CHAPTER 53. POPULATION ECOLOGY
A graph of N vs. t for the logistic growth model would look like:
· S-shaped curve
Questions population ecologists ask
· Reopen the cod fishery?
· Total allowable catch of seals?
What is a population?
· Group of individuals of the same species in the same area
How to estimate population size?
· Total count
· This is Rarely possible,
· Because animals move
· Demographically you only care about females
Fish in a lake?
· E.g. mark 100 fish (M) and release them
· Recapture 200 fish (R) the next week & examine them for marks (RM); 20 have marks
· Population size = N = ?
· N = R/RM * M
      	= 200/20 * 100 
        	= 10 * 100
        	= 1000
Indirect methods
· Impossible to count all 
· Count a sub-sample
· Index of abundance: fecal pellets, tracks, songs
Cod?
· Indirect method: 
catch per unit of 
fishing effort
· CPUE
CPUE for cod
· Research cruises
· Commercial fishery
· Clumped dispersion 
   of cod
· CPUE remained high in 
   commercial catch as abundance declined
· Over-estimated abundance and overharvested
· What is a life history?
· Important episodes in an organism’s life
· Maximum age
· Age at first reproduction
· Frequency of reproduction
· Number of offspring per reproduction
· Size of offspring
· Parental care?
· Bamboo: Phyllostachys bambusoides
· Optimal life history?
· Breed at an early age
· Large number of offspring
· Large egg/seed size
· Breed repeatedly until death
· Possible?
· No: Limited energy
· Tradeoffs
· NS favours different life histories for different species
· Different ecological niches
· Reading Q: The most common 
kind of dispersion in nature is 
A) clumped
B) random
C) uniform
D) Indeterminate
E) dispersive

· Decision 1. Offspring #: 
many vs. few?
· Ocean sunfish: 200 million eggs
· Humans: 1
· What is the tradeoff?
· Size vs. number
· Many, small offspring: 
· Small yolk, high mortality, Type III 
    survival curve
· Few, large: large yolk, low 
    mortality, type I curve
· Fig. 53.6: tradeoff between offspring size and survival
· Optimal egg/offspring 
size? (Fig. 53.9)
· Size vs. number tradeoff
· 2. How often to reproduce?
· Once: semelparous or big bang
· Pacific salmon, cicadas, bamboo, agave
· 2. How often to reproduce?
· Many times: iteroparous
· iterative
· Humans: record for females?
· 27 pregnancies and 69 offspring
· Males?
· 888 – Emperor of Morocco
· Tradeoff 2: Blow all my energy 
now & risk dying or save some for future reproduction?
· If adult survival to breed a second time is low: 
· semelparous
· If adult survival to breed again is high:
· iteroparous 
· 	Atlantic salmon        Pacific salmon
	iteroparous                  semelparous
· Mountains on the west coast
· More energetically demanding migration
· Unlikely Pacific salmon will breed again
· Programmed death in Pacific salmon
· 17 & 13 year cicadas
· Synchronized semelparous life history?
· Swamp predators
· Why 13 and 17 years?
· Prime numbers?
· Escaping from predators?
· Concept Q
· A lilypad doubles into two pads after one day and so on until the pond is full after 30 days. When was the pond ½ full.
1) After 15 days
2) After 29 days
3) Don’t know.
· Job
· Pay: 1cent/day
· [bookmark: _GoBack]Pay doubles every day
· Do you take the job if it lasts
· 10 days, 20 days, 30 days?
a) yes, yes, yes
b) no, yes, yes
c) No, no yes
d) No, no, no
· Density-independent 
population growth: 
Exponential growth: Fig. 53.7 (10) 
· J-shaped curve
· Examples?
· Bacteria 
· Bank account
· Growth of your bank account: 
10% annual interest
Year 0
1
2
3
10
20
40
$100		
110		
121
133.10
259.37
672.75
4525.93
· Exponential growth model
· N=population size
· t=time
· b=per capita birth rate (births/female/time)
· d=per capita death rate (deaths/female/time)
· r=b-d (per capita growth rate)
· Exponential growth model
· Change in N/time period 
         = births – deaths
         = bN – dN
         = (b-d)N
         = rN
· dN/dt = rN
· r>0 – increasing; r<0 - decreasing
· Is hunting ethical from 
an ecological point of view?
· Is indefinite exponential 
growth possible?
· No: Malthus
· Environment can only support so many
· Carrying capacity = K
· Struggle for existence
· What slows population growth?
· Intra-specific competition
· Density-dependent 
population growth: 
logistic model: Fig. 53.9 (12)
· S-shaped curve
· K = carrying 
           capacity
· What causes growth
   to slow down?
· Increased death
· Decreased reprod’n
· Fig. 53-16: decreased reproduction
· Logistic growth model: Fig. 53.12
· r (births – deaths) vs. N?
· r decreases with N
· Logistic growth
· dN/dt = rN (exponential growth)
· dN/dt = Nr
· r = rmax (1- N/K)
· dN/dt = Nrmax (1-N/K)
· dN/dt = rN (1 – N/K)
· Examples of Logistic 
Growth: Fig. 53.10 (13)
· Review Q: Natural selection has led to the evolution of diverse natural history strategies, which have in common 
A)  many offspring per reproductive episode. 
B)  limitation only by density-independent limiting factors. 
C) adaptation to stable environments.
D) maximize lifetime reproductive success. 
E) relatively large offspring 
· Ecological Sustainability I
· You can harvest wild populations sustainably – i.e. forever
· Take only the interest from the population & not the capital itself
· Take < maximum sustainable yield
· Human population growth: 
Fig. 53.22?
· Why the increase?
· Increased K
· Decreased infant
   mortality rate
· Why worry?
· Time lags (Fig. 53.13b)
· Overshoot and crash? (Fig. 53.19)
· Reindeer on St. Matthew Island
· Angel Island
· Introduced deer
· 300 starving deer
· What to do?
· How to solve 
Angel Island problem?
a) Feed the deer
b) Cull the population
c) Introduce predators
d) Move some to the mainland
e) Let nature take its course
· Angel Island
· Fed them
· Survivors trampled the remaining vegetation
· decreased K
· Caught 203 animals, moved to mainland
· $3000/animal
· 85% died within 1 year
· How to solve the problem 
of  human overpopulation?
· Angel Island: no
· Short-sighted solutions won’t work
· Demographic transition: High b, high d to
    low b, low d
· Death rate declines first: a little bit of modern medicine goes a long way
· Birth rate follows: why?
· Make the transition quickly
· Demographic transition
· Fig. 53.23: some good news
· 1.1 in 2012
· Demographic transition
· How to decrease birth rate in developing world?
· Opportunities for women
· Increase standard of living
· Increases ecological footprint
· Increases our impact on wild ecosystems
· Does Canada have an over-population problem?
a) Yes
b) No
· Does Canada have 
a Population Problem? 
· Does Canada have a 
Population Problem?
· YES: 4th highest ecological footprint/person
· Consumption overpopulation
· World already beyond capacity
· Every new Canadian is a bad Canadian
· GHGs as an example
· Does Canada have a 
Population Problem?
· Population is also growing at 0.78%/yr
· Vs. 1.1% for the world
· We suffer from both types: consumption & people overpopulation
· Which type is more important? 
· Our Kyoto commitment: 
a 6% reduction in GHGs 
by 2012 compared to 1990
· How much have they changed since 1990?
a) -3%
b) No change
c) +10%
d) +18%
e) +30%
· GHG emissions in Canada: mainly bad news but some good
· GHG production in Canada
· 1990: 589 megatonnes of CO2 & 27.5 million people – 21.3 mt/million
· 2010: 692 megatonnes of CO2 & 34.1 million people – 20.3 mt/million
· Consumption per person has decreased!
· Increase entirely due to 24% increase in population size
· Canada’s population problem?
· Reduce individual footprint
· Slow pop’n growth
· Leave space for nature
· Chapter 53. Highlights
· Estimating population size: direct counts, mark-recapture, indirect methods
· Life history theory: need for tradeoffs
· Many small vs. few large offspring?
· Optimal offspring size
· How often to reproduce? All now or some later?
· Ch. 53 Highlights (cont’d)
· Exponential growth: density-independent
· Not sustainable
· Logistic growth: density-dependent
· Concept of sustainability I
· Human population growth: case study
· Canadian “population growth problem”
· Solutions?

