[bookmark: _GoBack]Dependent variable
· Total biomass
· Ecosystem functioning, e.g. primary productivity
· Species diversity
· Population size of a particular species
· The distribution of a particular species
· Spatial distribution
· Regional distribution
· Localized distribution
Net primary productivity
drought resistance = Lecture 3 – slide 16
· Drought resistance was measured as the log of the ratio of plant biomass at the height of the drought to plant biomass before the drought
Physiological tolerance
Independent (predictor) variable
· History, evolution
· Physiological tolerance
· Limiting resources
· Biotic interactions
Limiting factor
· When a factor limits population growth
· rate of growth declines
· biomass declines
· distribution is limited.
· If one factor is in short supply, then increases in availability will increase population response.
· But at high availability, the factor may no longer be limiting, and another factor becomes the limiting factor.
Tolerance limit
· range of conditions beyond which they cannot survive
· Evolutionary Response
· Acclimation
Optimal range
· range at which growth and reproduction is maximized
Primary productivity
Physical gradiant.
Range – determined primarily by the presence or absence of suitable environmental conditions
Population – all individuals of a given species
Abundance – total numbers of individuals
A=Area(total)/Area(quadrat) x Abundance (mean quadra)
· Given:
Quadrat = 0.5 m2
Area = 150 m2
· Mean density =
(14+9+7+1+12)/5
= 8.6 ind /quadrat
= 8.6 / 0.5 ind / m2
= 17.2 ind / m2
· Total abundance
=17.2 ind / m2 x 150 m2
= 2580

Population Density – Number of individuals per unit space
· Variance
· S2= (X – X)2 /(n-1)

Growth rate
Lecture 6 slide 27 for example
· If l < 0, the population is declining, whereas if l  > 0, the population is increasing.
· The population growth rate r (or l) is determined by the birth rate (b), death rate (d), immigration rate (I) and emigration rate (E).
· The intrinsic growth rate r0 depends only on birth and death.
· In general, the intrinsic growth rate decreases as body size increases.
Survivorship curves:
· Type I: high constant survivorship up to critical age, when most individuals die
· Type II: survivorship is independent of age
· Type III:  low juvenile survivorship followed by high adult survivorship
Exponential population growth model
· Occurs only when resources are unlimited, with population growing exponentially over time.




· The rate of growth is controlled by r: the larger r is, the faster the population changes.
· In region with unlimited resources and no competitors, the population increased exponentially.
Logistic population growth model
· [image: ]As population approaches the carrying capacity K, birth rate decreases and/or death rate increases.
· Population stabilizes at carrying capacity.
· Example L6 S45

[image: ]Carrying Capacity
Logistic growth models with time lags
· Individuals do not contribute to population growth until they reach reproductive maturity.
· Possible outcomes include overshoots, sustained or damped oscillations, relaxation to lowered K (K*), or population crashes.
Population regulation
· Virtually all species have large capacity for increase (r0)…
· …but most populations do not increase exponentially for ever, nor (generally) go extinct, so...
· populations must be regulated, somehow, somewhere, sometime!
Density dependence and carrying capacity K
· K, the maximum number (or density) of individuals an area can support
· any factor that influences birth rates and/or death rates influences K, such as
· nutrients
· climate
· space
· biotic factors such as competition, predation, parasitism, etc..
Regulatory factors
· Density dependence
· Density-dependent factors increase the population growth rate when population density is low, and decrease it when densities are high.
· As population approaches the carrying capacity K, birth rate decreases and/or death rate increases, so population stabilizes at K.
· Prediction: real populations should show small fluctuations around stable carrying capacity.
· intrinsic, population’s own response to changes in density, e.g.
· intraspecific competition
· emigration
· physiological and behavioural changes
· extrinsic,  responses of other components of the community to changes in density, e.g.
· interspecific competition
· predation, parasitism and disease
· Intraspecific competition
· competition among individuals of the same population
· indirect (exploitation)
· direct (interference)
· examples: increase in mortality rate and/or decrease in birth rate when densities are high
· Density independent
· Density-independent factors operate randomly with respect to population density.
· Populations kept in check only by (periodic or irregular) environmental factors that are independent of density.
· Prediction: real populations should show large fluctuations with no discernible stable carrying capacity
Allele effect
· r may be very low when densities are very low.
· This is a big problem for rare species!
Effect of Phosphorus
· Slides 12-17 Lecture 8
Herbivory
· herbivore: primary consumers, i.e. organisms that eat plants
· Includes many insects, some mammals, a few birds and in aquatic environments, some zooplankton (e.g. rotifers) and fish.
· Effects on plants
· Generally negative due to direct removal of individuals; herbivores as vectors for disease; in combination with other factors such as competition.
· May stop plant growth or have a negligible effect, depending on the timing.
· May lead to delayed flowering as more of the plant's resources are allocated to growth rather than reproduction.
· But in some circumstances can be positive!
· Loss of keystone herbivores may cause the loss of plant species in ecosystems that were historically grazed (i.e. herbivores may sometimes act to increase diversity).
· Bottom up control
· Top-down control
Predation
· As prey density increases, predator density increases due to either increased fecundity, decreased mortality or immigration.
· But increase is usually not proportionate because (1) predators get satiated; (2) minimum energy threshold required for growth and reproduction.
· As prey density increases, predator density increases due to immigration.
· Quantity vs Quality
· Even if food is abundant, predator populations may decline due to insufficient food quality.
· May be especially a problem when energetic demands are high (e.g. during reproductive cycle).
· Type 1 Functional response
· Predator consumes prey as fast as possible until satiated.
· Type 2 functional response
· Predators approach saturation more gradually, due to constant amount of time required to handle prey.
· As density increases, prey found more rapidly but handling time is constant.
· Type 3 functional response
· At low densities, increase in prey density leads to a more than linear increase in consumption.
· due to switching or concentration on particular habitat patches
Population Dynamics
· Patterns in predator/prey abundance
· Models of predation
· Multiple equilibria and outbreaks in predator-prey models
· Dispersal, patchiness and local extinctions
Predator-Prey relationship
· [image: ]Assumes that death rate of prey depends on abundance of predators (N2), and that the birth rate of predators depends on abundance of prey (N1).
· r1: growth rate of prey
· g1: efficiency rate of predators
· d2: mortality rate of predators
· [image: ]g2: rate at which prey are”turned into” predator offspring
Zero isoclines in predator-prey models
· Abundances/densities of predators and prey at which rate of change in abundance of both populations is zero.
· In standard Lotka-Volterra model, zero isoclines are straight lines.
Coupled oscillation model:
· [image: ]In “time” view, the model predicts predator oscillations lagging behind prey oscillations, with no extinctions.
Predator-prey models with multiple equilibria
· Prey populations can “jump” between low and high density equilibria.
Dispersal, patchiness and local extinction
· In patchy environments, prey can be driven to extinction in one patch but survive in another...
· ...followed by dispersal into a different patch.
· 
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