LIMNOLOGIA 2022

Docentes: M.Sc. Maite Burwood, Lic. Claudia Fosalba, Lic. Lucia Gonzalez-
Madina, Dr. Guillermo Goyenola, Lic. Paula Levrini y Dr. Néstor Mazzeo

UNIVERSIDAD

LIMNOLOGIA 2022 oo Ui === DELAREPUBLICA

URUGUAY




REGIME SHIFTS: BASIC CONCEPTS AND
EXAMPLES FROM PANTANAL FLOODPLAIN

LIMNOLOGIA 2022 SARAS

Resilience and Sustainability Studies

UNIVERSIDAD
DE LA REPUBLICA
URUGUAY



BASIC CONCEPTS
EXAMPLES
PERSPECTIVES



BASIC CONCEPTS



Regime shifts can be defined as abrupt changes on
several trophic levels promoting rapid ecosystem
reconfiguration between alternative states (or
regimes).
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These shifts are driven by external perturbations
(e.g. climatic fluctuation, overexploitation,
eutrophication and invasive species) and/or by the
system’s internal dynamics, but the exact
mechanism is often unclear.
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Abrupt ecosystem changes often result from
nonlinear dynamics, however, such changes
can also result from linear state changes in
response to sudden changes in external
pressure.
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Ecosystem state

(a) Driver threshold (b) State threshold
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There are three main ways by which an ecological system
might exhibit changes over time, two are reversible in
response to drivers, a third possibility and most

undesirable one is not.

Ecosystem state

(c) Driver - state hysteresis
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(a) Driver threshold
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(b) State threshold
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(c) Driver - state hysteresis
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The hysteresis loop linking
the ecosystem state to the
environmental driver results
in jumps between two
alternative states when the
driver is first slowly increased
and the decreased again.
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[detecting critical transitions]
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Early-warning signals for critical transitions
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Hermann Held®, Egbert H. van Nes', Max Rietkerk” & George Sugihara®
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The systems close to the
threshold show several attributes

denominated critical slowing
down.
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EXAMPLES
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Hydrology-Driven Regime Shifts
in a Shallow Tropical Lake

Simoni Maria Loverde-Oliveira,'* Vera Liicia Moraes Huszar,? Nestor
Mazzeo,? and Marten Scheffer?

'Depto. Ciéncias Biolgicas, Universidade Federal do Mato Grosso, Rendondpolis, MT 78000-000, Brazil; “Museu Nacional,
Universidade Federal do Rio de Janeiro, Rio de Janeiro, R] 20940-040, Brazil; *Depto. de Ecologia, Laboratorio de Ecologia
v Rehabilitacién de Ecosistemas Acudticos, Universidad de la Republica, Montevideo, Uruguay: 'Dppamnpnr of Aquatic Erofoa'sx
and Water Quality Management, Agricultural University, Wageningen, The Netherlands



—
Coqueiro lake




- 80

(.1 B11) 2 TIAHdOYOTHD [

o
o
1

o o
=r o

-0

40

o
™
I

(%) INd @
o o
~ =

0

I

v/

b

00 &

o0&

L

;

™~ —

(w)
Hld3a d3ivm O

0

A°S ONDJ F M AWM

] ]

M

2003

2002

MONTHS



WATER LEVEL OSCILLATION +

WINDOW OF OPPORTUNITY

 Increasing FOR MACROPHYTES BY: |

nutrients and
turbidity

levels through
several direct and
indirect mechanisms.

+ Promoting clear
water conditions.

+ Dilution effect
on nutrients.

+ Promoting the
mortality of
Egeria. + Propagules supply of

Egeria.

ADVERSE SCENARIO
FOR MACROPHYTES BY: /\
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Flood pulse ——> Submerged
plants

Positive
feedback:
increase of
water
transparency
by competition
with
phytoplankton
(light and
nutrient
competition)



Resilience indicators: prospects and
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Some systems have cycles
caused by the interaction
between fast and slow
variables.

Such cycles tend to have
relatively abrupt transition,
the alternative regime in such
cycles are not stable.

Even though there are no
formal bifurcation point within
such cycles, indicators of
CSD may be observed in the
dynamics of the fast variables
prior the shifts.
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Flood pulse —> Fish community —> Turbid or clear
structure regimes

Key role of
benthivorous fish
on nutrient
recirculation and
submerged plant
colonization
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Big stepwise changes
sometimes ocurrin
environmental conditions.

If these changes are
permanent, the ecosystem
will move to a new state.

Independently of this state
may be an alternative
attractor or not, there is no
reason to expect any signs of
CSD prior to the regime shift.
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Mormalized Area Anomalies
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Satellite-derived monthly centre-reduced area anomalies
estimated for Chacororé lake surface area (dark grey) and littoral
vegetation (light grey), corresponding to the 1984-2011 period.
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Table 1

Cross-comrelation results {OCF) between climate indices ( El Nifio-3.4; the Oceanic Nifio In-
dex: ONI; El Nifio MODOKI: EMI; the Trans-Mifio Index: TNI; the Multivariate ENSO Index:
MEI; the Southern Oscillation Index: S0I; and the Tropical South Adantic Index: TSA) and
Chacororé lake open water area (OWA) anomalies, and wetland vegetation area {WWVA )
anomalies. All results are statistically significant, with a 95% confidence level.

NINO-3.4 ONI EMI T MEI 501 T5A

OWA (OCF 0.24 026 045 —046 031 —032 —035
Lag —1 —1 —183 —183 —-075 —033 —167
(months )

WVA (OCF —036 —024 —038 047 —035 036 0.25
Lag —0DE3 —1 —1E83 —183 —-075 —075 —158

(months )




-----




Long-term ——  Littoral herbaceous plant

fluctuation expansion or retraction(not
modulate by bigger floating plants)
climatic variability

and

anthropogenic
disturbances
(Manso reservoir
construction)
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Swinging between alternative
regimes can result from a
combination of stochastic
perturbation and a periodic
change in environmental
conditions.

Depending on the rate of the
processes and the amplitude
of the stochastic forcing, it
may be difficult to observe
increase in variance and
autocorrelation prior to the
regime shift.



PERSPECTIVES



Pantanal exhibits a complex pattern of ecosystem
configurations (or regimes), more complex than the
shallow systems outside of floodplain regions.
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4.- MORPHOMETRY AND FETCH

5.- PRIMARY PRODUCER DOMINANCE
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We must to understand the effects of the multiple
drivers on the ecosystem configuration and
ecosystem services associated:

+ Integrating mechanism-based approaches and
time-series analysis.

+ Novel monitoring of data and experimentation

+ ldentifying best-candidate ecosystems and
promote the systemic perspective.
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