
 

Ecosystem Services

1) Biodiversity

80% of people rely on natural medicinal products

Top 150 prescription drugs in the US:

118 from natural sources

74% from plants

18% from fungi

5% from bacteria

3% from vertebrates

 
 

 

Ecosystem ServicesEcosystem Services

2) Pollination2) Pollination

Over 100,000 animal species freely pollinate Over 100,000 animal species freely pollinate 

plantsplants

batsbats

beesbees

fliesflies

mothsmoths

beetlesbeetles

birdsbirds

butterfliesbutterflies
One third of human food comes from plants 

pollinated by wild pollinators
 

 

 

 
energy in =

energy out

343 Watts/m2

31% reflected by 

clouds or surface

20% absorbed by    

clouds and atmosphere

49% absorbed by 

earth surface

 
 

 

 



Light

 
 

 

 
 

 

Water Storage in 

Oceans

 
 



Surface Runoff
•surface runoff 

gradually flows 
into gullies, 

streams, lakes, or 
rivers.  Water in 

streams and 
rivers flows to the 
ocean, seeps into 

the ground, or 
evaporates back 

into the 
atmosphere. 

 

The Global Carbon Cycle

Humans

Atmosphere

+ 3/yr

Ocean
Land

~ 92

~120

~122

7  PgC*/yr

~90

About half the CO2

released by humans is 

absorbed by oceans and 

land.

Will this continue?

*PgC = Peta (1015)  
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::معادله رشد معادله رشد 

Equation for population growth isEquation for population growth is

ΔΔN/N/ΔΔt = t = bNbN--dNdN

Where N = population size, b is per capita Where N = population size, b is per capita 

birth rate and d is per capita death rate. birth rate and d is per capita death rate. 

ΔΔN/N/ΔΔt  is change in population N over a t  is change in population N over a 

small time period t.small time period t.

 
 

 

The per capita rate of population The per capita rate of population 

increase is symbolized by r.increase is symbolized by r.

r = (r = (bb--dd) + () + (ii--ee).).

r indicates whether a population is r indicates whether a population is 

growing (r >0) or declining growing (r >0) or declining 

(r<0).(r<0).
 

 

Exponential population growth Exponential population growth 

(EPG)(EPG)

Describes population growth in an Describes population growth in an 

idealized, unlimited environment.idealized, unlimited environment.

During EPG the rate of reproduction is at its During EPG the rate of reproduction is at its 

maximum.maximum.

 



The equation for exponential population The equation for exponential population 

growth isgrowth is

dN
dt

 rmaxN

 
 

Logistic Population GrowthLogistic Population Growth

Exponential growth cannot be sustained for long Exponential growth cannot be sustained for long 

in any population.in any population.

A more realistic population model limits A more realistic population model limits 

growth by incorporating carrying capacity.growth by incorporating carrying capacity.

Carrying capacity (Carrying capacity (KK) is the maximum ) is the maximum 

population size the environment can supportpopulation size the environment can support

 
 

Modeling densityModeling density--dependent dependent 

growthgrowth

The Logistic Equation (cont.)The Logistic Equation (cont.)

The next part, The next part, 

As the population size approaches KAs the population size approaches K……

actual growth rate slows downactual growth rate slows down

stable equilibrium at N = K (or N=0)stable equilibrium at N = K (or N=0)

KK--NN
KK

 
 

 

 



The logistic growth equation iThe logistic growth equation includes ncludes 

KK, the carrying capacity (number of , the carrying capacity (number of 

organisms environment can support)organisms environment can support)

dN
dt


(K  N)

KrmaxN

As population size (N) increases, the equation                  

[(K-N)/K] becomes smaller which slows the population’s 

growth rate.

 
 

Population growth models 

exponential 

dN/dt = r * N 

N(t) = N(0) * er*t

r = birth - death

 
 

Factors that determine density: Factors that determine density: 

BirthsBirths

Includes production of new individualsIncludes production of new individuals

Other termsOther terms

Fecundity Fecundity -- potential reproductivepotential reproductive capacitycapacity

Fertility Fertility -- based on # of offspringbased on # of offspring

Realized vs. potential fertilityRealized vs. potential fertility

Births usually reported as organisms produced per Births usually reported as organisms produced per 

female per unit timefemale per unit time ((PER CAPITAPER CAPITA))

 
 

 

 

 



Population RegulationPopulation Regulation

In a closed system (In a closed system (no immigration or no immigration or 

emigrationemigration), populations increase ), populations increase 

until an until an EQUILIBRIUMEQUILIBRIUM is reachedis reached

Equilibrium is where:Equilibrium is where:

Per capita birth rate = Per capita death Per capita birth rate = Per capita death 

rate   rate   Population is stablePopulation is stable

 
 

Population regulationPopulation regulation

Density dependentDensity dependent

birth rate decreases with increasing population densitybirth rate decreases with increasing population density

death rate increases with increasing population densitydeath rate increases with increasing population density

Density independentDensity independent

birth and death rates do not change with population birth and death rates do not change with population 
densitydensity

Inversely density dependentInversely density dependent

birth rates increase with increasing population densitybirth rates increase with increasing population density

death rates decrease with increasing population densitydeath rates decrease with increasing population density

 
 

 
 

 

 

 

 



 
 

 
 

 

 

 

 

 

 


