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Two eastern Brazilian freshwater fishes, Spintherobolus ankoseion and S. leptoura, are described as new species and 
S. papilliferus Eigenmann and S. broccae Myers are redescribed from larger population samples than were previ­
ously available. Spintherobolus is hypothesized to be the sister group of a clade within the subfamily Cheirodon­
tinae, family Characidae and a cladogram of the relationships of the species of Spintherobolus to one another and 
to other Cheirodontines is presented. Previously proposed relationships of Spintherobolus with the Bolivian 
characid Grundulus bogotensis and this latter species relationships with cheirodontine characids are rejected. A 
preliminary investigation of the phylogenetic relationships of the cheirodontine characids is discussed.

Dois peixes de água doce do leste brasileiro, Spintherobolus ankoseion e S. leptoura, são descritos como espécies 
novas. Spintherobolus papilliferus Eigenmann e S. broccae Myers são redescritos com base em amostragens maiores 
do que as disponíveis anteriomente. Spintherobolus é considerado grupo irmão de um clado dentro da subfamília 
Cheirodontinae, família Characidae, sendo apresentado um cladograma com as relações entre as especies de 
Spintherobolus e destas com outros Cheirodontinae. Hipoteses previamente propostas de relações de parentesco 
entre Spinterobolus e o caracídeo Boliviano Grundulus bogotensis, bem como desta ultima especie com outros 
Cheirodontinae, são investigadas e rejeitadas. As relações filogenéticas de Cheirodontinae são discutidas prelimi- 
narmente.

Introduction

Spintherobolus Eigenmann (1911: 167), with 
S. papilliferus Eigenmann (1911: 167) as its type, 
was described as a new and anatomically unusu­
al characid fish that, according to Eigenmann, 
bore tricuspid teeth in a single series on the den­
tary, premaxilla, and upper part of the maxilla. It 

also lacked an adipose fin, had a lateral line of 
one or two scales, a scaleless caudal fin, a very 
short scaleless anal fin, and “tactile papillae” re­
ported as “excessively developed”. This species 
(Fig. 1) was collected from Alto da Serra, a rail­
road station near a headwater tributary of the rio 
Tietê, a few kilometers east of Paranapiacaba, 
São Paulo, Brazil. A second, miniature species,
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Fig. 1. Spintherobolus papilliferus, MZUSP 49408, adult male, 57.8 mm SL, Brazil, Sao Paulo.

S. broccae Myers (1925:143) (Fig. 2) was described 
from aquarium specimens said to be collected 
from “Hills behind Rio de Janeiro”. This species 
appeared occasionally in the aquarium trade, 
where it became known as Phoxinopsis broccae by 
Myers (1926: 273), Arnold & Ahl (1936: 107-108), 
Böhlke (1954: 31) and Sterba (1987: 119). Subse­
quently it became known as Phoxinopsis typicus 
Regan (1907: 262). The reasons for the adoption 
of P. typicus for S. broccae in some systematic and 
aquarium literature, for example Innes (1935:130), 
Myers (1944: 186), and Géry (1977: 607), were 
explained by Böhlke (1954: 24-38). However, our 
examination of the holotype of P. typicus reveals 
that it must be considered a junior synonym of 
Aphyocharax anisitsi Eigenmann & Kennedy (1903: 
517) and not a senior synonym of S. broccae. There­
fore, S. broccae is a valid species. Travassos (1953), 
unfortunately mostly overlooked by subsequent 
authors, reviewed Spintherobolus, and pointed out 
a close relationship between S. papilliferus and 
S. broccae based on common possession of fea­
tures such as the characteristic shape of the lower 
jaw. Some of these features we find to be synapo- 
morphies diagnosing Spintherobolus. Travassos 
did not consider S. broccae a junior synonym of 
P. typicus even though he was unable to examine 
the type specimens of both species. Sarraf (1997) 
redescribed S. broccae from recently collected spec­
imens and utilized that name for the species fol­
lowing Weitzman & Vari (1988) and Malabarba 
(1994). Sarraf (1997) also provided information 
about the differences between S. broccae and 
S. papilliferus.

We redescribe Spintherobolus papilliferus and 
S. broccae based on more specimens than were 
available to Travassos, describe two new species 
from coastal drainages east of the Serra Geral, 
provide new information on the distribution of 
neuromasts on the head and body of these fishes, 
present a hypothesis of the monophyly of the 
genus, review the phylogenetic relationships of 
Spintherobolus to other characids, discuss the phy­
logeny of the species, and comment on the distri­
bution of the genus.

Methods and materials

Counts and measurements were taken according 
to Fink & Weitzman (1974: 1-2). For counts re­
corded in the descriptions, the holotype is given 
first followed in parentheses by the mean, range 
and total number of specimens counted. Total 
vertebral counts include the five vertebrae of the 
Weberian apparatus. The preural vertebra (ter­
minal half centrum), hypural bones, and associ­
ated vertebral elements, usually designated as 
PU1+U1, but not necessarily consisting only of 
those elements, were counted as one vertebral 
element. Vertebral and procurrent caudal fin-ray 
counts were taken from radiographs and from 
cleared Alizarin red and Alcian blue counter 
stained preparations. These preparations are 
called cleared and stained in the text or abbrevi­
ated c&s in lists of specimens.

Morphometric data for holotypes and other 
specimens are presented separately in the tables.
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Fig. 2. Spintherobolus broccae, USNM 287324, adult male, 18.2 mm SL, Brazil, Rio de Janeiro.

All measurements other than standard length 
(SL) are expressed as a percentage of SL except 
subunits of the head which are recorded as a 
percentage of head length.

Basic descriptive statistics and statistical tests 
of null hypotheses of character similarities were 
computed using SigmaStat for DOS 1.01, 1993 
and/or SigmaStat for Windows 95, 1995, Jandel 
Scientific. As is usually the case, meristic data 
taken from fish population samples fail to pass 
tests for normality and equal variance. In the 
present case none of the data sets from our pop­
ulation samples had normal distributions or equal 
variances. Thus among the species of Spintherobo­
lus we elected to use nonparametric multiple 
comparison tests (Kruskal-Wallis one way anal­
ysis of variance on ranks) of the null hypotheses 
that the population samples are equal for partic­
ular characters. If this test indicated a significant 
difference among the species in question, all pair- 
wise multiple comparisons of data from those 
species were done using Dunn’s method for pop­
ulation samples of unequal size. Graphic repre­
sentation corresponding to these tests are pre­
sented as Tukey box plots of ranked data laid on 
their sides so that geographical and other infor­
mation could also be conveniently shown in the 
graphs. These were prepared using SigmaPlot 
5.0 for DOS, 1992 or SigmaPlot 2.0 for Windows 
95, 1995 in conjunction with SigmaStat for DOS 
as well as SigmaStat for Windows 95, 1995, Jan­
del Scientific. These graphs are presented to pro­
vide a visual representation of the tests performed 
for population similarity and dissimilarity as well 

as to show sample population structure. Such 
graphs better display the skewed or other non­
parametric shapes of the meristic data of each 
population sample than do central tendency 
graphs that present the mean, standard devia­
tion (or the 95 % confidence intervals) and the 
extremes. The graphs presented here display the 
sample median (= 50th percentile [mediana in 
Portuguese]) as a relatively thick vertical bar. 
This is the value for which no more than half of 
the data are smaller and no more than half are 
larger. The median is usually equal to the mean 
in parametric data sets, but in skewed popula­
tion samples, i.e. nonparametric data sets this is 
not so. Although the median expresses different 
information than the mean, it is less likely to be 
influenced by extreme measurements than the 
mean and therefore is a better measure of central 
tendency in skewed data sets. The 25th and 75th 
percentiles are represented as the lateral borders 
of the box plots, and represent the values at which 
25 % of the sample falls below and 25 % falls 
above the box borders. The 10th and 90th percen­
tile points are represented by error bars and cir­
cles represent the 5th and 95th percentiles. When 
the minimum and maximum are respectively 
different from these, each is represented by an 
asterisk (*). When the data are skewed, for exam­
ple when the count is 9 (n = 45) and 10 (n = 2) the 
median is 9, and only the fifth and the 95th per­
centile points will be calculated. Thus the data 
represented by the box plot and all other data can 
only be expressed by the median (plus a circle for 
the 5th percentile), except for the 95th percentile
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Table 1. Character data matrix for Spintherobolus, related Cheirodontines, outgroup characids, and Grundulus 
bogotensis. Character numbers correspond to synapomorphies numbered in the text. State 0 corresponds to the 
plesiomorphic state and states 1-4 to the apomorphic conditions.

Characters 1-5 6-10 11-15 16-20 21-25 26-30 31-35

Outgroup charadds 00000 00000 00000 00000 00000 00000 00000
Grundulus bogotensis 00010 00000 00000 01114 00001 00000 00000
Odontostilbe fugitiva 11110 00000 00000 00000 00000 00000 00000
Cheirodon spp. 11111 11110 00000 00000 00000 00000 00000
Odontostilbe piaba 11111 11111 11110 00000 00000 00000 00000
Spintherobolus papilliferus 11011 11110 00011 11113 11111 12111 10000
Spintherobolus broccae 11011 11111 11111 11211 11111 moo 01111
Spintherobolus ankoseion 11011 11111 11111 11112 11111 11000 01111
Spintherobolus leptoura 11011 mu 11111 11112 mu moo 01111

which will be represented by a circle. All data 
utilized are expressed as integer values, for ex­
ample fin-ray counts and vertebral counts, but in 
SigmaStat, although the medians are expressed 
in integer values, the percentiles are expressed as 
integers or part integer values. Various forms of 
skewed graphs are presented below and their 
alteration from a normal bell-shaped curve is a 
representation of the skewed nature of the pop­
ulation structures. In all cases where statistically 
significant differences are presented by the plots 
in our graphs as representative of nonparametric 
tests of data, we also ran a corresponding para­
metric test and found approximate agreement in 
terms of statistical significance.

Logarithmic scatter plots, their regression lines 
and the lines representing 95 % confidence inter­
vals about the mean were prepared using the 
SigmaPlot programs cited above. The entire pop­
ulation sample for each character is shown on the 
linear plots simply to show the growth curves for 
given characters that are either sexually dimor­
phic or different among the species of Spintherobo­
lus. Tests of differences between the sexes of a 
given species were performed using log trans­
formed data and were done only on members of 
both sexes which had comparable standard 
lengths. These tests, when they indicated differ­
ences, are represented by logarithmic regression 
plots. These plots were prepared by transform­
ing linear plots to base 10 log plots and scaling 
the axes back to the original millimeter notations 
but maintaining logarithmic dimensions. This 
places the plots in logarithmic form but still pro­
vides the reader some visual concept of the data 
points in terms of the original measured lengths. 
Regression lines and equations are given to 
present comparative approximations of the 

growth parameters of population samples of 
immature, sexually maturing, and mature fishes 
when possible. In no instances are regression 
lines, regression equations or covariance analy­
ses to be construed as predictors of body shape 
beyond the data shown in the relevant plots. All 
regression statistics are based on the linear regres­
sion model. All confidence intervals in the plots 
are 95 % for the mean. Covariance analyses were 
omitted when the plots showed wide separation 
of 95 % confidence intervals from the ‘opposing’ 
mean regression lines of the two or more popula­
tion samples being tested for similarities and dif­
ferences. Influential outlying points were checked 
by re-examination of specimens. In regression 
analyses a series of diagnostic tests using Sigma- 
Stat were run to estimate the suitability of the 
data for the linear regression model. Data that 
failed these tests were not used in the analyses.

The synonymies are not inclusive. We cite 
only references first using different names for the 
taxa under consideration. However, when ap­
propriate, we provide an abbreviated history of 
the name usage for each taxon.

In our discussions, comments on phylogeny 
are based on the concepts of phylogenetic sys­
tematics of Hennig (1966) as discussed by Wiley 
(1981), and more recently by Nelson (1994). Mad­
dison et al. (1984) are followed for outgroup con­
siderations. We follow Schaefer et al. (1989: 
203-208) and Buckup (1993b: 332-336) in evaluat­
ing reductive characters as apomorphies in con­
structing hypothetical phylogenies.

We confine the use of the term autapomorphy 
to species, thus avoiding the confusion that aris­
es when a character is considered an autapomor­
phy for a genus and a synapomorphy for its 
included species. Thus we use the term synapo- 
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morphy at all levels other than species. We use 
the term diagnosis for characters used to identify 
a taxon when those characters are synapomor- 
phies or autapomorphies.

We provide an annotated, numbered apo- 
morphy list consecutively diagnosing more inclu­
sive to less inclusive clades. This list corresponds 
to the synapomorphies and autapomorphies of 
the matrix in Table 1, for phylogenetic analysis. 
State 1 in the matrix corresponds to the derived 
state of a given character or the first derived state 
of a multistate character. Multistate characters 
are numbered consecutively and each state is 
discussed in the text. Characters that are synapo­
morphies in a more inclusive clade but reversals 
in a less inclusive clade (or clades) are given a 
number the first time the character appears as an 
apomorphy. Reversals of characters that are apo- 
morphies for less inclusive clades are given the 
same number that they had upon first appear­
ance but the number is followed by R meaning 
reversal. Hypotheses of independent acquisition 
and reversal are based on the most parsimonious 
overall hypothesis of character distribution for 
the groups studied. The overall hypothesis pre­
sented here was constructed using PAUP (ver­
sion 3.1.1; Swofford, 1993) and using the Branch 
and Bound algorithm. MacClade version 3.1 
(Maddison & Madisson, 1992) was used to trace 
character evolution. The matrix of character dis­
tribution (Tab. 1) included data from all known 
species of Spintherobolus, putatively related Chei­
rodontines, Grundulus bogotensis (Humboldt) pre­
viously hypothesized as related to Spintherobolus 
(Eigenmann, 1915: 20; Géry, 1977: 607), and out­
group characids. The first line of the matrix cor­
responds to a hypothetical characid outgroup of 
the Cheirodontinae and was used to hypothesize 
the polarity of the characters in the analysis. This 
hypothetical outgroup has the characters and 
character states found in the apparently plesio- 
morphic condition for American characids such 
as the species of Brycon Muller & Troschell and 
the species of the tetragonopterine characid ge­
nus Astyanax Baird & Girard, species hypothe­
sized to be relatively plesiomoiphic within the 
group of American characids thought suitable as 
an outgroup for the Cheirodontinae (Weitzman, 
1962; Weitzman & Fink, 1983; Buckup, 1993a). 
Grundulus bogotensis was included to test previ­
ous hypotheses of its relationships to species of 
Spintherobolus (Eigenmann, 1915; Böhlke, 1954; 
Géry, 1977).

A list of material examined other than popu­
lation samples of Spintherobolus species is given 
at the end of the text. Biogeographic principles 
follow Humphries & Parenti (1986). All photo­
graphs of fishes are from preserved specimens 
unless otherwise noted.

Specimens used in this study are deposited in 
the following museums and universities: BMNH, 
Natural History Museum, London; FMNH, Field 
Museum of Natural History, Chicago; MCP, 
Museu de Ciências e Tecnologia, Pontifícia Uni­
versidade Católica do Rio Grande do Sul, Porto 
Alegre; MNRJ, Museu Nacional, Rio de Janeiro; 
MZUSP, Museu de Zoologia da Universidade de 
São Paulo, São Paulo; and USNM, National 
Museum of Natural History, Smithsonian Insti­
tution, Washington.

Abbreviations for organizations and institu­
tions are given below in the Acknowledgments. 
Other abbreviations are as follows. HL, head 
length; LL, lateral line; SL, standard length; 
spm(s), specimen(s).

Phylogenetic relationships of Spintherobolus

A hypothesis of the monophyly and phylogenet­
ic relationships of Spintherobolus with other 
characiforms is necessary to develop a hypothe­
sis of the phylogenetic relationships of the spe­
cies within this characid clade (Fig. 3). Sarraf 
(1997) following Malabarba (1994) pointed out 
that Spintherobolus is monophyletic based on the 
presence of papillary neuromasts and several 
other anatomical features. Our hypothesis of 
phylogenetic relationships of Spintherobolus is 
based on a review of cheirodontine phylogeny 
by Malabarba (1994; in press). The major results 
of that research include diagnoses of other mono­
phyletic assemblages of that subfamily. We here­
in summarize a hypothesis of relationships of 
Spintherobolus with Cheirodon Girard (sensu Cas­
ciotta et al., 1992), with a group of Cheirodontines 
related to Odontostilbe fugitiva Cope, the generic 
type, and to another group of species related to 
O. piaba (Lütken). In our view Odontostilbe, as 
currently recognized, is both polyphyletic and 
paraphyletic. However, hypotheses of phyloge­
netic relationships among the species of Cheiro­
don and Odontostilbe are not discussed in depth 
here, but are the subject of a separate paper (Mala­
barba, in press).
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Fig. 3. A phylogeny of Spintherobolus and related cheirodontine taxa based on consensus tree of 3 equally 
parsimonious cladograms. Tree statistics: Tree Length = 49, Consistency Index = 0.796, Retention Index = 0.867.

Eigenmann (1915:19-20) and Géry (1971:161, 
1977: 607) suggested that Spintherobolus is related 
to Grundulus Gunther. Those authors and Böhlke 
(1954:6,19,24-25) considered these genera Cheiro­
dontines because each has a single row of pre­
maxillary teeth. However, all these authors 
recognized a putative polyphyletic nature for the 
Cheirodontinae as each defined it. Böhlke (1954: 
24-25) reviewed the suggested relationship be­
tween Spintherobolus (recognized by him as Phoxi- 
nopsis) and Grundulus based on an examination 
of the types of S. papilliferus and S. broccae and the 
specimens of Grundulus listed below. Because he 
did not examine dissected or cleared and stained 
specimens, his conclusions were necessarily ten­
tative. He recognized many differences in these 
two genera and, on the basis of a phyletic con­
text, placed them in separate cheirodontine tribes.

Géry (1977: 607), again in a phyletic context, 
stated that Spintherobolus belongs to a "Grundulus 
group” of Cheirodontines because it has a “lateral 
line perforating only 1-6 scales; adipose fin lack­
ing; anal fin short; few interhemals; large subor­
bital reduced; etc.” We find most of these charac­
ters reductive in the context of our phylogenetic 
analysis and cladogram (Fig. 3). Our analysis 
indicates that these reductive features are inde­
pendently acquired by these two genera. Thus 
the features listed by Géry as phyletically signif­

icant are phylogenetically significant at different 
taxonomic levels than suggested by him. We find 
that Grundulus lacks the characters that diagnose 
the more restricted Cheirodontinae as recognized 
here and by Malabarba (1994; in press). Grundulus 
also lacks the synapomorphies that support the 
hypothesis that Spintherobolus is phylogenetically 
related to certain clades within the Cheirodonti­
nae. Therefore, we hypothesize Grundulus to be 
allied to characids other than Cheirodontines. At 
this time the relationships of Grundulus within 
the Characidae are unknown and the genus is 
placed incertae sedis within the family.

Subfamily Cheirodontinae, Clade A

Spintherobolus species belong to a restricted Chei­
rodontinae as diagnosed phylogenetically by 
Malabarba (1994; in press). For purposes of hy­
pothesizing the phylogenetic relationships of 
Spintherobolus we summarize his diagnosis using 
the first four characters listed below. The Cheiro­
dontinae as diagnosed by these features is equiv­
alent to Clade A in our cladogram.

(1) A pigmented humeral spot is absent. Pre­
served Cheirodontines often appear to have a 
humeral spot but the darkened area in the humeral 
region is due to a muscle hiatus just lateral to the

Weitzman & Malabarba: Systematics of Spintherobolus
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anterior portion of the swimbladder (Fig. 4). The 
swimbladder may have dark pigment on it, but 
this is not the same pigment that forms the hu­
meral spot of the epidermis of other characiforms.

Absence of a humeral spot occurs in relative­
ly few other Characiform species, but none of 
these have all four of the characters listed here. 
This statement suggests that the lack of humeral 
spots in some other characiforms is homoplastic 
with regard to their absence in the Cheirodonti­
nae. At this time we are unable to provide an 
analysis of the cladistic significance of the hu­
meral spot and its absence in other characiforms 
because the phylogenetic significance of the dis­
tribution of its presence or absence is unstudied 
and unknown in nearly all of them. We can only 
suggest that the loss of this character occurred 
independently in certain outgroup characids.

(2) A characteristic hiatus occurs in muscula­
ture of the body wall in the area of the swimblad­
der between the first and second pleural ribs, 
exposing the swimbladder (Figs. 4-6). This hia-

Fig. 5. Spintherobolus ankoseion, paratype, MCP 19253, 
adult female, 25.2 mm SL. Anterior and posterior pseu- 
dotympanal region of left side, anterior is to the left. 
The skin and scales were removed, exposing the mus­
cles of the lateral body wall and the pleural ribs of the 
fifth and sixth vertebrae (first and second pleural ribs). 
The black, pigmented swimbladder walls (the actual 
pseudotympanums) of both the anterior and posterior 
pseudotympanal regions have been removed, showing 
the black interior of the swimbladder.

tus is not a simple derived absence of muscula­
ture tissue, but a derived and organized feature 
of the body wall presumably making it more 
efficient in transmitting sound from the environ­
ment to the swimbladder, perhaps by avoiding 
interference from active muscle tissue. This hia-

Ichthyol. Explor. Freshwaters, Vol. 10, No. 1

Fig. 4. Spintherobolus broccae, USNM 287324, adult male, 
17.9 mm SL. Head and anterior body region, right side. 
Two pseudotympanums, black areas are located poste­
rior to the dorsal portion of the opercular opening. The 
posterior pseudotympanum is homologous with the 
single pseudotympanum of other Cheirodontines while 
the anterior pseudotympanum is found only in Spin­
therobolus. The small dark dots arranged in rows arer 
the neuromast pattern over the face and opercular re­
gion. In the region ventral to the pectoral fin a few 
neuromasts can be seen partly bordering the scales. 
Such neuromasts are also present in the dorsal or back 
region. However, these are sometimes hard to distin­
guish from the somewhat larger dark chromatophores 
that often have somewhat indistinct borders. The rows 
of neuromasts are especially clear in the infraorbital 
region and on the dentary.

Fig. 6. Spintherobolus leptoura, paratype, MCP 19254, 
adult female, 25.4 mm SL. Anterior and posterior pseu­
dotympanums of left side. The skin and scales were 
removed, exposing the muscles of the lateral body wall, 
pleural ribs of the fifth and sixth vertebrae (first and 
second pleural ribs), and the black, pigmented wall of 
the swimbladder. The larger black area to the right 
represents the pseudotympanum present in all Cheiro­
dontines, while the black area to the left is the area of 
the pseudotympanum characteristic of the species of 
Spintherobolus.
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Fig. 7. Odontostilbe sp., MCP 11136, adult male 37.0 mm 
SL. SEM photograph of a frontal view of the anterior 
three premaxillary teeth of the right side. Illustrated for 
each tooth are a pedicles and a flattened, expanded 
distal region bordered by approximately 10 tooth cusps. 
Scale marker = 100 μm.

tus is an organ called the pseudotympanum be­
cause the membranous wall of the swimbladder 
is exposed to fluid and some fat in the muscular 
hiatus. The absence of interference with sound 
transmission from active muscle tissue may in­
crease the efficiency of that transmission from 
water external to the skin and scales to the wall 
of the swimbladder. From there sound is trans­
mitted to the inner ear through the intermediate 
contact between the swimbladder wall and the 
Weberian apparatus. Also the absence of muscle 
tissue against the membranous swimbladder wall 
may allow that wall more freedom to respond to 
sound waves. Note: The species of Spintherobolus 
have two rather than one pseudotympanum and 
their posterior pseudotympanum (between the 
first and second pleural ribs) is homologous to 
that in all other species of the Cheirodontinae; 
see more detailed description in synapomorphy 
21 below for Spintherobolus.

Among other characiforms, a pseudotympa­
num of different structure and presumably not 
homologous with that found in the Cheirodonti­
nae is also found in the species of the Characinae. 
The implications of this are discussed by Mala­
barba (in press).

(3) Cheirodontine teeth have a proximal pe­
duncle or pedicle and an expanded and com­
pressed distal region bordered by a few to many 
cusps (Fig. 7). Note: In the case of the species of 
Spintherobolus the modification of this flattened, 

expanded distal portion into an essentially con­
ical tooth is a secondary alteration according to 
the hypothesis of relationships presented here; 
see also apomorphy 3R below. Note that not all 
of these teeth in Spintherobolus are conical.

Somewhat similar teeth occur in Piabucus and 
Iguanodectes, genera referred to the tribe Iguano- 
dectini of the Tetragonopterinae by Géry (1977). 
Even when these genera are entered in our anal­
ysis and their teeth are coded the same as those 
of the Cheirodontinae, these two genera are ex­
cluded from that subfamily in the most parsimo­
nious cladogram.

(4) All Cheirodontines have a single series of 
teeth on the premaxilla. This feature is discussed 
by Malabarba (in press) but it is not restricted to 
the Cheirodontinae and has appeared conver- 
gently many times in the Characidae and some 
other characiforms.

The Cheirodontinae consists of several major 
clades (Malabarba, 1994; in press). We treat only 
one of these, Clade B containing Spintherobolus, 
in detail in our cladogram (Fig. 3). We defer treat­
ment of the other cheirodontine clades to Mala­
barba (in press). The species of Spintherobolus 
form a subgroup of clade B and share several 
derived features of the ventral procurrent cau­
dal-fin rays not found in other characiforms, in­
cluding other clade A Cheirodontines. Other Clade 
A Cheirodontines are represented in Figure 3 by 
Odontostilbe fugitiva Cope, the type species of 
Odontostilbe.

In addition to the species of Spintherobolus 
Clade B Cheirodontines include the species of 
Cheirodon (sensu Casciotta et al., 1992) and are 
here labeled as Clade C in Figure 3. Some other 
species at present placed in the polyphyletic and 
paraphyletic Odontostilbe are here placed in 
Clade E in our cladogram and the earliest de­
scribed species of this clade, Odontostilbe piaba, 
represents the included species our Figure 3.

Tribe Cheirodontini, Clade B

Clade B Cheirodontines have the following four 
synapomorphies.

(5) Twelve to twenty-eight ventral procur­
rent caudal-fin rays in both males and females. 
Outgroup Cheirodontines and other outgroup 
characids have 5-11 ventral procurrent caudal- 
fin rays, except Salminus Agassiz in Spix & Agas­
siz, with 16 ventral procurrent caudal-fin rays

Weitzman & Malabarba: Systematics of Spintherobolus
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Fig. 8. Spintherobolus ankoseion, USNM 297935, adult 
male, 24.5 mm SL. Osteology of ventral procurrent cau­
dal-fin rays and associated bony structures, anterior to 
right.

according to Roberts (1969: 428-429). Salminus 
has no other synapomorphies listed here for the 
cheirodontine clades discussed.

(6) The ventral procurrent caudal-fin rays of 
males are elongate and the ray halves (see Weitz­
man, 1962: 40, discussion of the anal-fin ray 
halves) of each side are fused along their entire 
length. In most other characids and clade A Chei­
rodontines the ray halves form a V shaped bone 
in frontal view with its two halves fused only 
distally, although in some, for example Astyanax 
cf. bimaculatus Linnaeus, the anterior two or three 
ray halves may be fused for 50 to 80 % of their 
distal length.

(7) The anterior-most ventral procurrent cau­
dal-fin rays of the females have the proximal 
portions of their ray halves fused to each other, 
but retain an opening near their distal tips, giv­
ing a needle-like shape to these rays. Females of 
most outgroup characids and Cheirodontines have 
the entire lengths of their ray halves separate.

(8) Several of the anteriormost ventral pro­
current caudal-fin rays of males project through 
the muscles at which point they are covered only 
by extremely thin skin (often lost or nearly unde­
tectable in preserved specimens). Thus they can 
be easily seen along the ventral margin of the 
caudal peduncle (Fig. 8). In other characids the 
anterior ventral procurrent caudal-fin rays are 
buried in the muscles and skin and are not visible 
along the ventral surface of the caudal peduncle.

(9) Males of Clade B Cheirodontines have 
elongated hemal spines of four or more posterior 
caudal vertebrae (preural vertebrae), those ante-

Fig. 9. Spintherobolus ankoseion, USNM 297935, adult 
male, 24.5 mm SL. Anal-fin rays and associated ptery- 
giophores, left side, anterior to right.

rior to the terminal half centrum and its process­
es. These are associated with the ventral procur­
rent caudal-fin ray supports (Fig. 8). Outgroup 
Cheirodontines and characids have only the pos­
terior one, two, or sometimes three caudal 
(preural) vertebrae directly articulating with the 
ventral procurrent caudal-fin rays.

Clade D

Note: Cheirodontine Clade B includes Clade C, 
Cheirodon, the sister group to clade D which con­
tains certain Odontostilbe species and its sister 
clade Spintherobolus. Although other than Spinthe­
robolus the subclades of Clade B will be treated in 
detail by Malabarba (in press), we note here that 
12 to 18 ventral procurrent caudal-fin rays occur 
in members of Clade D and that Clade C mem­
bers have 17-28 ventral procurrent caudal-fin rays 
in both males and females, the most derived 
number for Clade B. See also certain comments 
about Clade E members in the discussion below.

Clade D is diagnosed by four synapomor­
phies of the sexually dimorphic anal-fin rays and 
one of the ventral procurrent caudal-fin rays of 
the males.

(10) In males the anterior branched anal-fin 
rays 1 through 5-8 are slab shaped and five to 
eight times more expanded in the sagittal plane 
than comparable rays in the females (Fig. 9). Sag-
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Fig. 10. Spintherobolus papilliferus, MNRJ 4237, female, 34.7 mm SL, head region, left side, Brazil, São Paulo, rio 
Ipiranga. Rows of neuromasts occur over the infraorbital, preopercular, and opercular region. These are distrib­
uted in shallow grooves that can be seen in the photograph. The neuromasts are also distributed on the scale 
borders posterior to the head and operculum but these are hard to distinguish from dark chromatophores in the 
photograph. A row of neuromasts along the ventral border of the dentary is hidden in a deep groove. The small 
dark dots arranged in rows are the neuromast patterns over the face and opercular region. In the region ventral 
to the pectoral fin a few neuromasts can be seen partly bordering the scales. Such neuromasts are also present in 
the dorsal or back region. However, these are sometimes hard to distinguish from the somewhat larger dark 
chromatophores that often have somewhat indistinct borders. The rows of neuromasts are especially clear in the 
infraorbital region.

ittal expansion of anal-fin rays in the males of 
other characiform groups is known, for example 
in Nannostomus Günther of the Lebiasinidae 
(Weitzman, 1966: 25) and Bryconamericus Eigen­
mann of the Characidae (Vari & Siebert, 1990: 
520). However, the form of the expansion in clade 
D cheirodontines is unique in the extensive de­
gree of sagittal expansion.

(11) The ray segments of the expanded anal- 
fin rays progressively fuse to one another as the 
male specimens become fully mature (Fig. 9). We 
know of no other characiforms having several 
ray segments so extensively fused in each ray, 
except for example some specialized glandulo- 
caudines where the fusion is in the caudal fin, not 
the anal fin; see Weitzman & Fink (1985: 16-19).

(12) The proximal ends of the expanded anal- 
fin rays have their lepidotrich bases extended 
anteriorly (Fig. 9). These processes are associated 
with anal-fin muscles and ligaments and may be 
involved with a particular courtship / spawning 
activity restricted to Clade D cheirodontines. We 
have not found anal-fin rays similar to these in 
any other characiforms.

(13) Clade D cheirodontines have two to four 
(or sometimes five in Clade E) anal-fin ray hooks 

on the posterior border of the hook bearing seg­
ments. Fifty percent of the males of S. ankoseion 
have anal-fin ray hooks. Hooks are occasionally 
present on the anal-fin rays of male S. broccae and 
S. leptoura. Only one of the 14 males of S. broccae 
in USNM 342064 had anal-fin hooks and only the 
holotype of S. leptoura had hooks. The anal-fin 
hooks found in S. ankoseion, S. leptoura, and S. broc­
cae are extremely reduced in size and are limited 
to the second to the fourth segments of the first 
and second branched fin rays, but always with 
2-4 hooks per segment. The single adult male 
S. papilliferus lacks anal-fin ray hooks, but be­
cause hook presence is occasional in the other 
species of Spintherobolus we are not certain of 
their absence in that species. A parsimonious 
analysis of all 14 synapomorphies considered so 
far, plus the next 14 for Spintherobolus might in­
dicate that the possible absence of anal-fin ray 
hooks in some species of Spintherobolus would be 
a secondary loss. On the other hand, the samples 
are relatively small and the absence of hooks 
may represent reproductive seasonality. Out­
group cheirodontines have only one or two hooks 
per ray segment on the posterolateral border of 
the anal-fin rays.

Weitzman & Malabarba: Systematics of Spintherobolus

Fig. 11. Spintherobolus papilliferus, MZUSP 51021, female 60.8 mm SL. Dorsum of head and back nearly to dorsal- 
fin origin. Neuromasts are present in the irregular grooves between the eyes and the supraoccipital region but 
these are nearly impossible to see in the photograph. A bilaterally distributed row of neuromasts runs along the 
long axis of the body between the nares. This row of neuromasts shows more clearly on the left side than on the 
right side of the top of the head.
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(14) The adult males of species in Clade D 
have the distal ends of the ventral procurrent 
caudal-fin rays spatulate and rounded in profile 
(Fig. 8). In Figure 8 most of these rays are fused 
to one another. Although some other cheirodon­
tine clades have ventral procurrent caudal-fin 
rays expanded sagittally, all have the distal ends 
of these rays acutely pointed.

Discussion. Species of Spintherobolus are most 
closely related to the monophyletic cheirodon­
tine clade E which includes the following species 
of Odontostilbe: O. piaba, O. notomelas (Eigenmann), 
O. calliura (Boulenger), O. kriegi (Schindler), O. mi- 
crodon Eigenmann, O. micropterus (Eigenmann). 
This clade also includes Holoshesthes heterodon 
Eigenmann. We briefly discuss Clade E here to 
more clearly explain the cheirodontine relation­
ships of Spintherobolus. A presentation of hypoth­
esized relationships within Clade E is deferred to 
later. The species of Spintherobolus and Clade E 
cheirodontines are united as Clade D in Figure 3.

All four anal-fin ray characters described 
above (10-13) are present in the three Spinthero­
bolus species of Clade B, but they are not found in 
S. papilliferus. The 14 synapomorphies given 
above and the 14 given below support a hypoth­
esis of phylogenetic relationships of S. papilliferus 
to Clade B Cheirodontines and more specifically 
to the other species of Spintherobolus. A parsimo­
nious interpretation of these character state chang­
es indicates a secondary loss of these sexually 
dimorphic anal-fin features in S. papilliferus.

Spintherobolus Eigenmann

Spintherobolus Eigenmann, 1911: 167 (type spe­
cies: S. papilliferus Eigenmann, 1911: 167 by 
monotypy and original designation)

Diagnosis. Jaw teeth elongate and conical or tri­
cuspid (Fig. 12); anterior ventral procurrent cau­
dal-fin rays with proximal ends anterior to hae­
mal spine of antepenultimate vertebrae fused to 
one another proximally; symphyseal dentary ar­
ticulations are smooth, lacking intercalated fold­
ed bony surfaces common to most characids; 
neuromasts on head obvious and present in shal­
low channels and distributed on head in a char­
acteristic manner in which one horizontal series 
in the infraorbital region is crossed by several 
more or less vertical series (Figs 4, 10 & 11);

Fig. 12. Spintherobolus ankoseion, USNM 297935, adult 
male, 24.5 mm SL. Jaws & teeth.

dentary with a large anterior fenestra (Fig. 12) 
associated with large epidermal, papilla-like 
structure bearing several neuromasts; anterior 
pseudotympanum occurs anterior to first pleural 
rib (see character 21 below for detailed explana­
tion).

Monophyly of Spintherobolus. The following 14 
(15-27, 3R) synapomorphies indicate monophyly 
for Spintherobolus. Spintherobolus consists of two 
sister groups, one (a) containing S. papilliferus 
and the other (b) the remaining three species. 
This information is provided at this point to facil­
itate discussion of the fourteen synapomorphies 
described below.

(3R) The jaw teeth are elongate and conical or 
tricuspid. When tricuspid there are small lateral 
cusps near the distal apices of what are essential­
ly teeth having an elongate pedicle and a slightly 
recurved apical cone (Fig. 12). The anterior den­
tary teeth of Spintherobolus have three small cusps. 
Teeth bearing these small cusps are more numer­
ous than the strictly conical teeth present in the 
large species, S. papilliferus. The premaxillary teeth 
are usually conical, but in S. papilliferus they bear 
some very small lateral cusps in their somewhat 
laterally expanded distal portions. The maxillary 
teeth in all species are conical.

Tooth shape, tooth counts and the number of 
cusps have been extensively used for suggesting 
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cheirodontine and other characid relationships 
since Eigenmann (1915) used these features in 
Cheirodontines and other small characids. As 
discussed by Weitzman & Fink (1983: 341-353), 
features such as numbers of rows of teeth, counts 
of the numbers of teeth in a particular jaw bone, 
the number of cusps in particular teeth, and the 
shape and form of the teeth and their cusps var­
ies widely in various lineages of the American 
Characidae and provide data in support of phy­
logenetic hypotheses. However, as with many 
other characters, convergent evolution of such 
tooth features often cause problems in phyloge­
netic reconstruction, especially when teeth are 
not compared and described in enough detail to 
detect differences and similarities and are used 
for this purpose without the abundant use of 
other data.

Conical and tricuspid teeth are found in a 
number of American characids. The clades with­
in the Cheirodontinae closest to Spintherobolus on 
the basis of other synapomorphies have five or 
more cusps, indicating that the low cusp number 
in Spintherobolus is derived. Some species belong­
ing to other cheirodontine clades also have tri­
cuspid teeth, but their teeth are never elongate 
and essentially conical in shape at their apices. 
For example, Odontostilbe microdon (Eigenmann, 
1915: 80), Cheirodon australe Eigenmann (1927: 
44), and C. kiliani Campos (1982: 154), although 
having tricuspid teeth, have these two secondary 
cusps large enough so that the teeth are broad 
and the cusps are more or less equal. This cusp 
number is here considered independently deri­
ved, not because of the different tooth shapes, 
but because of the numerous synapomorphies 
indicating these Cheirodon species belong to 
cheirodontine clades different from that of Spin­
therobolus.

(15) A complex, patterned series of exposed 
neuromasts are distributed on the head and body 
(Figs. 4, 10 & 11). All Spintherobolus species lack 
most latero-sensory canals on the head and body. 
Instead there are series of exposed neuromasts 
distributed often in shallow channels, in a pat­
tern unique to Spintherobolus over the dorsal, 
ventral, and lateral surfaces of the head. The 
neuromasts also occur near the posterior border 
of the body scales and scales at the base of the 
caudal fin. The neuromast lines of the head for 
S. broccae were mapped by Sarraf (1997: figs. 2-4), 
but their terminology equivalents to these lines 
in other fishes, for example in Arratia & Huaquin

(1995: fig. 13) were not attempted. The neuro­
mast lines of the species of Spintherobolus are 
quite complex and an accurate comparative study 
of their homology and the nomenclatural equiv­
alency of these lines with those of other characins, 
catfishes and other teleosts would require a com­
parative study of the nerve branches serving their 
neuromasts, a study beyond the scope of the 
present work. Such a study would perhaps be a 
useful source of synapomorphies suggesting a 
phylogeny of the species of Spintherobolus, but 
we hesitate to use the neuromast lines of Spinthe­
robolus for this purpose without a detailed study 
of their anatomy and homology.

The neuromasts of Spintherobolus were first 
identified as “tactile papillae” by Eigenmann 
(1911: 167). We examined the surface of these 
organs at 200 x but have no histological evidence 
to confirm that these are neuromasts. However, 
these organs are similar in gross anatomy to the 
neuromasts described for Astyanax mexicanus and 
histologically examined by Schemmel (1967). 
They are found distributed in a manner some­
what similar to those figured by Schemmel (1967: 
266-267, figs. 4-5) along body scales of this spe­
cies. In Spintherobolus, these organs are small, 
rounded, slightly elevated discs that are translu­
cent or have a brown, grange, or red, color. The 
color intensity varies from collection to collec­
tion, ranging from no perceptible color to a rela­
tively dark brown or red. The color possibly de­
pends upon length of time in and the conditions 
of the preservative. It is also possible that the 
color is an environmental contaminant because 
specimens of some collections that have brown 
or red sediment caught in the mucus around 
their scales and fins are the ones that most often 
have colored neuromasts. The disc’s color, when 
present, is due to several small, circular areas of 
color at the surface of the neuromast. These spots 
of color appear to correspond to sensory cells, 
each probably bearing a sensory filament. How­
ever, sensory filaments or cupulae are not detect­
able under a dissecting microscope.

Many of the neuromasts are located in shallow 
epidermal channels of Spintherobolus, especially 
on the head. The distribution pattern of these 
organs is approximately the same in all four spe­
cies except that there are more vertical channels 
on the cheek (infraorbital region) in S. papilliferus 
than in the other species (Figs. 10-11). Laterally 
on the cheek a longitudinal curved neuromast 
channel extends from the posterior border of 
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maxilla to the posterior margin of preopercle. 
From this channel, at intervals, extend more or 
less vertical channels, each dorsally reaching the 
ventral margin of the orbit, and ventrally reach­
ing to near the ventral border of the preopercle. 
The opercle has an anterior, vertical linear chan­
nel near the posterior preopercular border. Pos­
terior to this the opercle bears a series of shallow 
channels containing neuromasts. Dorsally on the 
head these organs are mainly distributed in some­
what irregular transverse grooves between the 
orbits and in two small longitudinal channels 
between the nares (Fig. 11). There is a well-de­
veloped ventrally facing skin flap extending pos­
teriorly from the area between the dentary and 
maxilla to the posteroventral end of the preoper­
cle. This flap partly covers an elongate groove 
running along its length. The groove with its 
neuromasts has several medially directed branch­
es. The dentary bears ventral grooves containing 
neuromasts, these being numerous in the gular 
area between the two halves of the dentary. Two 
to six vertically aligned neuromasts are located 
near the posterior border of many of the body 
scales. Although many of the scales bear neuro­
masts, they are not present on all scales. We were 
unable to detect any repetitive pattern of distri­
bution of neuromasts o^ the body scales. See 
Arratia & Huaquin (1995) for citation of much of 
the literature on fish neuromasts.

What appear to be similar organs, also with 
complex patterns of distribution on the head, 
accompanied by an absence of laterosensory ca­
nals, were described by Poll & Lambert (1964a: 
337,1964b: 407) for certain species of the African 
citharinid characiform Neolebias Steindachner, 
1894. These organs were identified as “lignes 
d’organes sensoriels ponctiformes”. Note: Al­
though Poll & Lambert used Congocharax Mat­
thes, 1964 for the generic name of those species of 
Neolebias readily showing the neuromasts, we 
follow Vari (1979:330) in recognizing Congocharax 
as a junior synonym of Neolebias even though 
Poll & Gosse (1982: 5) provided ample evidence 
of the different features that can be used to dis­
tinguish these nominal genera. We do this be­
cause recognition of Congocharax would make 
Neolebias paraphyletic according to the phyloge­
netic evidence provided by Vari and not contra­
dicted by additional data extracted from Poll & 
Gosse and cladistically analyzed along with the 
data from Vari.

As pointed out by Sarraf (1997: 30), similar 
organs are found in the species of Phenacogaster 
and Roeboides Gunther. These were called “cervi­
cal pit-lines” by Géry (1972: 10-11). Although 
cervical is a word referring to a neck, these struc­
tures are located in shallow channels mostly on 
the head and putatively assigned as a synapo- 
morphy uniting these two genera by Malabarba 
& Lucena (1995: 342). We examined these struc­
tures in species of these two genera and found 
they have the same apparent gross anatomy and 
sometimes the same color characteristics as those 
of Spintherobolus, but with different distribution­
al patterns on the head and body. We agree with 
Sarraf (1997) that these patterns are independ­
ently derived in Spintherobolus on the one hand 
and Phenacogaster and Roeboides on the other. The 
surface neuromasts of the laterosensory system 
and their characteristic distributional patterns 
found in some species of Neolebias, represent sim­
ilar but apparently also independently derived 
features from those present in Spintherobolus or 
Phenacogaster and Roeboides. As Vari (1979: 329) 
has shown, the species of Neolebias bearing ap­
parent neuromasts have a derived position in a 
clade of African characiforms. The exposed neu­
romasts described for Astyanax mexicanus by 
Schemmel (1967) seems to be also independently 
derived from those present in Spintherobolus (com­
pare the neuromast distributional pattern of 
A. mexicanus in Schemmel (1967: 267, fig. 5) and 
of Spintherobolus species; Figs. 4,10). None of these 
outgroup characiform taxa bearing obvious neu­
romasts and discussed above have all the synapo- 
morphies listed for the Cheirodontinae.

Böhlke (1954: 25) reported “rows of papillae” 
on the head of Crenuchus spilurus and suggested 
this genus should be examined when consider­
ing the relationships of either Spintherobolus or 
Grundulus. We have examined the heads of sev­
eral specimens of C. spilurus and fail to find struc­
tures that we can confidently identify as being 
similar to the organs we tentatively identify as 
neuromasts. There are, however, scattered small 
papillose structures having a central depression 
or opening. These might be taste buds, but histo­
logical examination is needed to confirm such an 
identification. The Crenuchinae is phylogeneti- 
cally related to the Characidiinae and both placed 
in the Crenuchidae by Buckup (1993a: 229; in 
press) and we found no evidence to contradict 
Buckup’s hypothesis or suggest that Crenuchus is 
a cheirodontine.

Ichthyol. Explor. Freshwaters, Vol. 10, No. 1
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Fig. 13. Spintherobolus ankoseion, infraorbital bones. a, 
USNM 297935, adult female, 24.6 mm SL; b, USNM 
297935, adult male, 24.5 mm SL.

(16) The dentary has a large anterior fenestra 
(Fig. 12). Associated with this fenestra is a large 
epidermal, papilla-like structure surrounded by 
a deep groove that has its deep internal portion 
lodged in the dentary fenestra. The external sur­
face of this papilla bears several exposed neuro­
masts. The ventral face of the dentary bone, pos­
terior to the fenestra is concave (more so in 
S. papilliferus than the other species; see also the 
dentary characters noted below under the synapo- 
morphies that hypothesize subgroup b in Fig­
ure 3). We suggest the fenestra and the associat­
ed nervous and supporting tissues are a derived 
sensory organ and consider all to be one complex 
character.

Travassos (1953: 506) first noted the fenestra, 
but not the associated modified soft tissue. He 
considered the fenestra to demonstrate a close 
relationship between S. broccae and S. papilliferus. 
All four species examined herein have this fea­
ture, which is absent in other cheirodontines or 
characids examined by us.

(17) The adipose fin is absent. The adipose 
fin loss in Spintherobolus is unique within the 
monophyletic subfamily Cheirodontinae as rec­
ognized by us; see also Malabarba (in press). We 
suggest the absence of an adipose fin in Spin­
therobolus and Grundulus is homoplastic because 
of the relationships hypothesized here for Spin­
therobolus. Eigenmann (1915: 4, 14) briefly dis­
cussed the lack of an adipose fin in Grundulus 
and Spintherobolus and, in part, used this feature 

to unite these genera in a phyletic group. Géry 
(1977: 607) followed Eigenmann in this regard.

Adipose fin loss has occurred several times 
within hypothesized independent clades of 
characiforms, for example the Characinae (Prio­
charax Weitzman & Vari), Xenurobryconini 
(Iotabrycon Roberts, Xenurobrycon Myers & P. Mi­
randa-Ribeiro, and Tyttocharax Fowler), the Gas- 
teropelecidae (Carnegiella Eigenmann), and the 
Lebiasinidae (some species of Nannostomus 
Gunther); see also discussion by Weitzman & 
Ortega (1995:147). In these genera the absence of 
an adipose fin is correlated with small to minia­
ture size. The absence of an adipose fin in the 
American characiforms is not always associated 
with miniature size. For example the large spe­
cies of Lebiasina, family Lebiasinidae, and species 
of the Erythrinidae lack an adipose fin. The 
American characid genus Hasemania Ellis was for 
the most part defined as being like Hyphessobry­
con Durbin but without an adipose fin. As cur­
rently conceived Hasemania (Géry, 1977:518) lacks 
miniature species. We agree with Géry (1977: 
518) that this genus is probably polyphyletic.

(18, state 1) The infraorbital bones (Fig. 13a-b) 
are somewhat variable, but some are always re­
duced in size and number and others possibly 
fused. They are usually altered as follows. One 
large bony element is located in the usual charac­
id position of infraorbital 2. In some specimens 
(Fig. 13a-b) this bone has an anterodorsal portion 
that is in the position of infraorbital 1of other 
characids and a posterior part that may represent 
infraorbital 2. Thus this bony element may con­
sist of infraorbital 1 and 2 fused to each other. In 
some specimens this is the only infraorbital bone 
present. Another infraorbital, much reduced in 
size and apparently absent in S. broccae (18, state 2; 
see diagnosis under S. broccae), is placed in the 
position of infraorbital 3 (Fig. 13a). Infraorbitals 
4 through 6 are almost always absent, at least as 
ossifications, but in one specimen of S. ankoseion 
a fourth infraorbital bone appears to be present 
(Fig. 13b). A well developed antorbital is present 
in the ventro-lateral wall of the nasal capsule.

Although reductions in the size and apparent 
loss of infraorbitals are observed in some Cheiro­
dontines, for example Cheirodon australe Eigen­
mann, no other Cheirodontines have the infraor­
bitals with the anatomy described here for 
Spintherobolus. A reduction of the posterior in­
fraorbital bones also occurs in Grundulus bogoten­
sis (Humboldt) but in that species infraorbital 2
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and a large infraorbital 3 are well ossified.
Infraorbital bone reduction and apparent loss 

are common in small and miniature characiforms 
of divergent clades; see Weitzman & Fink (1983) 
and Weitzman & Fink (1985) for documentation. 
However, S. papilliferus and G. bogotensis are both 
comparatively large and were in part suggested 
as related by shared infraorbital loss by Eigen­
mann (1915: 5-6, 14) and Géry (1977: 607). Al­
though the pattern of infraorbital loss in these 
species differs, this would not preclude consider­
ing such loss a synapomorphy for the two spe­
cies. However, Grundulus lacks the synapomor- 
phies uniting the species of Spintherobolus to the 
Cheirodontinae.

(19) There are one unbranched and five to 
six branched pelvic-fin rays. The outgroup 
number of pelvic-fin raysin the Characidae is i,7, 
and, with rare exceptions, this count is found in 
all outgroup cheirodontine species. The count in 
Spintherobolus is i,5 or i,6 in S. papilliferus and is 
always i,5 in the other three species. This is a 
derived reductive feature for the species of 
Spintherobolus (Fig. 14).

A low pelvic-fin ray count occurs in certain 
miniature or small sized characiforms, for exam­
ple Carnegiella (see Weitzman, 1960: 217) and 
Priocharax Weitzman & Vari (1987: 614), and one 
might therefore expect a low pelvic-fin ray count 
in a small species such as S. broccae. However, 
S. papilliferus although not especially small (to at 
least 60.8 mm SL) has a low pelvic-fin ray count. 
Grundulus bogotensis, also not especially small (to 
at least 67.0 mm SL) also has a somewhat re­
duced number of pelvic-fin rays, i,6.

(20) The anal fin has iii-iv unbranched and 9- 
16 branched rays (Figs. 9, 15). The number of 
anal-fin rays in the Characidae is quite variable. 
The primitive state, however, can be hypothe­
sized as having at least more than 15 branched 
rays as found in the apparently most primitive 
American characid species such as the species of 
Brycon Müller & Troschell. Among the cheiro­

dontine species the number of branched anal-fin 
rays varies from 16 to 24. Spintherobolus thus has 
a derived, reduced number and we suggest this 
as a synapomorphy uniting the species of the 
genus. A reduced number of anal-fin rays also 
occurs in the Chilean species of Cheirodon (C. aus- 
trale Eigenmann, C. galusdae Eigenmann (12-15 
branched rays), C. pisciculus Girard, C. kiliani 
(9-13)) but this is independently derived accord­
ing to the hypothesis of cheirodontine relation­
ships proposed herein. Grundulus bogotensis also 
has a reduced number of anal-fin rays, iv,11-12, 
but again evolved independently of Spintherobo­
lus, based on its lack of synapomorphies of clades 
A to D.

Branched anal-fin rays in Spintherobolus var­
ies from 13-16 (x = 14.1; state 1) in S. broccae, 11-14 
in S. ankoseion and S. leptoura (x = 12.6 for both 
species; state 2), and 9-10 (x = 9.1; state 3) in 
S. papilliferus. We considered these three ranges 
and their means as different states in our analysis 
because all were significantly different and can 
thus be hypothesized as having a different genet­
ic basis. All three states are derived according to 
outgroup comparison. Grundulus bogotensis also 
has a small number of anal-fin rays (11-12) and 
has been suggested as closely related to the spe­
cies of Spintherobolus by Géry (1977: 607), but 
again, its anal fin is different from those of the 
species of Spintherobolus in that the anal fin in 
G. bogotensis lacks the derived features of the anal- 
fin rays in the males of the species of Spintherobo­
lus described here. Also, the anal-fin pterygi-
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Fig. 15. Spintherobolus leptoura, USNM 346386, adult 
male, paratype, 21.8 mm SL. Anal fin, lateral view, left 
side, showing the distribution of pigment pattern on 
the fin and the derived nature of branched rays 2 
through 5.

Fig. 14. Spintherobolus ankoseion, USNM 297935, adult 
male, 24.5 mm SL. Pelvic girdle and fin.



16

Fig. 16. Spintherobolus papilliferum, MZUSP 49408, adult 
female, 50.4 mm SL. Area of the anterior and posterior 
pseudotympanums of left side, anterior is to the right. 
The skin and scales were removed, exposing the mus­
cles of the lateral body wall, pleural ribs of the fifth and 
sixth vertebrae (first and second pleural ribs), and the 
black, pigmented wall of the swimbladder. The larger 
black area to the left represents the pseudotympanum 
present in all cheirodontines. The somewhat obscured 
apical black area in the right upper part of the photo­
graph is the area of the anterior pseudotympanum 
characteristic of the species of Spintherobolus. However, 
in adult S. papilliferus the anterior pseudotympanum is, 
in part, obscured by muscle tissue.

ophores of Grundulus appear derived in that they 
are all short, having no elongate anterior pterygi- 
ophores as found in the species of Spintherobolus 
and in most characids. Thus the reduced number 
of anal-fin rays in Grundulus bogotensis seems to 
be derived, but based on morphology not homol­
ogous to the condition found in Spintherobolus 
species. The most parsimonious hypothesis in 
the global analysis indicates state 3 (9-10) anal fin 
rays, is an autapomorphy for S. papilliferus. State 1 
(13-16 branched rays) is a synapomorphy for 
Spintherobolus with an additional reduction of 
13-14 branched rays (state 2), as synapomorphic 
for S. ankoseion and S. leptoura is equally parsimo­
nious with the hypothesis that state 2 is a synapo­
morphy for Spintherobolus together with an in­
crease (state 1) as an autapomorphy for S. broccae.

(21) An anterior pseudotympanum lies ante­
rior to the first pleural rib. This pseudotympa­
num consists of a muscle hiatus lateral to the 
anterior portion of the swimbladder. The juve­
niles of S. papilliferus and all specimens of the 
other three species display both pseudotympa­
nums (Figs. 4-6, 16). However, in adult S. papil-

Fig. 17. Spintherobolus papilliferus, MZUSP 51022, juve­
nile, 23.9 mm SL. Anterior and posterior pseudotym­
panums of left side, anterior is to the right. The skin 
and scales were removed, exposing the muscles of the 
lateral body wall, pleural ribs of the fifth and sixth 
vertebrae (first and second pleural ribs), and the black, 
pigmented wall of the swimbladder. The larger black 
area to the left represents the pseudotympanum present 
in all cheirodontines, while the black area to the right 
is the area of the anterior pseudotympanum character­
istic of the species of Spintherobolus.

liferus the anterior pseudotympanum is partially 
filled by muscular tissue and is relatively ob­
scure but still present (Fig. 17).

A posterior pseudotympanum is situated 
between the first and second pleural ribs in all 
cheirodontines including the species of Spin­
therobolus but all other cheirodontines lack the 
anterior pseudotympanum. The presence of a 
muscle hiatus anterior to first pleural rib has 
been also observed in Atopomesus pachyodus My­
ers, Paracheirodon axelrodi (Schultz), and an uni­
dentified species of Axelrodia Géry. However, 
these species do not have all of the synapomor- 
phies shared by species of the Cheirodontinae. 
Thus these three species are excluded from that 
subfamily and relationships with Spintherobolus.

(22) In adult males the anterior ventral pro­
current caudal-fin rays, those that have their prox­
imal ends inserted anterior to the haemal spine 
of the antepenultimate vertebrae, are fused to 
one another proximally (Fig. 8). Fusion begins 
with sexual maturation only in males. Among 
characiforms this character is unique to species 
of Spintherobolus, although one species of unde­
scribed cheirodontine not closely related to 
Spintherobolus also has some fusion among its 
ventral procurrent rays.

Weitzman & Malabarba: Systematics of Spintherobolus
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(23) The anterior ventral procurrent caudal- 
fin rays of males have reduced proximal por­
tions, not rising above the area of fusion between 
the rays, while the posterior dorsal portions of 
these rays are fused into a flat compressed plate 
that inserts between the hemal spine of the preural 
vertebrae (Fig. 8). The ventral procurrent caudal- 
fin rays posteriorly associated with the hemal 
spine of pu3, pu2, and pul (parhypural) are sep­
arate. The proximal portions of the anterior, ven­
tral procurrent caudal-fin rays in males of 
Spintherobolus species are reduced or lost during 
sexual maturation. In young specimens and fe­
males of Spintherobolus and other Characidae these 
portions are ossified and well-developed.

(24) The symphyseal dentary joint surfaces 
are smooth oval articular surfaces, lacking the 
intercalated and folded bony surfaces found in 
other characiforms. The articulation is supported 
by tough ligamentous tissue. A similar condition 
was found in the cheirodontine Pseudocheirodon 
arnoldi (Boulenger), a species that otherwise dis­
plays none of the synapomorphies of Spintherobo­
lus and clade B Cheirodontines.

(25) Lateral line reduced to 2-6 perforated 
scales. Lateral line reduction or loss has been 
used for defining cheirodontine and other charac­
id genera since Eigenmann (e.g. 1915, 1917). 
Weitzman & Fink (1983: 391-394) discussed later- 
osensory reduction in small characids and noted 
that its loss is often correlated with small size 
and that the condition has evolved repeatedly in 
small characids. They also suggested that such 
reductive characters are phylogenetically signif­
icant at some level, but in practice can sometimes 
prove problematic for use as synapomorphies.

In Spintherobolus we found lateral-line reduc­
tion to be a synapomorphy for the species of the 
genus according to the most parsimonious distri­
bution of the 35 characters used in our analysis of 
cheirodontine and other characids. Lateral-line 
counts range from 2-6 in Spintherobolus species 
(mean 3.7 in S. broccae, 4.0 in S. leptoura and 
S. ankoseion, 4.6 in S. papilliferus). In the nearest 
clade to Spintherobolus, the O. piaba group, the 
means in lateral-line range from 6.5-9.2. In the 
next closest clade, the species of Cheirodon, the 
means range from 6.7-8.8. No other Cheirodon­
tines have the reduced number of pored scales in 
Spintherobolus. Grundulus also has a small number 
of perforated lateral-line scales (5-6), but this 
appears independently derived according to the 
most parsimonious hypothesis of our data.

Fig. 18. Spintherobolus ankoseion, USNM 297935, adult 
male, 24.5 mm SL. Osteology of pectoral girdle.

(26) The coracoid bone of the pectoral girdle 
of Spintherobolus is reduced in length, and more 
or less discoid in shape (Fig 18). In all other 
cheirodontines and characids examined by us 
the coracoid is either derived in other ways, for 
example in the gasteropelecids (Weitzman, 1954: 
225), or elongate and similar to that described by 
Weitzman (1962: 41) for Brycon meeki Eigenmann 
& Hildebrand.

(27, state 1) The eyes of species of Spintherobo­
lus are small and derived compared to other Chei­
rodontines. Spintherobolus broccae has a mean eye 
diameter of 28.7 %, S. leptoura a mean of 27.2 %, 
S. ankoseion a mean of 27.6 %, and S. papilliferus a 
mean of 21.3 % compared to head length. Chei­
rodontine outgroups related to Spintherobolus 
have relatively large eyes, 33.9-40.3 % HL in clade 
C (Cheirodon) and 35.4-41.0 % of head length in 
clade E (O. piaba and related species) and many 
American characids have an eye size ranging 
from about 25 to 35 % HL (Weitzman et al., 1994: 
55). Small eye size is apparently a reductive 
synapomorphy for Spintherobolus.

Ichthyol. Explor. Freshwaters, Vol. 10, No. 1
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Fig. 19. Alternate cladograms of the relationships of 
the species of Spintherobolus.

(28) Relatively short pectoral-fin lengths are 
characteristic of males of S. broccae (15.2-18.7, x = 
16.9 % SL), S. leptoura (15.6-17.9, x = 16.9 % SL), 
and S. papilliferus (15.7-16.6, x = 16.1 % SL). The 
males of S. ankoseion have relatively long pecto­
ral fins (18.2-20.8, x = 19.0 % SL) and the out­
group clades C and E also have relatively long 
pectoral fins, 17.0-20.9, x = 18.5 % SL and 19.6- 
21.7, x = 20.2 % SL respectively.

The distribution of this feature is ambiguous 
in three equally most parsimonious cladograms 
based on other characters (Figs. 3,19a-b). First, in 
all three cladograms this feature may be consid­
ered a synapomorphy for hypothesizing the 
monophyly of Spintherobolus, but with a reversal 
to a longer pectoral fin in S. ankoseion, requiring 
two steps in each. However, in the cladogram 
having S. broccae and S. leptoura united as sister 
species (Fig. 19a) another, two step, equally par­
simonious hypothesis is supported by the data. 
This hypothesis indicates that a short pectoral fin 
was independently acquired in S. papilliferus and 
in the clade uniting S. broccae and S. leptoura 
(Fig. 19a). In this hypothesis the character of short 
pectoral fin does not support Spintherobolus as a 
clade.

Etymology. Spintherobolus comes from the Greek 
spinther meaning spark and obelos, to spit. Ei­
genmann (1915:19) stated “emitting small sparks, 
referring to the appearance of yellow neuromasts 
on the head”.

Key to species of Spintherobolus

1 - Branched anal-fin rays 11-16 (Fig. 20); ver­
tebrae 32-34 (Fig. 21); scales in a longitudi­
nal series 31-33 (Fig. 22); horizontal eye di­
ameter longer than snout length; coastal 
Atlantic drainages, east of Serra Geral. .. 2

Fig. 20. Tukey box plots of the number of branched 
anal-fin rays in species of Spintherobolus. Visual com­
parison of these box plots shows that the anal-fin ray 
counts of S. papilliferus are obviously different from all 
other species. Also, although there is overlap, the counts 
of S. broccae are obviously significantly different from 
those of S. leptoura and S. ankoseion. However, there 
were no significant differences between the counts of S. 
leptoura and S. ankoseion when subject to a Mann-Whit­
ney rank-sum test.

Fig. 21. Tukey box plots of the number of vertebrae in 
species of Spintherobolus. Visual comparison of these 
box plots shows that the vertebral counts of S. papillifer­
us are obviously different from all other species. Those 
of S. broccae and S. leptoura are not significantly differ­
ent and those of S. ankoseion, although overlapping 
with those of S. broccae and 5. leptoura are significantly 
different from these two species when subject to Mann- 
Whitney rank-sum tests (T = 398, P < 0.001 and T = 246, 
P < 0.001 respectively).

- Branched anal-fin rays 9, rarely 10; verte­
brae 35-36; scales in a longitudinal series

Weitzman & Malabarba: Systematics of Spintherobolus
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Fig. 22. Tukey box plots of the number of longitudinal 
series scales in species of Spintherobolus. Visual com­
parison of these box plots shows that these scale counts 
of S. papilliferus are obviously different from all the 
other species. The counts of. S. leptoura may be differ­
ent from those of S. broccae and S. ankoseion, but the 
available counts for S. leptoura are too few (3) for useful 
statistical comparisons. The counts of S. broccae and 
S. ankoseion are not significantly different.

Fig. 24. Graph of body depth as a function of standard 
length for Spintherobolus leptoura (black symbols) and 
S. ankoseion (empty symbols). Axes are logarithmic. Note 
that the 95 % confidence intervals in lengths of about 21 
to 28 mm SL do not overlap with the means of the of 
the compared species indicating a significant difference 
in these size ranges. These growth pattern differences 
are used to separate these species in the key and text.

Fig. 23. Tukey box plots of the number of procurrent 
caudal-fin rays in species of Spintherobolus. Significant 
differences were not found between S. papilliferus and 
S. leptoura, between S. leptoura and S. ankoseion, and 
between S. papilliferus and S. ankoseion. However, sig­
nificant differences using Mann-Whitney rank sum tests 
were found between S. papilliferus and S. broccae (T = 
984, P < 0.001), between S. broccae and S. leptoura (T = 
195, P = < 0.001), and between S. broccae and S. anko­
seion (T = 604, P = < 0.001).

Fig. 25. Graph of caudal peduncle depth as a function 
of standard length for Spintherobolus leptoura (black 
symbols) and S. ankoseion (empty symbols). Axes are 
logarithmic. Note that the 95 % confidence intervals in 
lengths of about 21 to 27 mm SL do not overlap with 
the means of the compared species indicating a signif­
icant difference in these size ranges. These growth 
pattern differences are used to separate these species in 
the key and text.

34-36; horizontal eye diameter shorter than 
snout length; headwaters of rio Tietê, up­
per rio Parana drainage.........S. papilliferus

2. - Branched anal-fin rays 11-14, usually 12- 
13, x = 12.6 for both species; ventral procur­
rent caudal-fin rays 12-16, x = 14.0 for S. an­
koseion and 14.1 for S. leptoura (Fig. 23); third 
infraorbital bone present................... 3

Ichthyol. Explor. Freshwaters, Vol. 10, No. 1
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- Branched anal-fin rays 13-16, usually 14- 
15, x = 14.1; ventral procurrent caudal-fin 
rays 14-17, x = 15.4; third infraorbital ab­
sent; Rio de Janeiro region and area near 
Santos, São Paulo)....................... S. broccae

3. - Body depth of specimens of both sexes be­
tween about 21.0 and 28.0 mm SL 32.4- 
38.5 % SL, x = 35.8 % (Fig. 24); male body 
depth regardless of body length 29.3-37.9 % 
SL, x = 34.2 %; male caudal-peduncle depth 
12.8-15.6 % SL, x = 14.8 % (Fig. 25); fresh­
waters around Baia de Paranaguá, Parana 
south to Barra do Sai, Santa Catarina.......  
...............................................S. ankoseion

- Body depth of specimens of both sexes be­
tween about 21.0 and 28.0 mm SL 27.5- 
33.7 % SL, x = 31.0 % (Fig. 24); male body 
depth regardless of body length 26.6-29.7 %, 
x = 28.3; male caudal peduncle depth 11.0- 
13.1 % SL, x = 12.3 % (Fig. 25); rio Quilom- 
bo, rio Ribeira de Iguape drainage, São 
Paulo..............................................S. leptoura

Subgroup a

There is only one species in subgroup a. See 
apomorphy list below for features separating this 
species from all others in the genus. This species 
also lacks the synapomorphies listed below in 
Subgroup b for three species of Spintherobolus.

Spintherobolus papilliferus Eigenmann 
(Figs. 1, 26-28)

Spintherobolus papilliferus Eigenmann, 1911: 167, 
pl. 5 figs. 1-4 (new species description, type 
locality: Alto da Serra, São Paulo, Brazil, hol­
otype: CM 2582, now FMNH 104802; 4 para­
types: CM 2583, now FMNH 54918 and 
CAS[SU] 17520)

Specimens examined. All from Brazil, São Pau­
lo, upper rio Tietê drainage. FMNH 104802, hol­
otype, immature; 34.1 mm SL; FMNH 54918, 3 
paratypes, immature, 20.2,30.5,30.7 mm SL; CAS- 
SU 17520, 1 paratype, juv., 28.5 mm SL (note: 
FMNH specimens mixed and holotype not sepa­
rately labeled; see Discussion section below); Alto 
da Serra, 4 Aug 1908, J. D. Haseman. - MZUSP 
51022,17, all immature, 16.7-24.6 mm SL; Parana- 

piacaba and Campo Grande; 24 Mar 1967, S. P. 
Werner. - MZUSP 49408, 1 male 57.8 mm SL, 2 
females, 50.3-50.4 mm SL, 1 female, c&s, 45.0 mm 
SL; “last creek on road to Paranapiacaba”; 20 Mar 
1980, R. M. C. Castro. - MZUSP 51021, 1, female, 
60.8 mm SL; rio Ipiranga; January 1929, H. Lued- 
erwöldt. - MNRJ 6260, 1, female, 35.8 mm SL 
(same specimen in Travassos, 1953: 506, fig. 1). - 
MNRJ 4237, 1 male, 34.5 mm SL, 4 females, 32.8- 
36.5 mm SL; rio Ipiranga; date unknown but prob­
ably before 1931, A. Couto de Magalhães.

Diagnosis. The following five autapomorphies 
(20, state 3; 27, state 2; 29; 30; 31) distinguish 
S. papilliferus from all other species of the genus. 
Also three anal-fin reversals (10R, 11R, 12R) help 
distinguish this species.

(20, state 3) Branched anal-fin rays 9-10. This 
is the lowest count for this fin known for the 
Cheirodontinae. The other three species of 
Spintherobolus have 11-16 branched anal-fin rays.

(27, state 2) The eyes of S. papilliferus (18.4- 
26.0, x = 21.3 % HL, n = 31) are the smallest of the 
four species of Spintherobolus. The eyes of Spin­
therobolus ankoseion (24.6-30.1, x = 27.6 %, n = 22), 
those of S. broccae (24.5-32.7, x = 28.7 %, n = 70), 
and those of S. leptoura (23.2-30.3, x = 27.2 %, 
n = 18) are significantly larger relative to head 
length than those of S. papilliferus and are not 
significantly different from each other. See also 
discussion of apomorphy 27, state 1, above.

(29) The caudal peduncle length of S. papil­
liferus is long, being 23.8-24.6 % SL (x = 24.2 %) in 
males and 21.3-27.0 % SL (x = 23.9 %) in females. 
The other three species have caudal peduncle 
lengths between 11.5-21.5 % SL. This demon­
strates that almost no overlap occurs between 
S. papilliferus and the other species of Spintherobo­
lus except in an occasional female. In species of 
outgroup clade E the caudal peduncle length 
varies between 11.0-19.6 % SL and the ranges of 
the means extend from 14.3-15.2 % SL.

(30) Large adult size. Mature adults of S. papil­
liferus reach at least 60.8 mm SL (a mature fe­
male) and 57.8 mm SL (a mature male). Another 
male 34.5 mm SL had developing secondary sex­
ual characters. Specimens of S. broccae, S. leptoura 
and S. ankoseion are fully mature by at least 18 mm 
SL and adult males were recorded to reach 
23.1 mm SL (S. ankoseion) while adult females 
reach 27.9 mm SL (S. ankoseion). Adults of out­
group clade E species are only known to range 
approximately between 20-40 mm SL.

Weitzman & Malabarba: Systematics of Spintherobolus
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Fig. 26. Spintherobolus papilliferus, MZUSP 51021, female 60.8 mm SL, Brazil, Sao Paulo, rio Ipiranga.
Fig. 27. Spintherobolus papilliferus, MZUSP 49408, adult female, 50.3 mm SL, Brazil, São Paulo, near Paranapiacaba.
Fig. 28. Spintherobolus papilliferus, FMNH 54918, holotype, 34.1 mm SL. Brazil, São Paulo, Alto da Serra, near 
Paranapiacaba.

(31) Spintherobolus papilliferus has a high ver­
tebral count of 35-36. Compare vertebral counts 
of the species of Spintherobolus in Figure 21. Spe­
cies of its sister subgroup b have 32-34 vertebrae 
and species in outgroup clade E are known to 
have 32-34 vertebrae.

(10R) The anal-fin rays of adult males are not 
expanded in a sagittal plane. See apomorphy 10, 
clade D, for outgroup condition and its taxonom­
ic distribution.

(11R) Segments of anal-fin rays of adult males 
are not fused. See apomorphy 10, clade D, for 
outgroup state and its taxonomic distribution.

Ichthyol. Explor. Freshwaters, Vol. 10, No. 1
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Table 2. Morphometries of Spintherobolus papilliferus. Table includes measurements of all examined specimens. 
Values for the holotype are given separately.

holotype

n

ma

low

ales

high mean n

fem 

low

ales

high mean

Standard length [mm] 34.1 2 34.5 57.8 46.2 30 16.7 60.8 27.7

Percentage of standard length
Snout to anal-fin origin 61.0 2 61.7 63.3 62.5 30 58.7 67.3 62.2
Snout to dorsal-fin origin 54.3 2 51.9 52.2 52.0 29 50.9 58.2 54.4
Snout to pelvic-fin origin 47.5 2 42.0 47.4 44.7 30 44.1 50.0 46.9
Dorsal-fin base length 9.4 2 9.6 12.3 10.9 29 9.4 12.4 11.1
Anal-fin base length 11.4 2 12.5 12.6 12.5 30 10.4 14.2 12.5
Caudal peduncle length 27.0 2 23.8 24.6 24.2 30 21.3 27.0 23.9
Caudal peduncle depth 12.9 2 13.3 15.4 14.4 30 11.4 15.8 13.3
Depth at dorsal-fin origin 29.6 2 28.7 31.8 30.3 29 26.4 32.2 28.8
Dorsal-fin length - 2 22.5 24.3 23.4 27 17.0 27.4 23.1
Pelvic-fin length 12.9 2 14.5 15.9 15.2 29 11.4 15.9 13.3
Pectoral-fin length 10.9 2 15.7 16.6 16.1 29 10.9 16.5 14.0
Bony head length 29.3 2 28.7 29.8 29.2 30 26.8 32.0 30.2

Percentage of head length
Snout length 24.0 2 24.4 25.3 24.8 29 18.3 29.4 23.3
Upper jaw length 20.0 2 20.2 20.9 20.6 29 16.0 23.0 19.5
Horizontal eye diameter 26.0 2 19.2 20.2 19.7 29 18.4 26.0 21.4
Least interorbital width 25.0 2 31.3 31.4 31.4 29 22.4 32.0 26.9

(12R) An anterior extension of the proximal 
end of the lepidotrichia of the anal-fin rays of 
males is absent. See apomorphy 12, clade D, for 
the outgroup state.

Description. Morphometric data are summa­
rized in Table 2. The reduced anal fin and lack of 
an adipose fin in part give this species a rather 
unusual body shape for a characid. Body com­
pressed, moderately elongate. Predorsal body 
profile convex with short concavity at nape fol­
lowed by relatively steep convexity. This more 
strongly developed in large specimens (above 
50 mm SL). Body profile gently convex behind 
nape to dorsal-fin origin and along dorsal-fin 
base. Body profile nearly straight between termi­
nal base of dorsal-fin and caudal-fin origin. Ven­
tral profile of head gently convex. Belly profile 
between pectoral and pelvic fins straight or slight­
ly convex. Profile between pelvic-fin origin and 
anal-fin origin slightly concave. Body profile 
along anal-fin base nearly straight or slightly 
concave. Caudal peduncle elongate with dorsal 
and ventral profiles nearly straight.

Snout prominent, blunt, and rounded. Dorsal 
profile of head straight to slightly concave. Mouth 
terminal, angled posteroventrally. Maxilla short, 
not reaching line drawn vertically through ante­

rior margin of eye. Eyes smaller than snout length.
Dorsal-fin rays, ii,9 in all specimens. Dorsal- 

fin origin near midbody distance. Adipose fin 
absent.

Anal-fin rays iii,10 (anterior unbranched rays 
iii in 29 specimens and 2 specimens with a fourth 
vestigial anterior element detectable in radio­
graphs; 29 specimens with 9 branched anal-fin 
rays; holotype and one other specimen with 10 
branched rays; Fig. 20). Profile of anal fin round­
ed, with tip of all branched rays ending at more 
or less vertical imaginary line along posterior 
border of anal-fin base. Anal fin without hooks in 
two males presumably large enough to be ma­
ture. Only one fully adult male examined and its 
anal-fin rays longer than those of females. Anal- 
fin origin at vertical line drawn through origin of 
posteriormost dorsal-fin ray.

Pectoral-fin rays i,13 (branched rays 10-13, 
x= 11.1, n = 20). Pectoral fin large, rounded, 
posterior tips of longest pectoral-fin rays extend 
to nearly pelvic-fin origin.

Pelvic-fin rays i,6 (branched rays 5-6, x = 5.8, 
n = 22). Pelvic fins of adult male reaching beyond 
anal-fin origin but not reaching that fin’s origin 
in females. Largest male with very short, truncat­
ed hooks located on ventromedial surface of pel­
vic-fin rays. These occur along one third of un­
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branched ray and about half of proximal length 
of first four branched rays.

Principal caudal-fin rays 10/9 (9/9 in one 
specimen, x = 18.9, n = 28). Dorsal procurrent 
caudal-fin rays 14 (range = 11-15, x = 13.0, n = 24). 
Ventral procurrent caudal-fin rays 15 (range = 
12-17, x = 14.2, n = 26; Fig. 23). Ventral procurrent 
caudal-fin rays of males strong and well-devel­
oped, with proximal extremities fused, slab 
shaped and expanded in sagittal plane. Last five 
caudal vertebrae (including posterior half cen­
trum) supporting caudal fin and procurrent rays, 
with enlarged and modified hemal spines. These 
five caudal vertebrae thus equal precaudal verte­
brae by definition. Anteriormost 10 ventral pro­
current fin rays of mature males fused, with lat­
eral processes inserted among muscle fibers and 
skin of this region.

Scales cycloid. Lateral line with 3-6 perforat­
ed scales (x = 4.6, n = 19). Scales in longitudinal 
series 34-36 (x = 35.4, n = 19; Fig. 22). Scale rows 
between dorsal-fin origin and longitudinal series 
(series continuous with perforated scales) 6-7 (x = 
6.3, n = 19) and between this scale series and 
pelvic-fin origin, 5-6 (x = 5.6, n = 19). Predorsal 
scales from occipital process to dorsal-fin origin 
12-15, irregular and difficult to count accurately, 
with 12-15 scales. Scale rows around caudal pe­
duncle, 18 in all specimens. No modified scales 
on caudal-fin or scale sheath along anal-fin base.

All jaw teeth with expanded basal pedicle 
and more or less conical along their length, but 
with slightly expanded distal tip. Distal conical 
part of dentary teeth with small medial and small 
lateral cusps. Middle cusp relatively large, elon­
gate and slender. Anterior premaxillary teeth also 
with one cusp on each side, these extremely re­
duced and almost imperceptible. Maxillary teeth 
conical with somewhat laterally expanded distal 
conical portion. There are 8 premaxillary, 7 max­
illary and 12 dentary teeth in one cleared and 
stained specimen, 45.0 mm SL.

Vertebrae 35-36 (x = 35.1, n = 30; Fig. 21).Bran- 
chiostegal rays 4. Two rays attached nearly to­
gether on midventral surface of anterior cerato- 
hyal, one on posteroventral lateral surface of 
anterior ceratohyal, and one on the mid-ventro­
lateral surface of posterior ceratohyal, in one 
cleared and stained specimen.

Color in alcohol. The color description of pre­
served adults given below was taken from spec­
imens collected within the last 17 years. The color 

pattern of the juvenile types of S. papilliferus are 
somewhat faded but essentially the same as that 
of the more recently collected adult specimens. 
See Figures 1,10,11,26,27, & 28 for the preserved 
color patterns of adult males and females. The 
dorsal and lateral parts of the body are pale to 
medium brown, and pale yellowish brown ven­
trally. No obvious discrete lateral body stripes, 
bands, or blotches are present. In the photographs 
of a male and female, there appears to be a dark 
humeral spot just posterior to the more dorsal 
region of the opercular flap. This is not due to an 
increase number or size of the dark chromatopho­
res. It is rather the area of the anterior and pos­
terior pseudotympanums where the muscles of 
the lateral body wall are thin or absent. Black 
pigment coating the swimbladder can be seen 
through the skin and appears dark in the photo­
graph.

The scale borders, especially their posterior 
borders are covered by a relatively wide band of 
dark chromatophores, producing a reticulate 
pattern over the body. These chromatophores 
are darker and perhaps more numerous dorsally 
making the belly region relatively pale and the 
back region relatively dark. What looks like a 
caudal spot in Figure 27 of the female is an arti­
fact of lighting in taking the photograph. No area 
of any scale is free of dark chromatophores and 
the central region of all scales thus appears pale 
brown.

The pectoral and pelvic fins of the female are 
hyaline with a few scattered dark chromato­
phores. The pectoral fins of the male are relative­
ly dark, with numerous dark chromatophores 
scattered over both the dorsal and ventral surfac­
es. The male’s pelvic fins are lighter, much like 
those of the female. The dorsal fin has a scatter­
ing of dark chromatophores, which are more 
concentrated in the mid-dorsal region of the fin. 
The anal and caudal fins are hyaline with a thin 
scattering of small dark chromatophores over 
the rays and membranes. The patterns appearing 
in the caudal- and anal-fin photographs are due 
to the relative thickness of the fin and how it 
reflects and refracts light, not to pigment pat­
terns. The head is pale brown around the mouth 
and on the ventral surface of the snout, jaws, and 
opercular region. The dorsal surface of the snout, 
between the eyes, the dorsum of the cranium and 
the nape are all dark brown. The head area pos­
terior to the circumorbitals and extending ven­
trally from the parietal region across the dorsal
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opercular region is pale brown in both sexes. 
Color in life unknown.

Sexual dimorphism. Males and females are not 
easily distinguished externally, having a similar 
body shape and color pattern (Figs. 1, 26, 27). 
External sexually dimorphic features are not ex­
tensively developed. The ventral procurrent cau­
dal-fin rays of males are fused to each other, 
more developed than those of females, and have 
lateral processes. These rays are embedded deep 
into the scales and skin in this species and can be 
only identified after dissection or osteological 
preparation. The presence of small hooks on the 
pelvic fins is the clearest external sexually dimor­
phic feature found in this species. The pelvic fin 
reaches the anal-fin origin in males, but not in 
females.

Status of the holotype. Eigenmann (1911: 167) 
described S. papilliferus based on five specimens, 
the holotype, CM 3582, and four paratypes (des­
ignated cotypes by Eigenmann), CM 3583. We 
found five specimens labeled as paratypes, four 
in FMNH 54918, and one in CAS-SU 17520. We 
find that according to the labels in both jars 
FMNH 54918 originally contained five specimens, 
and one was subsequently transferred to SU 
17520. However, Ibarra & Stewart (1987: 81) stat­
ed that the holotype was missing and five para­
types were present. Since they do not give FMNH 
museum numbers we are uncertain of the mean­
ing of their statement. However, the holotype 
must be one of the five specimens present in the 
CAS and FMNH collections. Eigenmann gave 
the total length of the holotype as 41 mm and the 
paratypes as ranging from 25-39 mm in total 
length. Unfortunately all the specimens now have 
damaged caudal fins, but we identify the largest 
in the FMNH collection as the holotype (Fig. 28). 
Its general body shape and color pattern also fit 
well with that published in Eigenmann (1911: pl. 
5 fig.l; 1915: pl.3 fig. 1).

Conservation note. Menezes and Weitzman are 
extensively documenting the location of the Alto 
da Serra type locality near the head waters of the 
rio Grande da Serra, a tributary of the rio Tietê in 
the vicinity of Campo Grande and Paranapiacaba, 
State of Sao Paulo. The known collecting sites for 
this species have been altered by pollution and 
commercial use, especially that of the rio Ipiran- 
ga in the city of São Paulo where the fish is 

apparently extinct. We have examined one large 
female 60.8 mm SL (MZUSP 51021; Figs. 11, 26) 
collected in 1929 from this locality that has 
grooves on the top of the head that are deeper 
than any other specimen examined. This speci­
men also has 33 vertebrae rather than the 35-36 
found in all other specimens of S. papilliferus. The 
young specimens we have from rio Ipiranga have 
the usual number of vertebrae found in S. papil­
liferus and because they are young, their cephalic 
grooves are not well-developed. The absence of 
more adult, mature specimens of S. papilliferus 
from the rio Ipiranga locality and with only one 
mature male and three mature females of this 
species from the rio Grande da Serra locality 
prevent us from investigating further the possi­
bility that the large specimen from rio Ipiranga 
might be a different species.

At present S. papilliferus may survive only in 
the rio Grande da Serra, near Paranapiacaba and 
Campo Grande. This area is next to the storage 
and transfer yards of the Rede Ferroviária Feder­
al S. A (Brás) where it crosses the summit of the 
Serra do Mar (locally called the Serra de Parana­
piacaba) between the cities of São Paulo and San­
tos. This area lies near the Reserva Biológica de 
Paranapiacaba where S. papilliferus may still ex­
ist. No extensive search has been made for this 
species in the Paranapiacaba region, but recent 
collection trips to the immediate vicinity of Paran­
apiacaba and Campo Grande failed to produce 
this fish.

Subgroup b

Diagnosis. This clade consists of S. broccae, S. an­
koseion, and S. leptoura. These species are united 
in subgroup b by the following synapomorphies:

(32) The ray segments of the posterior branch 
of the second through fifth anal-fin rays of fully 
adult males are thickened and have a character­
istic somewhat asymmetrical chevron shape in 
lateral profile (Figs. 9,15). These segments are all 
part of a complex of anal-fin modifications as 
follows. Adult males have the second through 
fifth branched anal-fin rays large, thickened and 
elongate, especially in their proximal portions 
that are not or only partly divided into segments. 
The second through the fourth of these rays are 
especially large and the posterior branch of the 
first division of each ray is much larger than the 
anterior division and more or less maintains the 
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size and strength of the proximal portion of the 
ray. The thickened, characteristically chevron 
shaped ray segments are present on these poste­
rior branches. The posterior distal half of these 
ray segments are curved and extend posteriorly 
and distally, giving the segment its asymmetrical 
chevron shape. The apex of this curved portion 
of each segment is angular with its distal sharp 
process pointing more or less distally, towards 
the distal tip of its fin-ray. These segments some­
times bear very small hooks that appear more 
like small, knob-like processes.

The ray segments are relatively rectangular, 
either short or elongate, in other characids. The 
shape of these segments in the species of sub­
group a is unknown elsewhere among characi­
forms.

(33) The pterygiophore of the sixth branched 
anal-fin ray in both males and females is directed 
dorsally, away from the fifth which is directed 
anteriorly and in parallel with the pterygiophores 
anterior to it (Fig. 9). The sixth pterygiophore is 
not parallel with those posterior to it, rather its 
proximal end is convergent with the one posteri­
or. The pterygiophore just posterior to that of the 
sixth branched ray has its proximal end butting 
or nearly butting between the proximal tip and 
the mid length of the sixth pterygiophore. This 
characteristic osteological pattern is associated 
with the change at this point from elongate, an­
terior lobe anal-fin rays to short, posterior rays in 
both sexes. It also is at the dividing point be­
tween the thickened and the usual characiform 
rays of the anal fin in the males. All other, more 
posterior anal-fin pterygiophores are parallel and 
dorsoanteriorly directed. We have seen this fea­
ture in no other characiforms.

(34) A black pigmented area lies ventral to 
the eyes (Figs. 2, 4, 29-37). No other cheirodon­
tines, including S. papilliferus, have such spots.

(35) A longitudinal stripe occurs on the body 
dorsal to the anterior lobe of the anal-fin and 
extends onto the short posterior branched anal- 
fin rays (Figs. 2, 29-37). No similar pattern occurs 
on other cheirodontine characids.

Diagnosis. These species differ from S. papillifer­
us in having the following features. Some of these 
features are not synapomorphies for these three 
species because they are clade D synapomor­
phies or a slight modification of them. We de­
scribe them here in order to clearly distinguish 

the subgroup b species of Spintherobolus from 
S. papilliferus. The large branched anal-fin rays, 
two through five, of the males are slab shaped 
and expanded in the sagittal plane (Figs. 9, 15). 
The proximal ends of the these rays have their 
lepidotrich bases extending anteriorly so that they 
insert between the lepidotrichia of the next ante­
rior ray. The number of branched anal-fin rays is 
11-16, versus 9-10 in S. papilliferus. The number 
of vertebrae is 32-34, versus 35-36 in S. papilliferus. 
The number of scales in a longitudinal series is 
31-33, versus 34-36 in S. papilliferus).

Discussion. The relationships among the Spin­
therobolus species of subgroup b are difficult to 
hypothesize because no clear synapomorphies 
grouping any two of these three species were 
found. Below we discuss our attempt to polarize 
certain characters we found useful for distin­
guishing Spintherobolus species, but not for their 
diagnosis into clades.

The number of ventral procurrent caudal-fin 
rays is significantly greater (range 14-17, x = 15.4) 
for S. broccae than for S. ankoseion (range 12-16, 
x= 14.0) and S. leptoura (range 13-15, x = 14.1). 
See Figure 23 for a visual and nonparametric 
statistical expression of the differences and sim­
ilarities among the species of Spintherobolus. The 
number of these elements in the sister clade 
formed by S. papilliferus (12-19, x = 14.4) and the 
next outgroup, clade E (9-18) includes all the 
ranges for Spintherobolus subgroup b species and 
the two states found in Spintherobolus cannot be 
polarized.

The vertebral count of S. ankoseion (32-33, x = 
32.2) is significantly different from that of S. broc­
cae (32-34, x = 33.0) and S. leptoura (32-34, x = 
33.9). See Figure 21 for a nonparametric statisti­
cal expression of the differences and similarities 
among the species of Spintherobolus. The range of 
vertebral numbers observed in these three 
Spintherobolus species is included in the range of 
the outgroup clade E and cannot be polarized. 
The high count in the sister species, S. papilliferus 
(35-36, x = 35.1) is derived and an autapomorphy 
for that species; see apomorphy 31 above.

Body depth and caudal peduncle depth, al­
though distinctive for S. leptoura and presented 
as a distinguishing feature for that species be­
low, cannot be polarized because all ranges found 
in the species of Spintherobolus are found in out­
group clades C and E.
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Fig. 29. Spintherobolus ankoseion, MZUSP 35430, holotype, male, 23.1 mm SL, Brazil, Santa Catarina, Barra do Sai.

Another character, anal-fin origin located rel­
atively far anteriorly, appears to be a synapo- 
morphy uniting S. broccae and S. leptoura, but we 
have not entered it in our analysis because the 
differences among states between the clades are 
small and the amount of data relatively limited. 
More data will be necessary to determine the 
significance of this feature.

We found only two Spintherobolus features 
useful for distinguishing species that can also be 
polarized. These are the number of branched anal- 
fin rays, synapomorphy 20, and the pectoral-fin 
length relative to SL, synapomorphy 28. Howev­
er, the results of their analysis provides three 
equally parsimonious cladograms for subgroup b 
Spintherobolus species.

Spintherobolus ankoseion, new species 
(Figs. 29-31)

Holotype. MZUSP 35430, male, 23.1 mm SL; 
creek in the forest, near Barra do Sai, between 
Barra do Sai and Itapema, northern Santa Catari­
na, Brazil; 22 Dec 1985, W. Costa.

Paratypes. MZUSP 51024, 2 males, 22.5-23.0 mm 
SL, 9 females, 22.6-26.0 mm SL; MCP 19253, 1 
male, 20.6 mm SL, 3 females, 24.4-27.9 mm, same 
data as holotype. The following paratypes are all 
from Parana: Brazil: MZUSP 51025, 1, male, 
21.1 mm SL; praia de Guaratuba, 5 km north of 
Matinhas; 4 Dec 1975, P. S. Santos Filho. - USNM 
297935, 1 male, c&s, 23.1 mm SL, 1 female, c&s, 

23.3 mm SL, 1 female, 23.6 mm SL, 1 juv., 13.0 mm 
SL; rio da Praia, near Guaratuba; 18 Feb 1988, R. 
M. C. Castro. - USNM 297936, 2 males, 18.8- 
21.6 mm SL, 2 females, 20.1-21.1 mm SL; unnamed 
blackwater stream crossing road “Elisio Pereira 
Alves Filho” about 15 km from road BR-277, SW 
of Paranaguá; 20 Feb 1988, R. M. C. Castro.

Diagnosis. This species is distinguished by the 
low vertebral count 32-33, x = 32.2, versus 32-34, 
x = 33.0 for S. broccae and 32-34, x = 32.9 for 
S. leptoura (Fig. 21); a larger preanal distance in 
males, 61.3-63.9 % SL, x = 62.6, versus for S. broc­
cae 55.9-61.5, x = 59.7, and S. leptoura 57.3-61.9, 
x = 58.9. Although some overlap occurs in these 
ranges, Mann-Whitney rank sum tests presented 
in caption of Figure 21 indicate significant differ­
ences at the 0.05 level of probability. Other differ­
ences among these species are expressed in the 
diagnoses of the other species.

Description. Morphometric data are summa­
rized in Table 3. Body compressed, moderately 
elongate. Predorsal body profile convex with con­
cavity at nape. Body profile along dorsal-fin base 
posteroventrally inclined, becoming straight or 
slightly concave between dorsal and caudal fins. 
Ventral body profile gently convex between tip 
of mandible and pelvic fins. Belly profile convex 
between pelvic and anal fins in females and slight­
ly concave in males. Body profile along anal-fin 
base slightly concave in females and slightly con­
vex in anterior lobe in males and concave in their 
posterior lobe. Ventral profile of caudal pedun-
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Fig. 30. Spintherobolus ankoseion, MCP 19253, paratype, female 27.9 mm SL, Brazil, Santa Catarina, Barra do Sai.

cle concave in females, with a keel formed by 
prominent ventral procurrent caudal-fin rays.

Snout shorter than eye diameter. Mouth ter­
minal, angled posteroventrally; maxilla short, not 
reaching line drawn vertically through anterior 
margin of eye.

Dorsal-fin rays ii,9 (branched rays 8-9, x = 
8.9). Dorsal-fin origin near midbody. Adipose fin 
absent.

Anal-fin rays iv,13 (anterior unbranched rays 
iii-iv, x = 3.2, n = 22; branched rays 11-13, x = 12.6, 
n = 22; Fig. 20). Profile of anterior lobe of anal fin 
of males large and rounded (Fig. 9). Distal tip of 
largest rays not reaching posteriorly beyond dis­
tal tip of posterior anal-fin rays; distal border of 
posterior anal-fin lobe concave. Anal-fin profile

of females with distal border deeply concave, 
each ray decreasing in length from posterior 
unbranched ray to 6th branched ray. Anal-fin 
origin at vertical line drawn through dorsal-fin 
posterior basal termination. Three of six males 
examined have hooks on anal-fin rays. Hooks 
extremely reduced in size, occurring on posterior 
face of 2 to 6 segments of posterior branch of first 
and sometimes first and second branched anal- 
fin rays. Each segment bears two to three hooks 
on each side. Branched anal-fin rays 1-5 of males 
enlarged; branched rays two to four even more 
developed, reaching more than five times wider 
than more posterior rays. These rays with a pos­
terior process on anteroproximal face of each 
lepidotrich. These processes are extensions of rays

Fig. 31. Spintherobolus ankoseion, USNM 297926, adult male, SL uncertain. Brazil, Parana, southwest of Paranaguá.
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Table 3. Morphometries of Spintherobolus ankoseion. Table includes measurements of all type specimens. Values 
for the holotype are given separately.

holotype

n

me

low

les

high mean n

fen

low

tales

high mean

Standard length [mm] 23.1 7 18.8 23.1 21.5 16 13.0 27.9 23.4

Percentage of standard length
Snout to anal-fin origin 62.3 7 61.3 63.9 62.6 16 60.0 63.5 62.0
Snout to dorsal-fin origin 56.3 7 53.2 57.8 55.6 16 53.2 59.0 55.8
Snout to pelvic-fin origin 48.9 7 41.3 48.9 44.6 16 40.4 45.4 42.9
Dorsal-fin base length 9.5 7 9.0 12.6 10.8 16 10.2 13.6 11.4
Anal-fin base length 21.7 7 21.3 23.8 22.0 16 20.7 26.5 22.9
Caudal peduncle length 15.1 7 16.5 19.1 17.2 16 13.4 17.7 16.3
Caudal peduncle depth 12.9 7 12.8 15.6 14.8 16 11.9 16.5 14.7
Depth at dorsal-fin origin 35.5 7 29.3 37.9 34.2 16 29.2 38.5 35.4
Dorsal-fin length 28.6 7 26.6 30.8 29.0 16 27.0 30.3 28.5
Pelvic-fin length 19.1 7 18.5 21.8 19.9 16 13.4 19.9 17.8
Pectoral-fin length 20.8 6 18.2 20.8 19.0 16 13.9 19.7 17.5
Bony head length 28.6 6 28.4 30.1 29.1 16 27.2 31.5 28.8

Percentage of head length
Snout length 19.7 6 19.0 24.2 21.0 16 17.5 23.4 21.1
Upper jaw length 15.5 6 15.2 20.0 18.4 16 14.8 21.9 18.5
Horizontal eye diameter 5.8 6 24.6 27.4 26.2 16 25.0 31.0 28.2
Least interorbital width 28.8 6 27.0 30.0 28.3 16 24.7 29.9 26.7

two to four, each inserted between lepidotrichia 
of next anterior ray. Each bony ray segment of 
posterior branch of branched rays 2 to 4, and 
sometimes also rays 1 and 5, not squarish like 
other branches of same ray, but with the poster- 
oventral angle acute and elongated to distal tip 
of that fin ray. Segments of branched fin rays 2 to 
4 are progressively fused to each other.

Pectoral-fin rays i,8 (branched rays 7-11, x = 
8.9). Posterior tip of longest pectoral-fin ray ex­
tends posterior to pelvic-fin origin in both males 
and females. Pelvic-fin rays i,5. Tip of largest ray 
reaching posteriorly beyond anal-fin origin in 
males, but not reaching that point in females. 
Pelvic fin of males bearing hooks on ventromedi­
al face of unbranched ray and three (rarely two) 
following branched rays. Hooks present along 
their entire length, except for third branched ray 
which has hooks, when present, along only half 
this ray’s length. Two hooks present on each ray 
segment, only on medialmost branch.

Principal caudal-fin ray count 10/9. Dorsal 
procurrent caudal-fin rays 11 (9-11, x = 10.0, n = 
22). Ventral procurrent caudal-fin rays, 12 (12-16, 
x = 14.0, n = 22). Ventral procurrent caudal-fin 
rays of males large, with their proximal tips fused, 
slab shaped and expanded in sagittal plane. Four 
to five terminal caudal (preural) vertebrae (in­

cluding posterior half centrum) support caudal- 
fin rays and ventral procurrent rays, with en­
larged and modified hemal spines. Those ventral 
procurrent rays anterior to hemal spine of ante­
penultimate vertebra fused to each other and 
with lateral bony processes between muscles and 
skin. Anteriormost ventral procurrent rays with 
proximal tips absent.

Scales cycloid. Lateral line with 4 perforated 
scales (4-5, x = 4, n = 22). Scales in lateral series, 
33 (31-33, x = 31.8, n = 19; Fig. 22). Scale rows 
between dorsal-fin origin and lateral-line series 5 
(5-6, x = 5.5, n = 21), and between lateral line and 
pelvic-fin origin 6 (4-6, x = 5.3, n = 21). Scale rows 
around caudal peduncle 14 (n = 19). No modified 
scales on caudal fin. Scale sheath along anal-fin 
base absent.

Teeth. All jaw teeth with a basal pedicle and 
somewhat laterally expanded distal conical cusp. 
Anterior dentary teeth tricuspid, but each with 
single cusp laterally and posteriorly. Premaxil­
lary and maxillary teeth all conical. Premaxillary 
teeth 8, maxillary teeth 5-6 and dentary teeth 12- 
13 in two c&s specimens.

Vertebrae. 32 (32-33, x = 32.2, n = 19; Fig. 21). 
Branchiostegal rays 4 in two cleared and stained 
specimens. Arranged as in S. papilliferus.
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Color in alcohol. See Figures 29-30 for the pre­
served color patterns adult males and females 
which are approximately the same and very close 
to that of S. broccae. A discrete lateral body stripe 
extends from just dorsal to the dorsalmost part of 
the gill opening to the caudal peduncle where it 
continues onto the caudal fin as a solid dark 
wedge with its apex covering the two middle 
caudal-fin rays. In the photographs of a male and 
female, there appears to be a dark humeral spot 
just posterior to the more dorsal region of the 
opercular flap. This is the area of the anterior and 
posterior pseudotympanums and the black pig­
ment coating the swimbladder can be seen 
through the skin. The dark chromatophores of 
the lateral stripe occur in this area but they are 
not increased in size or number and do not form 
a humeral spot.

The scale borders are covered by a double or, 
in some areas a triple row of dark chromato­
phores above the lateral stripe, giving the dorsal 
part of the body a reticulate pattern. The median 
scale row along the back from the nape to the 
caudal fin is very dark, nearly black, and the 
scales do not have pale centers as they do in most 
of the dorsal body region. The abdomen and 
sides ventral to the lateral stripe are pale cream 
color or yellowish (the color of preserved muscle 
tissue) and the scale borders of one or two hori­
zontal scale rows just ventral to the lateral stripe 
have dark chromatophores in one or two rows. 
The posterior termination of the caudal pedun­
cle, both dorsal and ventral to the lateral stripe, 
is white, without dark pigment of any kind.

The pectoral and pelvic fins of both sexes are 
hyaline with a few scattered dark chromato­
phores, especially on the anterior undivided ray 
of both fins. The dorsal fin is mostly hyaline 
except for its anterior dorsal border where the 
anterior undivided rays and the first branched 
ray have numerous dark chromatophores. The 
rays posterior to these dark rays progressively 
lose the dark chromatophores. The caudal fin is 
hyaline with a thin scattering of small dark 
chromatophores over the rays and membranes, 
especially those of the dorsal parts of the dorsal 
lobe of the male. A second dark, relatively broad 
stripe covers some of the muscular mid-base of 
the fin and extends posteriorly to completely 
cover the short anal-fin rays that follow the large, 
elongate, anterior anal-fin lobe. The anterior lobe 
of the fin, distal to its muscular base, is hyaline 
except for the unbranched rays.

The head is pale brown around the mouth 
with a scattering of dark chromatophores over 
the ventral surface of the snout, jaws, and oper­
cular region. In the photographs (Figs. 29-30), 
the snout region, especially the jaws, is some­
what overexposed and the dark chromatophores 
do not show well. The dorsal surface of the snout 
and the area between the eyes are pale brown, 
while the dorsum of the cranium and the nape 
are dark brown. The head area posterior to the 
eye and extending ventrally from the parietal 
region to the preopercle and branchiostegal rays 
is white. The circumorbital region ventral to the 
eye is dark, with a series of dark chromatophores, 
giving producing dark spot ventral to the eye. 
The opercular region is dark dorsally and pale 
brown to white ventrally in both sexes.

Color in life. See Figure 31 of a male photo­
graphed immediately after capture. Life colors 
are very much like those in preservative except 
that the dark stripes are black, the abdominal 
region bluish white and the two white spots at 
the posterior termination of the caudal peduncle 
are intense white with very pale orange just an­
terior to them. The distal half of the caudal-fin 
rays are greenish brown to almost pale orange. 
The dorsal fin bears the same colors. The pelvic 
and pectoral fins are hyaline except for the ante­
rior unbranched rays which are darkened with 
the black chromatophores. The procurrent rays 
are black, at least in the male. The dorsal surface 
of the snout and head is dark brown to black, 
except for the nares which are translucent much 
like most of the body lacking black pigment.

Sexual dimorphism. Males and females can be 
externally recognized by the anal-fin shape; com­
pare Figures 29 and 30. The distal profile of this 
fin is deeply concave with the anterior lobe com­
paratively acutely angled in females. In males 
the anterior lobe is rounded in profile and the 
distal border of this lobe extends further posteri­
orly than in females. Not all males have hooks on 
the anal fin but all have hooks on the pelvic-fin 
rays and large branched anal-fin rays 1 to 5. 
Males have a keel along ventral profile of caudal 
peduncle, formed by the ventral procurrent cau­
dal-fin rays.

Etymology. The name ankoseion is from the Greek 
ankos, a mountain valley or glen and eïon, a 
beach and is given in reference to the fact that
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Fig. 32. Spintherobolus broccae, USNM 287324, adult male 18.9 mm SL, Brazil, Rio de Janeiro, Cachoeira de Macacu. 
Fig. 33. Spintherobolus broccae, USNM 287324, adult female 20.8 mm SL, Brazil, Rio de Janeiro, Cachoeira de 
Macacu.

this species lives between the coastal mountains 
and the sea. A noun in apposition.

Ecological notes. This species, like the others in 
subgroup b, lives in the lower elevations of coast­
al blackwater streams that drain the surrounding 
forests.

Spintherobolus broccae Myers 
(Figs. 2, 32-35)

Spintherobolus broccae Myers, 1925: 143, 2 figs. 
(new species description, type locality: hills 
behind Rio de Janeiro, holotype: CM 7979a 
(now FMNH 58863), one paratype: CM 7980a, 
five additional spms in author’s collection, # 

56, three of these are USNM 92959, but 1 spm 
missing; see also CAS-SU 24073 below)

Specimens examined. USNM 92959, 2 males, 
paratypes, 20.0-20.3 mm SL; near Rio de Janeiro 
(city), Rio de Janeiro, Brazil; 1924, R. Brocca. - 
CAS-SU 24073, 1 male, 20.3 m SL; paratype; Bra­
zil, Rio de Janeiro, near Rio de Janeiro; 1924; R. 
Brocca & Salathe, 1924. - USNM 342062, 1 male, 
19.2 mm SL, 3 females, 21.5-22.1 mm SL; 5 km 
East of Sampaio Correa, Saquarema; 27 Nov 1979, 
C. Cruz, S. Weitzman et al. - USNM 287324, 1 
male, c&s, 18.2 mm SL, 2 females, c&s 18.3- 
19.0 mm SL; 13 males, 17.1-18.9 mm SL, 27 fe­
males, 17.5-20.9 mm SL; MCP 19196, 4 males, 
17.5-17.9 mm SL, 3 females, 17.4-18.9 mm SL; rio 
Macacu, near town of Cachoeiras de Macacu,
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Fig. 34. Spintherobolus broccae, USNM 92959, paratype, adult male 20.3 mm SL, Brazil, vicinity of Rio de Janeiro.
Fig. 35. Spintherobolus broccae, USNM 297997, adult female, SL uncertain, Brazil, São Paulo, Bertioga.

small tributary about 1-2 km from town, high­
way bridge over stream; 27 Nov 1979, C. Cruz, S. 
Weitzman et al. - MNRJ 8796, 3 males, 18.1- 
18.4 mm SL, 3 females, 18.0-18.5 mm SL, 6 imma­
ture, 13.6-17.4 mm SL; swamp or marshy area 
near Imbarié, Baixada Fluminense; 4 Aug 1954, 
L. Travassos et al. - MNRJ 6264, 62, adults + 
immature, 14.6-18.8 mm SL; old road to Petróp- 
olis, about 1-2 km from new road to Petrópolis, 
Raiz da Serra, Rio de Janeiro; 28 Sep 1942, L. 
Travassos et al. - USNM 342064, 13 males, 18.6- 
22.4 mm SL, 10 females, 20.1-22.9 mm SL, 1 (c&s), 
19.4 mm SL; Estacion Ecologia, Universidade 
Federal Rural do Rio de Janeiro, at km 43 on the 
road from Rio de Janeiro to Sao Paulo; 15 Dec 
1972, E. Izecksohn et al. - USNM 297997, 3 fe­
males, 20.8-25.6 mm SL, 21 young males, 16.4- 

18.8 mm SL, 214 immature, 13.0-20.1 mm SL; 
unnamed clear water stream crossing road SP-98 
at km 94, northwest of Bertioga; 23 Feb 1988, R. 
M. C. Castro.

Diagnosis. This miniature species lacks infraor­
bital bone 3. The other miniature species, S. anko­
seion and S. leptoura, as well as the non-miniature 
S. papilliferus have the third infraorbital bone well 
ossified and, in addition, have significantly low­
er anal-fin ray counts (Fig. 20) and ventral pro­
current caudal-fin ray counts (Fig. 23). Although 
statistically significant, there is overlap in these 
counts (see counts given below), especially in the 
ventral procurrent caudal-fin ray count, and spe­
cies determination using these counts must be 
made by examining population samples, not in-
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Table 4. Morphometries of Spintherobolus broccae. Table includes measurements of specimens from USNM 287324 
USNM 342062, USNM 342064 and MCP 19196.

n

males females

low high mean n low high mean

Standard length [mm] 31 17.1 22.4 18.8 40 17.5 22.9 19.8

Percentage of standard length
Snout to anal-fin origin 31 55.9 61.5 59.7 40 57.8 63.9 60.5
Snout to dorsal-fin origin 31 51.3 59.5 56.2 40 52.6 60.6 55.7
Snout to pelvic-fin origin 31 36.2 44.7 42.2 40 39.8 44.7 42.1
Dorsal-fin base length 31 9.0 14.0 10.8 40 9.1 12.0 11.0
Anal-fin base length 31 18.8 26.7 23.4 40 19.9 26.5 23.7
Caudal peduncle length 31 12.4 19.1 15.7 40 13.1 17.7 15.4
Caudal peduncle depth 31 12.6 15.1 13.8 40 11.2 14.9 13.1
Depth at dorsal-fin origin 31 29.2 32.8 30.5 40 28.1 35.1 30.8
Dorsal-fin length 31 22.4 29.9 26.9 39 22.1 30.3 26.1
Pelvic-fin length 31 16.4 20.7 18.4 38 13.5 19.5 16.9
Pectoral-fin length 29 15.2 18.7 16.9 38 12.9 18.3 15.6
Bony head length 31 25.4 30.4 28.6 38 25.6 30.3 28.3

Percentage of head length
Snout length 31 17.0 23.6 20.3 39 17.6 21.8 19.9
Upper jaw length 31 17.3 23.6 21.0 39 17.2 25.0 21.6
Horizontal eye diameter 31 26.3 32.7 29.1 33 24.5 32.1 28.3
Least interorbital width 31 26.8 34.6 29.7 33 25.0 30.8 28.1

dividual specimens. However, specimens bearing 
overlapping anal-fin ray counts are uncommon.

(18, state 2) Infraorbital 3 absent. This is an 
autapomorphy for S. broccae. See apomorphy 18 
for a discussion of infraorbital loss in species of 
Spintherobolus.

The anal-fin ray count for S. broccae is 13-16, 
x = 14.1 versus 11-14, 12.6 for both S. ankoseion 
and S. leptoura. The ventral procurrent caudal-fin 
ray count for S. broccae is 14-17, x = 15.4, versus 
12-16, x = 14.0 for S. ankoseion and 13-15, x = 14.1 
for S. leptoura. These relatively high counts for 
S. broccae relative to all other species of Spinthe­
robolus appears autapomorphic for this species.

Description. Morphometric data are summa­
rized in Table 4. Body compressed, moderately 
elongate. Predorsal body profile slightly convex. 
Body profile along dorsal-fin base posteroven- 
trally inclined, becoming straight or slightly con­
vex between dorsal and caudal fins in females 
and nearly straight to slightly convex in males. 
Ventral profile convex from anterior tip of man­
dible to pelvic-fin origin. Belly profile slightly 
convex between pelvic-fin and anal-fin origin in 
females, slightly concave in males. Body profile 
along anal-fin base concave in females; slightly 
convex at anterior anal-fin lobe of males and 
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concave along posterior short finned section 
Ventral profile of caudal peduncle concave in 
females. Keel formed by prominent ventral pro- 
current caudal-fin rays of males makes ventra 
profile of caudal peduncle nearly straight but 
inclined ventrally in a posterior direction.

Snout short, shorter than eye diameter. Mouth 
terminal, gape angled posteroventrally; maxilla 
short, not reaching line drawn vertically through 
anterior margin of eye.

Dorsal-fin rays, ii,8-9 (x = 8.9, n = 28). Dorsal 
fin origin behind midbody. Adipose fin absent.

Anal-fin rays iii-iv,13-16 (unbranched rays x = 
3.1, n = 88; branched rays x = 14.1, n = 90) 
Anterior lobe of anal fin of males rounded, long 
er than posterior lobe, concave. Anal fin in fe- 
males deeply concave, decreasing in size from 
posterior unbranched ray to sixth branched ray 
following rays all of equal size. Anal-fin origin a 
vertical line drawn through origin of most poste- 
rior dorsal-fin ray in females and at vertical line 
drawn through middle of dorsal-fin base in males 
Hooks in anal-fin rays rare among examined 
males. When present, hooks much reduced in 
size, found on posterior face of two to six bony 
segments of posterior branch of first and some- 
times second branched rays. When present, each 
ray segment bears two to three hooks on each
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side. Anal-fin rays one through five in males 
large, second to fourth branched rays more than 
five times thicker in sagittal dimension than fol­
lowing rays. These large rays with a process on 
anteroproximal face of each lepidotrich, these 
being projections of rays two through four, each 
inserted between lepidotrichia of next anterior 
ray. Each bony ray segment of posterior branch 
of branched rays two through four and some­
times also the first and fifth rays, not relatively 
square like other branches of same ray, but with 
their posteroventral angle acute and elongate, 
angled towards distal tip of that fin ray. Seg­
ments of branched fin rays two and four progres­
sively fused to each other.

Pectoral-fin rays i,8-10 (x = 8.6, n = 36). Pos­
terior tip of longest pectoral-fin rays extending 
beyond pelvic-fin origin in both males and fe­
males. Pelvic-fin rays i,5 in all counted speci­
mens (n = 36). Tip of largest ray reaching to or 
beyond anal-fin origin of males, but not reaching 
that fin in females. Pelvic-fin rays of males with 
hooks on unbranched ray and 2 or 3 branched 
rays, 2 each bone segment. Hooks on ventrome­
dial face and along all length of unbranched to 
second branched ray and along half length of 
third branched ray.

Principal caudal-fin rays count usually 10/9 
(one specimen 10/10 and one specimen 9/9, n = 
85). Dorsal procurrent caudal-fin rays 9-13 (x = 
11.0, n = 86). Ventral procurrent caudal-fin rays 
14-17 (x = 15.4, n = 89). Ventral procurrent cau­
dal-fin rays of males large, well-developed, with 
their proximal tips fused, slab shaped and ex­
panded in sagittal plane. Four to five most pos­
terior caudal vertebrae (including posterior ‘half 
centrum’) supporting principal caudal-fin rays 
and procurrent rays, with enlarged and modi­
fied hemal spines. Those elements anterior to the 
hemal spine of antepenultimate vertebra fused 
to each other and with lateral bony projections 
between muscles and skin. Anteriormost ventral 
caudal procurrent rays with proximal tips absent 
or abbreviated in length.

Scales cycloid. Lateral line with 2-4 perforat­
ed scales (x = 3.4, n = 34). Scales in a lateral series, 
31-33 (x = 31.8, n = 23). Scale rows between dor­
sal-fin origin and lateral-line series, 4-6 (x = 5.0, 
n = 31), and between lateral line and pelvic-fin 
origin, 4-5 (x = 4.7, n = 31). Scale rows around 
caudal peduncle, 14 in all specimens (n = 31). No 
modified scales on caudal fin. Scale sheath along 
anal-fin base absent.

Teeth. All jaw teeth with a basal pedicle and 
laterally expanded conical distal tip. Anterior­
most dentary teeth tricuspid followed lateropos- 
teriorly by conical teeth. Premaxillary and max­
illary teeth conical. Premaxillary teeth 5-7, 
maxillary teeth 5-8 and dentary teeth 5-8 in four 
c&s specimens.

Vertebrae 32-34 (x = 33.0, n = 88). Branchi- 
ostegal rays 4 in four cleared and stained speci­
mens, with same attachments as in S. papilliferus.

Color in alcohol. See Figure 2, 32-33 for the ap­
proximately equivalent preserved color patterns 
of adult males and females. A discrete lateral 
body stripe extends from just dorsal to the dor- 
salmost part of the gill opening to the caudal 
peduncle where it continues onto the caudal fin 
as a very solid dark wedge with its apex covering 
the two middle caudal-fin rays. In the photo­
graphs of a male and female, there appears to be 
a dark humeral spot just posterior to the more 
dorsal region of the opercular flap. This is not a 
humeral spot. Instead it is the area of the anterior 
and posterior pseudotympanums and the black 
pigment coating the swimbladder is visible 
through the skin.

The scale borders are covered by a single row 
of dark chromatophores above the lateral stripe, 
giving the dorsal part of the body a reticulate 
pattern. The abdomen and sides ventral to the 
lateral stripe is pale cream color or yellowish (the 
color of preserved muscle tissue) and the scale 
borders are devoid of dark chromatophores. The 
posterior termination of the caudal peduncle, both 
dorsal and ventral to the lateral stripe, is white, 
without dark pigment of any kind.

The pectoral and pelvic fins of both sexes are 
hyaline with a few scattered dark chromato­
phores, especially on the anterior undivided ray 
of both fins. The dorsal fin is mostly hyaline 
except for its anterior dorsal border where the 
anterior undivided rays and the first branched 
ray have numerous dark chromatophores. The 
rays posterior to these dark rays progressively 
lose the dark chromatophores except distally 
where the posterior tip of the second and often 
the third branched rays have many dark chro­
matophores. The caudal fin is hyaline with a thin 
scattering of small dark chromatophores over 
the rays and membranes, especially those of the 
dorsal parts of the dorsal lobe of the male. The 
anterior base of the anal-fin is the origin of a 
second dark, relatively broad stripe which cov­
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ers the muscular anterior base of the fin and 
extends posteriorly to almost completely cover 
the short anal-fin rays that follow the large, elon­
gate, anterior anal-fin lobe. The anterior lobe of 
the fin, distal to its muscular base, is hyaline 
except for the distal tip of the first branched ray.

The head is pale brown around the mouth 
with a scattering of dark chromatophores over 
the ventral surface of the snout, jaws, and oper­
cular region. In the photographs (Figs. 2, 4, 32- 
33), the snout region, especially the ventral part 
of the jaws, is overexposed and the dark chro­
matophores do not show. The dorsal surface of 
the snout and the area between the eyes are pale 
brown, while the dorsum of the cranium and the 
nape are dark brown. The head area posterior to 
the eye and extending ventrally from the parietal 
region to the preopercle and branchiostegal rays 
is white. The circumorbital region ventral to the 
eye is dark, with a series of dark chromatophores, 
giving the impression of a spot ventral to the eye. 
The opercular region is dark dorsally and pale 
brown to white below in both sexes.

Color in life. See Figure 35 of a female, taken 
immediately after capture, from near Bertioga, 
São Paulo. Life colors are very much like those in 
preservative except that the dark stripes are black, 
the abdominal region bluish white and the two 
white spots at the posterior termination of the 
caudal peduncle are yellowish to white. The body 
is translucent greenish yellow. The black chro­
matophores anterior, dorsal and posterior to the 
pseudotympanums are expanded and the area 
they occupy is black; those posterior to this are 
somewhat contracted and the lateral stripe re­
mains less dense until approximately the anteri­
or end of the caudal peduncle where the black 
chromatophores are again expanded and the 
stripe appears black. The black spot ventral to 
the eye is quite dark with expanded black chro­
matophores. The premaxilla and maxilla are 
black. The dentary is white except for scattered 
black chromatophores in its anterior region. The 
relatively hyaline regions of the caudal fins are 
pale reddish and a bit of this color also occurs on 
the anterior two branched rays of the anal fin.

Sexual dimorphism. Males and females can be 
recognized externally by the anal fin-shape; com­
pare Figures 32 and 33. The anal fin of the fe­
males is deeply concave and divided into a prom­
inent anterior lobe that has a rather straight 

posterodistal border and a narrow posterior lobe 
made up of relatively short fin rays. The anal fin 
of males is very similar except the anterior lobe 
has a rounded or circular posterior border. Not 
all males have hooks on the anal fin but all of 
them have hooks on the pelvic-fin rays and anal- 
fin rays one through five enlarged. Males have a 
keel in the ventral profile of the caudal peduncle. 
This is formed by the ventral procurrent fin rays. 
The ventral procurrent rays of female are un­
modified.

Discussion. Spintherobolus broccae was described 
as a new species by Myers (1925:143) from aquar­
ium specimens and the species was previously 
misidentified as Hasemania bilineata Ellis (1911: 
1950) by Rachow (1924: 601). Meinken (1929a-b) 
provided the history of the species discovery and 
importation. Myers (1925:144) considered S. broc­
cae and Phoxinopsis typicus Regan (1907: 262) pos­
sibly generically the same and Myers (1926: 273) 
was apparently convinced of this for, he listed 
the species as P. broccae in his list of tropical fish 
names published by Innes. However, he had not 
seen Regan’s type of P. typicus and the illustra­
tions of the two species, Regan (1907: 262) and 
Myers (1925:144, pl. 10), although not exactly the 
same, look similar enough so that the distinct­
ness of the species was justifiably questionable, 
especially since Regan’s drawing was a hasty 
sketch. It wasn’t until Innes (1935: 130), on the 
advice of G. S. Myers, listed the species as 
P. typicus, that S. broccae came to be considered a 
junior synonym of P. typicus. Nearly all subse­
quent aquarium fish literature considered the 
species to be P. typicus.

Travassos (1953: 512) recognized the species 
as S. broccae. Böhlke (1954: 30-31) tentatively rec­
ognized P. typicus and S. broccae as distinct spe­
cies and he included these two nominal species 
and S. papilliferus in Phoxinopsis. His reasons for 
doing this were based on information received 
from G. S. Myers sometime before 1953. Accord­
ing to Böhlke, “Prof. G. S. Myers a number of 
years ago sent a paratype of his Spintherobolus 
broccae to the late J.R. Norman of the British 
Museum (Natural History) for comparison with 
Regan’s type of Phoxinopsis typicus. Dr. Myers 
has informed me that after a point by point com­
parison of the two specimens (including the teeth, 
which are very important characters) Norman 
concluded that they were specifically identical”. 
Myers must have sent a paratype to Norman 
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soon after publication of the original description 
because the catalog number of the specimen is 
BMNH 1925.10.19.1 (Eschmeyer & Ferraris, pers. 
comm.). This is corroborated by Myers (1926: 
273) wherein he used the generic name Phoxinop- 
sis rather than Spintherobolus.

In 1973 Böhlke wrote to SHW that he exam­
ined the type of P. typicus and found it to be an 
Aphyocharax Günther, 1868. Later the holotype of 
P. typicus was borrowed by SHW and identified 
as Aphyocharax anisitsi Eigenmann & Kennedy 
(1903: 517). Thus S. broccae is not a junior syno­
nym of P. typicus, but P. typicus is a junior syno­
nym of A. anisitsi and Phoxinopsis is a junior 
synonym of Aphyocharax.

Spintherobolus broccae and A. anisitsi are very 
different fishes and it is difficult to understand 
how Norman confused the two. If young speci­
mens of A. anisitsi are compared with compara­
ble sized adult female specimens of S. broccae, 
about 18-20 mm in SL, they appear somewhat 
similar in body shape and fin position, but not in 
color and certainly not in their teeth and mouth 
shapes. The three paratypes we have seen of 
S. broccae (USNM 92959, CAS 24073) are now 
faded and have lost their dark markings. If they 
had lost these when Norman examined his spec­
imen, the type of P. typicus and the paratype of 
S. broccae would have had no striking color pat­
tern differences. Although both species have rel­
atively elongate and somewhat similar jaw teeth, 
those of S. broccae are more slender. Furthermore 
the gape of S. broccae is wide and the toothed 
portions of the dentary and the premaxilla ex­
tend laterally almost at right angles to the long 
axis of the head and body. In A. anisitsi the mouth 
opening is narrow, the snout conical, and the 
toothed portions of the premaxillae and dentaries 
are curved posteriorly.

Sarraf (1997: 28) recorded the principal cau­
dal-fin ray count as i,18,i. This produces a prin­
cipal ray count of 20 rather than 19. Yet when we 
counted the principal caudal-fin rays in figure 8 
of Saraaf (1997) we counted 10/9 which is equiv­
alent to nearly all of the counts given above in 
our description of S. broccae and would be i,17,i 
for a total 19 in Sarraf’s method of counting. The 
dorsal-fin ray count was recorded ii,8 by Sarraf 
(1997: 28). We found the number to be ii,9 in most 
specimens, and found ii,8 as an unusual count (x 
= 8.9, n = 28).

Ecological notes. Myers (1944: 186) reported 
specimens from “behind the beach of Sernam- 
betiba” to live in dark-brown swamp waters. SHW 
has taken this species (USNM 287324, MCP 19196) 
in somewhat brown acid waters of a stream in 
the forests surrounding the town of Cachoeiras 
de Macacu, Rio de Janeiro and from clear waters 
of a stream draining into lagoa Saquarema 
(USNM 34206). The area around lagoa Saquare­
ma was at one time at least partly forested, but 
this is no longer true. Nevertheless, S. broccae has 
survived in the region. The species appears to be 
present in somewhat acid waters in relatively 
lowland areas, in both swamps and slow moving 
streams, to the north and south of the city of Rio 
de Janeiro, but only in areas where the streams 
remain unpolluted.

Spintherobolus leptoura, new species 
(Figs. 36-37)

Holotype. MZUSP 41854, male, 19.1 mm SL; rio 
Quilombo, fazenda Dalila, Registro, São Paulo, 
Brazil; 16 Feb 1990, M. Damato & O. Oyakawa.

Paratypes. MZUSP 51023, 2 males, 17.2-19.6 mm 
SL, 7 immature - females, 16.2-27.2 mm SL, 1 
male, c&s, 19.9 mm SL, 1 female, c&s, 25.2 mm 
SL; USNM 346386, 1 male, 21.8 mm SL, 2 imma­
ture - females, 16.2-25.0 mm SL; MCP 19254, 1 
male, 18.9 mm SL; 2 immature - females, 16.6- 
25.4 mm SL; collected with holotype.

Diagnosis. Most elongate and slender species, 
adult males differing from other small species by 
caudal peduncle depth and body depth (Figs. 24, 
25, 38). Body depth in S. leptoura 26.6-29.7, x = 
28.3 % SL, versus 29.3-37.9, x = 34.2 in S. ankoseion 
(Fig. 24), and 29.2-32.8, x = 30.5 in S. broccae. Cau­
dal peduncle depth in S. leptoura 11.0-13.1, x = 
12.3 % SL, versus 12.8-15.6, x = 14.8 in S. anko­
seion, and 12.6-15.1, x = 13.8 in S. broccae. Al­
though these ratios overlap in juveniles, they do 
not in adult males and females as demonstrated 
by Figures 24 and 25.

Description. Morphometric data are summa­
rized in Table 5. Body compressed and relatively 
elongate. Predorsal body profile slightly convex 
with a slight concavity at nape. Body profile along 
dorsal-fin base posteroventrally inclined becom­
ing straight or slightly concave between dorsal
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Fig. 36. Spintherobolus leptoura, MZUSP 41854, holotype, adult male 19.1 mm SL, Brazil, São Paulo, fazenda Dalila, 
Registro.
Fig. 37. Spintherobolus leptoura, MZUSP 41854, paratype, adult female 25.0 mm SL, Brazil, São Paulo, fazenda 
Dalila, Registro.

and caudal fins in females and nearly straight to 
slightly convex in males. Ventral profile from tip 
of mandible to pelvic-fin origin convex and slight­
ly concave between pelvic- and anal-fin origins. 
Entire body profile along anal-fin base concave 
in females. This same profile convex in anterior 
anal-fin lobe of males. Remaining posterior anal- 
fin body profile nearly straight and continuous 
with straight or nearly straight caudal peduncle 
profile. Ventral profile of caudal peduncle some­
what concave in females, but straight and slight­
ly serrated in males because of prominent ven­
tral procurrent caudal-fin rays.

Snout short, shorter than eye diameter. Mouth 
terminal, angled posteroventrally; maxilla reach­
ing line drawn vertically through anterior mar­
gin of eye.

Dorsal-fin rays, ii,9 in all specimens. Dorsal- 
fin origin slightly posterior to midbody. Adipose 
fin absent.

Anal-fin rays iii,14 (anterior unbranched rays 
iii-iv, x = 3.1, n = 16; branched anal-fin rays 12-14, 
x = 12.6, n = 16). Anterior lobe of anal fin of males 
strongly developed, rounded profile. Distal tip 
of longest (and largest) rays reaching posteriorly 
beyond distal tip of most posterior anal-fin rays. 
Distal profile of posterior anal-fin lobe concave. 
Distal profile of entire anal fin in females con­
cave, with length of first 6 branched rays de­
creasing in size and posterior rays smaller, near­
ly of equal size. Branched anal-fin rays 1-5 of 
males very large, and rays 2 to 4 most enlarged 
and best developed, becoming more than 5 times 
wider than following posterior rays. Rays 2-4 
with a process on anteroproximal face of each 
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lepidotrich. Processes inserted between lepidot­
richia of next anterior ray. Each bony ray seg­
ment of posterior branch of branched rays 2 to 4, 
and sometimes also first and fifth branched rays, 
not rectangular as other branches of same ray, 
but all with a posteroventral acute and elongate 
angle extending towards distal tip of that fin ray. 
Segments of branched fin rays 2 to 4 progressive­
ly fused to each other. Holotype only specimen 
with hooks. These on two segments of first 
branched ray. Hooks extremely reduced, with 2 
or 3 hooks on posterior face of both segments.

Pectoral-fin rays i,9 (branched rays 8-11, x = 
8.9, n = 14). Posterior tip of longest pectoral-fin 
ray extended beyond pelvic-fin origin in both 
males and females. Pelvic-fin rays, i,5 in all count­
ed specimens (n = 18). Tip of longest ray reaching 
to or beyond anal-fin origin in both sexes. Pelvic 
fin of males with short, wide-based hooks on 
ventromedial face of unbranched ray and first 
two branched rays (one male had them on first to 
third branched rays) along almost their total 
length.

Principal caudal-fin ray count 10/9. Dorsal 
procurrent caudal-fin rays 9 (7-10, x = 8.8, n = 9). 
Ventral procurrent caudal-fin rays, 15 (13-15, x = 
14.1, n = 10). Ventral procurrent caudal-fin rays 
of males strongly-developed, with their proxi-

Fig. 38. Graph of caudal peduncle depth as a function 
of standard length of Spintherobolus leptoura (black sym­
bols) and S. broccae (empty symbols). Axes are logarith­
mic. Note that the 95 % confidence intervals in lengths 
of about 18 to 24 mm SL do not overlap with the means 
of these of the compared species indicating a signifi­
cant difference in these size ranges. Comparison of 
these growth patterns are discussed under the diagno­
sis of S. leptoura.

mal tips fused, slab shaped, and expanded in a 
sagittal plane. Four or five posteriormost caudal 
(preural) vertebrae (including posterior half cen­
trum) supporting caudal fin and procurrent rays 

Table 5. Morphometries of Spintherobolus leptoura. Table includes measurements of all type specimens. Values for 
the holotype are given separately.

holotype

n

m

low

ales

high mean n

fem 

low

tales

high mean

Standard length [mm] 21.8 6 17.3 21.8 19.5 12 16.2 27.2 20.9

Percentage of standard length
Snout to anal-fin origin 58.7 6 57.3 61.9 58.9 12 58.6 62.2 60.5
Snout to dorsal-fin origin 56.0 6 53.8 56.0 55.3 12 53.5 57.0 55.5
Snout to pelvic-fin origin 44.5 6 42.2 44.5 43.4 12 37.4 45.1 41.6
Dorsal-fin base length 11.3 6 11.3 12.5 11.7 12 9.6 12.9 11.5
Anal-fin base length 21.1 6 21.1 22.9 21.9 12 21.0 24.0 22.8
Caudal peduncle length 18.4 6 16.7 21.5 18.8 12 15.2 18.1 16.3
Caudal peduncle depth 12.4 6 11.0 13.1 12.3 12 9.5 13.5 11.8
Depth at dorsal-fin origin 27.5 6 26.6 29.7 28.3 12 26.6 33.7 29.9
Dorsal-fin length 25.7 6 22.5 28.6 26.4 12 23.0 29.4 26.2
Pelvic-fin length 20.2 6 17.8 20.2 18.8 12 14.2 19.0 17.0
Pectoral-fin length 17.9 5 15.6 17.9 16.9 10 14.6 19.0 16.3
Bony head length 28.9 6 28.9 30.4 29.3 12 26.1 30.2 28.2

Percentage of head length
Snout length 19.5 6 19.0 22.4 19.9 12 18.9 23.2 20.9
Upper jaw length 19.5 6 19.0 21.4 19.9 12 18.4 22.9 21.0
Horizontal eye diameter 27.0 6 25.9 28.1 26.9 12 23.2 30.3 27.4
Least interorbital width 27.0 6 26.3 29.3 27.5 12 25.5 30.3 27.9
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and bearing large, modified hemal spines. Those 
elements anterior to hemal spine of antepenulti­
mate vertebra fused to each other and having 
lateral bony processes between muscles and skin. 
Proximal tips of anterior ventral procurrent rays 
undeveloped.

Scales cycloid. Lateral line with 4 perforated 
scales (n = 10). Scales in longitudinal series 33 
(n = 3). Scale rows between dorsal-fin origin and 
lateral-line series 5 (n = 6), and between lateral­
line series and pelvic-fin origin 5 (4-5, x = 4.5, 
n = 6). Scale rows around caudal peduncle 14 in 
all countable specimens (n = 2). No modified 
scales on caudal fin. Scale sheath along anal-fin 
base absent.

Teeth. All jaw teeth with basal pedicle and 
somewhat laterally expanded distal conical cusp. 
Anterior dentary teeth tricuspid but each with 
single cusp laterally and posteriorly. Premaxil­
lary and maxillary teeth all conical. Premaxillary 
teeth 7-8, maxillary teeth 5-6 and dentary teeth 
10-11 in 2 c&s specimens.

Vertebrae 33 (range = 32-34, x = 32.9, n = 16). 
Branchiostegal rays 4 in two cleared and stained 
specimens, arranged as in other species.

Color in alcohol. See Figures 36-37 for the ap­
proximate preserved and similar color patterns 
of adult males and females. A discrete lateral 
body stripe extends from just dorsal to the dor- 
salmost part of the gill opening to the caudal 
peduncle where it continues onto the caudal fin 
as a very solid dark wedge with its apex covering 
the two middle caudal-fin rays. The dark stripe 
consists of a dusting of dark chromatophores 
anterior to the pseudotympanum area and this 
continues posterior to this, merging with the dark 
lateral stripe that becomes dense with dark chro­
matophores external to the dorsal region of the 
abdomen. This stripe increases in width, and 
density posteriorly to the base of the caudal fin. 
In the photographs of a male and female (Fig. 36- 
37), there appears to be a dark humeral spot just 
posterior to the more dorsal region of the opercu­
lar flap. This is the area of the anterior and pos­
terior pseudotympanums and the black pigment 
coating the swimbladder can be seen through the 
skin, appearing black in the print.

The scale borders above the lateral dark stripe 
are covered by a single row of dark chromato­
phores, giving the dorsal part of the body a retic­
ulate pattern. Just ventral to the stripe the scale 
borders continue to be dark for about one to one 

half the width of a scale row. The belly and sides 
ventral to the lateral stripe are pale cream color 
or yellowish (the color of preserved muscle tis­
sue) and the ventrolateral surface of the abdo­
men may be covered with dark chromatophores 
of varying density. The posterior termination of 
the caudal peduncle, both dorsal and ventral to 
the lateral stripe, is white, without dark pigment 
of any kind, except for the procurrent caudal-fin 
rays in this region which are covered with dark 
chromatophores.

The pectoral and pelvic fins of both sexes are 
hyaline with scattered dark chromatophores, es­
pecially on the anterior undivided ray of both 
fins. The dorsal fin is more or less hyaline except 
for its anterior dorsal border where the anterior 
undivided rays and the first and second branched 
rays have numerous dark chromatophores. The 
rays posterior to these dark rays progressively 
have fewer dark chromatophores distally. The 
caudal fin is hyaline, especially for the proximal 
one third of its length. There is a thin scattering 
of small dark chromatophores over the rays and 
membranes, especially along their distal length. 
A second longitudinal dark, but relatively broad 
stripe covers the muscular anterior base of the fin 
and extends posteriorly to almost completely 
cover the short anal-fin rays that follow the large, 
elongate, anterior anal-fin lobe. The anterior lobe 
of the anal fin, distal to its muscular base is hy­
aline except for the basal one third the distal tips 
of the anterior unbranched and the first two 
branched rays. These are covered with dark chro­
matophores.

The head is pale brown around the mouth 
with a scattering of dark chromatophores over 
the ventral surface of the snout, jaws, and oper­
cular region. The snout region, especially the jaws 
possess a scattering of dark chromatophores. The 
dorsal surface of the snout and the area between 
the eyes are pale brown, while the dorsum of the 
cranium and the nape are dark brown. The head 
area posterior to the eye and extending ventrally 
from the parietal region to the preopercle and 
branchiostegal rays is white except for some dark 
chromatophores in the dorsal region of the oper­
cle. The circumorbital region ventral to the eye is 
dark, with a series of dark chromatophores, giv­
ing the impression of a spot ventral to the eye 
when these chromatophores are expanded. The 
opercular region is dark dorsally and pale brown 
to white below in both sexes.
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Color in life. Life colors have not been recorded, 
but we expect that life colors are very much like 
those in preservative except that the dark stripes 
are usually black, the abdominal region white 
and the two white areas at the posterior termina­
tion of the caudal peduncle are intense white.

Sexual dimorphism. The sexes are easily identi­
fied externally by the shape of anal fins (Figs. 36- 
37). The distal border of the anal fin of females is 
concave and the anterior lobe has an acute distal 
tip. When this lobe is depressed it does not reach 
the posterior termination of the fin. The anterior 
lobe of the anal fin of males is largely rounded, 
with the tip of largest rays reaching beyond the 
tip of last anal-fin rays. The shape of first to fifth 
branched anal-fin rays, the modified ventral pro­
current caudal-fin rays and the presence of hooks 
in the pelvic fins are also characteristic for males.

Etymology. The word leptoura is from the Greek 
leptos meaning small, thin or delicate and oura, 
Greek for tail. The name is given in reference to 
the relatively slender caudal peduncle of this 
species. A noun in apposition.

Ecological notes. We have no ecological infor­
mation about this species. 

Geographic distribution of Spintherobolus

The distribution of Spintherobolus remains some­
thing of an enigma. The three species of sub­
group b are known to occur in freshwaters at 
relatively low elevations (below 100 meters), 
along the Atlantic coast, east of the Serra Geral 
formation in drainages of the Baixada Flumin- 
ense, i.e. the lowlands around and to the east and 
west of the Baia de Guanabara, Rio de Janeiro 
(S. broccae); the lowlands around Santos, São Paulo 
(again S. broccae); the lowlands around the rio 
Ribeira de Iguape, São Paulo (S. leptoura); and 
the lowlands around the Baia de Paranaguá, 
Parana, southward to the lowlands surrounding 
Barra do Sai, northern Santa Catarina (S. anko­
seion). The sister group of subgroup b, subgroup 
a, contains only one species, S. papilliferus, and is 
known only from the headwaters of the west­
ward flowing rio Tietê, at elevations above 
700 meters.

The phylogenetic biogeography of the fishes 
of the rio Tietê, other upper rio Parana drainages 

and the coastal streams of the Atlantic forest 
region east of the Serra Geral remains essentially 
unknown (Weitzman et al., 1988). The fauna of 
these areas, especially that of the rio Tietê, was 
extensively compared by Langeani (1989) in an 
unpublished thesis. His discussion was based on 
faunal similarities and dissimilarities and he clear­
ly recognized that the absence of phylogenies 
prevents the presentation of phylogenetic bioge­
ographical hypotheses. He recognized the fish 
fauna of the rio Tietê as distinct from other rivers 
of the rio Parana drainage and from that of the 
coastal rivers to the east. There are a large number 
of endemic species in the rio Tietê as well as 
some endemics found in the coastal drainages to 
the east, but there are almost no cladograms that 
allow useful biogeographic discussions of these 
distributions. The phylogenetic relationships of 
Spintherobolus presented here allows some con­
sideration, albeit minimal, of the biogeographic 
significance of the distribution of its species.

Outgroups for Spintherobolus are clade E and 
C cheirodontines. Thus an area cladogram must 
take into account the total distribution of the 
species in clade E. These species, at present most­
ly placed in Odontostilbe, are distributed in the 
Amazon (O. micropterus), São Francisco (O. piaba), 
and the Parana-Paraguay drainages (O. calliura, 
O. kriegi, O. notomelas, O. microdon, and Holoshes- 
thes heterodon) so we hypothesize that the rela­
tionships of the species of Spintherobolus are to 
the west of the crest of the Serra Geral.

None of the several fishes listed by Langeani 
(1989: 188) as endemic to the rio Tietê headwater 
stream, the rio Grande da Serra, has been found 
in the rio Paraiba do Sul which has its headwa­
ters just to the north of the origin of the rio Grande 
da Serra or to the east in the ribeirão Mogi, a 
coastal stream originating just east of the crest of 
the Serra Geral in this area. However, these 
streams need thorough surveys to fully identify 
their fish fauna. Some species of the coastal drain­
ages were listed by Langeani (1989:189) as present 
in the rio Tietê headwaters. Some of these such as 
Hyphessobrycon bifasciatus Ellis could have entered 
the Tietê basin by stream capture from the rio 
Paraiba do Sul to the north or less likely because 
of the steepness of the terrain, from the ribeirão 
Mogi to the east. However, all this is speculation. 
What is important here is that apparently the 
species of Spintherobolus, as we know them to­
day, may have had a common ancestor that lived 
in the rio Tietê head waters and in the coastal 
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drainages to the east. That an ancestral species of 
Spintherobolus may have reached the rio Tietê 
drainage via stream capture from the ribeirão 
Mogi by the rio Grande da Serra cannot be known 
but is a possibility.

One fossil characid species, Astyanax unicus 
Travassos & Santos, has been found by M. C. S. 
L. Malabarba (1998) to be the only known species 
of a sister group of Spintherobolus as presently 
proposed rather than a species of Astyanax. The 
fossil species has been registered for the Trem- 
embe Formation, the lacustrine unit of the Tau- 
baté Basin. The Taubaté Basin is situated in 
eastern São Paulo, extending its greater axis (ap­
proximately 173 km) in a NE-SW direction along 
the valley of Paraíba do Sul River. Relationships 
of the fossil species to Spintherobolus seems to 
suggest ancient connections between the rio Tietê 
and Coastal drainages through the ancient valley 
of rio Paraiba (M. C. S. L. Malabarba, in press).

We have not proposed a phylogeny for the 
coastal species of Spintherobolus. These are close­
ly related lowland species at present isolated from 
one another by portions of the Serra Geral that 
come steeply down to the Atlantic Ocean, pre­
venting lowland interchange of freshwaters even 
during flood periods. It seems likely that these 
species have been isolated in this way for a time 
sufficient for them to have evolved their distinct 
characteristics recorded above. Some other coastal 
lowland species, apparently related to each oth­
er, have similar distributions, for example Hy­
phessobrycon flammeus Myers is from the Baixada 
Fluminense and H. griemi Hoedeman is from the 
lowlands around the rio Ribeira de Iguape, Sao 
Paulo and the lowlands around the Baia de Paran- 
aguá, Parana as reported by Weitzman et al. (1988: 
419-420). These distributions and the speciation 
through isolation of formerly widespread spe­
cies are possibly fostered by changes in sea level 
as discussed by Weitzman et al. (1988: 414-419).

Comparative material. In addition to the speci­
mens of Spintherobolus listed above, the follow­
ing list of specimens was examined for this study. 
Other cheirodontine specimens reported by Mal­
abarba (1994) formed the basis for the outgroup 
comparison. These are not listed here and will be 
reported by Malabarba (in press).

Charax caudimaculata: USNM 295596, 6, 53.3- 
80.7 mm SL; Parque Nacional Manu, Madre de 
Dios, Peru. Coptobrycon bilineata: FMNH 54383, 
holotype of Hasemania bilineata, 33.2 mm SL; Alto 

da Serra, Sao Paulo, Brazil. Cheirodon ortegai: 
MZUSP 25993, 3, 25.9-31.1 mm SL; Lobococha, 
Masisea, Provincia Coronel Portill, Ucayali, Peru. 
Crenuchus spilurus: USNM 225487, 10, 27.2- 
36.6 mm SL; Koekwie Kreek, Nickerie, Suriname. 
Grundulus bogotensis: USNM 79212, 17, 23.7- 
53,6 mm SL; Chapiners, Colombia. Hasemania 
hanseni: MZUSP uncat., 5, 24.8-20.4 mm SL; small 
pool near Formosa, Distrito Federal, Brazil. 
H. melanura: FMNH 54384, holotype, 27.7 mm SL; 
Porto União, rio Iguaçu, Paraná, Brazil. Odonto­
stilbe fugitiva: MZUSP 42854, 484; rio Machado, 
near its mouth, Amazonas, Brazil. Odontostilbe 
sp.: MCP 11136 1, 37.0 mm SL, c&s; rio Piratini, 
Fazenda dos Hinz, distrito de Coimbra, Santo 
Ângelo, Rio Grande do Sul, Brazil. O. piaba: 
MCP14007, 21 + 4 c&s; rio São Francisco, under 
bridge of highway 262, Moema, Minas Gerais, 
Brazil. Phenacogaster pectinatus: USNM 263945, 6, 
34.5-39.7 mm SL; Reserva Natural de Tombopa- 
ta, Madre de Dios, Peru. P. megalostictus: USNM 
225192, 13, 18.9-30.2 mm SL; stream near camp 
Angoemara, Nickerie District, Surinam. Roeboides 
paranensis: USNM 326341, 44, 35.6-56.3 mm SL; 
rio Paraguai, Cáceres and vicinity, Mato Grosso, 
Brazil. R. guatemalensis: USNM 78729, 7, 39.1- 
83.7 mm SL; Missimbi, Empire, Panama.
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