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2do Mensaje: La mayor temperatura también

disminuye la resiliencia de los ecosistemas
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Clear ¢ » Turbid Menor concentraciéon umbral de
nutrientes para evitar cambio de estado

(Scheffer, 1990)
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Respuestas regionales a cada incremento de

Calentamiento Global: temperatura media

(a) Annual mean temperature change (°C)

at 1°C global warming
Observed change per 1°C global warming Simulated change at 1°C global warming

Warming at 1°C affects all continents and
is generally larger over land than over the
oceans in both observations and models.
Across most regions, observed and
simulated patterns are consistent.

(b) Annual mean temperature change (°C) Across warming levels, land areas warm more than ocean areas, and the
relative to 1850-1900 Arctic and Antarctica warm more than the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming
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IPCC 2021 Warmer



Respuestas regionales a cada incremento de

Calentamiento Global: precipitacion media

(c) Annual mean precipitation change (%) Precipitation is projected to increase over high latitudes, the equatorial
Pacific and parts of the monsoon regions, but decrease over parts of the

relative to 1850-1900 subtropics and in limited areas of the tropics.

Simulated change at 1.5°C global warming Simulated change at 2°C global warming Simulated change at 4°C global warming

Relatively small absolute changes -- -

o -
may appear as large % changes in < -40 -30 -20 -10 0 10 20 30 40 >
regions with dry baseline conditions
— ) _
Drier Change (%) Wetter

(d) Annual mean total column soil Across warming levels, changes in soil moisture largely follow changes in
precipitation but also show some differences due to the influence of

moisture change (standard deviation) evapotranspiration

Simulated change at 2°C global warming Simulated change at 4°C global warming

Relatively small absolute changes

may appear large when expressed ) 0 0.5 1.0 15 >

in units of standard deviation in dry o IPCC 2021
Change (standard deviation

regions with little interannual e frer el e —

variability in baseline conditions Drier



Respuestas a cada incremento de Calentamiento

INTENSITY increase FREQUENCY per 10 years

FREQUENCY per 10 years

INTENSITY increase

Global: valores extremos

Hot temperature extremes over land

10-year event

Frequency and increase in intensity of extreme temperature
event that occurred once in 10 years on average
in a climate without human influence

Future global warming levels

1850-1900 Present 1°C 1.5°C 2°C 4°C
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Heavy precipitation over land

10-year event

Frequency and increase in intensity of heavy 1-day
precipitation event that occurred once in 10 years on
average In a climate without human influence

Future global warming levels

1850-1900 Present 1°C 1.5°C 2°C 4°C
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50-year event

Frequency and increase in intensity of extreme temperature
event that occurred once in 50 years on average
in a climate without human influence

Future global warming levels
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Agricultural & ecological droughts in drying regions

10-year event

Frequency and increase in intensity of an agricultural and ecological
drought event that occurred once in 10 years on average across
drying regions In a climate without human influence

Future global warming levels
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QUE PODEMOS ESPERAR PARA
LA EUTROFIZACION
CON EL CAMBIO CLIMATICO?



Menor almacenamiento de agua

Tendencia del almacenamiento de agua en los lagos

Tendencia (Gt a°1) &
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Fig. 1. Disminucion generalizada del aimacenamiento en los grandes lagos del
mundo desde octubre de 1992 hasta septiembre de 2020. Tendencias del
almacenamiento de agua en 1058 lagos naturales

(puntos rojo oscuro y azul oscuro) y 922 embalses (puntos rojo claro y azul
claro). Los embalses llenados recientemente, después de 1992, se indican con
puntos morados claros. Todos los colores

Régimen
climatico
Arido
Humedo

Los puntos indican tendencias estadisticamente significativas (p < 0,1), mientras
que los puntos grises indican tendencias no significativas. Clasificacion de los
regimenes climaticos entre aridos y

regiones humedas se realizo mediante el indice de aridez [relacion entre la
precipitacion media anual y la evapotranspiracion potencial media anual
(materiales y métodos)]. T

Yao y colaboradores 2023
Science.
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Pérdida de sedimentos en

(kg/ ha)
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Interaccion clima y cobertura suelo
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Una escorrentia
superficial importante
provoca un aumento
rapido del caudal,
generando gran erosion
del suelo.

Efecto diferencial de
las precipitaciones
segun uso del suelo:

Suelos con gran
capacidad de
infiltracion fluctuan
menos, y promueven
menor transporte de
sedimento y nutrients
hacia cuerpos de agua.

Y viceversa



Cambios predichos en escorrentia superficial

+ 30-40% a - 30-40% en 2040-60

Freshwater resources and their management Chapter 3

tes

%
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Figure 3.4. Change in annual runoff by 2041-60 relative to 1900-70, in percent, under the SRES A1B emissions scenario and based on an ensemble
of 12 climate models. Reprinted by permission from Macmillan Publishers Ltd. [Nature] (Milly et al., 2005), copyright 2008.



Prediccion: Aumento de liberacion de N de

cultivos a arroyos y lagos

9 RCMs
B Decrease
B Increase
(W) Uncertain'

Baseline CRU (kg N ha™)

Con fertilizacion optima, la liberacion dependera de clima

futuro

Jeppesen et al. 2011 Hydrobiol., Olesen et al. 2007
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Predicciones para la carga interna de P

A B 7°C
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Arreskov Kvind Soebygaard Vaeng
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Aumento de temperatura

Aumento liberacion de P
desde sedimentos y
consecuente aumento de
concentracion de P en agua

(modelos + experimentos)

Jeppesen et al. 2009 J.Environ.Qual



Y QUE ESPERAR PARA LAS
FLORACIONES DE
CIANOBACTERIAS CON EL CAMBIO
CLIMATICO?



Antes que el calentamiento climatico, los
nutrientes...

Nutrients and not temperature are the key drivers for cyanobacterial
biomass in the Americas

Sylvia Bonilla™ ', Anabella Aguilera®, Luis Aubriot®, Vera Huszar ¢, Viviana Almanza‘,

Signe Haakonsson“, Irina Izaguirre °, Inés O'Farrell °, Anthony Salazar ', Vanessa Becker Z,
Bruno Cremella”, Carla Ferragut’, Esnedy Hernandez’, Hilda Palacio *, Luzia Cleide Rodrigues ',
Lucia Helena Sampaio da Silva“, Lucineide Maria Santana’, Juliana Santos “, Andrea Somma *,
Laura Ortega’, Dermot Antoniades™
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Pero cianobacterias si responden a
temperatura y precipitaciones
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Efectos calentamiento climatico sobre
condiciones fisicas lagos

Elobal Change Biology

Climate and Bl-ltrOPhlcatlon effects Global Change Biology (2012) 18, 118126, doi: 10.1111/.1365-2486.2011.02488.x

Less CHABs . More CHABs

T Warmer climates boost cyanobacterial dominance in
ot shallow lakes
Temperature 00,
A SARIAN KOSTEN*{1f, VERA L. M. HUSZARY{, ELOY BECARES], LUCIANA S. COSTAT,

ELLEN van DONK§, LARS-ANDERS HANSSONY, ERIK JEPPESEN |***¢ {1, CARLA
KRUK**, GISSELL LACEROT**, NESTOR MAZZEO{tf, LUC DE MEESTER{{, BRIAN
MOSS§§, MIQUEL LURLING*, TIINA NOGESY{§§§, SUSANA ROMO|| and MARTEN
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L B ? Blooms L|ke lt Hot the worldwide proliferation of harmful <
ety pH CO; cyanobacterial blooms. 5
. H 2
Hans W. Paerl' and Jef Huisman? o
o
L utrient overenrichment of waters by lakes to stratify carlier in spring and destratify &
. e e Nh' agricultural, and industrial later in aut vhich lengthens optimal
e ® urban, agricultural, and industrial later in autumn, which lengthens optimal
o *® development has promoted the  growth periods. Many cyanobacteria exploit
~ . ® growth of cyanobacteria as harmful algal ~these stratified conditions by forming intra-
blooms (sce the figure) (/, 2). These blooms  cellular gas vesicles, which make the cells
R w3 f " v increase the turbidity of aquatic ecosystems,  buoyant. Buoyant cyanobacteria float upward
alnra ol smothering aquatic plants and thereby sup-  when mixing is weak and accumulate in dense
pressing important invertebrate and fish habi-  surface blooms (7, 2, 7) (see the figure). These
tats. Die-off of blooms may deplete oxvgen.  surface blooms shade underlving nonbuovant
.

More diatoms and
dinoflagellates

Fig. 2. Eutrophication and potenital effects of climate change on Cyanobacterial Harmful Algal bloom (CHAB) abundance.

Harmful Algae 14 (2012) 313-334

journal homepage: www.elsevier.com/locate/hal

Contents lists available at SciVerse ScienceDirect

Harmful Algae

The rise of harmful cyanobacteria blooms: The potential roles of eutrophication

and climate change
J.M. O'Neil**, TW. Davis®, M.A.

Burford®, CJ. Gobler®



Theoretical Palaeo SFTS Time series Heating Models

expectations expectations
Sediment Increased if more Deeper thermocline and
resuspension precipitation and changes changes in mixing
in fish community (4.34)
Internal Increased due to higher Increased Increased phosphorus
loading decomposition rate and phosphorus {4,26,36,44)
sediment release with {23,27)
temp,
Competition Enhanced due o Faster nutrient limitation
higher metabolism for nutrients

to phytoplankton (13,34)

E t t 1 Competition Enhanced due to Enhanced Enhanced (3) Enhanced

X p eC a I V aS y for light increased turbidity (34 (deep lakes, 34)
(more runoff, mixng
regime, change in

evidencia sobre

Submerged Depends on theory and Reduced biomass Reduced in cold No effect Decreased due to
plant biomass  on balance between in cold lakes and lakes (due to (15, 38) increasing turbidity
ef e C t O S d e I direct and indirect higher sensitivity  lower fish kills {44,50)
effects to nutrients {30) with warming) (22)
. Free-floating Increased due to higher Increased
calentamiento sobre
Phytop lan kton Depends on theory and  Increased Mo clear latitudinal Increased (9) Increased (28); Increased (36,44.59);
biomass outcome of directand  (34,33) effect (42) no effect (15,47); no annual change

C O m u n i d ad eS C I av e y indirect factors g;iﬁaqusdﬁg, ;n].lst'}increase in spring

on trophic len 2]

S O b re i n te r aC C i O n eS ] Cyanobacteria Enhanced biomass :;grg?.ﬁg) :szr%sed :r]lc]'r:?:]l.;/ed :?f]r%q;jiiﬂ,ig)

no effects (47);

segun distintas v

. . Allelopathy Likely enhanced due Increased
ap rO X I m aC I O n eS to enhanced metabolism (filamentous algae on
phytoplankion) (37)
Fish Smaller fish; Smaller size Reduced size Decreased biomass. Increased predation
assemblage enhanced omnivor oy (7,28,40.56); (10,28); (45); capacity (23.43),
increased omnivory  changesin decreased fitness changes in distribution
{18,40,46,55) community 24) {32)
composition (29)
Grazing macro-  Smaller mvertebrates, Reduced densities  Unclear effects (2); Unclear effects
invertebrates reduced densities (6, 40) changes in (2); no effects on
COMIMUINIY densities (14, 39);
composition (8) differential seasonal

effects on size (12);
advanced phenology (19)

Zooplankton Smaller size, reduced  Increased Feduced size and No clear effect Decreased abundance
hiomass and lower pelagic taxa grazing capacity (37, 51); (44
Erazing capacity {54); smaller (3,17, 20, 33,41) enhanced grazing
taxa (49) (32, 53)
Refuge by plants No prediction Decreased
to zooplankion (3,41)
Benthic/pelagic  Enhanced pelagic Increased Increased pelagic
balance production pelagic production (53)

(34, 57)

- v E— e g v o E B T v T T % mmme = m B r . % mmme w e vEr wr

Jeppesen et al. 2014 J.Limnol.



Cianobacterias:

aumento en
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Cianobacterias: son mas abundantes
en lagos naturalmente calidos

Temperate Subtropical
100 100
n = 540 n=110
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Meerhoff et al. 2012 (Adv. Ecol. Res.)
Kosten et al. 2012 GI. Ch. Biol.



Contents lists available at

Science of the Total Environment

journal homepage: wi

Experimental warming promotes phytoplankton species sorting towards -
cyanobacterial blooms and leads to potential changes in
ecosystem functioning

Geovani Arnhold Moresco”, Juliana Déo Dias”, Lucia Cabrera-Lamanna ““, Claudia Baladan®,

Mina Bizic

", Luzia Cleide Rodrigues ', Mariana Meerhoff
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Fig. 3. Variation of phytoplankton biomass (2 biovolume in mm? L) with
temperature through the 32 days of the experiment: total (a), green algae (b)),
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Cambio climatico aumenta eutrofizacion
y sus sintomas

K warming changes in precipitation
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Meerhoff y colaboradores 2022 Inland Waters



Cambio climatico aumenta eutrofizacion
y sus sintomas

warming changes in precipitation

, changes
7 inloading,
7
, water level, &
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X
MORE

nutrients

less predation \

hysiological adaptation,
more reproduction, &

zooplankton

submerged
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Meerhoff y colaboradores 2022 Inland Waters




Eutrofizacion y sus sintomas promueven
el cambio climatico

warming

changes in precipitatiori“i

Y

changes in loading,
water level, &
residence time

nutrients
MORE

MORE small &
bventhivorou_s fish

GREATER turbidity

& heat absorption | e el
AL &l 0 GREATER GHG

MORE sedimentation respiration L : release
of organic matter oxygen in

bottom waters
& sediments

Meerhoff y colaboradores 2022 Inland Waters



"Tipping-points” y retroalimentacion entre
Eutrofizacion y emisiones de gases de efecto
invernadero

Increased GHG
N & P load Increased primary issions
——) production Increased pH

Phytoplankton community Bottom O, depletion

change

Fish
community change

Self-reinforcing Zooplankton
eutrophication community change

Reduced grazing K3 Feedback 3 /
| P-release Feedback 2 P
by fish
. P-release p: Feedback 1 )
from sediments

Internal P-loading

Hessen et al. under review
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