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Introduction



1) How populations work • Life cycle, population matrix, exponential growth What if the environment fluctuates? • Individuals, interactions, density dependence Bifurcations towars chaos. Allee effect and catastrophic extinction 2) Species interactions • Competition can result in coexistence or exclusion Paradox of the plankton • Predation can result in cycles and extinction Paradox of enrichment



3) Community and ecosystem dynamics • Species interact directly and indirectly in networks • Populations and communities drive ecosystem processes Diversity-stability debate
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How populations work
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How populations work
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How populations work



 f1   s1 0  0  ...  0 



f 3 ... f max 1 f max   0 0 ... 0 0  s2 0 ... 0 0   0 s3 ... 0 0  ... ... ... ... ...   0 0 ... smax 1 0  Population Matrix f2



 n0 (t  1)   n0 (t )   n (t  1)   n (t )  1  1     ...   ...     =  n ( t  1) n ( t ) x x      ...   ...      n ( t  1) n ( t )  max   max 
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How populations work







Largest eigenvalue = Population asymptotic growth rate



A



W



Right eigenvector (normalized) = Population asymptotic stable structure



V



Left eigenvector (normalized) = Stage-specific reproductive values
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How populations work



• If we know the population matrix A and the vector of initial population class sizes n0 then we can predict total population size in the long run:



n t   W1c1   W2c2   W3c3  ... t 1



nt lim t  W1c1 t   1



t 2



with



t 3



c1  V1 n0 T
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How populations work



Negative density-dependence: population regulation, from equilibrium to chaos



Robert M. May, Oxford Univ. 10



How populations work



http://caldera.calstatela.edu/nonlin/
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How populations work



Positive density-dependence at low density: Allee effect dn n     rn1    n dt  K  n



Allee effect mediated by mortality rate



dn n  n2   B 1    Dn dt  K   n



Allee effect mediated by birth rate
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How populations work



Positive density-dependence at low density: Allee effect dn n     rn1    n dt  K  n



Allee effect mediated by mortality rate



dn n  n2   B 1    Dn dt  K   n



Allee effect mediated by birth rate



• Models predict density threshold under which population growth < 0  extinction • Show this for each model by plotting the growth rate as a function of n. How does the Allee parameter  affect the minimum viable population? 13
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How populations work



Life history as adaptation: evolutionary demography From r-K strategies (Mac Arthur & Wilson 1967) to the slow-fast continuum (Harvey & Zammuto 1985, Gaillard et al. 1989, Promislow & Harvey 1991)



How populations work



Life history as adaptation: evolutionary demography Body size explains a large fraction of variation in life history traits: allometry



Y = biological parameter W = body mass Y = a Wb Gaillard et al. (Oikos 1989)



-



-



How populations work



Life history as adaptation: evolutionary demography After effect of size has been removed, age at 1st reproduction increases with life expectancy at birth for 24 species of mammals (Harvey & Zammuto 1985). ‘Relative’: deviation from underlying allometric relationship linking character to organism size. Second axis of variation emerges both in birds and mammals • toward iteroparity: early maturity, low fecundity – artiodactyls, primates, bats • toward semelparity: delayed maturity, high fecundity – lagomorphs, rodents



How populations work



Life history as adaptation: evolutionary demography Maintenance Heat



Environment



Defense



Growth



Metabolism & synthesis



Resources



Reproduction



Wastes



Acquisition



Reserves Allocation



How populations work



Life history as adaptation: evolutionary demography Resource allocation strategy  trade-off between life-history traits



x=1



What life history (P, F) maximizes Lifetime Reproductive Success?



F



x=0 P



How populations work



Life history as adaptation: evolutionary demography Resource allocation strategy  trade-off between life-history traits



x=1



What life history (P, F) may evolve, if we take population regulation (density dependence) into account?



F



x=0 P



How populations work



Life history as adaptation: evolutionary demography



Fecundity, F



xt 1  [ F exp( xt )  P] xt



chaos ? cycles



?



?



equil.



1 0



Adult survival, P
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Species interactions







Standard classification of ecological interactions based on community matrix (Odum 1971)  Tabulates the effect of increasing the density of one species on the growth rate of another. 23



Species interactions
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Species interactions



• Definition Competition between two species occurs when individuals of one species suffer a reduction in growth rate from a second species due to their shared use of limiting resources (exploitative competition) or active interference (interference competition). • Modeling competition: implicit vs. explicit models Implicit models do not represent resources. They are simpler, can’t distinguish between exploitative and interference competition.



Explicit models represent resources explicitely. They can distinguish between exploitative and interference competition. 25



Species interactions



Lotka-Volterra model: Exclusion vs. Coexistence



 N1   21 N 2  dN1 N1  r1 1  dt K1    N 2  12 N1  dN 2 N 2  r2 1  dt K2  



r1 = intrinsic growth rate of species 1 r2 = intrinsic growth rate of species 2 K1 = carrying capacity of species 1 K2 = carrying capacity of species 2 12 = intensity of competition by species 2 on species 1 21 = intensity of competition by species 1 on species 2



𝐾1 Τ𝛼21



𝐾2 Τ𝛼12
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Species interactions 𝐾1 Τ𝛼21



𝐾1 Τ𝛼21



𝐾2 Τ𝛼12



From an anlytical treatment, the condition for equilibrium stability is 𝛼21 𝛼12 < 1



𝐾1 Τ𝛼21



𝐾2 Τ𝛼12



𝐾2 Τ𝛼12



Note: One needs to make sure that the equilibrium is ecologically feasible, i.e. 𝑁1∗ > 0 & 𝑁2∗ >270



Species interactions 𝐾1 Τ𝛼21



Interpretation:



• 𝜶𝟐𝟏 𝜶𝟏𝟐 can be seen as a measure of interspecific competition



𝐾1 Τ𝛼21



𝐾2 Τ𝛼12



• 1 = 𝜶𝟏𝟏 𝜶𝟐𝟐 measures intraspecific competition.



𝐾1 Τ𝛼21



• Coexistence requires that interspecific competition be weaker than intraspecific competition. 𝐾2 Τ𝛼12



𝐾2 Τ𝛼12
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Species interactions



Competition can drive a competitor to extinction



Lab experiments of Gause (1934, 1936) on Paramecia, and Park (1954, 1962) on Tribolium. Gause, G.(1934) The Struggle for Existence. http://www.ggause.com/Contgau.htm



29



Species interactions Robert MacArthur (1959) translated competitive exclusion in terms of resource-utilization niches. He hypothesized that coexistence between competitors requires sufficient dissimilarity of their resource-utilization niche.
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Species interactions MacArthur defines the species’ niche by its use of resources within a multidimensional space of potential resources.
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Species interactions • Below the threshold of limiting similarity, two competing species cannot maintain viable populations. • Niche width can be used to define resource generalists and specialists.



d = distance between peaks of resource utilization w = niche width Limiting similarity measured in units of d/w Often d/w ~1 32



Species interactions



Niche partitioning: Gause’s experimental evidence



33



Species interactions Garrett Hardin’s Exclusion Principle (1960) David Tilman’s (1977) explicit model of plant exploitative competition:



𝑑𝑃 = 𝑓 𝑅 𝑃 − 𝑚𝑃 𝑑𝑡 𝑑𝑅 =𝑎 𝑆−𝑅 −𝑞𝑓 𝑅 𝑃 𝑑𝑡 P = plant biomass R = essential resource f(R) = plant functional resource (consumption rate) m = plant mortality rate a = flow rate S = resource supply concentration q = quota of resource needed to make one unit of new plant biomass 34
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Species interactions When two (plant) species compete for one (essential) nutrient, the species with lowest resource requirement (R*) outcompetes and exclude the other. Exclusion principle: Among n species that compete for p essential resources, at most p can coexist.



36



Species interactions How much resource is consumed per capita per unit time? Functional responses ‘Holling type I, II, III’



Type I :



𝑉𝑎



𝑉𝑎 = 𝑎 𝑉 Type II :



𝑉



𝑉𝑎



𝑎𝑉 𝑉𝑎 = 1 + 𝑎 𝑇ℎ 𝑉 Holling CS (1959) The components of predation as revealed by a study of small mammal population of European Pine sawfly. The Canadian Entomologist 91: 293-320.



Type III :



𝑎 𝑉2 𝑉𝑎 = 1 + 𝑎 𝑇ℎ 𝑉 2



𝑉 𝑉𝑎
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Species interactions How much resource is consumed per capita per unit time? Functional responses ‘Holling type I, II, III’ Note: Type II functional response is the same as Monod equation to describe microbial population growth. Type II functional response is also similar to Michaelis-Menten kinetics equation.



What may be the biological reason for the shape of Type II functional responses? And for the shape of Type III?



Type I :



𝑉𝑎



𝑉𝑎 = 𝑎 𝑉 Type II :



𝑉



𝑉𝑎



𝑎𝑉 𝑉𝑎 = 1 + 𝑎 𝑇ℎ 𝑉 Type III :



𝑎 𝑉2 𝑉𝑎 = 1 + 𝑎 𝑇ℎ 𝑉 2



𝑉 𝑉𝑎
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Species interactions Coexistence in spite of the exclusion principle: temporally variable environments • Peter Chesson’s theory of the storage effect • Model system: desert annual plants Jef Huisman & Franz Weissing’s (1999) resolution of the Paradox of the Plankton in constant (external) environment!
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Species interactions
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Recap of key concepts 1. Population growth and dynamics Exponential growth, population structure (age, size), environmental stochasticity, population regulation by density dependence, logistic growth, nonlinear dynamics. 2. Life history evolution Life history variation among species: allometry, r-K strategies, slow-fax continuum, semelparity-iteroparity axis. Life history adaptation: optimization under tradeoffs.



3. Species interactions Types of population interactions. Consumer-resource interactions: Exploitative vs interference competition. Implicit vs explicit models. Lotka-Volterra model predicts exclusion, coexistence or bistability. Gause and Lack’s experiments. Hardin’s Exclusion principle. Paradox of the plankton. Temporal variability and spatial heterogeneity promote coexistence. Functional response. 41
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