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Tabel 4.2: State variables and parameters of Tilman’s resource competition mode.
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Description

Effluent

State variables
R(t) Available concentration of the resource

N(t)  Abundance of consumers
Parameters
S Maximum concentration of resource supplied to the habitat

For a chemostat: the influent concentration of resource
Flow or supply rate of the resource

Maximum population growth rate of consumers

Per capita death or mortality rate of consumers

Half-saturation constant for consumers feeding on resource
Amount of resource required to produce one consumer individual
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Figuur 4.8: Michaelis-Menten relationship as a function of resource concentration. The pa-
rameter K indicates the resource concentration at which the function reaches half its maximal
value (which is 1).



~Equilibrium

* Steady state resource concentration.
e Solve dN/dt =0 DK

* Steady state consumer population

F(S-R") _ F(S—-DK/(p—D))

N = =50 50

* Tilman (1980, 1981, 1982)

e The critical quantity for outcome of competition is not
N* but R*

e Tilman’s theory is called « R* theory »



- TWO consumers, one resource

Extension of previous model to two consumers
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Critical resource concentration for species 1 and 2
e R*and R,*
e [f R *< R,* then species 2 will go extinct

Species 1 can sustain a population at a resource level
too low for species 2



~Competitive exclusion

* Generalisation: multiple species:

e p consumers for the same resource

R < R} < R; < R}...< Rj

Competitive exclusion principle:

p consumer species cannot coexist in a stable equilibrium state on fewer
than p resources




~Two resources

e Extension of the same basic model

dVi _ ( min( Ll It ) — D ) N
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*» Two essential resources! (versus substitutable)

e Liebig’'s law of the minimum



~Zero net growth isoclines (ZNGI)
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- Steady state of system

* Two methods:

e Solve equations (dR1/dt=0, dR2/dt=0, dN1/dt=0)

e Graphically:
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* To find the consumption vector Q: o
. : /()
e Consider the consumption rates for :
both resources = (second term in dR,/dt) 3 R

@_( min( Rl R2 )_D)N
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* To find the supply vector S:

e Consider the supply rates for both
resources = (first term in dR./dt)

am _
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~ Steady state

* The direction of Q, is independent of R, R,, and N,

* Steady state:
Q, and supply vector must be in opposite directions
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erspecifc competition...

Tilman 1980
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~ZNGl for both species

» Coexistence possible only if

R, ; ZNGI intersect
1 nodom Intersection = equilibrium
./ IV e And only if supply point in
v/ region III, IV, or V
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upply point

* Supply point in region I:

e Both consumers extinct
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Supply point

* Supply point in region II:

e Consumer 1 persist

R, : e Consumer 2 extinct
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* Supply point in region
VI:
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Coexistence

The combined consumption vector is a linear
combination of Q1 and Q2

Hence only supply points in region IV can lead to
stable coexistence
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E——
~Regions Ill and V

These regions can support both species in isolation
Region III: species 2 steady state is on vertical ZNGI
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~Regions Ill and V

These regions can support both species in isolation
Region III: species 2 steady state is on vertical ZNGI
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able coexistence in region IV?

e For two consumers to stably coexist on two resources, each consumer species must, relative
to the other, consume proportionally more of the one resource which more limits its own
growth rate.

e The amounts of each resource consumed by individuals of each species may change only
slightly in response to small changes in the availability of each resource.
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Opposite relation of

Consumption vectors
R,

Same results for regions
[, II, III, V, VI I Il

i
Region IV': competitive :

v

exclusion dependent on
initial conditions

e compare LV 2T : 4
competition - Q

o Coexistence equilibrium R f------i--------
exists but it is a saddle R Y
point




avid Tilman: R* theory
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xperimental tests

* Diatom phytoplankton

* Competing for two resources
e PO4 (phosphate)
e SiO2 (silicate)

» Essential resources

¢ Asterionella formosa vs Cyclotella meneghiniana




*: Asterionella dominant
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Figuur 4.12: Predicted and observed outcomes of competition for phosphate and silicate by
Asterionella formosa and Cyclotella meneghiniana. The mortality (flow) equals 0.25 day™'.
The two-species equilibrium point occurs at 1.9 uM SiO; and 0.2 uM PO4. The consumption
vectors (from Tilman 1977) have a slope (Si/P) of 87 for Asterionella and 6.2 for Cyclotella. For
resource supply points in the region labeled 3, Asterionella should be dominant. For resource
supply points in region 4, both species should coexist. Cyclotella should be dominant in region 5.
Experiments (Tilman 1977) for which Asterionella was dominant are shown with an asterisk;
those for which Cyclotella was dominant are shown with a diamond, and those for which both
species coexisted are shown with a dot. A supply point off the graph (9.8 uM POy, 15 uM SiO3)
was dominated by Cuyclotella, as predicted. For this analysis, the observed maximal growth
rates, reported in Tilman & Kilham (1976), were used even though the maximal rates under
PO, and SiO, limitation for each species differed. The boundaries shown differ slightly from
those of Tilman (1977) because of this difference in maximal rates. (Figure 10 with legend from
Tilman (1980))
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Figuur 4.13: Single-species Monod growth experiments for four diatoms under conditions of
limited silicate. Curves were fitted using a nonlinear regression. (Figure 2 with legend from
Tilman (1981))



Figuur 4.14: Single-species Monod growth experiments for four diatoms under conditions of
limited phosphate. Curves were fitted using a nonlinear regression. (Figure 3 with legend from

Tilman (1981))
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Tabel 4.3: Silicate and phosphate parameters for four Lake Michigan diatoms. K is the half
saturation constant; » the maximal growth rate; ) the quotient; and R* the calculated amount

of nutrients required to grow at D = 0.25 d~*. The 95% confidence intervals are in parentheses.
(Table 1 with legend from Tilman (1981))

Species r(d—1) K (pmol/L) Q (pmol/cell) R* (umol/L)
Silicate limited experiments
Fragilaria 0.62 1.5 9.7 x 107 1.0
(.54-.70) (.7-2.5) (.7-1.5)
Asterionella 0.78 2.2 1.5 x 10°° 1.0
(.72-.84) (1.6-2.9) (.8-1.3)
Synedra 1.11 19.7 5.8 x 107° 5.7
(.87-1.36) (12.7-30.3) (4.0-8.3)
Tabellaria 0.74 19.0 6.3 x 106 9.7
(.44-1.04) (9.0-41.7) (5.3-23.0)
Phosphate limited experiments
Fragilaria 0.80 0.011 4.7 x 10-8 0.005
(.72-.88) (0-.024) (.002-.008)
Asterionella 0.59 0.006 2.6 x 10°% 0.004
(.53-.64) (.002-.011) (.003-.007)
Synedra 0.65 0.003 1.1 x 107 0.002
(.61-.69) (0-.015) (.001-.006)
Tabellaria 0.36 0.008 1.9 x 1077 0.02
(.30-.43) (0-.04) (.006-.07)

\\



- Lotka-Volterra competition model

No explicit resources in the model

Presence of competitor reduces net population
growth

e Reduce reproduction

e Increase mortality

Equivalent of logistic growth (but for 2 species)
Parameters

dN, N1 + B2 Ny
M N (1 -
® ri dt K;
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* Isoclines for N1 and N2
* Steady states = intersection of N1 and N2 isoclines
e Stability of equilibrium?

N, = 0
e Isoclines

e Solve dN1/dt =0
K]_ - .Ler - _812 4’\72 = 0

N, = 0
e Solve dN1/dt =0

K2 - ;‘V'z - )321 1\71 = 0
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Figuur 4.6: Four isocline cases for the Lotka-Volterra competition model. Thick dashed lines
indicate N;-isoclines; thick solid lines represent Nj-isoclines. Cases are numbered according to
the conditions (4.31) in the text.
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* Outcome of competition:

> —

-

case I: Species 2 outcompetes species 1.
case II: Species 1 outcompetes species 2.

case [II: Species 1 can outcompete species 2, but species 2 can also outcompete species 1.
The outcome depends on the initial condition.

case [V: Species 1 and 2 coexist.

* For the special case Ki=K2:

)921 < 1 and )312 < 1

* Interspecific competition < intraspecific competition

- coexistence



