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Table 1 QDEs
Constraints available in QDEs

x y z t x (t) + y (t) = z (t)
x y z t x (t) × y (t) = z (t)

x y t x (t) = -y (t)
a b ... z t a (t) + b (t) +…+z (t)= 0

x  t dx (t) = x’(t)

x y x y
x y a, b  x < a x y

x = a y = b
x > a x y

x y a, c b, d  x < a y = c
x > b y = d

y = M+ x
x y |x (t)| = y (t)

x x
x x = 0

x x > 0
x x < 0
x x�����

x x’ > 0
x x’ < 0

x x’ 0
x x’ 0
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Schematic diagram of ecosystem model 
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d PHY/dt = ( NO3+ NH4)PHY - rZOO rPHY - �1�PHY (1)

rZOO = ZOO rPHY = PHY

ZOO PHY BAC DET �2

ZOO

d ZOO/dt = ( PHY+ BAC+ DET)ZOO - �2�ZOO (2)

BAC NH4 DON ZOO �3

d BAC/dt = ( NH4+ DON)BAC - rZOO rBAC - �3�BAC (3)

DET ZOO ZOO

DET PHY DET

�4 DON DET

d DET/dt = ( ZOO)DET + �1�PHY - �4�DET (4)

NO3 PHY

d NO3/dt = - PHY (5)

NH4 PHY BAC BAC ZOO

d NH4/dt = - PHY - BAC + �1�PHY + �2�ZOO (6)

DON PHY DET BAC

d DON/dt = PHY + �4�DET - BAC (7)

(8)

d PHY/dt + d ZOO/dt + d BAC/dt + d DET/dt + d NO3/dt + d NH4/dt + d DON/dt = 0 (8)
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