population dynamics

Characteristics of Populations

· Dynamic, they change in

· size

· density

· dispersion

· age distribution

· Why?

Populations change in response to ENVIRONMENTAL STRESS
or CHANGE IN ENVIRONMENTAL CONDITIONS

stress is refraining from the uncontrollable desire to kick the ----- out of someone who desperately needs it. 

These changes in populations are summed up or called

population dynamics or Demograghy

POPULATION SIZE

· NUMBER OF INDIVIDUALS

· TOO SMALL

· BETTER CHANCE OF EXTINCTION

· TOO MUCH INBREEDING

· CAN’T ADAPT

· NOT  ENOUGH GENETIC DIVERSITY

POP SIZE

· NUMBER TOO LARGE

· STARVATION

· INCREASED PREDATION

· DECREASED FERTILITY

· INC. PARASITISM

· INC DISEASE

POPULATION DENSITY

· # at certain time in certain space

· Ecological population density

· individuals per unit of habitat

· area for terrestial

· volume for aquatic

1.  Population Density

· Population density (or ecological population density) is the amount of individuals in a population per unit habitat area

· Some species exist in high densities

· ex. mice

· Some species exist in low densities

· ex. Mountain lions

· Density depends upon

· social/population structure

· mating relationships

· time of year

2.  Population Dispersion 

· Population dispersion is the spatial pattern of distribution

· There are three main classifications

· clumped: individuals are lumped into groups

· ex. Flocking birds or herbivore herds

· due to resources that are clumped or social interactions

· most common

Population Dispersion (cont)

· Uniform:  Individuals are regularly spaced in the environment

· ex. Creosote bush

· due to antagonism between individuals, or do to regular spacing of resources

· rare because resources are rarely evenly spaced

· Random: Individuals are randomly dispersed in the environment

· ex. Dandelions

· due to random distribution of resources in the environment, and neither positive nor negative interaction between individuals

· rare because these conditions are rarely met

POPULATION DISPERSION

· CLUMPING

· most common pattern of dispersion

· resources scattered

· protect against predators

· are social

pop disp. cont

· uniformly dispersed

· rare pattern

· resources may be scarce

· individuals antagonistic

· defend their resources by physical or chemical means

pop disp. cont.

· Randomly dispersed

· resources evenly spread out

· also fairly rare

· example-  dandelions

AGE STRUCTURE

· COMMON AGE GROUPS

· PREREPRODUCTIVE

· SOME OF YOU

· REPRODUCTIVE

· MOST OF YOU

· POSTREPRODUCTIVE

· THIS WAS SUPPOSED TO BE ME

Age structure diagrams

· Pyramid =   + growth

· Vertical edges       =  0    growth

· Inverted Pyramid =   - growth

biotic or reproductive potential (r)

· maximum rate at which a population can grow if it has unlimited resources!  

· expressed as “r”

· high potential if:

· reproduce early in life

· have short generation times

· can reproduce many times

· produce many offspring each time

ENVIRONMENTAL RESISTANCE

ALL THE FACTORS THAT PROHIBIT A POPULATION FROM RUNNING AMUCK

Do all species enjoy exponential growth?

· NO!

· The exponential growth of most populations ends at some point

· Two general outcomes can be observed:

Do all species enjoy exponential growth?

· 1. Populations increase so rapidly that they over shoot the pop size that the environment can support, and the pop size crashes

· ex. reindeer

Do all species enjoy exponential growth?

· 2. Populations increase to some level, and then maintain that stable level

· ex. sheep

CARRYING CAPACITY (k)

 “r” + env res =  “k”

· no environmental resistance

DENSITY DEPENDENT AND INDEPENDENT MORTALITY FACTORS OR POPULATION CONTROLS

· DEPENDENT

· % mortality inc w/ inc in density

· predation

· parasitism

· disease

· competition

· starvation

· war

· INDEPENDENT

· % mortality stays the same in spite of density

· floods

· hurricanes

· droughts

· fire

· destruction of habitat

REAL LIFE POP CURVES

4. Population growth

·  Populations show two types of growth

· Exponential

· Logistic

Population growth (cont)

· Population growth depends upon birth rates, death rates, immigration rates and emigration rates

· Pop (now) = Pop (then) + b + i - d - e

· Zero population growth is when 

· (b + i) = (d + e)

Exponential growth

· As early as Darwin, scientists have realized that populations have the ability to grow exponentially

· All populations have this ability, although not all populations realized this type of growth

· J-shaped curve

Exponential Growth Rate,  r

· The exponential growth rate, symbolized r, is calculated as:

·    r    = per capita    -   per capita 

               birth rate          death rate

What do “per capita” rates mean?

·  If 1000 individuals produce 10,000 young in one year, than the per capita birth rate is:

        

b = 10/yr

    although some individuals may have bred and others may not have

· If there are 500 individuals this year, but only 250 of 
these same individuals survive to the next year, 
then the per capita death rate is :

·       

 d = .5/yr 

What do “per capita” rates mean?

·   r can also be thought of as the change in population size over time

· ex. If a population is growing at a rate of 2% per year, that means that 2 new individuals are added to the population for every 100 already present per year.  In this case, the r is the decimal form of the growth rate, or  r = .02

Exponential growth equation

· N(t) = N(0) e rt
· N = number of ind. at time 0 or time t

· e = natural log base = 2.72

· r = exponential growth rate

· t = time in years

Exponential growth graphically

· The graph at right shows what exponential growth looks like

·   Exponential growth is growth that is independent  of population density

Calculation example

· Darwin pondered the question of exponential growth.  He knew that all species had the potential to grow exponentially.

· He used elephants as an example because elephants are one of the slowest breeders on the planet

· One female will produce 6 young over her 100 yr life span.  In a population, this amounts to a growth rate of 2%, or r = .02. 

· Darwin wondered, how many elephants could result from one male and one female in 750 years?

Calculation example (cont)

· N(0) = 2

· t = 750 yrs

· r = .02

· N(t) = 2 * 2.72 (.02)(750)

·   = 19,000,000 elephants!!!

Rate of population increase

· In order to examine how populations grow exponentially, we use the equation:

           

 dN  = r N

           

 d t

Doubling time/ Rule of 70

· Doubling time is the amount of time that is takes for a population to double in size when growing exponentially (original population size doesn’t matter)

· It is calculated as  

         D.T.  =  70/ percent increase

· Ex. A rabbit population has an r value of 1.5, so the percent increase  = 150%



D.T. = 70/150 = .46 yrs., or 5.5 months

Population Regulation/Logistic Growth

·  Most populations grow exponentially until the the effect of density- dependent factors increases and limits population growth

·  S-shaped growth curve (logistic growth)
Population Regulation/Logistic Growth

· 1. The population experiences exponential growth.  

· 2. Population size (and density) increases, the growth rate decreases.

· 3. The population approaches the carrying capacity, K, the number of individuals that the environment can support
Logistic Growth Equation 

    dN  =  r N (1 - N/K)

    d t
When N is small, then N/K is close to 0 and the population experiences exp. Growth

When N is large (close to K), N/K is close to 1 and the population has little or no growth

· When N is greater than K, then N/K is greater than 1, and growth is negative

Reproductive (Life History) Strategies

· The goal of all individuals is to produce as many offspring as possible

· Each individual has a limited amount of energy to put towards life and reproduction

· This leads to trade-offs of long life, vs. high reproduction rate

· Selection has favored the production of two main types of species:

·  r-strategists,            K-strategists

REPRODUCTIVE STRATEGIES AND SURVIVAL

· ‘r’ strategists- try to reach ‘r’ every time

· reproduce early

· have many offspring/event

· mature quickly

· short generation times

· don’t put a lot of effort into raising young

r - strategists

· r-strategists are so-called, because they spend most of their time in exponential growth

· they maximize the reprod. rate

rep strategies and survival (cont.)

· ‘K’ strategists-maintain pop at  “K”

· usually develop inside mom

· fairly large

· mature slowly

· spend little energy on reproduction

· live in the attic until they’re 42

· 70+% of college grads move back into their parents homes after college

K - strategists

· Those species that maintain their population levels at K

· these populations spend most of their time at K

K - strategists

AVAILIBILITY OF NICHES DETERMINES ULTIMATE POPULATION SIZE

SURVIVORSHIP CURVES

· COHORT = AGE GROUP

· R STRATEGISTS

· EARLY LOSS

· K STRATEGISTS

· LATE LOSS

· IN BETWEEN

· CONSTANT LOSS

Survivorship curves

· There are 3 types of relationships between age and mortality rate

· These affect the life-history strategies

