Biol 226 – Ch. 53 (Nov.13+15)

Population Ecology: 
· New emergent properties 

RQ: A graph of N vs. t for the logistic growth model would look like:
· S-shaped curve

Know both exponential and logistic growth curve!

Reopen the cod fishery? Total allowable catch of seals?
· When do we open a cod fishery? = classic questions

What is a population?
· A group of individuals of the same species in the same area
· Key for demographic for ecology and evolution….(listen to recording)

How to estimate population size?
· Total count: rarely can you count all individuals (sample size)
· How would you count the number of students in a march? = Count from a areal photograph, estimate the number of people from time to time and how long the march is….

Fish in a lake?
· Classic case of “how many fish are there?”
· 
· Catch and mark 100 fish (M) and wait a few days and then recapture 200 fish (R) and examine them for the marks and only 20 have marks (RM). What’s the population size? N = ? 
· N = R/RM * M = 200/20 * 100 = 10 * 100

Cod – estimating the numbers (Fail all the time)
· Indirect methods are used > catch per unit of fishing effort (CPUE)
· Trawling = catching in nets
· 2 types of data:
· Research cruises
· Commercial fishery – record data in a log book, data used most of the time to estimate 
· Unbiased estimate of abundance (CPUE)
· CPUE remained high in commercial catch as abundance declined = gave us false hopes because it was the last amount/group found.
· Don’t rely on one form of estimation! WE don’t anymore

RQ: The most common kind of dispersion in nature is: clumped! Why? = Resources are usually clumped into one area. 
· Random means better or worse, and clumped means really good!

Evolution of Life Histories: incredible variability
· Life history can give us insight. 
· Life History of sockeye Salmon: unique part? = they’re programed to die (inherited) after they lay their eggs, they only lay eggs once (4 years old, they’re synchronized), they come back to the same place they’re born, migrate to ocean and return. 

What is life history?
· Important episodes in an organisms’ life
· Why do Salmon go to sea? = they’re freshwater origin fish (Darwinian argument!), they go to feed and grow big! But if they don’t leave the river, they don’t grow big but don’t have to worry about predators like the ocean migrated salmon.
· Key things to ask about life history:
· Maximum age
· Age at first reproduction
· Frequency of reproduction
· # of offspring

Bamboo:
· food of panda bears. They germinate from a seed and grow and live 120 years and never reproduce! They’re all related to one another and after 120 years, they all simultaneously flower and die.
· Why? = they have a clock that keeps them alive for 120 years
· Imagine if you’re the panda and they all die on you at once…that’s a problem for you.

Optimal life history?
· Breed at an early age
· Large # of offspring and size of offspring!
· Breed repeatedly until death
· Is this possible?
· Rabbits? They have 6 offspring….
· Why isn’t it possible? There’s limited energy – tradeoffs – opt for one thing.
· NS favors different life histories for different species because of different ecological niches

Tradeoffs:
· 1) Size vs. number tradeoff: Offspring #: many vs. few
· Ocean sunfish = 200 million eggs (one end)
· Humans: 1 child (other end)
· Huge investment in nursing and lactation
· Strong selection against twinning because if the babies are 4 pounds each, they might die or the mom might die or both.
· What is the tradeoff? = How big are their offspring going to be? Ocean sunfish will be smaller than humans
· Female vary with the size of their eggs (Darwinian argument)

Darwinian argument – size vs. number tradeoff
· Draw graphs

· Tradeoff 2) How often to reproduce?
· Once: Semelparound or big bang
· Ex) Pacific Salmon, bamboo, etc.
· Many times: iteroparous
· Ex) humans: record for human females? = 27 pregnancies 
· Blow all my energy now & risk dying or save some for future reproduction?
· if adult survival to breed a second time is low & offspring survival is relatively high: semelparous
· If adult survival to breed again is high & offspring survival is low: iteroparous.
· Atlantic Salmon Vs. Pacific Salmon: DARWINIAN EXPLANATION!!!
· Altantic – iteroparuos, hills
· Pacific – Semelparous, mountains
· What’s the difference? Why is one programmed to die? = Difference between east and west coast?  
· More energetically demanding migration = unlikely pacific salmon will breed again = I made it up the mountain, I’ll just lay all my eggs now because they’re programmed to die anyways. 
· Atlantic salmon lay half the eggs and lays the others later to save energy for later.
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Con’t of Ch.53 – population ecology
· Size vs. number trade off graph = maximize reproductive success, you have to multiply the 0 and infinity and the 1 and 100 (diagonal lines) – give you curved line.
· Cicadas: they’re under ground for 17 years living off sap from the trees and then they climb up the tree to mold into their adult body and live for 13 years or another 17 years (life cycle)
· Why 13 and 17 years? = nothing can track you because 16 year life cycles are max for certain organisms. You would need someone with a 16 year life cycle and only track you for a year (track you when 15).
· Prime numbers = evolutionary race and they’re escaping predators in this 17 year life cycle under ground. Synchronized semelparous life history and swamped predators (millions come out at once! And predators can’t keep up, too stuffed to eat more).

CQ: a lilypad doubles into 2 pads after one day and so on until the pond is full after 30 days. When was the pond ½ full?
· After 29 days = the population doubles, so on the 29th day, it’s half.

Job Question = 10 days, 20 days, 30 days, no no yes. 
· 2 cents a day and doubles every single day!!! 2x4x6x8x10x12….

Density-independent population growth:
· exponential growth: J shape curve
· axis = time (x) and population size (y)
· Examples: bacteria with binary fission (unlimited food supply), bank account = growth of your bank account: 10% annual interest
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Recording!
· Why DI growth? = the growth rate is not effected by population density.
· N = pop. Size
· t = time
· b = per capita birth rate (births/female/time)
· how many female offspring does a female have in her lifetime?
· d = per capita death rate (deaths/female/time) – can only die once
· r = b-d (per capita growth rate)
· Change in N/time period = growth
· Birth- deaths
· bN – dN
· (b-d)N = rN (just showing how we get the formula)
· biology of growth (rN)
· dN/dt = rN
· r> 0 – increasing; r<0 – decreasing (if we take out immigration, out population will decrease)

Ex) Sea otters – extinguish and recover (exponential growth)

Is indefinite exponential growth possible?
· No = environment can only support so many (not all can survive)
· Carrying capacity = k (k can change)
· Struggle for existence that Darwin thought of 
· Logistic growth 
· What slows pop growth? = intra-specific competition (resources, shelter, predators…)

Logistic Model:
· S-shaped curve, with the k straight line.
· Time = x acxis
· Pop= y axis
· Increased death
· Ex) Density low on N axis = recording…

Logistic growth model: (MOST IMP GRAPH)
· biology of ….
· Plot r (births – deaths) vs. N?



r (per capita rate					of increase)



				
					Pop size (N)
· r = rmax (1 – N/K)

dN/dt = rN (1 – N/k)
· if do K/N, it doesn’t work!

Ex of Logistic growth:
· Why do graphs have overshoot? (like dying off after growing) = eating a lot at the bottom and the overshoot is due to the resources being low… and not enough food.






This question could be on the Final!! – Recording!!
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Explanation for these graphs:









Ecological Sustainability I
· dN/dt = rN (1 – N/K) = rN – rN2/K
· At what N is growth rate maxmizied?
· Take the 1st derivative with respect to N and set to 0 (this is for fun, if you wan to know where N = K/2 comes from).

Human population growth: (Recording)
· Why the increase? After the plague = increased k, decreased infant mortality rate
· Why worry? = time lags (overshoot – overcapacity), massive starvation of drops in lines….(bottom line on x axis in graph).
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Angel Island – a parable?
· White tail deer – 3 bouts of overpop./starvation in 1960s – California is dry climate
· 300 starving deer in late 1970s – what do you do? = separate males and females, relocate, introduce wolves…(some ideas)
· How did they solve the problem? = they fed them, survivors trampled the remaining vegetation – decreased K & increased starvation, so they moved them to the mainland.
· 85% died within 1 year = highways, cougars up in the mountains…

How to solve the problem of human overpopulation?
· Demographic transition = high b and high d to low b and low d.
· Death rate drops first before the birth rate dropping = medicine helps
· Birth rate follows why? = women’s career, women going to school
· [bookmark: _GoBack]Increasing standard of living = increasing ecological footprint (ecological challenge).
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¥ Figure 53.22 Human population growth (data as of 2015).
The global human population has grown almost continuously
throughout history, but it skyrocketed after the Industrial Revolution.
Though it is not apparent at this scale, the rate of population growth
has slowed in recent decades, mainly as a result of decreased birth
rates throughout the world.
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