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JSistemas loticos?

... riverinos

... fluviales
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SISTEMAS LOTICOS

LIMNOLOGIA 2023

éQué son?
¢Cuales son sus caracteristicas?
¢Qué los hace funcionar?
éHomogéneos o heterogéneos?
éConectados o desconectados?
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CICLO HIDROLOGICO
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Rio Uruguay

RIVER SECTIONS
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CICLO HIDROLOGICO MUNDIAL

Precipitacion | Evaporacidn | Evapotranspiracion | Escorrentia

Transporte de vapor
Precipitacién Precipitacién Precipitacién
9.000 km* 110.000 km* 458.000 km?
Evaporacian Evapotranspiracian Evaporacidn
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de los rios
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frea de
escorrentia interna
119,000.000 km*
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CICLO HIDROLOGICO.UY
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CICLO HIDROLOGICO.UY

PRECIPITACION MEDIA ANUAL EVAPOTRANSPIRACION M.A. ESCURRIMIENTO M.A.
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CICLO HIDROLOGICO.UY ET potencial
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Tiempo de residencia medio

Glaciares 20 - 100 afios
Nieve estacional 2 - 6 meses
Humedad de suelo 1 - 2 meses
Agua subterranea superficial 100 - 200 anos
Agua subterranea profunda 10000 afnos
Lagos 50 - 100 anos
Rios 2 - 6 meses

Pidwirny, M. (2006). "The Hydrologic Cycle". Fundamentals of Physical Geography, 2nd Edition. Date Viewed. 24/09/2013 http://www.physicalgeography.net/fundamentals/8b.html
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Tiempo de residencia medio

Glaciares 20 - 100 anos
Nieve estacional 2 - 6 meses
Humedad de suelo 1 - 2 meses
Agua subterranea superficial 100 - 200 anos
Agua subterranea profunda 10000 afnos
Lagos 50 - 100 anos
Rios 2 - 6 meses

Pidwirny, M. (2006). "The Hydrologic Cycle". Fundamentals of Physical Geography, 2nd Edition. Date Viewed. 24/09/2013 http://www.physicalgeography.net/fundamentals/8b.html
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TIEMPO DE RESIDENCIA
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Mezcla
Gradientes verticales
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primavera

Mezcla
Gradientes verticales

¢, Temperatura?
¢, Oxigeno?



Mezcla
Gradientes verticales

Flujo laminar
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Rio Uruguay

ELEVATION (m)

RIVER SECTIONS
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¢VELOCIDAD?

Velocidad = distancia/tiempo

B
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VELOCIDAD
VELOCIDAD






Velocidad del agua = distancia / tiem
(m/s)

Caudal (o descarga) =volumen /tiempo

(litros / segundo)
(m3 / dia)
(m3 / afio)

¢Como calculamos el caudal?



Area de la seccién

(m?)

Velocidad delagua  x Area de la secciG = caudal

(m/s) X (m?)

¢Como calculamos el caudal?



Tipos de flujos

Variable y uniforme

Constante y uniforme

Variable y no uniforme

Constante y no uniforme

©The COMET Program

Hay condiciones en las que las medidas son muy complicadas de realizar.



¢Como calculamos el caudal?

Precisamos conocer la velocidad media.

, LS '

Suele dividirse el area y calcular la velocidad para cada subseccion.



¢Como calculamos el caudal?

; T
GPS sngnal\_._\\ /
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[l T ADCP

EXPLANATION
Velocity
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Acoustic Doppler Current Profiler (ADCP)
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Heterogeneidad espacial
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Orden de Strahler

First Order
Second Order
Third Order
Fourth Ocder
El nimero de Strahler (orden):
Se usa para definir el tamafo de una corriente, .e

basandose en la jerarquia de los afluentes ©
(rios mas grandes 11-12) CURE
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Orden de Strahler

100 = 10,000
<3 5% 5
'_.?'_J 10 2 Eé 100
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Stream order Stream order

El nimero de Strahler (orden):

se usa para definir el tamafno de una corriente, .e
basandose en la jerarquia de los afluentes g
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Heterogeneidad espacial

ZONACION LONGITUDINAL
(fish zones)

 Crenon - cabecera (headwater)
* Rhithron - regiéon montafosa (altas pendientes)

« Potamon - tierras bajas (lowland river region)

llies (1961) CURE
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Lowland rivers & streams
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Alternancia entre rapidos y pozones




Alternancia entre rapidos y pozones
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Heterogeneidad espacial

Formacion de MEANDROS: :::::
* mas probable en llanuras aluviales ®e0®

» se alarga el curso y disminuye la pendiente CURE


http://www.precisiongraphics.com/portfolio/animation/




1985 250

This animated image shows changes to Peru's Ucayali River from 1985 to 2013.
(NASA/USGS Landsat; GIF created by Zoltan Sylvester)






Heterogeneidad espacial

Arroyo Valizas (Rocha)

Lago de herradura

(oxbow lake)
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Heterogeneidad espacial

HOW RIVERS WORK

SALE Rapido (corredera)

PoOL

Pozbn (laguna
@ — (laguna)

THALWEG

Principales compartimentos de los sistemas loticos
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Heterogeneidad espacial

Off channel — Primary channel

Secondary
channel

Side channel
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Heterogeneidad espacial

Nuevo Berlin
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Heterogeneidad espacial

Direction of
stream flow

Hyporheic flow,
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Los subsistemas incluyen la corriente de la superficie central, los sedimentos

saturados en forma vertical y lateral (zonas hiporreicas y parafluviales) y
el elemento mas distal, la zona riberefia. Estas zonas estan hidrologicamente

conectadas; asi el agua y su carga disuelta y suspendida se mueven a través de
todos estos subsistemas a medida que fluye rio abajo.
(Fisher et al. 1998)



Ojo con la variacion entre definiciones

* La zona hiporreica se define por la penetracion del agua del
rio en el aluvion™ y puede mezclarse con el agua subterranea
freatica desde la ladera de las colinas u otros acuiferos no
recargados directamente por el rio.

e Lazona parafluvial es la zona que es alcanzada (anualmente)
por las inundaciones.

4 | METHODS
& N STREAM .,

* Sedimentos arrastrados por una corriente de agua, que quedan depositados en un terreno.



Heterogeneidad espacial

Active
channel
Floodplain
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Water
table
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(sedimentos saturados adyacentes al canal) CURE
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Pendiente, velocidad

y
heterogeneidad espacial




Rio Uruguay
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Desembocadura arroyo Maldonado




el tamafio del grano disminuye
longitudinalmente

Burial and
diagenesis
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Heterogeneidad temporal
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Heterogeneidad temporal
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Heterogeneidad temporal
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Heterogeneidad temporal

WINF [lis]
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registro continuo del caudal en funcion del tiempo Y
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Heterogeneidad temporal

WINF [lis]
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Heterogeneidad tempo-espacial

Catchment (channel network) Hydrographs
o . " Time
=
L4
E -A_
o
B
Q| " Time
M
.alﬁ.rea of
Intense rain
Time

El maximo de la hidrografica esta determinado por la severidad de la tormenta y la o
iImportancia relativa de las distintas vias por las que el agua ingresa al arroyo.
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Heterogeneidad tempo-espacial




Heterogeneidad tempo-espacial
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El concepto de pulso de inundacion

Describe la interaccion dindmica entre el agua y la tierra |
(aquatic/terrestrial transition zone ATTZ) CURE
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Heterogeneidad tempo-espacial

Vinculo con el entorno / Conectividad

topographic floodplain

hydrologic
floodplain

low flow
channei

bankfull
elevation

El concepto de pulso de inundacion

Describe la interaccion dindmica entre el agua y la tierra
(aquatic/terrestrial transition zone ATTZ) CUP‘E

Centro Universitario
de la Regidn Este



Pulso de inundacion

Maximum production
of vageatation

Surmmer

-

Sead germination
Seadling recruitmant
Hlani produclion
Decomposition
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Pulso de inundacion

Maximum production
of vageatation

Surmmer

-

Sead germination
Seadling recruitmant
Plani producion
Decormpositon

Fall

Seed fall
Litter fall
Imveriebrate keal feading
Mutrienis ranslocated o
roots from leaves
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Pulso de inundacion

Mazimum producton
of vageatation

Sead germination
Seadling recruitmant
Plant production
Decomposition

Fall

Sead fall
Litier fall
Imveriebrate leafl feading
Mulrents translocated o
roats from leaves

Winter

Seed dispersal
Mutrient transport via
floodwater

Sediment deposition
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Pulso de inundacion

Mazimum production
of vegatation

Surmmer

Seed germination
Seadling recruitmani
Flant production
Decomposition

Seed fall
Litter fall
Imsariebrate leafl feading
Mutrienis ranslocated o
roats from leaves

Winter

Seed dispersal
Mutrient transport via
floodwater

Sediment deposition

Mutrients translocated 1o
|ea'uﬂsfrm_'|_mﬂt5
-—p- DE::'.I_::Irq:-l::-ﬁnlnn
Floodplain Mutrient releass

Ciclos naturales de
inundacion
condicionan el aporte
de nutrientes y
materia organica al
cauce.

Ciclos de varias
especies (por ej.
peces) estan
totalmente acoplados
a ciclos de
inundacion.
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Fargo, North Dakota, USA (2011)




Vinculo con entorno / Conectividad
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Vinculo con el entorno / Conectividad




Vinculo con el entorno / Conectividad

Hubbard Brook Wa.tershed

~ 5 Huct’)t%%rg Brook ’
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ﬁ HUBBARD BROOK Hubbard Brook

About the Hubbard Brook Ecosystem Study

Home > About the Hubbard Brook Ecosystem Study

ontinuous, truly long-term studies are of human-accelerated

eedir

anvironmental 1ge. the Hubbard Brook appre

3

s mare valuable than ever.” —
5

- of the Hubbard Brook Ecosy

Overview

The Hubbard Brook Ecosystem Study i s long-tern, collaborative riearc

rvice. The research is extended i

s and Leachers at leve

http://www.hubbardbrook.org/
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Nutrient Cycling

Small watersheds can provide invaluable
information about terrestrial ecosvstems.

F. H, Bormann and G, E. Likens

Life on our planet s dependeat upon
1 aycle oF elements i the bicsphere,
Atmospheric carbon dioxide would be
exhausted in 8 vear or o by preen
phants were ned the atmosphere cons
tnually recharged by OO, generated
b respiration and fire (1) Also, it is
well kpown that life requires a con-
stant gveling of mitrogen. oxveen. and
water. These cocles include o gaseous
phasz and have self-regulmting feed-
bazk mechanisms that make them rela-
tively perfect (), Anv incTease in moves
ment along one path s quickly com-
pensated for by adjustments along other
pathd, Recently. however, concern has
been expressed over he possible dise
ruption of the carbon eycle by the
burning of fossil fuel L3 and of the
ritrogen cvcle by the thoughiless introe
duction of pesticedes and other sub-
stanzes inio the biosphere ().

OQF po less importasce to life are
the elements with sedimentary cveles,
such as phosphoros, calzium, and mag-
nesiem, With these cveles. there is 5
continual boss from Biological svstems
inoresponse fo orosion. with uliimate
deposition in the sea, Replacement or
i of an element with 3 sedimen.

a4

tary ovele o terrestrial biological svs-
lems 15 gependient upon such processes
ks weathering of rocks, additiors from
volzanic zases, or the biological move-
ment from the sea to the Tand. Sedi-
menary cveles ars less perfect apd
maore easily disrupred by man than car-
bor and npitrogen cveles (21, Accelera-
tion of lesses or, more specifically, the
disruption ¢f keeal cvcling patterns by
the activities of man could reduse exist-
ing "pools” of an element in local eco
sesiems. cestrict productiviey, and eon
sequently limit human populatiaon. For
example, many agriculipralisss, food sci-
entists, and ezologists belizve thar man
s accelerating losses of phosphores
snd that this element will be a criti-
cal limiting resource for the function.
ing of the biosphere (1, 5

Recognition of the Importzncs of
these kiogeochemical processes to the
welfare of mankind has genersted s.
emsive study of such eyeles. Amang
cocdogists and foresters working with
patwral terrestrial ecosvstems, this in-
terest has focused on those aspects of
biogeachemical eyeies that accur within
pariicnlar ceosystems, Thus, informa-
tion on the dstribution of chemical

elemens and on rales of uprake, re-
tenticn, and refease in various coosys-
tems hos been pocoumulating {5). Lictle
has been done 1o establish 1fe rale that
weathering and erosion play in thess
Vil

Yet, the rarg of refeass of motrients
from minerals by weathering, the addi-
tion of nutreents by erosion, and the
less of putrients by erosion are thres
primary determinants of structure and
function in terrestrial ecosystems, Fuors
ther, with this information it is possi-
ble to develop toial chemical budgers
for ecosvstems and 10 refate thase data
to the larger bogeochernical cvoles.

It k= largely because of the complex
aatural imternction of the hvdrolagic ov-
cle and nutrient cvcles that it has not
been passible to estaklish these relation-
ships, In many ecosvalems this Iner-
action  almost hopelesslv  complicates
the mensurement of westhering or ero-
sion, Under cetain conditions, how.
ever, these apparent hindrances can be
wrped o pocd sdvaniage inoan ine-
grated study of biogeochemizal eveling
in small watershed ecosvsiems.

It B the function of this aricle (7
1 develop the idea that small water-
sheds can be used o measure weather-
ing and erosien. i) to deseribe ghe
parameters of watersheds pariicularly
suited for this tvpe of study, and (i)
i discuss the types of nurrisnc-cvcling
problems that this model renders sus-
ceplible to atack, Finally {v), the argu-
ment i developed thot the watershed
coosystem provides an idezl seiting for
studizs of ecosveern dyvpamics in gen-
eral,

D Bormann I3 poofessel of (orest ecoloss
ekt 3chood of Foresry, Yals Unlversiy, New
Heven, Connsceieul; Dr Likens 18 gssochile pro-
fessor, deparimezt of hiclegical sciences, Dan-
mowh Codicpe, Hamover, New Hampshice,
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Vinculo con el entorno / Conectividad

O cuenca como unidad de estudio | \; HUBBA R D B ..

@la hidrologia define los limites del

sistema de una forma natural, y /~—\ NORTHEASTER N ==
todo lo que ocurre en la cuenca w ) FORE - F—
de drenaje puede afectar directa S_\ 3T
o indirectamente los cuerpos de At E\(Pt}\[[\ﬂt[ T

agua que se encuentran en la '

STATION

cuenca.

© ciclo de nutrientes como proceso
funcional principal en los
ecosistemas




Vinculo con el entorno / Conectividad

é¢Donde estan los limites
de un sistema lético?

Centro Universitario
de la Regidn Este



Vinculo con el entorno / Conectividad

LOS SITEMAS TERRESTRES Y ACUATICOS CONFORMAN
UN SISTEMA FUNCIONAL INTEGRADO.

Centro Universitario
de la Regidn Este




LIMNOLOGIA / SISTEMAS LOTICOS

éQué son?

éCuales son sus caracteristicas?
éQueé los hace funcionar?

iHomogéneos o heterogéneos?

éConectados o desconectados?

ACOPLAMIENTO CLIMATI

7\

« HETEROGENEIDAD ESPACIAL i S = s
« HETEROGENEIDAD TEMPORAL {1 e
» VINCULO CON EL ENTORNO/CONECTIVIDAD f#
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