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ABSTRACT

Weitzman, Stanley H. and Sara V. Fink. Xenurobryconin Phytogeny and Putative Pheromone
Pumps in Glandulocaudine Fishes (Teleostei: Characidae). Smithsonian Contributions to Zoology,
number 421, 121 pages, 81 figures, 4 tables, 1985.—A phylogenetic analysis of the glandulo-
caudine genera Argopleura, Iotabrycon, Scopaeocharax (new), Tyttocharax, and Xenurobrycon
indicates that they form a monophyletic group, the Xenurobryconini. Their relationships to
other glandulocaudine characids and the monophyly of the Glandulocaudinae remain uncertain.
Hypotheses concerning the evolution and relationships of the glandulocaudine characids are
reviewed and evaluated.

The phylogenetic analysis of the Xenurobryconini is based on innovative, mostly sexually
dimorphic characteris in males and on reductive features of both sexes. The large number of
sexually dimorphic apomorphies we list for some of the taxa is a measure of the complexity of
the sexual morphology in xenurobryconins. The reductive characters are mostly reduction
and/or loss of parts of the laterosensory canal system and some of the associated bones of the
head and shoulder girdle. These reductions are similar to those recorded for other groups of
small to minute characids but are independently derived. Usually small adult body length,
reductive features, and innovative sexual characters are congruent in xenurobryconins. The
described laterosensory canal reductions and certain innovative aspects of the caudal pump
mechanisms may be correlated with increased resistance of water to flow encountered in these
structures in small fishes of 12 to 25 millimeters in adult standard length. Our phylogenetic
hypothesis indicates that reversal of laterosensory reductions to a more primitive state may
occur as a correlate of reversal to a somewhat larger body size.

The phylogenetic analysis of the xenurobryconin genera indicates that Argopleura, whose
member species attain the greatest body length of all species in the Xenurobryconini, is the
most primitive morphologically and the sister group of all other xenurobryconins; that Iotabry-
con is the sister taxon of a lineage comprising Xenurobrycon, Scopaeocharax, and Tyttocharax;
and that Xenurobrycon forms a sister group to Scopaeocharax and Tyttocharax. The distributions
of the genera are summarized and a three-area cladogram is presented.

Xenurobrycon was found to consist of three species: X. marcopus from several localities in the
Rio Paraguay-Rio Parana basin of Paraguay and Brazil; X. pteropus, a new species known only
from Fonte Boa on the middle Rio Solimoes, Brazil; and X. heterodon, a new species known
from the Rio Pachitea of eastern Peru, and from the Rio Aguarico (Rio Napo drainage) and
upper Rio Pastaza, both of eastern Ecuador. These latter rivers are Andean tributaries of the
western Amazon system. The phylogenetic relationships among the species of Xenurobrycon
were not studied.

The anatomy of the putative pheromone pumping mechanisms in the caudal region of
glandulocaudines is described and discussed. Two widely different pumping mechanisms were
found, a diaphragm pump and a fin-ray pump. The first of these has at least two functionally
and anatomically different forms, including a passive pump apparently operated by tail-beating
during courtship display and a directly driven muscular diaphragm pump found in one subgroup
of miniature xenurobryconins. The hydrodynamics of the pump systems are briefly discussed
in relation to their morphology, size differences, and the resistance of water to flow in small
tube-like structures.

OFFICIAL PUBLICATION DATE is handstamped in a limited number of initial copies and is
recorded in the Institution's annual report, Smithsonian Year. SERIES COVER DESIGN: The coral
Montastrea cavernosa (Linnaeus).
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Xenurobryconin Phylogeny
and Putative Pheromone Pumps

in Glandulocaudine Fishes
(Teleostei: Characidae)

Stanley H. Weitzman
and Sara V. Fink

Introduction

GLANDULOCAUDINE NOMENCLATURE AND
HISTORY

The Glanduocaudinae is a group of American
characid fish genera first recognized by Eigen-
mann (1914:34). Subsequently additional genera
were added, subtracted, or discussed by Myers
(in Eigenmann and Myers, 1929:467), Tortonese
(1941-1942:77), Myers and P. de Miranda-Ri-
beiro (1945:6), Bohlke (1954:266, 1958a:42),
Gery (1963:11), Nelson (1964a: 126), Gery
(1966:233), Roberts (1973:489), Fowler
(1975b:332), Gery (1977:351), and Mahnert and
Gery (1984:510).

Glandulocaudines are usually considered as
tetragonopterine-related characids in which
adult males bear modified caudal-fin scales asso-
ciated with hypertrophied glandular tissue. For
most species histological evidence of glandular
tissue type is lacking and the grossly recognized,

Stanley H. Weitzman, Department of Vertebrate Zoology,
National Museum of Natural History, Smithsonian Institu-
tion, Washington, D.C. 20560. Sara V. Fink, Museum of
Zoology, University of Michigan, Ann Arbor, Michigan
48109.

hypertrophied caudal tissue is simply assumed to
be glandular. The presence of glandular tissue
has been documented by Atkins and Fink (1979)
for Corynopoma riisei Gill (1858:426 [66 of re-
print]).

The subfamily currently consists of 17 genera
and somewhat more than 40 species. The ge-
nera that have been assigned to the Glandulo-
caudinae are: Corynopoma Gill (1858:425[65 of
reprint]), Pseudocorynopoma Perugia (1891:646),
Diapoma Cope (1894:67), Mimagoniates Regan
(1907:402), Glandulocauda Eigenmann (1911b:-
168), Hysteronotus Eigenmann (1911b:-
171), Gephyrocharax Eigenmann (1912:-
23), Pterobrycon Eigenmann (1913:3), Argopleura
Eigenmann (1913:10), Tyttocharax Fowler
(1913:563), Landonia Eigenmann and Henn (in
Eigenmann, Henn, and Wilson, 1914:1), Phena-
cobrycon Eigenmann (1922:147), Acrobrycon Ei-
genmann and Pearson (in Pearson, 1924:44),
Xenurobrycon Myers and P. de Miranda-Ribeiro
(1945:2), Planaltina Bohlke (1954:265), and Io-
tabrycon Roberts (1973:491). Below we describe
a new genus, Scopaeocharax.

Coelurichthys A. de Miranda-Ribeiro (1908:4)
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was synonymized with Mimagoniates by Eigen-
mann and Myers (1929:490) and by Schultz
(1959:8). Nelson (1964a:63-65), however, re-
viewed the putative relationships and nomencla-
ture of the species, which we here assign to
Glandulocauda (p. 109) and Mimagoniates, and
believed Coelurichthys was distinct enough to be
recognized as a separate genus. We have exam-
ined numerous recently collected specimens
(Appendixes 1 and 2) of all the species in-
volved and find that Mimagoniates microlepis
(Steindachner, 1876:7) and Coelurichthys iporan-
gae A. de Miranda-Ribeiro (1908:4) may not be
distinct species, and that Mimagoniates microlepis,
Mimagoniates inequalis (Eigenmann, 1911 b: 169),
Mimagoniates lateralis (Nichols, 1913:152), and
Mimagoniates barberi Regan (1907:402) belong to
the same genus. We therefore recognized Mim-
agoniates as the senior synonym of Coelurichthys.
(Also see our comments under Mimagoniates ine-
qualis in Appendix 2.) The species of Glandulo-
cauda and Mimagoniates are currently under re-
view by Menezes and Weitzman.

Stevardia Gill (1858:423 [63 of reprint]) has
page precedence over Corynopoma Gill (1858:425
[65 of reprint]) and has been used as a valid
generic name, for example by Eigenmann
(1914:34) and Gery (1964:6). However, Myers
(1933:11, 1934:755-756) pointed out that ac-
cording to the "rule of the first revisor" of the
International Commission on Zoological Nomen-
clature, Corynopoma must be the accepted name
because Giinther (1864:287), the first revisor,
used Corynopoma as the senior synonym of Ste-
vardia and Nematopoma. The latter is another
generic name proposed by Gill (1858:428[68 of
reprint]) for Corynopoma.

The monotypic Microbrycon Eigenmann and
Wilson (in Eigenmann, Henn, and Wilson,
1914:3) has been considered or suggested as a
synonym of Pterobrycon by Eigenmann and Myers
(1929:472), Bussing (1974:136), and Gery
(1977:359) but no study of this problem has been
published. Microbrycon minutus Eigenmann and
Wilson (in Eigenmann, Henn, and Wilson,
1914:3) is based on two small specimens of un-
known sex. Their phylogenetic placement has

not been resolved and their status remains ques-
tionable. Microbrycon cochui Ladiges (1950:305)
was considered a junior synonym of Tyttocharax
madeirae Fowler (1913:563) by Myers and
Bohlke (1956:9), but we believe that it represents
a distinct species of Tyttocharax, (p. 110, Tytto-
charax sp. B). Pristicharax Fowler (1949:1) and
Corynopomops Fowler (1943:6) were considered
by Bohlke (1958a:45 and 50, respectively) to be
synonyms respectively of Hasemania Ellis
(1911:148) and Gephyrocharax. We have exam-
ined the types of these species, ANSP 72104 and
ANSP 69195, and agree with Bohlke.

Fowler (1975b:333) included Lonchogenys
Myers (1927:121) and Nematobrycon Eigenmann
(191 la:215) in the Stevardiidae (= Glandulocau-
dinae), but the species of these genera do not
have enlarged caudal scales or hypertrophied
caudal glandular tissue. Furthermore, Fowler
(1975a:67) listed Nematobrycon as a tetragonop-
terine in the first characid section of his "Catalog
of World Fishes." Fowler (1975b:338) undoubt-
edly meant to terminate his listing of the Stevar-
diidae after Tyttocharax. However, if his list of
families and subfamilies were taken at face value,
his Stevardiidae includes some members of his
characid subfamilies Cheirodontinae, Rhoadsi-
inae, Anostominae, and Prochilodinae. This in-
clusion may have been an oversight by the editor.

Microcaelurus A. de Miranda-Ribeiro (1939:
362) was considered a synonym of Tyttocharax by
Bohlke (1958b:319) and Mahnert and Gery
(1984:512) indicated they thought its status ques-
tionable. We have examined the types of Micro-
caelurus odontocheilus, MNRJ 3572, and confirm
Bohlke's referral (see Appendix 2, Tyttocharax
madeirae).

Eight family-group names were used at one
time or another for what are now called the
Glandulocaudinae. These are available for sev-
eral of the putative suprageneric groups of taxa
within the Glandulocaudinae or as a substitute
for the Glandulocaudinae. These are as follows:
Stevardiinae Gill (1858:422), Diapominae Eigen-
mann (1910:430), Pterobryconinae Eigenmann
(1913:3), Glandulocaudinae Eigenmann (1914:
34), Pseudocorynopominae Eigenmann
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(1914:34), Hysteronotinae Eigenmann (1914:
35), Corynopominae Eigenmann (1927:
395), and Xenurobryconini Myers and Bohlke
(1956:6). The glandulocaudines have been rec-
ognized at the family level at times, for example
the Glandulocaudidae of Fernandez-Yepez and
Martin S. (1953:229) and Fernandez-Yepez and
Anton (1966:67) and the Stevardiidae of Fowler
(1975b:332). Myers and Bohlke (1956:6) recog-
nized Glandulocaudini and Xenurobryconini as
two of the tribes of the Characinae. Gery
(1966:235, 1977:355) recognized the Glandulo-
caudinae as a tribe, the Glandulocaudini, sepa-
rate from his Xenurobryconidi. Mahnert and
Gery (1984:512-513) considered the Glandulo-
caudinae as probably polyphyletic and suspended
judgment about the relationships of their Xenu-
robryconini to the Glandulocaudinae.

Priority and proper use of these names must
await further study of the monophyletic lines
within the Glandulocaudinae and their mono-
phyly. The primary problem regarding the Glan-
dulocaudinae is not its appropriate taxonomic
level. Of greater concern is the question of its
monophyletic or polyphyletic status and how this
will affect the status of the Tetragonopterinae, a
group whose monophyletic, polyphyletic, or par-
aphyletic nature is unresolved. In Appendix 3
hypotheses of the monophyletic nature of the
Glandulocaudinae are discussed. It is concluded
that there are insufficient data to resolve whether
the Glandulocaudinae, as currently recognized,
is monophyletic or polyphyletic. Because of these
untreated problems we use these taxonomic
terms, especially Glandulocaudinae, Tetragon-
opterinae, and Characidae, solely for conveni-
ence and do not imply acceptance of hypotheses
of monophyly for these taxa.

XENUROBRYCONIN NOMENCLATURE AND

HISTORY

Of the five glandulocaudine genera herein
treated as members of the monophyletic group
Xenurobryconini, four, Argopleura (Figure 1),
Iotabrycon (Figure 2), Xenurobrycon (Figures 3 -

5), and Tyttocharax (Figure 6), were recognized
previously. Of these four, only Tyttocharax and
Xenurobrycon have been recognized as closely
related. Ladiges (1950:308) recognized morpho-
logical similarities between the caudal fins of
Tyttocharax and Xenurobrycon but did not inves-
tigate their relationship. Myers and Bohlke
(1956:6) first suggested such a relationship and
placed these two genera in a new tribe, the
Xenurobryconini. Our hypothesis of xenurob-
ryconin relationships corroborates that of Myers
and Bohlke (1956) and Bohlke (1958b), as far as
theirs went, but expands their Xenurobryconini
to include two additional genera, Argopleura and
Iotabrycon. We also recognize the species of Tyt-
tocharax as treated by Bohlke (1958b) and Mah-
nert and Gery (1984) as belonging to two genera,
the new genus Scopaeocharax (Figure 7) and Tyt-
tocharax. Nelson (1964a:70) is the only previous
author to note a similarity in the caudal scale
structure of Argopleura and that of Tyttocharax
and Xenurobrycon, but he did not investigate the
possibility of a close relationship. Mahnert and
Gery (1984) described briefly certain aspects of
the osteology of Xenurobrycon macropus and Tyt-
tocharax madeirae and accepted the Xenurobry-
conini of Myers and Bohlke (1956) but did not
suggest a specific relationship between their Xen-
urobryconini and any other glandulocaudine.

We review the nomenclatural history of the
xenurobryconin genera and examine previous
hypotheses of their relationships in the section
on phylogenetic hypotheses and classification.
Revisionary studies of the species of Argopleura,
Scopaeocharax, and Tyttocharax are reserved for
separate publications.

Only the previously monotypic genus Xenurob-
rycon is treated at the specific level. It has been
known from one collection of 17 specimens of X.
macropus obtained in December 1941 from the
Rio Bodoquena, Mato Grosso, Brazil, and from
several collections from Paraguay reported re-
cently by Mahnert and Gery (1984:498). It is a
measure of how little South American freshwater
fishes have been collected for systematic pur-
poses that it was not until the last few years that
further collections of these little fishes (adults
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FIGURE 1.—Argopleura chocoensis, paratypes, CAS 39030, Colombia, Choco, Rio San Juan,
Istmina: above, male, SL 46.4 mm; below, female, SL 47.9 mm.

FIGURE 2.—lotabrycon praecox, USNM 212065, Ecuador, Los Rios, Rio Nuevo, tributary of
Rio Vinces, 1 km upstream from Vinces: above, male, SL 17.2 mm; below, female, SL 17.1 mm.
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FIGURE 3.—Xenurobrycon macropus, USNM 219381, Paraguay, Paraguari, Lago Ypacarai:
above, male, SL 15.4mm; below, female, SL 17.1 mm.

FIGURE 4.—Xenurobrycon pteropus, male, SL 13.5 mm, holotype, MZUSP 12412, Brazil,
Amazonas, igarape in Fonte Boa.
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FIGURE 5.—Xenurobrycon heterodon, Ecuador, Pastaza, Rio Bobonaza at Sarayacu: above, male,
SL 16.2 mm, holotype, KU 17925; below, female, SL 16.3 mm, paratype, KU 17926.

FIGURE 6.—Tyttocharax madeirae, USNM 179540, Brazil, Amazonas, Rio Urubu: above, male,
SL 15.7 mm; below, female, SL 14.1 mm.
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FIGURE 7.—Scopaeocharax atopodus, USNM 217517, Peru, Huanuco, Rio Huallaga at Tingo
Maria: above, male, SL 17.9 mm; below, female, SL 17.8 mm.

about 12.0 to at least 17.6 mm SL) have become
known. Members of the genus now appear to be
widely distributed, with representatives found
from the Amazon basin in Ecuador, Peru, and
northern Brazil to the Rio Parana-Rio Paraguay
system of southern Brazil and Paraguay.

The original description of X. macropus is rel-
atively short and now provides insufficient data
for accurate species and generic distinctions or
phylogenetic reconstruction. The recent rede-
scription of X. macropus by Mahnert and Gery
(1984:498), although more up-to-date, does not
allow a detailed comparison between the three
species of Xenurobrycon treated here. We there-
fore redescribe X. macropus, as well as describe
two new species.

There has been no previous discussion of xen-
urobryconin biogeography, and our account is
limited in scope, treating only the major generic
and suprageneric groups pending further analy-
ses of the xenurobryconin species and of the
phylogenetic relationships within and among
other glandulocaudine genera.

PHEROMONE CAUDAL PUMP HYPOTHESIS

Nelson (1964a: 142) suggested that the caudal
gland of male glandulocaudines may produce a
pheromone. This hypothesis was based on his
observations of courtship behavior in three glan-
dulocaudine genera and on the morphology of
the caudal glands in species of those and several
additional glandulocaudine genera. Atkins and
Fink (1979:469) strengthened this hypothesis for
one species. Corynopoma riisei, noting that "In the
isolated males [isolated from females], the [gland]
cells were reduced in size, became densely reti-
culated, and stained darkly with both PAS and
Alcian blue. When courtship behavior was re-
sumed, the cells rapidly recovered their usual
size and diverse staining properties." These ob-
servations indicate that the caudal gland may
only function during courtship and that it may
produce a pheromone.

Nelson (1964a: 142) also noted that the modi-
fied fin rays of Mimagoniates (= his Coelurichthys)
apparently operate as a bellows. He postulated
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that the caudal gland produces a substance
which, when directed toward the female by this
bellows during "Dusting," increases the probabil-
ity that she will "Pair." Nelson further assumed
the glandulocaudine tail apparatus was a passive
pump associated with tail motion during court-
ship, facilitating dispersal of a pheromone toward
the female.

Roberts (1973:494) first noted hypertrophied
caudal muscle tissue in a glandulocaudine, stating
that "in Iotabrycon the caudal modifications con-
sist of a highly modified scale supporting a large
caudal pouch and a muscle with extensive attach-
ments to the proximal half of the upper caudal
lobe." Roberts did not comment further on the
function or morphology of these caudal struc-
tures.

Mahnert and Gery (1984:503) briefly consid-
ered the modified osteology and myology of the
male Xenurobrycon and Tyttocharax caudal skele-
ton but did not hypothesize a caudal pumping
mechanism.

We explore the hypothesis that most male
glandulocaudines have a passive caudal pumping
mechanism associated with tail-beating courtship
and propose that some of the Xenurobryconini,
i.e., the genera Scopaeocharax, Tyttocharax, and
Xenurobrycon, have an active diaphragm pump,
driven directly by muscles. The activity of this
pump is probably also associated with tail-beating
during courtship display by males. Both pumping
mechanisms presumably facilitate the dissemina-
tion of a pheromone from the hypertrophied
gland cells of sexually active males. Increased
water flow resistance in the tiny pumps of the
miniature species may be associated with the
evolution of the directly driven muscular pump.

METHODS

Our methodology is phylogenetic (Hennig,
1966; Wiley, 1981). Preferred phylogenetic hy-
pothesis are those that are most parsimonious,
that is, require the fewest ad hoc assumptions
about character transformations. The analysis
was performed largely through Hennigian argu-
mentation but was checked (and improved)

through use of David Swofford's numerical al-
gorithm PAUP version 2.1 (Phylogenetic Anal-
ysis Using Parsimony) on the University of Mich-
igan Terminal System Amdahl computer.

Subjectivity in the choice of characters, tradi-
tional in phylogenetic studies, remains a promi-
nent influence on the outcome of cladistic anal-
yses. Our delineation of characters was done in
part for descriptive ease and in part to distinguish
those aspects of morphology that might have
evolved separately, as independent evolutionary
novelties distinguishing particular taxa. We re-
gard our delineation, or any such delineation, as
a partly unsatisfactory compromise between
these two aims. The attempt to distinguish inde-
pendent evolutionary novelties is a probing of
the past using a highly fragmentary record. A
nonarbitrary way to divide the functional and
morphological attributes of an organism into sub-
units appropriate for phylogenetic studies has not
yet been found, because of the functional and
structural unity of the whole organism. These
subjective aspects of character choice force
weighting of characters in all phylogenetic stud-
ies.

Sober (in press) suggests that parsimony assess-
ment in systematics can be done only with char-
acter weighting (whether equal or unequal) and,
additionally, that analysis of parsimony as a like-
lihood technique leads to the conclusion that
evolutionarily independent characters should be
weighted based on whether they are labile or
conservative in evolution. This conclusion ac-
cords well with some traditional systematic intu-
ition.

We have tried to evaluate the evolutionary
independence of different aspects of a "complex
character" by looking at whether similar features
vary independently in other taxa. While we have
not weighted our characters in a in a formal way,
we have tried to evaluate their conservative or
labile nature in light of what is known about the
distribution of similar features in related taxa.
For example, we have treated as separate char-
acters the sexually dimorphic anterior position
of the pelvic girdles in males and females of
subgroup B (characters 41 and 42), because the
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position varies independently in males and fe-
males in other xenurobryconin taxa. In both
subgroup A and in Xenurobrycon, the position of
the girdle differs from that in outgroups in males
alone (characters 12 and 53). In Scopaeocharax,
the position differs from that in outgroups in
females alone (character 62). Thus the anterior
position in both males and females of subgroup
B may be the result of a single evolutionary event
and we may be overestimating the evidence sup-
porting the monophyly of that taxon. However,
combining the male and female position as a
single novelty may be a serious mistake in the
other direction, leading to an underestimation.

Similarly, the separation of subgroup B male
caudal morphology into various features was
done in part for ease of description, both of the
various parts of this complex morphology and of
the homoplasies that occur relative to certain of
their aspects. Perhaps equally important, subdi-
vision into characters was done in part as an
indirect method of weighting of what we per-
ceive to be a considerable body of evidence in
support of subgroup B. This perception is
founded on the complexity and uniqueness of
much of this morphology, and also on its appar-
ent conservativeness (stability) in evolution. We
recognize that the resulting characters are not
entirely satisfactory, since they probably do not
each reflect a separate evolutionary event, i.e.,
the independent appearance of a novelty. For
example, hypertrophy of some caudal muscles
and bones probably occurred together. Never-
theless, it seems unlikely that all those aspects
unique to subgroup B males evolved simultane-
ously. While our delineation may not be histori-
cally accurate, treating this morphology as a sin-
gle novelty may be even more inaccurate. Similar
reasoning is applicable to some of our other
"complex characters."

Polarity of character transformations (prima-
tive versus derived) is hypothesized based on
outgroup comparison and on ontogenetic trans-
formation (including sexual maturation) when
the latter is available. In the absence of a higher
level phylogenetic hypothesis, our outgroups
cannot be narrowed to specific lineages closely

related to the xenurobryconins. Therefore we
have included as our outgroup a fairly complete
spectrum of other glandulocaudines and a
broader, but less complete, survey of American
characids, especially the Tetragonopterinae. Or-
dinarily we assume that the later stage of a given
ontogenetic transformation in a lineage is apo-
morphic relative to its homologue in the non-
transforming group. Such a hypothesis is more
parsimonious than the assumption that the sec-
ondary transformation was primitively present in
the common ancestor of the groups and lost
secondarily in one lineage. In cases where out-
group information indicates a secondary evolu-
tionary loss of a transformation, we accept a loss
hypothesis. In such cases the loss hypothesis cor-
relates with other synapomorphies and the most
parsimonious cladogram or hypothesis.

As explained in Weitzman and Fink
(1983:350, 378-379, 388-393) there are cases
in which, lacking a specific closely related out-
group, we refuse to utilize a character as a syna-
pomorphy even if ontogenetic information indi-
cates its possible polarity. Such situations are
those where experience in related taxa shows
that the character may be labile, that is, might
easily have evolved in either direction during the
immediate preceding evolutionary history. An
increase versus a decrease in dorsal-fin and anal-
fin ray numbers are examples. In characids at
least, reductions and gains are often associated
respectively with change toward smaller and
larger adult size (see Weitzman and Fink,
1983:341-347, 391-394, for further discussions
of this problem in characids). Such transforma-
tions are not easily subject to polarity hypotheses
based on ontogenetic information when very
closely related outgroup taxa are uncertain or
unknown. This is especially true when there is
variability among the outgroup taxa for similar
characters, a situation that often prevails in tetra-
gonopterine characids and nominally related
groups.

In the following text we label some characters
as innovative and some as reductive. We recog-
nize as innovative characters those that have
additional features beyond those present in the
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outgroups. Reductive characters are those asso-
ciated with a loss or reduction of some particular
structure present in outgroups. Reductive char-
acters are also innovations. Nevertheless, we do
not label them as such so that we may easily
distinguish between these kinds of evolutionary
changes.

Hecht and Edwards (1977:15) stated that the
homology of loss and reductive characters is not
testable by similarity since absent characters can-
not be compared (see also Patterson, 1982:30-
33, 44). This may be true for simple loss char-
acters, such as absence of an adipose fin, but in
characids at least, losses of cranial parts of the
laterosensory system and associated bones often
result in unique, new morphological patterns in
the remaining proximate elements. For example,
synapomorphies 4 to 7 in Weitzman and Fink
(1983:354) are all innovative cranial features as-
sociated with a reduction in the laterosensory
system and associated bones of the posterior re-
gion of the head of the characid genus Parachei-
rodon. Compare the posterior skull regions of
characids illustrated by Weitzman and Fink
(1983, figs 4-18, 29-30). When such losses are
associated with new, complex, and unique simi-
larities among related taxa, it is our opinion that
a hypothesis of homology (i.e., synapomorphy)
may be preposed and then analyzed for parsi-
monious correlation with other shared derived
characters. We also use simple loss characters
(such as an adipose fin loss or absence of teeth
on a bone) as a synapomorphy when they corre-
late in a parsimony analysis with innovative syn-
apomorphies or are part of a complex set of
synapomorphies involving a particular structure
or variety of structures. Many such losses have
occurred in the miniature xenurobryconins. For
example, synapomorphies 8 to 11 and 13 to 15
below are loss characters associated in one taxon
with a few innovative structures that together
form a set of synapomorphies for subgroup A.

Our approach to loss or reductive characters
is essentially that explained by Weitzman and
Fink (1983:343) and our approach to paedomor-
phosis follows that of Fink (1982).

In discussing the possible phylogenetic signifi-

cance (or its absence) of characters distributed in
various characid, glandulocaudine, and xenuor-
bryconin putative monophyletic groups, by con-
vention the phrases "according to the most par-
simonious cladogram" and "according to the
most parsimonious hypothesis" have different
meaning in our text. The first is reserved for
discussions of homoplasy pertinent only to taxa
included in our cladogram. The second is re-
served for discussions of homoplasy pertinent to
(or possibly affecting the monophyletic relation-
ships of) taxa both within our cladogram and
some members of the outgroups. Data corrobor-
ating the monophyly of some lineages within the
outgroups are not given in great detail largely
because the monophyly of few characid taxa are
currently corroborated by much evidence.

The biogeogrpahic account is based on the
vicariance methods and ideas suggested by Plat-
nick and Nelson (1978) and Rosen (1978).

Glandulocaudine specimens examined are
listed in Appendix 1. Most stained preparations
of specimens of other characid genera and spe-
cies examined for this study were listed by Weitz-
man (1962) and Weitzman and Fink (1983:384).
For other specimens examined, museum num-
bers are given in the text following the name of
the specimens.

Bone terminology and the use of patterned
acetate overlays to identify particular bones in
the drawings follows Weitzman and Fink
(1983:351). The term "lateral series scales" as
used in the tables and text refers to the entire
lateral line series when some or all of that scale
series lack laterosensory pores. In the systematic
section, all measurements were made by the se-
nior author using an ocular micrometer (reticle)
measuring in tenths of a millimeter. The meth-
ods of counting and measuring are those de-
scribed by Fink and Weitzman (1974:1-2).
Tooth counts were taken from the left side ex-
cept when noted. The word origin in reference
to a fin base means the anterior basal termination
of that fin. All measurements other than stand-
ard length (SL) are expressed as a percentage of
SL except subunits of the head, which are ex-
pressed as a percentage of head length. Ranges,
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means, and 95 percent confidence limits for the
means for morphometrics of the separate popu-
lation samples are given in the tables. In the case
of meristics, ranges, means, and standard devia-
tions are represented by one set of figures for
both males and females. The same is true for
morphometrics except for cases of obvious sexual
dimorphism in which the information is given by
sex. Meristic information for the holotypes of all
species of Xenurobrycon is given separately when
there is variation in the count. In those cases
where a value of t was computed for statistical
comparison, arcsine transformations were used
for morphometrics and square-foot transforma-
tions were used for counts. Arcsine transforma-
tions were used for calculating 95 percent con-
fidence limits of the means. In analysis of covar-
iance, logarithmic transformed data were used.

The synonymies are not meant to be complete.
An attempt has been made to give complete
reference to those citations which may be signfi-
cant in regard to classification or phylogeny.
Generic lists such as Travassos (1952) are omitted
unless they introduce a variant spelling. Only
pertinent aquarium literature is cited.
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bered sequentially so that they can be identified
on the cladogram (see Discussion). Within each
taxonomic group the characters are ordered ac-
cording to location on the body, beginning with
the caudal region and ending with the jaws.
Under each number a morphological description
of the apomorphy is followed by separate para-
graphs discussing the comparable character as
found in the most appropriate outgroups avail-
able. Supplemental discussion may follow treat-
ing the morphology in more detail, any ambigu-
ities of interpretation, and/or possible instances
of convergence. Other apparent convergences
that support alternate, less parsimonious hy-
potheses are treated in the discussion section. A
few ambiguous characters are also treated in the
discussion.

For named groups, synonymies with brief com-
ments are included prior to the apomorphies.

XENUROBRYCONINI Myers and Bohlke

XENUROBRYCONINI Myers and Bohlke, 1956:6 [original de-
scription, key to and review of species].—Bohlke,
1958a:42 [considered Xenurobryconini independent of
Glandulocaudinae]; 1958b:318 [expanded definition of
group to include two new species of Tyttocharax].—Nel-
son, 1964a:70 [believed Xenurobryconini and Glandulo-
caudini related in one group, Glandulocaudinae].—Gery,
1977:362 [brief listing of recognized species, placed Xen-
urobryconini following Glandulocaudini in his Glandulo-
caudinae].—Mahnert and Gery, 1984:512 [definition of
group and discussion of relationships].

XENUROBRYCONIDI Gery, 1963:11 [alternate spelling (suffix)
for Xenurobryconini]; 1965b: 195 [listed].

The Xenurobryconini as first described by
Myers and Bohlke (1956:6) comprised only Tyt-
tocharax and Xenurobrycon. Bohlke (1958b) de-
scribed two new but rather different species of
Tyttocharax (here placed in Scopaeocharax) and
included them in the Xenurobryconini (equiva-
lent to our subgroup B). Our expansion of the
Xenurobryconini to include Argopleura and Io-
tabrycon is based on a series of five synapomor-
phies, all sexually dimorphic, and all but one, a
pelvic-fin character, found in the caudal region
of the males. All caudal synapomorphies are as-
sociated with the putative pheromone-producing
apparatus of the males.

Bohlke (1958a, and in discussion with the se-
nior author) did not consider the xenurobrycon-
ins (sensu Myers and Bohlke) and the glandulo-
caudines to be closest relatives, primarily because
of tooth structure. He believed the simple conical
teeth of the Xenurobryconini, as understood in
1958, to be an important consideration for the
recognition of monophyly of characid subgroups.
Once he learned from us that an undescribed
species of Xenurobrycon had some tricuspid teeth,
his objections to a xenurobryconin-glandulocau-
dine relationship vanished, although he beleived
as we do that the monophyly of Glandulocaudi-
nae remains unresolved. Mahnert and Gery
(1984:512) were confident of the monophyly of
the Xenurobryconini (sensu Myers and Bohlke)
but were uncertain about its relationships to any
other glandulocaudines.

The following five synapomorphies are diag-
nostic for the Xenurobryconini and corroborate
the hypothesis that the glandulocaudine genera
Argopleura, Iotabrycon, Xenurobrycon, Tyttocharax,
and Scopaeocharax are more closely related to
one another than to any other glandulocaudines
or characids.

1. The parhypural and hypural 1 are fused to each other
in sexually mature male xenurobryconins (Figures 8-14).

In other glandulocaudines (Figures 15-20) this
fusion is absent. It is also absent in females of all
xenurobryconins except Iotabrycon praecox (syn-
apomorphy 19). Most other characids, such as
Brycon meeki (Figure 21), have these elements
unfused.

Some serrasalmine characids have the parhy-
pural and hypurals 1 and 2 fused together in
both sexes. Such fusion is not characteristic of
most serrasalmines. Brittanichthys axelrodi Gery,
a small (often less than 20 mm SL as an adult)
apparently tetragonopterine characid from the
Rio Negro, Amazonas, Brazil, has the parhypural
and hypurals 1,2, and 3 fused to a single element
in males. Since the relationships of Brittanichthys
are unknown, such fusion suggests a need for
exploring a relationship with the xenurobrycon-
ins. Males of Brittanichthys also have modified
caudal-fin rays, but the form and shape of these
are unique to the genus and very different in
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FIGURE 8.—Argopleura chocoensis, caudal skeleton (lateral view, left side), male, SL 45.5 mm,
paratype, CAS 39030, Colombia, Choco, Rio San Juan, Istmina. Two pouch scales and
associated caudal squamation shown in large figure at right; these scales removed in inset at
lower left.
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FIGURE 9.—Argopleura sp. caudal skeleton (lateral view, left side), male, SL 42.3 mm, ANSP
127516, Colombia, Caldas, Rio Mercedes. Two large pouch scales and associated caudal
squamation shown in large figure; these scales removed in inset at lower left. Posterior terminal
process of pouch scale serves as attachment for ligament to principal ray 11.
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FIGURE 10.—Iotabrycon praecox, caudal skeleton (lateral view, left side), male, SL 21.5 mm,
USNM 216802, Ecuador, Los Rios, Rio Palenque. Pouch scale removed in inset at lower left.
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FIGURE 11.—Xenurobrycon macropus, caudal skeleton (lateral view, left side), male, SL 14.4
mm, USNM 219381, Paraguay, Paraguari, Lago Ypacarai. Pouch scale present in large figure;
pouch scale removed in inset at lower left. Actual overlap of dorsal lobe onto ventral lobe not
shown so that all fin rays may be seen. Inset at lower left illustrates structures deep to pouch
scale.
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FIGURE 12.—Xenurobrycon heterodon, pouch scale and surrounding skeletal structures (lateral
view, left side), adult male, SL 16.4 mm, USNM 219390, Ecuador, Pastaza, Rio Bobonaza.
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FIGURE 13.—Scopaeocharax atopodus, part of caudal skeleton with pouch scale removed (lateral
view, left side), male, SL 21.1 mm, USNM 207517, Peru, Huanuco, Rio Huallaga, Tingo
Maria. Thickened portions of 10th ray and 1 lth ray (=sigmoid ray) serve as attachment for
ligament from pouch scale; actual overlap of dorsal caudal-fin lobe onto ventral lobe not
illustrated so that all fin rays may be seen.
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'parhypurol + hypural I

FIGURE 14.—Tyttocharax madeirae, caudal skeleton (lateral view, left side), male, SL 15.4 mm,
USNM 179540, Brazil, Amazonas, Rio Urubu. Actual overlap of dorsal lobe rays onto ventral
lobe not shown so that all fin rays may be seen. Inset at lower left with pouch scale removed to
reveal sigmoid ray (principal ray 11). Thickened portions of principal rays 10 and 11 form
attachment for ligament from large caudal scale.
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FIGURE 15.—Diapoma speculiferum, caudal skeleton (lateral view, left side), male, SL 30.2 mm,
USNM 236094, Brazil, Rio Grande do Sul, Rio Forqueta at Marques de Souza. Pouch scales
and associated caudal squamation shown in large figure at right; these are removed in inset at
lower left.
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FIGURE 16.—Corynopoma riisei, caudal skeleton (lateral view, left side), adult male, SL 36.4
mm, USNM 221171, Venezuela, Carabobo, Rio Chirgua. Large pouch scale and associated
caudal squamation shown in large figure at right; these are removed in inset at lower left.
Terminal lateral-line tube shown in its entirety in inset.

FIGURE 17.—Gephyrocharax atricaudatus, caudal skeleton (lateral view, left side), adult male,
SL 47.4 mm, USNM 236086, Panama, 13 km north of Cerro-Azul. Large pouch scale and
associated caudal squamation shown in large Figure at right; these are removed in small inset,
lower left. Terminal lateral-line scale shown in its entirety in inset.



V-principal ray

principal ray 18

FIGURE 18.—Landonia latidens, caudal skeleton (lateral view, left side), adult male, SL 36.1
mm, MCZ 48663, Ecuador, Los Rios, Rio Vinces at Vinces. Modified terminal lateral-line scale
shown in its entirety in inset. Space between rays 12 and 13 marks position of modified bilateral
caudal tissue.

FIGURE 19.—Mimagoniates microlepis, caudal skeleton (lateral view, left side), male, SL 45.3
mm, USNM 236089, Brazil, Parana, Rio Nhundiaquara at Morretes. Modified squamation
illustrated in inset.
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r-nncipal ray 15
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FIGURE 20.—Phenacobrycon henni, caudal skeleton (lateral view, left side), adult male, SL 30.2
mm, MCZ 48660, Ecuador, Los Rios, near Vinces. Obscured borders of three hypertrophied
ventral lobe scales shown in dashed lines; terminal lateral-line tube shown in inset.
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FIGURE 21.—Brycon meeki, caudal skeleton (lateral view, left side), juvenile, SL 82.0 mm,
CAS(IUM) 12984, Colombia, Narino, Rio Telembi, tributary of Rio Patia near Barbacoas.
Structure labeled compound vertebra consists of first preural centrum, its arch, ural centra,
and first uroneural of ural centra; compound vertebra fused with parhypural.
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form from those of any xenurobryconin or other
glandulocaudine. Compare the caudal skeleton
of glandulocaudine characids (Figures 8-20) with
that of Brittanichthys in Gery (1965a, figs. 2, 6).
The suggestion of relationship with the xenurob-
ryconins is contradicted by the fact that Brittan-
ichthys males lack a caudal gland and the modified
caudal squamation found in male glandulocau-
dines. Thus, the most parsimonious hypothesis
of the character distributions among these fishes
indicates that fusion between the parhypural and
hypural 1 has evolved independently within ser-
rasalmines, in the Xenurobryconini, and proba-
bly in Brittanichthys as well.

Roberts (1973, fig. 25) illustrated a specimen
of Iotabrycon praecox, 18.8 mm SL, MCZ 48659.
This specimen has the parhypural and hypural 1
fused. Most of the line in Roberts' figure that
appears to separate these bones demarcates
thicker, more deeply stained bone from thinner,
lightly stained bone. None of the line is a joint
line separating the parhypural and hypural 1.
This same specimen has hypurals 1 and 2 fused
anteriorly for about two-thirds of their length.
Based on Roberts' figures, Mahnert and Gery
(1984:510) concluded that such morphology was
representative of male Iotabrycon. Of the nine
alizarin preparations of Iotabrycon praecox exam-
ined for the present study, the specimen illus-
trated by Roberts was the only one with any
fusion between hypurals 1 and 2. Such fusion is
therefore not characteristic of Iotabrycon.

2. In sexually mature males the distance between the
articular bases of principal caudal-fin rays 10 and 11 is
greater than the vertical length of the posterior margin of
hypural 3 (Figures 8-11). This character is reversed in
subgroup C (apomorphy 56; Figures 13, 14).

In other glandulocaudines, other characids,
and in female xenurobryconins the distance in
males (and females) between the bases of rays 10
and 11 is distinctly less than the length of the
posterior margin of hypural 3 (Figures 15-21).

3. The terminal lateral-line scale of sexually mature
males (subsequently called the pouch scale) is much larger
than the same scale of the mature female and immatures of
both sexes. The scale is hypertrophied on all its borders.
The greatest hypertrophy occurs in the posterior field, which

is large and bears numerous radial striae. The posteroventral
border of this field bears between 25 to 100 striae and its
posterodorsal border bears from 12 to 65. Note that the
ventral border of this scale in Iotabrycon praecox bears an
elongate posterior process, which projects ventral to the
ventral fimbriated border of the hypertrophied posterior
field (Figures 23, 32; apomorphy 21). The dorsal border
always has fewer striae than the ventral border in any given
individual specimen of any species (Figures 22-33). Along
the posteroventral border of this field and dorsally into part
of the scale body, the radial striae are modified so that they
completely separate the ventral part of the field into strips
of bone joined to each other by soft connective tissue.

Of the xenurobryconin genera only Argopleura has a
laterosensory canal in the pouch scale, a primitive character
for the Xenurobryconini. Evidence that the large caudal
scale of Iotabrycon, Scopaeocharax, Tyttocharax, and Xenurob-
rycon is the homologue of the terminal lateral-line scale of
Argopleura is as follows. The scale is located at the posterior
end of the same horizontal scale row that bears the complete
lateral line in Argopleura. This row bears only a few anterior
pored scales in the other four xenurobryconin genera. The
large scale in these genera, as in Argopleura, always bears a
close physical association (often elaborated) with the inter-
radialis muscles and principal caudal-fin rays 10 and 11. In
no other glandulocaudine does the large pouch scale or
scales have this association. These structural relationships
are discussed further under apomorphy 4.

A pouch is present medial to this hypertrophied scale in
sexually mature males. The opening of the pouch occurs
along the ventral border of the posterior field of the scale.
The majority of the bony fimbriae formed by the radii of
the scale occur in this part of the lateral pouch wall. The
fimbriae may provide vertical strength and stiffness and
horizontal flexibility to the wall.

The pattern of development of the pouch scale can be
ascertained by comparing the adult pouch scales of Argo-
pleura chocoensis (Figure 22a) and of Xenurobrycon heterodon
(Figure 30), with the developing pouch scales of Xenurobry-
con macropus (Figure 31) and Iotabrycon praecox (Figure 32).
The pouch scale of species of Argopleura has a lateral-line
tube extending longitudinally across almost the entire scale
and dividing the scale into dorsal and ventral fields. A lateral-
line tube is absent in Xenurobrycon heterodon and X. macropus,
but the dorsal and ventral fields are quite distinct. Compar-
ing the distribution of circuli and radii on the pouch scale
of adult Xenurobrycon heterodon (Figure 30) and the devel-
oping pouch scale of Xeneurobrycon macropus (Figure 31)
indicates how the hypertrophied posterior field develops. As
the scale grows posteriorly, radii apparently increase by
appearing between radii already present and by being added
near the posterior end of the growing scale (see also apo-
morphy 32).

A second modified scale, the terminal scale of the scale
series two horizontal rows ventral to the lateral-line series
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FIGURE 22 (top).—Pouch scales and ventrally associated
scales (lateral view, left side): a, Argopleura chocoensis, adult
male, SL 45.5 mm, paratype, CAS 39030, Colombia, Choco,
Rio San Juan; b, Argopleura sp., male, SL 42.3 mm, ANSP
127516, Colombia, Caldas, Rio Mercedes. Hidden scale
borders shown by dashed lines.

FIGURE 23 (center).—Iotabrycon praecox, pouch scale, sur-
rounding fin rays and squamation (lateral view, left side),
adult male, composite mainly based on specimen SL 17.7
mm, MCZ 50602, but some details added from MCZ
216802, both specimens from Ecuador, Los Rios, Rio Pal-
enque.

FIGURE 24 (bottom left).—Tyttocharax tnadeirae, pouch scale,
surrounding fin rays, and squamation (lateral view, left side),
male, SL 15.4 mm, USNM 179540, Brazil, Amazonas, Rio
Urubu.
FIGURE 25 (bottom right).—Xenurobrycon macropus, pouch
scale, surrounding fin rays, and squamation (lateral view,
left side), male, SL 14.4, mm, USNM 219381, Paraguay,
Paraguari, Lago Ypacarai.
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FIGURE 26.—Scopaeocharax atopodus, pouch scale, illustrat-
ing distribution of radii (lateral view, left side), adult male,
SL21.1 mm, USNM 207517, Peru, Huanuco, Rio Huallaga,
Tingo Maria.

FIGURE 28.—Xenurobrycon macropus, pouch scale, illustrat-
ing distribution of radii (lateral view, left side), adult male,
SL 14.4 mm, USNM 219381, Paraguay, Paraguari, Lago
Ypacarai.

FIGURE 27.—Tyttocharax madeirae, pouch scale, illustrating
distribution of radii (lateral view, left side), adult male, SL
15.4 mm, USNM 179540, Brazil, Amazonas, Rio Urubu.

FIGURE 29.—Xenurobrycon pteroptus, pouch scale, illustrating
distribution of radii (lateral view, left side), adult male, SL
13.8 mm, paratype, USNM 232921, Brazil, Amazonas, igar-
ape in Fonte Boa.
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(with or without pores), occurs in close association with the
pouch scale and, except in lotabrycon (apomorphy 21), near
the anterior region of the pouch opening. This accessory
pouch scale bears radial striae similar to the striae of the
pouch scale, for example in Argopleura chocoensis (Figure
22a), Tyttocharax madeirae (Figure 24), and Xenurobrycon
macropus (Figure 25). The accessory pouch scale in lotabrycon
bears 7 or 8 radii on its posterior field. These radii are
larger and more clearly defined than on any other scale
except the pouch scale.

Other glandulocaudines and characids with
pored lateral-line scales in the caudal region have
the terminal lateral-line scale either similar to the
other lateral-line scales, or consisting primarily
of a bony tube, occasionally with a small amount
of platelike bone attached to the tube (Figures
16-18). Most other glandulocaudine males (and
females in a few species) have one or more large
caudal scales and some of these fishes, such as
Corynopoma riisei (Figure 16) and Gephyrocharax
atricaudata (Figure 17), have hypertrophied radii
along the ventral border of one or more of these
large scales. These radii are also associated with
the pouch's lateral wall and the opening of the
pouch occurs at the scale's ventral border. How-
ever, these pouch scales are never the terminal
scales of the lateral-line seris and, in all but
Pseudocorynopoma, are without a posterior hyper-
trophied field or process.

FIGURE 30 (top).—Xenurobrycon heterodon, pouch scale (lat-
eral view, left side), adult male, SL 16.4 mm, USNM 219390,
Ecuador, Pastaza, Rio Bobanaza. The radial and circular
inscriptions of the main body of the scale are shown. The
greatly developed posterior lobe of this species has nearly
90 radii along its ventral border. (See text for explanation
of growth pattern.)

FIGURE 31 (center).—Xenurobrycon macropus, developing
pouch scale (lateral view, left side), male, SL 14.7 mm,
UMMZ 205412, Paraguay, La Cordillera, Arroyo Tobati.
Developing radii shown complete; circuli incompletely rep-
resented in anterior region of scale by dotted lines.

FIGURE 32 (bottom).—lotabrycon praecox, developing pouch
scale (lateral view, left side), male, SL 14.7 mm, USNM
236064, Ecuador, Los Rios, Rio Palenque. No circuli pre-
sent, developing radii shown complete. Anterior portion of
ligament attaching scale to ray 11 shown at upper right.
Ventral border of ligament and anterior border of ligament
medial to scale shown by dashed line.
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FIGURE 33.—Argopleura sp., pouch scale, associated scales, and fin rays 10 and 11 (lateral view,
left side), adult male, SL 42.3 mm, ANSP 127516, Colombia, Caldas, Rio Mercedes. Ligament
attaching posterior end of pouch scale to ray 11 shown by pattern of wavy lines. Relatively thin
connective tissue, shown by heavy stipple, also attaches dorsoposterior part of pouch scale to
ray 10. This tissue of each side encloses a median dense pad of connective tissue attached to
ventral border of ray 10, and dorsal border of pouch scale. Dense connective tissue apparently
acts as a cushion preventing direct bony contact between scales and ray 10.

Based on tentative phylogenetic hypotheses
regarding these other glandulocaudines and the
fact that different scales are modified in non-
xenurobryconin glandulocaudines, we suggest
that the presence of a greatly hypertrophied
scale, radii, and posterior scale field in these
other taxa are convergent with the similar fea-
tures in xenurobryconins.

A terminal lateral-line scale with two platelike
wing-shaped processes is present in males of the
monotypic Landonia latidens Eigenmann and
Henn, a putative glandulocaudine (Figure 18).
However, this scale lacks the hypertrophied pos-
terior field, hypertrophied radii, and border
forming an opening of a caudal pouch, featurs
found in xenurobryconins.

The monotypic Phenacobrycon henni Eigen-
mann, another putative glandulocaudine, could
be interpreted as having an enlarged terminal

lateral-line scale in males. The caudal region of
Phenacobrycon henni (Figure 20) bears several
large ventral caudal-lobe scales. The dorsalmost
hypertrophied scale might be considered a lat-
eral-line scale that has lost its lateral-line pore
since it is associated with principal caudal-fin rays
10 and 11. However, the anterior border of this
scale inserts into the scale row just ventral to the
lateral-line series. The bony terminal lateral-line
tube, although largely medial to this scale, is a
completely separate element, and the shape of
this scale indicates that its dorsal border has
invaded or grown into the area superficial to the
lateral-line tube. Furthermore, the posterior bor-
ders of the enlarged scales in the one undamaged
unstained male available to us, MCZ 48661, SL
27.1 mm, are posteriorly not free of the fin rays
and we find no pouch or pocket associated with
these scales. We interpret this large scale as not
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homologous with the terminal lateral-line scale
of the Xenurobryconini and as belonging to the
scale row ventral to that of the lateral line.

4. In sexually mature males a strong ligament binds the
posterior part of the pouch scale to principal caudal-fin ray
11 or to rays 10 and 11 (Figures 32-34). The ligament is
cordlike in the more primitive genera but is broad, thick,
and quite short in some of the more specialized genera. In
Xenurobrycon it is relatively weak compared to other xenu-

FIGURE 34.—Subgroup B, xenurobryconins, profile of
pouch scales (lateral view, left side), illustrating areas of
medial attachment of pouch scale ligaments (inner ellipsoids
enclosing wavelike pattern): a, Scopaeocharax atopodus,
USNM 207517; b, Tyttocharax madeirae, USNM 179540; c,
Xenurobrycon pteropus, USNM 232921; d, Xenurobrycon ma-
cropus, USNM 219381; e, Xenurobrycon heterodon, USNM
219390.

robryconins and divided horizontally into two parts (see also
apomorphies 50, 55, 58, 59).

We have not found a cordlike ligament in
nonxenurobryconin glandulocaudines, although
some other glandulocaudine males have strong
skin and underlying connective tissue attaching
a pouch scale or scales (not a lateral-line scale) to
several adjacent fin rays of the ventral caudal-fin
lobe (most often to fin rays 13 to 18, never to fin
ray 10). Other characids and glandulocaudines
may have relatively weak connective tissue fibers
attaching the terminal lateral-line scale to rays
10 and 11, but this tissue never forms organized
ligamentous tissue.

5. In sexually mature males the proximal tips of the
medial two or three pelvic-fin rays project further anteriorly
than the tip of the laterally adjacent ray (Figures 35, 36).

In other glandulocaudine and tetragonopter-
ine characids the proximal tips of the medial two
or three pelvic-fin rays do not extend as far
anteriorly as the laterally adajacent ray (Figure
376).

In Xenurobrycon (Figure 37a) this feature is not
as obvious as in the others, in part because the
proximal tips of all the rays are aligned in a
shallow rather than a deep curve, and in part
because of the unusual orientation of the girdle.
In our view, however, the feature is still present;
the condition in Xenurobrycon does not resemble
the outgroup condition.

Genus Argopleura Eigenmann, 1913

Bryconamericus Eigenmann, 1913:10 [in part only].
Argopleura Eigenmann, 1913:10 [type-species Bryconameri-

cus magdalenensis Eigenmann, 1913:14 by original desig-
nation in key; proposed as subgenus of Bryconamericus
Eigenmann, McAtee, and Ward (1907:139)]; 1914:35
[included in a key to Glandulocaudinae]; 1922:147 [ge-
neric definition, placed in Tetragonopterinae]; 1927:395
[description, placed in Tetragonnopterinae next to Bry-
conamericus].—Myers in Eigenmann and Myers, 1929:467
[a note that Argopleura should be placed in the Glandulo-
caudinae].—Miles, 1943:54 [placed in Tetragonopterinae
but thought it related to Gephyrocharax in Glandulocau-
dinae]; 1947:152 [placed in Tetragonopterinae but
thought intermediate between Tetragonopterinae and
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FIGURE 35 (top left).—Pelvic bone and proximal portion of
pelvic-fin rays (ventral view, left side): a, Argopleura chocoen-
sis, male, SL 45.5 mm, CAS 39030, Colombia, Choco, Rio
Juan, Istmina; b, Iotabrycon praecox, male, SL 17.7 mm,
USNM 216802, Ecuador, Los Rios, Rio Palenque.

FIGURE 36 (top right).—Pelvic bone and proximal portion
of pelvic-fin rays (ventral view, left side): a, Scopaeocharax
atopodus, male, SL 20.7 mm, USNM 207517, Peru, Huan-
uco, Rio Huallaga, Tingo Maria; b, Tyttocharax madeirae,
male, SL 15.6 mm, USNM 179540, Brazil, Amazonas, Rio
Urubu.

FIGURE 37 (left).—Pelvic bone and proximal portion of
pelvic-fin rays (ventral view, left side): a, Xenurobrycon ma-
cropus, male, SL 15.2 mm, USNM 219381, Paraguay, Par-
aguari, Lago Ypacarai; b, Bryconamericus sp., male, SL 80.6
mm, MCZ 48719, Ecuador, Los Rios, Arroyo Bambino,
tributary to Rio Cristal at Montalba.

Glandulocaudinae].—Bohlke, 1954:265 [comment on
possible polyphyly of Glandulocaudinae in relation to Ar-
gopleura; p. 267, considered Planaltina closest to Argo-
pleura]; 1958a:44 [Argoplerua coupled with Planaltina in
key to Glandulocaudinae; Glandulocaudinae considered
polyphyletic].—Nelson, 1964a:70 [noted sculpturing of
caudal scale; p. 72, figure of tail of Argopleura chocoensis
Eigenmann; p. 74, discussion of external caudal morphol-
ogy; p. 80, geographical distribution and consideration as
morphologically "generalized;" pp. 127-128, considered
near Bryconamericus].—Gery, 1966:227 "considered Ge-
phyrocharax possibly near Argopleura; p. 235, placed Ar-

gopleura and Gephyrocharax as a couplet in a key to Glan-
dulocaudini].—Dahl, 1971:140 [placed in Tetragonopter-
inae].—Fowler, 1975a:28 [listed].—Gery, 1977:358
[placed Argopleura and Gephyrocharax as a couplet in a key
to Glandulocaudini].

Aglopeura Travassos, 1951:16 [misspelling for Argopleura].
Xenurocharax Regan, 1913:463 [type-species Xenurocharax

spurrellii Regan, 1913:463 by monotypy].—Eigenmann,
1927:395 [considered Xenurocharax spurrelli a synonym
of A rgopleu ra chocoen is ].

Xemerocharax Travassos, 1952:140 [misspelling for Xenuro-
charax].
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The above annotated synonymy and literature
citations indicate that many authors believed Ar-
gopleura to be a relatively primitive glandulocau-
dine related in some way to Bryconamericus Ei-
genmann (in Eigenmann, McAtee and Ward,
1907:139). Bryconamericus is putatively a rela-
tively unspecialized tetragonopterine group with
species widely distributed in South America. Ei-
genmann (1913:10) described Argopleura as a
subgenus of Bryconamericus and noted that males
of Argopleura species had "lower caudal fulcra,"
which are absent in other species of Bryconamer-
icus. Eigenmann related the species of Argopleura
by "overall" similarity and listed no characters
shared by them to the exlusion of all other char-
acid genera. Subsequently Regan (1913:463) de-
scribed Xenurocharax, a junior synonym of Argo-
pleura, and more fully elucidated the caudal
structures. He related Xenurocharax to Deutero-
don Eigenmann (in Eigenmann, McAtee, and
Ward, 1907:140), a characid genus not consid-
ered closely related to any glandulocaudine char-
acids by subsequent authors (Eigenmann,
1927:341); Gery, 1977:519). We examined spec-
imens of the type-species of the genus, Deutero-
don iguape Eigenmann (MZUSP 18616), and
found no evidence of glandulocaudine relation-
ships. Eigenmann (1914:35) included Argopleura
as a genus in a key to his newly established
Glandulocaudinae but made no further com-
ments about its relationships. Eigenmann
(1927:395) placed Argopleura sequentially fol-
lowing Bryconamericus in his study of the Ameri-
can Characidae and considered it a "bridge
between the Tetragonopterinae and the Coryno-
pominae." Eigenmann here improperly used Cor-
ynopominae as a senior synonym of his Glandu-
locaudinae. Myers (in Eigenmann and Myers,
1929:467) noted that Argopleura is a glandulo-
caudine. Miles (1947:152) commented that Ar-
goplerua is placed between the Tetragonopteri-
nae and Glandulocaudinae because it has the
dorsal fin in the middle of the body, a putative
tetragonopterine character, and at the same time
a "glandular scale" at the base of the central
caudal-fin rays, a glandulocaudine character.

Earlier, Miles (1943:54) stated that Argopleura
shows some of the characters of Gephyrocharax
of the Glandulocaudinae but listed no morpho-
logical similarities.

Bohlke (1954:265) considered Argopleura a
glandulocaudine but noted the possible poly-
phyly of the Glandulocaudinae. Subsequently in
the same paper (p. 267), he considered his new
glandulocaudine genus, Planaltina, to be closest
to Argopleura "in structural characters." How-
ever, he listed no morphological similarities, only
differences between the two genera. Later,
Bohlke (1958a:44) placed these two genera as a
couplet in his key to the Glandulocaudinae. His
key indicates that of all the glandulocaudine gen-
era, only Planaltina and Argopleura share the
character combination of the dorsal fin located
nearer to the eye than to the caudal-fin base,
males without hooks on the posterior anal-fin
rays, and absence of a posterior anal-fin lobe.
These are, however, all primitive glandulocau-
dine characters common also to the Tetragon-
opterinae as an outgroup and as such cannot be
used to relate genera within the Glandulocaudi-
nae. Furthermore, large adult males of some
species of Argopleura have very small hooks as
far posteriorly as principal anal-fin rays 21 and
22 (apomorphy 7).

Nelson (1964a:70) noted "the greatly enlarged
and peculiarly sculptured [caudal] scale in Argo-
pleura, Tyttocharax, and Xenurobrycon" but made
no comment about a relationship among these
genera. Nelson (1964a: 127-128) considered Ar-
gopleura related to Bryconamericus, agreeing with
the earlier opinions of Eigenmann (1913:10,
1927:395) and B6hlke (1954:267).

Gery (1966:227) thought Gephyrocharax pos-
sibly "near" Argopleura and on page 235 placed
these two genera as a couplet in his key to the
Glandulocaudini, based on a character, "Base of
lower caudal lobe forming a distinct 'spur' in
males." This description was apparently based on
Eigenmann's statement (1913:10) that Argo-
pleura species have "lower caudal fulcra" in
males. The so-called lower caudal fulcra of males
of most species of Gephyrocharax can be seen in
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the ventral caudal-fin lobe of Gephyrocharax atri-
caudatus (Figure 17). In that genus some of the
procurrent ventral caudal-fin rays are modified,
usually thickened, and somewhat separated from
the more dorsal rays. A separation and less pro-
nounced modification of these rays also occurs
in Corynopoma riisei (Figure 16), as well as in the
species of Pterobrycon. Not all species of Gephy-
rocharax have the ventral procurrent caudal-fin
rays as highly modified as they are in Gephyro-
charax atricaudata. Population samples of Gephy-
rocharax venezuelae Schultz show little to no mod-
ification except in a very few large, apparently
old males. All Argopleura males that we examined
lack such modifications and their ventral procur-
rent caudal-fin rays are like those of most char-
aciforms. Compare these rays in Argopleura (Fig-
ures 8, 9) with those of Landonia latidens (Figure
18), Phenacobrycon henni (Figure 20), and Brycon
meeki (Figure 21), fishes that never have been
described as having a caudal spur or lower caudal
fulcra.

Dahl (1971:140) placed Argopleura in the Te-
tragonopterinae without comment and Fowler
(1975a:28) also placed Argopleura in the Tetra-
gonopterinae without comment, apparently
based on Eigenmann (1913:10).

Gery (1977:358) again placed Argopleura and
Gephyrocharax as a pair in his key, this time based
on the statement, erroneous for Argopleura, that
most ventral procurrent caudal-fin rays in males
of both genera are separated (dorsally) from the
remainder of the fin. We find no separation in
specimens of Argopleura. Gery said nothing fur-
ther about possible relationships of Argopleura
but noted that it shares some characters (unspec-
ified) with Bryconamericus. The only characters
we know these genera to share are primitive for
the taxonomic levels just mentioned and are pre-
sent in many other tetragonopterines. Thus these
characters provide no information about a close
genealogical relationship between these two gen-
era.

DIAGNOSIS.—The following two synapomor-
phies are diagnostic for Argopleura and corrob-
orate a hypothesis that its known species are

more closely related to one another than to any
other species of xenurobryconin characids.

6. In sexually mature males the accessory pouch scale
(defined under apomorphy 3) bears a posterodorsal process
that extends medial to the pouch scale and is approximately
rectangular in shape (shown by dashed lines in Figure 22).
The joint border between the pouch scale and the accessory
pouch scale is not a simple overlap. The borders are sinuous,
thickened and form a squamosal joint. In addition, the
posteroventral border of the accessory pouch scale forms
the anterior part of the pouch opening (Figures 8, 9).

In a 37.0 and a 44.1 mm SL male of Argopleura sp. (ANSP
127516), the pouch scale and the accessory pouch scale were
fused together, but such fusion is uncommon in this sample.

In all other male xenurobryconins the acces-
sory pouch scale is of the usual characid scale
shape with no posterodorsal process and its pos-
terodorsal border lies lateral to the pouch scale
rather than medial to it as in Argopleura. No
other xenurobryconin, glandulocaudine, or char-
acid known to us has a squamosal border between
two caudal scales. This can be seen in Iotabrycon
praecox (Figure 23), Tyttocharax madeirae (Figure
24), and Xenurobrycon macropus (Figure 25).
Other glandulocaudines and characids some-
times have enlarged ventral lobe caudal-fin scales
but never shaped like the accessory pouch scale
of Argopleura.

7. The bony hooks [classified as contact organs by Collette
(1977:226)] on the anal fin of sexually mature males occur
in two major groups on the anterior half of the anal Fin
(Figure 38). In all specimens there was at least one, but
usually two or three, hookless rays between the first and
second groups of hooks. An anterior group of relatively
small posterodorsally and laterally directed hooks occurs on
the anterior 1 -4 principal fin rays (the count starts with the
longest anterior unbranched ray). Usually these hooks occur
on principal rays 1-3, but in one sample of Argopleura sp.
(USNM 220369) a very few and minute hooks were present
only on principal rays 1 and 2. The second group, comprised
of much larger, anterodorsally and laterally directed hooks,
occurs approximately on principal rays 5-14, depending on
the species. The hooks usually begin on ray 6 or 7 and
terminate on rays 12 to 14. There are from one to four
hooks per ray in the second group with two or three the
most common numbers. A third group of posterodorsally
directed hooks, distinguished by their very small size, may
occur on the rays posterior to those bearing the second
group. These hooks may be found on none to nearly all of
the remaining posterior anal-fin rays.
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The hooks on the anal-fin rays of other male
xenurobryconins and glandulocaudines occur in
a variety of forms and shapes, but not in two
distinct groups. lotabrycon praecox (Figure 39),
Scopaeocharax atopodus (Figure 40), Tyttocharax
madeirae (Figure 41), Xenurobrycon macropus
(Figure 42), and Xenurobrycon pteropus (Figure
43) show some of this variety. Anal-fin hook
placement in Tyttocharax could be interpreted as
a terminal transition stage derived from the con-
dition in Argopleura, but the most parsimonious
cladogram contradicts this hypothesis. (See also
apomorphy 67). Anal-fin hook placement in non-
glandulocaudine characids can vary, but the
hooks are most commonly located in the anterior
third to half of the fin and are not reported to
occur in two major groups. Wiley and Collette
(1970:164), Roberts (1973:513), and Collette
(1977:236-241) published accounts of hooks in
characiform fishes. Fink and Weitzman
(1974:11, 22) discuss seasonal variation in occur-
rence of anal-fin hooks ofCheirodon affinis (Meek
and Hildebrand) (1916:275) and the lack of such
variation in Cheirodon dialepturus. (See also the
species description of Xenurobrycon heterodon, p.
89, concerning seasonal variation in hook pres-
ence.) We found no evidence of seasonal varia-
tion in Argopleura, but our sample was not large.

Subgroup A: lotabrycon, Xenurobrycon,
Scopaeocharax, and Tyttocharax

Synonymies and brief notes on the historical
opinions about the putative relationships of these
genera are presented under the treatment of
each genus except Scopaeocharax. The species
included in Scopaeocharax, Tyttocharax, and Xen-
urobrycon have been considered related by
Bdhlke (1958b). Roberts (1973) in describing
lotabrycon as new did not study its possible rela-
tionships with the xenurobryconin characids.

The following twelve synapomorphies corrob-
orate a hypothesis that the genera of subgroup
A are more closely related to one another than
any of them is to another glandulocaudine or
characid.

8. The pored lateral line is abbreviated or absent in

FIGURE 38.—Argopleura chocoensis, anterior anal-Hn rays
(lateral view, left side), male, paratype, SL 45.5 mm, CAS
39030, Colombia, Choco, Rio San Juan, Istmina.

FIGURE 39.—lotabrycon praecox, anterior anal-fin rays (lat-
eral view, left side), male, SL 17.7 mm, USNM 210802,
Ecuador, Los Rios, Rio Palenque.

FIGURE 40.—Scopaeocharax atopodus, anal-fin rays (lateral
view, left side), male, SL 20.7 mm, USNM 207517, Peru,
Huanuco, Rio Huallaga, Tingo Maria.



FIGURE 41.—Tyttocharax madeirae, anal-fin rays (lateral view, left side), male, SL 15.6 mm,
USNM 179540, Brazil, Amazonas, Rio Urubii.

FIGURE 42.—Xenurobrycon macropus, anal-fin rays (lateral view, left side), male, SL
14.4, USNM 219381, Paraguay, Paraguari, Lago Ypacarai.

FIGURE 43.—Xenurobrycon pteropus, anal-fin rays (lateral view, left side), male, SL
13.8 mm, paratype, USNM 232921, Brazil, Amazonas, Fonte Boa.
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adults of both sexes, perforating from zero to seven anterior
scales, and the pouch scale of sexually mature and maturing
males lacks a laterosensory canal (Figures 23-32).

Species of Argopleura have a complete lateral-
line system that includes a tube in the pouch scale
(Figure 22). (See also apomorphy 3.) Most other
glandulocaudines also have a complete lateral
line. Glandulocauda and Mimagoniates (Figure
19) have an incomplete lateral line but no other
xenurobryconin synapomorphies. Therefore we
consider their abbreviated lateral-line canal sys-
tem to be independently evolved.

All xenurobryconins of subgroup A are small
fishes. Many other small to minute characiforms
of various lineages demonstrate such an absence
or reduction in the canals of the laterosensory
system. The laterosensory canal system in mini-
ature fishes may be so small that the effectiveness
of the neuromasts and associated cupulae as stim-
ulus receptors in a laterosensory canal is reduced
due to increased resistance of water to flow as-
sociated with the boundary layer effect in small
tubes (Leyton, 1975:5). The neuromasts and ac-
companying cupulae may be on the body surface
as in many larval fishes (Iwai, 1967). We were
unable to locate neuromasts in these fishes with
the techniques used in this study. It may also be
that the lack of canals and their associated bony
structures is primarily a function of the small size
of these fishes at maturity and the truncated
developmental time required to reach that ma-
turity and size. Whatever the association may be,
most adult characins, which reach only 12 to 25
millimeters in standard length at maturity, have
reduced laterosensory canal and pore compo-
nents of their laterosensory system. (See discus-
sion, p. 97, of caudal pump alterations associated
with small tube size. See also Weitzman and Fink,
1983:345, for a discussion of systematic signifi-
cance of laterosensory reduction.) According to
the most parsimonious consideration of character
distribution among characid taxa, this character
has evolved independently in this group.

9. In sexually mature males the posteroventral muscle slip
comprised of the lateralis superficialis and hypaxialis muscles
does not insert on principal caudal-fin rays 15 to 17 (Figures
44-47).

Other glandulocaudines and characids exam-
ined have a tendinous insertion from these mus-
cles to principal caudal-fin rays 15 to 17 (Figures
48, 49).

10. In sexually mature males the posterodorsal muscle
slip comprised of lateralis superficialis and the separate,
posterior epaxialis muscles does not insert on principal cau-
dal-fin ray 4 (Figures 44-47).

The other glandulocaudines and characids ex-
amined have tendinous insertions from this mus-
cle group to the fourth principal caudal-fin ray
(Figures 48, 49).

11. In sexually mature males the ossified posterior portion
of the posterior pelvic process is reduced relative to its form
in other glandulocaudines and most other characids (Figures

A 37a).

The longer posterior ossification of most other
characids is evident in Argopleura and Brycona-
mericus (Figures 35a and 37ft, respectively).

Gasteropelecine characids lack a posterior os-
sified process (Weitzman, 1954:260, fig. 18), but
this reduction is hypothesized to have evolved
independently in that taxon on the basis of the
most parsimonious consideration of all characters
and taxa involved.

12. The pelvic bone of adult males is located so that from
lateral view its anterior tip lies between or slightly anterior
to the ventral tips of the anterior two pleural ribs (ribs of
the fifth and sixth vertebrae).

In other characids the anterior tip of the pelvic
bone lies in the region ventral to the tips of the
second to third pleural ribs (ribs of vertebrae 6
and 7). The same is true of other glandulocau-
dines, except Corynopoma in which it is ventral to
the tip of the first rib (vertebra 5) and Pterobrycon
in which it extends anteriorly to the first
postcleithrum. In Corynopoma the position of the
pelvic bone is not sexually dimorphic. The most
parsimonious consideration of characters and
taxa indicates that the position of the anterior
pelvic-bone tip in Corynopoma and Pterobrycon is
a homoplasy relative to the position in xenuro-
bryconin subgroup A. (See also apomorphies 41,
42, 53, 62).

13. In adults of both sexes the posteromedial (parietal)
branch of the supraorbital (frontal) sensory canal is reduced
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FIGURE 44.—Iotabrycon praecox, superficial caudal musculature (lateral view,
left side), male, composite based on 2 specimens, SL 12.6 and 13.1 mm, MCZ
50602, Ecuador, Los Rios, Rio Palenque. Border of pouch scale shown in heavy
dotted line.
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FIGURE 45.—Iotabrycon praecox, caudal musculature (lateral view, left side),
male, composite based on 2 specimens, SL 12.6 and 13.1 mm, MCZ 50602,
Ecuador, Los Rios, Rio Palenque. Lateralis superficialis and most of modified
epaxialis + hypaxialis muscle bundle removed, revealing interradialis muscles
of dorsal caudal-fin lobe and other underlying muscles.
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FIGURE 46.—Scopaeocharax atopodus. caudal musculature (lateral view, left
side), male, SL 21.3 mm, USNM 207517, Peru, Huanuco, Rio Huallaga, Tingo
Maria. Border of pouch scale represented by heavy dotted line. Three divisions
of fan-shaped interradialis-b muscle shown with cut borders near where they
insert on medial face of pouch scale.
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FIGURE 47.—Xenurobrycon macropus, caudal musculature (lateral view, left side),
male, SL 15.4 mm, USNM 219381, Paraguay, Paraguari, Lago Ypacarai.
Border of pouch scale represented by heavy dotted line. Fan-shaped interradi-
alis-b muscle illustrated with cut borders near where it inserts on medial face
of pouch scale. Anteroventral corner of interradialis-b pulled up to reveal
insertions of hypaxialis and lateralis superficialis muscle slips.
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FIGURE 48.—Argopleura chocoensis, caudal musculature (lateral view, left side), male, SL 46.3
mm, paratype, USNM 76943, Colombia, Choco, Rio San Juan, Istmina. Lateral, visible borders
of 2 large scales shown in heavy dotted line.
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FIGURE 49.—Bryconamericus sp., caudal musculature Lateral view, right side, reversed so as to
appear as left side), male, SL 75.5 mm, MCZ 48719, Ecuador, Los Rios, Arroyo Bambino,
tributary of Rio Cristal at Montalba.
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in length, never extending into the parietal bone (Figures
50-55).

Argopleura (Figure 56), all other glandulocau-
dines, and most large characids (longer than
about 30 mm SL as adults) (Figures 57, 58) have
the posteromedial branch of the supraorbital
canal extending almost to the posterior margin
of the parietal bone. (See apomorphy 8 and
Weitzman and Fink, 1983:391-394, for further
comments on small size and laterosensory canal
reduction in characids.)

14. The laterosensory canal of the posttemporal bone of
adults of both sexes is absent (Figures 51-55).

In Argopleura (Figure 56), other glandulocau-
dines, and most characids (Figures 57, 58) a
laterosensory canal is present in the posttem-
poral. In Argopleura sp. (Figure 56), the posttem-
poral canal is partly obscured by the extrascapu-
lar superficial to it.

15. The anteroventral limb or process of the posttemporal
bone is unossified in both sexes, and the ligament that
typically extends between this process and the skull in most
characids attaches to the ventral region of the posttemporal
bone.

The anteroventral posttemporal limb is pre-
sent in all other glandulocaudines and most other
characids examined, and is well developed in
Argopleura. The ossification of the anteroventral
limb is reduced and sometimes absent (although
the ligament remains) in a variety of usually small
species of characids that have several other skull
reductions. Paracheirodon is a typical example of
miniature characids in which this limb is reduced
(Weitzman and Fink, 1983, figs. 6-8); compare
with their illustration of Gymnocorymbus (1983,
fig. 10) in which the posttemporal is complete.
We hypothesize that absence of this process in
subgroup A is independent of its loss or reduc-
tion in other small to minute characids.

16. In adults of both sexes some teeth of the premaxilla
form one or more diagonal series oriented from lateral to
slightly anterodorsal (Figures 59-65).

In other glandulocaudines and in most tetra-
gonopterine characids, the teeth on the premax-
illae are aligned in two approximately even rows

along the ventral border of the bone (Figure 66).
Small characids and a few large characids have
teeth in a wide variety of forms and shapes, but
we know of none with a tooth arrangement like
any of those illustrated here for xenurobryconin
subgroup A.

There is a considerable amount of variation in
the upper jaw teeth of subgroup A, from simple
conic teeth as in lotabrycon praecox (Figure 59),
to partly bicuspid and tricuspid as in some spec-
imens of Xenurobrycon heterodon, to the conic-
toothed, "burr mouths" of Tyttocharax madeirae
(Figure 62). Inspection shows that all these fishes
have one or more diagonal series.

17. All jaw teeth are conical in adults of both sexes
(Figures 59-64). Xenurobrycon heterodon (Figure 65) is an
exception, having some teeth bi- or tricuspid in the dentary
and also sometimes in the premaxilla. The possession of
multicuspid teeth in this species is most parsimoniously ex-
plained as an autapomorphous reversal.

In Argopleura (Figure 66), other glandulocau-
dines, and most other "tetragonopterines," all
jaw teeth are multicuspid in adults. (See Weitz-
man and Fink, 1983), for discussions of the of
tooth cusp number and phylogeny in American
characids.) Some other characid groups, for ex-
ample the Characinae as defined by Gery
(1977:295, 302), have conical teeth. The pres-
ence of conical teeth in subgroup A xenurobry-
conins and in some other characid groups is
hypothesized to be a convergence.

18. Adult size is small, not known to reach a standard
length exceeding 25 mm. The mean standard length of all
the largest specimens examined for all species in the sub-
group was 19.2 mm.

All other glandulocaudines, except Pterobrycon
landoni, are known to have adults exceeding 30
mm standard length. The largest specimen of
each of the 36 species of nonxenurobryconin
glandulocaudines examined range from 25.1 to
about 100.0 mm standard length with a mean of
46.9 mm. All species of Argopleura examined
had adults exceeding 44.0 mm standard length,
the largest being 52.8 mm standard length for
Argopleura chocoensis.

Pterobrycon landoni is known only from the
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FIGURE 50.—Guide to graphic representation of skull and shoulder girdle bones.
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FIGURE 51.—Iotabrycon praecox, posterodorsal region of
skull, pectoral girdle with pterotic aponeurosis (lateral view,
left side), male, SL 17.7 mm, USNM 216802, Ecuador, Los
Rios, Rio Palenque. Note: In this specimen cleithrum and
supracleithrum are fused together.

FIGURE 53.—Scopaeocharax rhinodus, posterodorsal region
of skull, pectoral girdle with pterotic aponeurosis (lateral
view, left side), male, SL 20.8 mm, paratype, ANSP 78711,
Peru, Huanuco, Rio Rondos, tributary of Rio Monzon,
Tingo Maria.

FIGURE 52.—Scopaeocharax atopodus, posterodorsal region
of skull, pectoral girdle with pterotic aponeurosis (Lateral
view, left side), male, SL 21.1 mm, USNM 207517, Peru,
Huanuco, Rio Huallaga, Tingo Maria.

FIGURE 54.—Tyttocharax madeirae, posterodorsal region of
skull, pectoral girdle with pterotic aponeurosis (lateral view,
left side), male, SL 17.9 mm, USNM 179540, Brazil, Ama-
zonas, Rio Urubu.

holotype, a mature male 25.1 mm standard
length. This indicates that small size may have
evolved independently in this species. However,
there is no reason to believe that P. landoni get
no larger. Some males of Pterobrycon myrnae of-
ten mature at about 25.0 mm standard length

but others, which mature late, will exceed 30.0
mm standard length. Pterobrycon landoni may get
much larger than the one known individual in-
dicates. In a related species, Corynopoma riisei,
males will often mature at about four months of
age and 24.0 mm standard length. Other individ-



FIGURE 55 (top left).—Xenurobrycon heterodon, posterodorsal
region of skull, pectoral girdle with pterotic aponeurosis
(lateral view, left side), male, SL 16.4 mm, USNM 219390,
Ecuador, Pasta/a, Rio Bolxma/a.

FIGURE 56 (bottom left).—Argopleura sp., posterodorsal re-
gion of skull, pectoral girdle with pterotic aponeurosis (lat-
eral view, left side), male, SL 42.3 mm, ANSP 127515,
Colombia, Caldas, Rio Mercedes.

FIGURE 57 (top right).—Astyanax mexicanus, posterior region
of skull, pectoral girdle with pterotic aponeurosis (lateral
view, left side), female, SL 52.4 mm, MCZ 41365, Mexico,
Tamaulipas, Rio Guaylejo.

FIGURE 58 (bottom right).—Astyanax mexicanus, posterior
region of skull, pectoral girdle (lateral view, left side), female,
SL 52.4 mm, MCZ 41365, Mexico, Tamaulipas, Rio Guay-
lejo.



FIGURE 60.—Scopaecharax atopodus, jaws and dentition (lat-
FIGURE59.—lotabrycon praecox, jaws and dentition (antero- eral view, right side), male, SL 21.1 mm, USNM 207517,
lateral view, right side), male, SL 21.5 mm, USNM 216802, Peru, Huanuco, Rio Huallaga, Tingo Maria.
Ecuador, Los Rios, Rio Palenque.

FIGURE 61.—Scopaeocharax rhinodus, jaws and dentition (an-
terolateral view, right side), male, SL 20.7 mm, paratype FIGURE 62.—Tyttocharax madeirae, jaws and dentition (an-
ANSP 78711, Peru, Huanuco, Rio Rondos, tributary of Rio terolateral view), male, SL 15.4 mm, USNM 179540, Brazil.
Monzon, vicinity of Tingo Maria. Amazonas, Rio Urubu.
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a
FIGURE 63.—Xenurobrycon macropus, jaws and dentition (anterolateral view, right side): a, male,
SL 16.3 mm, paratype, CAS 40764, Brazil, Mato Grosso, Rio Bodoquena; b, male, SL 14.4
mm, USNM 219381, Paraguay, Paraguari, Lago Ypacarai.

a
FIGURE 64.—Jaws and dentition (anterolateral view, right side): a, Xenurobrycon macropus,
female, SL 15.6 mm, UMMZ 205484, Paraguay, Central, 7 km E of Luque on road to Aregua;
b, Xenurobrycon pteropus, male, SL 13.8 mm, paratype, USNM 232921, Brazil, Amazonas,
Fonte Boa.
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FIGURE 65.—Xenurobrycon heterodon, jaws and dentition (anterolateral view, right side): a, male,
SL 16.7 mm, paratype, USNM 219391, Peru, Huanuco, Rio Pachitea; b, male, SL 16.4 mm,
paratype, USNM 219390, Ecuador, Pastaza, Rio Bobonaza.

uals, maturing a few months later, will be over
36.0 mm standard length. Early and late matu-
ration and variation in size of adult males is
common in Corynopoma, both in aquarium spec-
imens raised from the same parents and in wild
populations. Delayed maturation or at least var-
iation in size of maturing males may be common
in more than one glandulocaudine group. For
example, the wild-caught sexually mature male
Xenurobrycon macropus used in the illustration of
the developed scale (Figure 28) is smaller than
the wild-caught male used to draw the develop-
ing scale (Figure 31). (See pp. 32 and 62, for
further discussions on small size in characids.)

Genus Iotabrycon Roberts, 1973

Iotabrycon Roberts, 1973:491 [type-species: Iotabrycon prae-
cox Roberts, 1973:492 by original designation].—Gery,
1977:359 [listed in key].—Mahnert and Gery, 1984:510
[note on caudal skeleton].

Roberts (1973) in his original description of
Iotabrycon praecox hypothesized and investigated

FIGURE 66.—Argopleura chocoensis, jaws and dentition (an-
terolateral view, right side), male, SL 45.5 mm, paratype,
CAS 39030, Colombia, Choco, Rio San Juan, Istmina.
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the relationships of Phenacobrycon, Landonia, and
Iotabrycon, all, so far as is known, monotypic and
endemic to the Guayas basin in western Ecuador.
We examine this hypothesis in the discussion
section, pp. 62-64. Roberts found no specialized
characters shared only by these taxa.

Gery (1977:359) keyed Iotabrycon praecox to a
couplet including Landonia latidens and stated
that Iotabrycon was "of uncertain lineage, possibly
close to the Aphyoditeina." This is an assemblage
of minute nonglandulocaudine characids dis-
cussed by Gery (1973) and we doubt its mono-
phyly. Gery (1977:359) presented no evidence
for this suggested relationship, but we infer that
Gery was considering the small size of Iotabrycon
and its possession of few and conic teeth. See
Gery (1973:81) for a definition of the Aphyodi-
teina.

Roberts (1973:491) described a number of
putative diagnostic characters for Iotabrycon, a
few of which appear to be autapomorphies and
therefore distinguish Iotabrycon from its relatives.
Most of the "diagnostic" characters used by Rob-
erts are descriptive but not by themselves diag-
nostic although they may be diagnostic in com-
bination. These characters are primitive for
either characids, glandulocaudines, xenurobry-
conins, or xenurobryconin subgroup A. Some
are of uncertain polarity or homoplasies present
also in some members of xenurobryconin sub-
group B and are not included below.

DIAGNOSIS.—The following ten features are
diagnostic for Iotabrycon and are autapomorphies
of Iotabrycon praecox.

19. The parhypural and hypural 1 are fused together in
females as well as in males.

In all other xenurobryconins such fusion is
present only in males. (See apomorphy 1 for
further discussion.)

20. In adult males the distal tips of the adjacent, median
branches of principal caudal-Fin rays 10 and 11 are enlarged
in the sagittal plane and have rounded bladelike borders,
which face each other (Figure 10).

Enlarged bladelike distal fin-ray segments are
not present in other glandulocaudines or chara-
cids. In males of some species of Argopleura (Fig-

ure 9), the median branches of rays 10 and 11
have several short, median branches which to-
gether form a spatulate effect somewhat similar
to that of the bladelike segments in Iotabrycon.
Based on the differences in morphology this su-
perficial similarity is judged not homologous.

21. The ventral region of the pouch scale of sexually
mature males is posteriorly lengthened, consisting of hyper-
trophied, long accessory bony fimbriae (Figures 10, 23). As
a result of the hypertrophy of this region, the accessory
pouch scale is separated from the opening of the caudal sac
since the opening is bordered ventrally by the elongate
accessory bony fimbriae.

A similar fimbriate process is absent in scales
of other xenurobryconins and most other glan-
dulocaudines. The large caudal-fin scale in males
of both species of Pseudocorynopoma and of Hys-
teronotus megalostomus has an elongate, ventrally
located slender posterior process. However, since
the pouch scale in these fishes is not derived from
the posterior terminal lateral-line scale, we hy-
pothesize that the process in these genera is not
homologous with that in Iotabrycon.

Roberts (1973:494, fig. 3) illustrated and dis-
cussed one of the posterior series of fimbriae as
detached from the ventral posterior process.
Roberts stated that this series of fimbriae might
represent a separate scale, although he indicated
this hypothesis to be questionable. All specimens
we have seen, incuding those examined by Rob-
erts, have no detached fimbriae. We found that
it requires twisting and turning of the scale in
various lights to ascertain this. This manipulation
is especially necessary in the specimen drawn by
Roberts.

22. The posterior epaxialis and hypaxialis muscles of adult
males have a large modified combined bundle or mass, which
extends from the lateral midline of the caudal peduncle just
deep to the lateralis superficialis and inserts distally on
principal caudal-fin rays 3-8 superficial to and at the point
of the posterior insertions of the interradialis muscles (Figure
44).

In other glandulocaudines and characids and
in female specimens of Iotabrycon the epaxialis
inserts on the bases of the dorsal principal rays
2-5, anterior to the posterior insertions of the
interradialis bundles. The hypaxialis inserts only
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on ventral caudal-fin lobe rays and the epaxialis
and hypaxialis muscle bundles are always sepa-
rated by a connective-tissue septum (Figures 46-
49).

23. The interradialis muscles of sexually mature males
have the following special features: The fibers extending
from the midbase of the caudal fin to principal fin-ray 10
are very restricted in length, attaching only near the base of
ray 10. The fibers that extend across adjacent rays, rather
than between adjacent rays, are much less extensive in the
dorsal caudal-fin lobe than in the ventral lobe, and the
dorsalmost proximal attachment of the fibers of the ventral
caudal-fin lobe is to principal ray 10 (Figures 44, 45).

In other glandulocaudines and characids the
muscle bundles from the midbase of the caudal
fin to principal ray 10 are at least as extensive as
those from the middle of the fin to ray 11; the
fibers extending across adjacent rays are at least
as extensive in the dorsal lobe as in the ventral
lobe; and the dorsalmost proximal attachment of
the ventral-lobe muscle bundles is either princi-
pal ray 11 (Figures 46, 47) or a septum extending
across the middle of the caudal peduncle.

24. The predorsal region lacks scales in adults of both
sexes.

We know of no other glandulocaudines in
which this is true. There are some tetragonop-
terine characids, for example Gymnocorymbus ter-
netzi Boulenger and Hyphessobrycon bifasciatus
Durbin (many populations but not all), that lack
predorsal scales. The most parsimonious consid-
eration of the character distributions among
these taxa indicates that this is a homoplasy.

The exact extent to which the predorsal scales
are absent in Iotabrycon is uncertain. All available
specimens lack most of their body scales. The
scale pockets remain and for the most part can
be traced. Both females and males appear to lack
scale pockets in the predorsal region dorsal to
the narrow pigment stripe along the dorsal bor-
der of the abdominal cavity. Scales occur in the
epaxial region ventral to the dorsal-fin base and
posteriorly to the caudal-fin base, as illustrated
by Roberts (1973:491, fig. 1).

25. The maxilla is toothless in both sexes (Figure 59).

Most characids have a toothed maxilla with

one to many teeth in a single row along its ventral
border. In most glandulocaudines and many te-
tragonopterines there are one to three teeth
anteriorly. Within the Xenurobryconini, Argo-
pleura has one to at least three teeth in the
maxilla (Figure 66). Other xenurobryconins (Fig-
ures 60-65), have the maxillary border from
about half toothed to nearly fully toothed (see
also apomorphies 46, 60, and 66). The absence
of maxillary teeth in some tetragonopterine char-
acids and in Iotabrycon represents a homoplasy
according to the most parsimonious character
distribution.

26. The dorsolateral lamellar process of the angulo-
articular bone is absent in both sexes (Figure 59).

In Argopleura (Figure 66), Scopaeocharax (Fig-
ures 60, 61), and Xenurobrycon (Figures 63-65)
a dorsolateral lamellar process lies external to
the dentary bone. The same is true of other
glandulocaudines and most other characids.

The anguloarticular process is absent also in
the species of Tyttocharax (apomorphy 71, Figure
62). The most parsimonious cladogram pre-
sented below indicates that this absence is hom-
oplasious.

Subgroup B: Xenurobrycon, Scopaeocharax,
and Tyttocharax

Bohlke (1958b:318), Gery (1965:58, 1965b:
196), and Mahnert and Gery (1984:512-513)
discussed the relationships of the xenurobry-
conin glandulocaudines as then defined. Al-
though Bohlke used similarities to unite groups
of species in his key, his primary emphasis was
on differences separating the terminal taxa.
Bohlke (1958b:318) stated, "Table 1 lists some
[ten categories] of the obvious differences be-
tween the xenurobryconin species." But the ta-
ble, if examined for similarities, list six character
transformation series used in the present study
as synapomorphies at various levels in the xenu-
robryconin phylogeny.

Gery (1963:58) looked for similarities useful
for relating certain xenurobryconin species and
found the posterior position of the anal-fin ray
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hooks common to the species here referred to
Tyttocharax. The key constructed by Gery
(1965b: 196) reflects the utilization of this char-
acter.

No claim was made by Bohlke (1958b:318) or
Gery (1963:11, 1965b:196, 1977:362) to have
studied the relationships of the species then as-
signed to the Xenurobryconini and Gery
(1963:11) made the point that these fishes "are
still little known."

Mahnert and Gery (1984:510-512) list five
characters common to Xenurobrycon macropus
and Tyttocharax madeirae and suggested that
these characters indicate the monophyly of their
Xenurobryconini. They also noted the limitation
of their study based on their lack of detailed
examination of what is here called Scopaeocharax
rhinodus. While we concur with the use of some
of these features, others we find problematical
or appropriate to different taxonomic levels. A
survey of these features follows.

Their first character is a complex of all the
characters they found in the male caudal skele-
ton. According to their text, these can be sepa-
rated into about six characters. The first, the
presence of a caudal gland covered by a strongly
modified and striated scale, is treated here at
several taxonomic levels (see our comments on
the caudal gland at the "glandulocaudine" level
in the Introduction, p. 1, and for the structures
of the scale see apomorphies 3, 6, 32, 33, and
57). We find only those aspects of the pouch
scales treated here in apomorphies 32 and 33
relevant as subgroup B synapomorphies. Mah-
nert and Gery (1984:510) found the base of ray
8 of the lower caudal-fin lobe (= our ray 11)
enlarged and modified. This equals our apomor-
phy 28 and is a synapomorphy for subgroup B.
(See also our use of this feature in apomorphy
48.) They noted the modified distal end of this
fin-ray in Tyttocharax madeirae (here used as a
synapomorphy for Subgroup C, apomorphy 55).
Mahnert and Gery noted one to three reduced
rays ventral to the eleventh fin ray, but we find
that not all members of subgroup B have this
feature and we are able to use a form of it only
as a synapomorphy (47) for the species of Xenu-

robrycon. They also used the fusion of hypural
one to the parhypural as equivalent to a subgroup
B character, but we find that it applies to our
more inclusive Xenurobryconini, apomorphy 1.
Finally, they noted that hypural 2 is slightly mod-
ified. While some shortening of hypural 2 and
reduction in its cartilaginous tip may indeed be
a synapomorphy of subgroup B, we found the
distal shape of the hypural to be quite variable.
Thus we do not use this as a character at any
level.

Mahnert and Gery (1984:510) noted the dor-
sally truncated supracleithrum in Xenurobrycon
macropus and Tyttocharax madeirae and indicated
it as a possible character for their Xenurobrycon-
ini. We find that this character is limited to these
two genera. The supracleithrum is much longer
in Scopaeocharax, Iotabrycon, and Argopleura
(compare Figures 51-56). On p. 66 we treat this
character and find the similarity between Xenu-
robrycon and Tyttocharax to be superficial and,
even if considered morphologically identical, to
be a homoplasy.

Mahnert and Gery (1984:510) found the
epioccipital bridge absent in Xenurobrycon macro-
pus and Tyttocharax madeirae but present in Sco-
paeocharax atopodus. We agree with their obser-
vations and find the bridge absent in all species
of Xenurobrycon (Figure 55) and Tyttocharax (Fig-
ure 54) examined but present in Scopaeocharax
(Figures 52, 53). It is equally parsimonious to
assume either independent loss of the structure
in Xenurobrycon and Tyttocharax, or loss of the
bridge as a synapomorphy of subgroup B xenu-
robryconins with a reversal in Scopaeocharax.
Since this feature is ambiguous, we do not use it
as a synapomorphy for subgroup B.

A reduced number of branched dorsal-fin rays
(6 or 7) was also suggested by Mahnert and Gery
(1984:512) as a possible character of their Xen-
urobryconini. Most American characids have 9
branched dorsal-fin rays, Weitzman and Gery
(1981:899), and this is the number found in
Argopleura. Roberts (1973:492) reported 6 to,
usually, 7 branched rays in the dorsal fin of
Iotabrycon praecox. Bohlke (1958b:322, 324) re-
ported the usual branched dorsal-fin ray count
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as 7 (one specimen of 5. rhinodus had 8 rays). We
have not used this reductive character as a syn-
apomorphy (see discussion of labile characters in
the methods section), but if it were used it would
apply to subgroup A xenurobryconins, not sub-
group B as indicated by Mahnert and Gery.

Finally, Mahnert and Gery (1984:512) stated
that the pelvic fins of males show a clear tendency
for elongation. This is noticeably true for species
of Xenurobrycon, Tyttocharax, Scopaeocharax, and
Iotabrycon. If this character can be used as de-
scribed by Mahnert and Gery it would apply to
subgroup A. However, many species of characids
appear to have slightly to somewhat longer pelvic
fin rays in the males than in the females. This is
also true for Argopleura. We have not applied the
character at the level of the Xenurobryconini or
for most xenurobryconin subgroups because the
character differs subtly among most of these taxa
and we lack good outgroup information. How-
ever, in Xenurobrycon, where the male pelvic fins
are quite elongate, we have used the character.
The length of the pelvic fin in males of species
of Tyttocharax varies, with the greatest elongation
in T. madeirae. (See also comments under apo-
morphy 53). We have postponed the use of this
character for all taxonomic levels except Xenu-
robrycon pending description and redescription
of the species of Scopaeocharax and Tyttocharax.

The following 20 synapomorphies corroborate
a hypothesis that the genera of subgroup B are
more closely related to one another than any are
to Iotabrycon, to any other glandulocaudines, or
to any other characids.

27. Sexually mature males have the proximal portions of
principal caudal-fin rays 10 and 11 arched dorsally, with ray
11 more curved than ray 10 (Figures 11-14). As a result of
the greater arch in ray 11, the elongate space between rays
10 and 11, present in males of Argopleura and Iotabrycon
(Figures 8-10), is absent, although rays 10 and 11 may
remain widely separated proximally.

Other glandulocaudines and characids show
little or no dorsal curvature in rays 10 and 11
(Figures 15-21).

Rays 10 through 12 or 13 show slight dorsal
curvature in species of Mimagoniates (Figure 19),

as does ray 12 in Landonia latidens (Figure 18).
The curvature is correlated with differently mod-
ified fin rays in Mimagoniates and a peculiar tissue
structure (gland?) in Landonia males. We do not
consider the similarities homologous. In any case,
based on the most parsimonious cladogram, such
curvature appears to have evolved independently
in these fishes.

28. In sexually mature males the base of principal caudal-
fin ray 11, the dorsal ray of the ventral caudal-fin lobe, is
hypertrophied into a large unciform dorsally curved process,
the proximal tip of which lies lateral to hypural 3 (Figures
11-14).

No such hypertrophy is present in any other
glandulocaudines or characids (Figures 8-10,
15-21).

29. In sexually mature males the distal halves of principal
caudal-fin rays 7-10 (the ventral rays of the dorsal caudal-
fin lobe) curve strongly ventrally. Ray 10 is more strongly
curved than ray 7 so that the distal tips of approximately
rays 8-10 overlap part of the ventral caudal-fin lobe (Figures
3-7,67).

Note that these arched fin rays (Figures 11-14, 46, 47)
have been drawn out of their natural position so that prin-
cipal rays 7-12 may be seen in the illustrations. These rays
actually extend ventrally almost at right angles past principal
ray 13 to reach about principal ray 18.

Iotabrycon praecox (Figures 2, 10, 68) and spe-
cies of Argopleura (Figures 1, 8, 9, 33, 48, 69,
70), display no strongly arched rays, and no other
glandulocaudines or characids are known to have
principal rays 7-10 in the shape described above,
although there may be slight distal ray overlap
as in Argopleura chocoensis (Figure 69).

The two species of Brittanichthys as described
by Gery (1965a, figs. 1, 2, 5, 7) show caudal-fin
rays, which arch ventrally at their distal ends. In
B. axelrodi and B. myersi only the twelfth ray is so
modified and in a very different way than in any
xenurobryconin. We conclude on the basis of
their dissimilarity that these structures in Brittan-
ichthys and in subgroup B xenurobryconins are
not homologous and have evolved indepen-
dently. Both Gery (1965a: 14) and Roberts
(1973:489) suggested that Brittanichthys might be
a glandulocaudine. Gery (1977:591) appears to
have abandoned that hypothesis, placing it
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FIGURE 67.—Xenurobrycon macropus, caudal peduncle and fin (lateral view, left side), male, SL
15.4 mm, USNM 219381, Paraguay, Paraguari, Lago Ypacarai.

FIGURE 68.—Iotabrycon praecox, caudal peduncle and fin (lateral view, left side), male, SL 17.2
mm, USNM 212065, Ecuador, Los Rios, Rio Nuevo, tributary of Rio Vinces.
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FIGURE 69.—Argopleura sp., caudal peduncle and fin (lateral view, left side),
male, SL 46.3 mm, USNM 220369, Colombia, Cundinamarca, Rio Calan-
daima, tributary of Rio Bogota.

FIGURE 70.—Argopleura chocoensis, caudal peduncle and fin (lateral view, left side), male, SL
46.4 mm, paratype, CAS 39030, Colombia, Choco, Rio San Juan, Istmina.
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among his "Aphyodite-Group" based on characters
of tooth morphology. No further reason for this
placement is given. Whatever the relationships
of Brittanichthys, they do not seem to be with the
xenurobryconin glandulocaudines. Brittanichthys
shares none of the synapomorphies listed above
for any xenurobryconin.

30. In sexually mature males principal caudal-fin rays 11
through about 14 are very narrow distally and may be
shortened (Figures 11-14).

This kind of narrowing is not present in males
or females of other characids or glandulocau-
dines (Figures 8-10, 15-21).

31. In sexually mature males principal caudal-fin rays 1-
8 and 16-19 and the largest ventral procurrent ray are
expanded in a sagittal plane, with the expansion most
marked near the dorsal and especially the ventral margins
of the fin (Figures 11-14).

Such expansion is not present in most other
glandulocaudines nor in most other characids
(Figures 8-10, 15-21). Expansion in a sagittal
plane of the rays near the dorsal and ventral
margins of the caudal fin is present to a lesser
degree in the males of Glandulocauda and Mi-
magoniates (Figure 19). Vari (1982:5, fig. 5) re-
corded an expanded principal caudal-fin ray 19
in the males of some species of Curimatopsis Stein-
dachner (1876:81). The most parsimonious hy-
pothesis suggests that such expansions in the two
glandulocaudine genera and in Curimatopsis are
independent of the expansion in subgroup B
xenurobryconins.

32. In sexually mature males the hypertrophied posterior
field of the pouch scale is horizontally less elongate than in
the other xenurobryconins. The greatest vertical depth of
the pouch scale varies from about 70 percent to about 115
percent of its greatest horizontal length, depending upon
the species examined (Figures 26-31).

In mature Iotabrycon and Argopleura (Figures
10, 22) the greatest vertical depth of the pouch
scale varies from about 52 to 65 percent of its
greatest horizontal length. No other glandulo-
caudines or characids have a terminal lateral line
scale modified into a pouch scale, so that there is
no single caudal scale to which that of the xenu-
robryconins could be compared. Caudal scale

shape in these outgroups varies from rounded to
elongate, depending on the species and position
of the scales on the caudal fin. Thus, since a
polarity assessment of scale shape is not correctly
possible, it is simplest to assume that the shape
present in Argopleura and Iotabrycon is primitive
for the Xenurobryconini.

The horizontal length of the pouch scale of
Xenurobrycon heterodon (Figure 30) is distinctly
greater (depth about 72 percent of horizontal
length) than that of X. pteropus (82 percent) or
X. macropus (93 percent), Scopaeocharax (95 per-
cent), or Tyttocharax (115 percent) (Figures 26-
29). The elongate shape of the scale of X. hete-
rodon is apparently not primitive but a secondary
elongation of the posterior field with a concom-
itant increase in the number of ventral border
radii to between 90 and 100. In other Xenuro-
brycon species, Scopaeocharax, and Tyttocharax,
the ventral radii number about 40 to 70, and
neither Argopleura nor Iotabrycon are known to
have more than about 40. (See also apomorphy
3.)

33. The pouch scales of sexually mature males have an
anteroventrally located process (Figures 26—30).

Such a process is absent in the pouch scales of
Argopleura and Iotabrycon (Figures 10, 22), and
in other characids the terminal lateral-line scale
lacks such a process. Some specimens of Argo-
pleura have a small process in this region, but
this process is not consistently present and ap-
pears to form part of an irregular, variable bor-
der with the accessory pouch scale. We believe it
not homologous to the process of subgroup B
xenurobryconins. The articulation between the
pouch scale and accessory pouch scale in sub-
group B xenurobryconins is simple and without
the squamosal joint present in Argopleura.

In Iotabrycon praecox (Figures 10, 23, 32), a
short process occurs ventrally and is directed
posteriorly. In a developing male 14.7 mm SL
this process appears to be part of the posterior
border of the scale (compare Figures 10 and 32).

In Scopaeocharax and Tyttocharax the antero-
ventral process is quite evident (Figures 26, 27;
apomorphy 60). It is also obvious in adult male



50 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

Xenurobrycon pteropus (Figure 29). It is less visible
in adult male Xenurobrycon heterodon (Figure 30)
and only a slight process is seen in adult male
Xenurobrycon macropus (Figure 28). In a late-
maturing male of Xenurobrycon macropus (Figure
31), the process is even less developed.

The anteroventral process occupies approxi-
mately the topographic position of the accessory
pouch scale in Argopleura (Figure 22) and might
represent that scale fused to the large pouch
scale. Developmental evidence however, al-
though slight, indicates that the pouch scale de-
velops from a single scale (Figure 31) and that
the anteroventral border of the scale develops
into the anteroventral process in mature males.
There is no evidence of fusion of the accessory
pouch scale to the pouch scale in subgroup B
xenurobryconins. All projections and processes
on the pouch scale appear to be derived by
differential growth of parts of the scale rather
than by fusion with other bony elements.

34. In sexually mature males the interradialis muscle
Fibers that insert on principal caudal-fin rays 7-10 cross over
adjacent rays, extending much further distally than any
other interradialis fibers of the dorsal caudal-fin lobe (Fig-
ures 46, 47).

In other characids and glandulocaudines no
dorsal-lobe interradialis fibers extend abruptly
further than those to adjacent rays (Figures 48,
49). Some dorsal-lobe interradialis fibers are also
extensive distally in Iotabrycon males (Figure 45);
the increased posterior extent of some dorsal-
lobe fibers in males may in fact be a synapomor-
phy for Iotabrycon, Scopaeocharax, Tyttocharax,
and Xenurobrycon. We have not recorded this as
a synapomorphy above for subgroup A because
we see little actual similarity. In Iotabrycon the
fibers consist solely of those between adjacent
rays, while in Xenurobrycon, Scopaeocharax, and
Tyttocharax the fibers are primarily those that
pass over adjacent rays. In addition, in Iotabrycon
the fibers are extensive distally on rays 5-8, while
in Xenurobrycon, Scopaeocharax, and Tyttocharax
it is the fibers inserting on rays 7-10 that are
distally extensive. Thus, the only morphology
actually present in all four genera, is some distal

expansion between ray fibers on rays 7-8, rela-
tively weak evidence of synapomorphy. In any
case, the extensiveness of the fibers that pass
over adjacent rays with a distal attachment on
rays 9 and 10, and the thickness of the muscle
distally, are all unique to Scopaeocharax, Tytto-
charax, and Xenurobrycon.

35. In sexually mature males the interradialis muscle
fibers that attach to the lateral face of the unciform basal
process of principal caudal-fin ray 1 1 (Figures 46, 47, muscle
labeled interradialis-a) form a hypertrophied bundle proxi-
mally.

In other glandulocaudines and characids the
interradialis fibers originating from principal
caudal-fin ray 1 1 form part of the flat sheet of
the ventral caudal-fin lobe interradialis muscles
(Figures 45, 48, 49).

36. In sexually mature males a separate bundle of inter-
radialis fibers (labeled as interradialis-b in Figures 46, 47)
originates along the lateral face and posterior margin of the
unciform process and the dorsal margin of the enlarged base
of caudal-fin ray 11 (Figures 11-14). This bundle fans
dorsally, posteriorly, and ventrally and inserts near the cor-
responding borders of the pouch scale.

No separate interradialis bundle of this nature
is present in any other glandulocaudines or char-
acids (Figures 44, 45, 48, 49) known to us. Pos-
sible functions for the above modified interradi-
alis muscles are suggested in the discussion below
on the putative pheromone pumping mecha-
nisms.

37. In sexually mature males all interradialis muscle fibers
of the ventral caudal-fin lobe are restricted in extent distally,
inserting just beyond the bases of the rays (not visible in
Figures 46, 47).

In most glandulocaudines the interradialis
muscle of the ventral caudal-fin lobe in sexually
mature males (Figures 44,45, 48) is less extensive
than that of the dorsal lobe, but in none are the
ventral-lobe fibers so restricted as in Scopaeo-
charax, Tyttocharax, and Xenurobrycon. In most
characids (Figure 47) the ventral interradialis
muscle fibers are as extensive as those of the
dorsal lobe.

38. There are 18 or fewer branched anal-fin rays present
in both sexes.
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The anal-fin ray count varies widely in tetra-
gonopterine characids but a count of 18 or lower
is relatively uncommon. Other xenurobryconins
and glandulocaudines have 20 or more branched
anal-fin rays (except Glandulocauda melano-
pleura, which has 16-18). According to the most
parsimonious hypothesis, the relatively low count
in xenurobryconin subgroup B evolved indepen-
dently of other low counts within the Characidae.

39. In sexually mature males and females the cartilaginous
portion of the posterior process of the pelvic bone is absent
(Figures 56a,b, 37a).

In other glandulocaudines and characids, ex-
cept for the gasteropelecines (Weitzman,
1954:260, fig. 18), the pelvic bone has a posterior
projection formed of bone proximally and carti-
lage distally (Figures 35a,b, 37b). The most par-
simonious hypothesis indicates that the absence
of the cartilaginous process in gasteropelecines
and subgroup B xenurobryconins is a homoplasy.

40. In sexually mature males the pelvic bone is narrow
relative to its length, with the distance between the tips of
the lateral and posterior processes approximately 33 percent
or less of the distance between the tips of the lateral and
anterior processes (Figures 36a,b, 37a).

In other glandulocaudines and characids, the
distance between the tips of the lateral and pos-
terior processes is distinctly more than 33 per-
cent of the distance between the tips of the lateral
and anterior processes (Figures 35a,b, 37b).

41. In sexually mature males the anterior tip of the pelvic
bone is located anterior to the first pleural rib (rib of the
fifth vertebra). The joint between the pelvic bone and the
pelvic-fin rays of males occurs at or anterior to the area near
the distal tip of the third pleural rib (rib of the seventh
vertebra).

In almost all other glandulocaudines and in all
characids examined, the anterior tip of the pelvic
bone in males and females lies near the distal tip
of the second or third pleural rib and the pelvic-
fin joint is at a position near the distal tip of the
fourth, fifth, or sixth pleural rib.

Species in two other glandulocaudine genera
have the pelvic bone and fin anterior in position,
but in both sexes. In Pterobrycon myrnae (and at
least in the male of Pterobrycon landoni), the

anterior part of the pelvic bone is elongate and
its anterior tip is at a position nearer to the
cleithrum than to the distal tip of the first pleural
rib. The pelvic-fin joint is at a position near the
distal tip of the third pleural rib or just posterior
to this location. It is usually just slightly posterior
in females. In Corynopoma riisei both males and
females have the anterior part of the pelvic bone
elongate and the tip of the pelvic bone is near
the distal tip of the first pleural rib. The position
of the pelvic-fin joint is like that in Pterobrycon
males. Although the pelvic girdle positions of
Corynopoma and Pterobrycon on the one hand and
of subgroup B xenurobryconins on the other are
somewhat similar, they are not exactly the same.
Furthermore, based on male caudal-fin mor-
phology, both Pterobrycon and Corynopoma ap-
pear related to the glandulocaudine genus Ge-
phyrocharax rather than to any xenurobryconins.
Thus the anterior position of the pelvic girdle
and fin in Pterobrycon and Corynopoma appears to
have evolved independently of that feature in
males of subgroup B xenurobryconins. (See also
apomorphies 12, 42, 53, and 62.)

42. In sexually mature females the anterior tip of the
pelvic bone is located at a position well anterior to the second
pleural rib (rib of the sixth vertebra) and may reach as far
anterior as the first pleural rib (rib of the fifth vertebra).

In almost all other glandulocaudines and in
other characids the anterior tip of the pelvic bone
is located ventral to an area between the second
and third pleural ribs. In females of Corynopoma
riisei the pelvic bone tip lies in an area ventral to
the first pleural rib, and in females of Pterobrycon
myrnae it lies near the postcleithrum. As in the
case of the males of these species, the most par-
simonious hypothesis indicates the anterior posi-
tion of the pelvic bone is independently derived
in subgroup B xenurobryconins on the one hand
and in Corynopoma and Pterobrycon on the other.
(See also apomorphies 12, 41, 53, and 62.)

43. In sexually mature males the medial two pelvic-fin
rays of each fin diverge distally from each other much less
than other pelvic-fin rays.

In some cases where rays diverge there is a considerable
amount of membrane between the rays along their middle
length, the amount of membrane diminishing at both the
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proximal and distal ends (Figure 71). In other cases the rays
are held closely parallel by connective tissue and skin (Fig-
ures 72, 73). (See also apomorphy 54.)

In other glandulocaudines and characids, in-
cluding Argopleura and Iotabrycon (Figure 74),
these rays diverge almost as much as the other
pelvic-fin rays. In Figures 71-74, the fin rays are
drawn only partially spread so that the full vari-
ation in extent of interradial membrane is not
evident.

44. In adults of both sexes the premaxillary teeth are
arranged in two or more diagonal series (Figures 60-65).
The median series may comprise only two teeth.

Other glandulocaudines have the premaxillary
teeth with only one diagonal row (Figure 59) or
in two straight rows (Figure 66).

45. The anterior few teeth of the maxilla of both sexes
project somewhat anterolaterally, each slightly more so than
the one posterior to it (Figures 60-65).

Other glandulocaudines have the maxillary
teeth directed straight ventrally as in Argopleura
(Figure 66). In Iotabrycon maxillary teeth are
absent (apomorphy 25). A few nonglandulocau-
dine characids have maxillary teeth directed lat-
erally but these appear related to other nonglan-
dulocaudine characids rather than to any xenu-
robryconins.

It may be that this feature is actually a sub-
group A character, since it is as parsimonious to
assume loss of the derived maxillary tooth state
in Iotabrycon as loss of the primitive one. How-
ever, lacking evidence of such a transformation
in Iotabrycon, we provisionally place this charac-
ter at the subgroup B level.

Note: Many subgroup B xenurobryconins have
exserted teeth on the jaws (Figures 60, 62, 64,
65). Several different characid groups also have
exserted jaw teeth. These are usually fish-scale
eaters. (See Roberts, 1970, for a review.) Exam-
ination of the stomachs of subgroup B xenuro-
bryconins did not reveal fish scales. Insect (most
often ants in fishes from the Amazon basin) and
other invertebrate parts were present. The most
parsimonious consideration of jaw teeth in sub-
group B xenurobryconins and other characid

groups indicates independent origin for such
teeth in xenurobryconins and these groups.

46. There are usually five or more maxillary teeth in
adults of both sexes (Figures 60-65). Small specimens of
Xenurobryron macropus sometimes have only four maxillary
teeth.

Most other glandulocaudines and characids
have one to four maxillary teeth. Iotabrycon prae-
cox has none (apomorphy 25). Hysteronotus has
five to as many as eleven, and Acrobrycon has up
to eight maxillary teeth. The characids Racho-
viscus Myers (1926:1) and Prionobrama Fowler
(1913:534) may have more than four maxillary
teeth (Weitzman and da Cruz, 1981:999-1000).
Paragoniates Steindachner (1876:117) and Pseu-
dochalceus Kner and Steindachner (in Kner,
1863:225) also have many maxillary teeth (Gery,
1977:347). The most parsimonious hypothesis
indicates that the high number of maxillary teeth
evolved independently in subgroup B and in
various other characids including the glandulo-
caudine genera Acrobrycon and Hysteronotus.

Genus Xenurobrycon Myers and P. de
Miranda-Ribeiro, 1945

Xenurobrycon Myers and P. de Miranda-Ribeiro, 1945:2
[type-species Xenurobrycon macropus Myers and P. Mi-
randa-Ribeiro 1945:5, by original designation].—Ladiges,
1950:309 [discussed possible relationships with Microbry-
con cochui].—F"owler, 1951:418 [listed].—Myers and
Bohlke, 1956:10 [listed].—Bohlke, 1958b:319 [defined
in key].—Gery, 1963:11 [discussion, not formally de-
fined].—Nelson, 1964a:70 [mentions "peculiarly sculp-
tured (pouch) scale"].—Gery, 1965b: 196 [included in key
to species of Xenurobryconini].—Fowler, 1975b:351
[listed].—Gery, 1977:363 [remarks that X. macropus not
well known].—Mahnert and Gery, 1984:503, 511-512
[discussion of osteology and relationships of Xenurobrycon
and Tyttocharax].

Xenurobricon Fowler, 1951:x [misspelling for Xenurobrycon,
listed].

Myers and P. de Miranda-Ribeiro (1945:2)
described Xenurobrycon macropus as new and on
page 6 state,

This remarkable little fish is not very closely related to
any known genus of Characidae . . . its dentition, its numer-
ous and disconcerting secondary sexual differences, and its



FIGURE 71.—Scopaeocharax atopodus, pelvic-fin rays (ventro-
medial view, left side), male, SL 21.1 mm, USNM 207517,
Peru, Huanuco, Rio Huallaga, Tingo Maria. Dashed line
indicates midline of body; the fin is slightly spread. In the
relaxed fin, the three medial rays distally cross lateral and
dorsal to the other rays.

FIGURE 72.—Tyttocharax madeirae, pelvic-fin rays (ventro-
medial view, left side), male, SL 15.6 mm, USNM 179540,
Brazil, Amazonas, Rio Urubu. Dashed line indicates midline
of body; fin slightly spread.

FIGURE 73.—Xenurobrycon macropus, pelvic-fin rays (ventral
view, left side), male, SL 15.2 mm, USNM 219381, Para-
guay, Paraguari, Lago Ypacarai. Dashed line indicates mid-
line of body; fin rays partially spread.

FIGURE 74.—lotabrycon praecox, pelvic-fin rays (ventrome-
dial view, left side), male, SL 17.7 mm, USNM 217802,
Ecuador, Los Rios, Rio Palenque. Dashed line indicates
midline of body; fin rays slightly spread. If fin was fully
spread, the medial two rays would diverge from each other.
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other characteristics make its true systematic position a little
difficult to discern . . . suffice it to say that the posteriorly
placed dorsal, the fully armed [covered by the third infraor-
bital bone] cheeks and the elongate form, and above all the
caudal gland all indicate very strongly that Xenurobrycon
belongs with the group that Myers calls the tribe Glandulo-
caudini . . . . Within the Glandulocaudini, Xenurobrycon oc-
cupies an isolated position since it differs from all known
members of that group in the conical, strictly one-rowed
dentition.

Thus Myers and P. de Miranda Ribeiro inter-
preted the "position" of Xenurobrycon strictly
within Eigenmann's system of classification and
use of "generic" characters. For critical review of
this approach see discussion by Weitzman and
Fink (1983:339-345). Ladiges (1950:308) and
Myers and Bohlke (1956:6) recognized a rela-
tionship between Xenurobrycon and Tyttocharax
(see discussion under Tyttocharax). Bohlke
(1958b:318) was unsure of the nature of the
relationship between Xenurobrycon and Tytto-
charax but considered the genera closely related.
Gery (1963:13, 1977:363) did not discuss the
relationships of Xenurobrycon. Mahnert and Gery
(1984:512) described parts of the osteology of
Xenurobrycon macropus and presented a diagram
of the relationships of Xenurobrycon macropus and
the species of Tyttocharax (including those here
placed in Scopaeocharax). They found Xenuro-
brycon to be the sister group of Tyttocharax
(= our subgroup C).

DIAGNOSIS.—The following seven features are
hypothesized to be synapomorphies of Xenuro-
brycon and constitute a diagnosis of the genus.

47. In sexually mature males the ossification of caudal-
fin rays 11, 12, and sometimes 13, is interrupted proximally
(Figure 11).

In other subgroup B xenurobryconins, rays
11, 12, and 13 may be irregularly ossified (or
occasionally unossified) distally (Figures 13, 14).
Argopleura, Iotabrycon, other glandulocaudines,
and other characids have no interrupted caudal-
fin rays.

48. In sexually mature males the uncifonn (proximal)
process of principal caudal-fin ray 11 is elongate, being about
equal in its longest dimension to the length of the posterior
border of the fused parhypural plus hypural 1 element
(Figure 11).

In other subgroup B xenurobryconins the
longest dimension of the unciform process is
considerably shorter (Figures 13, 14).

49. In sexually mature males the ventral borders of the
ventral unbranched principal caudal-fin ray and the adjacent
procurrent fin ray are distinctly concave in the region near
the terminal few segments of the anteriorly adjacent ray
(Figure 11).

In other sexually mature male xenurobryco-
nins these rays are either straight or shallowly
concave (Figures 8, 10, 14). Among other glan-
dulocaudines no real concavity is present, except
in Gephyrocharax (Figure 17), Glandulocauda,
and Mimagoniates (Figure 19), which have a sim-
ilar concavity on the largest ventral procurrent
ray. On the basis of the most parsimonious hy-
pothesis, the concavities in Xenurobrycon are con-
sidered to have evolved independently of the
similar feature in Gephyrocharax, Glandulocauda,
and Mimagoniates.

50. In sexually mature males the pouch-scale ligament is
relatively weak and loosely organized. Its attachment to the
pouch scale is split primarily into two areas on the apical
region of the posterior field of the scale (Figure 34c, d, and
e).

Other xenurobryconins never have the pouch-
scale ligament weak and loosely organized. Its
attachment to the pouch scale is always in a single
area (although its attachment to the fin rays is in
two parts when it attaches to rays 10 and 11
instead of only to ray 11). (See also apomorphies
4, 55, 58, and 59.)

The loose, weak organization of the pouch-
scale ligament could be intepreted as primitive
within xenurobryconins, based on its morphol-
ogy. According to the most parsimonious clado-
gram, however, the character is a reversal.

51. In sexually mature males the pelvic bones are sepa-
rated posteriorly so that a space three to five times the length
of the medial posterior processes, or greater than one-third
of the length of the pelvic bone, extends between the pos-
terior processes (Figure 37a). As a result, as Bohlke
(1958b:319) noted, the "bases of ventral fins of males [are]
separated widely and placed rather high on the sides."

Other xenurobryconins, glandulocaudines,
and characids examined have the posterior as
well as the anterior ends of the pelvic bones
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adjacent (Figures 35, 36, 37*).

52. In sexually mature males the ventral surface of each
pelvic bone has a large ventral lamella extending from the
lateral process across the pelvic plate anteromedially to the
midlength of the medial border of the bone (Figure 37a).
This process serves as an additional surface of origin for
very large arrector dorsalis pelvicus and abductor profundus
pelvicus muscles.

We found no other xenurobryconin, glandu-
locaudine, or characid with this large ventral
pelvic lamella (Figures 35, 36, 376).

53. In sexually mature males the anterior end of the
pelvic bone lies near the cleithruni and the posterior end lies
at a position near the second rib.

Other xenurobryconins, glandulocaudines,
and characids known to us have neither the an-
terior nor the posterior ends of the pelvic bones
this far anterior. (See also apomorphies 12, 41,
42, and 62.)

54. Sexually mature males have the following pelvic-fin
modifications: the fin is approximately one-third the total
length of the fish; the interradial membrane is extremely
expansive in the middle region of the fin but narrows con-
siderably distally so that the tips of the rays approach each
other closely; when the fin is extended and spread with
forceps it forms an inverted boat-shaped canopy (Figure 73).

In other xenurobryconins, glandulocaudines,
and characids, the pelvic fin in mature males is
no longer than about one-fourth the total length
of the fish, the interradial membrane is less ex-
pansive, and the distal tips of the rays do not
approach each other as closely. (See also apo-
morphy 43.)

Tyttocharax madeirae and some closely related
(undescribed) species have a fairly elongate pelvic
fin, which extends posteriorly well past the origin
of the anal fin (Figure 6). This pelvic fin also may
form something of a canopy when extended and
spread. This feature is not present to such a
degree in Tyttocharax cochui and in some addi-
tional undescribed species. It is hypothesized that
the large form of the fin evolved independently
in Xenurobrycon and a subgroup of Tyttocharax.

Subgroup C: Scopaeocharax and Tyttocharax
The following six synapomorphies corrobo-

rate the hypothesis that Scopaeocharax and Tytto-

charax are more closely related to one another
than to species of other xenurobryconin sub-
groups or other characids.

55. In sexually mature males principal caudal-fin rays 10
and, especially, 11 are hypertrophied distally at the attach-
ment site of a strong, thick pouch-scale ligament. Fin-ray 11
narrows abruptly or terminates just distal to the thickened
portion (Figures 13, 14). The thickened portions of these
fin rays have several fin-ray segments fused.

No other xenurobryconins, glandulocaudines,
or characids are known to have principal caudal-
fin rays 10 and 11 modified in this manner.
Principal caudal-fin ray 11 in Xenurobrycon some-
times may be a little thickened at the point of
attachment of the pouch-scale ligament (Figure
11), but the ray is never much thickened as in
Figure 13 and never club-shaped as in Figure 14
(See also apomorphies 4, 50, 58, and 59.)

56. In sexually mature males the distance between the
bases of caudal-fin rays 10 and 11 (measured from the
ventral border of ray 11, thus excluding the unciform proc-
ess from the measurement) is approximately equal to or less
than the vertical length of the posterior margin of hypural
3 (Figures 13, 14).

In other sexually mature male xenurobryco-
nins the distance between the bases of caudal-fin
rays 10 and 11 is greater than the vertical length
of the posterior border of hypural 3 (see apo-
morphy 2). Other characids, however, including
nonxenurobryconin glandulocaudines, have a
condition similar to that in Scopaeocharax and
Tyttocharax. The lesser distance for this measure-
ment in subgroup C xenurobryconins is a rever-
sal or innovation according to the most parsi-
monious cladogram and therefore a synapomor-
phy for Scopaeocharax and Tyttocharax.

57. The pouch scale of sexually mature males has an
anteroventral notch and accompanying anteroventral lobe
or process well developed and large (Figures 26, 27).

A notch and lobe are absent in the pouch scales
of species of Argopleura and Iotabrycon (Figures
10, 22; see also apomorphy 33). Species of Xe-
nurobrycon have a very shallow notch and a mod-
est anteroventral process, which sometimes is
represented as an angular corner of the scale
(Figures 28-30).
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58. The pouch-scale ligament of sexually mature males is
short and thick, of dense regular connective tissue, with a
single, large area of attachment to the medial pouch-scale
wall distally and to the closely adjacent thickened areas of
rays 10 and 11 proximally (Figure 34a,b).

lotabrycon and Argopleura have the ligament
long, less thick, and attached to the medial pos-
terior border of the pouch scale (Figures 32, 33).
In Xenurobrycon the pouch-scale ligament is short
but relatively weak and its attachment to the
pouch scale is divided roughly into two parts
(Figure $4c-e). (See also apomorphies 4, 50, 55,
and 59.)

59. The pouch-scale ligament attachment of sexually ma-
ture males is confined to the midregion of the medial wall
of the pouch scale (Figure 34a,b).

In other xenurobryconin glandulocaudines
the pouch-scale ligament attaches to the medial
wall of the posterior apex or apical part of the
pouch scale (Figures 33, 34c-*). In lotabrycon the
ligamentous attachment extends narrowly from
the apex toward the midregion of the scale (Fig-
ure 32), but the attachment is primarily in the
apical portion and is not restricted to the midre-
gion of the scale as it is in subgroup C.

60. The maxillae of adult males are nearly fully toothed,
each usually bearing about 20-25 teeth along its entire
ventral border (Figures 60-62).

No other xenurobryconin group has nearly
fully toothed maxillae (Figures 59, 63-66). (See
apomorphies 25, 46, and 66 for further out-
group information.)

Genus Scopaeocharax, new genus

Tyttocharax.—Bohlke, I958b:319 [in part, diagnosis in
key].—Gery, 1963:11 [in part, discussion of generic place-
ment, mostly after Bohlke, 1958b:315].—Nelson,
1964a:63, 70 [in part, caudal scale structure of Tyttocharax
rhinodus].—Gery, 1977:362 [in part, discussion of spe-
cies].—Mahnert and Gery, 1984:511-512 [in part, dis-
cussion of relationships].

TYPE-SPECIES.—Tyttocharax rhinodus Bohlke
(1958b:320). The genus also includes Tyttocharax
atopodus Bohlke (1958b:323). (See Tyttocharax

for a history of proposed relationships for the
species in this genus.)

DIAGNOSIS.—The following six synapomor-
phies form a diagnosis for Scopaeocharax and
corroborate the hypothesis that the two species
listed above form a monophyletic group.

61. In sexually mature males, rugosities are present along
the dorsal margin of the distal hypertrophied area of prin-
cipal caudal-fin ray 10 (Figure 13). (This area lies just medial
to the posterior process of the pouch scale.)

No other glandulocaudine or characid is
known to have such rugosities (Figures 8-12, 14)
although very slight rugosities sometimes occur
in Tyttocharax.

62. In sexually mature females the anterior tip of the
pelvic bone lies in the region ventral to the distal ends of
the anterior pleural ribs (ribs of vertebra 5).

In female specimens of Tyttocharax madeirae,
T. cochui, and the three species of Xenurobrycon
the anterior tip of the pelvic bone lies in the area
between or ventral to the first and second pleural
ribs. In almost all other glandulocaudines and
characids examined it extends to the area ventral
to the second or third pleural ribs, or between
them. (See also apomorphies 12, 41, 42, and 53.)

In Corynopoma riisei females (and males) the
anterior end of the pelvic bone lies in the same
position as in Scopaeocharax females, and in both
sexes of Pterobrycon myrnae Bussing (1974:138)
the anterior tip of the pelvic bone lies anterior
to the first large pleural rib. According to the
most parsimonious hypothesis of relationships of
these taxa, this character appears homoplasious
in Corynopoma and Pterobrycon relative to the
condition in Scopaeocharax.

63. In sexually mature males the medial two or three
pelvic-fin rays curve dorsal to the rest of the rays when the
fin is relaxed or folded (the fin is partially spread in Figure
71).

In males, females, and juveniles of other glan-
dulocaudines and characids (and in females and
juveniles of Scopaeocharax), the medial two or
three rays lie in a series medial to the other fin
rays when the fin is relaxed or folded.



NUMBER 421 57

64. In a lateral view of the orbit the dorsal margin of the
parasphenoid and the ventral margin of the pterosphenoid
are close or in contact (Figures 52, 53).

In other glandulocaudines (Figures 51, 54, 56)
and characids (Figure 57) (see also Weitzman and
Fink, 1983, figs. 4-15) a portion of the prootic
lies between and separates the parasphenoid and
pterosphenoid.

65. The premaxilla is short, its length from the antero-
medial to the posterolateral borders approximately equal to
its height, including the teeth (Figures 60, 61).

In other glandulocaudines and most other te-
tragonopterine characids the premaxilla is
longer, its length distinctly greater than its height
(Figures 59, 62-66). (See also Weitzman and
Fink, 1983, figs. 19-22, and Fink and Weitzman,
1974, figs. 7, 9, 13, 16, 20, 21, 23, 25.) Note
that these figures show a large amount of varia-
tion in the length of the posterior premaxillary
process, something we find in many characids.
Also, these figures often do not give a full meas-
ure of the premaxillary length versus height due
to somewhat varying angles of view. However,
in all cases, the length of the premaxilla, when
measured from the anterior tip of the premaxil-
lary bone to the tip of the posterior premaxillary
process, is greater than its height, the distance
between the anterior tip of the premaxilla and
the posterodorsal tip of the ascending process.

66. A nearly complete row of teeth are present along the
ventral border of the maxilla in adult females as well as adult
males.

No other xenurobryconin has a nearly com-
plete row in both sexes although the males of
Tyttocharax have a nearly complete row (see apo-
morphies 25, 46, 60).

Some glandulocaudines, for example Acrobry-
con, have a well-toothed maxilla in both sexes,
but in view of the many synapomorphies placing
Scopaeocharax as a xenurobryconin the similarity
is most parsimoniously considered a homoplasy.
In several characid genera, for example Priono-
brama, both sexes have a nearly fully toothed
maxillary bone (Weitzman and da Cruz,

1981:1000); but again, parsimony would indicate
this similarity to be a homoplasy.

Genus Tyttocharax Fowler, 1913

Tyttocharax Fowler, 1913:563 [type-species: Tyttocharax ma-
deirae Fowler, 1913:564, by original designation];
1951:418 [listed].—Myers and Bohlke, 1956:8 [diagnosis
and discussion of relationships].—Bohlke, 1958b:315 [in
part, discussion of relationships, placement of Microcaelu-
rus as a junior synonym of Tyttocharax].—Gery, 1963:11
[in part, discussion of generic synonymy, mostly after
Bohlke (1958b:315), field photographs of live specimens
of Tyttocharax madeirae]; 1965b: 195 [in part, description
of a new species]; 1966:211 [in part, species citation];
1977:362 [in part, brief discussion of species].—Mahnert
and Gery, 1984:511-512 [in part, discussion of osteology
and relationships].

Microcaelurus A. de Miranda-Ribeiro, 1939:362 [type-spe-
cies: Microcaelurus odontocheilus A. de Miranda-Ribeiro,
1939:362, by monotypy].—Myers and Bohlke, 1956:11
[listed, discussion of type locality of type species, transla-
tion of original Portuguese description into English].—
Mahnert and Gery, 1984:512 [question taxonomic sta-
tus].

Microbrycon Ladiges, 1950:305 [not of Eigenmann and Wil-
son in Eigenmann, Henn, and Wilson, 1914:3, mistaken
generic allocation of a new species of Tyttocharax, Micro-
brycon cochui Ladiges, 1950:308].

Fowler (1913:563) described Tyttocharax ma-
deirae as new and placed it in the Characinae
commenting that the genus shows "affinity with
certain of the Tetragonopterinae [unspecified]
in the large scales, but the conical teeth and
external tooth-like processes are more features
of the present subfamily [Characinae]."

A. de Miranda-Ribeiro (1939:362) described a
new genus and species of characids, Microcaelurus
odontocheilus, now considered a junior synonym
of Tyttocharax madeirae (see latter species in Ap-
pendices 1 and 2). He noted that the fish had the
body form of Hemibrycon beni Pearson (1924:42)
and the dentition of Exodon paradoxus Miiller
and Troschel (1844:91) but made no substantive
comments about relationships.

Ladiges (1950:308) in a supplement to his
description of Tyttocharax cochui was the first to
recognize and publish on similarities between
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Tyttocharax and Xenurobrycon, noting superficial
likenesses in the tail regions. Ladiges did not
investigate these similarities in any detail nor
propose any formal classification based on his
observations. Ladiges (1950:305-306) consid-
ered these genera allied to the Glandulocaudi-
nae. Fowler (1951:415, 418) placed Tyttocharax
with the Glandulocaudinae without comment.
He also placed Tyttocharax and Xenurobrycon next
to each other in his list but this is a result of his
practice of alphabetizing genera within family
and subfamily groups.

Myers and Bohlke (1956:6) formalized their
observations about the relationships of Tytto-
charax and Microcaelurus with Xenurobrycon by
establishing the Xenurobryconini, noting that
these three genera are allied to each other. They
removed Xenurobrycon (and thus its putative rel-
atives) from the Glandulocaudini (= Glandulo-
caudinae) where it had been placed by Myers and
Miranda-Ribeiro (1945:6). Myers and Bohlke
(1956:6) remarked that the "strange, irregular
arrangement of the teeth of these fishes pre-
cludes placement anywhere in Eigenmann's [clas-
sification] system, although the male caudal
gland indicates a close relationship with the gen-
era grouped by Eigenmann . . . in the Glandulo-
caudinae. . . . " They further noted that the Xen-
urobryconini are "tiny characids closely allied to
the Glandulocaudini. . . ." They listed several
characters, some of which are still useful and are
expressed in more detail as part of the apomo-
phies listed here for Subgroup B.

Bohlke (1958b: 318), on reconsideration of ev-
idence in the literature, decided that Microcae-
lurus was a junior synonym of Tyttocharax. (We
have examined the types and confirm Bohlke's
decision; see note in Appendix 2 under Tytto-
charax madeirae). Bohlke (1958b:320, 323) de-
scribed two new species of Tyttocharax, rhinodus
and atopodus, and remarked that "generic limits
are not now apparent in these fishes [all the
xenurobryconins]," but recognized Tyttocharax
and Xenurobrycon.

Gery (1963:11-15) briefly reviewed the spe-
cies of Tyttocharax, based on the literature and a

new collection of Tyttocharax madeirae from near
Belem, Para, Brazil, and a collection from Lago
Tefe, Amazonas, Brazil. He also examined pho-
tographs and/or specimens of Tyttocharax cochui.
According to Gery the back and white photo-
graphs had been prepared by Otto Schindler for
an unpublished paper designating Tyttocharax co-
chui a junior synonym of Tyttocharax madeirae.
Gery (1963:14-15) accepted the hypotheses of
Myers and Bohlke (1956:7) and Schindler (un-
published) that Tyttocharax cochui is a junior syn-
onym of Tyttocharax madeirae. Gery (1963:59)
suggested the possibility that Microcaelurus odon-
tocheilus is a junior synonym of Tyttocharax ma-
deirae, something we confirm in Appendix 2 (p.
109). Gery (1963:12, 13) published two useful
color photographs of Tyttocharax madeirae show-
ing life (or near life) colors but did not discuss
the relationships of the species or the group
except to state that the xenurobryconins are
relatives of the glandulocaudines. Gery
(1965b: 195) described a new species, Tyttocharax
boehlkei, from near the type locality of Tyttocharax
cochui. In Appendix 2 (p. 110) we present evi-
dence suggesting that the former may be a junior
synonym of the latter. Gery (1965b: 196) sug-
gested that Tyttocharax madeirae and his Tytto-
charax boehlkei are more closely related to each
other than to Tyttocharax rhinodus or Tyttocharax
atopodus, because of the presence of hooks on
the posterior anal-fin rays in males in the former
two species and a few other differences between
these two groups of species. We use some of
these features as synapomorphies relating the
species of Tyttocharax, and others of these fea-
tures relating the species of Scopaeocharax (see
apomorphy 67). Gery (1966, 1977) added no
new information on Tyttocharax or Scopaeocharax.
Mahnert and Gery (1984:509) briefly described
parts of the osteology of Tyttocharax madeirae
and considered this species related to Xenurobry-
con macropus.

DIAGNOSIS.—The following features are hy-
pothesized to be synapomorphies of Tyttocharax.

67. In sexually mature males bony hooks are confined to
the posterior six to eight anal-fin rays, except for the termi-
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nal ray, which is without hooks (Figure 41). These hooks are
relatively large and arranged on the fin in a vertically elon-
gate cluster.

Other sexually mature male xenurobryconins
may have hooks on some or all of these posterior
rays, but in these species the hooks are not con-
fined to that region and they are not arranged
in a vertically oriented cluster. Some species of
Argopleura (apomorphy 7) occasionally have
small posterior hooks. Scopaeocharax (Figure 40)
has small hooks distributed over much of the
anal fin. The distribution of hooks in Xenurobry-
con macropus (Figure 42) is typical of that in many
subgroup B xenurobryconins. The anal-fin hooks
of Xenurobrycon pteropus (Figure 43) are rela-
tively large and occur on eight of the 11 posterior
rays of the fin (they are absent on the terminal
three). However, they are not arranged in a
vertically oriented cluster. Argopleura (apomor-
phy 7) has lost hooks on one to three anal-fin
rays in the anterior half of the fin. Either of these
arrangements might be interpreted as steps in a
transition series leading to the kind of anal-fin
hook placement and development found in Tyt-
tocharax, but the most parsimonious cladogram
indicates an independent derivation for the hook
configuration in Tyttocharax species, Xenurobry-
con pteropus, and species of Argopleura.

68. In sexually mature males the posterior three to five
proximal anal-fin radials are expanded into flattened plates
serving as the origin for very robust erectores and depres-
sores anales muscles. These plates abut one another. Fur-
thermore, the bases of four or five posterior fin rays are
enlarged for the insertion of the tendinous portions of these
muscles (Figure 75).

Mature males of most other xenurobryconins
have very slender posterior proximal radials ex-
cept for the most posterior, which is a little larger
than the others. The accompanying musculature
is relatively small, like that of other glandulocau-
dines and characids, and the fin-ray bases are not
large (Figure 76).

The species of Xenurobrycon have the posterior
seven to ten proximal radials somewhat ex-
panded and the posterior one broadly expanded
(Figures 77, 78). The most parsimonious clado-

gram indicates either that the expansion in Tyt-
tocharax and Xenurobrycon is separately derived
or that some expansion is a synapomorphy of
subgroup B with a reversal in Scopaeocharax.
Since the evidence may be interpreted either
way, we have not included either of these hy-
potheses in the characters section. In any case,
the extreme expansion and associated features
are unique to Tyttocharax.

69. Mature males and females have four to seven diago-
nal rows of conical teeth in each premaxilla, each premaxilla
having about 25 to 40 teeth (Figure 62). There is some
variation in tooth-row number and total tooth number de-
pending on the species and the size of the specimen. Males
and females of equal lengths in a given species have nearly
the same number of teeth and tooth rows. Large females (as
well as large males) will have higher counts than small males
or females.

Other xenurobryconins have one to three rows
of premaxillary teeth, with a total of less than 20
teeth and often fewer than 8, depending on the
species examined (Figures 59-61, 63-66). Other
glandulocaudines have two premaxillary tooth
rows and fewer than 10 teeth on each premaxilla.
Most characids have fewer than 10 premaxillary
teeth in one, two, sometimes three and rarely
four, rows. Those characids with a large number
of tooth rows and teeth appear unrelated to
Tyttocharax according to the most parsimonious
hypothesis of relationship.

70. Mature males and females have four to eight rows of
dentary teeth, all but the innermost diagonal, with a total of
50 to 80 or more teeth on each mandible. Many of the teeth
project anteriorly or laterally (Figure 62). There is some
variation in tooth-row number and total tooth number de-
pending on the species examined and the size of the speci-
men.

Other xenurobryconins have one to rarely two
rows of dentary teeth with a total of less than 20
teeth and often fewer than 10, depending on the
species examined (Figures 59-61, 63-66). Other
glandulocaudines and most other characids have
one row of dentary teeth. Those characids with
two rows of teeth have the second row internal
to the main dentary row, rather than external,
and usually the inner row is represented by a
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FIGURE 75.—Tyttocharax madeirae, anal-fin pterygiophores and bases of anal-fin rays (lateral
view, left side), male, SL 15.4 mm, USNM 179540, Brazil, Amazonas, Rio Urubu. Flattened
and expanded posterior proximal radials serve as surfaces of origin for musculature inserting
on rays bearing large hooks.

FIGURE 76.—Scopaeocharax atopodus, anal-fin pterygiophores and bases of anal-fin rays (lateral
view, left side), male, SL 21.1 mm, USNM 207517, Peru, Huanuco, Rio Huallaga, Tingo
Maria.

single inner tooth on each dentary near the sym-
physis.

71. The dorsolateral lamellar processes of the anguloar-
ticular bone is absent (Figure 62).

Most other characids, other glandulocaudines,
Scopaeocharax (Figures 60, 61), Xenurobrycon

(Figures 63-65), and Argopleura (Figure 66) have
a dorsolateral lamellar process external to the
dentary bone. The process is also absent in Iota-
brycon (Figure 59). This absence is most parsi-
moniously interpreted as homoplasious (see apo-
morphy 26).
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FIGURE 77.—Xenurobrycon macropus, anal-fin pterygiophores and bases of anal-fin rays (lateral

view, left side), male, SL 14.4 mm, USNM 219381, Paraguay, Paraguari, Lago Ypacarai.

FIGURE 78.—Xenurobrycon pteropus, anal-fin pterygiophores and bases of anal-fin rays (lateral
view, left side), male, SL 13.8 mm, paratype, USNM 232921, Brazil, Amazonas, Fonte Boa.

Discussion
The xenurobryconin features we found to be

synapomorphies are primarily of two kinds, re-
ductive or loss characters apparently associated
with small adult size, and innovative characters

not found in other fishes. The latter characters
usually form parts of the secondary sexual fea-
tures of the males. Some of both innovative and
reductive characters are associated with small size
and may be associated with increased resistance
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of water to flow in tiny tubes (pp. 32, 97). For
the most part we found congruence among the
distributions of the two kinds of characters in the
taxa studied. Each of the nine groups formulated
from the distribution of the 71 apomorphies
listed above is discussed briefly below and prob-
lems raised by conflicting characters are out-
lined.

The monophyly of the Xenurobryconini is
documented by five (1-5) synapomorphous sex-
ually dimorphic characters confined to the males
(except fusion of the parhypural and hypural 1,
which occurs also in females of Iotabrycon). Four
of these (apomorphies 1-4) are associated with,
or are part of, the caudal-fin structure and the
fifth is part of the pelvic fin. Most of these
features, such as the posterior terminal lateral-
line scale being a large pouch scale and the
presence of a pouch-scale ligament, undergo fur-
ther divergent elaboration in subgroups of the
Xenurobryconini. We found only one inconsist-
ent character at this taxonomic level. The wide
separation between the bases of caudal-fin rays
10 and 11 in mature males (apomorphy 2) is not
as pronounced in subgroup C (apomorphy 56),
suggesting that Argopleura, Iotabrycon, and Xen-
urobrycon form a group. Such a grouping is not
supported by any other derived feature. The
previous suggestion (p. 13) that xenurobryconin
characids are related to other characids with
conical teeth would apply only to subgroup A
and is considered under that subgroup (p. 63).

Argopleura is the sister group to the remaining
xenurobryconins and is the least derived mor-
phologically for the characters considered here,
retaining many tetragonopterine features, as well
as having the basic xenurobryconin synapomor-
phies. The species of Argopleura are hypothesized
to have shared a unique common ancestor based
on two synapomorphies (6, 7), both associated
with male secondary sexual characters. One is a
caudal pump specialization; the other is a special
pattern of anal-fin hooks. We found no charac-
ters conflicting with these synapomorphies.

It should be noted further that, with the ex-
ception of the erroneous assignment of a caudal

fulcrum or spur to Argopleura by Eigenmann
(1913:10) and Gery (1966:227, 1977:358), none
of the authors cited in this paper have tried to
relate Argopleura to Bryconamericus, Planaltina,
or Gephyrocharax on the basis of shared special-
ized characters, although they have suggested
various relationships among these genera. Bry-
conamericus or some part of it might be the sister
group of the Xenurobryconini, but this problem
was not investigated extensively here because it
is tied to the complex problem of the monophyly
of the Glandulocaudinae.

Subgroup A {Iotabrycon, Xenurobrycon, Scopaeo-
charax, and Tyttocharax) has both innovative sec-
ondary sexual characters and reductive modifi-
cations. As mentioned below (p. 97), both kinds
of these derived features may be related to small
size (apomorphies 8, 18).

There are some secondary sexual caudal mus-
cle reductions in males (apomorphies 9, 10),
which may have more to do with the varied
caudal muscular innovations of subgroup A
males than with loss associated with small body
size (p. 30). We cannot be certain whether these
shared muscle reductions are coincidental, since
they are the only shared specialized muscle fea-
tures of two different pumping mechanisms, or
whether they are indicative of a common mor-
phology once shared by these two now divergent
lines {Iotabrycon and subgroup B). We incline
toward the latter hypothesis because these char-
acters are congruent with other characters indi-
cating the same phylogenetic hypothesis. Fur-
thermore, innovative features, such as the ante-
rior position of the pelvic bones (apomorphy 12)
and the peculiar arrangement of the jaw teeth
(apomorphy 16), corroborate subgroup A.

Subgroup A species also share loss of pores in
the lateral line (apomorphy 8) and some latero-
sensory canal reductions associated with the pos-
terior part of the head (apomorphies 13-15).
These reductions are common in small characids
(Weitzman and Fink, 1983:343, 391-394). Be-
cause all subgroup A species are small, these
characters might be relatively poor indicators of
relationship and are perhaps subsets of apomor-
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phy 18, small size. However, we found almost no
features corroborating hypotheses of relation-
ship contradictory to that accepted here for sub-
group A (p. 64) and to us the congruence of
morphological features at this level is convincing.
Weitzman and Fink (1983:391-394) rejected as
synapomorphous certain laterosensory canal sys-
tem reductions in Paracheirodon for lack of pre-
cise outgroup hypothesis. In the present case,
Argopleura forms a precise outgroup to subgroup
A xenurobryconins, and therefore we believe it
appropriate to use synapomorphies 8 and 13 to
15. A similar case can be made for recognizing
synapomorphy 17 (conical jaw teeth), even
though some other small characids are known to
have conical teeth, for example, the "Aphyodi-
teina" of Gery (1977).

Nine other possible characters of subgroup A
need discussion. One is a short maxilla. In Iota-
brycon and Xenurobrycon the maxilla does not
extend posteriorly beyond a vertical line drawn
through the anterior border of the eye. How-
ever, Scopaeocharax and Tyttocharax, like Argo-
pleura and most other glandulocaudines, have
relatively long maxillae. That bone extends well
posterior to the anterior border of the eye in
Scopaeocharax, and to or a little past that point in
Tyttocharax. While the presence of a short maxilla
may be a synapomorphy of subgroup A, with a
subsequent reversal in subgroup C, it is equally
parsimonious to assume that a short maxilla
evolved independently in lotabrycon and Xenuro-
brycon. Therefore we have not used this charac-
ter.

Another possible character for subgroup A,
presence of bony hooks on the pelvic fins of adult
males, has an uncertain polarity. Bony hooks are
absent on the pelvic fins of adult, sexually mature
males in all the species of Argopleura examined
(unknown for A. conventa Eigenmann for which
we had no males). Adult males of all other xen-
urobryconins, most other glandulocaudines, and
many other characids have pelvic-fin hooks.
However, many characids lack pelvic-fin hooks.
Within Bryconamericus, for example, Bryconamer-
icus beta Eigenmann (USNM 259089) and Bry-

conamericus caucanus Eigenmann (USNM
227315) have both pelvic- and anal-fin hooks,
while Bryconamericus deuterodonoides Schultz
(USNM 121436) lacks such hooks. Landonia la-
tidens also lacks bony hooks in the anal and pelvic
fins of sexually mature males. Phenacobrycon
henni has anal-fin hooks but no pelvic-fin hooks
in mature males. If, for example, Landonia lati-
dens is the sister taxon of the Xenurobryconini,
absence of pelvic-fin hooks would be primitive
for the group and for Argopleura. If the sister
group of the Xenurobryconini occurs in Brycon-
americus rather than in other so-called glandulo-
caudines, the absence of pelvic-fin hooks in Ar-
gopleura might be either primitive or derived.
Since the exact outgroups for the Xenurobry-
conii are unknown, we cannot evaluate whether
presence or absence of pelvic-fin hooks is de-
rived. Therefore we are unable to use this char-
acter at this time.

The remaining seven possible subgroup A
characters are reductive: loss of the adipose fin,
reduction from seven to six branched pelvic-fin
rays, and various laterosensory canal reductions,
including loss of the pterotic canal, the supratem-
poral canal in the parietal bone, the extrascapular
ossification, the supracleithral canal, and one or
more circumorbital bones. All of these losses
characterize lotabrycon. However, the primitive
state for each of these features is present in some
subgroup B species. An adipose fin is present in
some species of each subgroup B genus. Xenuro-
brycon pteropus (based on two known specimens)
and Scopaeocharax species have seven branched
pelvic-fin rays. Pterotic and supracleithral canals
are present in one or more Xenurobrycon species
and in some Scopaeocharax species. The remain-
ing canal elements are present only in these same
Scopaeocharax species. For most of these charac-
ters, it is more parsimonious to assume that the
losses characterize subgroup A and presence of
the primitive state in some members of the sub-
group indicates a reversal. However, the absence
of the adipose fin and reduction to six pelvic-fin
rays may be explained as simply by independent
loss in each genus. (Since we lack information on
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relationships within each genus, all these parsi-
mony assessments assume loss or reappearance
of a feature occurred only once within a genus.)

While the common assumption has been that
the loss of a feature is more likely than its reap-
pearance, this assumption has seldom been
tested. Moreover, the presence or absence of
laterosensory canal features is correlated with
adult body size, not only in characids (for which
see Weitzman and Fink, 1983:345-346, 391-
394) but in teleosts generally. Reexpression of
primitive states may be carried along with sub-
sequent evolution of a slightly larger body size.
Truncation of developmental sequences related
to body size reduction does not necessarily imply
loss of the genetic program for morphological
expression beyond the truncated state. Scopaeo-
charax rhinodus and similar but undescribed spe-
cies attain the largest body size of any subgroup
A species, and it is these Scopaeocharax species
that alone in subgroup A exhibit the primitive
state for three of these features. On the other
hand, expression of the primitive and derived
states among the other subgroup A species does
not seem correlated with the small differences in
adult body size. For example, Scopaeocharax ato-
podus attains a larger body size (as far as is known)
than Xenurobrycon heterodon or X. pteropus and
yet exhibits more of these loss features (including
absence of the adipose fin, present in X. pteropus;
absence of the pterotic canal, present in both X.
pteropus and X. heterodon; and absence of the
supracleithrum canal, present in X. heterodon).

In sum, while these seven reductive features
might be interpreted as synapomorphies of sub-
group A, the support they give the group is
ambiguous. Preferring the hypothesis that Sco-
paeocharax exhibits the primitive state of at least
some of these characters as a result of reversal
requires the assumption that regain of such fea-
tures, due perhaps to simple changes in regula-
tory genes, is as likely as loss (i.e., that loss and
reacquisition of such features can be weighted
equally in a parsimony assessment). Whether
such an assumption can be defended is not clear.
At this point it might seem just as plausible that

one or more Scopaeocharax species simply re-
tained the primitive state in at least some of these
features and that reductions occurred indepen-
dently in one or more species of lotabrycon, Xen-
urobrycon, Tyttocharax, and, in some cases, Sco-
paeocharax.

An alternative hypothesis of relationships of
one subgroup A genus, lotabrycon, was proposed
by Roberts (1973). Roberts (1973:489, 491,512)
thought it probable that the monotypic Lan-
donia, Phenacobrycon, and lotabrycon were one
another's closest relatives and had a Bryconamer-
icus-Yike ancestor. Roberts (1973:489) found that
the "osteological characters they [the Guayas
glandulocaudines] share also occur in Brycona-
mericus, Astyanax and probably many other gen-
eralized characids." Roberts (1973:512) further
stated, "I have not been able to find any special-
ized osteological characters which would serve to
identify lotabrycon, Phenacobrycon, and Landonia
as a closely related group." He made no attempt
to explore the relationships of lotabrycon with
other glandulocaudines but did remark (Roberts,
1973:489) that "a close relationship, especially to
Argopleura cannot be ruled out." We were also
unable to corroborate placement of lotabrycon
with Landonia and/or Phenacobrycon and our ev-
idence contradicts such a relationship.

Eight autopomorphies diagnose lotabrycon.
The first five (apomorphies 19-23) are innova-
tive features associated with the caudal-fin struc-
ture in the male. The remaining three (apomor-
phies 24-26) are reductive characters. One of
these, loss of a process of the anguloarticular
bone, suggests an alternative generic grouping,
placing lotabrycon with Tyttocharax. This group-
ing is not supported by other characters.

Subgroup B (Xenurobrycon, Scopaeocharax, and
Tyttocharax) is the best corroborated group, hav-
ing 20 synapomorphies, of which 18 are unique
and innovative rather than reductive. Eleven of
these (apomorphies 27-37) involve parts of the
complex active muscular pheromone pump in
males, while three (apomorphies 40-42) are male
secondary sexual characters associated with the
pelvic bones and fins. Features associated with
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the teeth (apomorphies 44-46) appear to be in-
novations found in both sexes and are probably
associated with diet and methods of capturing
prey. We found two reductive characters at the
subgroup B level, 18 or fewer anal-fin rays (apo-
morphy 38) and an absence of the posterior
cartilaginous process of the pelvic bone in both
sexes (apomorphy 39). These are not sexually
dimorphic and may be associated with small body
size. However, one of the secondary sexual char-
acteristics of the male pelvic girdle, the anterior
position of that girdle, is in part also present in
the females in a less derived form (apomorphies
41,42).

All of the sexually mature males of the species
of subgroup B have a few to numerous caudal-
fin ray hooks (Figures 11-14) except Xenurobry-
con pteropus and an undescribed species of Tytto-
charax. Considering possible seasonal presence
or absence of hooks described below for Xenu-
robrycon heterodon and for Cheirodon affinis by
Fink and Weitzman (1974:22), we hesitate to
conclude that hooks are absent in these species
of subgroup B xenurobryconins. Even if they are
absent, the most parsimonious cladogram indi-
cates their absence to be a secondary loss.

Caudal-fin hooks are absent in specimens of
the species of Argopleura and lotabrycon exam-
ined (Figures 8-10). Thus the presence of such
hooks may be a synapomorphy of subgroup B.
However, many other glandulocaudines have
caudal-fin hooks (for example Figures 17, 19).
Some other characids also bear caudal-fin hooks
(see Fink and Weitzman, 1974:8, fig. 3; and the
discussions by Wiley and Collette, 1970:164;
Roberts, 1973:513; and Collette, 1977:236-
241). Although it is most parsimonious to assume
that presence of hooks is a synapomorphy of
subgroup B, this feature is so variable in chara-
cids that it lends only ambiguous support to the
hypothesis of monophyly of the group and we
have not included it in the apomorphy list.

We have found only one feature suggesting
generic relationships in conflict with those cor-
roborated by the 20 synapomorphies of sub-
group B. That feature, loss of a lateral lamellar

process on the anguloarticular bone, occurs in
lotabrycon (apomorphy 26) and Tyttocharax (apo-
morphy 71).

Xenurobrycon is corroborated by eight synapo-
morphies, all of them secondary sexual charac-
ters of the males. Four of these (apomorphies
47-50) are parts of the caudal pump apparatus
and four (apomorphies 51 -54) are pelvic girdle
modifications. The only characters that could be
interpreted as contradicting a hypothesis that the
species of Xenurobrycon form a monophyletic lin-
eage are the reduction to six branched pelvic-fin
rays, and losses of the adipose fin, the pterotic
laterosensory canal, and the supracleithral later-
osensory canal. These features are discussed
above under subgroup A.

The only possible synapomorphies we have
discovered that could resolve relationships within
Xenurobrycon are either reductive features, or a
possible reversal: loss of an adipose fin and re-
duction to six branched pelvic-fin rays, shared by
X. macropus and X. heterodon; loss of the supra-
cleithral laterosensory canal, shared by X. macro-
pus and X. pteropus; and reappearance of a par-
tially developed pterotic laterosensory canal,
shared by X. pteropus and X. heterodon. On the
basis of this evidence, the X. macropus-X. hetero-
don grouping appears to receive slightly more
support. (We note parenthetically that because
our sample of X. pteropus is limited to two speci-
mens, it is impossible to be certain that a count
of seven branched rays is really characteristic of
that species; an occasional specimen of X. macro-
pus had a count of seven.) The most parsimoni-
ous cladogram, which includes all these features
as well as the numbered apomorphies, however,
requires that possession of only six branched
pelvic-fin rays and absence of both a pterotic and
a supracleithral canal be interpreted as synapo-
morphies of subgroup A and, therefore, as un-
informative within Xenurobrycon. Based on this
interpretation, reappearance of a pterotic canal
is the only informative character and the X. pter-
opus-X. heterodon grouping should be preferred.
We do not argue for such a preference here, for
two related reasons. One, as discussed just above,
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it is not yet clear whether reversals are as likely
as losses. Two, grouping X. heterodon with X.
macropus adds only one step to the tree, requiring
only an additional instance of reduction in the
pterotic canal. In light of this, we are of the
opinion that the parsimony criterion is not deci-
sive in this instance and none of these hypotheses
can be preferred as yet.

Subgroup C (Scopaeocharax and Tyttocharax) is
supported by six synapomorphies. Five of these
(apomorphies 55-59) are associated with the cau-
dal pump; the other (apomorphy 60) is the nearly
complete row of maxillary teeth in adult males.
We find these synapomorphies quite clear mor-
phologically. However, four other apomorphies
suggest a relationship between Tyttocharax and
Xenurobrycon.

These are as follows: In sexually mature males
the membranes between the first, undivided ray
of the pelvic fin and all the other rays except the
inner two are broard to very broad, but the rays
do not diverge broadly at their distal tips. Thus
when the fin is extended and spread it forms an
inverted, boat-shaped canopy (in Figures 72 and
73 the pelvic fins of Tyttocharax madeirae and
Xenurobrycon macropus are drawn only slightly
spread). In Tyttocharax the fin rays lie more or
less parallel, but when the fin is spread widely
the distal tips of the rays are seen to converge
since the ray membrane is wider between the
middle of the rays than the tips of the rays. In
Xenurobrycon macropus, even in the folded fin,
the distal tips of the fin rays converge. In other
xenurobryconins, glandulocaudines, and chara-
cids the pelvic-fin rays gradually diverge from
each other, do not have large amounts of mem-
brane between the central portions of the fin
rays, and do not have all the fin-ray tips converg-
ing when the fin is spread widely.

In sexually mature males the bases of most of
the posterior five to eight anal-fin rays are the
same size or larger than the anterior ray bases.
(See Figure 75 of Tyttocharax madeirae, in which
there is a progressive size increase posteriorly in
the five penultimate rays; Figure 77 of Xenuro-
brycon macropus, in which all the ray bases are

about the same size; and Figure 78 of Xenuro-
brycon pteropus in which all posterior ray bases
are enlarged except the last two.) Furthermore,
in sexually mature males the posterior 5 to 10
proximal radials of the anal fin are expanded in
a sagittal plane, forming anything from a slightly
flattened, expanded radial to a large, flat plate
(see apomorphy 68). In all cases the posterior
proximal radial is large and flattened. There is a
fairly close correspondence between the proxi-
mal radials and the ray bases, both in numbers
of enlarged elements and degree of enlargement
(compare Figures 75, 77, 78).

In other xenurobryconins, glandulocaudines,
and nearly all other characids there is a progres-
sive gradual decrease in the size of the bases of
the posterior anal-fin rays, correlated with de-
creased length of the posterior anal-fin rays. Sim-
ilarly, the posterior radials remain slender rods,
except for the posterior radial, which may be
slightly expanded (Figure 76). In one glandulo-
caudine, Corynopoma riisei, there is a relatively
small degree of expansion in two or three of the
posterior proximal radials. The most parsimoni-
ous hypothesis indicates that this occurrence is
independent of the expansion in Tyttocharax and
Xenurobrycon.

These anal-fin features appear correlated with
the posterior location of the large anal-fin hooks
in species of Tyttocharax (apomorphy 67; Figure
41). The same is not true of Xenurobrycon; hooks
are relatively posterior and large in X. pteropus
(Figure 43), but not in X. macropus (Figure 42)
or X. heterodon. The lack of derived similarity
between Tyttocharax and Xenurobrycon species in
the details of these anal-fin hooks (described fur-
ther under apomorphies 67 and 68) fails to cor-
roborate the hypothesis that the similarities are
synapomorphies for a group comprised of the
two genera.

A pectoral girdle apomorphy is shared by Tyt-
tocharax and Xenurobrycon. The dorsal ramus of
the supracleithrum is narrow, curved anteriorly,
and attached to the pterotic bone near the ante-
roventral corner of the opening of the posttem-
poral fossa (Figures 54, 55). Other xenurobry-
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conins (Figures 51-53, 56) and most other char-
acids have the dorsal ramus of the supracleith-
rum extending more directly dorsally and at-
tached by ligaments to the medial face of the
ventral portion of the posttemporal bone. Occa-
sionally in Iotabrycon the posttemporal and supra-
cleithrum are fused. The usual characid condi-
tion is illustrated in Figures 57 and 58 of Astyanax
mexicanus. In some characids the supracleithrum
and associated structures are reduced but the
supracleithrum is not curved anteriorly as in
Tyttocharax and Xenurobrycon. (For example, see
figures 6-8, 12, 13, 14, and 18 in Weitzman and
Fink, 198 3:35 3-3 5 5, of species of Pa racheirodon,
Hemigrammus, Axelrodia, Brittanichthys, and
FAachocharax respectively.) The postocular re-
gion of Klausewitzia aphanes Weitzman and Kan-
azawa (1977:151) has a reduced dorsal ramus of
the supracleithrum and a reduced posttemporal
extending and curving anteriorly in association
with the pterotic bone. Compare figure 17 of
Klausewitzia aphanes in Weitzman and Fink
(1983:356) with our Figure 54 of Tyttocharax
madeirae. In our opinion the similarity between
Xenurobrycon and Tyttocharax on the one hand
and Klausewitzia and the other characids listed
on the other is superficial. In any case, it is most
parsimonious to accept that the similarity is de-
rived independently in Xenurobrycon, in Tytto-
charax, and in various other characids.

The final character, a loss of the epioccipital
bridge in all specimens of Xenurobrycon and Tyt-
tocharax examined, is a reductive feature associ-
ated with small size in characids. See Weitzman
and Fink (1983:354). Parsimony indicates that
this feature is not a synapomorphy of Xenurob-
rycon plus Tyttocharax (see historical survey of
subgroup B, p. 44).

Of these four possible synapomorphies be-
tween Xenurobrycon and Tyttocharax, we find the
anal fin morphology least convincing as a homol-
ogy because of the lack of detailed similarity.
The three other characters are more similar in
detail but they are reductive characters common
in small characids. The six characters indicating
a relationship between Scopaeocharax and Tytto-

charax are not very similar in detail but five of
them appear to be innovative characters (char-
acter 56 is a reversal). Although the caudal char-
acters at least may be associated with small size,
none of the six features are reductive. Thus, the
most parsimonious hypothesis, and the one pre-
ferred by us, groups Tyttocharax with Scopaeo-
charax rather than with Xenurobrycon.

If, however, one is willing to assume that none
of the seven reductive features discussed above
as possible synapomorphies of subgroup A could
have undergone reversal, then three additional
reductive features could be construed as syna-
pomorphies for Tyttocharax and Xenurobrycon:
loss of the supratemporal canal, of the extrasca-
pular, and of the sixth infraorbital bone. Under
such an assumption, this grouping would share
seven derived features, one more than the num-
ber shared by Tyttocharax and Scopaeocharax, and
so would be the preferred grouping. We do not
see how such an assumption can be defined at
this time.

Mahnert and Gery (1984, table 3) listed two
characters that contradict the monophyly of sub-
group C: loss of the adipose fin, present in Xen-
urobrycon macropus and Scopaeocharax atopodus,
and reduction to six branched rays in the pelvic
fin, present in X. macropus and Tyttocharax mad-
eirae. Both of these features are discussed under
subgroup A. The pelvic-fin character, also pre-
sent in X. heterodon (and Iotabrycon praecox),
might be interpreted as supporting a Xenurobry-
con—Tyttocharax grouping, although one would
also have to postulate a reversal to seven rays in
X. pteropus (based on our limited sample of that
species). Even if this feature is added to the four
features shared by Xenurobrycon and Tyttocharax
discussed just above, subgroup C remains the
better supported hypothesis.

Mahnert and Gery (1984, table 3) also listed
four characters as corroborating Tyttocharax
(= our subgroup C) as a monophyletic group.
One of these, number of maxillary teeth, is ap-
proximately equivalent to our character 60
(nearly fully toothed maxilla). The other three
characters, considered derived relative to the
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condition in Xenurobrycon, are an elongated max-
illa, a greater number of mandibular teeth, and
the more posterior position of the male anal-fin
hooks. The polarity of the maxillary length is
complex and in the discussion on page 63 we
indicate why we have not used this as a character.
We have not used the number of mandibular
teeth as a synapomorphy pending an analysis of
its variability among the species (several unde-
scribed) of Scopaeocharax and Tyttocharax. The
position of the anal-fin hooks does not seem to
us to distinguish Xenurobrycon and subgroup C;
in X. pteropus the hooks are positioned about the
same as in S. atopodus (in which the hooks occur
only to the tenth branched ray in the specimens
we examined, rather than the thirteenth as re-
ported by Mahnert and Gery). Absence of hooks
on the large unbranched ray may be a subgroup
C character, but since Iotabrycon and Argopleura
lack such hooks it is more parsimonious to as-
sume that the presence of such hooks in Xenurob-
rycon is the derived state.

Scopaeocharax is corroborated by six synapo-
morphies, two of which are secondary sexual
characters in males (apomorphies 61 and 63).
Apomorphy 62 is the position of the pelvic girdle
in females. The other features, proximity of the
pterosphenoid and parasphenoid bones in rela-
tion to the prootic, shape of the premaxilla, and
a nearly complete row of maxillary teeth in the
adults of both sexes, do not seem associated with
reduction of body size. All these synapomorphies
of Scopaeocharax appear to be innovations. The
evidence we have found that contradicts the hy-
pothesis that the species of Scopaeocharax form a
monophyletic lineage consists of six of the reduc-
tive characters that are most parsimoniously ex-
plained as synapomorphies of subgroup A. Some
Scopaeocharax species show the primitive condi-
tion for each of these reductive features (see p.
63 for discussion of possible subgroup A char-
acters). If the primitive conditions in these spe-
cies are interpreted as reversals, then three of
the six reversals are unique to Scopaeocharax rhi-
nodus and a similar undescribed species and offer
no challenge to the monophyly of Scopaeocharax.

The remaining three characters (all six charac-
ters if reversals are considered less likely than
parallel reductions) are inconsistent with the
monophyly of Scopaeocharax; i.e., in each case the
derived state is shared by some Scopaeocharax
species and one or more species of at least one
other subgroup A genus. In order to accept a
hypothesis of nonmonophyly of Scopaeocharax,
however, one must not only assume that multiple
parallelisms are more likely than reversals, but
one must also assume that these six features are
better indicators of relationship than the six in-
novative features unique to Scopaeocharax species
among xenurobryconins (and in the case of apo-
morphy 65, unique among characids). However,
if the other subgroup B genera are monophyletic
and if subgroup B itself is monophyletic, then
three of these reductive features cannot be
uniquely derived, i.e., well correlated with phy-
logeny, even within the Xenurobryconini. In ad-
dition, as noted previously, these reductive fea-
tures are correlated with size and exhibit homo
plasy among other members of the Characidae
(as well as other teleosts). Therefore, we prefer
the hypothesis of monophyly of Scopaeocharax as
better corroborated.

Mahnert and Gery (1984:512, fig. 18) sug-
gested on the basis of three characters in their
table 3, that Scopaeocharax rhinodus is more
closely related to Tyttocharax madeirae than to 5.
atopodus. These are tooth and scale count char-
acters and as used by Mahnert and Gery do not
corroborate our six synapomorphies for Scopaeo-
charax. The first, the number of tooth rows in
the premaxilla, is given as in "brush form" for
Tyttocharax madeirae, in two rows for Scopaeo-
charax atopodus, and in three rows for Scopaeo-
charax rhinodus. Xenurobrycon, the outgroup, is
said to have two tooth rows. Since S. rhinodus
has the closest tooth-row number to the "brush-
like" teeth of T. madeirae, S. rhinodus was sug-
gested by Mahnert and Gery to be related to T.
madeirae. We find premaxillary tooth rows diffi-
cult to distinguish clearly in these fishes. We have
identified four to about eight premaxillary tooth
rows in species of Tyttocharax. In large specimens
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of both Scopaeocharax rhinodus and S. atopodus
(see Appendix 1 for largest specimens) we have
been able to recognize at least three rows. It
seems clear to us that an increase in premaxillary
tooth row numbers beyond two could be used as
a synapomorphy for subgroup C xenurobrycon-
ins and for Tyttocharax but that it does not show
that 5. rhinodus and T. madeirae are one an-
other's closest relatives. We have not used pre-
maxillary tooth-row numbers as a synapomorphy
for these taxa pending a review of the species of
Scopaeocharax and Tyttocharax.

The second character used by Mahnert and
Gery (1984) is the premaxillary tooth number.
They found about 8 to 9 (we found 7 to 10) in
Xenurobrycon macropus, 14 in Scopaeocharax rhi-
nodus, 7 in Scopaeocharax atopodus, and 20 to 25
in Tyttocharax madeirae. Again, because Scopaeo-
charax rhinodus had the number most closely
approaching the high number in Tyttocharax
madeirae, the two species were thought by Mah-
nert and Gery to be related. We have seen up to
8 premaxillary teeth in 5. atopodus and 15 in 5.
rhinodus. This feature does seem to corroborate
their hypothesis, but we note that the low count
in S. atopodus may be due to the large size of the
teeth and the narrowness of the premaxilla in
that species (Figure 60), and thus may be second-
ary rather than primitive. In any case, we have
not used this character pending a detailed anal-
ysis of the species in Scopaeocharax and Tytto-
charax.

The third character used by Mahnert and Gery
(1984) to relate Scopaeocharax rhinodus and Tyt-
tocharax madeirae is a similar number of lateral-
series scales, 35 to 37 and 35 to 36, respectively.
This is contrasted with 32 to 34 for Scopaeocharax
atopodus and 30 to 32 for Xenurobrycon macropus.
We have not made scale counts for most of the
various species of Scopaeocharax and Tyttocharax
but note that lateral-series scales in three species
of Xenurobrycon recorded here range from 32 to
35. Thus the taxa do not appear as distinct in
this character as indicated by Mahnert and Gery,
but information on additional species is needed.
Pending a detailed analysis of the lateral-series

scale counts in the species of Scopaeocharax, Tyt-
tocharax, Xenurobrycon, and their outgroups, we
have omitted this character from our analysis.

One character used by Mahnert and Gery
(1984, table 3), high number of maxillary teeth,
suggests to us that Scopaeocharax rhinodus is re-
lated to S. atopodus rather than to Tyttocharax
madeirae. We have used this character stated in
qualitative rather than quantitative terms as a
synapomorphy for subgroup C (apomorphy 60).

According to our analysis, Mahnert and Gery
(1984) applied the number of premaxillary tooth
rows to the wrong taxa. The number of premax-
illary teeth as analyzed by them may represent a
homoplasy. Finally, their analysis of lateral-series
scales is based on inadequate samples for the
levels of relationship being considered.

Tyttocharax is corroborated by two secondary
sexual characters (apomorphies 67 and 68), both
associated with the posterior anal-fin hooks (Fig-
ure 41). Two other characters (apomorphies 69
and 70), a high number of teeth and tooth rows
on the premaxilla and dentary, may show slight
differences between the sexes, but the characters
are clearly present in both sexes. The fifth char-
acter (apomorphy 71), an absence of the angu-
loarticular process in the lower jaw, is a character
not necessarily associated with small size since
many miniature characids have the process. Only
loss of the adipose fin, shared by some Tyttocharax
species with one or more species of every other
subgroup A genus, contradicts the hypothesis of
relationship suggested by these characters.

In summary, the data presented above corrob-
orate the cladogram presented in Figure 79. This
cladogram can be represented by a sequenced
phylogenetic classification (Wiley, 1981:206). By
convention, when there are three or more taxa
of the same categorical rank that are not other-
wise annotated, the order of names corresponds
to branching sequence. Thus, the first taxon is
recognized as the sister group to the following
taxa of that rank, the second as the sister group
to those following it, and so on. The resulting
classification for the Xenurobryconini is as fol-
lows.



70 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

^ \o

7-71

55-60 Subgroup C

27-46 Subgroup B

6-18 Subgroup A

1-5 Xenurobryconini

FIGURE 79.—Cladogram of the Xenurobryconini. Numbers
correspond to apomorphies described in text.

Tribe Xenurobryconini
Argopleura
Iotabrycon
Xenurobrycon
Scopaeocharax
Tyttocharax

Xenurobryconin Distribution

Much has been written on areas of endemism
within South America from the perspective of
various biogeographic theories (see review by
Weitzman and Weitzman, 1982). As noted by
those authors, very little has been published on
the interrelationships of those areas based on
phylogenetic analyses of endemic fishes. Thus
little evidence is available to judge how historical
relationships of parts of South America have
affected the variety of organisms inhabiting
them. In order to contribute to future investi-
gations into historical biogeographic patterns in
South America, we present a distribution map
and an area cladogram (Figures 80, 81).

Because our interest is in general patterns and

explanations, we employ the "vicariance" method
of Platnick and Nelson (1978) and Rosen (1978).
In studying interrelationships among areas of
endemism, only allopatric taxa are informative,
because only they diagnose areas of endemism.
Sympatry due to sympatric speciation should not
be correlated historically with areas of endemism
or have a general geographic explanation. Sym-
patric distributions due to dispersal or to range
expansion following allopatric speciation may
contain limited, hidden information about areas
of endemism, but such information can only be
extracted in the context of a corroborated cla-
dogram of areas of endemism, to which the cla-
dograms and distributions of the sympatric taxa
can be "fitted."

Within the Xenurobryconini, there are only
three allopatric taxa at the generic or suprage-
neric level: Argopleura, Iotabrycon, and subgroup
B. Summaries of the collecting localities for these
three taxa are mapped in Figure 80. Since all of
these taxa are known from relatively few collec-
tions, these distributions must be viewed as
sketchy estimates of the actual species ranges.
Given this caveat, we can characterize the three
areas as follows. The Magdalena area comprises
the Magdalena basin (Rio Magdalena and its
tributaries) and the upper Rio San Juan, north-
ern and western drainages west of the eastern
cordillera of the Andes. The Guayas area com-
prises the upper Guayas basin in southwestern
Ecuador, west of the western cordillera. The
third area, which we will simply term Eastern,
comprises western and central parts of the Am-
azon basin and at least the middle and upper
parts of the Paraguay-Parana basin exclusive of
the plateau region in Brazil above Sete Quedas.

These taxa, Argopleura (Magdalena area), Io-
tabrycon (Guayas areas), and subgroup B (East-
ern), support the area cladogram illustrated in
Figure 81.

Unfortunately, we know of no other clado-
grams or area cladograms which include all three
of these areas. Since at least three areas are
needed to test area cladograms, no tests can as
yet be performed with the area cladogram of
Figure 81.
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FIGURE 80.—Summary of known collecting localities of xenurobryconins.
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FIGURE 81.—Area cladogram supported by xenurobryconin
taxa.

Key to Generic Groups and Genera

This key is based for the most part on characters derived from the apomorphy
list. When appropriate, characters for which we could not hypothesize polar-
ity have been used in the key.

1. If hypertrophied scales present in caudal region of sexually mature males
then not part of lateral-line series (except for Saccoderma Schultz,
1944:314, considered a relative of Cheirodon and not a glandulocau-
dine; see Appendix 2 and Fink and Weitzman, 1974:33, fig. 26) or, if
part of lateral-line series, then not forming part of the lateral wall of
caudal pouch; parhypural and hypural 1 not fused

non-xenurobryconin glandulocaudines
Caudal region of sexually mature males with following features: one very

large caudal pouch scale, which is either a lateral-line scale or in series
with scales of lateral line; parhypural and hypural 1 fused to a single
bony element (Xenurobryconini) 2

2. Lateral line complete; sexually mature males with a lateral-line tube in
pouch scale; teeth of upper jaw multicuspid (one or two posterior teeth
occasionally may be conical in juveniles); accessory pouch scale with
elongate posterodorsal process medial to pouch scale (occasionally
fused to pouch scale); caudal musculature of males relatively unmodi-
fied, interradialis, epaxialis, and hypaxialis muscles with insertions like
those of other characiforms, not inserting on pouch scale (interradialis)
or extending distally onto dorsal caudal-fin lobe (epaxialis and hypax-
ialis); adult size exceeding SL of 25 mm Argopleura
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Lateral line absent or incomplete, with up to seven anterior perforated
scales; all or most teeth of upper jaw conical; accessory pouch scale
without process medial to pouch scale; either hypertrophied interra-
dialis muscles inserting on large pouch scale or combined epaxialis and
hypaxialis muscle bundle hypertrophied and inserting distally on dorsal
caudal-fin lobe; adult size less than about SL 25 mm, sometimes
sexually mature at about SL 12.5 mm (Subgroup A) 3

3. Predorsal area of body without scales; maxilla toothless; pouch scale of
sexually mature males with elongate ventral posterior process, which
equals or surpasses length of main fimbriate field of scale; combined
large epaxialis and hypaxialis muscle bundle inserting distally on dorsal
caudal-fin lobe in sexually mature males; caudal interradialis muscles
originating from 11 th ray never fan-shaped or inserting on pouch
scale; proximal end of principal caudal-fin ray 11 not enlarged or
unciform in shape lotabrycon

Predorsal area of body fully scaled; maxilla toothed along almost half or
much more than half of its free ventral border; pouch scale of sexually
mature males without a long ventral posterior process; no large muscle
bundle of epaxialis and hypaxialis; caudal interradialis muscles of 11 th
ray hypertrophied with a fan-shaped portion inserting distally on pouch
scale; proximal end of principal caudal-fin ray 11 enlarged, unciform
in shape, and serving as origin for hypertrophied interradialis muscles
(Subgroup B) 4

4. Maxilla of adults with approximately anterior half of its free border
toothed; pouch scale of sexually mature males without a prominent
anteroventral notch; pelvic fin of sexually mature males over one-third
of SL Xenurobrycon

Maxilla of adults three-fourths to fully toothed along its free ventral
border; pouch scale of sexually mature males with a prominent ante-
roventral notch; pelvic fin of sexually mature males less than one-third
of SL (Subgroup C) 5

5. Adults with no more than a few exserted teeth on premaxilla and dentary;
maxilla long, extending well posterior to anterior border of eye in
adults of both sexes; maxilla with a complete or nearly complete row
of teeth along its ventral free border; anal fin of sexually mature males
with hooks distributed more or less evenly over most of anterior,
middle, and sometimes also on nearly all posterior anal-fin rays; dorsal
margin of parasphenoid and ventral margin of pterosphenoid in con-
tact or close proximity in lateral view of orbit

Scopaeocharax, new genus
Adults with many exserted teeth on premaxilla and dentary; maxilla

short, extending to anterior border of eye but not beyond in adults of
both sexes; anterior three-fourths of free ventral maxillary border with
teeth in sexually mature males; anal-fin hooks of sexually mature males
confined to posterior six to eight rays; parasphenoid and pterosphenoid
well separated by prootic in lateral view of orbit Tyttocharax
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The Species of Xenurobrycon

The following account of the species of Xenu- author and a phylogenetic analysis of all known
robrycon is presented without a phylogenetic anal- species of subgroup C xenurobryconins will be
ysis. Accounts of the species of Scopaeocharax and attempted at that time.
Tyttocharax are being prepared by the senior

Artificial Key to the Species of Xenurobrycon

1. Jaw teeth unicuspid, bicuspid, and tricuspid; anterior, large teeth of
lower jaw especially likely to be tricuspid (Figure 65); pouch scale in
sexually mature males approximately teardrop-shaped, with posterior
process elongate and terminating in a relatively acute angle [Figure
30] Xenurobrycon heterodon, new species

Jaw teeth all conical (Figures 63, 64); posterior process of pouch scale in
sexually mature males either elongate or short but with a blunt
termination [Figures 28, 29] 2

2. Adipose fin absent; sexually mature males with semicircular flange-like
process on principal caudal-fin ray 18 near pouch scale [Figure 11]; in
sexually mature males, posterior anal-fin hooks slender, no larger than
anterior hooks [Figure 42] Xenurobrycon macropus

Adipose fin present; sexually mature males without semicircular flange-
like process on principal caudal-fin ray 18; in sexually mature males
eighth to eleventh or twelfth principal anal-fin rays each with a stout
large hook which is distinctly larger than more anterior hooks [Figure
43] Xenurobrycon pteropus, new species

Xenuro6ryconinacro/>«5MyersandP.de 16.3, 17.6 mm; Mato Grosso: Rio Bodoquena,
Miranda-Ribeiro 19°10'S, 56°55'W, Paulo de Miranda-Ribeiro,

F ™ * B X ,,, 25. 28. 3,, 3 « , 37*. 42. 47, 63.64., 67, Dec 1941. MZUSP 13966-69, 2 males. 2 females,
73 yy SL 14.4-15.6 mm, Parana: mouth of Rio Itacoty

, „ , . , . , „ . . . and Rio Miguacu below Sete Quedas waterfalls
Xenurobrycon macropus Myers and P. de Miranda-Ribeiro, _ „. . . . „

1945:5, fig. 1 [type locality: Brazil, Mato Grosso, Rio ° f R l ° P a r a n a > 24°25'S, 54°20'W, CETESB,
Bodoquena].—Fowler, 1951:419, fig. 465 [listed].— November 1977. MZUSP (uncataloged), 13 im-
Myers and Bohlke, 1956:10 [listed, discussion of relation- matures to adults, SL 12.0-15.8 mm, Mato
ships].—Bohlke, 1958b:319 [listed, discussion of relation- Grosso: Municipio de Caceres, Rio Jauru, (pre-S^SK?r: 197?:363 [list^dl-Mahnert and G^' cise locality not recorded but mouth of Rio Jauru
1984:498 [redescnption, osteology, discussion of relation- n- n , I^0M-,,O r *TO ^ / T * T
shi | into Rio Paraguay at about 16° 17 S, 57°47W,

CEPIPAM, 26 Mar 1977.
MATERIAL EXAMINED.—BRAZIL: MNRJ 4124, PARAGUAY: USNM 219381, 1 male and 1 fe-

holotype, male, SL 16.0 mm; MNRJ 4124, par- male, SL 15.4, 17.1 mm; and USNM 219382,
atype, female, SL 17.8 mm; MNRJ 4125, para- stained, 1 female, 1 male, SL 14.4, 15.2 mm;
types, 14 adults, SL 15.4-17.8 mm; and Paraguari: Lago Ypacarai, 25°17'S, 57°20'W,
CAS(SU)40764, paratypes, 1 male, 1 female, SL J. Talbot, 3 Dec 1976. UMMZ 205412, 8 im-
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matures to adults, SL 14.4-14.8 mm; La Cordil-
lera: Arroyo Tobati, tributary to Rio Piribebuy
about 1 km east of Tobati, 25°16.9'S,
57°3.3'W, J.N. Taylor, T.W. Grimshaw, R.M.
Myers, 4 Jun 1979. UMMZ 205413, 25 imma-
tures to adults, SL 13.8-14.2 mm; Paraguari:
Arroyo Caafiabe at 80 km on Route 1 at bridge,
about 13 km south of Paraguari, 25°45'S.
57°11.7'W, R.M. Bailey, J.N. Taylor, T.W.
Grimshaw, 19 Jun 1979. UMMZ 205414, 42
immatures to adults, SL 13.3-19.2 mm; Canen-
diyu: Arroyo Curimbaty about 15.6 km west b)
southwest, dirt road from Curuguaty,
24O31.1'S, 55°43.5'W, R.M. Bailey, J.N. Tay-
lor, T.W. Grimshaw, 6 Jul 1979. UMMZ
205416, 32 adults, SL 16.6-19.8 mm; Canen-
diyu: Rio Jejui, tributary to Rio Jejui-Guazu
about 41 km north of Curuguaty and 2 km south
of Ybatimi, 24°8.2'S, 55°37.8'W, R.M. Bailey,
J.N. Taylor, 7 Jul 1979. UMMZ 205419, 13
immatures and adults, SL 13.9-17.9 mm; San
Pedro: Rio Corrientes and adjacent flood pool
about 32.4 km west of turnoff to Curuguaty (and
northeast of Mbutuy intersection), 24°22.9'S,
55°56.4'W, T.W. Grimshaw, R.M. Myers, 21
Jul 1979. UMMZ 205421, 2 immatures, SL 13.5,
15.3 mm; Concepcion: Rio Aquidaban at Paso
Horqueta, swamp and pond within 300 m of
road, about 24 km north by northwest of Loreto,
23°3.8'S, 57°23.4'W, J.N. Taylor, G.R. Smith,
B. Smith, E. Koon, R.M. Myers, 6 Sep 1979.
UMMZ 205422, 3 adults, SL 16.0-17.0 mm;
San Pedro: south bank of Rio Ypane at bridge
on dirt road 52.7 km south of Yby-Yau,
23°27.3'S, 56°31.2'W, J.N. Taylor, G.R.
Smith, B. Smith, E. Koon, R.M. Myers, 11 Sep
1979. UMMZ 205423, 1 adult, SL 19.7 mm;
Caaguazu: at bridge over Rio Tebucuary-mi
about 20 km south of Coronel Oviedo on paved
highway to Villarica, 25°37.6'S, 56°28.2'W,
J.N. Taylor, G.R. Smith, B. Smith, E. Koon,
R.M. Myers, 12 Sep 1979. UMMZ 205484, 1
male, 6 females (including 1 stained), SL 14.5-
16.6 mm; Central: bridge over stream 7.0 km
approximately east of Luque on dirt road to
Aregua, 25°18.5'S, 57°22.8'W, J.N. Taylor,

T.W. Grimshaw, G.K. Creighton, 17 May 1979.
UMMZ 206422, 1 female, SL -17.0 mm (dam-
aged); Canendiyu: roadside swamp at bridge on
dirt road about 1.3 km west of Salto del Guaira,
24°2.2'S, 54°19.2'W,J.N. Taylor, T.W. Grim-
shaw, G.K. Creighton, 13 Jul 1979. UMMZ
206314, 1 female, 1 male, SL 16.4, 18.2 mm;
Canendiyu: Arroyo Itandey, tributary to Arroyo
Carimbatay, about 7.6 km west southwest of
Curuguaty by dirt road, 24°30.5'S, 55°40.2'W,
R.M. Bailey, J.N. Taylor, T.W. Grimshaw, et al.,
6 Jul 1979. UMMZ 206535, 7 immatures to
adults, SL 15.5-16.8 mm, Canendiyu: small
stream about 5.3 km by dirt road north north-
west of Curuguaty, 24°25.1'S, 55°40.8'W, J.N.
Taylor, T.W. Grimshaw, G.K. Creighton, 19 Jul
1979. UMMZ 206729, 7 males, 5 females, SL
15.5-18.9 mm; Concepcion: Arroyo Piky at
bridge on Route 5 about 47 km west southwest
of Pedro Juan Caballero, 22°42'S, 56°12.6'W,
J.N. Taylor, T.W. Grimshaw, R.M. Myers, 24
Jul 1979. USNM 212549, 2 adults, SL 14.9, 16.6
mm; Presidente Hayes: pond about 15 by 30 m,
near trans Chaco highway about 50 km north of
Asuncion and 4 km north of Benjamin Aceval,
about 24°52'S, 57°35'W, L. Naylor, F. David-
son, 1 Nov 1981.

Mahnert and Gery (1984:498, 508) list and
discuss seven other Paraguayan localities which
are in the same general region as the Paraguayan
localities listed above.

DIAGNOSIS.—Premaxilla with single row of 6
to 10 conical teeth (Figures 63, 64). Maxilla with
single row of 4 to 8 conical teeth. Dentary with
single row of 8 to 14 conical teeth. Adipose fin
absent. Adult males with following sexually di-
morphic features: pouch scale shaped as illus-
trated in Figure 28, approximately rounded but
with a very short, blunt protuberance poste-
riorly. Eighteenth principal caudal-fin ray (count-
ing ventrally from dorsal principal caudal-fin ray)
bearing thin, flat bilateral lamellae with rounded
distal edges; these projections situated near ven-
tral border of pouch scale. Each projection
formed of two ventrolaterally expanded fin-ray
segments fused in their expanded portions. De-



76 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

veloping males with each ray half bearing a low
ventrolateral ridge in this region, each ridge
including at least two ray segments. Bony hooks
present on large unbranched and 9 anterior
branched anal-fin rays.

DESCRIPTION.—Tables 1 and 2 present mor-
phometrics and meristics for four population
samples; holotype given separately. Measure-
ments are given separately for males and females
for four characters. Body moderately elongate,
sides compressed, greatest depth about midway
between nape and dorsal-fin origin. Predorsal
body profile gently convex to tip of snout. Body
profile slightly elevated at dorsal-fin origin,
slightly concave along dorsal-fin base, and nearly
straight to origin of dorsal procurrent caudal-fin
rays. Dorsal fin nearer to caudal-fin base than to
snout tip. Ventral body profile gently convex
from anterior lower jaw tip to pelvic-fin origin,
slighty concave in region of pelvic-fin insertion.
Body profile between pelvic-fin insertion and
anal-fin origin slightly convex in males, slightly
concave in females. Profile gently concave along
anal-fin base and nearly straight from posterior
termination of anal-fin base to origin of ventral
procurrent caudal-fin rays.

Head and snout moderately elongate. Lower
jaw protruding slightly beyond jaw or jaws equal.
Mouth angled anterodorsally from mandibular
joint to snout tip. Maxillary bone extending pos-
teriorly approximately to a point on a vertical
line drawn ventrally from anterior border of eye.

Dorsal-fin rays ii,7 in most specimens;
branched ray count varies somewhat (Tables 1,
2) (last ray not split to its base). Adipose fin
absent. Anal-fin rays iii,13 in most specimens;
branched ray count varies (Tables 1, 2). Posterior
anal-fin ray split to its base (Figures 42, 77). Anal
fin with a strongly lobed anterior portion in
males, lobe less developed in females. (Compare
male and female in Figure 3; see also Tables 1,
2.) Anal fin of sexually mature males with bilat-
eral antrorse bony hooks on largest anterior un-
branched ray and anterior nine branched rays
(Figure 42). Almost always one hook per seg-
ment. Anterior rays with largest number of

hooks; progressively fewer hooks posteriorly.
Number of hooks per ray ranging from a maxi-
mum of 10 anteriorly to 4 on posterior rays of
anal-fin lobe, and 4 to 2 on rays posterior to lobe.
Female without bony hooks.

Pectoral-fin rays i,6 to i,9, usually i,8 (Tables
1, 2). Distal tips of pectoral-fin rays extending
posterior to pelvic-fin origin in females and well
beyond that point in males due to anterior posi-
tion in males of pelvic-fin origin. Actual pectoral-
fin length about equal in both sexes (see p. 84,
sexual dimorphism).

Pelvic-fin rays i,6 in nearly all specimens (Ta-
bles 1, 2). Pelvic fin sexually dimorphic, elongate
in males (Figures 3, 73; Tables 1, 2). Pelvic-fin
origin much nearer pectoral-fin origin than anal-
fin origin in males, about equidistant between
pectoral-fin origin and anal-fin origin in females.
(See Tables 1, 2 for comparative ratios presented
as percentages.) Pelvic-fin rays of females not
elongate as in males and without hooks, similar
to pelvic-fin rays of most female glandulocaudine
characids. Pelvic-fin rays of males arched dorsally
when folded against body (Figure 3). Membranes
of pelvic fin in males broad between all but sixth
and seventh fin rays, which are closely bound
together along their entire length. Interradial
membranes between third through sixth rays
especially broad. All fin rays closely bound to
adjacent rays at their distal ends by connective
tissue and skin. When pelvic fin is expanded with
forceps it forms an inverted boat-shaped struc-
ture or an "umbrella-like canopy" as noted by
Myers and Miranda-Ribeiro (1945:3).

Pelvic-fin rays of males with unpaired ventral
bony hooks (Figure 73). Anterior ray bears hooks
along nearly its entire length; sixth and seventh
rays (closely bound) bear hooks along most of
their lengths; rays in middle area of fin have
fewer hooks with fourth and fifth rays bearing
hooks only along distal third. Hooks occur on all
branches of branched rays. On all rays, more
proximal hook-bearing segments usually bear 1
hook per segment, intermediate segments 2, and
distal or penultimate 1 to 3 segments bear 3
hooks per segment. Anterior ray with 1 hook per
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segment along most of its length; remaining rays
have very few (1 to 3) segments with 1 hook per
segment. On each ray, hooks largest near middle
of hook-bearing portion of ray; largest hooks of
fin on anterior ray. On all rays more proximal
hooks more antrorse, and more distal hooks pro-
ject at right angles from ray segments. Hook
counts on cleared and stained specimen from
Lago Ypacarai, Paraguay, USNM 219381, as
follows: anterior ray, unbranched, bears 34
mostly antrorse hooks distributed on about 21
ray segments, with 7 or 8 hooks on long basal
segment and 1 to 3 hooks on more distal seg-
ments. Second ray, branched, bears about 56
slightly antrorse hooks, with unbranched portion
bearing about 3 hooks, lateral branch about 12
hooks, and medial branch about 31 hooks. Third
ray with about 15 slightly antrorse hooks on
unbranched portion, about 10 slightly antrorse
hooks on lateral branch, and about 24 slightly
antrorse to nonantrorse hooks on medial branch.
Fourth ray with smaller hooks, about 18 slightly
antrorse hooks on unbranched portion, about 6
slightly antrorse hooks on lateral branch, and
about 14 mostly nonantrorse hooks on medial
branch. Fifth, sixth, and seventh rays un-
branched; fifth ray bears about 30 antrorse hooks
on about 15 segments, sixth ray abut 44 mostly
antrorse hooks on about half as many segments,
and seventh ray about 32 mostly antrorse hooks
on about 17 segments.

Pelvic girdles of males large, anterior in posi-
tion, and separated from each other posteriorly
(Figure 37a; compare also snout to pelvic fin
distances in males and females in Tables 1, 2).
Anterior processes of pelvic bones almost in con-
tact and extending to a point medial and slightly
anteroventral to divergent posteroventral bor-
ders of coracoid bones of pectoral girdles. Lat-
eral process of each pelvic bone positioned just
posteroventral to ventral tip of anterior pleural
rib. Posterior processes separated from each
other in alizarin specimen by about 1.2 mm or a
distance more than one-third of length of pelvic
bone; anterior and posterior projections of pos-
terior processes, present in most characids, very

reduced. On each pelvic bone a large ventral
flange extends from lateral process to point near
midlength of medial pelvic bone border. Medial
pelvic radial platelike and laterally elongate,
closely bound to girdle so that little movement
of radial is possible.

Pelvic girdle of female like that of most female
glandulocaudines except that anterior and pos-
terior projections of posterior process completely
absent. Pelvic bones adjacent at midline. Ante-
rior process distant from coracoid bone of pec-
toral girdle, lying just posteroventral to ventral
tip of second rib; lateral process ventral to ventral
tip of fourth rib.

Caudal fin with principal rays 10/9 in all spec-
imens. Caudal fin of females, as in most other
characids, similar to that of Brycon (Figure 21),
but with 2 epurals instead of 3. Caudal fin of
sexually mature males highly modified (Figures
11, 12, 25, 28, 47, 67). Principal caudal-fin rays
10/9 but rays so modified that conformance to
this count is not easily recognizable in specimens
not cleared and stained. Bony spines or hooks
present on dorsal 8 or 9 and ventral 3 principal
caudal-fin rays (Figure 11). These hooks usually
distributed bilaterally with one bilateral pair per
fin-ray segment. Hooks on dorsal lobe usually
restricted to ventral borders of fin rays, and to
ventral branches in branched areas of rays. Dor-
sal four principal caudal-fin rays with antrorse
hooks, fifth ray with hooks directed ventrally,
and sixth through eighth or ninth rays with
larger, retrorse hooks. Hooks on ventral lobe
antrorse and usually restricted to dorsal borders
of fin rays and to dorsal branches in branched
areas of rays. Largest procurrent ray of ventral
lobe sometimes with an antrorse hook on its
dorsal border. Hook counts for principal rays as
follows: in dorsal lobe, first ray (unbranched)
with 11 to 14 hooks, second ray with 9 to 13
hooks, third with 9 to 11, fourth with 4 to 7,
fifth with 3 to 5, sixth with 4 to 7, seventh with
4 to 6, eighth with 1 to 6, ninth sometimes with
1 hook. In ventral lobe, seventeenth principal
ray with 3 to 5 hooks, eighteenth with 4 to 9,
and nineteenth with 8 to 12.



TABLE 1.—Morphometrics and meristics of Xenurobrycon macropus.

Character

Standard length (mm)

Greatest body depth
Depth at dorsal-fin

origin
Snout to dorsal-fin

origin
Snout to pectoral-fin

origin
Snout to pelvic-fin

origin 6*
Snout to pelvic-fin

origin 9
Snout to anal-fin

origin
Caudal peduncle

depth 6*
Caudal peduncle

depth 9
Caudal peduncle

length
Pectoral-fin length
Pelvic-fin length 6
Pelvic-fin length 9
Dorsal-fin base length
Longest dorsal-fin ray

length
Anal-fin base length
Anal-fin lobe length 6
Anal-fin lobe length 9
Bony head length

Holotype

16.0

27.5
25.6

61.3

23.1

33.8

-

58.1

14.4

-

19.4

23.8
40.6

-
8.4

23.1

19.4
24.4

-
22.5

n

17

17
17

17

17

6

11

17

6

11

17

16
6

11
17
17

17
6

11
17

Brazil,

Range

low

15.4

23.6
23.6

59.6

22.6

32.3

42.2

58.1

13.5

11.6

19.4

18.4
36.7
11.8
6.4

18.0

17.5
24.1
16.6
20.2

high

17.8

30.4
27.3

64.3

26.0

36.4

46.9

65.8

15.6

12.4

24.2

26.6
40.9
13.6
8.5

25.3

21.8
26.1
21.0
24.7

Rio Bodoquena1

X

16.8

27.5
25.5

61.8

23.9

34.4

44.6

62.7

14.6

11.9

21.7

21.6
39.5
12.6
7.5

21.3

19.1
25.0
17.9
21.8

95% Confidence
limits*

L, U

PERCENTAGE OF

26.981
25.169

61.380

23.596

33.615

44.069

62.144

14.019

11.712

21.359

20.875
38.556
12.337
7.168

20.610

18.702
24.403
17.353
21.389

28.083
25.831

62.220

24.204

35.385

45.131

63.255

15.182

12.088

22.041

22.325
40.444
12.863
7.832

21.991

19.498
25.597
18.447
22.211

SD n

0.829 36

Paraguay, Arroyo Curimbaty2

Range

low

13.3

STANDARD LENGTH

36
36

36

36

13

22

36

13

23

36

35
13
21
36
34

36
13
19
36

21.5
21.3

58.3

21.7

30.1

39.6

56.7

11.2

9.7

19.8

18.2
30.2
11.1
6.4

20.0

18.8
20.5
17.4
20.8

high

19.2

28.4
27.7

63.4

26.3

39.1

45.1

63.6

13.5

12.6

26.3

22.5
40.7
15.4
9.4

24.8

22.5
25.3
22.7
24.4

X

16.2

25.5
23.9

61.1

23.3

33.4

42.3

59.3

12.4

10.8

22.3

20.7
36.6
12.5
8.1

22.3

20.4
22.6
19.1
22.6

95% Confidence
limits*

L,

25.165
23.588

60.849

23.083

32.779

41.963

59.027

12.062

10.570

22.030

20.455
35.070
12.150
7.889

21.981

20.142
21.965
18.640
22.383

L2 SD

1.360

25.835
24.212

61.351

23.517

34.021

42.637

59.573

12.738

11.030

22.570

20.945
38.130
12.850
8.311

22.619

20.658
23.235
19.560
22.817



Horizontal eye diame-
ter

Snout length
Least width inter-

orbital
Upper jaw length

Branched dorsal-fin
rays

Branched pectoral-fin
rays

Branched pelvic-fin
rays

Branched anal-fin
rays

Horizontal scale rows
between dorsal-
and anal-fin origins

Predorsal scales
Perforated lateral-line

scales
Lateral series scales
Horizontal scale rows

around caudal pe-
duncle

Dorsal limb gill rakers
Ventral limb gill

rakers
Vertebrae

41.7

20.8
38.9

34.7

7

7

6

13

8

15
3

32
13

5
10

34

17

17
17

17

17

17

17

17

17

15
8

14
17

17
17

17

38.5

16.9
35.5

31.4

7

7

6

12

8

14
3

32
13

5
9

33

44

21
42

39

7

9

7

14

8

15
6

35
13

6
10

35

.4

.1

.9

.1

41.7

19.0
39.8

34.8

7.0

7.9

6.1

12.9

8.0

14.9
4.9

33.9
13.0

5.3
9.6

34.4

PERCENTAGE OF BONY HEAD

41.196 42.204

18.557 19.443
39.100 40.410

34.238 35.362

COUNTS

0.000

0.458

0.243

0.556

0.000

0.258
0.991

0.770
0.000

0.470
0.493

0.608

LENGTH

36

36
36

36

36

36

36

36

-

-
-

-
_

-
-

43

37.

17.
36.

27.

6

7

6

12

-

-
-

-
-

-
-

34

8

4
1

1

45.7

22.9
49.9

36.1

7

8

6

14

-

-
-

_
-

-
-

36

42.0

20.0
40.7

32.5

6.9

7.8

6.0

12.9

-

-
-

_
_

-
-

35.3

41.615 42.385

19.710 20.290
40.178 41.227

32.084 32.916

0.232

0.378

0.000

0.439

_

-
_

_
_

-
-

0.492
1 Rio Bodoquena, Brazil, MNRJ 4124 (holotype), MNRJ 4125, CAS (SU) 40764.
2 Arroyo Curimbaty, Paraguay, UMMZ 205414.
* Arcsine transformations were used for calculating the 95% confidence limits.



TABLE 2.—Morphometrics and ineristics of Xenurobrycon macropus.

Character

Standard length (mm)

Greatest body depth
Depth at dorsal-fin

origin
Snout to dorsal-fin origin
Snout to pectoral-fin

origin
Snout to pelvic-fin origin

o
Snout to pelvic-fin origin

o+
Snout to anal-fin origin
Caudal peduncle depth 6
Caudal peduncle depth 9
Caudal peduncle length
Pectoral-fin length
Pelvic-fin length <J
Pelvic-fin length 9
Dorsal-fin base length
Longest dorsal-fin ray

length
Anal-fin base length
Anal-fin lobe length 6
Anal-fin lobe length 9
Bony head length

Horizontal eye diameter
Snout length
Least width interorbital
Upper jaw length

Branched dorsal-fin rays
Branched pectoral-fin

rays
Branched pelvic-fin rays
Branched anal-fin rays
Horizontal scale rows be-

tween dorsal- and
anal-fin origins

Predorsal scales
Perforated lateral-line

scales
Lateral series scales
Horizontal scale rows

around caudal pedun-
cle

Dorsal limb gill rakers
Ventral limb gill rakers
Vertebrae

Paraguay, Lago Ypacarai1

n

4

4
4

4
4

2

2

4
2
2
4
4
2
2
4
3

4
2
2
4

4
4
4
4

4
4

4
4
4

4
4

4
4

4
4
4

Range

low

14.4

26.3
26.3

61.8
23.6

32.9

43.3

62.5
15.8
11.7
20.5
20.8
39.6
12.9
7.0

20.1

18.2
28.9
17.5
21.5

43.2
18.9
41.2
29.0

7
7

6
12
8

15
4

33
13

5
8

34

high

17.1

31.2
29.6

64.3
24.7

33.8

46.5

63.9
16.2
12.5
23.7
23.4
40.8
13.2
8.6

23.4

20.1
29.9
18.8
22.4

45.2
23.5
46.0
32.4

7
7

6
13
8

15
5

34
13

6
9

35

X

15.5

n

12

PERCENTAGE

29.4
28.6

62.7
24.2

33.4

44.9

63.0
16.0
12.1
22.3
21.6
40.2
13.1

7.9
22.2

19.0
29.4
18.2
21.9

11
12

12
12

6

6

12
ri
6

12
11
6
6

12
11

12
6
6

12

PERCENTAGE

44.2
21.3
44.1
30.9

7.0
7.0

6.0
12.5

8.0

15.0
4.3

33.3
13.0

5.3
8.3

34.5

12
12
12
12

12
12

12
12
4

2
_

_

3

_
_

12

Paraguay, Rio Corrientes2

Range

low

13.9

high

17.9

OF STANDARD

24.3
24.3

59.8
22.7

33.6

41.6

58.1
12.3
11.0
21.1
20.2
35.1
12.7
7.8

20.2

19.0
20.1
15.6
21.5

OF BONY

39.0
17.9
35.8
28.9

COUNTS

7
6

6
13
8

15
_

_

13

_
_

34

28.8
28.0

63.4
26.1

37.0

44.3

63.4
13.8
11.8
23.4
23.0
40.9
14.5
9.3

24.3

22.1
24.5
19.2
25.0

HEAD

46.2
24.4
41.7
38.6

8
8

6
14
8

15
_

_

13

_
_

36

X

16.0

LENGTH

27.0
26.7

61.4
24.2

35.4

43.0

60.8
13.4
11.5
22.2
22.0
37.5
13.3
8.4

22.4

20.5
22.8
18.2
23.5

LENGTH

42.8
21.5
38.7
32.2

7.3
7.8

6.0
13.2
8.0

15.0
_

_

13.0

_
_

35.1

95% Confidence
limits5

L,

26.381
26.270

61.053
23.750

34.559

42.451

60.163
12.890
11.229
21.899
21.577
36.115
12.736
8.070

20.767

20.044
21.737
17.141
23.015

41.971
20.579
38.006
31.159

L2

27.619
27.130

61.747
24.649

36.242

43.549

61.437
13.904
11.771
22.501
22.423
38.885
13.864
8.730

23.033

20.956
23.863
19.259
23.985

43.629
22.421
39.394
33.241

SD

1.226

0.452
0.622

0.000
0.389
0.000

0.000

0.000

0.515

Lago Ypacarai, Paraguay, USNM 219381, USNM 219382.
2 Rio Correntes, Paraguay, UMMZ 205419.
s Arcsine transformations were used for calculating the 95% confidence levels.
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Seventh through tenth rays of dorsal caudal-
fin lobe modified in shape and position with
strong interradialis muscles extending beyond
their midlengths (Figure 47). Distal portion of
these rays curved strongly ventrally and overlap-
ping dorsal rays of ventral lobe. Membrane be-
tween lobes complete. In any given specimen all
overlapping rays of dorsal lobe lie to one side of
ventral lobe, either right or left (Figure 67). Note
that in Figure 11 rays in middle of fin are drawn
without overlap so that all rays may be seen
clearly; actual extent of curvature in rays of both
upper and lower lobes is greater than depicted.
Tenth ray of dorsal lobe in specimen illustrated
bears an angle at joint between third and fourth
ray segments (counting basal segment); this joint
abutting ninth ray dorsally (Figure 11, inset).
Details of this arrangement vary somewhat from
specimen to specimen, with a continuous curve
rather than a sharp angle in some specimens.
Dorsal ray of ventral caudal-fin lobe (— eleventh
principal caudal-fin ray) forms interrupted sig-
moid curve and is termed here sigmoid ray. Base
of each sigmoid-ray half with large unciform
dorsal process extending across hypural 2 and
terminating lateral to hypural 3. Sigmoid-ray
base movably articulated on distal border of hy-
pural 2. Posterior to point of articulation with
hypural 2, sigmoid ray enlarged and directed
posterodorsally; ossification of ray interrupted
for a distance approximately equivalent to two
ray segments so that remainder of ray is detached
from ray base. Remainder of ray curved ven-
trally. Ossification of two adjacent ventral-lobe
rays also interrupted; ray segments, where ossi-
fied, very narrow. Base of seventeenth principal
ray expanded laterally into projecting lobe, base
of sixteenth ray expanded laterally but not lobed.

Eighteenth principal caudal-fin ray bears thin,
flat bilateral projections with rounded distal bor-
ders; each projection formed of fourth and fifth
ray segments, ventrolaterally expanded and of-
ten fused in their expanded portions (Figures 11,
47). Ventral to shelf, between bilateral projec-
tions, ray surface is concave rather than convex.
These lamellae situated slightly ventral to pouch

scale at point where border of scale flares slightly
laterally. Flaring border marks ventral opening
to a space medial to large scale.

All principal caudal-fin rays of males dorsoven-
trally expanded along their distal portions. Ven-
tral principal ray (unbranched) with especially
large expansion along distal two-thirds of its ven-
tral margin. Two adjacent procurrent rays also
with ventral expansion on their distal portions.

Procurrent caudal rays relatively few. Number
of ventral procurrent rays in cleared and stained
specimens 6 in both male and female; number of
dorsal procurrent rays 6 in female and 5 in male.

Structure of hypurals sexually dimorphic. Hy-
pural skeleton of females exhibits typical chara-
cid morphology. In sexually mature males, hy-
pural 1 fused to parhypural. Hypural 2 does not
extend as far posteriorly as other hypurals; distal
margin of hypural 2 lacks cartilage. Posterior
margin of hypural skeleton angled slightly ante-
roventrally rather than being approximately per-
pendicular to longitudinal axis of fish, with hy-
pural 6 extending further posteriorly than par-
hypural-hypural 1 element. Since principal fin
rays articulate along this diagonal border, entire
caudal fin shows a ventral tilt as noted in original
description, Myers and P. de Miranda-Ribeiro
(1945:4). Development of flanges on neural and
haemal spines in caudal area greater in males
than in females.

Caudal squamation sexually dimorphic. Fe-
males and sexually immature specimens with
large, approximately circular scale extending
from ventral portion of dorsal lobe to ventral
branched ray of ventral lobe; radii along poste-
rior margin of this scale numerous but not as
numerous or closely spaced as in male. Other
caudal scales of females and sexually immature
specimens similar to precaudal scales but with
more radii along posterior margin. This large
scale becomes modified in maturing males (Fig-
ure 31) and eventually becomes the pouch scale
of mature males.

Caudal squamation of sexually mature males
with pouch scale located near middle of caudal-
fin base, approximately round, with short, blunt
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protuberance posteriorly (Figures 11, 25, 28).
Accessory pouch scale slightly enlarged; this scale
bears more radii than other scales surrounding
largest scale and is only lightly ossified in area of
radii. Radii on pouch scale present along poster-
odorsal and posteroventral scale borders; middle
area of scale and distal border of posterior proc-
ess usually without radii. Radii numerous and
closely spaced, particularly along posteroventral
border (Figure 28). Ventral margin of pouch
scale well ossified but connective tissue of radial
striae allows considerable lateral expansion of
scale margin in alcohol specimens. Pouch scale
well ossified along curved anterior margin and
with pronounced ridge on medial surface; this
ridge set in from border of scale. Anterior region
of pouch scale shallowly arched laterally over
mass of modified muscle tissue (p. 97). Posterior
portion of pouch scale surface relatively flat, with
posterodorsal border curved slightly medially and
posteroventral border flared slightly laterally.
Posterior apex of pouch scale tightly bound by
connective tissue at its border to principal ray 10
and by two more or less distinct ligaments from
the medial surface of pouch scale to immediately
adjacent parts of rays 10 and 11. Posterodorsal
portion of pouch scale bound by connective tis-
sue to underlying muscle tissue. Posteroventral
margin and middle area of pouch scale free from
underlying tissue, easily lifted slightly laterally
without breaking skin or connective tissue. How-
ever, only a small sac-like area present, no large
caudal pouch as in Corynopoma riisei (Atkins and
Fink, 1979:466).

Modified epidermal tissue, presumably glan-
dular, occurs on male caudal fin. Description of
this tissue in region of presumed caudal gland
limited to gross morphology evident on alcohol
specimens using a Leitz Widefield dissecting mi-
croscope. Two patches of modified epidermis
consistently distinguished on sexually mature
males. Most obvious is a pad of thick white tissue
on fin-ray surface in area of posteroventral radii
of pouch scale. This occurs both medial to pouch
scale and posteroventral to pouch scale border.
This tissue associated with a thin flap of skin

extending dorsally from principal ray 17 to ap-
proximately ray 15. Pad of tissue not extending
onto dorsal surface of ventrolateral shelflike
process of ray 18 and a groove occurs in tissue
between pad and shelflike process. Second area
of whitish tissue on interradial membrane under
middle region of pouch scale less obvious. This
tissue occurs on fleshy protuberance in hiatus
between sigmoid ray (ray with unciform process)
and other rays of ventral lobe. Thick tissue ex-
tends over proximal portion of ventral lobe pos-
teroventral to pouch scale in some specimens.
This may also be modified glandular tissue (see
whitish area on ventral portion of ventral caudal-
fin lobe, Figure 67). Thick tissue associated with
proximal part of four sharply decurved rays of
dorsal caudal-fin lobe formed of muscle, not
glandular tissue as originally described by Myers
and P. de Miranda-Ribeiro (1945:4).

Caudal-fin musculature sexually dimorphic.
Caudal-fin musculature of male modified (Fig-
ures 47, 67); compare with female (Figure 3).
Separate posteromedian sections of hypaxialis
and epaxialis muscle groups thick; hypaxialis sec-
tion especially large, extending distinctly dorsal
to lateral midline. Epaxialis section inserts by
tendons onto principal caudal-fin rays 1 to 3.
Hypaxialis section inserts by a tendon onto
eighteenth ray. Some fibers of lateralis superfi-
cialis bundle extend across lateral midline, orig-
inating ventral to midline from myocommatum
of ventral lateralis superficialis bundle and in-
serting tendinously to dorsal principal caudal-fin
ray. Remaining fibers of ventral lateralis super-
ficialis bundle insert by a tendon to eighteenth
principal caudal-fin ray, separate from tendon of
posteromedian hypaxialis section.

Major interradialis muscle mass divided into
three separate bundles. One bundle attaches only
to ventral caudal-lobe fin rays, originating just
distal to bases of fin rays 12 to 17 and inserting
on lateral face of sigmoid ray (ray 11) ("interra-
dialis-a," Figure 47). (We reverse usual origin
and insertion of this muscle in this description
because this muscle, when contracted, probably
moves sigmoid ray on its hypural 2). Another
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muscle mass ("interradialis-b," Figure 47), origi-
nates along posterior margin of unciform process
and ray base of sigmoid ray and inserts on medial
face of largest caudal scale. Site of insertion
forms a nearly continuous semicircle near margin
of large scale; fibers attach most densely at area
of curved posterodorsal radii and in area of ven-
tral radii (Figures 11, 28, 47). Third bundle
consists of fibers of dorsal lobe caudal-fin rays;
fibers insert along distal, decurved portions of
rays 7 to 10.

Caudal-fin musculature of female much thin-
ner than that of male. Posteromedian section of
hypaxialis does not extend dorsal to lateral mid-
line. Fibers of lateralis superficialis do not cross
midline; posterior fibers of ventral bundle are all
directed posteroventrally. Large interradialis
muscle sheet with no separate bundles, similar to
that of most other characids. Attachments of
posteromedian epaxialis and hypaxialis sections
and of lateralis superficialis bundles very difficult
to ascertain, but appear to be like those of male.

Scales cycloid with few radii along posterior
margins except scales along narrow dorsal and
ventral body surfaces and in caudal region. Scales
often absent, apparently rubbed off by other
fishes in preservative during transport after col-
lecting (Tables 1, 2). Lateral line incomplete.
Perforated lateral-line scales 3 to 6. Scale rows
between dorsal-fin origin and anal-fin origin 8 in
all specimens. Scale rows around caudal peduncle
13 in all specimens; a median row is absent on
ventral surface of caudal peduncle at it narrowest
point. Predorsal scales 14 to 15, usually 15.

Teeth of all jaw bones conical (Figures 63,
64a). Teeth, especially smaller, posterior teeth,
often buried in tissue, making accurate counts
nearly impossible, but type series with this tissue
nearly gone, making accurate counts possible.
Premaxillary teeth almost in a single uneven row,
but usually with a few teeth clustered anterome-
dially; holotype 7; paratypes n = 15, range = 7
to 10, x = 7.9, SD = 0.961. Some specimens
from Sete Quedas, Brazil, MZUSP 13966-69 and
Lago Ypacarai, Paraguay, USNM 219382, with
as few as 6 premaxillary teeth. Maxillary teeth in

a single even row but with anterior teeth pro-
jecting somewhat anteriorly; holotype 4; para-
types n = 15, range 4 to 7, x = 5.1, SD = 0.915.
One specimen from tributary of Arroyo Curu-
guaty, Paraguay, UMMZ 206314, with 8 maxil-
lary teeth. Dentary teeth in a single row, always
with medial tooth angled slightly inward and
adjacent tooth projecting outward; holotype 10;
paratypes n = 15, range 11 to 14, x = 11.1, SD
= 1.125. One male from Sete Quedas, Brazil,
MZUSP 13966-69, with 8 dentary teeth.

See Tables 1, 2 for vertebral counts including
Weberian apparatus and terminal compound
centrum and for gill-raker counts. Branchioste-
gal rays in two cleared and stained specimens, 4,
all originating from anterior ceratohyal.

COLOR IN ALCOHOL.—Description of male and
female specimens from Lago Ypacarai, Paraguay
(Figure 3), with comments on specimens from
other localities as appropriate. Entire body pale
brown, nearly white, probably silvery in life but
guanine pigment lost due to initial preservation
in formalin. Dark brown narrow midside stripe
extends from near dorsal part of opercular open-
ing to caudal-fin base. Stripe may or may not be
well developed anteriorly (compare male and
female, Figure 3). Scattered dark brown chro-
matophores occur close to lateral stripe. Chro-
matophores may be nearly absent anteriorly.
Caudal peduncle always with dark brown chro-
matophores at base of dorsal lobe of caudal fin.
These chromatophores may be scattered or rel-
atively dense. In male, this chromatophore clus-
ter extends slightly ventral to midline stripe but
does not extend onto anterior border of large
caudal-fin scale, thus forming a crescent. A few
scattered dark brown chromatophores present in
area of large caudal scale. Area dorsal to lateral
midside stripe with scattered dark brown chro-
matophores arranged along scale borders. These
in life may give upper half of body a reticulate
pattern (Figure 3, female). Some male specimens
show almost no dark chromatophores in this area
except on scale borders along dorsum (Figure 3,
male). Area ventral to horizontal midside stripe
usually with chromatophores only in area dorsal
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to anal-fin base and along ventral border of cau-
dal peduncle. In male, area of large muscle mass
serving pelvic fin with scattered dark brown
chromatophores.

Scattered chromatophores occur on dorsal,
anal, and caudal fins. Pectoral fins of males hya-
line except for dark brown chromatophores
along anterior rays. Pelvic fins of males with dark
brown chromatophores along rays; chromato-
phores more dense along anterior rays. Pectoral
and pelvic fins of females nearly hyaline.

Opercle, cheek (area of orbital bones), and
lower jaw with very few dark chromatophores.
Dorsum of head in supraoccipital, parietal, and
posterior frontal regions appearing nearly black
from presence of numerous very dark brown
chromatophores. Head dorsal to eye, in area of
anterior part of frontal bones, dark with fairly
dense dark chromatophores. Nasal area and tip
of snout also dark brown.

SEXUAL DIMORPHISM.—Tables 1 and 2 pre-
sent morphometric data for specimens of Xenu-
robrycon macropus arranged by sex for four char-
acters out of 31. All populations show some
obvious sexual differences in distance from snout
to pelvic-fin origin, depth of caudal peduncle,
length of pelvic fin, and length of anterior lobe
of anal fin. Anterior placement of pelvic girdle
and increased length of pelvic fin in males ac-
count for most of marked morphometric differ-
ences. Hooks present on pelvic, anal, and caudal
fins of males; females lack hooks.

Analysis of covariance using logarithmic trans-
formed data for 21 morphometric characters by
sex were done for two population samples, the
type series, MNRJ 4124, MNRJ 4125, and
CAS(SU) 40764, all from Rio Bodoquena, Brazil,
and UMMZ 205414 from Arroyo Curimbaty,
Paraguay. These samples are relatively small,
mostly of adults, and often the coefficients of
determination (correlation) for regression were
low, indicating lack of regression. This was es-
pecially true for the males for which there was
little variation in size of the adult samples and
which appear to be subject to sexual maturation
at varying sizes within that restricted range. (For

discussion of male maturation size, see p. 38).
However, intercepts (rarely slopes) showed sig-
nificant differences (P<0.01 determined in a
two-tailed test) between males and females for
the four characters listed above and compared in
Tables 1, 2. No other characters showed signifi-
cant differences in the type series, but such dif-
ferences did occur in intercepts of anal-fin base
length on standard length, longest dorsal-fin ray
length on standard length (greater in the males
for both), and in greatest body depth on standard
length (greater in females) for specimens from
Arroyo Curimbaty. The females were full of ripe
eggs and therefore deeper in body than the
males. The other two characters, longest dorsal-
fin ray length and anal-fin base length, showed
these differences in one population sample of X.
heterodon (page 93). Complex glandular, muscu-
lar, and osteological structures present in caudal
fin of males absent in females are described above
(p. 77).

POPULATION VARIATION.—Sample size is too
small for rigorous analysis of morphometric dif-
ferences. Furthermore, the population samples
differ in ways that make statistical comparisons
for many measurements useless for a study of
geographic variation. For example, all specimens
in the type series from Rio Bodequena were
preserved in alcohol and are now soft (but not
shrunken) and do not provide measurements of
the accuracy required. In addition, specimens in
this population sample were in breeding condi-
tion, the females rotund with eggs. On the other
hand, the samples from Paraguay, various
UMMZ numbers, were preserved in formalin,
are now somewhat shrunken, and were not in
breeding condition when captured, except for
UMMZ 205414. The UMMZ specimens also lack
scales (presumably rubbed off by friction with
larger fishes while in transit in preservatives),
while the type series retain their scales. In small
fishes such as these the presence and absence of
scales affects the measurements and body pro-
portions.

ETYMOLOGY.—The name macropus is from the
Greek makros (long) and pous (foot), hence pelvic
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appendage; "long-foot" in reference to the elon-
gate pelvic fin of the male.

Xenurobrycon pteropus, new species

FIGURES 4, 29, 43, 64b, 78

MATERIAL EXAMINED.—BRAZIL: MZUSP
12412, holotype, male, SL 13.5 mm, and USNM
232921, cleared and stained, paratype, male, SL
13.8 mm; Amazonas: an igarape in Fonte Boa,
approximately 2°30'S, 67°2'W, EPA, 25 Oct
1968.

DIAGNOSIS.—Premaxilla with wavy series of at
least 6 to 7 conical teeth, some anterior teeth of
series pointing anterolaterally; 2 exserted "tusk"
teeth external to wavy series (Figure 646). Max-
illa with single row of 6 conical teeth. Anterior
tooth exserted, forming a "tusk" tooth, second
maxillary tooth pointing ventrolaterally but
much less than exserted tooth, each of remaining
maxillary teeth directed in succession less ante-
riorly and more ventrally than its anteromedial
neighbor. Dentary with single row of 11 to 13
conical teeth. Adipose fin present. Adult males
with following sexually dimorphic features:
pouch scale shaped as illustrated in Figure 29,
approximately rounded but with a short, rela-
tively blunt protuberance posteriorly. Eighteenth
principal caudal-fin ray (counting ventrally from
dorsal principal caudal fin-ray) without platelike
bilateral projections but with each ray half in this
region bearing a narrow ventrolateral ridge, as
in young, maturing males of Xenurobrycon macro-
pus. Bony hooks on fourth through eleventh
branched anal-fin rays, posterior four of these
hooks larger than more anterior hooks.

DESCRIPTION.—See Table 3 for morpho-
metrics and meristics. In all cases n = 2. Body
moderately elongate, sides compressed. Greatest
body depth about midway between nape and
dorsal-fin origin or closer to dorsal-fin origin.
Predorsal body profile gently convex to tip of
snout. Body profile slightly elevated at dorsal-fin
origin, slightly concave along dorsal-fin base and
nearly straight to origin of dorsal procurrent

caudal-fin rays. Dorsal fin nearer to caudal-fin
base (hypural joint) than to snout tip. Ventral
body profile gently convex from anterior tip of
lower jaw to pelvic-fin origin, somewhat concave
in region of pelvic-fin insertion. Body profile
between pelvic-fin insertion and anal-fin origin
slightly convex in males, unknown for females.
Profile gently concave along anal-fin base and
nearly straight from posterior termination of
anal-fin base to origin of ventral procurrent cau-
dal-fin rays.

Head and snout moderately elongate. Lower
jaw protruding slightly beyond upper jaw or jaws
equal. Mouth angled anterodorsally from man-
dibular joint to snout tip. Maxilla terminating
just anterior to a point on a vertical line drawn
ventrally from anterior border of eye.

Dorsal-fin rays ii,7; last ray not split to its base.
Adipose fin present. Anal-fin rays iii, 13; last anal-
fin ray split to its base. Anal fin with a strongly
lobed anterior portion in holotype, less so in
paratype, condition unknown in females. Anal
fin of males (Figure 43) with bilateral antrorse to
dorsally directed bony hooks; hooks beginning
on third unbranched ray of holotype and on
fourth branched ray of paratype and present on
all posteriorly successive rays except terminal ray
of holotype and terminal two rays of paratype.
Usually one hook per segment, occasionally two,
especially anteriorly. Anterior rays with largest
number of hooks; hooks progressively fewer but
larger posteriorly. Holotype with largest un-
branched anterior ray bearing 6 hooks, first
branched ray with 9, second with 7, third with
5, fourth with 4, fifth with 2, and all remaining
hook-bearing rays with one hook except the
tenth, which has two hooks. Posterior 4 or 5
hooks on eighth to twelfth rays much larger than
anterior hooks.

Pectoral-fin rays i,8 in both specimens. Distal
tips of pectoral-fin rays extend well posterior to
pelvic-fin origin in males.

Pelvic-fin rays i,7. Pelvic fin presumably sex-
ually dimorphic (females unknown), greatly elon-
gate in males. Pelvic-fin origin much nearer pec-
toral-fin origin than anal-fin origin males. Pelvic
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TABLE 3.—Morphometrics and meristics of Xenurobrycon pteropus and Xenurobrycon heterodon.

Character

Standard length (mm)

Greatest body depth
Depth at dorsal-fin origin
Snout to dorsal-fin origin
Snout to pectoral-fin origin
Snout to pelvic-fin origin <J
Snout to pelvic-fin origin 9
Snout to anal-fin origin
Caudal peduncle depth 6*
Caudal peduncle depth 9
Caudal peduncle length
Pectoral-fin length
Pelvic-fin length 6
Pelvic-fin length 9
Dorsal-fin base length
Longest dorsal-fin ray length
Anal-fin base length
Anal-fin lobe length 6*
Anal-fin lobe length 9
Bony head length

Horizontal eye diameter
Snout length
Least width interorbital
Upper jaw length

Branched dorsal-fin rays
Branched pectoral-fin rays
Branched pelvic-fin rays
Branched anal-fin rays
Horizontal scale rows between dorsal-

and anal-fin origins
Predorsal scales
Perforated lateral-line scales
Lateral series scales
Horizontal scale rows around caudal

peduncle
Dorsal limb gill rakers
Ventral limb gill rakers
Vertebrae

Xenurobrycon pteropus'

n

2

2
2
2
2
2
-
2
2
-
2
2
2
-
2
2
2
2
-
2

2
2
2
2

2
2
2
2
2

2
2
2
2

2
2
2

Range

low

13.5

27.4
27.4
59.3
25.9
34.8

-
60.0
14.1
-

20.7
20.7
36.3
-
9.6

21.5
23.0
24.4

-
24.4

38.9
21.2
36.1
30.6

7
8
7

13
8

13
3

32
13

4
8

34

high

13.8

Holotype

16.2

Xenurobrycon heterodon2

n

7

PERCENTAGE OF STANDARD

30.4
29.7
60.9
27.5
36.2

-
60.0
15.2
-

22.5
22.5
37.0

-
10.1
23.2
23.2
25.4

-
26.1

29.6
28.4
61.1
22.8
33.0
-

61.7
13.6
-

21.6
23.5
37.7

-
9.3

23.5
21.0
24.1

-
21.6

PERCENTAGE OF BONY

42.4
22.2
39.4
33.3

7
8
7

13
8

13
4

32
13

4
8

34

45.7
22.9
42.9
31.4

COUNTS

7
8
6

14
8

15
6

35
13

4
8

34

7
7
7
7
4
3
7
4
3
7
7
4
3
7
7
7
4
3
7

Range

low

16.2

LENGTH

26.8
23.8
58.3
20.9
31.9
44.1
58.7
12.8
11.2
19.8
18.0
35.5
11.6
7.6

20.4
19.6
20.9
18.6
20.4

HEAD LENGTH

7
7
7
7

7
7
7
7
7

7
4
4
7

7
7
7

42.5
20.0
38.9
27.0

6
7
6

13
8

15
4

33
13

4
8

34

high

17.2

29.6
28.4
63.5
23.8
33.3
46.1
62.9
13.6
11.6
22.0
23.5
37.8
12.4
9.3

23.8
21.6
24.1
19.4
22.8

48.6
22.9
44.1
33.3

7
9
6

14
8

16
6

35
13

5
10
36

X

16.7

28.5
26.3
61.1
22.7
32.5
45.0
60.7
13.2
11.4
21.5
21.2
36.7
12.0
8.2

22.5
20.7
22.9
19.1
21.4

4€.l
21.6
41.7
30.8

6.9
7.9
6.0

13.7
8.0

15.3
5.0

34.3
13.0

4.6
8.9

34.7

Xenurobrycon pteropus, igarape in Fonte Boa, Brazil, MZUSP 12412 (holotype), USNM 232921 (paratype).
Xenurobrycon heterodon, Rio Bobonaza, Ecuador, KU 17925 (holotype), KU 17926, USNM 219389, USNM219390.
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fin of males arched and with interradial mem-
branes as in Xenurobrycon macropus. Fins from an
umbrella-like canopy when spread.

Pelvic fins of males with unpaired ventral bony
hooks as in X. macropus. Hooks occur along
nearly entire border of anterior ray and along
more than half of second ray and medial two
rays; rays in middle of fin with fewer hooks.
Hooks occur on all branches of all rays. Paratype
has one or more hooks per ray segment. Anterior
ray of paratype with 28 hooks distributed over
18 ray segments, second ray with 26 hooks dis-
tributed over 14 segments, third ray with 22
hooks on 13 segments, fourth ray with 27 hooks
on 11 segments, fifth ray with 29 on 15 segments,
sixth ray with 33 on 19 segments, and seventh
ray with 26 on 19 segments. All hooks are an-
trorse.

Pelvic girdle of males similar to that described
above for male Xenurobrycon macropus.

Caudal fin with principal rays 10/9. Caudal-
fin osteology of males similar to that of X. heter-
odon. Bony hooks are present on principal rays 1
to 3, 6 to 7, and 18 and 19 in holotype, paratype
damaged. Caudal scale (Figure 29) intermediate
in length, numbers of radii, and bluntness of
posterior apex between those conditions present
in scales of X. macropus and X. heterodon (Figures
28, 30).

Scales cycloid with few radii along posterior
margins except for scales along narrow dorsal
and ventral body surfaces and in caudal region.
Lateral line incomplete. Perforated lateral-line
scales 3 to 4. Lateral series scales to hypural joint
32 in both specimens. Scale rows between dorsal-
fin origin and pelvic-fin origin 8 in both speci-
mens. Scale rows around caudal peduncle 13 in
both specimens. Predorsal scales 13 in both spec-
imens.

Teeth of all jaw bones conical (Figure 64b of
paratype). Premaxilla with a wavy series of 6
teeth in holotype, 7 in paratype; some of anterior
teeth of this series angled anterolaterally. Dorsal
to this series are 2 exserted "tusk" teeth. Maxil-
lary teeth in an angled row of 6 conical teeth in
both specimens, with anterior tooth an exserted

"tusk" tooth, second tooth projecting slightly out-
ward, and each of remaining teeth directed in
succession less anteriorly and more ventrally than
its anteromedial neighbor. Dentary with a row
of 10 (holotype) to 12 (paratype) teeth, with
anterior 6 to 8 angled somewhat outward. Ven-
tral to anterior part of this row occurs one
exserted "tusk" tooth in the paratype along with
a replacement tooth for a second "tusk" tooth.
This region cannot be seen clearly in the holo-
type without dissection.

See Table 3 for vertebral count including We-
berian apparatus and terminal compound cen-
trum and for gill raker count.

Branchiostegal rays 4, all originating from an-
terior ceratohyal.

COLOR IN ALCOHOL.—(Description of holo-
type, Figure 4). Entire body pale brown, nearly
white, probably silvery in life. Dark brown mid-
side stripe covers most of fourth horizontal scale
row, counting ventrally from dorsal-fin origin.
Stripe extends from near dorsal part of opercular
opening to caudal-fin base. Caudal peduncle in
both specimens with dark brown chromato-
phores at base of dorsal lobe of caudal fin. Area
dorsal to lateral midside stripe with dark brown
chromatophores distributed along scale borders,
giving upper half of a body a reticulate pattern.
Area ventral to horizontal midside stripe usually
with chromatophores only in area dorsal to anal-
fin base, area of vent, and along ventral border
of caudal peduncle. Remainder of body with only
a few scattered dark chromatophores.

Scattered chromatophores occur on dorsal,
anal, pelvic, pectoral, and caudal fins. These
chromatophores often organized along borders
of fin rays. Otherwise fins nearly hyaline.

Opercle and cheek (area of orbital bones) with
very few dark chromatophores; a few dark chro-
matophores present along vertical border be-
tween opercle and preopercle. Lower jaw with
scattered dark chromatophores just ventral to
tooth bases and a few scattered along the man-
dibular ramus. Dorsum of head in supraoccipital,
parietal, and posterior frontal regions appearing
nearly black from presence of numerous very
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dark brown chromatophores. Head dorsal to eye
in region of anterior part of frontal bones, dark
with fairly dense dark chromatophores. Upper
jaw and snout with dark chromatophores, but
area around nares relatively free of chromato-
phores.

ETYMOLOGY.—The name pteropus is from the
Greek pteron (feather or wing) and pous (foot),
hence pelvic appendage; "wing-foot" in reference
to the large wing-shaped pelvic fins.

Xenurobrycon heterodon, new species

FIGURES 5, 12, 30, 34*. 55, 65

MATERIAL EXAMINED.—ECUADOR: KU
17925, holotype, male, SL 16.2 mm; KU 17926,
paratypes, 1 male, 1 female, SL 16.3-17.2 mm;
USNM 219389, paratypes, 1 male, 1 female, SL
both 17.0 mm; USNM 219390, paratypes, 1
male, 1 female, SL 16.4-16.7 mm; Pastaza: Rio
Bobonaza at Sarayacu, 1°16'S, 78°31'W, G.R.
Smith and J.D. Lynch, 12-22Jul 1968. FMNH
94940, paratypes, 12 adults, SL 17.5-18.5 mm;
MEPN (uncatalogued), paratypes, adults, SL
16.8—18.2 mm; Napo: Rio Aguarico, tributary
of Rio Napo, 0°5'S, 76°31'W, D. Stewart, M.
Ibarra, and R. Barriga, 20 Oct 1983.

PERU: USNM 219391, paratypes, 12 (includ-
ing 2 cleared and stained) juveniles to adults, SL
13.8-16.7 mm; FMNH 87544, paratypes, 12
juveniles to adults, SL 14.1-16.4 mm; MCZ
54255, paratypes, 12 juveniles to adults, SL
13.9-16.2 mm; Huanuco: Rio Pachitea, across
river from Hotel Puerto Inca in Puerto Inca,
9°19'S, 75°4'W, D. and T. Greenfield and G.
Glodek, 29Jul 1975.

DIAGNOSIS.—Premaxilla (Figure 65) with 6 to
11 (x = 8.5) teeth, some exserted anteriorly from
others to varying degrees, including 1 or 2
exserted "tusk" teeth. Teeth not in well-defined
rows. Premaxilla with medial "cluster" of 3 or 4
teeth of which 1 or 2 are offset anteriorly. This
accompanied by a more laterally situated oblique
row of 6 to 8 teeth of which medial 1 or 2 are
tusk teeth. Exserted teeth conical; nonexserted
teeth usually conical but sometimes with 1 or 2

small supplemental cusps. Maxilla with single row
of 5 to 7 (x = 5.5) conical teeth, anterior 1 or 2
of these exserted, forming "tusk" teeth. Dentary
with single row of 9 to 12 (x = 10.4) teeth;
anterior 3 or 4 often with 3, sometimes 4, cusps.
Adipose fin absent. Adult males with following
features: pouch scale approximately teardrop
shaped (Figures 12, 30). Eighteenth principal
caudal-fin ray (counting ventrally from dorsal
principal caudal-fin ray) without platelike bilat-
eral projections but with each ray half in this
region bearing a narrow ventrolateral ridge as in
young, maturing males of X. macropus (figure 11;
(compare with Figure 12). Bony hooks sometimes
present on large unbranched and 9 or 10 ante-
rior branched anal-fin rays, their presence prob-
ably seasonal and associated with breeding. (See
Fink and Weitzman, 1974:22), and p. 89 regard-
ing seasonality in characid fin hooks).

DESCRIPTION.—See Tables 3 and 4 for mor-
phometrics and meristics. Measurements are
given separately for males and females for four
characters. Body moderately elongate, sides com-
pressed. Greatest depth about midway between
nape and dorsal-fin origin or sometimes at dorsal-
fin origin. Predorsal body profile gently convex
to tip of snout. Body profile slightly elevated at
dorsal-fin origin, slightly concave along dorsal-
fin base and nearly straight to origin of dorsal
procurrent caudal-fin rays. Dorsal-fin origin
nearer to caudal-fin base than to snout tip. Ven-
tral body profile gently convex from anterior tip
of lower jaw to pelvic-fin origin, somewhat con-
cave in region of pelvic-fin insertion. Body pro-
file between pelvic-fin insertion and anal-fin ori-
gin slightly convex in males, slightly concave in
females. Profile gently concave at base of anal
fin and nearly straight from posterior termina-
tion of anal fin to origin of ventral procurrent
caudal-fin rays.

Head and snout moderately elongate. Lower
jaw protruding slightly beyond upper jaw or jaws
equal. Mouth angled anterodorsally from man-
dibular joint to tip of snout. Maxillary bone
extending posteriorly approximately to a point
on a vertical line drawn ventrally from anterior
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border of eye.
Dorsal-fin rays ii,7 in nearly all specimens, ii,6

in one specimen from Rio Bobonaza, Ecuador,
and in one specimen from Rio Aguarico, Ecua-
dor. Last dorsal-fin ray not split to its base.
Adipose fin absent. Anal-fin rays Hi, 13 to iii,14,
usually iii,14; branched rays distributed as in
Tables 3 and 4. Last anal-fin ray split to its base.
Anal fin with a strongly lobed anterior portion
in males, much less lobed in females. Anal fin of
male from Rio Bobonaza, Ecuador, with bilateral
antrorse bony hooks on largest anterior un-
branched ray and 9 to 10 anterior branched rays;
total number of rays with hooks 11 in 3 males
and 10 in 1 male. Males from Rio Aguarico,
Ecuador, similar to those from Rio Bobonaza.
Males from Rio Pachitea, Peru, without hooks
on anal fin but with bilateral small, irregularly
surfaced eminences, apparently remnants of
hooks, distributed as are hooks on Ecuadoran
specimens.

Pectortal-fin rays i,8 in holotype; range i,7 to
i,9 for all specimens, usually 8 branched rays.
Distal tips of pectoral-fin rays extending poste-
riorly to pelvic-fin origin in females and well
beyond that point in males due to anterior place-
ment of pelvic fin in males.

Pelvic-fin rays i,6 in all specimens. Pelvic fin
sexually dimorphic, greatly elongate in males.
Male pelvic-fin origin much nearer pectoral-fin
origin than anal-fin origin. Female pelvic-fin or-
igin about equidistant between pectoral-fin ori-
gin and anal-fin origin. Compare snout to pelvic-
fin origin ratios in Tables 3 and 4. Female pelvic-
fin rays not elongate, without hooks, much like
pelvic-fin rays of most female glandulocaudine
characids. Pelvic fin of males arched with inter-
radial membranes broad as described for X. ma-
cropus. As in X. macropus, fins form inverted
boat-shaped canopy when spread with forceps.
Males from Rio Bobonaza and Rio Aguarico,
Ecuador, with bony hooks like those of X. macro-
pus; males from Rio Pachitea, Peru, without
hooks but cleared and stained specimen with
irregular eminences and rough spots, apparently
hook remnants, which are especially obvious dis-

tally. (The hypothesis that hooks on these fishes
are seasonal and were recently either shed or,
less likely, resorbed in Peruvian specimens is
corroborated by the presence of an unattached
but well-developed hook caught in membrane of
left pelvic fin of a cleared and stained specimen,
16.7 mm SL). Pelvic-fin rays of cleared and
stained male 16.4 mm SL from Rio Bobonaza,
Ecuador, with mostly antrorse pelvic-fin hooks
as follows: anterior large unbranched ray with
31 hooks distributed over 17 ray segments, with
about 9 hooks on long basal ray segment and
more distal segments with 1 to 3 hooks each.
Second ray, branched, bears 43 hooks distrib-
uted over 21 segments of unbranched and
branched portions of ray. Third ray bears 45
hooks distributed over 21 segments of branched
and unbranched portions of ray. Fourth ray
bears 37 hooks over 18 segments of branched
and unbranched portions of ray. Fifth ray, un-
branched, bears 21 hooks distributed on 10 seg-
ments. Sixth ray, unbranched, bears 34 hooks on
17 segments, and seventh ray, unbranched, bears
33 hooks on 16 segments.

Pelvic girdles of males and females similar to
girdles of X. macropus, except that in cleared and
stained male from Rio Pachitea, Peru, postero-
median processes are separated from each other
by only about 0.7 mm or a distance just over 14
length of pelvic girdle instead of 1.2 mm or a
distance of more than Vs length of pelvic bone as
in X. macropus.

Caudal fin with principal rays 10/9 in all spec-
imens; caudal fin of females as in most other
characids. Male caudal fin (Figure 12) similar to
that described for X. macropus (Figures 11, 25,
47). Hooks very reduced to absent in males from
Rio Pachitea, Peru, but apparent hook remnants
appear similar in distribution to hooks on male
specimens from Rio Bobonaza, Ecuador. Rays of
dorsal and ventral caudal-fin lobes modified as
in X. macropus, except that ventral branched ray
lacks ventrolaterally projecting, bilateral laminae
of bone. Concavity on ventral surface of this ray
is present. Consequently, this ray with sharp ven-
trolateral borders in position of bilateral lamelle.
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TABLE 4.—Morphometrics and meristics of Xenurobrycon heterodon.

Character

Standard length (mm)

Greatest body depth
Depth at dorsal-fin origin
Snout to dorsal-fin origin
Snout to pectoral-fin origin
Snout to pelvic-fin origin 6
Snout to pelvic-fin origin 9
Snout to anal-fin origin
Caudal peduncle depth 6
Caudal peduncle depth 9
Caudal peduncle length
Pectoral-fin length
Pelvic-fin length 6*
Pelvic-fin length 9
Dorsal-fin base length
Longest dorsal-fin ray length
Anal-fin base length
Anal-fin lobe length 6
Anal-fin lobe length 9
Bony head length

Horizontal eye diameter
Snout length
Least width interorbital
Upper jaw length

Branched dorsal-fin rays
Branched pectoral-fin rays
Branched pelvic-fin rays
Branched anal-fin rays
Horizontal scale rows be-

tween dorsal- and anal-fin
origins

Predorsal scales
Perforated lateral-line scales
Lateral series scales
Horizontal scale rows around

caudal peduncle
Dorsal limb gill rakers
Ventral limb gill rakers
Vertebrae

n

24

24
24
24
24

7
17
24

7
17
24
24

7
17
24
23
24

7
16
24

24
24
24
24

24
24
24
24
24

16
7

10
24

24
24
24

low

16.3

25.6
22.7
56.6
20.1
31.4
41.8
59.1
12.3
10.5
19.6
17.4
31.9
10.7
7.0

19.3
19.3
21.3
16.7
19.0

37.0
17.6
41.0
31.3

6
8
6

13
8

15
4

33
13

4
9

34

Ecuador, Rio Aguarico1

Range

high

18.5

X

17.4

95% Confidence
limit.'

L, u

PERCENTAGE OF STANDARD LENGTH

31.6
27.6
63.2
24.1
32.7
46.0
62.1
13.7
11.7
22.8
21.8
39.2
13.2
9.2

22.3
22.4
24.6
18.9
22.7

27.9
24.4
61.5
21.8
32.2
44.3
60.6
12.8
11.1
21.2
19.5
36.8
11.9
8.0
21.0
20.5
22.8
17.8
20.9

27.487
24.079
61.160
21.536
31.895
44.090
60.380
12.425
10.954
20.968
19.148
35.389
11.529
7.728

20.757
20.260
22.160
17.517
20.574

28.313
24.721
61.840
22.064
32.505
44.710
60.820
13.175
11.246
21.432
19.852
38.211
12.271
8.272

21.243
20.740
23.440
18.083
21.226

PERCENTAGE OF BONY HEAD LENGTH

47.1
22.3
51.6
39.2

7
9
6

15
8

17
5

35
13

5
12
36

43.1
19.8
46.1
34.8

42.564
19.498
45.510
34.275

COUNTS

7.0
8.0
6.0

13.8
8.0

16.0
4.6

34.0
13.0

4.9
10.0
35.0

43.635
20.102
46.689
35.325

SD

0.584

0.204
0.204
0.000
0.532
0.000

0.365
0.535
0.667
0.000

0.338
0.590
0.550

1 Rio Aguarico, Ecuador, FMNH 94940, MEPN (uncataloged).
3 Rio Pachitea, Peru, USNM 219391, FMNH 87544, MCZ 54255.
s Arcsine transformations were used for calculating the 95% confidence limits.
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TABLE 4.—Continued.

Character

Standard length (mm)

Greatest body depth
Depth at dorsal-fin origin
Snout to dorsal-fin origin
Snout to pectoral-fin origin
Snout to pelvic-fin origin 6
Snout to pelvic-fin origin 9
Snout to anal-fin origin
Caudal peduncle depth 6
Candid peduncle depth 9
Caudal peduncle length
Pectoral-fin length
Pelvic-fin length d
Pelvic-fin length 9
Dorsal-fin base length
Longest dorsal-fin ray length
Anal-fin base length
Anal-fin lobe length 6
Anal-fin lobe length 9
Bony head length

Horizontal eye diameter
Snout length
Least width interorbital
Upper jaw length

Branched dorsal-fin rays
Branched pectoral-fin rays
Branched pelvic-fin rays
Branched anal-fin rays
Horizontal scale rows be-

tween dorsal- and anal-fin
origins

Predorsal scales
Perforated lateral-line scales
Lateral series scales
Horizontal scales rows around

caudal peduncle
Dorsal limb gill rakers
Ventral limb gill rakers
Vertebrae

n

14

14
14
14
14
4

10
14
4

10
14
14
4

10
14
14
14
4

10
14

14
14
14
14

15
15
15
15

1

5
1
-

15

12
12
15

low

13.6

Range

high

16.7

Peru, Rio Pachitea2

X

15.0

95% Confidence
limits*

L,

PERCENTAGE OF STANDARD LENGTH

22.9
22.1
58.2
23.4
33.3
42.7
57.6
12.0
11.1
20.6
18.4
35.8
11.8
8.3

20.1
18.9
22.8
18.2
21.2

26.4
25.3
62.8
25.4
34.0
44.9
61.8
13.4
12.1
23.8
22.2
36.6
13.2
9.9

24.4
23.1
23.8
20.4
23.5

24.5
23.0
60.2
24.1
33.6
43.4
59.4
12.8
11.7
22.2
20.1
36.0
12.3
8.9

22.1
21.1
23.4
19.1
22.0

24.066
22.621
59.717
23.886
33.312
43.128
58.883
11.990
11.510
21.845
19.654
35.634
12.016
8.616

21.655
20.594
22.931
18.807
21.735

PERCENTAGE OF BONY HEAD LENGTH

41.9
19.4
37.5
30.3

7
7
6

13
8

15
4
-

14

4
8

34

46.9
22.9
43.8
34.4

7
9
6

14
8

16
4
-

13

5
9

36

43.8
21.7
41.4
32.6

COUNTS

7.0
8.2
6.0

13.3
-

15.2
-
-

13.0

4.8
8.8

34.3

43.234
21.239
40.818
32.085

L2

24.934
23.379
60.683
24.314
33.888
43.672
59.917
13.610
11.890
22.555
20.546
36.366
12.584
9.184

22.545
21.606
23.869
19.393
22.264

44.366
22.161
41.982
33.114

SD

1.031

0.000
0.775
0.000
0.488
-

0.447
-
-
0.000

0.452
0.452
0.617



92 SMITHSONIAN CONTRIBUTIONS TO ZOOLOGY

(Compare Figures 12 of X. heterodon and Figure
11 of X. macropus.)

Hypural skeleton of both males and females as
in X. macropus.

Caudal squamation of female as in X. macropus.
Caudal squamation of male as in X. macropus,
except for certain chracteristics of pouch scale.
Pouch scale approximately teardrop-shaped; its
posterior field pointed with only a small portion
of its distal border free of striated radii (Figure
30).

Morphology of presumed caudal gland of male
as in X. macropus, except that no groove occurs
in tissue of eighteenth principal caudal-fin ray.
Caudal musculature of male as in X. macropus
except that muscle bundles are less robust. Cau-
dal musculature of female as in X. macropus.

The hypothesis proposed below for X. macro-
pus regarding the functioning of a caudal "pump"
applies to X. heterodon as well. Presumably the
flattened margins of the eighteenth principal
caudal-fin ray of X. heterodon do not deflect the
pheromone-bearing water in the same manner as
the bilateral platelike lamellae of X. macropus.

Scales cycloid with very few radii along poste-
rior margins except in caudal region and along
narrow dorsal and ventral body surfaces. Lateral
line incomplete. Scales mostly missing in speci-
mens from Rio Pachitea, Peru; one male speci-
men with 4 perforated lateral-line scales and 32
scales in lateral series, excluding large caudal
scale. Scale counts could be made on two speci-
mens of each sex from Rio Bobonaza, Ecuador.
Holotype with 6 perforated lateral-line scales and
35 scales in lateral series including large caudal-
fin scale. Usually about 34 lateral series scales.
(See Tables 3 and 4 for distribution of perforated
lateral-line and lateral series scale counts). Scale
rows between dorsal-fin origin and pelvic-fin or-
igin 8 in all specimens. This count could be made
in only one specimen from Rio Pachitea, but
counts of pockets could be made. Scale rows
around caudal peduncle 13 in all specimens.
These scales missing in specimens from Rio Pach-
itea, but counts of pockets could be made. As in
other species of Xenurobrycon, a median ventral
scale row is absent at the narrowest region of the

caudal peduncle. Predorsal scales 15 in holotype;
14 to 16, usually 15 in other specimens (Tables
3, 4).

Teeth of jaws unicuspid, bicuspid, or tricuspid
depending on position in jaws (Figure 65 and
description below). Maxillary and dentary teeth
in single row. Premaxilla with some teeth offset
anteriorly to varying degrees, including 1 or 2
exserted "tusk" teeth; the resulting configuration
not accurately described as either 1 row or 2
rows as those terms are usually applied in chara-
cid morphology. Teeth of holotype (values not
in parentheses) as follows: Teeth of premaxilla
and maxilla conical. Premaxilla with second and
fourth tooth from midline offset anteriorly and
projecting slightly anteriorly. Two (2 or 3) "tusk"
teeth exserted from oral cavity (Figure 65) and
with their bases dorsal to fourth tooth from
midline. Lateral to 2 (2 to 3) "tusk" teeth are 5
(5 to 8, usually 5 or 6 in other specimens) addi-
tional teeth along lateral ramus of premaxilla,
each of which in succession is directed less ante-
riorly and more ventrally than its anteromedial
neighbor. Together with "tusk" teeth these form
an oblique row across lateral portion of premax-
illa. Maxilla with 7 (5 to 7, usually 5 or 6) teeth
also forming a sharply angled row; anterior 2
teeth exserted and each of remaining 5 teeth
directed, in succession, less anteriorly and more
ventrally than its anteromedial neighbor. Den-
tary with 11 (9 to 12, usually about 10) teeth;
medial 4 of these tricuspid and much larger than
remaining 5 to 8. Smaller, lateral 5 to 8 teeth
unicuspid and decreasing in size in an anterior
to posterior sequence.

Premaxillary tooth counts in specimens from
all localities, n = 20, range = 6 to 11, x = 8.5,
SD = 1.890. Premaxilla with 3 or 4 teeth "clus-
tered" on its medial portion, usually with 3 (as in
holotype). Remaining premaxillary teeth form-
ing transverse row on lateral portion of premax-
illa; usually 2 (occasionally only 1) of these teeth
exserted. Premaxilla sometimes with multicuspid
teeth: two males from Rio Bobonaza with medial
premaxillary tooth biscuspid, one female with 2
medial premaxillary teeth bicuspid, one female
with 3 medial premaxillary teeth tricuspid, and
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cleared and stained female with left side having
5 of 6 nonexserted teeth bicuspid and right side
having medial tooth bicuspid and laterally adja-
cent tooth tricuspid. Maxillary tooth counts as
follows: n = 26, range = 5 to 7, x = 5.5, and SD
= 0.982. All maxillary teeth unicuspid in all
specimens, forming an angled row, with 2
exserted "tusk" teeth anteriorly. Dentary tooth
counts as follows, n = 32, range = 9 to 12, x =
10.4, SD = 0.982. Dentary usually with medial 4
teeth (3 teeth in some) tricuspid, larger than
remaining teeth. Some males and females with 5
tricuspid dentary teeth, with one of smaller teeth
also being tricuspid.

Statistical comparison by use of two-tailed Stu-
dent's t test using square-root transformations of
numbers of teeth on each jaw bone for two
population samples, one from Rio Aguarico, the
the other from Rio Bobonaza (both in Ecuador),
of X. heterodon showed no significant differences
at the 0.05 level. Patterns of tooth arrangement
in specimens from Rio Aguarico almost the same
as in specimens from Rio Bobonaza, with the
following exceptions: premaxilla always with 4,
never 3, teeth "clustered" medially. Maxilla oc-
casionally with 1 rather than 2 exserted "tusk"
teeth. In both sexes, all premaxillary teeth usu-
ally unicuspid (cleared and stained male with
medial tooth bicuspid on one side). Dentary usu-
ally with 3 (rarely 4) medial teeth tricuspid and
larger than remaining teeth. Lateral cusps in
specimens from Rio Aguarico not as prominent
as those found in population sample from Rio
Bobonaza, Ecuador.

See Tables 3 and 4 for vertebral counts includ-
ing Weberian apparatus and terminal compound
centrum and for gill raker counts.

Branchiostegal rays in three cleared and
stained specimens 4 (3 on one side of one speci-
men). In three specimens 3 rays originate from
anterior ceratohyal and 1 ray from border be-
tween anterior ceratohyal and posterior cerato-
hyal. In one specimen all 4 rays originate from
anterior ceratohyal.

COLOR IN ALCOHOL.—Color pattern (Figure
5) similar to that of X. macropus; no consistent
differences detected.

SEXUAL DIMORPHISM.—Tables 3 and 4 pre-
sent morphometric data for specimens of X. het-
erodon arranged by sex and locality. Unequivocal
differences occur in the same characters in X.
heterodon as in X. macropus, including distance
from snout to pelvic-fin origin (shorter in males),
depth of caudal peduncle (greater in males),
length of pelvic fin (much greater in males), and
length of anterior anal-fin lobe (greater in males).

Analysis of covariance by sex using log trans-
formed data for 19 morphometric characters was
done for specimens from the Rio Aguarico,
FMNH 94940 and MEPN (uncataloged) (Table
4). Coefficients of determination were somewhat
greater than found for Xenurobrycon macropus
because of a large sample size, but again, corre-
lation was not good, especially in the males with
little variation in adult size and sexual maturation
at varying sizes within that restricted range. (For
discussion of male maturation size, see p. 38.)
Intercepts, but not slopes, again showed signifi-
cant differences (P<0.01 determined in a two-
tailed test) between males and females for two
characters which also differed in Xenurobrycon
macropus, a greater dorsal-fin height and a longer
anal-fin base in males than in females. As in X.
macropus, hooks are absent in fins of females
whereas males appear to have them in pelvic,
anal, and caudal fins at least during breeding
season. Complex glandular, osteological, and
muscular modifications of caudal-fin region of
males are absent in females.

POPULATION VARIATION.—Sample size is too
small from Rio Bobonaza, Ecuador, and Rio
Pachitea, Peru, to permit population compari-
son. Also, these populations were not in breeding
condition as were the specimens from the Rio
Aguarico, Ecuador. In addition, the former two
population samples were not in as good condition
(scales mostly gone) as the specimens from the
Rio Aguarico. No population comparison was
made.

ETYMOLOGY.—The name heterodon is from
the Greek heteros (other or different) and odus
or odon (tooth). The name refers to the mixture
of tricuspid, bicuspid, and conical teeth found in
this species.
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Putative Pheromone Pumping Mechanisms
in Glandulocaudine Fishes

Several putative pheromone pumping mecha-
nisms of two general functional categories are
found in the caudal region of glandulocaudine
males. The first category, a diaphragm scale
pump, has two major variations and occurs in
most of the glandulocaudines. One of these two
is a passive pump without much obvious muscular
specialization; this pump appears to be the prim-
itive form within the xenourobryconin glandu-
locaudines. A considerable amount of difference
in caudal pump scale morphology is displayed by
the passive pump system of various species and
genera. lotabrycon has a unique form of this sys-
tem with obvious specialized pouch scale and
musculature. The latter is not directly attached
to the bellows of the pump and therefore the
pump appears passively driven. The other major
variation, known only in the minute subgroup B
xenurobryconins, includes obvious specialized
musculature and appears to be an active pump
directly driven by specialized muscles attached
to the diaphragm, the pouch scale, of the bellows.

The second category of pump, morphologi-
cally very different, has a valve and is formed of
modified fin rays, associated scales, and soft tis-
sue. This fin-ray pump is known only in Mima-
goniates and evolved independently of the dia-
phragm pumps. One glandulocaudine genus,
Glandulocauda, lacks a pump but does have glan-
dular tissue distributed on the caudal-fin ray
membranes.

Historical Summary

Eigenmann (1914:34) first defined the glan-
dulocaudines and in part recognized them by the
possession of "peculiar glandular scales or
pouches covered by united scales" in the males.
Eigenmann did not further discuss this feature.
Little more was said about the caudal glands and
scales until Nelson (1964a:70-74) hypothesized
a pheromone function for them. For example,
Bohlke (1958a:43) hypothesized that the glan-

dulocaudines were polyphyletic, and of the cau-
dal gland stated that all species "possess some sort
of specialized scaly structure at the base of the
caudal fin." Kutaygill (1960) described the his-
tology of the secondary sexual characters ofCor-
ynopoma riisei but recognized no pumping mech-
anism. Gery (1964:8-12) described in some
detail the osteology of the caudal-fin rays of
"Mimagoniates cf. microlepis" but did not suggest
a caudal pumping mechanism.

Nelson (1964a:70-74) described and illus-
trated the gross superficial anatomy often species
in eight glandulocaudine genera and (page 142)
hypothesized a sexual pheromone function for
the glandular tissue. Nelson (1964a: 142) also
suggested that in Coelurichthys tenuis (Mimagon-
iates lateralis of the present paper), a caudal-fin
movement that he termed "Dusting" appears to
be

ideally suited to wafting an odorous substance from the
caudal gland to the region of the female's head, and inspec-
tion of the caudal morphology in this species reveals that it
would be fitted for the purpose. Two fin rays are modified
to form opposing halves of a tube and are so arranged that
the edge of one fits inside the other (fig. $,F), so that any
differential movements of the two fin rays will cause them
to operate as a bellows. [He also postulated that the caudal
gland] produces a substance which when directed toward
the female by this bellows during Dusting, increases the
probability that she will Pair.

Weitzman (1975:409) briefly described court-
ship activity of Corynopoma riisei and Pterobrycon
myrnae. In the original unpublished English ver-
sion of this article he reported that during "Ex-
tending" (defined under the term "Extending
Paddle" for Corynopoma by Nelson, 1964a:95),
among other activities, the male of both these
species "Tail Beats" toward the female. Tail-
beating was described for Mimagoniates microlepis
and Mimagoniates lateralis by Nelson (1964a:90).
Tail-beating in Corynopoma riisei is different from
"Twitching" and "Shaking" described by Nelson
(1964a:90) and also observed by us. In tail-beat-
ing by Corynopoma riisei the male "flaps" his tail
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fin toward the female but with less of the V-
shaped body action described for Mimagoniates
species as illustrated by Nelson (1964a:87, fig.
6). During this activity the dorsal and anal fins
are also maximally extended, and in Corynopoma
the opercle is extended toward the female; in
Pterobrycon elongate, specialized epaxial scales
are extended toward the female. The remarks
about tail-beating were eliminated from the Ger-
man text by the editor. However, this extending
and tail-beating activity is illustrated by Weitz-
man (1975) for Corynopoma riisei (bottom figure,
page 406) and for Pterobrycon myrnae (bottom
figure, page 408). It is hypothesized here that
during tail-beating the male propels one or more
pheromones toward the female's head. Nelson
(1964a:91, fig. 106) also illustrated a male Cory-
nopoma in tail-beating activity. No accurate rec-
ord of the number of beats per second is avail-
able, but the number is relatively low, only a few
per second. Nelson (1964a:90) states that "Dust-
ing" (a specialized form of tail-beating?) is con-
fined to Mimagoniates (= his Coelurichthys) among
the glandulocaudines he examined; he did not
record tail-beating for Corynopoma. The "Dust-
ing" activity described for Mimagoniates lateralis
by Nelson (1964a:89, figs. 8c, 94) is also probably
a specialized form of tail-beating. Tail-beating in
several behavior patterns occurs not only in glan-
dulocaudines but in other characiforms as well.
We have observed it during lateral display in
several species of Nannostomus (Lebiasinidae) and
Hyphessobrycon (Characidae). Sometimes the
beating is in head-to-facing-tail position; at other
times it may be in tail-to-tail and head-to-head
position. The behavior needs further study, but
in the case of the glandulocaudines it seems
suited for propelling a pheromone toward the
female's head. We expect that tail-beating activ-
ity associated with courtship and pheromone de-
livery to the female may occur in a variety of
specialized forms in various glandulocaudine
taxa.

Nelson (1964a: 142) states: "A superficial in-
spection of courtship in Corynopoma, Pseudocory-
nopoma, Glandulocauda [inequalis] ^Mimagon-

iates inequalis of the present study], or C. micro-
lepis [here = Mimagoniates microlepis] reveals no
striking features that might be correlated with
caudal morphology." He goes on to point out
that a more penetrating analysis does reveal a
correlation. In a letter from Nelson to the senior
author dated 22 January 1963, Nelson suggests
a function for the caudal gland.

[ In] Mimagoniates, especially barberi [= lateralis of the present
report], the male fans the female's head with his caudal as
with a feather duster [hence "Dusting," of Nelson, 1964a:
94]. Similar things occur in other species, but are much less
pronounced, so much that I at first missed it completely in
Corynopoma. My idea is that the gland secretes an excitatory
substance, which he wafts toward the female during court-
ship. The elaborate pouches prevent unnecessary waste and
as a result of the specialized caudal movements of courtship
may act then as a bellows.

Clearly Nelson here conceived of an econom-
ical mechanism for production of a sexual pher-
omone in the male and a method for its transport
to the female. We believe his hypothesis has
much merit and explore it below in conjunction
with a more detailed review of the anatomy of
caudal structures.

Atkins and Fink (1979) described and dis-
cussed the histology of the glandular caudal tis-
sue in Corynopoma riisei. They hypothesized a
sexual pheromone substance in the caudal gland
and noted that males placed in aquaria without
females soon have hypotrophied glands, but that
when they are returned to aquaria containing
females the glands again become hypertrophied.
Liley (1982:28, 32) and Liley and Stacey
(1983:10, 12), based on the literature, have
briefly called attention to possible sexual phero-
mone function in the caudal glands of glandulo-
caudine characids. Weitzman (1982, 1985) has
noted the existence of and briefly described the
passive and active putative pheromone dia-
phragm pumps in glandulocaudines, especially
the muscular pump of the xenurobryconins.

Mahnert and Gery (1984:503) briefly de-
scribed parts of the osteology of male-
Xenurobrycon macropus and on page 505 noted
that the base of the eleventh caudal-fin ray (=
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their eighth ray of the ventral caudal-fin lobe) is
movable and bears strong musculature. They
indicate that this musculature extends to neigh-
boring fin rays and assumed that movement of
the base of the eleventh ray might be involved
with expelling the glandular secretion. They pre-
sented no concept of a muscular diaphragm
pump.

Caudal Pump Morphologies and Putative
Function

T H E DIAPHRAGM SCALE PUMP

All glandulocaudine species, except those in
the genera Planaltina, Acrobrycon, and Diapoma,
have the caudal gland and associated structures
confined to the males. The passive diaphragm
scale pump consists of an epidermal invagination
between the fin rays and the squamation, form-
ing a sac or pouch usually located at the base of
the ventral caudal-fin lobe. The sac is posteriorly
or posteroventrally open to surrounding water,
and glandular tissue occurs in the vicinity of the
opening, especially on the fin-ray side of the
pouch. In Argopleura and other xenurobryconins
there appears to be a large amount of glandular
tissue just inside the pouch opening on the medial
wall of the pouch. Among species and groups of
glandulocaudines there is much variation in the
placement of the pouch and in the form, size,
and location of the scales covering its lateral
surface. For example, the relatively primitive
xenurobryconin glandulocaudine Agropleura has
the pouch mostly covered by a terminal lateral-
line scale and a scale from a row just ventral to
the lateral-line scale row (Figures 8, 9). Other
glandulocaudines, such as Corynopoma riisei (Fig-
ure 16) and Gephyrocharax atricaudatus (Figure
17), have more ventrally placed scales on the
lateral wall of the pouch. Diapoma speculiferum
(Figure 15) has several somewhat hypertrophied
scales covering the lateral wall of the pouch in-
stead of one large scale and additional smaller
scales.

This type of pheromone-associated organ may
function in a similar manner in all glandulocau-

dine species that possess it. We hypothesize that
it works as a passive pump in association with tail-
beating. If one takes a freshly killed male Cory-
nopoma, Hysteronotus, or Gephyrocharax and
bends the tail while the fish is held under water,
the scale or scales on the lateral wall of the pouch,
which are on the concave side of the caudal fin,
buckle outward, drawing water into the pouch.
Releasing the tail, allowing it to align with the
long axis of the fish, causes the scale to resume a
flatter shape, collapsing the pouch and forcing
water out over the glandular tissue. The appa-
ratus thus appears to act like a bellows without a
valve and only one opening. If the pouch and
scale operate this way during tail-beating, the
motion of the tail and the subsequent passive
pumping action of the caudal pouch may increase
the rate or focus the direction of the dissemina-
tion of pheromone substances into the water
around the tail fin. During tail-beating in Cory-
nopoma and Pterobrycon, the male bends his tail
predominantly toward the female and bends it
more slowly and to a lesser extent in the reverse
direction. The pouch on the side of the fish away
from the female would be much less active during
tail-beating because there is little tail bending in
the direction that would expand that pouch. This
presumably could conserve pheromone sub-
stances on the side of the male away from the
female during tail-beating. Thus glandulocau-
dine males may physically activate their caudal
glands only, or at least to a greater extent, on
the side facing the female. Corynopoma and Pter-
obrycon irregularly will alternate sides facing the
female during courtship and tail-beating. Al-
though not well described in the systematic lit-
erature, males of some glandulocaudine species
may have part of the dorsal and ventral tail lobes
separate due to interruption of the interradial
membrane. Thus the fin lobes may be moved
independently. This feature, tail-beating, and
pheromone propagation may be related in some
synergistic way to increase the efficiency of pher-
omone communication, but the production of
pheromone and the detailed function of these
morphological features remain speculative.

Another, more elaborate, kind of diaphragm-
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scale pumping mechanism is found in Iotabrycon
praecox (Figures 2, 10, 23, 44, 45, 68). This
pumping mechanism is similar to that just de-
scribed, but the opening of the sac and the asso-
ciated large scale are uniquely complex (Figures
10, 23). The glandular tissue is located around
the opening of the pouch but does not extend
into the elongate posteroventral process of the
scale. The pouch is primarily located deep to the
major fimbriated area of the scale and the pouch
opening occurs along the ventral fimbriated bor-
der of the main body of the scale. The parallel
fimbriae of the dorsal scale lobe lateral to the
pouch (apparently hypertrophied scale lamellae
separated by radii, compare Figures 23, 32) are
joined by membrane so that the lateral wall of
the pouch is very expandable in a lateral direc-
tion. This species has its dorsal and ventral cau-
dal-fin lobes largely connected by a membrane.
Exactly how the caudal fin of Iotabrycon operates
in tail-beating is unknown, but presumably the
structure is used during courtship to somehow
bring pheromone substances to the female. For
example, the hypertrophied epaxial and hypaxial
muscle mass on the dorsal caudal-fin lobe may
increase the force of caudal movement (e.g.,
sculling). This increase in turn may compensate
for the greater water resistance that may affect
the caudal pump of this small fish (see the follow-
ing discussion of water resistance in the small
pumps of subgroup B xenurobryconins).

A second type of caudal pheromone dia-
phragm pump is found in Xenurobrycon, Scopaeo-
charax, and Tyttocharax. Its physical appearance
has been described above in some detail for
Xenurobrycon macropus (p. 77-83). Also, various
aspects of the structure have been described
above under apomorphies 27-37, subgroup B;
47-50, Xenurobrycon; 55-59, subgroup C; and
61, Scopaeocharax.

Parts of the structure are extensively illus-
trated here for various species of Xenurobrycon,
Scopaeocharax, and Tyttocharax, but reference to
Figures 11-14, 24, 30, 46, 47 are especially
helpful in understanding the structure. Briefly,
the epidermal pouch is located medial to the
middle and posteroventral regions of the en-

larged pouch scale and opens to the surrounding
water along the fimbriated posteroventral bor-
der of the scale. Part of this scale flares slightly
laterally. In that vicinity the fimbriae are espe-
cially fine and the membrane between them
highly distensible. The greatest concentration of
hypertrophied gland cells occurs around and just
inside this opening as in Argopleura. The scale is
bound to fin rays 10 and 11 by one or two
ligaments. Specialized interradialis-b muscle fi-
bers originate along the base and unciform proc-
ess of fin-ray 11 and insert in roughly a semicircle
near the border of the posterior three-quarters
of the pouch scale. Interradialis-a muscle fibers
originate near the bases of fin rays 12-17 and
insert on the unciform process of ray 11 (Figures
11-14, 46, 47). The distal portions of the dorsal-
lobe caudal-fin rays pass to one side or the other
of the ventral-lobe caudal-fin rays (Figure 67).

We propose that many of these modified struc-
tures of the male caudal fin may serve as a
pumping mechanism increasing the rate of dis-
semination of a pheromone or pheromones into
the surrounding water from glandular tissue sit-
uated in and around the mouth of the pouch or
sac. We suggest that the boundary layer effect,
in which the velocity of flowing water decreases
the closer the water is to a substrate, reaching
virtually zero at the boundary (Leyton, 1975:5),
may be associated with the evolution of the di-
rectly driven muscular pump. Water that flows
through relatively small tubes or into small sacs,
such as the small pumps of subgroup B xenurob-
ryconins, is limited to those boundary layers
where greater energy is required to increase
water velocity. Greater energy would not be
needed in the larger pumps of the larger glan-
dulocaudines. In addition, a relative increase in
water turbulence, which occurs at orifices of
small size (Leyton, 1975:19), may produce addi-
tional water flow retardation. Thus, in fishes the
size of the minute xenurobryconins, the energy
needed to make water flow in the caudal pump
may be such that the passive mechanism in the
form present in larger glandulocaudines would
not be effective. Additional energy may be
needed, and in subgroup B xenurobryconins may
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be supplied by the modified interradialis muscles.
The relatively large size of the pump and dia-
phragm scale in relation to body size possessed
by miniature glandulocaudines compared to
those present in the larger glandulocaudines also
may compensate for decreased flow and in-
creased water turbulence.

The caudal pump may function in the follow-
ing manner: the fan-shaped interradial muscle
bundle, interradialis-b, when contracted, may
cause the scale to buckle laterally and thus ex-
pand the volume of the sac internal to the scale.
This would cause water to enter the sac and pass
over the associated glandular tissue. Relaxation
of this muscle presumably would allow the natu-
ral resilience of the scale to bring the scale back
to its undeformed state, forcing water out of the
sac and again over the glandular tissue. The scale
presumably acts as a movable diaphragm, pump-
ing water in and out of the sac and over the
glandular tissue. Other movements used in either
tail-beating or head-to-tail lateral display activity
may aid in pumping water into and out of the
caudal sac. The posteroventraljy directed inter-
radialis muscle, "interradialis-a" (Figures 46, 47),
may act to stabilize the sigmoid ray (principal ray
11; p. 82) during contraction of the fan-shaped
interradialis-b, as well as to control a pivoting or
rocking motion of the sigmoid ray around its
articulation with hypural 2. The extensive inter-
radialis Fibers of dorsal caudal-fin rays 7 and 10
probably cause exaggerated sculling movements,
with rays 7 to 10 passing to one or the other side
of the less mobile rays of the ventral caudal-fin
lobe. The radii of the large scale may facilitate
bending of the scale during normal swimming as
well as during pumping action. The platelike
projections on each side of the eighteenth prin-
cipal caudal-fin ray in Xenurobrycon macropus may
act as deflecting devices directing water bearing
the pheromone towards the female.

THE FIN-RAY PUMP

The second type of glandulocaudine pump,
the one mentioned by Nelson (1964a: 142) on

page 95, involves modifications of scales of the
base of the dorsal caudal-fin lobe and modifica-
tion of principal caudal-fin rays 8 to 13 and
especially 11 and 12 (Figure 19 of Mimagoniates
microlepis). This caudal mechanism will be
treated in more detail in a paper on Glandulo-
cauda and Mimagoniates by Menezes and Weitz-
man in preparation. Briefly, the mechanism con-
sists of a series of about 5 to 11 dorsal lobe scales
which together form a single flap extending pos-
teriorly and ventrally lateral to the proximal
parts of principal caudal-fin rays 8 to 12. A
broadly open pouch or pocket lies between this
flap and fin rays 8 through 11. The opening
occurs along the entire ventral border of these
scales. In histologicai sections apparent secretory
cells form heavy concentrations in the scale
pouch or fold. Glandular cells are also widely
distributed on the fin but appear most concen-
trated around these modified scales and associ-
ated fin rays.

A second pouch or pocket occurs between the
highly modified seven to twelve or so basal seg-
ments of the ray halves of principal caudal-fin
rays 11 and 12. These segments are expanded
and curved so that their opposing faces form the
concave walls of the pouch. Rays 9, 10, and 13
are also modified in support of this pouch or
tubular pump. Glandular tissue is not apparent
inside this fin-ray pouch but does occur around
its posterior opening. The structure is bilateral.
Each pouch is open along the lateral borders of
the fin-ray segments. This opening is divided into
an elongate anterior portion and a smaller pos-
terior portion by the expanded segments of ray
11. In life, the soft tissue around the openings
restrict their extent, but they do remain contin-
uous with each other. During ventilation of the
pouch the narrow central part between the major
openings is the first area to close during com-
pression and the last to open during expansion.
When the caudal fin is flexed away from the
pouch being observed, the volume of the con-
tents of the pouch decreases and the anterior
portion of the opening closes. When the fin is
flexed toward the pouch, the volume of the
pouch expands and the anterior portion of the
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opening expands widely. The posterior portion
of the opening remains open during all flexing
activity. Nelson referred to the fin-ray mecha-
nism as a bellows, and the pump is a type of
bellows, one with a valved opening in the proxi-
mal and middle portions. The anterior portion
of the opening closes as the pouch is compressed
and opens as the pouch expands, while the
smaller posterior portion of the opening remains
open at all times. Therefore, we would suggest
that the predominant flow of water is into the
anterior portion of the opening and out of the
posterior portion of the opening. A small amount
of water might enter through the posterior open-

ing only when the pouch is being expanded. The
interradialis muscles are well developed on all fin
rays and the other caudal musculature is quite
robust but not greatly modified. Direct muscular
action on the fin rays as well as the general
bending of the fin during tail-beating may be
involved in driving this pump.

Glandulocauda, apparently the closest relative
of Mimagoniates, does not have a caudal fin ray
pump and appears the more primitive morpho-
logically. The fin-ray pump of Mimagoniates ap-
parently evolved independently of the dia-
phragm scale pump present in other glandulo-
caudines.

Summary

The Xenurobryconini is corroborated as
monophyletic by five synapomorphies, providing
a new diagnosis. The tribe includes Argropleura
from the Magdalena and Cauca basins in Colom-
bia, Iotabrycon from the Guayas basin in Ecuador,
and Xenurobrycon, Scopaeocharax (new), and Tyt-
tocharax all from the Amazon basin. Xenurobrycon
is also found in the Paraguay-Parana basin.

Subgroups and genera of the Xenurobryconini
are corroborated by apomorphies. Seventy-one
apomorphies were used in this treatment, many
based on secondary sexual characters of the
males and many based on reductive characters
associated with small size in the adults of Iotabry-
con, Xenurobrycon, Scopaeocharax, and Tytto-
charax. A key to the groups and genera is pre-
sented.

The phylogenetic analysis, in part, is a study
of the congruence of innovative characters, such
as features associated with the caudal gland, and
reductive characters, such as various losses of
portions of the laterosensory canal system. Both
kinds of evolutionary change may be associated
with miniature size and with the hydrodynamics
of reduced water flow in small tubes, such as the
laterosensory canals and caudal pheromone
pumps. We find that the two kinds of characters
usually are congruent and corroborate a single
phylogenetic hypothesis. However, most of the
homoplasies that we detected are reductive later-

osensory system characters and we suggest that
these characters, apparently related to size at
maturity, maybe reversible and therefore labile
in the studied taxa.

Xenurobrycon macropus from the Paraguay-Par-
ana basin is redescribed and two species, Xenu-
robrycon pteropus from Fonte Boa, Amazonas,
Brazil, and Xenurobrycon heterodon from the up-
per Amazon basin in Ecuador and Peru, are
described as new. A key to the species is included.

The distribution of the Xenurobryconini is
reviewed and an area cladogram of the major
subgroups is presented. Three areas of ende-
mism are discussed, the Magdalena plus the San
Juan basins of Colombia, the Guayas basin of
Ecuador, and the Amazon plus the Paraguay-
lower Parana basins.

Caudal pheromone pumping mechanisms are
described for several glandulocaudine groups.
There are two major types, one of which has
several forms. One type consists of a diaphgram
pump. The diaphragm is formed of a large scale
or scales lateral to a sac or pouch. The pouch has
a single posterior opening surrounded by glan-
dular tissue that presumably produces a phero-
mone. In most instances the pump may work
passively as a result of tail-beating during court-
ship. In one miniature xenurobryconin, Iotabry-
con, this passive pump has become associated with
highly modified caudal musculature. In three
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miniature xenurobryconin genera, Xenurobrycon,
Scopaeocharax, and Tyttocharax, the pump ap-
pears to be directly driven by modified interra-
dialis muscles, which are inserted along most of
the posterior border of the scale diaphgram. This
we call an active muscular pump. It may be
driven in association with tail-beating or perhaps
indepenent of tail-beating.

An entirely different type of caudal phero-
mone pump is present in the nonxenurobryconin
glandulocaudine genus Mimagoniates. This pump
is an elongate chamber continuously open lat-
erally and formed primarily by modified fin rays
rather than scales. The anterior portion of the
chamber opening appears to act in an intake
valve, and the posterior portion always remains
open. We postulate that this pump works by
taking water into the anterior portion of its open-
ing, closing that opening (and its connection with
the posterior opening), compressing the resulting
chamber and forcing water out the posterior
opening. Glandular tissue is associated with the
posterior opening as well as with the caudal fin
rays and is especially concentrated medial to a
flap of tissue formed of modified scales just dorsal
to the pump mechanism.

In Appendix 3 hypotheses of the monophyly
of the Glandulocaudinae are reviewed and it is
concluded that insufficient information is cur-
rently available to either support or refute a
hypothesis of the monophyletic origin of the
subfamily. There do, however, appear to be
monophyletic groups within the subfamily.

Several hypotheses associated with the concept
of internal fertilization in all glandulocaudines
were advanced by Nelson (1964a). These are
reviewed in Appendix 3 and it is noted again
that insufficient information is available to cor-
roborate or reject these hypotheses for all mem-
bers of the subfamily. Nelson (1964a) suggested
that in glandulocaudines internal fertilization
and a habitus of feeding at the water's surface
are evolutionarily associated. New evidence sug-
gests that the glandulocaudines may not be sur-
face-dependent for food any more than other
tetragonopoterine characids. Furthermore, most
glandulocaudines are not known to be internally

fertilized and the hypothesis that internal fertil-
ization is typical of the group appears to have
little corroboration.

Nelson (1964a) also proposed that internal
fertilization in glandulocaudines evolved in as-
sociation with wet-season flooding of their habi-
tats. Based on habitats that are currently occu-
pied by many glandulocaudines and that are sub-
ject only to ephemeral flooding, there seems to
be little or no evidence for many species of the
group to support Nelson's hypothesis.

Resumo

A ideia de que Xenurobryconini forma um
grupo monofiletico e corroborada por cinco sin-
apomorfias que possibilitam uma nova diagnose
do grupo. A tribo inclui Agropleura, que ocorre
nas bacias do Magdalena e do Cauca na Colom-
bia; Iotabrycon, da bacia do Guayas no Equador;
e Xenurobrycon, Scopaeocharax (novo), e Tytto-
charax, todos da bacia Amazonica. Xenurobrycon
tambem ocorre na bacia Paraguai-Parana.

Os subgrupos e generos de Xenurobryconini
sao corroborados por apomorfias. Setenta e uma
apomorfias foram usadas neste contexto, muitas
baseadas em caracteres sexuais secundarios dos
machos e outras em caracteres "reductivos" as-
sociados ao pequeno tamanho dos adultos de
Iotabrycon, Xenurobrycon, Scopaeocharax, e Tytto-
charax. E apresentada uma chave para os grupos
e generos reconhecidos.

A analise filogenetica e, em parte, um estudo
da cogruencia dos caracteres "inovadores," tais
como caracteristicas associadas a glandula caudal,
e caracteres "reductivos," como por exemplo, o
desaparecimento de varias partes do sistema la-
tero-sensorial. Os dois tipos de mudanca evolu-
tiva podem estar associados a reducao de ta-
manho ("miniaturizacao") e com a hidrodinamica
do fluxo reduzido de agua em tubos pequenos,
como os canais latero-sensoriais e as bombas de
feromonio da regiao caudal. Nos, achamos que
os dois tipos de caracteres em geral sao con-
gruentes e corroboram uma unica hipotese filo-
genetica. Entretanto, a maioria das homoplasias
que nos detectamos sao caracteres "redutivos" do
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sistema latero-sensorial e sugerimos que estes
caracteres, aparentemente relacionados ao ta-
manho na maturidade, podem ser reversiveis e
portanto labeis nos taxons estudados.

Xenurobrycon macropus da bacia do Paraguai-
Parana e redescrito e duas especies, Xenurobrycon
pteropus de Fonte Boa, Amazonas, Brasil, e Xen-
urobrycon heterodon da parte superior da bacia
Amazonica (Equador e Peru), sao descritas como
novas. E incluida uma chave para especies.

A distribuicao de Xenurobryconini e revista e
um cladograma de areas dos subgrupos principais
e apresentado. Tres areas de endemismo sao
discutidas: as bacias dos rios Magdalena e San
Juan na Colombia, a bacia do Guayas no Equador
e as bacias do Amazonas e Paraguai-Parana.

Mecanisomos de bombeamento de feromonio
na regiao caudal sao descritos para varios grupos
de Glandu lotaudinae. Ha dois tipos principais,
um dos quais tern varias formas. Um tipo consiste
de uma bomba tipo diafragma. O diafragma e
formado por uma ou mais escamas mais desen-
volvidas que recobrem uma bolsa ou saco de
posicao lateral em relacao as escamas. A bolsa
tern uma unica abertura posterior circundada
por tecido glandular que, ao que tudo indica,
produz um feromonio. Na maioria dos casos a
bomba parece trabalhar passivamente como re-
sultado do batimento da cauda durante o pro-
cesso de cortejamento. Em um Xenurobryconini,
Iotabrycon, esta bomba passiva tornou-se asso-
ciada com uma musculatura caudal altamente
modificada. Em tres generos de Xenurobrycon-
ini, Xenurobrycon, Scopaeocharax, e Tyttocharax, a
bomba parece estar directamente relacionada
com musculos interradialis modificados que se
inserem ao longo da maior parte da margem
posterior da escama que funciona como dia-
fragma. Este tipo especial e denominado bomba
muscular ativa. Aparentemente funciona em as-
sociacao com o batimento da cauda ou talvez
independente dele.

Um tipo totalmente diferente de bomba caudal
associada a producao de feromonio, esta presente
no genero Mimagoniates. Esta bomba consiste de
uma camara alongada continuamente aberta lat-

eralmente e formada primariamente por raios
modificados ao inves de escamas. A parte ante-
rior da abertura parece agir como uma valvula e
a parte posterior sempre permanece aberta. Nos
postulamos que esta bomba funciona sugando
agua para a parte anterior de sua abertura fe-
chando-a (bem como a conexao com a abertura
posterior) e comprimindo a camara que se forma,
forcando desta forma a agua para o exterior pela
abertura posterior. Tecido glandular existe em
associacao com a abertura posterior e com os
raios da nadadeiras caudal e esta especialmente
concentrado medialmente a uma pequena aba de
tecido formada por escamas modificadas situadas
dorsalmente a bomba propulsora.

No Apendice 3, duas hipoteses sobre o mon-
ofiletismo dos Glandulocaudinae sao revistas e
conclui-se que apesar de atualmente nao existir
informacao suficiente para apoiar uma hipotese
de origem monofiletica, parece existir grupos
monofileticos dentro da subfamilia.

Varias hipoteses associadas com um conceito
de fecundacao interna para todos os Glandulo-
caudinae foram propostas por Nelson (1964a).
Estas sao revistas no Apendice 3 e e notado
novamente que nao existe informacao suficiente
para corroborar ou rejeitar tais hipoteses para
todos os membros da subfamilia. Nelson (1964a)
sugeriu que em Glandulocaudinae a fecundacao
interna e o habito de alimentar-se na superficie
sao evolutivamente associados. Novas evidencias
indicam que o grupo depende da superficie como
fonte de alimento em grau comparavel ao de
outros caracideos da subfamilia Tetragonoptri-
nae. Alem disto, a maioria dos Glandulocaudinae
parece nao possuir fecundacao interna e a hipo-
tose de que este fenomeno e tipico do grupo
parece ter pouca corroboracao.

Nelson (1964a) tambem admitiu que a fecun-
dacao interna nos Glandulocaudinae evoluiu em
associacao com a inundacao de seus "habitats."
Com base nos ambientes atualmente ocupados
por«muitos Glandulocaudinae e que sao sujeitos
apenas a inundacoes efemeras, parece haver
pouca ou nenhuma evidencia que apoie esta hi-
potese de Nelson para muitas especies do grupo.



Appendix 1

Glandulocaudine Specimens Examined

Specimens of more than 40 species and 17 genera of glandulocaudines used
for comparative purposes in this study are listed below. For all these genera
and for most of the species, alizarin red S and sometimes alizarin and alcian
blue preparations were available. All are labeled C and S. Specimens of
Xenurobrycon used in the comparative analysis are listed in the species ac-
counts.

Acronyms used below for institutions are defined in the acknowledgments,
except the following, which indicate collections in which the specimens were
formerly housed: IUM (Indiana University Museum), CM (Carnegie Mu-
seum), SU (Stanford University Natural History Museum). When the term
male or female is used it means the specimens are sexually mature specimens
of their respective sex. When the term adult is used it means that sexually
mature specimens of both sexes are present.

Acrobrycon ipanquianus (Cope). CAS 39060
(IUM 16193), C and S, 7 adults, SL 61.0-97.7
mm, from 21 specimens, SL 61.0-100.0 mm;
Peru: Cuzco (bridge at San Miguel, Rio Uru-
bamba, about 13°25'S, 71°32'W; C.H. Eigen-
mann, Nov 1918.

Argopleura chocoensis (Eigenmann). USNM
249871, C and S, paratypes, 1 male and 1 female,
SL 48.5, 45.5 mm, and USNM 76943, paratypes,
20 adults, SL 35.5-52.8 mm; Colombia: Choco
(Istmina, upper Rio San Juan, 05°09'N,
76°39'W); C.H. Eigenmann, 19-20 Mar 1912.
CAS 39030 (IUM 12939), C and S, paratypes, 1
male and 1 female, SL 42.5, 44.5 mm, plus 15
adults, SL 42.5-50.7 mm; same locality and col-
lection data as preceding.

Argopleura diquensis (Eigenmann). FMNH
56272, holotype, male, SL 46.3 mm; Colombia:
Atlantico (Soplaviento, town on Dique de Car-
tagena between Cartagena and Calamar,
10°24'N, 75°08'W); C.H. Eigenmann, 11-13

Jan 1912. Following paratypes with same locality
and collection data as preceding: FMNH
526273, 6 adults, SL 34.4-46.5 mm; FMNH

69690, 5, adults, SL 33.8-45.2 mm; CAS 39013,
7 adults, SL 35.3-46.9 mm.

Argopleura magdalenensis (Eigenmann).
USNM 236097 (from FMNH 56264, formerly
CM 5064), paratypes, 50 adults, SL 33.0-48.5
mm; Colombia: Cundinamarca (Rio Magdalena,
Girardot, 04°18'N, 74°48'W); C.H. Eigen-
mann, 9-11 Feb 1912.

Argopleura sp. ANSP 127516, C and S, 1 male
and 1 female, SL 41.9, 42.3 mm, from 32 speci-
mens, SL 30.7-44.1 mm; Colombia: Caldas (Rio
Mercedes, tributary of Rio Miel, Rio Magdalena
drainage, about 05°43'N, 74°45'W); J.E.
Bohlke, W. Saul, W. Smith-Vaniz, 23 Mar 1973.

Argopleura sp. USNM 235922, C and S, 1 male
and 1 female, SL 44.6, 45.1 mm, and USNM
220369, 11 adults, SL 41.9-45.9 mm; Colombia:
Cundinamarca (Rio Magdalena basin, Rio Ca-
landaima, tributary of Rio Bogota between Viota
and Mesitai del Colegio, about 04°28'N,
74°31'W); F. Flores, 9 Aug 1977. USNM
220369, 11 adults, SL 41.5-47.4 mm; same lo-
cality and collection data as USNM 235922.

Corynopoma nisei Gill. USNM 235925, C and

102
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S, 1 immature, 1 female, 4 maturing males, 3
sexually mature males, SL 27.8-35.7 mm, and
USNM 231951, 52 juveniles to adults, SL 21.1-
34.7 mm; Trinidad (Cemetiere Road, below
bridge on road between Point Fortin and
Chatham, 10°07'N, 61°44'W); R. Bruce, 15
Mar 1982. USNM 231949, 43 juveniles to
adults, SL 19.0-36.9 mm; Trinidad (central re-
gion, Tunapuna River at El Quemada Road,
about 10°38'N, 61°24'W); R. Bruce, 25 Feb
1982. USNM 235923, C and S, 3 males, 1 fe-
male, SL 36.8-41.2 mm, and USNM 235924,
12 adults, SL 34.3-45.3 mm; Venezuela: Sucre
(Los Barrancas, Rio Manzanares, between Cu-
mana and Cumanacoa, 10°22'N, 65°05'W); F.
Mago-Leccia, S. Weitzman, and party, 2 Mar
1977. USNM 221171, C and S, 2 males, 1 fe-
male, SL 35.6-40.5 mm, and USNM 216893,
20 juveniles to adults, SL 19.6-41.5 mm; Vene-
zuela: Carabobo (hacienda Monte Sacro, Rio
Chirgua, about 09°34'N, 67°45'W); M.V. Ra-
mirez, 24 Sep 1959. CAS(IUM) 13180, para-
types of Stevardia aliata Eigenmann, 3 males, 3
females, SL 42.5-47.3 mm; Colombia: Meta (Rio
Negro near Villavicencio, Rio Negro tributary
to Rio Meta, about 04°10'N, 73°43'W); M.
Gonzales, 1914. CAS(IUM) 13720, 20 juveniles
to adults, SL 19.5-48.2 mm; Colombia: Meta
(Barrigon, town next to Rio Humea, tributary to
Rio Meta and flowing from Villavicencio,
04° 10'N, 73°01'W); M. Gonzales, Mar 1914.

Diapoma speculiferum Cope. USNM 236094, C
and S, 3 males, 2 females, SL 29.2-32.9 mm,
and USNM 221160, 5 juveniles to adults, SL
20.5-28.1 mm; Brazil: Rio Grande do Sul (Rio
Forqueta at Marques de Souza, 29°19'S,
52°05'W); H. Britski, N. Menezes, S. Weitzman,
M. Weitzman, R. LaCorte, 20 Sep 1977. USNM
221155, 1 male, 1 female, SL 44.3, 45.5 mm;
Brazil: Rio Grande do Sul (Rio Forqueta, Fao,
on road between Lajeado and Passo Fundo,
29°12'S, 52°14'W); N. Menezes, S. Weitzman,
M. Weitzman, 7 Dec 1979. USNM 221154, 10
juveniles to adults, SL 21.6-33.3 mm; Brazil:
Rio Grande do Sul (Arroio Grande where it
passes under highway [BR116] between Pelotas

and Jaguarao, ~1 km from city of Arroio
Grande, 32°14'S, 53°50'W); N. Menezes, S.
Weitzman, M. Weitzman, 14 Dec 1979.

Diapoma terofali (Gery). USNM 235927, C and
S, 1 male, 1 female, SL 40.6, 41.3 mm, and
USNM 236275, 2 adults, SL 38.7, 39.2 mm;
Uruguay: Artigas (laguna of Arroyo Catalan
Chico, about 30°49'S, 56°22'W); R. Vaz-Fer-
reira, J. Soriano, 13 Jan 1960. ANSP 139721,
paratype, 1 adult, SL 48.3 mm; Argentina: Bue-
nos Aires (Canal "El Cazader," Rio Lujan, tribu-
tary to Rio de la Plata), J. Foerster, 12 Sep 1962.
(See Appendix 2 for generic referral).

Gephyrocharax atricaudatus (Meek and Hilde-
brand). USNM 236086, C and S, 1 male, 1
female, SL 42.8, 47.4 mm; Panama (creek by
road 13 km N of Cerro-Azul, 09°07'N,
79°16'W); H. Loftin, W. Kosan, 27 Aug 1962.
USNM 78533, paratypes, 33 juveniles to adults,
SL 23.4-44.1 mm; Panama: Canal Zone (Fri-
joles, 09°10'N, 79°48'W); S.E. Meek, S.F. Hil-
debrand, 14 Mar 1911.

Gephyrocharax caucanus Eigenmann. FMNH
56012, holotype, female, SL 48.8 mm, and
USNM 81921, paratypes, 3 females, SL 44.5-
50.1 mm; Colombia: Caldas (Cartago, Rio Viejo,
Rio Cauca drainage, 04°45'N, 75°55'W); C.H.
Eigenmann, 22-23 Feb 1912. USNM 120156, 1
male, SL 36.3 mm, and USNM 121289, 1 male,
SL 39.6 mm; Colombia: Vale de Cauca ("upper
Rio Cauca tributaries," ca 03°30'N, 76°30'W);
C. Miles, Oct 1942.

Gephyrocharax chocoensis Eigenmann. FMNH
56016, holotype, male, SL 48.2 mm, and FMNH
56017, paratypes, 10 adults, SL 38.6-51.6 mm;
Colombia: Choco (Istmina, upper Rio San Juan,
05°09'N, 76°39'W); C.H. Eigenmann, 19-20
Mar 1912.

Gephyrocharax intermedius Meek and Hilde-
brand. FMNH 8945, holotype, male, SL 44.2
mm, and USNM 78556, paratypes, 26 juveniles
to adults, SL 24.1-37.4 mm; Panama: (Rio
Chame, about 08°34'N, 79°53'W); S. Meek, S.
Hildebrand, 14 Feb 1912. Note: A label in
USNM 78556 in Hildebrand's handwriting
states: Rio Chame, Chame, Panama." Apparently
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the type locality is therefore the Rio Chame at
the town of Chame, although not listed this way
in Meek and Hildebrand (1916:278) and Hilde-
brand (1938:254).

Gephyrocharax major Myers. CAS(IUM)
17289, "cotypes," 23 adults, SL 42.0-54.1 mm;
Bolivia: Beni (Rio Beni, Rurrenabaque, 14°27'S,
67°34'W); N.E. Pearson, Oct 1921.

Gephyrocharax melanocheir Eigenmann. FMNH
56049, holotype, male, SL 34.7 mm; FMNH
69554, paratypes, 9 adults, SL 30.5-39.8 mm;
and FMNH 56050, paratypes, 6 adults, SL 28.8-
35.9 mm; Colombia: Cundinamarca ("Bernal
Creek" (=vernal creek?), tributary to Rio Mag-
dalena, near Honda, about 05° 12'N, 74°32/W);
C.H. Eigenmann, 28 Jan 1912.

Gephyrocharax sinensis Dahl and Medem. ICN
749, 80 juveniles to adults, SL 16.2-41.6 mm;
Colombia: Cordoba ("upper" Rio Sinu), G. Dahl,
Dec 1950.

Gephyrocharax sp. USNM 236104, C and S, 3
males, 2 females, SL 34.2-39.8 mm; Panama:
(Rio Tebarico, ~4.8 km W of Llano de Piedra,
07°40'N, 80°35'W); H. Loftin, E. Tyson, 30
Sep 1961.

Gephyrocharax Valencia Eigenmann. USNM
257494, C and S, 1 male, 1 female, SL 33.3,
33.9 mm; Venezuela: Guarico (Rio Guarico, 6
km SW of Calabozo, 08°53'N, 67°28'W); F.
bond, 13 Feb 1938. USNM 121325, 5 adults,
SL 31.0-37.1 mm; Venezuela: Aragua (Rio
Guarico drainage, between Sebastion and San
Casimiro, between 09°54'N, 67°11'W and
10°00'N, 67°01'W); L.P. Schultz, G. Zuloaga,
B. Phelps, 12 May 1942.

Gephyrocharax venezuelae Schultz. USNM
236087, paratypes, C and S, 2 males, 1 female,
SL 30.5-34.8 mm, and USNM 121366, para-
types, 122 juveniles to adults, SL 20.4-38.0 mm;
Venezuela: Zulia (Rio Negro, tributary to Rio
Santa Ana, below mouth of Rio Yasa, a tributary
of Rio Negro, 09°49'N, 72°32'W); L.P. Schultz,
2 Mar 1942.

Gephyrocharax whaleri Hildebrand. USNM
106513, holotype, male, SL 39.0 mm; USNM
235926, paratypes, C and S, 1 male, 1 female,

SL 39.5, 41.9 mm; and USNM 109276, 39 ju-
veniles to adults, SL 19.1 -48.5 mm; Panama (Rio
Chame and several nearby smaller coastal
streams crossing road between Canipana and La
Venta, about 08°35'N, 79°52'W); S.F. Hilde-
brand, F. Whaler, 10 Mar 1937.

Glandulocauda melanogenys Eigenmann.
USNM 236093, C and S, 1 female, 1 male, SL
39.6, 40.2 mm; Brazil: Sao Paulo (small moun-
tain stream near Alto da Serra (now Campo
Grande), small railroad station ~3.5 km before
railroad reaches Paranapiacaba from Sao Paulo,
headwaters of Rio Tiete, about 23°40'S,
46°19'W); H. Britski, N. Menezes, R. LaCorte,
S. Weitzman, M. Weitzman, 7 Oct 1977. FMNH
54891, holotype, male, SL 38.0 mm; FMNH
54892, paratypes, 7 males, 8 females and juve-
niles, SL 23.3-40.2 mm; FMNH 15025, para-
type, 1 male, SL 31.3 mm; FMNH 15026, para-
type, 1 male, SL 35.0 mm; USNM 177724,
paratypes, 1 female, 1 male, SL 32.3, 39.9 mm;
CAS(IUM) 13287, 1 male, 1 female, SL 29.0,
34.5 mm; Brazil: Sao Paulo (Alto da Serra, co-
ordinates as above); J.D. Haseman, 25Jul 1908.
MZUSP 26890, 2 males, 2 females, SL 26.0-
41.5 mm; Brazil: Sao Paulo, 2-3 km N of Alto
da Serra, headwaters of Rio Tiete, about
23°50'S, 46°19'W); R. Castro, 30 Nov 1979.
USNM 236415, 3 males, 4 females, SL 37.6-
42.6 mm, and MZUSP 26892, 3 males, 1 female,
SL 32.5-39.0 mm; Brazil (same locality and col-
lection data as USNM 236093).

Glandulocauda melanopleura Eigenmann.
FMNH 54895, holotype, male, SL 39.5 mm;
FMNH 54896, paratypes, 2 developing males,
SL 26.5, 29.2 mm; USNM 177725, paratype, 1
male, SL 29.4 mm; CAS(IUM) 13273, paratypes,
2 males, SL 28.8, 33.8 mm; Brazil: Parana (Ser-
rinha, Rio Iguacu, 25°27'S, 49°42'W); J.D.
Haseman, 22 Dec 1908. Note: The Serrinha at
which Haseman collected is or was a railway
junction along the Rio Iguacu. The junction is
between Palmeira to the NW, Lapa to the S, and
Curitiba to the NE. It is not the Serrinha located
at 25°42'S, 49°34'W, about 16 air km NE of
Lapa.



NUMBER 421 105

Hysteronotus hesperus Bohlke. USNM 236105,
C and S, 1 male, SL 55.9 mm, aquarium speci-
men label says imported from Colombia, 1977.
USNM 164056, holotype, male SL 74.0 mm,
and ANSP 75912, paratype, 1 male, SL 80.5
mm; Ecuador: Napo-Pastaza (Rio Pucuno, trib-
utary to Rio Suno, a tributary of Rio Napo,
apparently near 00°46'S, 77°12'W); M.E.
Olalla, Nov 1950.

Hysteronotus megalostomus Eigenmann. USNM
236400, C and S, 2 males, SL 28.9, 31.9 mm;
ANSP 149545, 1 male, 1 female, SL 29.3, 31.3
nm; USNM 236339, 1 female, 1 male, SL 29.7,
31.4 mm; CAS 51095, 4 males, 3 females, SL
29.0-41.8 mm; Brazil: Minas Gerais (3-4 km
NW of Lagoa Santa, 19°37'S, 43°58'W); P. de
Miranda-Ri'beiro, A. Carvalho, G.S. Myers.
Note: Myers (1953:137) and Bohlke (1958a:39)
cite 3-4 miles NW instead of kilometers. The
label in the bottle gives "km" instead of miles.
See also Weitzman and Thomerson (1970:148)
The label also states "1947" as the year of collec-
tion but Myers (1943:104) indicates "Oct 1942"
for this collection. FMNH 54889, holotype, SL
~34.0 mm (adult specimen in very poor condi-
tion); FMNH 54890, paratypes, 2 Pjuveniles, SL
19.7, 21.0 mm; CAS (IUM) 13171, paratypes, 2
adults, SL 30.3, 31.0 mm; CAS(IUM) 13291,
paratypes, 2 adults, SL 23.4, 26.1 mm; Brazil:
Minas Gerais (creek, tributary to Rio das Velhas,
~4.8 km from Sete Lagoas, Rio Sao Francisco
drainage, about 19°26'S, 44° 14'W); J.D. Hase-
man, 10 May 1908.

Hysteronotus myersi Weitzman and Thomerson.
USNM 235929, C and S, 1 male, SL 44.2 mm,
and USNM 235928, 1 male, SL 44.0 mm; Peru:
Huanuco (Quebrada Pijuayal, tributary to Rio
Pachitea, about 08°50'S, 74°42'W); Cambridge
University Expedition, 1968. USNM 203697,
holotype, male, SL 49.0 mm, and USNM
203698, paratypes, 6 females, SL 25.3-32.4 mm;
Peru: Huanuco (small stream tributary to Rio
Pachitea, tributary to Rio Ucayali, at NE limits
of Tournavista, about 08°58'S, 74°45'W); J.
Thomerson and party, 23 Aug 1964.

Iotabrycon praecox Roberts. USNM 235946, C

and S, 3 males, 3 females, SL 14.8-21.8 mm;
USNM 216802, 10 males, 33 immatures and
females, SL 14.2-19.3 mm; USNM 216803, 8
females, 8 males, SL 15.5-18.5 mm; Ecuador:
Los Rios (isolated pool of Rio Palenque, tributary
of Rio Vinces, at Centro Cientifico, about
01°26'S, 79°44'W); G. Glodek, 13 Jul 1975.
USNM 236064, 22 immatures to adults, SL
12.4-17.7 mm; Ecuador (same locality as USNM
216803); G. Glodek, Nov 1978. MCZ 48659,
paratypes, C and S, 2 males, 1 female, SL 16.2-
18.8 mm (Roberts' measurements); Ecuador: Los
Rios (isolated pool, Rio Nuevo where it flows
into Rio Vinces, 1 km upstream from Vinces,
01°32'S, 79°54'W); T. Roberts, 5 Nov 1971.

Landonia latidens Eigenmann and Henn. MCZ
48663, C and S, 1 male, SL 36.1 mm; Ecuador:
Los Rios (Rio Vinces at Vinces, 01°32'S,
79°45'W); T. Roberts, 5 Nov 1971. MCZ
48664, C and S, 5 immatures to adults, SL 25.6-
42.1 mm; Ecuador: Los Rios (Rio Cristal, 16 km
E of Babahoyo, 02°08'N, 79°23'W); T. Rob-
erts, 6 Nov 1971.

Mimagoniates barberi Regan. USNM 179827,
lectoparatypes, 1 female, 1 male, SL 25.8, 29.5
mm; Paraguay: Paraguari (Arroyo Yaca
(=Yhaca) "near Estacion Caballero"; Arroyo
Yhaca is at 25°39'S, 56°53'W, Caballero is at
25°40'S, 56°49'W); A. Barbero, collection date
unknown, sometime before Nov 1907. UMMZ
205420, 2 males, 5 females, SL 23.6-34.5 mm;
Paraguay: San Pedro (Rio Aguaray-mi at bridge
on dirt highway 2.1 km N of junction with
easterly road to Capitan Bado, about 23°33'S,
56°34'W); J.N. Taylor and party, 22 Jul 1979.
UMMZ 205417, 1 juvenile (smallest), 2 females,
SL 17.6-25.4 mm; Paraguay: Canendiyu (small
arroyo tributary to Arroyo Curuguaty, ~5.3 km
by dirt road NNW of Curuguaty, 24°23'S,
55°42'W); J.N. Taylor and party, 19 Jul 1979.
UMMZ 205418, 1 juvenile, 1 female, SL 15.9,
26.7 mm; Paraguay: San Pedro/Canendiyu (Rio
Corrientes and adjacent pool, ~32.4 km W of
turnoff to Curuguaty, 24°19'S, 55°59'W); J.N.
Taylor and party, 21 Jul 1979. UMMZ 205415,
1 female, 1 male, SL 30.3, 32.6 mm; Paraguay:
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Canendiyu (Rio Jejui, tributary to Rio Jejui-
Guazu, about 41 km N of Curuguaty and 2 km
S of Ygatimi, ca 24°09'S, 55°37'W); R.M. Bai-
ley, J.N. Taylor, 7 Jul 1979.

Mimagoniates inequalis (Eigenmann). FMNH
54893, holotype, male, SL 32.6 mm; FMNH
54894, paratypes, 4 immature, SL 21.2-25.5
mm;andCAS(IUM) 13270, paratypes, 1 female,
1 male, SL 29.4, 31.6 mm; Brazil: Rio Grande
do Sul (Porto Alegre, apparently collected from
Rio Guaiba at Porto Alegre harbor, 30°02'S,
51°11'W);J.D. Haseman, 19 Jan 1909. USNM
236090, C and S, 5 immatures, SL 22.9-28.4
mm; Brazil: Rio Grande do Sul (Arroio Paradiso,
Rio Cai drainage, 29°32'S, 51°20'W); N. Me-
nezes, S. Weitzman, M. Weitzman, 8 Dec 1979.
USNM 234161, 34 immatures to young adults,
SL 13.2-30.5 mm; Brazil: Rio Grande do Sul
(Arroio Passo de Cria, along Passo da Serra near
Montenegro, Rio Cai drainage, 29°40'S,
51 °25'W); N. Menezes, S. Weitzman, M. Weitz-
man, 8 Dec 1979. (See Appendix 2.)

Mimagoniates lateralis (Nichols). AMNH 4072,
holotype of Coelurichthys lateralis Nichols, fe-
male, SL 29.0 mm; aquarium specimens without
known locality. AMNH 4087, holotype of Coe-
lurichthys tenuis Nichols, male, SL 30.0 mm, and
AMNH 4088, second specimen (jar labeled "co-
type" but specimen not called a type in Nichols
(1913:152)); no locality or collection data.
USNM 236081, C and S, 1 female, 1 male, SL
26.5, 27.5 mm; USNM 236088, C and S, 1
female, 1 male, SL 31.3, 31.6 mm; USNM
254259, 21 immatures to adults, SL 18.7-31.8
mm; and MZUSP 20495, 20 immatures to adults,
SL 17.5-27.5 mm; Brazil: Parana (small black-
water stream 5 km S of Guaratuba, 25°55'S,
48°37'W); N. Menezes, W.L. Fink, S. Weitzman,
28 Dec 1975. USNM 254258, 20 immatures to
adults, SL 19.2-33.0 mm, and USNM 257113,
18 immatures to adults, SL 20.4-29.5 mm; Bra-
zil: Santa Catarina (Ilha de Sao Francisco, Rio
Vermelho in Barra do Sul, ~35 km from Joinvile,
26°14'S, 48°35'W); H. Britski, N. Menezes, R.
LaCorte, S. Weitzman, M. Weitzman, 23 Sep
1977. (See Appendix 2.)

Mimagoniates microlepis (Steindachner). USNM
249880, C and S, 1 female, 1 male, SL 46.4-60.9
mm; USNM 249886, C and S, 2 males, SL 35.1-
37.3 mm; USNM 254261, 10 adults, SL 35.4-
61.1 mm; MZUSP 26899, 9 adults, SL 42.6-61.1
mm; Brazil: Sao Paulo (Rio Silva, road between
Ubatuba and Taubate, 23°23'S, 45°07'W); N.
Menezes, S. Weitzman, M. Weitzman, 27 Oct
1982. USNM 257114, 6 immatures to adults, SL
25.2-42.3 mm; USNM 249886, C and S, 2 males,
SL 35.1-37.3 mm; USNM 249897, 4 immatures
to adults, SL 21.8-48.1 mm; Brazil: Parana (Rio
Nhundiaquaraat Morretes, 25°29'S, 48°48'W);
H. Britski, N. Menezes, S. Weitzman, W. L. Fink,
27 Dec 1975. USNM 236089, C and S, 2 fe-
males, 2 males, SL 31.1-45.3 mm; USNM
249890, 6 adults, SL 33.3-49.3 mm; USNM
257115, 9 adults, SL 35.0-49.9 mm; Brazil: Pa-
rana (Rio Nhundiaquara at Morretes, 25°29'S,
48°48'W); H. Britski, N. Menezes, R. LaCorte,
S. Weitzman, M. Weitzman, 24 Sep 1977.
USNM 249896, 17 immatures to small adults,
SL 21.5-35.6 mm; Brazil: Rio de Janeiro (stream
near Cachoeiras de Macacu, Rio Macacu drain-
age, 22°29'S, 42°41'W); C. Cruz, O. Peixoto,
S. Weitzman, M. Weitzman, 27 Nov 1979 (See
Appendix 2.)

Phenacobrycon henni Eigenmann. MCZ 48660,
C and S, 1 male, SL 30.2 mm, and MCZ 48661,
C and S, 3 females, SL 25.5-27.7 mm; Ecuador:
Los Rios (isolated pool, Rio Nuevo where it flows
into Rio Vinces, 1 km upstream from Vinces,
01°32'S, 79°45'W);T. Roberts, 5 Nov 1971.

Planaltina myersi Bohlke. CAS(SU) 18636,
holotype, male, SL 35.7 mm; Brazil: Distrito
Federal de Brasilia (formerly part of Goias),
("Sarandi brook," Chapadao do Sarandy, near
Planaltina, about 15°40'S, 47°45'W); C. Ter-
netz, 21 Sep 1923. USNM 236416, 1 immature,
1 female, 1 male, SL 19.3-40.7 mm; Brazil:
Distrito Federal de Brasilia (Rio Pipiripau, Cor-
rego Vargem de Tras, near Planaltina, about
15°40'S, 47°39'W); N. Menezes, E.K. Bastos,
01 Jun 1979. MZUSP (uncatalogued), 3 females,
SL 34.8-41.2 mm; USNM 221202, 4 females,
SL 39.8-43.1 mm; Brazil: Distrito Federal de
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Brasilia (Corrego Pipiripau, a tributary to Rio
Sao Bartolomeu, Rio Parana system, ~2 km S of
Planaltina, 15°40'S, 47°39'W); N. Menezes, R.
LaCorte, S. Weitzman, M. Weitzman, 30 Sep
1977. USNM 258458, C and S, 1 female, SL
41.0 mm; Brazil: Distrito Federal de Brasilia
(Corrego Pipiripau near Planaltina, 15°40'S,
47°39'W); E.C. Calaf, 19 Jan 1976. MNRJ
10634, 24 immatures to adults (2 males), SL
23.5-37.0 mm; Brazil: Distrito Federal de Bras-
ilia (Corrego Fumal, where it crosses road be-
tween Brasilia and Formosa, about 15°20'S and
between 47°40'W and 47°50'W); L.E. de Ma-
cedo Cordoso, 4 Nov 1982. MNRJ 10635, 13
immatures and adult females, SL 21.3-35.5 mm;
Brazil: Distrito Federal de Brasilia (Corrego Fu-
mal, where it crosses road between Brasilia and
Formosa); L.E. de Macedo Cordoso, 5 Aug 1981.

Pseudocorynopoma doriae Perugia. USNM
235930, C and S, 3 males, 1 female, SL 38.8-
59.5 mm; USNM 235931, 20 adults, SL 38.1-
55.1 mm; AMNH 12346, 33 adults, SL 40.0-
55.5 mm; Argentina: Buenos Aires (no other
locality or collection data). CAS(SU) 51056, C
and S, 1 female, 1 male, SL 43.0, 60.0 mm;
Argentina: "La Plata River, 220 km N of Buenos
Aires"; A.W.C.T. Herre, Jun 1934. Note: Km
220 N of Buenos Aires is well beyond the Rio La
Plata, and is in the Rio Uruguay or Rio Parana.
USNM 236091, 1 female, 1 male, SL 45.4, 52.5
mm; Brazil: Rio Grande do Sul (Arroio Chapeu
Virado, tributary of Rio Guaiba, S of Porto Al-
egre, about 30°06'S, 51°13'W); H. Britski, N.
Menezes, V. Schultz, R. LaCorte, S. Weitzman,
M. Weitzman, 21 Sep 1977.

Pseudocorynopoma heterandria Eigenmann.
USNM 236092, C and S, 1 male, SL 67.3 mm;
Brazil: Sao Paulo (Salesopolis, Rio Paraitinga,
23°32'S, 45°52'W); collector unknown, 23 Apr
1975.

Pterobrycon landoni Eigenmann. FMNH
56250, holotype, male, SL 25.1 mm; Colombia:
Choco (Boca de Raspadura at junction of Rio
San Pablo and Rio Raspadura, Rio Atrato basin,
05°15'N, 76°41'W); C.H. Eigenmann, 21-22
Mar 1912.

Pterobrycon myrnae Bussing. USNM 236066,
paratypes, C and S, 2 males, 1 female, SL 31.7-
34.8 mm, and USNM 211459, paratypes, 37
immatures to adults, SL 22.6-39.0 mm, Costa
Rica: Puntarenas (Peninsula de Osa, Quebrada
Banegas (=Vanegas), 0.8 km upstream from Pa-
cific Road, ~3 air km SW of Rincon, 08°40'N,
83°31'W); N. Scott, J. Vandemeer, 1 Mar 1968.
USNM 236067, paratype, C and S, 1 male, SL
33.1 mm, and USNM 211460, paratypes, 1 male,
1 female, SL 26.7, 26.9 mm; Costa Rica: Puntar-
enas (Peninsula de Osa, Quebrada Banegas (=Va-
negas), swamp near Quebrada Banegas at Pacific
Road, ~3 air km SW of Rincon, 08°40'N,
83°31'W); S. Stearns, 14 Aug 1973.

Scopaeocharax atopodus (Bohlke). ANSP
78717, paratypes, C and S, 1 female, 1 male, SL
19.2, 20.2 mm; ANSP 78714, holotype, SL 20.0
mm; and ANSP 78715, paratypes, 2 females, SL
17.9-18.4 mm; Peru: Huanuco (vicinity of Tingo
Maria, Rio Rondos, tributary to Rio Monzon,
about 09°10'S, 76°00'W); Catherwood Expe-
dition, 29 Sep 1955. USNM 236095, C and S, 1
female, 2 males, SL 17.8-21.1 mm, and USNM
207517, 21 juveniles to adults, SL 13.7-22.0
mm; Peru: Huanuco (Rio Huallaga, vicinity
Universidad Agraria de La Selva, Tingo Maria,
about 09°09'S, 75°57'W); W. Sherbrook, 9 Aug
1966.

Scopaeocharax rhinodus (Bohlke). ANSP
78711, paratypes, C and S, 1 female, 2 males, SL
19.2-22.4 mm; Peru: Huanuco (vicinity Tingo
Maria, Rio Rondos, tributary to Rio Monzon,
about 09°10'S, 76°00'W); Catherwood Expe-
dition, 29 Sep 1955. ANSP 78707, holotype, SL
22.7 mm, Peru: Huanuco (Cava de Pavos, Que-
brada de Puente Perez, ~0.4 km (1/4 mi) above
Rio Huallaga, coordinates uncertain); C.C.G.
Chaplin, M. Hohn, 30 Sep 1955. ANSP 78712,
paratype, 1 male, SL 24.3 mm; Peru: Huanuco
(vicinity Tingo Maria, Rio Bella, tributary to Rio
Monzon, about 09°10'S, 76°00'W); C.C.G.
Chaplin, M. Hohn, 27 Oct 1955. ANSP 78713,
paratype, 1 male, SL 20.9 mm; Peru: Huanuco
(vicinity Tingo Maria, limestone stream, tribu-
tary to Rio Monzon near "Fungus Cave," ~3.2
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km (2 mi) above Rio Huallaga, ca 09°10'S,
76°00'W), Catherwood Expedition, 28 Sep
1955.

Tyttocharax madeirae Fowler. USNM 222007,
C and S, 2 females, 4 males, SL 13.5-17.0 mm,
and USNM 179540, 26 juveniles to adults, SL
11.7-15.9 mm; Brazil: Amazonas (Rio Urubu,
~25 km from Itacoatiara on road between Ita-
coatiaraand Manaus, about 03°07'S, 58°39'W);
H. Schultz, 8-10 Oct 1958. ANSP 39305, holo-
type, early maturing male, SL 14.5 mm, and
ANSP 39306, paratype, 1 immature, SL 11.5
mm; Brazil: Amazonas (tributary to Rio Madeira
near Porto Velho, about 08°45'S, 63°55'W);
E.A. Smith, Jan or Feb 1913. USNM 92961,
paratype, 1 immature, SL 10.9 mm; Brazil: Ama-
zonas (Igarape de Candelaria, Rio Madeira), E.A.
Smith, Sep 1912. MNRJ 3572, types ofMicrocae-
lurus odontocheilus A. de Miranda-Ribeiro

(1939:362), male, SL 17.5 mm (here designated
the lectotype), female, SL 14.7 mm; type locality
not given. (See Appendix 2.)

Tyttocharax sp. A. MCZ 49954, C and S, 3
males, SL 17.0-18.2 mm; Ecuador: Napo (Rio
Napo, Mandura Cocha, near Coca, 00°28'S,
76°58'W);T. Roberts, 11 Dec 1971.

Tyttocharax sp. B. USNM 232369, 5 males, 3
juveniles and females, SL 13.1-21.4 mm, Brazil:
Amazonas (Igarape Acu 7 km downstream from
Santo Antonio do lea, Rio Solimoes, 03°02'S,
67°50'W); P. Vanzolini, 20 Oct 1968. MZUSP
12411, 3 males, 16 juveniles and females, SL
12.6-18.8 mm; same locality data as preceding;
P. Vanzolini, 19 Oct 1968. (See Appendix 2.)

Xenurobrycon. Stained and other specimens of
the three species examined are listed in the ma-
terials section of the species accounts in this
paper.



Appendix 2

Identification, Taxonomic, and Nomenclatural Notes
on the Specimens Examined

Species identification of some specimens and generic referrals of some species
have proved problematic. Some of our name choices and referrals differ
from those previously used. Below we give reasons for our choice of names
for the specimens used in this report.

Diapoma terofali (Gery). The reasons for refer-
ral of terofali to Diapoma instead of to Glandulo-
cauda as originally done by Gery (1964) are as
follows: The modified caudal scales in Glandu-
locauda melanogenys Eigenmann, the type of the
genus Glandulocauda, and in Glandulocauda me-
lanopleura Eigenmann develop from the dorsal
caudal-fin lobe squamation. That of Diapoma ter-
ofali develops from the squamation of the ventral
caudal-fin lobe as in most other glandulocaudines
and in Diapoma speculiferum. Glandulocauda has
no sac between the scales and the fin rays,
whereas in Diapoma terofali, D. speculiferum, and
most other glandulocaudines, a sac is present
(except for species of Mimagoniates, which have
a caudal squamation similar to that of species of
Glandulocauda). In contrast to most glandulocau-
dines, except species of Acrobrycon and Planal-
tina, the two species of Diapoma have a modified
caudal squamation in both sexes rather than in
the male only. The reasons for placing terofali in
Diapoma rather than in Acrobrycon or Planaltina
are complex and are the subject of a study in
progress by S. Weitzman and N. Menezes.

Mimagoniates inequalis (Eigenmann). This spe-
cies is here assigned to Mimagoniates rather than
to Glandulocauda as originally done by Eigen-
mann (1911b: 169), because large, sexually ma-
ture males possess the same type of caudal fin-
ray modifications present in the other species of
Mimagoniates. These derived structures are ab-
sent in the two species of Glandulocauda listed

here. (See Figure 19 and p. 98 regarding the
caudal morphology of Mimagoniates.)

Mimagoniates lateralis (Nichols). Pending com-
pletion of a review of Glandulocauda and Mima-
goniates by N. Menezes and S. Weitzman, we
identify all specimens listed as lateralis as a species
of Mimagoniates that apparently is confined to
blackwater coastal streams of eastern Brazil be-
tween Santos and the region near Joinvile.

Mimagoniates microlepis (Steindachner). Iden-
tification to species of all lots listed as Mimagon-
iates microlepis is tentative. Two names are avail-
able, Mimagoniates microlepis (Steindachner,
1876), type locality Rio Macacu, Rio de Janeiro,
and Mimagoniates iporangae (A. de Miranda-Ri-
beiro, 1908), type locality Ribeirao das Pedras,
Iporanga, Rio Ribeira drainage, Sao Paulo, Bra-
zil. Until population samples of these fishes are
studied by Menezes and Weitzman, we refer all
these specimens to one species and use the oldest
available name.

Tyttocharax madeirae Fowler. Based on an ex-
amination of the types and other specimens listed
here under Tyttocharax madeirae, we conclude
that Microcaelurus odontocheilus is a junior syn-
onym of T. madeirae. Myers and Bohlke (1956:7)
and Bohlke (1958b:319) indicate two notable
differences in these nominal species. Microcaelu-
rus odontocheilus was reported to have a maxilla
reaching posteriorly to beneath the middle of the
eye and a standard length of 30 to 35 mm.
Tyttocharax madeirae was reported to have a max-
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ilia extending posteriorly not further than the
anterior border of the eye and to have a standard
length of about 15.0 mm. Myers and Bohlke
(1956:6, 7) state that the types of Microcaelurus
odontocheilus were "cursorily examined" by
Myers during 1943 in Rio de Janeiro. They
further note on page 7 that notes and sketches
made at the time have been lost. We find that
the types of Microcaelurus odontocheilus are con-
siderably shorter in standard length than Myers
recalled. The larger male is a little longer than
the largest specimen of Tyttocharax madeirae here
recorded from the Rio Urubu. Adult males of
Tyttocharax madeirae appear to reach between
15.0 and nearly 18.0 mm SL. Examination of the
mouths of the types of Microcaelurus odontochei-
lus reveals why both A. de Miranda-Ribeiro
(1939:362) and Myers and Bohlke (1956:7) be-
lieved this nominal species to have a long maxilla
reaching posteriorly to below the middle of the
eye. Apparently A. de Miranda-Ribeiro in
searching with a needle for a posterior termina-
tion of the maxilla accidentally and on both sides,
broke the posterior border of the second infraor-
bital free from the anterior border of the third
infraorbital and from the orbital rim. The result
looks remarkably like a posterior end of a broad
and long maxillary ramus. However, the poste-
rior maxillary ramus of Tyttocharax is relatively
slender and short compared to other xenurob-
ryconins and most characids. Apparently both
Myers and A. de Miranda-Ribeiro assumed the
freed posterior border of the second infraorbital
to be the free posterior border of the maxilla. In
these type specimens a short and slender maxilla
is present anterior to the first and dorsoanterior
to part of the second infraorbital bones on each
side. The types of Microcaelurus odontocheilus
have the maxilla not reaching the anterior bor-
der of the eye. We could find no characters that
distinguish the type specimens of Microcaelurus
odontocheilus from the types or other specimens
of Tyttocharax madeirae. If the type locality, near
Parintins, Amazonas, given for Microcaelurus
odontocheilus by Myers and Bohlke (1956:7) is
correct, the locality is well within the ranges of

specimens recorded for Tyttocharax madeirae by
B6hlke (1958b:320), Gery (1963:59), and by us
herein. On page 108, the male of the two types
of Microcaelurus odontocheilus has been desig-
nated the lectotype.

Tyttocharax species B. These specimens appear
to be Tyttocharax boehlkei Gery (1965b: 195),
which may be a junior synonym of Tyttocharax
cochui (Ladiges, 1950:308). Ladiges sent two
specimens of Tyttocharax cochui to Myers (Myers
and Bohlke, 1956:10). Ladiges (1950:305) stated
that originally six specimens were imported alive
to Germany from Ramon Castillo by Firma
Aquarium-Hamburg in 1949. Two of these were
studied by Ladiges and given to the Zoologie
Staatssammlung des bayerischen Staats in Mu-
nich. Presumably the specimens given to Myers
were also from the original lot of six. Myers and
Bohlke (1956:10) considered T. cochui a junior
synonym of T. madeirae and noted that "as evi-
dence of the conspecificity of the two nominal
forms, counts, measurements and proportions of
the holotype (female) of madeirae and a female
of cochui from Ramon Castillo are presented in
Table 1. Besides proportions and counts, the two
are alike in dentition, coloration and general
appearance." Ladiges' specimens sent to Myers
consist of a pair. The male was at some time
partly dried but still has evidence of body and
fin pigment, has all its scales, and is otherwise in
good condition. It is the males of different Tyt-
tocharax species that are clearly distinct. Tytto-
charax madeirae males have large pelvic fins,
which originate ventral to the midlength of the
pectoral fin and extend to about the fifth
branched ray of the anal fin. In Tyttocharax cochui
males the pelvic fin originates ventral to the
posterior tip of the pectoral fin and extends
posteriorly only to about the origin of the anal
fin. Thus sexually mature Tyttocharax madeirae
males have much larger pelvic fins than do
Tyttocharax cochui males. There are other differ-
ences, such as color pattern. We tentatively con-
clude that the species are different, pending
completion of a review of Scopaeocharax and Tyt-
tocharax by the senior author. However, Tytto-
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charax cochui males are very similar to the male
of Tyttocharax boehlkei as described by Gery. It is
our opinion that the two names probably refer
to the same species. Furthermore, both type lo-
calities are very near Tabatinga, Amazonas, Bra-
zil. If the names refer to the same species, Tytto-
charax cochui is the senior synonym. However, a
preliminary study of many specimens of Tytto-

charax from Peru (Rio Napo) and the Rio Soli-
moes indicates that there may be several addi-
tional, but difficult to distinguish, western Ama-
zon Tyttocharax species. In contrast, all specimens
from the "lower" Amazon and Rio Madeira re-
gions seem to be Tyttocharax madeirae. The holo-
type of T. madeirae is a maturing male, not a
female as reported by Bohlke (1956:10).



Appendix 3

A Critique of the Monophyly of the Glandulocaudinae

Stanley H. Weitzman, Sara V. Fink, and Naercio A. Menezes

Nelson (1964a) proposed an extended series
of interrelated hypotheses associated with the
concept of a monophyletic origin of the Glan-
dulocaudinae. Bohlke (1958a:43) and Gery
(1977:35) stated that the subfamily may not form
a natural group. Mahnert and Gery (1984:512)
indicated that they think the group is polyphy-
letic. We find no evidence of polyphyly but agree
with Bohlke (1958a) and Gery (1977). However,
since these authors made no attempt to reexam-
ine Nelson's evidence and since Nelson's hy-
potheses in part may have much merit for certain
glandulocaudine groups, we reexamine his ideas
in relation to phylogenetic analysis. In the light
of some new morphological and ecological infor-
mation we find the situation more complex than
suspected by Nelson.

Nelson (1964a) hypothesized that glandulo-
caudines were a monophyletic lineage on the
basis of his observations on morphology, court-
ship behavior, and internal fertilization. His ideas
may be summarized as follows.

1. All male glandulocaudines have one or more
secondary sexual attributes, such as various mod-
ified caudal scales and pouches, bony fin-ray
hooks in the caudal, dorsal, anal, and pelvic fins.
Some have enlarged fins, modified opercular
bones, and humeral scales. All of these features
were assumed or, in certain cases, observed to be
directly involved in specialized courtship behav-
ior. These structures taken together apparently
were assessed by Nelson as a trend indicating
glandulocaudine monophyly.

2. Those glandulocaudines for which there was
reliable or relatively complete courtship and

spawning information were found to be inter-
nally fertilized.

From (1) and (2) Nelson assumed it highly
probable that all glandulocaudines were inter-
nally fertilized and that those that were not (pos-
sibly Pseudocorynopoma) had secondarily lost the
characteristic and were specialized in this regard.
According to this hypothesis, internal fertiliza-
tion could be considered a derived feature of the
Glandulocaudinae, a characteristic not known
for other characids. The accompanying special-
ized male courtship behavior and its associated
specialized morphological structures were
thought to have evolved so that a relatively un-
responsive female would cooperate for sperma-
tophore transfer.

3. With internal fertilization came an uncou-
pling of the previously simultaneous mating and
spawning acts, enabling glandulocaudines to
mate during times of low water when food may
be less abundant but the fishes are relatively
crowded and mates easy to find. Then during
high water or flooding, when food is relatively
abundant but mates harder to locate, spawning
may take place without mating and glandulocau-
dine species may take advantage of the increased
food supply for both adults and young. Nelson
appears to have assumed this ecological-behav-
ioral pattern was a property of at least most or
all glandulocaudines.

4. Nelson further postulated that glandulocau-
dines evolved this capacity because their
morphology (mouth and body shape) and his
experience with the behavior of some species
indicated that glandulocaudines were top feed-
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ers, already taking advantage of the suface habi-
tat. Nelson proposed that this allowed them easily
to invade flooded areas because they were prea-
dapted to this shallow environment.

In our view there are several questions and
problems about these hypotheses and we treat
them one at a time, in order, below.

1. Morphology as evidence of glandulocaudine
monophyly. The single morphological character
that Nelson (1964a:70) found in all the glandu-
locaudines he examined was presence of "thick-
ened glandular areas [associated with the tail fin]
in combination with some sort of modified
scales." We agree that hypertrophied tissue of
some sort is present in adult males of most species
(Diapoma, Acrobrycon, and Planaltina may be an
exception), although in most species it is concen-
trated on the ventral caudal-fin lobe rather than
on the middle caudal-fm rays as reported by
Nelson. Evidence is not at hand to indicate that
the hypertrophied "glandular tissue" of various
glandulocaudine subgroups is cytologically or
histologically similar in ways that would allow
recognition of sister group status for these taxa.
Likewise there is no evidence to indicate that
such tissues are nonhomologous and are indepen-
dently evolved. Thus, at this time we cannot
evaluate hypotheses that might use homology of
glandular tissue as a synapomorphy.

We could find no aspect of scale modification
that appeared to be a general property of all
glandulocaudines. Not only does scale shape dif-
fer between various glandulocaudine subgroups,
but modified scales are formed in some cases
from scales of the ventral caudal-fin lobes, in
others from a middle (lateral-line) scale, and in
others from scales of the dorsal caudal-fin lobe
(compare Figures 8, 11, 14-20). We cannot ac-
cept the simple attribute of "modified caudal
scales" regardless of their detailed derivation and
varied morphological associations as a synapo-
morphy.

Other "glandulocaudine" structures proposed
by Nelson (1964a: 146) as indicative of glandu-
locaudine monophyly, such as fin-ray hooks on
the caudal and dorsal fins, as well as on the anal

and pelvic fins, and longer dorsal and/or anal
fins in the males, are present in many other
characid subgroups and are not present in a
number of glandulocaudines. These characters
and several others, such as a deeper caudal pe-
duncle in the mature male, are synapomorphies
for one or more groups of glandulocaudine spe-
cies that possess them. However, their homology
and distribution among characid taxa needs
study and clarification before they can be used
to corroborrate hypotheses of relationship.

Nelson's behavioral and physiological evidence
for monophyly was based on observations of live
specimens of six species placed in what here are
considered to be three genera. These species are,
as Nelson called them, Corynopoma riisei, Pseu-
docorynopoma doriae Perugia (1891:646), Pseu-
docorynopoma heterandria Eigenmann (1914:39),
Coelurichthys microlepis, Coelurichthys tenuis Ni-
chols (1913:152), and Glandulocauda inequalis.
In the present work the last three species are
placed in Mimagoniates. In our view these six
fishes belong to at least two of the major groups
of glandulocaudines. Corynopoma and Pseudoco-
rynopoma perhaps should be placed as part of one
group and Mimagoniates and Glandulocauda as
the constituents of another. Little evidence is
available that supports a close relationship be-
tween these two groups or that support a rela-
tionship of either with the Xenurobryconini.

Nelson (1964a: 130) found one courtship be-
havior common to all six species, an up-and-down
movement he termed "zigzagging." He did not
find this behavior in any of the other characids
he observed and found no reports of it in the
literature. Today this feature would be consid-
ered a synapomorphy for those glandulocaudines
that have it. While "zigzagging" might provide
evidence for relationship between the two groups
of glandulocaudines of which the six species ap-
pear to be members, there is no positive (or
negative) evidence on the behavior in other glan-
dulocaudine groups, for example the xenurob-
ryconins. Observations on other glandulocau-
dines and characids are needed before such
behavior can be interpreted as a glandulocaudine
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synapomorphy. This is especially true since we
have observed a similar up-and-down movement
in the courtship of Cheirodon dialepturus Fink
and Weitzman (1974:5), a fish currently consid-
ered unrelated to glandulocaudine characids on
the basis of morphology and available data on
relationships within the Characidae.

Among the glandulocaudines that Nelson
studied (1964a: 136, 1964b: 138-142), he ob-
served other behavioral similarities, such as
temporal patterning in courtship behavior. The
primary problem we find with using Nelson's
behavioral data for synapomorphies to corrobo-
rate a hypothesis of glandulocaudine monophyly
is that there is so little outgroup information.
Thus we cannot evaluate the derived versus
primitive nature of his behavioral characters.
Furthermore, we cannot tell whether the char-
acters are restricted to glandulocaudines,
whether they are found in all of them, or whether
the characters are widely or narrowly distributed
in other characids. We have no objections to the
use of what appear to be inherited behavioral
characters as synapomorphies, but we would re-
quire these characters to receive the same kind
of phylogenetic evaluation as morphological
characters.

2. Internal fertilization as evidence of glandu-
locaudine monophyly. From the knowledge that
Corynopoma definitely undergoes internal fertil-
ization and that Mimagoniates appears to do the
same, Nelson (1964a: 130) extrapolated internal
fertilization to a putative common ancestor of all
glandulocaudines. Nelson (1964a: 134) observed
that females of Corynopoma can lay fertile eggs at
least seven months after last having contact with
a male and (1964a:84) that females of Mimagon-
iates lay eggs without the presence of a male for
at least a short time after courtship is terminated.
The egg-laying activity in Mimagoniates is some-
what similar to that activity in Corynopoma. We
were able to confirm Nelson's observations of
Corynopoma with live specimens in aquaria and
have had females produce live eggs and subse-
quent young after being isolated from males for
seven months. Nelson (personal communication)

recently informed us that two unspecified species
of Gephyrocharax are also internally fertilized.
Breder and Rosen (1966:158-162) have re-
viewed the rather controversial, mostly German,
aquarium literature concerning internal fertiliz-
ation in Pseudocorynopoma and Mimagoniates. Re-
ports of Glandulocauda in aquaria are based on
Mimagoniates inequalis, a species previously as-
signed to Glandulocauda by most ichthyologists
including Eigenmann. The breeding behavior of
species of Glandulocauda, G. melanogenys Eigen-
mann (1911b: 168), and G. melanopleura Eigen-
mann (1911 b: 168), have never been reported by
aquarists. Except for Nelson's observations on
Mimagoniates, reports of internal fertilization in
Mimagoniates and Pseudocorynopoma are equivo-
cal but persistent in the aquarium literature cited
by Breder and Rosen (1966:158, 161, respec-
tively), even though contested by other aquarists.
In any case, it appears that Mimagoniates is inter-
nally fertilized and that Pseudocorynopoma may
be internally fertilized. However, we cannot as-
cribe internal fertilization to all 17 putative glan-
dulocaudine genera on the basis of Nelson's
observations (1964a: 136-137) of internal fertil-
ization in two genera, Corynopoma and Mimagon-
iates (now three genera, including Gephyro-
charax), and possible internal fertilization in an-
other, Pseudocorynopoma. Nelson (1964a: 141) in
fact leaned toward the hypothesis that Pseudoco-
rynopoma had reverted to external fertilization.

Bussing and Roberts (1971:179) raised the
question of oral fertilization in Corynopoma riisei,
a species of Gephyrocharax, Pseudocorynopoma do-
riae, and Pterobrycon myrnae while still admitting
internal fertilization in Corynopoma riisei. Facul-
tative oral and internal fertilization seems un-
likely to us, and we agree with Nelson (personal
communication) that the mouthing by the female
of the spot on which the egg is to be laid is
probably some sort of cleaning action. Nelson
tells us that he has seen eggs of Corynopoma riisei
hatch from locations that the female failed to
mouth.

Roberts (1973:513) also raised objections to
premature acceptance of internal fertilization in
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all glandulocaudines. In particular, he criticized
Nelson's hypothesis that the occurrence of caudal
fin-ray hooks in many glandulocaudine species
indicates internal fertilization, arguing that such
hooks might facilitate external fertilization as
well, particularly in swiftly flowing streams. We
concur with Roberts's skepticism but note that
caudal-fin hooks appear to be relatively rare in
characids other than glandulocaudines.

While many, if not all, glandulocaudines may
be internally fertilized, we believe it is premature
to accept internal fertilization as a synapomorphy
indicating monophyly for the group. Nelson's
sample was restricted to about 15 percent of the
known glandulocaudine species and some of the
major groups (based on similarities of gross mor-
phology) are unrepresented in his sample. His
hypothesis of relationship is based on an unwar-
ranted extrapolation. Furthermore, even if all
the genera were internally fertilized we would
prefer to explore the accompanying derived
morphology before accepting the character as a
synapomorphy.

3. Wet-dry seasonal variation and internal fer-
tilization. One part of Nelson's hypothesis re-
garding the evolution of internal fertilization in
glandulocaudines is related to wet-dry season
alternations in habitat. Nelson (1964a: 132-133)
postulated that during the dry season adults are
concentrated in pools and streams where mates
are readily available. During the wet season,
when seasonal flooding takes place and many
fishes are spawning, including many of the glan-
dulocaudines, the adults are dispersed in the
food-rich flood waters. Mates are harder to find
and an already fertilized glandulocaudine female
will have certain spawning advantages because
she does not need to locate a mate in order to
lay fertile eggs.

This conjecture is not supported with field
observations for all glandulocaudine species. We
find that glandulocaudines live in a variety of
habitats, many unlike that described by Nelson.
Some, for example at least two species of Mima-
goniates and the two species of Pseudocorynopoma,
live in slow, lowland portions of Brazilian coastal

streams usually subject only to mild flooding.
Such flooding is often ephemeral (less than 24
hours in duration) rather than the longer term
flooding discussed by Nelson. In the coastal
streams spawning appears seasonally associated
with temperature and rainfall fluctuation but not
with longer-term flooding typical of the lowland
parts of the Amazon basin where few glandulo-
caudines occur. The advantages suggested by
Nelson do not apply to fishes in the short coastal
streams of the lowlands or in the streams near
the base of the Andes. It is in these two kinds of
places that most glandulocaudines have been col-
lected.

In our opinion speculative hypotheses about
ecological correlates of the evolution of morpho-
logical features, although interesting and per-
haps of scientific value, are often difficult to
corroborate or test. The difficulty with all such
scenarios is the lack of a method for distinguish-
ing which, if any, among them are closer to
historical fact; i.e., how such hypotheses can be
tested.

4. Surface feeding as a correlate of internal
fertilization. Nelson (1964a: 130-135) also elab-
orated a hypothesis that internal fertilization may
go hand-in-hand with adaptation for feeding at
the water's surface. He noted that most glan-
dulocaudines have somewhat oblique mouths
suitable for surface feeding and suggested that
glandulocaudines, like certain surface-dwelling
freshwater fishes such as many species of the
Poeciliidae and Hemiramphidae, have evolved
internal fertilization. Nelson implied that a hab-
itat oriented toward the water's surface, shallow-
water or flood-water breeding, and internal fer-
tilization may be related in evolution. This hy-
pothesis may be correct for some groups of fishes
but we do not believe that it is necessarily true
for all glandulocaudines, even if all are fertilized
internally. We dispute one aspect of Nelson's
hypothesis, namely that glandulocaudines as a
whole feed at the surface more than many other
groups of characids. As was recognized by Nelson
(1964a: 129), not all glandulocaudines have
oblique mouths. For example, Argopleura, Acrob-
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rycon, Diapoma, and Planaltina all have more or
less horizontal, terminal mouths that are no more
oblique than those of many tetragonopterines.
Thus not all glandulocaudines have the physical
characters commonly associated with surface
feeding. We would note also that tetragonopter-
ines display a great amount of variation in jaw
orientation among species and genera.

Two of us (Weitzman and Menezes) have ob-
served the following glandulocaudine species
alive in the wild and/or in aquaria as noted below:
Corynopoma riisei (both), Diapoma speculiferum
Cope (1894:67) (both), Gephyrocharax atricau-
data (Meek and Hildebrand, 1912:68) (aquaria),
Gephyrocharax venezuelae Schultz (1944:324)
(both), Glandulocauda melanogenys (both), Hyster-
onotus hesperus Bohlke (1958a:35) (aquaria),
Mimagoniates inequalis (wild only), Mimagoniates
microlepis (both), Mimagoniates lateralis (both),
Planaltina myersi Bohlke (1954:267) (wild only),
Pseudocorynopoma doriae (both), Pseudocoryno-
poma heterandria (aquaria), and Pterobrycon myr-
nae Bussing (1974:138) (aquaria). None of these
species are surface-dwelling fish in the sense of
most poeciliids, freshwater live-bearing hemi-
ramphids, or gasteropelecine characids (which
are apparently not internally fertilized), and only
one or two may feed at the surface more than
most other tetragonopterines. Most of the live
glandulocaudines examined so far are either
"midwater " fishes or, in the case of Glandulo-
cauda melanogenys, live in proximity to the sub-
strate in waters often over a meter in depth. It is
true that in aquaria adult Corynopoma riisei learn
to stay more or less near the surface during
feeding time or when their aquarium is ap-
proached by humans, but many nonglandulocau-
dine characids that in the wild live in the mid-
waters will do the same as Corynopoma when in
captivity. Corynopoma riisei and Gephyrocharax
atricaudatus when kept in a tank over one meter
in depth will ordinarily concentrate at about the
mid-depth of the aquarium and will occur as
often at the bottom as at the surface, except
when fed food placed at the surface where they
have been conditioned to find it.

Nelson (1964a:82) observed glandulocaudines
in aquaria to feed at the surface more frequently
than nonglandulocaudine characids. Many of the
glandulocaudines observed in the wild (by Weitz-
man and Menezes) do strike and take insect prey
from the water's surface, as do other midwater
characid fishes with and without oblique mouths.
However, in the wild, glandulocaudines were not
noted to feed at the surface more often than
tetragonopterine characids present. These obser-
vations are casual and no statistical evaluation is
available; more critical evaluation is needed. In
our view, Nelson's hypothesis that glandulocau-
dines are top feeders to a greater extent than
tetragonopterines is doubtful. In order to more
critically evaluate it, more information is needed
not only on internal fertilization but also on
glandulocaudine surface-feeding in the wild and
on the comparative frequency of surface-feeding
in various other characid subgroups. Our view
does not preclude a correlation between surface-
feeding and the evolution of internal fertilization
in certain fishes.

Although there is a lack of evidence corrobor-
ating Nelson's hypotheses of internal fertilization
and monophyly for glandulocaudines as a whole,
there is also as yet a lack of evidence corrobor-
ating alternate hypotheses of relationship be-
tween any glandulocaudine subgroups and non-
glandulocaudine characids. Thus we decline to
discuss extensively the question of the mono-
phyly of the Glandulocaudinae as a whole until
the groups of genera now considered glandulo-
caudines are better studied. Preliminary investi-
gation by the senior author indicates that the
Glandulocaudinae may contain four or more
monophyletic subgroups based on morphological
evidence. The research presented above may be
considered a first step in diagnosing one of those
groups.

Despite our comments about Nelson's specu-
lative hypotheses, we believe that he supplied a
new and valuable approach to glandulocaudine
research and presented morphological as well as
behavioral data in far greater detail and accuracy
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than had been published previously. We expect genetic analyses when these kinds of data become
Nelson's pioneering behavioral studies will prove available for a wider range of glandulocaudines
extremely valuable for glandulocaudine phylo- and other characids.

Addendum

After the above went to press we discovered a paper by E. Roloff (1949,
Microbrycon cochui Ladiges. Wochenschrift fur Aquarien und Terrarienkunde
(Braunschweig), 43(12):337-339) providing some information on internal
fertilization in Tyttocharax cochui. Roloff received live specimens of this species
from the same source as Ladiges (1950). See page 110 above. He was
successful in breeding the species and reported clear evidence of internal
fertilization, although he did not see fertilization take place. On a number of
occasions he removed a female that appeared ripe or showed signs of
spawning to a separate tank. On at least one occasion he observed the
spawning act. On other occasions he discovered only the eggs and/or young.
Eggs varied greatly in number in different spawnings but were always
observed on a single plant leaf; young hatched 24 hours after spawning
occurred (at 23 ° to 25 ° C). Although Roloff did not report courtship behavior
he did describe swimming activity, an up-and-down darting motion and
vertical "standing" just below the surface of the water that might have been
courtship behavior. He did not report on the length of time after separation
from the male that a female produced viable eggs nor on details of egg
placement on the leaf.

These observations indicating internal fertilization in a member of an
additional lineage of glandulocaudines, the xenurobryconins, constitute a
significant piece of evidence concerning the hypothesis of glandulocaudine
monophyly.

We thank Lee A. Fuiman for providing the translation of Roloff (1949).
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