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LIMROLOGY IM ARGENTINA

DRAGO , f!.l.'!.l'r

RESUMO - LIMROLOGIA HA ARGENTIMA

Haste trabalho se resume as diversas etapas do
pProgresso da Limnologia na Argentina. As primeiras medidas
de carfter limnoldgicoa foram feitas por LEOWEHRLI no lago
Nahuel Huapi (Provincia de Rio Negro), em 1897-189B.
Posteriormente, os nomes de HANS SECKT (1918} e EMILIANO
MAC DONAGH (1928) assinalam os primeiros passos no
desenvolvimento da ci@ncia das igquas continentais em nosso
pais. RAFAEL CORDINI & o investigador gque marca a etapa da
consclidacgio da Limnologia Argentina, podendo BE&T
considerado seu fundador. Desde 1927 até 1964, am
investigagoes de CORDINI constituem um grande suporte na
estrutura desta ciéncia. Sua importincia reside ndo somente
nos estudos sobre geclogia, guimica da Agua & plEncton, mas
também por se introduzir profundamente no campo da
limnologia fisica, onde +trazx muitas informacSes sobre
morfologlia lacustre, tipologia de sedimentos e propriedades
térmicas de lagos, Desde 1942, a limnologia comegou a
apresentar um enfogue mals ecoldgico, sendo estimulada
neste sentido por RAUL RINGUELET, da Universidade de La
FPlata (Provincia de Buencs Aires), cujas investigagSes
ocuparam um lugar preponderante no campo da hidrobiologia.

* INALI-CONICET -~ Santo Tomé&, Santa F&, Argentina
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Foi o fundador dec Instituto de Limnologia de La Plata
(LPLR) . Se destacam os importantes suportes cilentificos de
ARGENTINO BONETTO e seu grupo desde a criaclo do Instituto
Nacicnal de Limnologia (IMALI) também =se destacam as
atividades do Centro de Limnologia Aplicada do Litoral
(CECOAL) e do Departamento de Aguas Continentais do
Instituto WNacional de InvestigacSes e Desenvolvimento
Fesqueiro (INIDEF). A criagBo da Sociedade Argantina de
Limnologia, em 1984, se destaca como um marco necessario
para o desenvolvimento limnelégico neste pals. Finalmente,
este estudo apresenta ainda uma primeira tentativa de
divisdo da Repiblica Argentina em sals ragldes
limnoldogicas: 1) Regido Pluvial Parand-Prata, 2) Regido
lacustre dos Arfdes Patagdnicos, 3) Regido Patagbnica
Extra=-Andina, 4) Regido Endorréica, 5) Regifo Sub-Antartica
8 6) Regido Antartica.

ABSTRACT - LIMNOLOGY IN ARGENTIMA

This paper deals with the advances of Limnology in
Argentina since ite origin. The first meagurements of
limnological characteristics were performed by LEC WEHRLI
in Lake Nahuel Huapi (Rio Negro Province), in 1897-98.
Later on, the names of HANS SECKT (1918} and EMILIANO MAC
DONAGH (1928) deserve mention because of their early
contributione to the development of the science of inland
waters 4in the country. The =scientist who marks the
‘cansoclidation stage of Argentine limnology and is
considered its founder was RAFAEL CORDINI. Baginning in
1927 and continuing to 1964, CORDINI's ressarches form a
prominent background in the structure of Argentina
limnology. His importance rests not only in his studies of
gealogy, water chemistry and plankton, but his work took
him deeply into the field of rhysical limnology, and there
he discovered much concerning lacustrine morphology, bottom
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sediments, and thermal properties of lakes and ponds. By
1942, limnology acquired a more ecological approach, being
stimulated to a great eaxtent in this direction by RAUL
RINGUELET of the University of La Plata (Buenos Ailres
Province), who carried out important investigations in the
field of hydrobilology. He was the founder of the Institute
of Limmology of La Plata {ILPLA) in 1968. The
investigations of ARGENTINO BONETTO and his group since the
foundation of the National Institute of TLimnology [(INALI)
in ‘1962, and the scientific activities of the Littoral
Center of Applied Ecology (CECOAL, 1974) and those of the
Inland Waters Department of the National Institute of
Fisheries Research and Development (INIDEP) are deseriked.
The creation of the Argentine Association of Limnology in
1984 satisfied a real necessity in the limnological
development of the country. Finally, a division of
Argentina into limnelogical regions is suggested: 1)
Parand-Plata Fluvial Region, 2) Patagonian-Fuegian Andas
Lacustrine Region, 3} Extra-andine Patagonia Region, 4)
Endorheic Region, 5) Subantartic Region, and 6) Antarctic
Region.

INTRODUCTION

At present, when an increasing international
interest in the limnology of the Southern Hemisphere is
increasing, it is important that comprehensive reviews on
the history of progress in the inland water studies of that
ragion be made available, in order to stimulate the
interest of the general scientific community and
encouraging thereby a greater participation in limnological
research in the Southern Hemisphere. There is an amazing
diversity of features in the Argentine hydrosystems, since
the territory includes diversa water types located on
regions as different as the lowlands of the Pampa Plains
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and the highlanda of tha Andes Mountains, and undar
climates that rank from subtropical to antarctic.
Thereforae, the limnological development In Argentina was
difficult, although the early field trips reguired 1little
spacial egquipment for making the observations and
collecting the specimens. The increasing sophistication of
limnological technigues involving chemical measurements,
began to complicate the fulfillment of field surveys. Dus
to the advances in limnological knowledge, it bacame c¢lear
that short-term trips, though still valuable for collecting
preliminary or special information from remote regionsa,
cannct provide the kind of knowledge, now needed, about the
processes and cyclical {apecially seasonal) changes
operating in a hydrosystam, and which relate to
productivity. Inveatigations along several Y&ars,
prefarably from a fixed and adegquately eguipped stations,
are regquired. In spite of its inland water diversity,
Argentina was not limnologically explored by foreign
eciantists of develop countries, such as soma African
countriea or Brazil and Venezuala. So that, the Argentinean
researchers were almost exclusively responsible of ths
progress of limneleogy in Argentina. In our ocountry, only
two different water systems racaivad long=term
measurements, the middle reach of the Parand BRiver and its
tributaries and the ponds of the Pampas, in PBuenos Aires
Province.

DIBCUSSION

Limnolegy is & very new sciance. Although the
ancestry of freshwater study is varied and old, ita place
ae a circumecribed and directed area of ecientific endeavor
and achievement was not established until the last years of
the 19th century and the beginning of the 20th century. The
publication of several papera on geology, chamistry,
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Phyaics and blological aspects of Lac Léman (now Lake
Geneva), Switzerland, by F.A. FOREL, according to many
historians, marked the beginning of the scientific study of
the inland waters between 1869 and 1904.

Curioualy, during this pariocd the first
limnological measurements were performed in Argentina. 1In
fact, betwean December 1897 and February 1B98, the BSwiss
LEO WEHRLI (1919} measured depth, water temperaturs,
transparency and made some observations on the origin of
Lake Wahuel Huapi (Rio Negro Province).

Later, a biologiat of tha National University of
Cérdoba (CSrdoba Province), HAMS SECKT, remarked on the
importance of an integrated study of inland waters (1918,
1921, 1924a, 19%924k). During the Pirst National Mesting of
thae Argentine Society of Natural BSciences, held in BSan
Miguel de Tucumén (Tucumén Province) in 1916, SECKT pointed
outsr ' 'It would be advisable to perform carafully
investigations on the chemical, bactericlogical, flora and
fauna characteristics (especially on tha microscopic
inhabitants) of rivers, lakes, ponde, brooks, etc., 1in
order to resolve several biological and physioclogical
questions on the aguatic organisms and their systematic
problems' ... 'or in order to resolve water management
problems, e.g., drinking water as well as fish culture and
others...'. In a review on floristic and faunistic studies
of Argentine freshwaters (1921), SECKET dealt with ¢the
subject again, saying: 'we should not limit ourselves only
to a superficial knowledge of the representative Argentine
microflora and microfauna, nor should we limit ourselves
only to an inventory of aguatic animals and plants. On the
econtrary, we should know the freshwaters from a geological,
phyeical, chemical and bioclegical point of view'.

BECKT's remarks were decisive in tha evolution of
Argentine limnology, because the disciplines mentioned by
him, namely Geology, Physics, Chemistry and Biology, form
the core of the study of inland waters.
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These early contributions to the fimld of
Argentine limnoleogy, received a new impulse from 1928 to
1335 thanks to EMILIANC MAC DONAGH, His investigations were
the first attempts toe study the aquatic fauna with an
ecological criterion (1928, 1931, 1934, 1935). He studied
the growth of the 'pajerrey' (Odonthestes bonariensis) in
Del Monte Pond {(Guamini, Buencs Airea Province), within
'the unexplored field of its 4interactiones with - its
environment', affording meteorological, chemical and
physical data. In the Proceedings of the International
Association of Limnology (SIL), MAC DOWAGH publishad 'The
physiography and plankton in the lagoona of Buenos Aires’
(1935}, where the physical and biological features of tha
ponds of the Pampas were described,

Evidently, these were the first ateps in the
progreas of Limnology in Argentina. Nevertheless, the
contribution of both ideas and knowladge, howavear
important, were insufficient +to constitute exhaustive
limnological analyses of the water bodies studied.

From my point of view, the work carrisd out by
RADAEL CORDINI in Lake Nahuel Huapi (Rio Negro Province),
begun in 1927 and continued, with =ome interruptions, +¢ill
1930, mark the consolidation period in Argentine limnology.
Furthermore, his work on Chascomiis Pond (Buenos Alres
Province) appearing in 1938, was the first contribution to
the study of an aguatic habitat performed according to a
limnological criterion. Subseguently, CORDINI publishad
limnological information on .Lake ' HNahuel Huapi (1939),
affording data on  lacustrine morpholeogy, granulomatric,
chemical and petrographic features of the bottom sediments,
and on the thermal behavior of the superficial and deep
waters of the lake.

This work raported tha firat limnolegical
information about a great glacial lake of the
Andine-Patagonian Lake District. At present, the larger
lakes ©of this region are limnologically unknown, and
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CORDINI's contributions are the best studies carried out,
up to now, on an oligotrophic lake in Argentina (1939,
1950) . CORDINI (1938, 1942) also described the limnological
features of the Chascom(s and La Brava Ponds (Buenos Aires
Province), and in 1964 appeared his last contribution on
the Patagonian Lake LAcar.

CORDINI'e original and solitary task, to explain
the dynamics of different water bodies, studied by means of
integrated data, gives a clear wision of the limnological
criterion. CORDINI's contributions, undoubtedly
fundamental, lead me to. consider him the founder of
Argentine Limnology.

I should also mention JUAN CORDINMI's papers, one
of which deals with the seston and diatom content of the
RiIo de la Plata waters (1939); the other presents the first
data from a man-made lake, Ric Tercero Reservoir (Cirdoba
Province, 13950).

The successful sclientific work of RAUL RINGUELET
began in 1942 with a paper on feeding ecclogy of 'pejerrey’
{0Odonthesates bonariensisd), including limnological data of
Chascomiis Pond (Buenos Aires Province). He was one of the
most enthusiastic impellers of aguatic ecology studies in
Argentine. It is impossible to overestimate the influence
of RINGUELET's work on Argentine limnological thought. 1In
addition to his significant contributions, this =scientist
wags responeible for the creation and training of a group of
young researchers who began working on differant
limnological subjects. Later this group would be the origin
of the 'Dr. RAUL RINGUELET' Institute of Limnology ({(ILPLA),
founded in La Plata City (Buenos Alres Province) in 1368.
The characterization of water bodiea, their managemeant and
rational exploitation, and the ecology of several groups of
organisms were demonstrated by RINGUELET's contributions.
Among many works, I must guote his paper on inland aguatic
environments with a biclogical assay particularly applied
to Argentina (1957). His boaok 'Ecologia ARcouatica
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Continental' (1962) 4is the first and mosat complete
treatment of the subject written in Argentina up to now. In
this book, RINGUELET explains the characterigtics of
different types of inland water bodies, espacially
including several concrete examples of aguatic habitats
commonly found in our country.

His works include landmark principles that remain
unalterable to thie day... 'a lake, a pound, are not merely
physical accidents, geographical featuras +that can be
meagsured by their area, depth, residence time, in order to
manage and modify according to a unilateral criterion. They
are sets formed by inanimate and 1living parts having a
history, a delicate dynamic and an evolution in time that
can be studied and upon which a prognosis can be made' ...
'If we either do not know or undervalue the close
relationships between living things and their environmant,
their evolution as a whole, if we do not remembar that
these form harmonicus circuits from inanimate to living
matter, we will attain the regrettable destruction of the
natural resources' ... (RINGUELET, 1962).

Subsequent papers of RINGUELET deal with the
freshwater fishes of Argentina (RINGUELET et alii, 1967},
chemical limnology of the ponds of the Pampas (RINGUELET et
alii, 1967), biogeography of freshwater copepods from
Argentina (1968a), typology of 'ponds in Buencs Ailres
Province (1968b, 1972), and =zoogeography and ecology of
Argentine inland water fishes with consideration of other
areas of South America (1975). RINGUELET's work =shows a
distinctive and creative continuity in Argentine
limnological activity.

Frofessor RINGUELET was Director of the ILPLA from
its creation in 1968 until his death in 1582, and he was
also Professor of Limnology at La Plata Univereity (Buenos
Aires Province). This course, initiated in 1967, was the
first of its subject to be taught in Argentina.

The important limnolegical activity of +the ILPLA



continues to the present. Investigatione are being carried
out in different geographical areas of Argentina, like the
ponds of the Pampas, the reservoirs of the central area and
tha glacial lakes of Tiarra del Fuego Island.

One of RINGUELET's first followeras was SANTIAGO R.
OLIVIER. In 1948, he began a saries of studies on the
limnology of inland waters in the Province of Buanos Airas
{1949), including some aspects of regional limnology (1952,
1955a, 1955b, 1961). In these studies he also fully
described the geological, hydrological, physical and
chemical features of these agquatic environments.

ARGENTINO A. BONETTO, ancther outetanding lsadar
of Argentine limnological research, promoted the creation
in 1962 of the Wational Institute of Limnology (INALI), and
directed the Institute since ie founding. This center, the
first research institute founded by the National Council of
Beientific and Technological Research (CONICET), is located
in Santoc Tomé& City (Santa F& Province).

Ona of tha most important of BONETTO's tasks was
the formation of a team of young researchers who initiated
studies on the physical, chamical, and biological
characteristics of the aguatic environments of the FParana
River Basin, emphasizing the shallow water bodies of the
Middle Paranad River floodplain.

Later on, the geographical coverage of +the INALIL
was considerably axpanded and diversified. Studies on the
Andine-Patagonian lakes and on the rivers and reserveoirs
situated in the central region of the country were carried
out [(BONETTO et alli, 1971; BRONETTOD & DI PERSIA, 15684;
DRAGC, 1972, 1374; DRAGO & DEPETRIS, 1974a, 1974b, 1975
GARCIA de EMILIANI & SCHIAFFIND, 1974 IMALI, 1973a, 1973b;
LUCHINI, 1972, 1974; MAGLIANESI et alii, 1973; NEIFF, 1973;
OLIVEROS & CORDIVIOLA de YUAN, 1974; PAGGI, 1973). During
this period, BONETTO and his group published 157 papers,
affording important information about the water guality and
on the communities that inhabit these aguatic habitats.
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From 1974 onwards, a research program entitled
'The Ecological Study of the Middle Paranid' was designed,
and the INALI's staff concentrated especially on this
complex hydrosystem. Different aspects of the lotic-lentic
relationships in the Middle Parand floodplain are being
investigated through extensive sampling along the middle
reach and its tributary streams, and by intensive sampling
in a cross-section of the main channel and in alluvial
ponds with different degrees of connection to the adjacent
rivers (INALI, 1981, 1982a, 1982b, 1982c, 1985).

Recently, a small group of researchers began two
important projects, the 'Argentine Fresh Water Fauna
Project' and the Limnoantar Program. The former project's
goale are the identification of taxa, the determination and
understanding of the physical and chemical features of +the
environments and their biogecgraphy. The aims of the second
project are the geographical location, bathymetric Burvey
and limnological characterization of lakes and ponds of
Continental and Maritime Antarctica (DRAGO, 1980, 1981,
1987, 198B; JOSE de PAGGI, 1982; JOSE de PAGGI & FKFOSTE,
1984; KIEFFER & COPES, 1987; PAGGI, 1983, 1987a, 1987b).
Thia project is included in +the BIOTAS International
Program, whose goal 18 to promote and coordinate +the
development of bilological investigations in Antarctic and
Sub-Antarctic terrestrial systems, including the 4inland
wWaters.

It is evident that the 1960's mark the onset of a
decisive periocd in the modern development of Limnology in
Argentina. The creation of the INALI in 1962 and the ILPLA
in 1968 formed two research centers dedicated exclusively
to limnological study of diverse geocgraphical areas, thus
allowing the training of researchers from Argentina and
also from cother Latin American countries.

In 1974, the creation of the Littoral Center of
Applied Ecology (CECOAL), belonging to CONICET, and the
consolidation of a group of researchers under the direction



of ROLANDO QUIROS at the Inland Waters Department of the
National Institute of Fisheries Research and Development
(INIDEP) , in 1979, permitted initiation of investigations
in new gecographical areas,

I muet also mention the wvaluable work bagun by
QUIROE and collaborators (1983) with three volumes of "The
Geographical Dictionary of Inland Agquatic Environments of
Argentina, Part I: Lentic Environments'. In this work,
which I hope can bea continued, much data concerning
climatic, geological and edaphic characteriatics of the
catchment areas of lakes, ponds and reservoirs, as well as
information on the morphometric parameters of lacustrine
troughs are given.

During recent years there has been an approach
toward research on causality of the phenomena detected in
hydrcsystems. Nevertheless, dispite great efforts mada by a
few researchers from different centers, advances are slow
and quite difficult, due essentially to the following
features:

1) The influence o©on scientifie activity of
pelitical changes through modifications in research
projects implying often the withdrawal of financial support
that produces either internal migration or exodus toc other
countries. These features, usually prevents the planning of
long and medium-term research projects.

2) Discontinuity of funde that derive generally
from political instability, as well as imbalances 1in
funding to the centers.

3) Lack of special regulations allowing normal
acquisition of instruments and replacement parts.

4} Thea peculiar geographical features of
Argentina, particularly its great latitudinal range, the
north-scuth arrangement of large mountain Bystems, tha low
altitude of the preponderant plains (47% of the Argentine
territory) and the large area within mean latitudes (45% of
the country lies between 30° and 40° sg). Rainfall
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distribution is irregular, affecting the distribution of
very different kinds of aguatic habitate having divarse
waters types.

Long distances to study esites reguire extensive
logistic and economic support, which is seldom possibla.
Limnological centers are located along the fluvial stem of
the Parani-La Plata Rivers (CECOAL, INALI, INIDEP and
ILPLA, Fig. 1), far from the large lake Adigtrict of tha
Patagonian-Fuegian Andes and from the desert region of the
Puna. A typical limnological sampling trip along the Middlae
Parand (707 km long) demands planning of navigation along 1
500 km.

Since the creation of the Argentine Asscciation of
Limnolegy on March 1984, several meetings and three
workshops have beaan hald, The Association Bulletin has beean
published periodically and a third (1988B) edition of the
hrgun;ina Directory of Limnologists has alsc been published
(Fig. 1). Finally, I must mention the importance of the
task carried out by the staff of the 'Dr. R. RINGUELET"'
Institute of Limnology (ILPLA), whe compiled and published
the Argentine Limnological Bibliography {(LOPEZ, 1984,
1988), embracing articles produced between 1961 and 1983
with more than 1700 titles.

LIMNOLOGICAL REGIONS

Finally, it is of interest to introcduce a first
attempt at division of Argentina inte limnological reglons.
This division is based both on the volume content of lotic
and lentic waters in the geographical arease and on +the
greater or smaller development of those different types of
aguatic environmente. These factors are closely related to
the wide climatic variety and the peculiar orographie
distribution in Argentina.

It is well known that the richness of inland
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Figure 1 - Number and percantages (blsck circims) of limnwlogists in the Argentine

Frovimces (data from Argentine Assoclacion of Limmology). Ar  CECDAL
{Corrientas City, Corriantes Province); Bi IMALI (Santc Tomé Clty, Santa Fe
Frovince); C: INIDEP (Pusncs Airves City, Buenoe Alres Proveines); D: ILPLA  (La
Flacta City, Buencs Alres Frovince).



waters of a region depends on two main factors: relief and
climate. Relief features, the nature of the soils, and
rainfall determine the magnitude of +the drainage, and
originate three types of hydrological regions: exorheic
regions, from which rivers reach the sea: endorheic
regions, within wich rivers arise but from which these
rivers never reach the sea, losing themselves in dry water
courses or entering closed lake basine; arheic regions,
within which no rivers arise (DE MARTONNE & AUFRERE, 1928).

Argentine hydrographic systems include an amazing
diversity of features. The north-northeastern =zone of
Argentina is part of the second largest fluvial region in
South America, the Parand-Plata drainage basin. This
catchment area carries the greatest volume of lotic waters
in Argentina, having an annual average discharge of 23.000
mls_l, and drains to the Atlantic Ocean a region of 830.000
km? {equivalent to 3% of the continental area of
Argentina), through over 10.000 km of stream channsls. This
is the Parana-Plata Fluvial Regiom (Fig. 2), which is
characterized by a predominance of big rivers. To the east,
it is bounded by the fluvial stem formed by the La Plata,
Uruguay, Pepirl Guazd and San Antonioc Rivers. Its northern
border is also formed mainly by rivers such as Iguazi,
Parana, Paraguay, Pilcomavo, Grande de Tarija and Bermejo.
Its southern and western boundaries run from Samborombdn
Bay (Punta Norte, San Antonio Cape), including the Balado
del Sur catohment area (Buenos Aires Province), northwards
between the 61° and 62° meridians, to thea Salado del Norte
River. Prom this point the border follows +he Saladc del
Norte River course northwest to 25%40° 8§, turning then
west-southwest to the headwatars of the Santa Maria River
(from the Salado del Norte drainage basin). It turns again
northwards to La Quiaca (Jujuy Provincae, 22%05' 5 - §5%as
W). Curiously, most of ite boundaries are also formed by
river channels.

Within this vast region are two peculliar features:



Figure 7 - Limmological Reglons in Argentina. 1 = Parena=Plata Fluvial Hegiong 2 -
Paragonian-Fueglan Andes Lacusttrine Reglong 3 - Extrasndine Patagonis Reglong
& - Endorhelic Reglen; % - Bubantartic Reglong 6 - Antarctic Reglon.
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l}) a large arheic region of 365.000 km?, the central fringe
of the Chacc plain, called +tha 'depressed Chaco', which
extends between 25° - 299 g and 60° - £3° W, and contains
some temporary lentlic water bodies; 2) toward the north and
south of the Chaco depression are allochthonous strsams
like the Pilcomayo, Bermejo, and Salado dal HNorte Rivers
which have 'erises of hydric coentinuity', l.e., sometimes
the flow ceases.

In southern Argentina and Chile is the largest
lacustrine region of South America. More than 250 glacial
lakes form the Patagonian—Fuegian Andes Lacustrine Region
(Fig. 2). This Region extends betwmsen 35° and 55° 5, along
a narrow belt 2.200 km long, from the headwaters of the
Colorade River (Mendoza Province), to De Lo=s Estados
Ieland. Here occurs the greatest volume of lentic waters in
Argentina, where ten of its most important large lakes
extend over more than 6.000 km?. Several catchment arsas in
this region drain toward the Pacific Ocean (e.g., Hua-Hum
River - LAcar Lake system, Manso-Fuelo Rivers, Futaleufd
River, Fagnano Lake, etc.)., This lacustrine region is
almost unknown limnologically since only some lakes have
been partially investigated (Nahuel Huapil, LAcar, Mascardi,
Roca, Escondido, Yehuin, Fagnano, ete.).

The Extra—andine Patagonia Region (Fig. 2] is
third in importance regarding the volume of flowing waters.
It is bounded to the north by the Colorado River {from its=s
headwaters at 35° 5 - 70° W to its mouth at 40 5 - £2° W)
to the west by the Andine - Patagonian Range; to the south
"by Drake Strait and to the east by the Atlantic Ocean.
According to their geological and geographical affinities,
we must also include the Malvinas Islands, which are 100 km
Erom De Los Estados Island. The following features are
distinctive to this region: 1) It is traversed from west to
2#ast by allochthonous rivers with +total mean annual
discharge over 2,000 mla_l. These fluvial systems drain the
great glacial lakes of the Andine-Patagonian Range: the
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Negro River {Lakes Nahuel Huapl and Traful), Senguerr River
({Lake Fontana), Santa Cruz River (Lake Argentinc). Some
rivers, like the Chubut, Chico and Deseado, have hydric
continuity crises whereas others, like the Hua-Hum, Manso,
Pueloc and Futaleufi Rivers flow towards the Pacifie Ocean.

2] The apairogenic movements have formad
subsidence basins, socme of which contain permanent or
temporary lentic water bodies. Thus, the large depressions
which are surrounded by high relief have formed teh few
parmanent lakes that exist in this region, e.g., Lakes
Colhué Huapi (803 km?), Muster (434 km?), Cardiel (460 km?}
and Strobel (132 km?). Many other depressions contain
shallow saline ponds and salinas (playa lakes). Most of
these troughs have been modified to some extent by wind
erosion.

The Emdorheic Regiom (Fig. 2] lies southwest of
the Parand-Plata Region, and is bounded by the Andes Range
in the west and by the Atlantic Ocean in the sast.

This region, which has a very poor hydrographic
development, is a great endorheic basin with an area of
almost 1 x 10° km? in which the total volume of flowing
water does not exceed an annual average of 50 mis l. The
‘Argentine arid corridor’', from the Atlantic Ocean (south
of the Buenos Aires Province, 19° S) to the Bolivian border
(22° 8), belongs to this region. This region has the
largest number of man-made lakes.

The two main river systems are the Sali-Dulce and
Desaguadero-Chadileuva. The former is an allochthonous
river that draina into Mar Chiguita saline pond (Cérdoba
Province), having an annual average discharge lower than B0
mls_l, after flowing more than 400 km across a very arid
region. The Mar Chiquita terminal pond is the greatest
saline waterbody of Argentina, 2.000 km? in area, and with
a maximum depth of 4.5 m.

The Desaguadero-Chadileuvii River is a large
hydrosystem (1.200 km long) that collects waters coming
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from the Andes Centrales Range and from the Precordillera
Range, extending betwean 28° 5 ana 38° s. The Andes
Mountains between 27° and 36° 5 are the most arid and are
called the Andes Aridos; nevertheless, due to thelr great
development (a %00 km long mountain front) and to 1itse
altitude (over 7.000 m), these mountains are coverad
annually by a large amount of snow, vyielding high summer
stream discharges. Main tributaries are tha Jachal (12
mis"1), San Juan (69 mis~ 1), Mendoza (52 mI¥s"}), Tunuy&n
(33 m*s~Y), Diamante (36 m3¥s"') and Atuel (32 mis”t)
Rivers. The Desaguadero-Chadileuvi River outlet is in the
Province of La Pampa, in a tectonically depressed zona with
a number of large and shallow ponds, such as Urre Lauguem
Pond, into which the river drains with an annual average
discharge not exceeding 12 m'u'l.

Another distinctive feature in the hydrography of
this region is the centripetal drainage basins, where large
salares develop, most of them being associated with very
shallow saline ponds. These environments attain their
maximum density in the Puna, a region with an area of
10.000 km? and a mean altitude of 4.000 m. Some are ancient
lakes [(mega-lakes) like Bebedero Pond {(San Luils Province)
and Llancanelo Fond (Mendoza Province), situated in large
and deep depressions ('bolsones') where some arid forms lie
aver humid forms. These illustrate the typical
discrepancies between climate and geomorphology that exist
in this region.

Inland waters i1in this region show a great
diversity in their salt content, from 0.02% g 17! to 380 q

The Subantarctic Regiom (Fig. 2} includes the
South Georgia Islands and South Sandwich Islands between
54° 5 and 60°S. These subantarctic islands belong +to the
Scotia Ridge which starts in De Los Estados Island and
terminates in the Antarctic Peninsula, including the
Antarctic South Orkney Islands and South S5hetland Islands.
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This region is considered to be tha transition
from the Patagonian-Fuegian Andes Lacustrine Region to the
Antarctic Region. San Pedrc Island (South Georgia Islands)
which is 180 km 1long, i not completely glaciated and
attains elevations over 2.500 m (Mt. Paget: 2.804 m) and a
snow line between 500-600 m. In this location and with a
marked maritime climate, it is possible that the lakes and
ponds on this island resemble the water bodies of the
Lacustrina Region.

The South Sandwich Archipelage has about ten
small, completely glaciated volcanic islande which extend
between 56° S and 60° 5. If there were lakas and ponds,
excepting those having a volcanic origin, their
limnological features would be similar te waterbodies on
the Antarctic Islands (South Orkney Islands and South
Shatland Ialands).

The Antarctic Regiom (Fig. 2) encompasses the
islands of the Scotia Ridge as well as the -adjacent
mainland which extend south of 60° 8. Within this region,
the South Orkney Islands and South Shetland TIslands, the
northern part of the Antarctic Peninsula and its adjacent
islands are considered as Maritime Antarctica. Continental
Antarctica extends from the southern part of the Antartic
Peninsula. With 1long winters and cold summers, it is
surprising that lakes and ponds exist at all., The islands
and the northern Antarctic Peninsula have a maritime
climate, where precipitation is relatively low but humidity
is high. The low-lying land becomas enow-free in summer and
meltwater is plentiful, so that lakes and ponds are common
on the fringes of the continent and coastal islands.

The ice regime ie a distinctive featura of the
lakes and ponds belonging to this ragion. A 'polar lake' is
a parmanent standing water body which never freezes solid,
Those which freeze to the bottom in winter are considered
to be ponds. Morecover, the lakes vary in time and thick
ness of their ice cover depending on their continental or
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insular situation. The lakes have ice covers 8 to 10 months
of the year. Deep lakes on the continent usually are
overlain by a permenent ice cover 2 to 4 m thick, which
decreases by about 1 m during summer.

The lacustrine troughs were mainly formed by
glacial activity, though some were formed by wvolcanic
activity, such ae the lakes and ponds of Deception Island
{Scouth Shetlande Islands).
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