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como e pueden cofregin.
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Arpentinos, mi obra toca & su térming, ¥ en breve el Catdlops serd
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La colecc on de pescados se enrigoece de dia en dia, v en poco
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b, B dificil reglameniar la pascs en las aguas Argentinas,
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La coleccion de pescados se enriquece de dia en
dia, y en poco tiempo podré presentarla como
Unica en nuestra tierra. Sobre tal base, no sera

dificil reglamentar la pesca en las aguas
argentinas, porque con una coleccidon y un
catalogo sera factible el estudio de las migraciones
y de muchos otros puntos fundamentales.
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LA PLATA (R.A) JUNIO DE 1557 N® 118

.. los censos de la fauna de un pais o region cualquiera,
constituyen una suerte de codificacion de la Naturaleza, como paso previo e
indispensable para un ensayo racional de aprovechamiento de las riquezas
naturales y de su adecuada conservacion. Desde fines del siglo XVIII
se ha dicho y lo han repetido en nuestro medio, Cosme Argerich, Alberto Palcos y
otros estudiosos y cientistas, que un Cédigo de la Naturaleza es indispensable
para la libertad de una nacion.
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Fish fauna and environments of the Pilcomayo-Paraguay basins in
Formosa, Argentina

Roberto C. Menni ", Amalia M. Miguelarena®, Hugo L. Lopez®. Jorge R. Casciotta®,
Adriana E. Almiron' & Lueila C, Protogine”

' Labaratorin de Tetolagle, Museo de La Plata, Paseo del Bosque s{n, 1900 La Flata, Argennina;
? fnstitute de Limnologia de La Plata, 53 N 484, 1900 La Plata, Argenting

Recerved 16 July 19915 in revised form 1 April 1992 accepied 28 April 1992
Key words: fish zoogeography, ecology, water chemistry, fawnistics, Argentina

Abstract

The ichthyofauna from sublropical (East) and wopical (West) areas in the Formosa provinee {Morth-
ern Argentina) is analyzed. An up-to-date list of fishes is provided, including 18 new reports for envi-
ronments associated with the Pilcomayo and Paraguay rivers, considering the detailed distribution of
the fishes, Dormnant families in terms of number of species are Characidae, Pimelodidae, Lencarndae
and Curimatidae. Percentage of individuals (about 5000 examined} were 66%;, for characoids and 257%;
for siluriforms, with less than 10%, for other groups. Comparisons were made with other South American
environments. Most  frequent  species  were  Prellogrammus  kennedy, Asnamax  himacwlatus,
Gymnocorymbus fernetzi, Hoplosternum thoracatum and Cichlasema porialegrense. The predominant type
of environment sampled, of small size and shallow depth, with extensive plant cover, and temporal level
variations, explains the dominance of the above groups, This interpretation is supported by independent
studies. Diversity values ranged between 0071 and 392, A marked reduction in number of species from
East 1o West was observed (79 and 41 species respectively, 31 shared). No species of Gymnotidae,
Hemiodidae, Characidiidae, Trichomyeteridae, Leblasimdae nor Aspredinidae were captured in the
West. The higher number of species in eastern environments is considered to be due to the influence of
the Parzguay river and the complex hydrology of the area. Other factors, both historical and ecologi-
cal are considered. A correlation between total phosphorous content in the water and fish richness is
also suggested. Water chemistry is compared with near by environments. Sites studied showed pH values
from 6. 14 1o 7.5, The dissolved solid contents ranged from 51,8 to 474.3 mg 1~ ', within the hypohaline
level. lonic composition differed somewhat between East and West, water in the East being mainly
hypocaleic, as m the Paraguay river. Conductivity was rather vanable and Scochi disk values similar to
those in the Parana river,

Introduction Bermejo river 1o the South, the Paraguay river to
the East, and about 64° W to the West (Figs |
and 2). Most of its territory is subtropical except

for a small MW sector within the tropical belt.

Formaosa is a provinee in northeastern Argentina,
between the Pikeomayo river 1o the North, the
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Subtle relationships: freshwater fishes and water chemistry in southern
South America”
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Abstract

We i igated the relationships between water chemistry and the occurrence, distribution, physiology, and
mc11'|::|:|olog3-I of fish faunas. We examined 34 species (ca. 10% of the Argentinean freshwater fish fauna) from 120
localities (5 areas) situated between 26°15' § (Trancas, Tucumdn) and 38°30' § (Sierra de la Ventana, Buenns
Aires). Fourteen chemical features are described by: conductivity, total dissolved solids, temperature, pH, CO‘ '
COsH™, CI~, S0}~, Ca?*, K*, Mg**, Na*, Mg/Ca, Mg+Ca/Na+K. Three Basic Data Matrices considering the
mean, maximum and minimum values of cach variable for each fish species were used in a Cluster and Principal
Component Analysis. Groups of species clustered in similar ways to particular water chemistries. Similarity was
the common occurrence of species in a defined area and preference for a common range of the factors considered.
Groups of species so defined showed patterns of distribution related to climate, environment, tmphu: state and
hydrographic complexity. Each cluster included some eurytopic species which app d at
chemical and geographic characteristics. Twenty four species had ranges of tolerance for the 14 variables and
evidence of a grouping according to these ranges. Eighteen species which occurred at maximum or minimum
absolute values for more than one factor were ordered along an eurytopy — stenotopy axis. We support the statement
that species with a larger tolerance range for most factors have a higher probability of being widely distributed.
Astyanax fasci and A. bi ! 1 1 the highest number of maximum and minimum values, followed
by Jenynsia . lineata, A. eigenmanniorum and Trichemycterus corduvensis. Groups of species based on chemical
factors showed differences in the relative number of basic morphological types.

hemiral oh

Introduction Some physical — istics are rela-
tively easy to obtain, and have been considered in the

Although many experimental studies have explored the
response of fishes to environmental factors (Fry,1971;
Braga, 1975; Dunson et al., 1977, Gomez, 1993;
Kramer, 1987; Pickering, 1981; Wooton, 1991), fish
behavior in relation o complex interactions among
diverse variables in natwre is difficult to describe, It
is difficult to find strong correlations between chemi-
cal factors and fish distribution patterns, except under
extreme conditions {Stevenson et al., 1974).

* This paper was submitted o the symposium ‘Fish Ecology in
Latin Amenca’ during the 1993 meeting of the ASIH ot Austin

evaluation of aquatic environments and their faunas
(e.g. Bonetto & Lancelle,1981 for the Parand River;
Geisler et al., 1975 for the Amazon; Ringuelet et al.,
1967b for the Pampasic lagoons). As far as the influ-
ences on fishes is concerned, the importance of natural
water chemical position on fish and
behavior have, in general terms, either been neglected
or considered too difficult to evaluate (Hynes, 1970;
Whitton, 1975; Menni et al., 1984). Though the gen-
eral chemical composition of several basins 1s known,
global values can not be related a priori to the presence

Envirpumendn’ Binkogy of Fohes 510 265100, 1908
© IO Klwer Acadiewsic Pubiishers. Prinmed o the Neotavisels

Fish and limnology of a thermal water environment in subtropical South
America

Roberio C. Menni™, Amalia M. Miguelarens™ & Sergio E. Gidmez
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Twwo Lhermal sources wilh waler iemperatures from 51 to 5%°C flow into o stream of 2 1o 5 m width and about
0.5 m depih 2t Apua Caliente (23° 445, 64° 3"W}in Jujuy province, Argenting. Data from 3 vears sampling
shorw Lhat 1he influence of the thermal sources miainiains the waters 1emperature of the stream section ol a high
andd comstand kevel (from 2410 35°C), different from the thermal regime of other streamain the area. Conmposs-
tiom of water (N = 13 ) has the following mean values: pH 836, conductivity 1991 pS om ', dominzand kons (in mg
P00, 1277, 00,H 14027, O 246.88, 50,7 46014, Na™ #0045, K* 2,18, Ca*™ 2768 and Mg 714 Mean
wotsl dissobved solids: 1.3 g 17, Large amounts of 50,7, Na™, and €1 are noticeable traits. Sivicen fish spocies
(2460 specimens ) were caplured in the warmed reach. Dominant lamibies were Characidae, Cichlidae and
Lorcansdac. MNew geographic distribution information is provided for edight species, some of them with re-
ainicted northwesiern Argenting distributions, Most abundant species were the curytopic charascd Auyanar
Pimacularies, followed by the cichlid Buurguing winea. These spectes have the highest critical thermal man
mum scoording 1o ficld cxperiments 'I.'.;:mpq.: riture of acclimadization 5 choser o lethal than m fishes from
‘normal’ habitats, Agua Calienie differs from other thermal habirtais in the lack of solation. ns placement in a
rain lorest arca, a high number ol specaes, and the lack of cyprinodontoids. The fish fauna here epresenis an
opporiunistic invasion of o habitat with water parameters strongly different from those in the srea. particular-
Iy temperature and salinity. Both faumistic and limpological raits make of Agpus Cabenie 2 sew type of cav
ronmmicnt within the sublropics.

Introduction Parancnscan prowince {Ringeclet 1973) although
the cxact wesiern range of the provisce i still us-

Morthweslern Argenting 4 whthvologically sull a sl

little knowwn arca. Within i, the fish [auna in the Dwring the kst ien vears we have been studving

provinces of Salta and Juguy, with abowt 15 10 20 spe- the Argeatmean schihyolauns north af 3675, extab-

cles, 8 not expecially rich | Rmguelet et al. 1967, Ishing the fEunntc compestion of numerouns ba-

Ringuelet 1975, Armatio et al 1583, Menni et al sns. These inclade hiphlanids i Cordoba ia ceniral

19075, Lower lications aie consdeéred et of 1he Argonbing { Mienm el al. 1984}, highlands m Sierra
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Distribution of introduced and native fish in Patagonia
{Argentina): patterns and changes in fish assemblages
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Alstract  The imeracdon between nadve fishes and
salmaomids imradaced in Pangoma ot the begimming of
the Zikh Cemtury, developed at the same time 2s the
envimmmenial change. The phenomenon of global
wamming has led to the formabison of predicoons m
reladon o changes in the dimrbwion af species, m
the binodiml dimension, both af immboasnne, or
small smeams levels. The aim of the present work
includes three man ohjeciives: a) (o compose 2
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generzl and updated pictare of the ladmdinl disn
tradan range of nagve and alien fishes, b} to amlyme
the istarical chonges i the relutive abundance af
Percichtings tracha, Odontesthes sp, and salmomds
m bkes and reservairs, and o) to relaie the divesity
and relagve sbundance of mtive and salmonid fishes
w the emirommental varishles of ldkes and reser
vomms. We amlysed previous records and an emsemble
af dam abowt new kocadons along the norhern border
al the Pamgonin Province. We compared coarent
data showt the reladve afnmdence af miive fishes and
mimonids in lakes and meservoim, with previms
dhtnbomes (1984-1987). All samplings considered
were pedonmed during spring-sammer sarveys and
mchide reldive abundance, 3= propartions af salmao
mids, P tracha, and Odomtesthes sp. For the first time,
we found changes i fish assemblages from twemy
vears hack up to the present: o sigmficant dechine in
the relatve afrandmces of salmonids and 2n increase
af P, trecha. We stadied the assocition between the
diversity and relstve afundance of mtive and
salmemid fishes and the envirommenl variables of
Inkes and reservoms using Canonical Comrespondence
Analysis. Relive abundance showed mainly geo
gnphical coes and the diversity refied brgely om
mamphometric cheracters@os. Reliive abondsnce
and diversity seem o have 2 common paimt i the
lake srea, included mio the PAR concepl. Magve
abrandance and alien diversity were negatively reluted
with ladrade. Creater mtive diversity was observed
m bkes with high PAR compared with salmenads.
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El potencial pesquero de la cuenca
del rio Salado posee una
extraordinaria importancia en el
contexto de las aguas continentales
de la Argentina. Este trabajo
presenta una visién general acerca de
estos recursos: la descripcion de las
comunidades de peces, la clasificacion
de las especies de mayor interés
deportivo y comercial y los detalles
de las artes de pesca mas utilizadas.
En el marco de las recurrentes
inundaciones que padece la provincia
de Buenos Aires y los consiguientes
probl econdmicos y ambientales,
este trabajo aporta al conocimiento
de las posibilidades de la regién. Los
autores proponen un nuevo modelo
institucional y regulatorio, dirigido a
optimizar la gestion de los recursos
pesqueros.

La cuenca del Salado:

Uso y posibilidades de
SUS recursos pesqueros

Hugo Lépez, Claudio Baigun,
Juan Iwaszkiw, Ricardo Delfino
y Oscar Padin
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avidaanimal bajo el agua seasociardpidamente con peces, y en la regién
pampeana en particular, con el pejerrey. Sin embargo, debajo del agua
que cubre extensas superficies por toda esta regién, habitan por cierto,
un niimero mucho mayor de especies de peces.

Enestelibrosep las 28 especies de peces, que en condiciones
dias, habi los ecosi un'ri{'nxl_ P Estas P ies es- = 4=
tdn agrupadas en 16 familias d de 8 6rd Lap iade 8 6r-

denes dentro de la fauna de peces de la regién pampeana, significa que
los ciclos y estrategias de vida, pueden llegar a diferir mucho entre una
especie y otra. Desde una “madre” de apenas 20 mm y menos de un mes ! & 2 A
devida, hasta “molosos” de mds de 700 mm y 10 afios de vida, la diversi-
dad de formas, fios y hdbitos, puede resultar real 1l iva.

Entonces... Cémo se reproducen los peces pamp ? Quec 2
Dénde habitan? Cémo interactiian entre ellos? Puede el paisaje de un
ecosistema acudtico, decirnos algo sobre los peces que contiene? Y vice-
versa?

Para ayudar a resolver estas preguntas, este libro apunta a difundir
conceptosgenerales de ecologia acudticay conocimientos cientificos so-
brelabiologia deestas especies. Aunqueaquisep como especies
pertenecientesalos ecosi acudticos pamp esimportante re-
cordar que su distribucién y por ende su influencia en los diversos eco-
sistemas, supera en mucho los limites de esta regién. Muchos de los gé-
neros y algunas de las especies de peces pampeanos, tienen una impor-
tancia continental destacable.

-4 I §

] " ture of Latin América)

e




ISSN 1515-7652

MONOGRAFIAS

Namero 5, Marzo 2004

DEL MUSEO ARGENTINO
DE CIENCIAS NATURALES

Roberto Carlos Menni
Peces y ambientes en la Argentina continental




Distribucion geografica de los
peces de aguas continentales
de la Republica Argentina

Jorge Liotta

i

ux

i

V.-
%é‘ &3 | 1 =

Em

*W

,mﬂﬁdm

_.,'
b\
d' %

Y C

VilR
<

Serie Documentos N° 3
ProBiota FCNyM, UNLP







Un aporte relevante para la ictiologia regional
es la primera propuesta ictiogeografica realizada
por Eigenmann (1909), donde el autor realizo
una serie de consideraciones sobre las ideas de

von lhering (1900).

De acuerdo con los resultados de su trabajo,
dividio a la region Neotropical en:
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|. Region de Transicion (pendientes atlantica y
pacifica del Istmo de Tehuantepec).

Il. Region Mexicana: franja que incluye el valle
de México y la cuenca del Lerma al oeste del
rio San Juan.

Il. Region Brasilefia: desde el sur de México a
“Buenos Aires”.
Esta region la agrupa en:

. Provincia Central Americana
Provincia Pacifica
Provincia del Magdalena
Provincia Amazonica
Provincia de Guiana
Provincia Trinidad
Provincia del Sudeste de Brasil
Provincia de San Francisco
Provincia Costera
10. Provincia del Plata
IV. Regién Andina
Para Eigenmann correspondiente a la fauna
brasileia modificada que ocupa los Andes
hasta Bolivia; aparentemente no tuvo datos
del area Andina de Argentina.

O@@NP‘P"PW!\"—‘

V. Regién Patagodnica: ocupa la cuenca del rio
Negroy todo lo que esta al surde la linea
gue lo une con Valparaiso.



Haseman (1912), a partir de sus viajes por
paleontoldgicos, topograficos e hidrograficos que
influyen sobre la distribucion geografica de los
organismos.

Respecto a los peces, discutio las ideas de
Eigenmann y planteo 5 regiones ictioldgicas.

Entre otras consideraciones:

se opuso a la opinion de otros autores (ej.
Koslowsky, 1895) en cuanto a la existencia
de una conexion entre los rios Amazonas y
Paraguay.

afirmd que la ictiofauna sudamericana
evoluciono a partir de formas primitivas que
originalmente vivieron en América del Norte.







Géry (1969) en su propuesta describié ocho
regiones ictiofaunistica

1. Orinoco-Venezuelence: comprende cuatro
provincias:
Cuenca del Maracaibo
Costa del Caribe
Orinoco
Trinidad.

. Magdalenense.

. Transandina.

. Andina.

. Paranaense: gran region que “podria dividirse
en pequenas provincias”
Comprende: La Plata
Uruguay
Parana

Paraguay
\ J — iIncluyendo el norte y noroeste de Argentina,
Fig. 1. South American faunistic regions according to the distribution of the fresh-water fishes. este de BOlIVIa, sur de BraS” y Mato G r0Ssso.

Numbers refer to the sections in the text; dotiled lines delimit the primitive shiels; broken lines
suggest the propagation of ancestral stocks and of Ostariophysans.




6. Patagonica.

/. Guayano-Amazonica.

8. Este Brasileno.

Este autor tratdo y discutio el origen de la ictiofauna
sudamericana, abordando aspectos ecologicos de algunas
especies Y, finalmente, aportd una lista de los diferentes
ordenes con datos diversos.
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Ringuelet (1975), propuso para
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Brasilica:



ESQUEMA DE LA ICTIOGEOGRAFIA CONTINENTAL

DE LA REGION NEOTROPICAL DE RINGUELET (1975)

A) SUBREGION BRASILICA

A1 DOMINIO MAGDALENA

A2-A5 DOMINIO ORINOCO-VENEZUELENSE

Ag-A7 DOMINIO GUAYANO - AMAZONICO

Ag-A3: DOMINIO DEL PACIFICO O TRASANDINO

A10-12: DOMINIO ANDINO.

A13-a15 DOMINIO PARANENSE

A16-A18 DOMINIO ESTE DEL BRASIL

B) SUBREGION AUSTRAL

81- PROVINCIA CHILENA

B2- PROVINCIA PATAGONICA




En los ultimos 28 anos,
diferentes autores

presentaron propuestas
biogeograficas sobre
determinados taxones.

Parenti (1981) trato a los
Cyprinodontiformes
utilizando meétodos de la
sistematica filogenética
y la biogeografia de la
vicarianza.

Vari (1988) y Schaeffer
(1997), con igual
metodologia describen
regiones de endemismo
sudamericanas reflejadas en
la distribucion de las especies
de las familias:

Curimatidae
(Characiformes)

Loricariidae
(Siluriformes)




Fig. 4. Regiones de endemismo de la familia Curimatidae. Modificado de Vari (1988).

Fig. 5. Biogeografia histérica de Otocinclus. Modificado de Schaefer (1997).



Bonetto (1994), en su mapa, sefalo 4
provincias ictiofaunisticas para la cuenca
del rio Parana:

- Parano-Platense
- Paraguay superior
- Parana superior
- Uruguay
o et \ = que conforman el dominio Paranaense de
K \\ﬁ;o;;;s;lgcmm; Ig proplfelsta de Ringuelet (1975) y que,
 Resistencia ,f | e A hidrograficamente, corresponden a la
: Y 5 : cuenca del Plata.

F
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[ an' o @(@Pm. 1$i
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Bucnos Aires

Fig. 10. Provincias ictiofaunisticas de la cuenca del rio Parana. Modificado de Bonetto (1998). A, Provincia
Parano-Platense; B, Provincia del Parana Superior; C, Provincia del Alto Paraguay.

En1998 omitio la provincia del Uruguay; para
el resto (mapa), aporto cifras sobre:
-NUmero de especies
bioldgicos
-Dat0s — | fisicos

hidrologicos




Banarescu (1995), en su obra sobre
los peces, crustaceos, moluscos e
iInvertebrados inferiores, trato a la ictiofauna
sudamericana, describiendo su composicion
y el patron de distribucidn en las principales
cuencas.

Expuso las relaciones biogeograficas e
historicas de la fauna continental de agua
dulce y sefal6 cuatro patrones de
distribucion:

1 — Afrobrasilico: incluye taxones elevados
de peces.

2 — Inabrésico: con linajes compartidos
por América del Sur, Africay Asia tropical,
por ejemplo un representante del
infraorden Silurida.

3 — Notogeico o Circumantartico
(Percichthyidae)

4 — Anfiamericano
(Cyprinodontiformes)

También describio las interrelaciones entre
la fauna de agua dulce y la distribucién de los
linajes en la region Neotropical.

En el tramo final de esta seccion, desarroll6
conceptos sobre

“Paleogeografia de América del Sury
probable origen e historia de su fauna
dulceacuicola”

donde dijo que la fauna dulceacuicola tropical
se centra en la cuenca Amazdénica.

Esta Ultima es reciente en su extension
actual y durante los periodos de transgresion
marina muchos de sus afluentes llegaban
directamente al mar.

Por dltimo, menciond la importancia de las
“capturas fluviales” en la dispersion de los
organismos y la influencia de los factores
climéaticos historicos que podrian influir sobre

los diversos grupos floristicos y faunisticos.
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Rajiformes

Synbranchiformes

Characiformes

Osteoglossiformes

BRAZILIAN REGION

Gymnotoidei
Cyprinodontiformes
| I N Lepidosireniformes
. AUSTRAL
Characiformes
Perciformes
Siluroidei Osmeriformes

Figure 1: Representation of the two major areas of fish distribution in South America (Arratia et al. 1983)

and representation of major fish groups. Black areas correspond to "empty" areas apparently without
fishes.
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ABSTRACT

The pravious review of freshwater fishes of Chile was that of ARRATIA et al. nearly twenty years
ago. There have since been several systematic studies that involve both taxonomic changes and
phylogenatic proposals. This study reviews the systernatic standing of the native and introduced
freshwater fishas of Chila, highlights taxa that need systematic studles, proposes areas of endemism
and a biogeographic hypothesis based on phylogeneti ps among native fishes. Chile has a
total of 12 family-level laxa, 17 genera, about 40 species of strictly freshwater and diadromous native
species. With 22 introduced species, the freshwater fauna is increased by nearly 50%. Eleven species
have been added lo ARRATIA ef al’' s species list: Brachygalaxias gothel, Cheirodon kiliani,
Trichomy hi isis and T. & is, Diplomystes is and D. camp i
Orastias parinacolensis, 0. laucaensis, O. ascotanansis and O. chungarensis, and Odontesthes hatcheri,
Three species have been synonymized: Odontesthes mauleanum molinae and Q. m. wiebrichi as ju-
nior of O, {Cauque) mauteanum, and O, (Cauque) debueni as junior of Q. (Caugue) brevianalis. Chile is

P of three ichthy graphic zones: the Chilean and Patagonian provinces of the Austral
Subragion, and the Titicaca province of the Brazillan Subregion. A notable area of endemism is the
Titicaca Province with eight species of Ovrestlas and Trichomycterus in Chilean territory alone, six of
which are endemic. Four areas of endemism ware determined within the Chilean Province. The northerm
Atacama area. from Rio Loa to Rio Rimac. Peru, is a northem extension of the Chilean Province. This
area, praviously considerad as “empty” of fishas, includes Trichomyclerus punciulatus and species of
the Basilichthys semotilus specles group. The Ceniral area, between Fio Huasco and Rio Rapel, has
three ic spacias: Dipk chilansis, Chairodan pi: and Basilichthys microlepid
The South-Central area of endemism, between Ric Maule and Rio Imperial, has the greatest fish
divarsity of the Province and five en i ies: Dip i i,
Chei lusdae, Trich us chittoni, and Percilia irwini, The latter two species are endemic o
Rio Biobio alone, drainage with the greatest diversity in Chile. The Southern area of endemism, from
Rio Valdivia to |sla de Chiloé, has three endamics: Diplomystes camposensis, Cheirodon australe, and
Galaxias globlcaps. This area was previously i as part of the Patagonian Province, but in
Chile tha latter is now restricted to the westermn watersheds of Confinental Chiloé south to Tierra del
Fuego. Phylogenetic hypotheses of relationships among species of Cheirodon, Diplomystes, and
sorgantinin silversides indicate an East-West divergence patiemn attributable to the uplifing of the An-
das, and the sister relationship between the Central and South-Central areas of endemism within the
Chllean Province. The above histerical bicgeographic hypothesis may be tested with phylogenetic
hypotheses of other fishes or aquatic taxa such as crayfish and amphibians. Fish taxa that require
further systematic studies are: Diplomystes, galaxiines and Aplochiton, the Oreslias agassii species

ws, and Cdc spacies of the subgenus Caugque. River basins from which

there i little information and need surveying further are the Ric Malaguito and Rio Toltén. Other drainages
thal nead a proper sunvey are in the Atacarna desen and isolated lakes in the Titicaca Province, all
under the pressure of time as they are in danger because of urban sprawl aleng river valleys and
industrial {mostly mining) developments. The numbar of introduced species has also increased 1o 22
species, of which 20 beleng lo non-nalive families. Only Cheil ferruplus and O thes
bonariensis have congeners in the Chilean Province. Studies that quantify the effect of introduced
species on nalive species are badly neaded.

Hey words: Freshwalter fishes, areas of ism, phyl ic sy . hisiorical bicg aphy.

RESUMEN
La dftima revision de peces de aguas dulces de Chile fue la de ARRATIA et al.. hace casi vainle
afios. Desde antonces varios lrabajos sistemdticos han resultado en cambios laxondmices y algunas
propuestas filogenéticas. El presente estudio revisa la situacidn sistemdtica actual de |a fauna de
peces nalivos e introducidos de Chile, resalta aguellos taxa que requi ]
propone dreas de endemismo y una hipdlesis biogeogrdfica basada en relaciones filogenéticas de
peces nalivos. Chile fiepe 12 taxa a nivel familiar, 17 géneros, y unas 40 especies de paces
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Historical biogeography of South
American freshwater fishes
Nicolas Hubert* and Jean-Frangois Renno
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(o)) "™ Aim To investigate biogeographical patterns of the obligate freshwater f

Characiformes.
Location South America.

Methods Parsimony analysis of endemicity, likelibood analysis of o
geographical distribution, and partition Bremer support were used.

Results Areas of endemism are deduced from parsimony analysis of ens  Figure 11 Aquatic refuges (I, Northwestern;
and putative dispersal routes from a scparate analysis of discordant pa 11, Parani-Paraguay; 111, Sao Francisco; IV,
distribution. Parnaiba; V, Upper Amazon; VI, Guyana;
VII, Tocantins—Xingu; VIII, Orinoco), pal-
aeoarches (a, Purus arch; b, Caravari arch;
¢, Vaupes; d, Iquitos-florencia arch; e, Fitz-
caraldo arch; f, Michicola), and putative

be deeply influenced by the distribution of the emerged land during th  dispersal routes (1, Sio Francisco-Paraguay;

marine highstand that sccurred during the late Miocene and alln 2> Madeira—Parand; 3, Tapa]l?&-Pﬂl‘anai

liypothesize the existence of cight aquatic freshwater refuges at that time, % Coastal route; 5, Rupununi; 6, Trombetas—

distribution of non-endemic species supports nine patterns of species dist Essequibo; 7, Cassiquiare). Dashed lines

across the 11 areas of endemism, two of which support a southern—  delimit a ine highstand of 100 m.

differemtiation in the castern part of the Amazon. This result shows that tne mamn

channel of the Amazon limited dispersal between tributaries from each bank of

the river. The levels of endemism further demonstrate that the aquatic freshvater

refuges promoted allopatric speciation and later allowed the colonization of the

lowlands. By contrast, the biogeographical pattern found in the western part of

the Amazon is identified 1z 4 result of the Miccene Andean fordand dynamic and

the uplift of the palasoarches that promoted allopatric divergence across several

sedimentary basins by the establishment of disconnected floodplains, The

assessment of conflicting species distributions also shows the presence of seven

putative dispersal routes between the Amazon, Orinoco and Parand rivers. Our

findings suggest that, rather than there being a single predominant process, the

establishment of the modern South American freshwater fish biotas is the result of

an interaction between marine incursions, uplift of the palacoarches, and
“Comespondence: Nicolas Hubert, Instinet de~ istorical connections allowing cross-drainage dispersal.
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Main condusions Our results demonstrate the oceurrence of 11 major
endemism and support a preferential eastern—western differentiation
characiforms in the A ian regon, contrasting with the southern—

Mantpellier Codex 05, France. Area of endemism, characiformes, dispersal routes, maximum likelihood,
E-mail: miploplusiezcate com Neotropics, parsimony analysis of endemicity, partition Bremer support.
INTRODUCTION saperposition of palacogeographical events may produce

multiple changes in species range distributions, highly complex
Dealing with complex palseogeographical histories is a prob- patterns of animal and plant distributions are to be expected
lem of major imponance in biogeographical studics. Since the (Melson & Plainick, 1981; Brown & Gibson, 1983 Myers &
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Figure 1. Map of freshwater ecoregions of the world, in which 426 ecoregions are delineated. An interactive version of this map that includes additional information is
available at www.feow.org,






