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Lecture 11.  Competition.

Reading: 
Gotelli, 2001, A Primer of Ecology, Chapter 5, pages 99-124.
Renshaw (1991) Chapter 5 Competition processes, Pages 128-165.

Optional:
Schoener, T. W.  1983.  Field experiments on interspecific competition.  American

Naturalist 122:240-285.

Competition: “The negative effects which one organism has upon another by consuming or
controlling access to, a resource that is limited in availability” (Keddy (1989:2).  The flow of
energy through trophic levels follows the second law of thermodynamics.  There is less and less
energy available to each successive tropic level, resulting in the classic trophic level pyramid. 
However, this simple decline is not evidence that energy is lacking, or limiting.

  “Since competition often puts a premium on efficiency, this assumption implies a division of
labor among specialists.  It is the ultimate reason we have so many species.” (MacArthur 1972).

Competitive Exclusion Principle was proposed by Gause (1934) as a “Law”, although plant
ecologists held this view prior to Gause (Law and Watkinson 1989).  Two species cannot coexist
on a single limiting resource.  “if there is no differentiation between the realized niches of 2
competing species, or if such differentiation is precluded by the limitations of the habitat, then
one species will eliminate or exclude the other.” (Begon and Mortimer 1986:78).  

Intra-specific competition leads to stable populations, in that density dependence of birth and
death rates results in the population approaching a carrying capacity because eventually birth rate
equals death rate.  However, these examples may be evidence for competition because: 

1. The results are correlational, and some other factor may cause the decline in the birth
and survival rates, such as predation.
2. Keddy (1989:28-30) discusses some other more obscure reasons.
How does competition occur:
Park (1962)

exploitative competition, use of resources deprives others
interference competition, direct harm to others by physical or chemical means

Schoener (1983)
Consumptive competition -- use of same renewable resource
Preemptive competition -- occupation of open space
Overgrowth competition -- one individual grows over another, depriving the

second of resources.
Chemical competition -- production of toxin, allelopathy
Territorial competition -- defense of space
Encounter competition -- transient interaction over a resource, i.e., theft of food.
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K1 & N1 & a12N2 ' 0

Lotka-Volterra competition equations provide a model of interspecific competition.  “The Lotka-
Volterra models are so popular in the study of ecology that the study of the equations themselves
is frequently recognized as ecological research.” (Simberloff 1983a, Fagerstrom 1987, in Keddy
1989:50).  These are the same Lotka-Volterra equations of the predator-prey models, but the
interpretation of the coefficients is somewhat different.
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By definition, each species competition coefficient upon itself is 1, i.e.,  = 1,a11
 = 1.  The coefficient  is the competition coefficient of  on , and a22 a12 N2 N1 a21

is the competition coefficient of  on .  If  equals zero, then the firstN1 N2 a12
equation results in logistic growth for species 1, i.e., species 2 has no impact on its
population growth.  Likewise, if  equals zero, then the second equation resultsa21
in logistic growth for species 2, with no impact of species 1 on its growth.

Each population grows with logistic function in absence of the other.  Further, the
competitive interactions modeled by the competition coefficients  anda12

between the 2 species are independent of the densities, which is unlikelya21
(Ayala et al. 1973, Smith-Gill and Gill 1978, and Law and Watkinson 1987).
We cannot solve the above equations analytically except for special cases.  Hence,
we use difference equations to approximate the solutions numerically.  Also, we
can study equilibrium conditions by setting the equations equal to zero, i.e., no
change is taking place either population.  We quickly see that if either r1 = 0 or r2

= 0, then the population growth rate goes to zero.  More interesting is to set



FW662 Lecture 11 – Competition 3

K2 & N2 & a21N1 ' 0

N2 '
K1 & N1

a12

'
K1

a12

&
1

a12

N1

K1/a12

N2

N1
K1

and examining what conditions result.  Solving for N2 in terms of N1 gives

This equation predicts the final population size of N2 as a linear function of the final population
size of N2.  The intercept of the line is K1/a12, and the slope is 1/a12.  The following graph results.

A similar graph results for N1 in terms of N2.  From these graphs and some
algebra, we see that:

a12 > K1/K2 and a21 > K2/K1 results in one species winning, depending on
initial conditions,

a12 < K1/K2 and a21 > K2/K1 results in species 1 winning,
a12 > K1/K2 and a21 < K2/K1 results in species 2 winning, and
a12 < K1/K2 and a21 < K2/K1 results in both species coexisting.

The competitive exclusion principle implies that one of the 2nd or 3rd conditions
listed above is true, and hence one species will always win.  However, the number
of extenuating circumstances make the competitive exclusion “law” useless. 
Further, examples of competitive exclusion are lost, because we never see the
species that lost.  “Ghosts of competition past.”

Pascual and Kareiva (1996) have fit the Lotka-Volterra equations to observed data to
evaluate between species.
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These models have all the same limitations as the logistic equation.  There is no room in
these equations for:
- Variation in competition through time
- Spatial variation
- Environmental variation
Wiens (1977) suggested competition is likely to be important only when the
environment is stable, which is the only time these equations can apply. 
Environmental variation in the form of temporal changes precludes the logistic
assumptions, i.e., constant K1 and K2.  Spatial variation means that the coefficients
a12 and a21 would not be constant, but random variables, because refuges would be
created, or in general competition would not be constant over space.  As a result,
all the analyses that result in coexistence probably is an artifact of this model. 
Emlen (19??:154) suggests temporal change, including the interactive changes in
predator populations and spatial structuring of the environment, seem to vitiate
the hypothesis.

Stochastic equations are provided by Renshaw (1991) that incorporate only demographic
stochasticity.

This model will not result in coexistence of 2 species!

Cause and effect relationships (Law and Watkinson 1989).
Asymmetry in manipulation studies
Experimental studies are required to demonstrate that one species is causing another to

decline.  Several approaches are possible, including adding members of one of the
populations, removing members of one of the populations, substituting members
of one population with another, and all of the above together (response surface
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design).

Additive experiments.
Maybell elk study (Hobbs et al. 1996a,b).  The hypothesis was that elk
grazing on sagebrush rangelands during the winter caused competition for
cattle during the following spring.  The 2 species are not present on the
area at the same time.  Ranchers want game damage payments for elk
grazing.  As a result, a “political carrying capacity” for elk is established to
minimize game damage payments.  The experiment involved a large
circular area divided up into 12 pie wedges.  In these 12 areas, 4 levels of
elk grazing were introduced, with 3 replicates of each.  Cattle were then
stocked in the 12 areas.  The weight of the cow was taken when stocked,
and when removed, and the same weights of her calf.  In addition, calf
weights at the end of the summer, after high country grazing, were also
taken.  Calf weights were shown to decline in response to elk density. 
Possible explanations are forage, parasites, or disease.                        
Is this study a demonstration of competition??

Removal experiments (Connell 1961).  Competitive exclusion is accomplished by
direct physical interaction.
Abstract:  Adults of Chthamalus stellatus occur in the marine intertidal in
a zone above that of another barnacle, Balanus balanoides.  Young
Chthamalus settle in the Balanus zone but evidently seldom survive, since
few adults are found there.  The survival of Chthamalus which had settled
at various levels in the Balanus zone was followed for a year by successive
censuses of mapped individuals.  Some Chthamalus were kept free of
contact with Balanus.  These survived very well at all intertidal levels,
indicating that increased time of submergence was not the factor
responsible for elimination of Chthamalus at low shore levels. 
Comparison of the survival of unprotected populations with others,
protected by enclosure in cages from predation by the snail, Thais lapillus,
showed that Thais was not greatly affecting the survival of Chthamalus. 
Comparison of the survival of undisturbed populations of Chthamalus
with those kept free of contact with Balanus indicated that Balanus could
cause great mortality of Chthamalus.  Balanus settled in greater population
densities and grew faster than Chthamalus.  Direct observations at each
census showed that Balanus smothered, undercut, or crushed the
Chthamalus; the greatest mortality of Chthamalus occurred during the
seasons of most rapid growth of Balanus.  Even older Chthamalus
transplanted to low levels were killed by Balanus in this way.  Predation
by Thais tended to decrease the severity of this interspecific competition. 
Survivors of Chthamalus after a year of crowding by Balanus were smaller
than uncrowded ones.  Since smaller barnacles produce fewer offspring,
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competition tended to reduce reproductive efficiency in addition to
increasing mortality.  Mortality as a result of intraspecies competition for
space between individuals of Chthamalus was only rarely observed.  The
evidence of this and other studies indicates that the lower limit of
distribution of intertidal organisms is mainly determined by the action of
biotic factors such as competition for space or predation.  The upper limit
is probably more often set by physical factors.  

Response surface experiments (Inouye 2001).  Inouye (2001) suggests that
additive or substitution designs limit the usefulness of experiments in
ecology because the inferences are limited from the resulting data.  He
suggests response surface designs, where the densities of the 2 competing
species are varied independently, remedy the issue.  He found that
response surface designs more accurately estimated the parameter values
in simulations, and thus provide a stronger connection between empirical
and theoretical approaches than traditional experimental designs.

Goals of competition research.  In the future, we want to be able to predict:
- introduction into an existing community.  Will barbery sheep compete with mule

deer?  Are elk expanding in Colorado at the expense of mule deer?
- size of conservation areas required to allow 2 competing species to coexist.
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