____changes in ecological systems




'fmen extensive ecologlcal changes trlggered by

- gmall forces have been increasingly identified in a
variety of systems.

= Such changes are usually termed as regime shifts
between alternative states and their abrupt
discontinuous nature makes them challenging to
handle from a management point of view.

= Regimes shléﬁ!ﬂave been deﬂggd AMONG
ﬂg@d’ﬁi , coastal
n

vironment,semi-arid ecosystems.
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S getatlonTWﬂ‘?model
Presently being applied to a particular lake
(Laguna del Diario, Punta del Este)
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Spatial model applied to lake
SUORRIGANBH
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= Weworkon a spatial square lattice: —_~_~ =

a,(t)=alt)y£0a=0.375+0.125, »r=1,D=01..D =1

a(t) varies in steps of da = 0.001. This value of da was estimated from
Carpenter 2005 to represent one year in the evolution of lake Mendota.



Other indicators:

O, appears to be an

early signal:

it increases by 20%
over the initial value
Bl when 8= 0.615
VEEIpZA)

and has its maximum
for & = 0.644

(year 269).

[XT{blue) and o, (green) vs. &(t) for D =0.1.



= Spatialivs. temporalistandard deviations

Although the time for the maximum of both @ is the same, g, rises before,
~ soitisa betterearly warning signal for the transition in X (f) than o.
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Standard deviation
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= Correlation: Two poin ofation function
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Appearance of clusters
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= (Cluster area distribution

" Histograms for =249 i.e. (1) = 0.624 (blue) and =269 i.e. () = 0.644.

*This cluster distribution follows a power law for &(t) = 0.644 (at the
peak of both g, and ¢; ).



Catastrophic transition to eutrophication.
Huge hystenesis.

'hlsatup dat' u 1 2
‘hisatdo dat' u 1:2




Remedial actions:
Sioo 2ol (zi(f)=corist.
Remove P (da/di < 0)

Decreasing after reaching maximum ait)
Stationary after reaching maximum ait)

It is not trivial to avoid the catastrophic
transition to eutrophication. Remedial
actions must be taken as soon as
possible.
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Local positive interactions decrease
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B Apperance of patches as early warnings (also found in




\Viere detailedimedel,withiRanisoil (W), sediment (1),
anc water (P) dynearnically coupled.

5, Carpentar, PNAS.

Table 1. Madel parameters, nominal values, and source

fymbol Defintian Units Mamirel value
ali ' h Permenert burial rate of sdiment P y! 0.001
r'a W+F-H-cl c P runoff coefficient ! BOaN1S
Iil.p F annual sgricultturs| import of P to the gm -2y~ e
_ F_ watershed per unit lake ares
& cl— 15+ k1P +eMAFY| Outlow rate of P ! 01
H Annual export of P from the watershed in gm -2y~ 18
dM farm products, per unit lakes area
- m P density in the lake when reopding 505 gm 2 4
ﬂ" 5P —bM - nHﬁ'P'I r Maximum recyding rate of P g iy fate
q Pararreter for stespress of fiF) near m Linitless &
; Sedirmentation rate of P gm -2~ 07
W Nonagricultural inputs of P to the gm 2" 0147
watershed prior to disturbancs, per unit
lake area
L Nonagricultural inputs of P to the gm 2" 1.EE
watershed after disturbance, per unit
lake area

Araal unlts are based on the area of the |k, not the arsa of the watsrshad.

More detailled models: interactions between the

different algal species and turbidity.
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—alll Lake-@utrophicatiori amenable to a description n
terms of nutrient concentration models.

B Early warnings needed to avoid catastrophic
changes. Models can help devise thosewarnings

B Spatial signals seen before temporal signals.

B Formation of patches of not clear water might be
the fastest signal. T —

’D process'has similar characteristics.

B Much room for model improvements and study of
other ecosystems.



	Slide 1
	Introduction
	Example: Lake eutrophication (overenrichment of aquatic ecosystems leading to growth of harmful algae, water turbidity, anoxic events and fish kills)‏
	Dependence on external conditions (P loading) for different lake depths
	Bifurcations and hysteresis
	Basin of Attraction and Resilience Higher s, time correlations.
	General spatial model
	Particular cases:  1. Overharvesting model
	Particular cases:  2. Eutrophication model
	Other case:
	First example: overgrazing  in a 2-cell spatial model
	 
	     Spatial model applied to lake eutrophication
	Other indicators: 
	Spatial vs. temporal standard deviations
	Signal may be seen with a small grid
	Correlation: Two point correlation function 
	Slide 18
	Cluster area distribution
	Slide 20
	Remedial actions: Stop P input (a(t)=const.) Remove P (da/dt < 0)‏
	Desertification
	Model results
	Slide 24
	More detailed model, with P in soil (U), sediment  (M), and water (P) dynamically coupled.  S. Carpenter, PNAS 2005
	Slide 26

