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Introduction

Toy Ecosystem

Interacting species

An isolated toy ecosystem with species interactions’ :
@ Direct Food Chain A—B—D
© Exploitative Competition B—D+«—C
© Apparent Competition D«—B—E
Q Indirect Mutualism D«——E
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Model based on Logistic Equation

The equations

ang
dt
dnB
dt
dnC
dt
an
dt
dnE
dt

aina — bina® + cinang

anNg — b2n52 — C1Nang + d2(1 — r)anD + dbrngng
asng — bang? + c3(1 — ryngng + csrngnp

asnp — b4nD2 — d2(1 — f))anD — C3rNgnp

asng — bsng? — dorngng — c3(1 — r)ngne
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Model based on Logistic Equation

Fixed Points

as+cing
n, = 0,———
A b1
" as — C1Na + dg(nD —+ rNE)
nB == O,
b,
a cs(ng + rN,
ns = 0, 3 + c3(ne D)
b3
a4 — dong — c3rN
m = o, 4 2N — C3I'Ng
by
as — dorng — c3N,
ne = o, 5 N — C3N¢
bs
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Model based on Logistic Equation

line 1
line 2
line 3 1
line 4
line &
g {
x 0.8 f 4
& ]
\
i
0.6 |
i -
A\, T
\ -
N
0.4 | E
0.2 .
o
0 5 10 15 20 E 20




Model incorporating Allee effect

The cubic effect

dnA

at
dnB

dt

dnc

dt

anp
at

dnE

dt

ainp? — bing® — lina + cinang

a2n32 — b2n53 — IQnB — C1NaNg

+d2(1 — r)anD + dbrngng

asnc® — bsnc® — bng — cs(1 — r)nene
+c3rncnp

asnp? — banp® — lynp — do(1 — r)ngnp
—C3rngnp

asng? — bsng® — Isng — dorngng — c3(1 — r)ngng
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Model incorporating Allee effect

The cubic equation for all a; = 1 for all i
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Model incorporating Allee effect

The cubic equation for all a; = 2 for all i
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Model incorporating Allee effect

D and E with initial population of 10.
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Model incorporating Allee effect

The Allee effect: max growth near mid population.

N/N =r — a(N — b)?

dna
dt
dng
at
anc
dt
dnp

dt

dnE

dt

2a4 by nA2 — by nA3 + (h — 3%)/7,4 + C1NaNg

2apbong® — byng® + (b — @)ng — ¢1Nang

+do(1 — r)ngnp + dorngng

2azbsnc? — bsng® + (b — a@)ne — c3(1 — r)nene
+C3rnenp

2aybsnp® — bynp® + (ly — a3)np — dx(1 — r)ngnp
—C3rnehp

2asbsng? — bsng® + (Is — as)ng — darngng — c3(1 — r)ngn,
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Model incorporating Allee effect

Allee effect Population without D and E
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Model incorporating Allee effect

Allee effect: E with population 0.5
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Model incorporating Allee effect

bj=2foralli,ay=a=1.5
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Model incorporating Allee effect

bj=2foralli,ay=a5 =2

Population

1 2 3 4 5

Amitabh Trehan



Model incorporating Allee effect

Wami! effect: Population should disappear without
food

Amitabh Trehan



An interesting effect
Model with resource constraints

s
dt
dnB

dt

dnc

at

an

dt
dnE

dt

(281 by nA2 — by nA3)( ) + (/1 - 3‘12)I7A + C1hang

_ s
ng + 0.01

2 _ 3 fp + NE b — a3)n
(2apbong” — bong )(nD+nE+O.01)+(2 5)NB
—C1nang + db(1 — r2)ngnp + darangng

2 3 Np + Ng h— 22)n
(2a3b3nC bSnC )(nD + ng + 0.01 ) + (3 3) c

—c3(1 — r3)nene + csrangnp

2a4bsnp? — banp® + (Is — @3)np — do(1 — r)NgNp — carner

2asbsng® — bsng® + (s — as)ng — dorangng — c3(1 — r3)ng
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An interesting effect

Model with resource constraints
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Model with resource constraints

Population without C

Population

An interesting effect

line 1
TivE 2
line 2
line 4




An interesting effect

Model with resource constraints

Population without D and E
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An interesting effect

Model with resource constraints

Outline

e Model with resource constraints
@ An interesting effect
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Population

Model with resource constraints

An interesting effect
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An interesting effect

Model with resource constraints

an n
T;\ = (281 by nA2 — by nﬁ)(ﬁ) + (/1 — a?)nA + C1NaNg
etc...
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An interesting effect

Model with resource constraints

Future work

@ Extend to a more 'open’ ecosystem, connecting to meta
ecosystems.

@ Empirical data to find useful values for the parameters.
@ Self-healing properties of ecosystem, on perturbations.
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An interesting effect

Model with resource constraints

Thanks. Questions?
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