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MINIATURIZATION IN SOUTH AMERICAN
FRESHWATER FISHES;
AN OVERVIEW AND DISCUSSION

Stanley H. Weitzman and Richard P. Vari

Abstract. —Miniature species within the South American freshwater fish fau-
na are listed and their phylogenetic and ecological distribution is analyzed.
Criteria used in identifying miniature South American freshwater fishes are
briefly discussed and eighty-five such fishes of five ordinal groups, Clupei-
formes, Characiformes, Siluriformes, Cyprinodontiformes and Perciformes, are
listed. Approximately eighty-eight percent of these miniatures are characiforms
and siluriforms, all primary division ostariophysan fishes. Phylogenetic infor-
mation on the relationships of these miniatures indicates that such species have
arisen in the freshwaters of South America about sixteen times within the
Characiformes, twelve in Siluriformes, four in the Cyprinodontiformes and
once each in the Clupeiformes and Perciformes. Miniatures of most groups
occur in lentic or slow-flowing waters, but the one pimelodid and some tricho-
mycterid catfish miniatures are cryptobenthic in swift-flowing streams.

Resumo.— Peixes miniatura de agua doce da América do Sul sdo definidos
e uma lista contendo 85 espécies miniatura, pertencentes a cinco diferentes
ordens de teledsteos, ¢ fornecida. Peixes miniatura de dgua doce sul americanos
sdo arbitrariamente definidos como aqueles que, até onde se sabe, ndo excedem
26 milimetros de comprimento padrao, sendo que a maioria atinge a matu-
ridade sexual com menos de 20 milimetros de comprimento padrdo. As espécies
incluidas entre estes limites tem em comum varios caracteres pedomorficos
(redutivos) quando comparadas com taxons relacionados. Duas espécies mi-
niatura sdo conhecidas dentre os Clupeiformes, 49 dentre os Characiformes,
26 dentre os Siluriformes, cinco dentre os Cyprinodontiformes e trés dentre os
Perciformes. Aproximadamente 88% destes peixes miniatura sao Ostariophysi
da divisdo primaria.

A informagao disponivel sobre as relacoes filogenéticas da maioria dos peixes
miniatura € de qualidade questionavel; no entanto, nds provisoriamente esti-
mamos que espécies miniatura surgiram independentemente pelo menos 34
vezes na fauna de peixes de aqua doce da América do Sul; 16 dentre os Cha-
raciformes, 12 dentre os Siluriformes, quatro dentre os Cyprinodontiformes e
uma unica vez dentre os Clupeiformes e dentre os Perciformes.

A informacdo sobre a ecologia de peixes miniatura ¢ também escassa mas,
como seria de se experar no caso de peixes diminutos, a maioria ocorre em
aguas lénticas ou de fluxo lento. No entanto, um pimelodideo miniatura ¢
alguns tricomicterideos miniatura sdo criptobénticos em riachos de fluxo ra-
pido.
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The South American freshwater fish fau-
na is one of the most diverse in the world,
with numerous species unknown to science
being continually discovered, and a large
percentage of the fauna still undescribed
(Bohlke et al. 1978). The early collectors
and researchers engaged in studies of the
ichthyofauna of that continent failed to ap-
preciate the degree of this diversity, partic-
ularly among smaller species, and as a con-
sequence often focused on the more obvious
species of larger adult body size (Myers 1947:
13-14). Subsequent research by various au-
thors has resulted in a better appreciation
of the large number of species of smaller
body size, but it is only in the last few de-
cades that a number of species of very small
size as adults have been described. The pace
of description of such miniature species has
quickened in the last decade and recent col-
lecting efforts in various regions of South
America revealed the existence of many in-
teresting miniature species (Stewart 1985,
1986; M. Weitzman 1985; Weitzman & Fink
1985; Géry & Uj 1986; Weitzman 1986,
1987; Fernandez & Weitzman 1987; Weitz-
man & Vari 1987). The comparative studies
associated with the description of some of
those species (Weitzman & Vari 1987) dis-
closed that the number of miniature species
is much greater than commonly recognized.
Indeed, during the twelve decades that have
passed since the Thayer Expedition about
85 freshwater South American species (Ta-
ble 1) that are miniature as adults, or not
known to exceed 25 to 26 mm in standard
length in nature, have been described from
the freshwaters of South America.

In the present paper we discuss the phy-
logenetic distribution of miniatures in the
Neotropical freshwater ichthyofauna, and
provide an estimate of the number of min-
iaturization events within this fauna. The
available information on the ecology of
South American miniature fishes is sum-
marized, and we evaluate a previous con-
cept of the predominance of secondary
freshwater fishes among the miniature
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species known from South American drain-
ages.

Miniature Fishes in South
American Freshwaters

The range in body sizes among fishes,
bony and cartilaginous, is remarkable, cov-
ering the spectrum from diminutive fishes
under 26 mm standard length (SL), such as
those discussed in this paper, to species such
as the whale shark which achieves lengths
of over 12 m and possibly up to 21.4 m
(Campagno 1981). Whereas the larger
species of fishes are typical of open waters,
particularly in marine environments, small-
er species, especially miniatures, are usu-
ally, although not exclusively, associated
with more complex substrates and ecosys-
tems. This correlation is reflected in the
ichthyofaunas of South American streams
and rivers, and of Indo-Pacific coral reefs,
which are the most diverse in the freshwater
and marine environments respectively.
Correlated with that high species diversity
1s the presence in those habitats of a large
number of species of small fishes of ap-
proximately 25 to 70 or 80 mm SL as adults,
together with many miniature species. In
Table 1 we list 85 nominal species not known
to exceed 26 mm SL, many of which are
known to mature at under 20 mm SL. These
are considered to be miniature fishes in this
paper. Although the term “miniature” im-
plies a very small body size, our primary
criterion for distinguishing miniature fishes
is not solely size related. Rather it involves
the presence in such miniatures of a large
number of apparently paedomorphic mor-
phological features including the degree of
development of the laterosensory canal sys-
tem of the head and body, reductions in the
number of fin rays and body scales, and a
diminution of the sculpturing on the surface
bones of the head. Such paedomorphic fea-
tures in fishes are commonly referred to as
reductive in the systematic ichthyological
literature and are considered to be due to
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the loss of terminal stages in the develop-
mental sequence. Myers (1958:29) dis-
cussed various characters commonly dem-
onstrating paedomorphic features in South
American freshwater fishes, and those fea-
tures will be discussed and evaluated in
greater detail in a future paper. For the pur-
poses of this paper, the miniature South
American fishes listed in Table 1 satisfy
either of two criteria. They are either species
which mature sexually at under 20 mm SL
and may sometimes reach somewhat larger
sizes, or species for which maturity data are
unknown but which are not reported to ex-
ceed 25 to 26 mm SL in the wild. Species
examined by us or reported in the literature
as getting larger than that size, even though
they may mature at lengths somewhat
shorter than 20 mm SL are not included.
This cut-off point for ”miniatures™ is ar-
bitrary and the listing is meant as a prelim-
inary guide to future studies of miniature
fishes in South America rather than as a
definitive enumeration of such species.
The size limitation used in the present
study was adopted because all listed species
that have been examined in detail which
mature under 20 mm SL, and do not grow
to longer than 25 to 26 mm SL, have in
common numerous apparently paedo-
morphic morphological reductions. A few
species in Table 1 are known to somewhat
exceed 26 mm SL when raised and kept in
aquaria. These include Corydoras habrosus
Weitzman, Paracheirodon innesi (Myers),
Hyphessobrycon flammeus Myers, Hyphes-
sobrycon griemi Hoedemann, and Hyphes-
sobrycon loretoensis Ladiges. Some of these
species may exceed this length in nature, but
that remains unconfirmed. Geisler & An-
nibal (1984:77-78) have discussed aquari-
um versus wild lengths for Paracheirodon
axelrodi (Schultz), a fish that exceeds our
size limit, but which displays paedomorphic
features (Weitzman & Fink 1983:354-357).
Geisler & Annibal believed that individuals
of this species rarely live more than one year
in the wild, and that poor nutrition in its
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natural habitat further limits the adult size
of the species. Most miniatures probably
live less than one year in the wild, perhaps
considerably less.

The apparent paedomorphic nature of
miniature species in Table 1 at maturity,
and the reductive nature of some characters
are recognized within the context of the de-
velopmental sequences of the characters in
apparently related outgroups maturing at
longer lengths. The phylogenetic hypotheses
available for most taxa are of an imprecise
nature. Thus the documentation of paedo-
morphosis with respect to proximate sister
groups involves general rather than specific
phylogenetic comparisons. Precise infor-
mation on morphology and size at maturity
is not available for some taxa, a number of
which are known only from limited series.
In those instances we extrapolate that the
correlations between a body size under 25
to 26 mm SL and the presence of paedo-
morphic features that are characteristic of
other more inclusive taxa also applies to the
species we have been unable to examine
critically. It is also necessary to note that
maturity data are absent for a number of
the listed species. It is possible that future
studies may reveal that adults of some of
these taxa achieve sizes greater than the cut-
off used to delimit miniatures in this paper.

The size criterion for miniatures in this
study is not completely satisfactory when
applied to some unlisted species with elon-
gate bodies. For example the trichomycterid
catfishes Typhlobelos ternetzi Myers and
Glanapteryx anguilla Myers, have small
heads displaying many paedomorphic fea-
tures of miniatures, although the fishes ex-
ceed 30 mm SL. Similarly Tomeurus graci-
lis Eigenmann, an elongate poeciliid, is in
many ways a miniature fish, but we have
examined both males and females of 26.5
mm SL from Surinam (USNM 225463), and
as a consequence do not include the species
in our list. These three species are in ac-
tuality elongate miniatures in which the head
length, but not body length agrees with that
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of the species in Table 1. The concept of an
elongate miniature is perhaps even more
appropriate for the South American fresh-
water needlefishes of the genus Belonion
Collette. Collette (1966:9, 15-21) in his de-
scription of the genus and contained species
detailed numerous reductive characters for
the genus relative to outgroup needlefishes
involving the epipleurals, fourth upper pha-
ryngeal tooth bones, laterosensory canal
system and other features. Although Belo-
nion dibranchodon Collette matures at 24.5
mm SL and members of the genus reach
41.8 mm SL (Collette 1966:12-13), the
species are very elongate. In fishes of such
shapes it might be more appropriate to com-
pare species on the basis of the bony head
length (exclusive of the elongate lower jaw
in Belonion) rather than focusing on stan-
dard length. In such a framework more
species such as Belonion dibranchodon
would be listed as miniatures. A criterion
of size using such a portion of the body with
numerous paecdomorphic features could be
similarly used to delimit miniature species
regardless of their actual standard length.

Although the data from Belonion and
some characiform groups suggests that some
alternative standard for miniature fishes
might be appropriate, morphological data
on paedomorphic features are unfortunately
largely absent for many relatively small
species of some major groups of South
American freshwater fishes (e.g., Gymno-
tiformes, Cichlidae) slightly longer than 26
mm SL. Similarly there is a paucity of data
on how and whether paedomorphic char-
acters correlate with standards such as ab-
solute head size in most groups. Thus for
the sake of consistency we prefer to use stan-
dard rather than head length or another
measurement as the benchmark for our dis-
cussion until more data are available.

If the concept of miniature fishes of this
paper can be extended to other groups of
fishes, then the majority of the miniature
fishes, in both freshwater and marine en-
vironments, have been described within the
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last 40 years. Bohlke & Robins (1968), Jew-
ett & Lachner (1983), Lachner & Karnella
(1978, 1980), Winterbottom (1983), and
Winterbottom & Emery (1981, 1986) pro-
vide many examples of miniature marine
gobies, and references in those publications
will lead to other descriptions of such
species. Springer (1983), in describing a new
miniature species of western Pacific goby,
has documented several skeletal modifica-
tions, of which some appear pacdomorphic
to us. More recently Whitehead and Teugels
(1985) have described apparently paedo-
morphic features in Sierrathrissa leonensis
Thys van den Audenaerde a species of Af-
rican freshwater clupeid that reaches a
slightly greater length, 26.7 mm SL, than
the 26 mm SL limit on miniature fishes.
Finally, Roberts (1986:332-340) reported
many similar reductions in a miniature
Asian cyprinid, Danionella translucida
Roberts (1986:233).

Phylogenetic Lineages of South American
Freshwater Fishes

The large number of species of miniature
fishes within the South American freshwa-
ter ichthyofauna is striking, but a true sense
of the possible significance of this phenom-
enon can only be achieved by examining
miniaturization within a phylogenetic
framework. In other words, in which major
groups of fishes is miniaturization found,
and how many times has it independently
evolved?

Not surprisingly, the two largest groups
of South American fishes, the ostariophysan
orders Characiformes and Siluriformes, ac-
count for the vast bulk (88%) of the mini-
atures, while the Clupeiformes, Cyprini-
dontiformes and the Perciformes which are
less speciose on that continent cumulatively
include only about 12% of the miniatures.
These five orders are each monophyletic and
the evolution of miniatures in each of these
clades has clearly proceeded independently.
The question of how many times miniatur-
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Fig. 1.
basin, AMNH 57371, 24.3 mm SL; Brazil, state of Amazonas, Rio Urubaxi, tributary of Rio Negro, south of
east end of Ilha Tamaquari (01°32'N, 64°59'W).

ization has evolved within each lineage can-
not be answered with the same precision,
but we will address the issue to the extent
possible within the context of available phy-
logenetic data. We must preface our general
discussion with the observation that there
are relatively few rigorous phylogenetic
studies of components of the South Amer-
ican freshwater fish fauna, and many tra-
ditionally accepted taxa have not been crit-
ically reviewed with respect to their possible
monophyly. In light of this lack of precision
we conservatively do not hypothesize mul-
tiple miniaturization events within a genus
unless phylogenetic data indicate that re-
duced size and its attendant paecdomorphic
features have independently evolved more
than once in the taxon.

Only two species of miniature clupei-
formes are described from South American
freshwaters. Roberts (1984:321) withheld
judgement on the phyletic associations of
Amazonsprattus Roberts (Fig. 1), but fur-
ther study by Gareth Nelson (pers. comm.)
indicates that it is a member of the Engrau-
lidae, as is Anchoviella Fowler, the other
South American clupeiform genus with a
described miniature species. A phylogenetic
hypothesis that would provide insight into
the relationships of the two miniature South
American engraulids is not available, and
currently it is not appropriate to hypoth-
esize more than a single evolutionary min-
iaturization event in the group.

Amazonsprattus scintilla Roberts, a miniature clupeiform fish, family Engraulidae, from the Amazon

Interestingly no miniature species are
known to occur in ten of the twelve Neo-
tropical characiform families recognized by
Greenwood et al. (1966:395-396), although
in at least one, the Gasteropelecidae, there
are several species of Carnegiella Eigen-
mann displaying numerous apparently pae-
domorphic features (Weitzman 1954,
1960b). Many of the characiform families
without known miniatures demonstrate
marked morphological adaptations for spe-
cialized feeding methods (e.g., Curimatidae,
Prochilodontidae, Anostomidae and Chilo-
dontidae, Vari 1983:7-33, 43-46; in press),
which may be incompatible functionally
with a pronounced reduction in overall body
size. Miniatures are rather found only in the
Lebiasinidae and Characidae among the
South American characiforms. Within those
families the miniatures are distributed
among eighteen genera, one lebiasinid and
seventeen characid, most of which are poor-
ly understood in terms of intrageneric phy-
logenetic relationships.

Lebiasinids show a considerable range in
overall standard lengths with Pyrrhulina
Valenciennes and Lebiasina Valenciennes
each having species reaching 100 mm SL,
and species of Piabucina Valenciennes
growing to about 200 mm SL. The three
species of Nannostomus Glinther listed in
Table 1 are members of a genus of 15 species
that includes numerous species of about 25
to 35 mm SL and it is not surprising that
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several miniatures are found in that taxon.
According to Weitzman (1964:152-153)
Nannostomus forms a derived clade within
the Lebiasinidae. That hypothesis along with
the larger body sizes in the lebiasinid out-
groups, and the small but not minute body
size of other Nannostomus species indicates
that the minute size of the miniature Nan-
nostomus is derived. Attempts to resolve
the relationships within Nannostomus have
not proved feasible (Weitzman & Weitzman
1982:417-419; Fernandez & Weitzman
1987:165). In the absence of that data we
are unable to reasonably hypothesize
whether the miniaturization process in that
genus has occurred one, two, or three times,
but conservatively assume that it took place
only once.

The absence of reliable hypotheses of
relationships among the vast majority of
subfamilies and genera in the Characidae
similarly does not permit us to advance any
critically evaluated hypothesis on the exact
number of evolutionary events represented
by the occurrence of miniatures in 17 genera
within the family. These genera are cur-
rently assigned to four subfamilies, Chara-
cinae, Glandulocaudinae, Tetragonopteri-
nae (including Cheirodontinae) and
Characidiinae. We prefer not to recognize a
Cheirodontinae separate from the Tetra-
gonopterinae in light of the difficulties in
advancing an unambiguous diagnosis of the
Cheirodontinae that were discussed by Fink
& Weitzman (1974:1), Géry (1977:543) and
particularly Weitzman & Fink (1983:341-
353).

The uncertainties associated with hy-
potheses of the exact phylogenetic relation-
ships of Priocharax Weitzman & Vari with-
in the Characinae were discussed by
Weitzman & Vari (1987:648-651). None-
theless, the data demonstrate that the two
species form a monophyletic group within
the Characinae, a putative group of typically
larger size fishes, although some taxa
(Gnathocharax Fowler, Heterocharax Ei-
genmann and Hoplocharax Géry) are in the
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25 to 35 mm SL size range. Thus, the mi-
nute size of the Priocharax species is con-
sidered to be the consequence of a single
ancestral miniaturization.

The next two subfamilies, the Glandu-
locaudinae and Tetragonopterinae (includ-
ing Cheirodontinae), both of which contain
many miniatures, are apparently closely re-
lated groups, neither of which has, however,
been shown to be monophyletic (Weitzman
& Fink 1983:341-346; Weitzman et al. in
Weitzman & Fink 1985:112-117). The phy-
logenetic relationships of the miniature
glandulocaudine genera Iotabrycon Rob-
erts, Xenurobrycon Myers & Miranda-Ri-
beiro, Scopaeocharax Weitzman & Fink,
and Tyttocharax Fowler (Table 1) were ana-
lyzed phylogenetically by Weitzman & Fink
(1985:12-70) who hypothesized with con-
siderable evidence that they form a mono-
phyletic unit. The sister taxon to that as-
semblage, the genus Argopleura Eigenmann,
has adults that range from 35 to 53 mm SL
and the miniaturization in the four cited
xenurobryconin genera is apparently the
product of a single evolutionary event.

Few tetragonopterine genera have been
the subject of comparable studies, and for
most it is only possible to tentatively pre-
sume monophyly for multispecific taxa. One
exception is the genus Paracheirodon Géry
hypothesized to be monophyletic by Weitz-
man & Fink (1983:347-357), but of uncer-
tain phylogenetic relationships within the
Tetragonopterinae. The genus consists of
three species, P. simulans Géry and P. in-
nesi, both miniatures, and P. axelrodi which
reaches an adult size of 33.1 mm SL in the
wild, although Geisler & Annibal (1984:32)
report an old aquarium specimen that
reached 51.0 mm SL. Thus the genus evi-
dently represents a single evolutionary shift
to reduced body size with subsequent min-
iaturization. The hypothesis of the mono-
phyly of Paracheirodon as proposed by
Weitzman & Fink has been challenged by
Géry (1984:59) and Géry & Mahnert (1986:
49) who maintain that P. sinmulans belongs







































