Population Ecology
I. Attributes

II.Distribution
III. Population Growth – changes in size through time
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E. Temporal Dynamics


- Populations are not in equilibrium; their numbers fluctuate for a variety of reasons both extrinsic (good and bad years in the environment) and intrinsic (relationships between r and K).  These fluctuations in population size often affect members of particular age classes differently, so fluctuations usually cause changes in the age class distribution of a population, further complicating projections of future growth.


1. Discrete Growth


 - roughly speaking, the change in population size will be a function of its intrinsic rate of growth (r) and the size of the current population relative to the carrying capacity.


 - this can be represented fairly easily in terms of logs: : log(Nt+1) - log(Nt) = r [log(K) - log(Nt)]

 - if r < 1, then it will grow a fraction of the difference between N and K each generation, creating a smooth, asymptotic approach to K.


 - if r = 1, then it will grow by the exact difference between N and K and reach K in one generation.


 - if 1 < r < 2, then N will converge on K in a damped oscillation. Overshooting and undershooting by less and less.


 - if r = 2, then the population will oscillate above and below K at the same level.


 - if 2 < r < 2.5, then N will bounce above and below K within a bounded area, in a stable limit cycle.


 - if r > 2.5 or so, then these oscillations will be unbounded and chaotic.
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2. Continuous Growth


 - Populations that are growing continuously should be able to match reproduction to resources more closely.  However, these responses are not instantaneous – there are “time lags” due to the biological processes of metabolism and development.  In addition, if age classes may not be affected equally by density dependent effects in the same way.  So, if the increase in mortality that occurs as a population increases in size falls disproportionately on the young, then the population will have fewer reproductive adults in the future and may not match its growth rate based on population size, alone.  In this case, the growth rate would be appropriate for a population size in the past – there would be a time lag.  Lags can also occur because individuals accumulate resource at one time, and reproduce later.  So, consider some individuals that are harvesting resources when the population is small.  They harvest lots of resource and will eventually produce lots of offspring – commensurate with the low population density and lack of density dependent limitations. During the interim, in a continuously breeding population, other organisms will have reproduced, making the population larger.  Now when those target individuals get around to having their bunch of offspring, their  high rate of reproduction is no longer appropriate for the larger population, and the population overshoots K.


 - What is critical is the product of the Reproductive Potential and time lag:


 - if these are both low, then the potential to overshoot is small.


 - as either of both of these increase, then the magnitude of ‘overshoot’ increases.  When the product Rt> 1.6, there are huge swings in population size because: 



 - with long lags, the population is not matching reproductive potential to current environmental 



   Limitations



 - and with a high R, they produce lots of offspring and overshoot by a lot!

F. Spatial Dynamics and Metapopulations

The persistence of a population composed of small isolated subpopulations depends on the balance between extinction rates of these small populations and the colonization rate needed to ‘rescue’ these populations or recolonize open habitats.
IF: 

p = proportion of suitable habitats occupied

e = extinction rate

ep = prop of habitats being vacated

Rate of colonization depends on fraction of patches that are empty (1-p), and number of occupied patches dispersing colonists. 

c = migration rate, and so rate of colonization = cp(1-p)

Change in patch occupancy: dp/dt = cp(1-p)  - ep

Equilibrium patch occupancy Peq = 1 – e/c.   So, what is critical is the relationship between e and c.

If e> c, then population will go extinct.

Extinction rates increase in small populations.

Colonization rates decline as populations become more isolated.

So, species consisting of small, isolated populations are more likely to go extinct than species consisting of large, connected populations.
Why is this Important?

We are a population, and we are dependent on other populations.  All our densities vary through time.  These simple models show us that some very complicated behaviors and dynamics (different types of oscillations, for instance) can be produced by some very simple changes (changes in reproductive potential of a population).  None of these values/parameters (r, K, lx, mx) are STATIC through time and space for a species.  A population’s reproductive potential and carry capacity will change from one environment to the next, or may change as it adapts to a new environment or is confronted with a new predator, pathogen, or pest.  Populations that are stable can lose that stability.  Populations that are growing one minute can crash the next.  And it doesn’t take much – just some very small changes in the principal attributes of a population.  The “balance of nature” is a façade – populations are almost always in flux – in a very dynamic equilibrium that can be very sensitive to even small changes.  And we are dependent on that dynamic system.

Study Questions:

1) With discrete growth, how and why does a change in r affect patterns of oscillation?

2) With continuous growth, how can oscillations occur, and why does an increase in the length of the time lag increase the amplitude of the oscillation?

3) When would you use a continuous or a discrete model to describe the growth of a particular population?
4) For spatially subdivided populations (metapopulations), persistenece depends upon a balance between two variables.  Explain.
