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A newminiature Pristella (Actinopterygii: Characiformes:
Characidae) with reversed sexual dimorphism from the rio
Tocantins and rio São Francisco basins, Brazil
F.C.T. Lima, R.A. Caires, C.C. Conde-Saldaña, J.M. Mirande, and F.R. Carvalho

Abstract: A new species of the genus Pristella Eigenmann, 1908 (Pristella crinogi sp. nov.) is described from the middle rio
Tocantins and middle rio São Francisco basins, Brazil. The new species can be diagnosed from its two congeners, Pristella
ariporo Conde-Saldaña, Albornoz-Garzón, García-Melo, Villa-Navarro, Mirande, and Lima, 2019 and Pristella maxillaris (Ulrey,
1894), by a combination of color pattern and teeth morphology characters. A phylogenetic analysis of the genus recovered
P. crinogi as the sister taxa of P. ariporo. Pristella crinogi, along with P. ariporo, are the first characiform fishes, and one of the
first bony fishes, to be reported as presenting a reversed sexual dimorphism, with females presenting a more developed color
pattern than males. Comments on the miniaturization of the species, as well as remarks on the biogeography of the genus
Pristella, are presented.

Key words: Pristella crinogi, Pristella ariporo, Pristella maxillaris, Hyphessobrycon axelrodi, Hyphessobrycon micropterus, new species,
taxonomy, phylogeny.

Résumé : Une nouvelle espèce de genre Pristella Eigenmann, 1908 (Pristella crinogi sp. nov.) est décrite des bassins versants
du rio Tocantins moyen et du rio São Francisco moyen (Brésil). La nouvelle espèce se distingue de ses deux congénères, Pris-
tella ariporo Conde-Saldaña, Albornoz-Garzón, García-Melo, Villa-Navarro, Mirande et Lima, 2019 et Pristella maxillaris (Ulrey,
1894), par une combinaison de caractères associés à la coloration et à la morphologie des dents. Une analyse phylogénétique
du genre fait ressortir P. crinogi comme taxon-frère de P. ariporo. Pristella crinogi, ainsi que P. ariporo sont les premiers pois-
sons characiformes et parmi les premiers poissons osseux pour lesquels un dimorphisme sexuel inversé est signalé, les
femelles présentant une coloration plus développée que les mâles. Des commentaires sur la miniaturisation des espèces,
ainsi que des remarques sur la biogéographie du genre Pristella sont présentés. [Traduit par la Rédaction]

Mots-clés : Pristella crinogi, Pristella ariporo, Pristella maxillaris, Hyphessobrycon axelrodi, Hyphessobrycon micropterus, nouvelle espèce,
taxonomie, phylogénie.

Introduction

Pristella Eigenmann, 1908 was for a long time considered a
monotypic genus, including only Pristella maxillaris (Ulrey, 1894)
(x-ray tetra). The genus was defined as being similar to the genus
HemigrammusGill, 1858, but presenting numerous minute conical
teeth along themaxilla (Eigenmann 1908). Recently, Conde-Saldaña
et al. (2019) described a second species for the genus, Pristella
ariporo, from the río Orinoco basin in Colombia and, based on a
broad phylogenetic hypothesis, redefined Pristella as being sup-
ported by 15 synapomorphies. However, the original character
defining Pristella, the presence of numerous conical teeth along
the maxilla, was identified as an autapomorphy of P. maxillaris
because P. ariporo has an edentulousmaxilla.
During a survey of the vertebrate fauna of the Estação Ecológ-

ica Serra Geral do Tocantins, a large protected area at the border

of the upper rio Tocantins and rio São Francisco basins, states of
Tocantins and Bahia, Brazil (Nogueira et al. 2011), in which two of
the authors (F.C.T.L., R.A.C.) took part, a bright-colored, minia-
ture characid fish was collected in a small tributary of the rio
Preto, rio Tocantins basin. The species was immediately recog-
nized as new and cited (as Hyphessobrycon sp. “vermelhinho”) in
an inventory of the ichthyofauna of the area (Lima and Caires
2011). Subsequent collections undertaken by C. Oliveira and col-
laborators in the region obtained additional material of the spe-
cies. The present contribution aims at describing this new
species and discussing some of its uncommon morphological
features.

Materials and methods
Measurements and counts were taken according to Fink and

Weitzman (1974) and Menezes and Weitzman (1990), with the
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exception of the scale rows below the lateral line, which were
counted to the insertion of pelvic fin. The count of horizontal
scale rows between the dorsal-fin origin and the lateral line does
not include the scale of the median predorsal series situated just
anterior to the first dorsal-fin ray. In the description, the fre-
quency of each count is given in parentheses after the respective
count and an asterisk indicates the count of the holotype. Numbers
of supraneurals, vertebrae, procurrent caudal-fin rays, unbranched
dorsal- and anal-fin rays, branchiostegal rays, and gill rakers were
taken only from cleared and stained paratypes (cs), prepared
according to Taylor and Van Dyke (1985). Vertebrae of theWeberian
apparatus were counted as four elements, and the fused PU1+U1 of
the caudal region were counted as a single element. In the list
of material examined, the total number of specimens in the lot is
followed by the number of those cleared and stained (if any). Insti-
tutional abbreviations follow Sabaj (2019).
Phylogenetic relationships of the new taxon were evaluated

through a comprehensive phylogenetic analysis of the Characidae,
combining 520morphological characters and 9molecularmarkers.
Since its first proposal (Mirande 2009), the analyzed dataset was
progressively augmented and curated to some of the latest phyloge-
netic approaches for the Characidae (i.e., Conde-Saldaña et al. 2019;
Ohara et al. 2017, 2019; Terán et al. 2020). In its present form, it
includes 596 species representing all characiform families and
characid subfamilies. The morphological partition of the dataset
was coded for 344 terminals including the new species herein
described. Molecular partitions are the same analyzed by Terán
et al. (2020), who listed the correspondingGenBank accession num-
bers. Parsimony analyses were done under extended implied
weighting (Goloboff 1993, 2014) with TNT software (Goloboff et al.
2008). Molecular characters were collectively weighted according

to the average homoplasy of, either, 30 contiguous sites (GRO) or
entire partitions of data (BLK) (details in Mirande 2017, 2019; Terán
et al. 2020). Analyses were ran in a broad range of concavity con-
stants involving 9 K values for each of these weighting schemes,
totalling, thus, 18 weighting conditions (for details see Goloboff
1993, 2014;Mirande 2009, 2017, 2019; Terán et al. 2020). Different an-
alytical conditions are denotedwith its weighting scheme followed
by its weighting strength against homoplasy (K value). For instance,
GRO25means collective weighting by the average homoplasy of 30
contiguous sites on molecular partitions, using a K value of 25.
Searches were done initially on each weighting condition by sepa-
rate, using sectorial searches, tree drifting, and tree fusing (Goloboff
1999; Nixon 1999). After that, several rounds of tree fusing were
done (Goloboff 1999) from the (at least temporarily) optimal
hypotheses for all analytical conditions. This procedure was
repeated until no further improvements were obtained in any ana-
lytical condition. The final hypothesis was selected as the overall
most parsimonious among the ones obtained in the explored pa-
rameters (for details see Terán et al. 2020). In a set of trees, each one
optimal under different analytical conditions, this criterion will
prefer the one that is, on average, the closest possible to be optimal
in the whole set of explored conditions over the trees that are usu-
ally far to be optimal excepting for some specific set of parameters.
In other words, we prefer the most parsimonious trees that are ro-
bust to variations in the analytical conditions, in an analog way we
have more confidence in the monophyly of stable clades than on
groups of species that aremonophyletic only under specific analyti-
cal conditions (Giribet 2003). Support was calculated through sym-
metric resampling (probability of change 0.33), searching with
sectorial searches, and tree fusing on each resampled matrix
(Goloboff 1999). Two different resampling strategies were

Fig. 1. Pristella crinogi sp. nov.: (A) holotype, ZUEC 17252, female, 19.2 mm standard length (SL), Brazil, Tocantins, Mateiros, ribeirão Brejão;
(B) paratype, ZUEC 17253, male, 17.3 mm SL, same data as holotype. Figure courtesy of E.G. Baena. Color version online.
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conducted, using different parameters, one of them after 100
pseudoreplicates and rather intensive searches on each resampled
matrix (“level 3” of TNT) and the other after 300 pseudoreplicates
and shallower searches (“level 1” of TNT). As usually the error in
the calculation of support by resampling methods is by underesti-
mation, the highest value obtained for each node after the two
strategies was used. Results are expressed as GC values (differen-
ces of frequencies “group present/contradicted”; Goloboff et al.
2003) calculated on the consensus of themost parsimonious trees.
The morphological partition of the dataset, the combined matrix,
and the consensus of the most parsimonious trees obtained both
under implied and equal weighting are available online at Mor-
phoBank P3819 (O’Leary and Kaufman 2011).

Results
Pristella crinogi sp. nov.
Figs. 1A, 1B, and 2; Table 1

Hyphessobrycon sp. “vermelhinho”: Lima and Caires 2011: 239,
243, 245, 249 (Brazil, Tocantins, Mateiros, Ribeirão Brejão, tribu-
tary of rio Preto, rio Tocantins basin).

ZOOBANK LSID: urn:lsid:zoobank.org:act:32D618F1-30DA-4BC8-BC43-
525B40A68DAA.

HOLOTYPE: ZUEC 17252 (1 specimen, female, 19.2 mm SL): Brazil,
Tocantins, Mateiros, ribeirão Brejão, tributary of rio Preto (rio
Tocantins basin), 10°34 029 00S, 46°29 013 00W; C. Oliveira, M. Taylor,
B.F. Melo, and G.S.C. Silva, 12 Aug. 2014.

PARATYPES: All from Brazil. Tocantins, rio Tocantins basin: LBP
19057 (8 specimens; 1 unsexed juvenile, 9.0 mm SL; 5 males,
13.5–18.5 mm SL; 2 females, 12.9–16.5 mm SL; 1 male 17.0 mm SL,
cs); ZUEC 17253 (6 specimens; 1 unsexed juvenile, 10.6 mm SL; 3
males, 15.8–18.3 mm SL; 2 females, 12.9–18.3 mm SL; 1 female
18.3 mm SL, cs): same data as holotype. ANSP 207541 (2 speci-
mens; 1 male, 15.6 mm SL; 1 female, 16.4 mm SL); CAS 247240 (2
specimens; 1 male, 15.9mmSL; 1 female, 14.7mm SL); FMNH 144979
(2 specimens; 1 male, 14.4 mm SL; 1 female, 15.6 mm SL); MZUSP
98514 (18 specimens; 9 females, 10.3–14.5 mm SL; 7 males, 14.4–17.4
mm SL; 1 male, 16.1 mm SL and 1 female, 15.5 mm SL, cs): ribeirão
Brejão, tributary of rio Preto, 10°34 029 00S, 46°29 012 00W; F.C.T. Lima,
R.A. Caires, and C. Nogueira, 1–3 Feb. 2008. Bahia, rio São Fran-
cisco basin: LBP 28159 (2 specimens; 1 male, 15.8 mm SL; 1 female,
15.1 mm SL): Formosa do Rio Preto, rio Sapão, 10°44044 00S,

46°11 046 00W; B.F. Melo, R. Devidé, C. Conde-Saldaña, and C. Araya,
14 Oct. 2018.

NOT-TYPE: LBP 28298 (1 specimen, female, 21.7 mm SL): Brazil,
Minas Gerais, João Pinheiro, rio da Prata (lagoons), rio Paracatu
basin, 17°32 047 00S, 46°27 013 00W; B.F. Melo, G.S.C. Silva, R. Devidé,
and L.H. Silva, 15 Jan. 2019.

DIAGNOSIS: Pristella crinogi can be distinguished from P. maxillaris
by the following combination of characters: presence of 2–4max-
illary teeth (vs. 14–22maxillary teeth present); all teeth of the pre-
maxilla and dentary conical (vs. larger teeth of the premaxilla
and dentary tricuspid; Fig. 3); presence of a dark pigmentation on
the pelvic fin only in females (vs. small dark blotch on the pelvic
fin present in both males and females); humeral blotch absent
(vs. small humeral blotch present), presence of an elongated ver-
tically oriented blotch at the anteriormost portion of anal fin in
females (vs. roughly square dark blotch at the anteriormost por-
tion of anal fin in both sexes); and presence of an overall reddish

Table 1. Morphometric data for holotype and paratypes of Pristella
crinogi sp. nov. from the rio Tocantins basin.

Holotype Paratypes Mean SD n

Standard length (mm) 19.2 12.9–19.2 15.8 — 34
Percentage of standard length
Depth at dorsal-fin origin 31.3 30.3–39.2 35.4 2.6 34
Snout to dorsal-fin origin 47.4 47.4–55.4 52.6 2.1 34
Snout to pelvic-fin insertion 42.2 42.2–50.4 47.2 1.9 34
Snout to anal-fin origin 60.4 56.1–63.6 59.9 1.7 32
Dorsal-fin base length 13.0 13.0–17.0 14.7 0.9 34
Dorsal-fin height 28.1 25.6–32.0 29.1 1.7 34
Pectoral-fin length 17.7 13.4–21.5 17.4 1.8 20
Pelvic-fin length 16.7 16.7–22.0 18.9 1.5 34
Anal-fin base length 28.6 27.7–33.5 30.8 1.6 34
Anal-fin lobe length 25.5 20.2–28.7 25.2 2.0 31
Caudal peduncle depth 8.9 6.4–12.1 10.0 1.6 34
Caudal peduncle length 13.0 12.3–19.4 15.4 1.4 34
Head length 28.6 28.1–33.3 30.8 1.3 34

Percentage of head length
Horizontal eye diameter 41.8 39.7–48.1 44.0 1.9 34
Snout length 18.2 18.2–26.2 22.6 2.2 34
Least interorbital width 23.6 23.0–33.5 29.1 3.2 34
Upper jaw length 40.0 35.3–44.4 40.0 2.0 34

Note: SD, standard deviation; n, number of examined types, including the
holotype.

Fig. 2. Pristella crinogi sp. nov., living female specimen, collected with holotype (standard length unrecorded). Figure courtesy of M. Taylor.
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color pattern in live specimens, with head and caudal fin deep
red (vs. overall color pattern clear, only caudal fin with reddish
pigmentation). Pristella crinogi can be further distinguished from
P. ariporo by presenting 2–4maxillary teeth (vs. maxillary edentu-
lous), by having a more developed dark blotch at the dorsal fin,
extending from middle to distal portions of last unbranched to
anteriormost seven branched rays (vs. relatively small dark
blotch at the dorsal fin, extending frommiddle to distal portions
of last unbranched to anteriormost four branched rays), by the
presence of a conspicuous dark pigmentation on the pelvic fins
in females (vs. conspicuous dark pigmentation at pelvic fin
absent in both sexes), and by the presence of an elongated verti-
cally oriented blotch at the anteriormost portion the anal fin in
females more developed, extending to the tip of the fin lobe (vs.
elongated vertically oriented blotch at the anteriormost portion
the anal fin in females relatively small, not extending into the tip
of the anal-fin lobe).
Pristella crinogi is similar in overall color pattern to theHyphessobrycon

species of the “rosy tetra clade” (sensu Weitzman and Palmer
1997). It can be distinguished from all species suggested to belong
to this clade by Weitzman and Palmer (1997), except Hyphessobrycon
axelrodi (Travassos, 1959), by the combination of a single row of
premaxillary teeth (vs. two rows of premaxillary teeth in the
majority of the species assigned to the rosy tetra clade) and teeth
of the premaxillary and dentary all conical and similar in size (vs.
larger teeth of the premaxillary and dentary with, at least, three
cuspids). Pristella crinogi can be distinguished from H. axelrodi by at
least two features of the females: the possession of an elongated,

vertically oriented blotch at the anteriormost portion of the anal
fin (vs. dark pigmentation at the anterior portion of the fin re-
stricted to a small blotch) and the presence of a conspicuous dark
pigmentation on the pelvic fins in females (vs. conspicuous dark
pigmentation at pelvic fin absent in both sexes). See the Discus-
sion formore comments onH. axelrodi.

DESCRIPTION: Morphometric data for holotype and paratypes in
Table 1. Body compressed, moderately high. Greatest body depth
at vertical through dorsal-fin origin. Dorsal profile of head
straight to slightly concave from upper lip to vertical through
middle of orbit, straight to slightly convex from that point to pos-
terior tip of supraoccipital spine. Dorsal profile of body slightly
convex from supraoccipital spine tip to dorsal-fin origin. Dorsal-
fin base straight to slightly convex, posteroventrally slanted,
approximately straight from posterior terminus of dorsal fin to
adipose-fin insertion, and slightly concave between adipose-fin
insertion and origin of anteriormost dorsal procurrent caudal-fin
ray. Ventral profile of head and body convex from tip of lower
jaw to anal-fin origin. Anal-fin base straight, posterodorsally
slanted. Ventral profile of caudal peduncle slightly concave.
Jaws unequal, dentary extending slightly beyond premaxilla,

mouth slightly upturned. Posterior terminus of maxilla reaching
vertical through anterior margin of eye. Nostrils close to each other,
anterior opening round, posterior opening elliptical. Frontals not
united anteriorly, withwide triangular frontal fontanel; parietal fon-
tanel large, extending from epiphyseal bar to supraoccipital spine.
Infraorbital series with three elements: 1–3. Laterosensory canal

Fig. 3. Premaxilla, maxilla, and lower jaw of Pristella crinogi sp. nov., MZUSP 98514, 15.5 mm SL, left side, in outer view. Scale bar =
0.02 cm.
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absent on infraorbitals. Third infraorbital largest and contacting
the laterosensory canal of preopercle ventrolaterally.
Premaxillary teeth in single row, with 8(7), 9(14), 10(2), or 11(1)

conical teeth. Maxilla with 2(9), 3(13), or 4(1) conical teeth. Den-
tary with 10(3), 11(3), 12(6), 13(9), 14(1), 15(1), or 18(1) conical teeth,
anteriormost teeth larger, teeth decreasing gradually in size
towards posterior portion of dentary (Fig. 3).
Scales cycloid. Three to five radii strongly marked, circuli well-

marked anteriorly, absent posteriorly. Lateral line slightly deflected
downward and incompletely pored, with 4(11) or 5*(23) perforated
scales. Longitudinal scale series including lateral-line scales 29(6),
30(8), 31*(12), 32(6), or 33(2). Longitudinal scale rows between dor-
sal-fin origin and lateral line 5*(24) or 6(9). Longitudinal scale rows
between lateral line and pelvic-fin origin 3*(16), or 4(18). Scales in
median series between tip of supraoccipital and dorsal-fin origin
7(11), 8*(19), or 9(4). Scale sheath along anal-fin base formed by 2–
4 scales in single row. Circumpeduncular scales 10*(5), 11(12), or
12(19). Caudal fin lacking scales. Axillary scale absent.
Dorsal-fin rays ii, 8*(3), 9(30), or 10(1). Dorsal-fin origin slightly

anterior to middle of standard length. First dorsal-fin pterygio-
phore main body located posterior to neural spine of eighth (2)
vertebrae. Anteriormost anal-fin pterygiophore inserting posterior
to haemal spine of 13th (1) or 14th (1) vertebrae. Anal-fin rays iii(2),
or iv(2), 17(1), 18(5), 19(13), or 20*(9), or 21(6). Last unbranched and
first to third anteriormost branched rays distinctly longer than
remaining rays, forming elongated lobe; subsequent rays gradu-
ally decreasing in size. Pectoral-fin rays i, 7(1), 8*(8), or 9(13); rays
absent in 26 females (10.3–16.4 mm SL), present in 4 females (15.1–
19.2 mm SL). Pectoral fin in most females lacking fin rays and
instead having a morphology similar to larval specimens, with
most endoskeletal portions cartilaginous and some dermal bones
undeveloped. Pelvic-fin rays i,6*(34). Tip of pelvic fin reaching
anal-fin origin. Caudal fin forked, lobes roughly rounded, with
i,9/8,i*(21) rays. Adipose fin present and normally developed in
5 females and 2 males; vestigial in 4 females and 4 males; and
absent in 7 females and 11 males. Eight (1), 9(2), or 10(1) dorsal pro-
current caudal-fin rays, and 5(1), 6(1), 7(1), or 8(1) ventral procurrent
caudal-fin rays.
Precaudal vertebrae 13(1) or 14(1) and caudal vertebrae 18(1) or

19(1). Total vertebrae 32(3) or 33(1). Supraneurals 4(4). Branchios-
tegal rays 4. First gill arch with 2(4) hypobranchial, 9(3), or 10(1)
ceratobranchial, 1(4) on cartilage between ceratobranchial and epi-
branchial, and 6(4) epibranchial gill rakers. Pseudotympanumpres-
ent, extended as a muscular hiatus anterior to first pleural rib.
Dorsalmargin of pseudotympanum limited by lateralis superficialis.

COLOR IN ALCOHOL: Overall ground coloration of head and body light
beige (Figs. 1A and 1B). Dorsal portion of head and tip of dentary
with relatively dense concentration of melanophores. Predorsal
region and dorsal area between dorsal-fin terminus and anterior-
most dorsal procurrent rays with moderate concentration of
melanophores. Lateral portion of body above midline with mela-
nophores either uniformly scattered or concentrated along scale
margin. Diffuse, scattered melanophores along midline, espe-
cially posterior to vertical through dorsal-fin terminus, forming a
broken line. Lateral side of head and abdominal region almost
devoid of chromatophores. Some specimens (e.g., ZUEC 17252,
holotype) with an overall denser concentration of melanophores
over the sides of body. Opercle translucent. Dorsalfinwith conspic-
uous dark blotch at middle to distal portion of last unbranched to
anteriormost seven branched rays. Remaining portion of dorsal fin
hyaline, with scattered dark chromatophores. Anal fin with con-
spicuous, vertically elongated dark blotch at middle portion of
anteriormost three to four branched rays in females. Remaining
portion of anal fin hyaline, with scattered dark chromatophores
along fin rays. Pelvic fin with blurred dark pigmentation in

females. Pectoral, pelvic, and caudal fins hyaline, with small scat-
tered dark chromatophores next to rays.

COLOR IN LIFE: Based on Fig. 2, plus cursory examination of several
living specimens by two of the authors (F.C.T.L. and R.A.C.) in the
field. Overall color pattern reddish; head and anterior two-thirds
of caudal fin deep red. Bases of dorsal and pelvic fins reddish.
Black finmarkings as in preserved specimens. A dark vertical bar
at middle of eye.

SEXUAL DIMORPHISM: Females with elongated blotch at anteriormost
branched anal-fin rays, extending from first to third branched
rays, and similarly conspicuous stripe on pelvic fins (first to sec-
ond branched ray), both of which are absent in males (compare
Figs. 1A and 1B). Additionally, mature males possess hooks on the
pelvic and anal fins. Four hooks are present on the unbranched
ray and in the anteriormost two branched rays of pelvic fin.
Branched rays with hooks present only on posterior branch, with
a single hook present per ray segment. Three to six hooks are
present on the unbranched ray and anteriormost five branched
rays of anal fin. Branched rays with hooks present only on poste-
rior branches, with a single hook per ray segment. Additionally,
males possess a slightly longer pelvic fin than females (respec-
tively, 16.8%–22.0% SL and mean 19.7% SL vs. 16.7%–19.4% SL and
mean 17.9% SL).

DISTRIBUTION: Pristella crinogi is known from a small tributary of the
rio Preto, itself a tributary of rio Novo, upper rio Tocantins basin,
Tocantins State, from the shared headwaters between rio Sapão
(rio São Francisco basin) and rio Novo (rio Tocantins basin), Bahia
State, and also from the floodplains of a tributary of the middle
rio São Francisco basin, Minas Gerais State, Brazil (Fig. 4).

ECOLOGICAL NOTES: The type locality of Pristella crinogi, the ribeirão
Brejão (Fig. 5), is a narrow, shallow, clear water streamwith sandy
bottom and abundant aquatic vegetation, with a moderately
developed riparian forest with many buriti (Mauritia flexuosa L.f.)
palms. Specimens of P. crinogi were collected within the dense
mats of aquatic vegetation. Stomach contents of two cs speci-
mens contained insect remains (apparently Trichoptera larvae).
Both males and females collected in February (late rainy season)
were ripe. Males collected in August (late dry season) present fin
hooks, but females were not obviously ripe (i.e. oocytes were not
discernible through the abdominal wall).

ETYMOLOGY: The specific epithet crinogi honors our dear friend, the
herpetologist Cristiano de Campos Nogueira (“Crinog”), for his
enthusiastic help during the fish survey at the Estação Ecológica
Serra Geral do Tocantins in 2008 when the new species was dis-
covered. A patronymic adjective.

REMARKS: Lot LBP 28298 was excluded from the type series because
the specimen is in a bad state of conservation, dehydrated, with a
twisted, fractured body, and broken fins.

PHYLOGENETIC RELATIONSHIPS: The same set of 81 most parsimonious
trees of 72 082 steps were obtained under GRO39–GRO41 (fit
953.76361 in GRO41), although the monophyly of Pristella and the
relationships among its species were stable along all the explored
analytical conditions (BLK and GRO with K values of 20–56). Under
all these parameters, P. maxillaris is the sister group of P. ariporo and
P. crinogi. In themost parsimonious trees obtained in BLK20, BLK26,
GRO20–GRO26, GRO35–GRO48, and GRO56, Pristella is the sister
group of a clade composed of Bryconella pallidifrons (Fowler, 1946),
Hemigrammus bellottii (Steindachner, 1882), and Hemigrammus
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schmardae (Steindachner, 1882). In the remaining analytical condi-
tions, the sister group of Pristella is B. pallidifrons.
According to the present analysis, Pristella is supported by

12 morphological synapomorphies: ethmoid cartilage reaching
anteriorly lateral ethmoids (40:0), ventral ridge of prootic limit-
ing auditory foramen posteriorly (55:1), first infraorbital reaching
a position close to anterior margin of antorbital (79:1), absence of
anguloarticular laterosensory canal (105:1), maxillary teeth pre-
dominantly conical (192:0), dentary teeth with three or fewer
cusps (201:0), abrupt decrease in size of dentary teeth (207:1), fora-
men for pseudobranch artery as a canal piercing metapterygoid
obliquely (228:1), posterior margin of opercle pronouncedly con-
cave (252:1), pseudotympanum present (485:1), presence of a mus-
cular hiatus anterior to rib of fifth vertebra (486:1), and presence
of a dark spot on dorsal fin (496:1). The sister-group relationship
between P. ariporo and P. crinogi is supported by five synapomor-
phies: absence of fourth, fifth, and sixth infraorbitals (90:1), den-
tary laterosensory canal restricted to anterior half of bone (103:1),
six or fewer premaxillary teeth (183:0), i,6 pelvic-fin rays (384:0),
and sclerotic bones paired (508:1).
The sister-group relationship between Pristella and the Bryconella

clade is supported by 31 molecular synapomorphies plus 5

morphological ones: supraoccipital spine extended dorsally only to
anterior axis of neural complex (62:1), subtemporal fossa not lim-
ited posteriorly by a prootic ridge (72:0), parietal branch of latero-
sensory canal completely absent (116:1; 117:1), reduced lateral
urohyal expansions (305:1), and possession of 32 or less scales in lat-
eral series (467:1).

Discussion
This contribution corroborates the monophyly and high sup-

port of Pristella and adds an additional species to the genus, being
now composed of P. maxillaris, the type species of the genus as the
sister group of P. ariporo and P. crinogi. The clade is included in
the tribe Stethaprionini (Characidae: Stethaprioninae; Fig. 6).
The present analysis partially supports the close relationship of
Pristella with Bryconella obtained by Conde-Saldaña et al. (2019),
given that in most analytical conditions, including our final hy-
pothesis, B. pallidifrons forms a cladewithH. bellottii andH. schmardae
that is the sister group of Pristella. The support of the Bryconella
clade, however, is low, which could be related to the lack of avail-
able molecular data for H. bellottii and H. schmardae. The diagnosis
of Pristella given by Conde-Saldaña et al. (2019) is still applicable

Fig. 4. Map of upper and middle rio Tocantins and upper and middle rio São Francisco basins, Brazil, showing the known distribution of
Pristella crinogi sp. nov. (red star denote type locality and red circles denote remaining known localities). The map was built using QGis
(version 3.14) with the model of digital altitude Shuttle Radar Topography Mission (USGS) and the hydrography is modified from the
project HydroSHEDS (WWF), and finalized in Inkscape (version 1.0). Figure courtesy of G.N. Salvador. Color version online.
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with the inclusion of the new species: presence of one irregular
row of mostly unicuspid premaxillary teeth (some tricuspid teeth
in P. maxillaris), first infraorbital extended to anterior margin of
antorbital, presence of a muscular hiatus anterior to first pleural
rib, bony hooks on first pelvic-fin ray of males, and a dark blotch
on the dorsal fin. The species of Pristella also share the presence of
a gap between the infraorbital 3 and the preopercle, the SO5 later-
osensory pore (sensu Pastana et al. 2020) oriented dorsomedially
(see Mirande 2019: appendix S1, fig. 11C), the presence of nine
branched dorsal-fin rays, and an interrupted lateral line. As men-
tioned by Conde-Saldaña et al. (2019), the diagnosis of Pristellamay
be complemented by some non-synapomorphic features: pres-
ence of a bony rhinosphenoid (character (ch.) 34, state 1; Mirande
2010: fig. 34); a conspicuous ethmopalatine cartilage (ch. 208,
state 1); cartilage of first epibranchial articulating with anterior
region of second pharyngobranchial (ch. 278, state 1; Mirande
2019: appendix S1, fig. 18B); up to four supraneurals (ch. 391,
state 1); three rays articulating with first dorsal-fin pterygiophore,
with the anteriormost minute and visible only in cs specimens
(ch. 404, state 1); and presence of only one pair of uroneurals
(ch. 427, state 0).
Amongnon-congeners, P. crinogi is remarkably similar toH. axelrodi,

a species considered by Conde-Saldaña et al. (2019) as probably
belonging to the genus Pristella. Hyphessobrycon axelrodi is to some
extent even more similar to P. crinogi than to P. ariporo as it shares
with the first species a similar maxillary dentition (compare Fig. 3
with figs. 2–3 in Travassos 1959). As noticed in the DIAGNOSIS above,
H. axelrodi does not present the conspicuous dark markings in the
pelvic and anal fins present in P. crinogi females. A full comparison
between H. axelrodi and P. crinogi, as well as with the remaining
Pristella species, and a reevaluation of its generic assignment must
await for a redescription of this poorly known species.
The largest know specimen of P. crinogi reaches only 21.7 mm SL

(LBP 28298) and therefore this species should be considered amini-
ature following the criteria established in Weitzman and Vari
(1988) and further discussed by Toledo-Piza et al. (2014). Addition-
ally, the new species presents a set of reductive characters: loss of
the fourth infraorbital bone and premaxillary teeth, dentary latero-
sensory canal restricted to anterior portion, undeveloped pectoral
fin in females, and reduction or loss of adipose fin. The pectoral
girdle is remarkable in P. crinogi because this structure is barely
ossified in most females, with radials unossified and scapula carti-
laginous, somewhat resembling the pectoral girdle observed in the
paedomorphic characiforms of the genus PriocharaxWeitzman and
Vari, 1987 (Mattox et al. 2016), while all males possess large fins
with ossified elements in the pectoral girdle. Pristella crinogi is poly-
morphic regarding the presence and relative development of the
adipose fin, ranging from presenting a normally developed fin, a
very reduced one, or entirely lacking it. Mattox et al. (2020) sum-
marized the information concerning the loss of an adipose fin in
characiform fishes and stated that, although this process is not
always linked to miniaturization, size reduction is usually associ-
ated with the lack of adipose fin. They additionally discussed
(p. 426) the condition present in some characiform fishes that, sim-
ilarly to P. crinogi, display an intraspecific polymorphism in the
presence/absence of the adiposefin.
The inference on truncated development of the pectoral girdle

in P. crinogi females needs to be viewed with caution, since there
is not an apparent change or loss of elements and, differently to
the pectoral fin of Priocharax, the coracoid is ossified and themid-
dle radials, albeit cartilaginous, are evident as separate elements.
Also, the onset of pectoral-fin ossification is even later in ontog-
eny than the appearance of the adipose fin (Marinho 2017). On
the other hand, the sexual dimorphism observed in the develop-
ment of this structure for P. crinogi is remarkable and, given that
P. crinogi individuals from both sexes are roughly the same size
and possibly mature at the same age, it suggests a heterochrony
of development in this species, with pectoral fins arising and

ossifying later in females, but information on ontogeny and life-
span to corroborate such assumption in the new species is still
pending.
Pristella crinogi possess an unusual sexual dimorphism, as females

possess dark markings on the anal and pelvic fins that are absent
in the males. Pristella ariporo females also present black pigmenta-
tion on the anteriormost anal-fin rays, whereas males typically
lack it (Conde-Saldaña et al. 2019: 443). Sexual dichromatism in
characiforms was recently reviewed by Pastana et al. (2017). How-
ever, so far, in all characid species reported as presenting sexual
dichromatism, males are more colorful than females (Pastana
et al. 2017: 1312). Pristella crinogi and P. ariporo are the first known
characiform fishes presenting a reversed sexual dimorphism,
where the females possess a more developed color pattern than
the males. This suggests a reversed role in mate choice in these
species because the dimorphic color features present in males are
usually related to attraction of females and intimidation of other
males (Kodric-Brown 1998). The reversal of sexual dimorphism,
where females present a more developed color pattern than
males, are documented among bony fishes only for some syngna-
thids (Rosenqvist and Berglund 2011). Interestingly, P. maxillaris
shares with P. crinogi the presence of dark pigmentation on the
pelvic fins, and with both P. crinogi and P. ariporo the presence of
a dark marking at the anteriormost anal-fin rays, but contrary to
these species these color features are not dimorphic because they
are present in both females andmales.
The occurrence of P. crinogi in both the rio Tocantins and rio

São Francisco basins is very interesting biogeographically because
few species are shared between both basins (Lima and Caires 2011;

Fig. 5. Type locality of Pristella crinogi sp. nov.: Brazil, Tocantins,
Mateiros, ribeirão Brejão, tributary of rio Preto, rio Tocantins
basin. Color version online.
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Fig. 6. Phylogenetic relationships of the tribe Stethaprionini as obtained from the combined phylogenetic analysis under parsimony and
extended implied weighting (GRO; K = 41; fit = 953.76361; length = 72 082 steps). Support is expressed as GC values (differences of
frequencies “group present/contradicted”). Branch lengths represent graphically the number of synapomorphies. Color version online.
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Dagosta et al. 2014). As discussed by Lima and Caires (2011), both
basins are connected through the common headwater shared
between the rio Novo (rio Tocantins basin) and the rio Sapão (rio
São Francisco basin), but only the relatively few fish species occur-
ring at this headwater area can effectively move from one basin
into the other. The type locality of P. crinogi is within the rio Novo
basin and the species was also collected at the common head-
water between both basins. Additionally, and somewhat surpris-
ingly, the species was recently collected at the floodplains of the
rio Paracatu, a tributary of the middle rio São Francisco basin in
Minas Gerais State, Brazil, roughly 750 km southward from the
other localities from which P. crinogi is known (Fig. 4). This last re-
cord indicates a wide distribution of the species at the rio São
Francisco basin, but we were unable to uncover any additional
specimens of the species from this basin. The species most similar
to P. crinogi occurring at the rio São Francisco basin is Hyphessobrycon
micropterus (Eigenmann, 1915). This species can be readily diagnosed
from P. crinogi by possessing a large, conspicuous dark humeral
blotch (vs. humeral blotch absent in P. crinogi), anal fin with dark
pigmentation at its distal portion in both males and females (vs.
dark pigmentation in the anal fin as an elongated vertical blotch at
anteriormost anal-fin rays, only in females), and larger dentary,
premaxillary andmaxillary teeth tricuspid (vs. all teeth unicuspid in
P. crinogi).Hyphessobryconmicropterushas a relativelywide distribution
in the rio São Francisco basin, and is recorded from the rio Sapão,
very close to the locality from where P. crinogi is known (Lima and
Caires 2011). It remains to be verified whether some of the lots cur-
rently identified as H. micropterus in fish collections may contain
specimens of P. crinogi.
The distribution of the genus Pristella is somewhat perplexing

biogeographically. Pristella maxillaris is widely distributed along
coastal river systems of northern cisandean South America, from
the lower río Orinoco in Venezuela to the lower rio Tocantins ba-
sin in Brazil (Conde-Saldaña et al. 2019; Santos et al. 2004), being
one of the fish species presenting the distribution pattern identi-
fied by Dagosta and de Pinna (2019: 24–25) as “Guiana Mangrove
Province”. Pristela crinogi and P. ariporo, despite being recovered
herein as sister taxa, occur beyond the opposite ends of the distri-
bution of P. maxillaris, i.e., the middle rio Tocantins and middle
rio São Francisco basins and the llanos of the río Orinoco basin,
respectively. Pristella crinogi occurs in relatively high areas (470–
610 m above sea level) in the Brazilian shield, while P. ariporo and
P. maxillaris occur at lowlands (<160m above sea level). The occur-
rence of sister taxa with such disjunct distributions is very sug-
gestive of a relictual distribution pattern because no historical
biogeographical process can be invoked to have occurred between
those geomorphological unrelated, distant areas.

COMPARATIVE MATERIAL EXAMINED: Additional to Conde-Saldaña et al.
(2019). All from Brazil. Hyphessobrycon micropterus: CAS 98918, 6
paratypes, 21.3–23.7 mm SL, Minas Gerais, Pirapora, rio São Fran-
cisco basin; FMNH 57916, holotype, 23.5 mm SL, Bahia, rio São
Francisco, Lagoa do Porto; FMNH 57917, 14 paratypes, 17.4–24.1
mm SL, same data as FMNH 57917; FMNH 57918, 9 paratypes,
Bahia, Santa Rita, rio São Francisco; FMNH 57920, paratype, 20.8
mm SL, Bahia, rio Salitre; ZUEC 14676, 98 specimens, 17.0–27.9
mm SL: Minas Gerais, rio São Francisco basin.
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