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Alternative states In
shallow lakes
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submerged vegetation
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Our model

dM | M r = growth rate of Macrophyta
P rM(1 - (f-: E.EF o ) a = action of Phytoplankton upon K
CF+1
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Our model

dM — Mr(l B ( M )) r = growth rate of Macrophyta
dt ‘ I E.F.o o, = action of Phytoplankton upon K
F4+1
, | = nutrient input
dN — i —d(( M. )+ 1)N — c.N.F d = sedimentation rate due to M
dt M +myge. ¢ = consuption rate by F
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Our model

dM — M1 — M ) r = growth rate of Macrophyta
dt * ) k.F.a o = action of Phytoplankton upon K
F+1
AN M. | = nutrient input
= i — dN((ﬂf P )+ 1) —e.N.F' d=sedimentation rate due to M
t +1 C = consuption rate by F
dF b = mortality rate of F
= —b.F +ect.N e = conversion efficiency of F

Note: N means only nutrients in suspension ,CTP
SAIFR



Dimensionless model
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Dimensionless model
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Macrophyte

Hysteresis!
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Blomass

Catastrophic change!

My>>F,

— Macrophyte
— Phytopiankion
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Blomass

Catastrophic change!
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The behaviour of the system
with perturbations
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Glory and Misery

Glory...

« \We found hysteresis!!!

« The model shows the expected behaviour for N, M and F;
« The dynamics of the system makes biological sense;

« Few parameters can explain a complex behaviour.

Misery...
« The model is VERY simple;

« There isn’t a carrying capacity for biomass of Phytoplankton.
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