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Recap

What are phytoplankton?

Different types of nutrient intake (essential, switching,
substitutable, etc.)

Modeling phytoplankton population growth when limited by
essential nutrients
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Equations for the Switching Model
Example

Switching Model

Population (no change)
dNi

dt
= µiNi − νNi

Substrate (Switching)
dSj
dt

= ν (Sin − Sj) −
∑n

i=1 h(Sj)µiNi

Resource Dependent Growth Equation (Switching)

µi = µ̃imaxj

(
Sj

Sj + κij

)

h(Sj) =

 Qij if
Sj

Sj − kij
is the max

0 otherwise
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For each species in each resevoir: Population change =
population growth−flow out of system−population deaths−flow out+
within system + flow in within system

dNik

dt
=

(
µik−

fk
Vk

−mi−
z∑

n=1

Dkn

Vk

)
Nik +

z∑
n=1

(
Dnk

Vn
Nin

)

i := species

k := resevoir

z := total number of resevoirs
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For each resource in each resevoir: Nutrient change =
flow in from outside system−flow out of system−flow out within−
system+flow in within system − nutrient consumed
dSjk
dt

=(
Fk−

fk
Vk

−
z∑

n=1

Dkn

Vk

)
Sjk+

z∑
n=1

(
Dnk

Vn
Sjn

)
−

r∑
n=1

QnjµnkNnk

j := nutrient

k := resevoir

z := total number of resevoirs

r := total number of species
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Q =

[
50 50 50
25 5 2.5

]
∗ 10−9

µ̃ = [1.5 1 2]

m = [.15 .1 .2]

κ =

[
.5 .05 2
.25 .005 .1

]
S̃ =

[
10
7.5

]
Ñ = [1000 1000 1000]
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For each species in each resevoir:
Population change = population growth−flow out of system−
population deaths − flow out within system +
flow in within system + diffusion in − diffusion out

dNik

dt
=

(
µik −

fk
Vk

−mi −
z∑

n=1

Dkn

Vk

)
Nik +

z∑
n=1

(
Dnk

Vn
Nin

)
+

z∑
n=1

Ekn

Vn
Nik −

z∑
n=1

Enk

Vk
Nik

i := species

k := resevoir

z := total number of resevoirs
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For each resource in each resevoir: Nutrient change =
flow in from outside system − flow out of system −
flow out within system + flow in within system −
nutrient consumed + diffusion in − diffusion out

dSjk
dt

=

(
Fk −

fk
Vk

−
z∑

n=1

Dkn

Vk

)
Sjk +

z∑
n=1

(
Dnk

Vn
Sjn

)
−

r∑
n=1

QnjµnkNnk+
z∑

n=1

Ekn

Vn
Sjk −

z∑
n=1

Enk

Vk
Sjk

j := nutrient

k := resevoir

z := total number of resevoirs

r := total number of species
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