Chapter 9: Competition
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Competitive exclusion: several consumers using 1 resource

Closed system with fixed amount of resource K:

dV;
dt

b; K
di

FZK-Z&;NZ’, :Ni(b@'F—di), fOIiZl,Z,...,n,ROi:

Since for each species F = d;/b; = K/Ry, they have to exclude each other

_ dq b, di b, b1
b, F' — d; > 0 b; d; > 0 — 1 —
> or b1 > or dz‘ b1 > or di d1




Nullclines for 2-D closed system

F:K_ieiNi, %:NZ(@F—CLL), fori:1,2,...,n, (91)
F=K-eiN;-eaN>
K(l1—-1/R K(l—-1/R
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Nullclines for 2-D closed system

- dN;
F:K_ZeiNia —:Ni(biF—di), fori:1,2,...,n, (91)

dt A
F=K-e1Ni-esN>

K —dqi/b K(l1—-1/R K(l1—-1/R
_ /b ey CBAZB) ey g Ny = BE ) ey g g
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Competitive exclusion when birth rate is saturated (closed)

- dN; b; F
=K — iNVi = NN ‘

dt

o KRy —D)—hi
b 62'(R()Z. — 1) RQ. — 1

Thus the consumer with the lowest h; over Rp-1 ratio depletes the resource most.

At the lowest F the other species cannot invade:

b F _ h.
— > d. F > /
h]—|—F ] or




Competition in open systems (one resource)

dR dN; b;c; R

P S R — ch \Wal = (h R ) or
— = —d 1ith =\ d;

= s —dR — RZ R wi ~ (hz - ) or
dR dN; b;c; R

= rR(1-R/K)—- R EZ: C wi = (h e

dR . ¢;N; d.N; b; R

— = rR(1-R/K)—R ith = N,

dt ri(l = R/K) ;thR Y (h +R
Exclusion because

. hi/c . h b
R; = Ro —1 or R; = Ro —1° where Ry, = 7



Quasi steady state to reveal interactions: resource with source

dR - dN; b,c; R
® 4 § —di R;C W dt (hiJrciR )

. S
R—— 5%
d + ZCZNZ

d [V,

b; S i
dt Ni(s—k(hi/c?;)(d—FchNj) di) :Ni(lJrZNj/kj di)

Ki:i(Roi—Q—i: S d

X
hi C; C; R ; C;




Quasi steady state to reveal interactions: logistic resource

- d.N; b,c; R
o rR(1 - R/K) — R E._ c Wit = ( o R d )

R:K(l—% ZCZNZ>

dNZ B | bz<7”‘ — z Cij) |
dt NZ((hi/ci)(r/K) r— ) c;N; - dz)

N, = (1 _ R—)
C; K
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Several consumers on two substitutable resources

dR;
52>Nz ; dt] — 55 — dej — ZCisz‘Rj

d.V; B (6 Zj Cij LT

Consumer nullcline depends on resources only:

h; Ci1
R, —
’ cio(Ro, —1) ¢

where Roi = 3i/0i

1 Straight line with slope -cii/ciz

hi David Tilman

Starting and ending at critical resource density: R;’} —

Simplified nulicline: Ro = R}, — 2@; R
(/



Several consumers having the same diet ¢js and ciz.
R3s 2
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Several consumers having different diets ¢j7 and ciz

— N1
— N2
— N3

Generically only one intersection
Rz, point between all nullclines:

Maximally two co-existing
>k .
199 species on two resources.

as \ Lowest intersection not invadable
oy other consumers
(but no guarantee that this is a
steady state).
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Essential resources
Several consumers:

d/V; ii 1 dR;
:(5@' Hh..CJ .J.Rj 5i>Ni’ s =8y —diRy = ) e NiR,

dt

ANV, ( c11 1 c12 2
_ 5 )N
dt b h11 + c11R1 hi2 + c12Ro b
d /No ( co1 11 C22 119
— 0o | [V David Tilman
dt P ho1 + co1R1 hoo + ca2 R )




Essential resources

dNV, c11 Ry c129
divi - _ 5 )N
dt (61 hi1+ c11B1 his + cioRy )7
dN5 ( co1 1 Coo Ro
diva  _ 5 )N
dt P ho1 4+ c21R1 haoa + co2 o )

Asymptotes defined by letting
Ri — oo or Ry — o0

C11 > C12, €29 > c91 and c31 =~ C32,

| ocal steepness defines stability




