; Rio Nanay, right
bank, 0.5 mi below Santa Clara. — ANSP 167067, 2,
71.8-76.6 mm SL; Rio Nanay, creek tributary of Rio
Nanay (above confluence) c. 0.25 mi below Santa
Clara. — ANSP 136900, 5, 73.0-86.3 mm SL; ANSP
136901, 5, 70.8-86.3 mm SL; Vicinity of Iquitos,
Moronacocha outlet, right bank of Rio Nanay, c. 9 min
above Rio Amazonas.

VENEZUELA: AMAZONAS: ANSP 161222, 1,
121.3 mm SL; Rio Orinoco at playa across from mouth
of Rio Iguapo. — ANSP 161224, 1, 130.3 mm SL; Cario
of Rio Casiquiare, playa c. 1.5 h. from confluence of Rio
Casiquiare and Rio Orinoco. — ANSP 159781, 1,
79.7 mm SL; Rio Orinoco at El Burro. — ANSP 161219,
1, 130.1 mm SL; Rio Orinoco, cafio separating island
and playa just downstream from Quiratare. BOLIVAR:

ANSP 135641, 2, 71.8-89.1 mm SL; Cafio Chuapo,
c¢. 20 min downstream from Jabillae on Rio Caura. —
ANSP 139554, 5, 88.9-99.0 mm SL; isolated backwa-
ter of Rio Nichare, ¢. 10 min from Rio Nichare/Rio
Caura junction. — ANSP 159779, 1, 94.0 mm SL; Rio
Orinoco, vicinity of Puerto Las Majadas, Rio Orinoco/
Rio Caura confluence. — ANSP 159780, 2, 92.1-
101.3 mm SL; Rio Caura at Puerto das Majadas. —
ANSP 139559, 1, 119.5 mm SL; sand bar along Rio
Mato.

CHALCEUS GUAPORENSIS SP. NOV.
(F1Gs 21-23; TABLE 5)

Chalceus erythrurus (not of Cope, 1870) — misidentifi-
cation: Chang, 1998: 22 [Peru, Rio Madre de Dios
basin, Rio Malinowski; (specimen not examined, iden-
tification inferred by geographical distribution)].
Ortega, 1996: 464 [Peru, Rio Manu system].

Chalceus sp. Lauzanne & Loubens, 1985: 108 [Bolivia,
Rio Mamoré basin (specimen not examined, identifi-
cation inferred by geographical distribution)].

Diagnosis

Chalceus guaporensis can be readily distinguished
from all other Chalceus species except C. epakros by the
lack of a median fontanel between the frontal and pari-
etal bones, by the relatively longer and more acute
snout and by the presence of a longitudinal dark stripe
from the posterodorsal margin of opercle to caudal
peduncle formed by chromatophores located deep in the
skin (see ‘Comments . . ., below) (Figs 22, 23). Chalceus
guaporensis differs from C.epakros in having 7

tC. guaporensis

I-C. epakros

30 3 32 33 34 3 3 37 38 39 40
Number of lateral line scales

Figure 21. Chalceus guaporensis and C. epakros spp.
nov. Tukey box plots of the number of lateral line scales.
Visual comparison shows that these scale counts are obvi-
ously different in the two species. Although overlapping,
the counts are significantly different when subject to
Mann—Whitney rank-sum tests (¢ =13158.5, P < 0.001;
median: C. guaporensis = 36, C. epakros = 34).
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Figure 22. Chalceus guaporensis sp. nov., holotype, UMMZ 239851, 112 mm SL, Bolivia, Beni, Rio Itenez at mouth of
Rio Baurés, 6 km SW Costa Marques (Brazil), 12°31’S; 64°19'W.

Figure 23. Chalceus guaporensis sp. nov., paratype, UMMZ 204783, 80.5 mm SL, Bolivia, Rio Baurés, 400 m above
mouth on left bank, 6 km SW Costa Marques (Brazil),12°34'6’S; 64°19'W.

branched pelvic-fin rays (vs. 8 in the latter species, see
‘Remarks’). It may be further distinguished from
C. epakros and C. macrolepidotus in having the first
small tooth of the inner dentary row located behind the
fourth or fifth tooth of the anterior row with a distinct
gap between the symphyseal tooth and first small con-
ical tooth (vs. first small tooth of inner dentary row
located very close to the symphyseal tooth and forming
an almost continuous series). Chalceus guaporensis
also has a somewhat rounded, conspicuous humeral
spot extending over the first four scales of the lateral
line and located deep in the skin (see ‘Comments . ..,
below). A humeral spot located deep in the skin is some-
times present in C. epakros, although when present in
the latter species it is usually more vertically elongate
than the spot of C. guaporensis. Although there is
broad overlap in the ranges, the number of lateral line
scales in C. guaporensis tends to be higher than those
in C. epakros (Table 6, Fig. 21).

Description

Morphometric data presented in Table 5. Maximum
size 140.4 mm SL. Body robust, somewhat com-
pressed, relatively elongate, greatest body depth
located slightly anterior to dorsal-fin origin. Dorsal
profile of head convex anteriorly at snout region, pos-
terodorsally inclined from anterior end of snout to tip
of supraoccipital spine. Anterior profile of head dis-
tinctly acute in dorsal view. Interorbital distance wide,
proportionally wider relative to SL in larger speci-
mens. Dorsal surface of head in interorbital region
flat. Dorsal body profile convex from tip of supraoccip-
ital spine to dorsal-fin origin. Dorsal body profile pos-
teroventrally inclined along dorsal-fin base, then
straight to relatively convex to adipose fin and concave
along dorsal profile of caudal peduncle to origin of
procurrent caudal-fin rays. Ventral profile of head
somewhat convex from tip of lower jaw to vertical
through posterior limit of isthmus. Ventral body pro-
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Table 5. Morphometrics of Chalceus guaporensis sp. nov. All dimensions in mm

Character Holotype n Range Mean
Standard length 112.0 74 60.2-140.4

Body depth 24.6 74 22.7-26.9 24.6
Snout to dorsal-fin origin 54.5 74 52.2-58.0 55.1
Snout to pectoral-fin origin 27.6 74 25.6-31.0 28.4
Snout to pelvic-fin origin 51.3 74 50.2-55.5 52.6
Snout to anal-fin origin 81.0 74 78.1-84.3 81.0
Caudal-peduncle length 13.2 63 11.1-14.9 13.2
Caudal-peduncle depth 10.9 74 9.4-11.5 10.6
Dorsal-fin length 22.9 71 22.2-26.7 24.4
Anal-fin base 9.4 63 7.3-10.3 9.1
Anal-fin length 16.7 70 14.9-20.0 17.9
Pectoral-fin length 16.9 74 17.8-21.3 19.2
Pelvic-fin length 18.2 74 16.2-20.3 18.2
Head length 28.0 74 25.8-31.8 28.6
Snout length 37.6 73 32.6-40.1 36.3
Orbital diameter 29.3 74 25.1-37.4 32.2
Interorbital width 40.8 74 32.8-45.3 38.2
Upper jaw length 45.5 74 40.9-49.1 46.2

Table 6. Number of specimens of Chalceus epakros and C. guaporensis spp. nov. with cited number of lateral line

scales
No. lateral line scales
31 32 33 34 35 36 37 38 Total
C. epakros 3 4 32 62 44 23 1 - 169
C. guaporensis - - - 13 36 19 1 70

file convex from that point to anal-fin origin. Body pro-
file along anal-fin base posterodorsally inclined,
slightly concave along ventral margin of caudal
peduncle. Smaller specimens with relatively longer
heads. Median fontanel absent between frontals and
parietals even in smallest examined specimens.
Mouth terminal, large, upper jaw slightly longer than
lower jaw, tip of premaxillary teeth extends below
margin of upper lip giving a saw-like appearance to
margin of premaxilla even in closed mouth. Maxilla
extending to vertical through anterior margin of orbit.
Supramaxilla present.

Dorsal-fin rays 11,10 (ii,10; ii,9 in one and ii,11 in two
specimens, n = 70). Dorsal-fin origin situated posterior
to vertical through insertion of innermost pelvic-fin
rays. First basal dorsal-fin pterygiophore inserting
behind neural spine of 11th vertebra (n = 3). Distal
margin of dorsal fin slightly straight to convex. Adi-
pose fin present. Anal-fin rays iii,9 (iii,9; iii,8 in 2 spec-
imens, n =70). First basal anal-fin pterygiophore
inserting behind haemal spine of 24th vertebra
(n = 4). Distal margin of anal fin straight to emargin-

ate with anterior branched rays approximately 3
times length of ultimate ray. Pectoral-fin rays i,14
(range 14-16, 17 in one specimen, mean 16.1, n = 70),
pointed distally, with unbranched- and first branched
rays longest, but not reaching pelvic-fin insertion. Pel-
vie-fin 1, 7 (1,7, n = 70); fin pointed distally. Caudal fin
forked, lower fin lobe slightly more developed than
upper lobe.

Premaxillary teeth in three rows. Outer row 9
(range 9—12, mean 10.8, n = 68); teeth tricuspid, some-
times pentacuspid, with medial cusp larger and teeth
of similar size. Cusps slightly curved with concave por-
tion facing mouth cavity. Inner row 8 (range 7-10, 11
in 1 specimen; mean 8.5, n = 70) largest, symphyseal
tooth usually asymmetric with one cusp on medial
margin and two cusps on lateral margin of tooth.
Remaining teeth pentacuspid, or more lateral teeth
tricuspid, with second tooth from symphysis larger
and teeth gradually diminishing in size laterally.
Cusps slightly curved, with concave portion opposite
of mouth cavity. Intermediate row 2 (2; 1 in one spec-
imen, n = 70) pentacuspid or tricuspid teeth, more

© 2004 The Linnean Society of London, Zoological Journal of the Linnean Society, 2004, 140, 103-135

120z ¥snBNy L uo 3snB AQ 8¥£9Z/2/€0L/1/0% L/210IHE/UBSUUII00Z/WOD dNO™DIWSpEo.)/:SARY WO} POPEOJUMOQ



REVISION OF CHALCEUS CUVIER 131

widely separated than teeth of other rows and of inter-
mediate size. Cusps straight.

Maxillary teeth 11 (range 9-16, 17 in one specimen,
mean 12.5, n =70). Anterior teeth tricuspid with
remaining teeth conical. Teeth extending along almost
entire margin of ossification. Dentary teeth in two
rows. Outer row 14 (range 11-16, 18 in one specimen;
mean 13.1, n = 70), with teeth large and pentacuspid
anteriorly, sometimes heptacuspid, gradually dimin-
ishing in size and number of cusps posteriorly. Poste-
riormost teeth conical. Cusps slightly curved with
concave portion facing mouth cavity. Inner row con-
sists of large conical symphyseal tooth followed by
series of minute conical teeth. First tooth usually posi-
tioned behind fourth or fifth tooth of anterior row with
distinct gap between that tooth and symphyseal tooth.

Scales cycloid, large overall and approximately
twice as large above lateral line as below it. Circuli on
exposed portion of scales not concentric with those of
anterior portion. Circuli on exposed portion of scales
straight and extending to posterior margin of scale in
examined specimens. Radii originating on centre of
scale and radiating anteriorly and posteriorly on scale
surface.

Lateral line low on body sides, complete, with alter-
nating large and small perforated scales from posterior
margin of opercle to vertical through last anal-fin ray;
scales smaller and of similar size from that point to end
of caudal peduncle. Canals in large specimens with 1—
5 branches. Number of branches decreases toward cau-
dal peduncle, with posterior scales unbranched. Small
specimens with branching pattern less developed. Lat-
eral-line scales 36 (range 35-37, 1 specimen with 34, 1
with 38; mean 36.1,n = 69). Scale rows between dorsal-
fin origin and lateral line 3. Scale rows between lateral
line and pelvic-fin insertion 2. Scales around caudal
peduncle 12. Vertebrae 35 (n = 3).

Colour in alcohol. Specimens only retain silvery pig-
mentation on infraorbital and opercular regions. Body
tan, darker dorsally. Longitudinal dark stripe formed
by dark chromatophores located deep in the skin (see
‘Comments ..., below). Stripe extends from postero-
dorsal margin of opercle to caudal peduncle, but not
reaching base of caudal-fin rays. Somewhat rounded,
conspicuous humeral spot extending over first four
scales of lateral line and located more deeply in skin
(see ‘Comments . . ., below). Dorsal portion of humeral
spot overlapping longitudinal stripe. Scales above lat-
eral line with chromatophores slightly more concen-
trated along posterior margin and forming fine
reticulate pattern. Some specimens also have chro-
matophores scattered on lateral-line scales and one
longitudinal series above it. All fins hyaline, with dor-
sal, anal and adipose with dark chromatophores scat-
tered. Tips of caudal- fin rays and ventral margin of
first principal ray of lower caudal-fin lobe dark.

Distribution

The Rio Guaporé and Rio Mamoré drainages, Rio
Madre de Dios and Rio Jaci-Parana in the upper Rio
Madeira (see ‘Remarks’) (Fig. 20).

Etymology
Named after the Rio Guaporé.

Remarks
The main trait that distinguishes C. guaporensis
from C. epakros is the number of branched pelvic-fin
rays (7 vs. 8, respectively). Among specimens of
C. guaporensis examined in this study (Table 7,
n="71) all have 7. Additional specimens from Rio
Madre de Dios basin MUSM 3756, n = 1; 3907, n = 1;
16850, n = 1; and 8033, n = 5), all have 7 except for one
specimen (MUSM 8033) with 8 (H. Ortega, pers.
comm.). The latter specimen is considered atypical
and herein tentatively identified as C. guaporensis.
Most of the C. epakros specimens (n = 174) have 8
rays (Table 7). Of the six remaining specimens, two
have 7 (INPA 16968, 1 of 2, 137.1 mm SL, from the Rio
Trombetas and INPA 16925, 1 of 3, 105 mm SL from
the upper Rio Madeira); both belong to lots in which the
other specimens have 8 and their number of lateral-line
scales (34 and 36, respectively), falls within the range
of variation for the two species (Table 6). The speci-
mens from the Rio Trombetas all possess 8; that basin
is, furthermore, distant from the distribution range of
C. guaporensis. The specimen with 7 rays from the Rio
Trombetas appears atypical and is herein assigned to
C. epakros. The specimen from the upper Rio Madeira
is somewhat more problematic because it comes from
a location adjacent to the northern limit of the distri-
bution range of C. guaporensis, raising the question as
to whether C.epakros and C.guaporensis perhaps
occur in sympatry along the edges of their distribution
range, or whether the specimen is atypical. It was col-
lected in the Rio Jamari, a tributary of the upper Rio
Madeira below the waterfall region (a series of 19
waterfalls occurs along a 353-km river stretch between
the cities of Porto Velho in the upper Rio Madeira and
Guajara-Mirim in the Rio Mamoré; Goulding, 1979:
33-34). Within the Rio Madeira basin, C.epakros

Table 7. Number of specimens of Chalceus epakros and
C. guaporensis spp. nov. with cited number of branched
pelvic-fin rays

No. branched pelvic-fin rays

7 8 9 Total
C. epakros 2 174 4 180
C. guaporensis 71 - - 71
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appears to occur only in regions downstream of the
waterfalls, while all specimens of C. guaporensis from
the region of the upper Rio Madeira were collected
upstream. Until additional information on these two
species becomes available, we have tentatively
assigned the specimen to C. epakros.

Material examined

Type material. HOLOTYPE: UMMZ 239851, 1,
112.0 mm SL. BOLIVIA: BENT: Rio Itenez at mouth of
Rio Baures, 6 km SW of Costa Marques; 12°31’S,
64°19'W. Collector R. M. Bailey & R. Ramos, 30/Sep/
1964. PARATYPES: BOLIVIA: BENI: UMMZ 204719,
4, 1 DS, 75.0-128.4 mm SL; MZUSP 76071, 3, 78.1-
84.7 mm SL; same data as holotype. —- UMMZ 204209,
19,2 C & S 62.2-86.2 mm SL; MZUSP 76072, 4 62.3—
81.4 mm SL; Rio Itenez, opposite Costa Marques,
12°29'30”S, 64°15’30”W. — UMMZ 204783 9, 2 DS,
75.3-109.9 mm SL; Rio Baures, 400 m above mouth on
left bank, 6 km SW of Costa Marques; PERU: MADRE
DE D1os: USNM 319294, 7,1 C & S, 122.3-133.4 mm
SL; Manu National Park, Pakitza, Picaflor Stream,
Cana Brava Trail # 19.

Non-type material. BOLIVIA: BENI: UMMZ 205201,
3, 70.9-84.9 mm SL; slough of Rio Itenez, 10 km SE of
Costa Marques (Brazil). — UMMZ 204272 (2 of 4)
101.8-121.1 mm SL; Rio Itenez at mouth of dry run,
2 km SE of Costa Marques (Brazil). — UMMZ 204447,
3, 73.2-78.1 mm SL; Rio Itenez, along sand bar about
9 km SE of Costa Marques (Brazil). - UMMZ 204949,
1, 82.5 mm SL; playa pond of Rio Itenez, 9 km SE
Costa Marques (Brazil). - UMMZ 204588, 1, 67.8 mm
SL; Rio Itenez, 5 km SW of Costa Marques, 1.5-2 km
above mouth of Rio Baures. — UMMZ 204848 (1 of 3
specimens examined) 140.4 mm SL; Rio Baures, 2 km
above mouth. — UMMZ 233932, 1, 66.6 Rio Baures at
mouth, on right bank, 6 km SW of Costa Marques,
Brazil. — FMNH 57585, 2, 95.0-97.6 mm SL; Villa
Bella. — MNHN 1989-1426, 2, 124.2-126.3 mm SL.
San Luis, Madre de Dios — AMNH 40169, 1, 102.9 mm
SL; Rio Mamoré at Cachuela, below Guayaramerin. —
AMNH 40059, 21, 61.7-124.2 mm SL; Rio Baures,
500 m above mouth. SANTA CRUZ: AMNH 77533, 1,
83.6 mm SL; Rio Mamoré, c¢. 2km north of Boca
Chapare.

BRAZIL: RONDONIA: FMNH 14988-14989, 2, 79.1—
100.8 mm SL; FMNH 57584, 13, 77.3-126.9 mm SL;
Rio Guaporensis, Maciel. — INPA 16927 1, 94.0 mm
SL; Rio Jaci-Parana, c. 3 km from town of Jaci-Paran4.

COMMENTS ON THE COLOUR PATTERN OF
CHALCEUS SPECIES

Variations in the pigmentation pattern of the longitu-
dinal dark band and of the humeral spot distinguish

various species in Chalceus. The band characteristic of
C. epakros and C. guaporensis is relatively narrow,
covering approximately the ventral half of the scales
along the second longitudinal row of scales above the
lateral line. Anteriorly, it reaches the posterodorsal
margin of the opercle (Figs 18, 19, 22, 23). In these
species it is formed by chromatophores located deep in
the skin and not directly associated with the scales.

A band of differing appearance (Figs 11, 17) is some-
times present in specimens of C. macrolepidotus
(MZUSP 43291; MZUSP 58962, 1 of 2; and ANSP
161220), C. spilogyros (MZUSP 76069, 1 of 55; MZUSP
7053, 5 of 7; and MZUSP 54568, 1 of 5) and
C. erythrurus (AMNH 59440, INPA 16190, 4 of 5; INPA
17226, MZUSP 13533, MZUSP 20385, 4 of 9 and
MZUSP 77595). When present, the band in these spe-
cies is wider than that of C. epakros and C. guaporensis
and covers approximately 1.5 longitudinal rows of
scales above the lateral line. It also reaches further
anteriorly, covering the opercle and subopercle. The
pigmentation is formed by a more superficial concen-
tration of chromatophores located in the skin covering
the internal surface of each scale. Due to the more
superficial location of the chromatophores, the band is
more conspicuous and looks darker than that of
C. epakros and C. guaporensis. In addition, it can be
removed with the scales. In the specimens of
C. erythrurus, the band is very dark and extends ante-
riorly onto the first two infraorbitals. While it covers
the humeral spot, the latter, with its characteristic pos-
terodorsal notch, is still visible underneath.

The presence of a dark and wide band in some spec-
imens of C. macrolepidotus, C. spilogyros and
C. erythrurus seems to be related to reproduction.
Azuma (1979) reported the appearance of a dark lon-
gitudinal bar on the male during the spawning season
of a pair of C. macrolepidotus kept in aquarium. Among
specimens with the band that we examined (n = 26), 19
were males and 7 were females (4 and 3; 6 and 1; and
9 and 3, males and females of C. macrolepidotus;
C. spilogyros; and C. erythrurus, respectively) and all
had well developed gonads indicating that the presence
of the band is probably associated with sexual maturity
rather than with sexual dimorphism, as suggested by
the observations of Azuma (1979). However, some of
these specimens belong to lots that included mature
females lacking the dark band (e.g. C. macrolepidotus
MZUSP 58962; C. spilogyros MZUSP 7053; MZUSP
54568). Additional information from live specimens is
needed before a clear understanding of the timing and
conditions of the appearance of the band during the life
cycle of Chalceus species is understood. We have
not observed any specimens of C.epakros or
C. guaporensis with a band characteristic of some of the
individuals of C. macrolepidotus, C. spilogyros and
C. erythrurus.
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The humeral spot present in C. erythrurus,
C. spilogyros, C. guaporensis and in many specimens
of C. epakros shows differences in shape (as described
in the various ‘Diagnosis’ and ‘Colour in alcohol’ sec-
tions) and variation in the pattern of distribution of
the chromatophores. As with the band, the spot in
C. epakros and C. guaporensis is formed only by chro-
matophores located deep under the scales of the
humeral region. Chalceus erythrurus and C. spilogyros
also have a deeply located dark spot in the humeral
region, but they also have a second more superficial
one formed by chromatophores located in the skin
immediately underneath the scales. The superficial
spot obscures the deeper one; the latter is exposed
when the superficial pigmentation is removed.
As a consequence of the presence of the superficial
chromatophores, the spots in C.erythrurus and
C. spilogyros are darker and more conspicuous than
those in C. epakros and C. guaporensis.
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