Ecology Midterm #1

What is Science?

Philosophers

· Plato: Think about the abstract (concepts)

· Aristotle: The world is a place that must be measured

Scientific Method

1. Define a question

· Can potentially be answered

· That pushes the boundaries of knowledge and/or is interesting

· Ex. Why does the sun cross the sky every day?

2. Hypothesis

· Hypothesis: General statement of how said thing (the world) works

· Ex. Sun revolves around the earth

· Includes prediction

· Prediction must be unique to the hypothesis

· For a hypothesis to be testable the prediction must be refutable

· How they originate:

· Observations

· Inductive: Specific case to general rule

· Ex. it is cloudy ( it will rain 

· Deductive: General rule to specific example

· Used to determine what should be observed

· Common form is called affirming the consequent: assuming if the hypothesis is correct then the prediction is true 

· Observations must be past, present, and future

3. Test/Observations

· If a prediction is found false, then the hypothesis gets thrown away

· True and uncertain findings are accepted, whereas false findings are denied

· An experiment must be reproducible 

Balancing Realism and Simplicity

· Ockham’s razor: law of parsimony: simpler hypothesis are better 

· Albert Einstein says “everything should be made as simple as possible, but not simpler”

· There can be many different explanations therefore don’t overuse the KISS method

Ecosystem Characteristics

Total Biomass

· Biomass: total mass of plants in an area

· Aquatic Biomass: mass of living material in the water column

· If there’s a lot of green algae in the water, then the water gets soupy and cloudy

· Important to know because it determines if the water is drinkable

· Oxygen starvation due to bacterial activities increases biomass

· Terrestrial biomass

· Birds are attracted to areas with high biomass

· If density of biomass is low, economically one should not tap into that resource ( common practice in forestry

· Biomass effects climate

· Transpiration by plants leads to cooler conditions therefore more precipitation

· Biomass limits erosion which improves the soil

· Rain erodes rock ( dissolution of nutrients ( removes top soil

Ecosystem Function

· Primary production

· Production of new organic matter or biomass by autotrophs (plants and things that function like plants)

· Absorbs CO2 and prod

· Forest ecosystems can be very productive

· Places where carbon is moving into plants is most productive

· Greater production leads to greater herbivore densities

· Herbivores can also alter productivity

· Trapped populations can with stain themselves

· Productivity varies spatioally

· Water cycling

· Can effect the loss of nutrients due to erosion

· Influences primary production

· Removing landscapes (biomass) effects the water cycle because they no longer pump air and water into the air, instead the water just runs off ( resulting in the decline of regional precipitation

· Impacts the abundance and distribution of species

· Animals follow biomass

· Kick starts the migration of wild beasts ( because they track productivity

· Decomposition: cycles nutrients back into soil

· Biogeochemical cycles: Cycling (biotic to abiotic) nutrients and chemical substances

· Pollination

Species Diversity

· Greater moisture = more species

· Humans require animals to exist

· Affect primary productivity (positively and negatively)

· If a species is removed then the systems is greatly affected

· More species are more resistant to ecosystem disasters then few species ( may have species that are drought resiliant

· Niche complimentary: plants ability to survive drought

Abundance of a Species

· Functional extinction: very rare ( cant contribute to ecosystem

· Actual extinction: all dead

· Humans can intervene and repopulate the species

· Hyper-abundance: negatively impacts the ecosystem

· Ex. white tailed dear are overpopulated and graze too much, destroying biomass and ecosystems

· Cant remove them but can minimize/maintain them

· Introducing predators, diseases

· Harvestable populations

· Abundance estimates determine quotas

· Incorrect estimates can be disastrous

Spatial Distribution of a Species

· Rates of species distribution depends on environment and reproduction rate

· Distribution can be clumped, uniform, or random

· Clumped: due to patchy resources

· Uniform: due to competition for resources therefore maximum distance between groups is found

· Random: unpredicted

· Economical consequences: harvestable populations can be easy or hard to find

Factors That Influence Ecological Characteristics

1. History, evolution

· Evolution and barriers to dispersal 

· Ex. kangaroos never made it to North America

· Birds don’t have barriers

· Evolution can occur quit quickly ( evolution changes over ecological time scales

· Species evolve to adapt to external conditions

· Dispersal

· Fast dispersal: fast geological advance ( like a virus 

· Indemic: Found in precise spot

· Ex. like an empty patch during a glacier where these organisms still live

· Environmental debt: not being able to adapt to the changing environment

· Ex. butterflies

2. Physiological tolerance

· Niche includes rate at which resources can be available

· Niche is defined by the totality of environmental conditions that a species can tolerate and flourish

· Ecological niche is an n-dimensional hypervolume (bell curve) that defines where a species could persist

· Dependent on the factors that effect the niche

· Ex. Algae and reef colour

· Algae gives reef its colour

· High temperature results in dead algae, therefore reef bleaching

· If temperature drops then the algae can repopulate

3. Limiting resources

· Liebig’s law of the minimum: There will always be a factor or resource that is limiting the system

· Amount required/amount available=ratio

· When a factor limits the population growth:

· Rate of growth declines

· Biomass declines

· Distribution is limited

· To determine the limiting factor control the system and alter the resources

4. Biotic interactions

· Realized niche is the fundamental niche taking into account the biological factors the species have to account for

· The space actually habituated

· Predation and herbivory: predators need to be introduced into plant filled environments to minimize grazing and the destruction of ecosystems and biomass

Major Physical Properties of Terrestrial Ecosystems

Climate

· Climate: Long term weather average

· At top of atmosphere is where the hottest air column is found due to the fact that density of air is lower

· Warm air at low altitudes hold water and as the warm air rises, the moisture in the air precipitates out

· The air goes north and south therefore the air gets drier as it moves to the poles

· The dry air bands are found where the great belts of desert 

· The cool air flows back down

· Coriolis effect: earth’s rotation and speed is different depending where you are (fastest at the middle) therefore the winds travel in the same direction as the earth rotates

· Air travels to the poles faster, but slower on the way back

· Less sunlight reaching the ground is due to high precipitation at equatorial parts ( Hadley Cell Acton

· Advection of heat: transfer of heat into a fluid

· The atmospheres and oceans move heat around advectively

· High salinity decreases the movement of heat because the heat will sink

· Result of freshwater (glaciers) melting

· Advection moves heat from the tropics to the poles

· Heat wants to equalize everywhere

· Continental effect: middle of a continent does not get the oceanic advection effects

· Precipitation

· Orographic effects: mountain ranges have low air densities and is farther from the earth, therefore it alters the temperate and the precipitation events

· Mountain ranges create precipitation variability

· Climate diagrams: summarize climatic information by plotting temperature in the left vertical axis, precipitation on the right vertical axis, and month plotted on the x axis

· Blue been precipitation is greater then temperature ( moist ( rainforest

· Yellow means precipitation is below temperature ( dry ( desert/grasslands

· Soil

· Poor soils are commonly found in tropics or places with insoluble underlying rock

· Rich soils have soluble underlying rock

· Carnivorous plants are found in bogs and places with bad soil conditions

· Iron rich soils results in organisms that use Nitrogen Fixation: turns nitrogen into nitrates that plants can use ( symbiotic relationships

· Geographical distribution

· Limits primary productivity

· Rate at which carbon is pulled into green biomass is key for PP, and if the geographical location limits carbon intake, then PP is limited

· Limit in solar radiation is a limiting factor for PP, and can be caused by the equatorial cloud belt

· Water (precipitation), temperature, and solar radiation are key factors

Biological Consequences of Physical Factors

Spatial Distribution of Organisms

· Can be measured at local, regional, and global scales

· Holdridge life zones: based on climate only

· Canadian ecozones

·  18 terestrial ecozones 

i. Southern arctic

ii. Montane cordillera

iii. Pacific maritime

iv. Boreal plains

v. Prairies

vi. Mixed-wood plain

vii. Boreal (Canadian) shield

viii. Taiga-dominated environment

ix. Arctic Cordillera

Mixed-wood plain

· A lot of biodiversity

· Dense population

· Smallest ecozone 

· Faces the most extreme threats

· Mesic habitat (not too dry and not too humid)

· In spring when the canopy is open the reproduction (PP) is high

· Deer are dominant

· Higher diversity on south-facing slopes

· Rich soil and mild climate

· Fertile

· Diverse in species

· Disturbed by humans

· Forestry and intensive agriculture

Boreal Shield

· Large sheet of granite underneath the vegetation

· Soil is poor quality because the granite is insoluble

· Bad drainage ( results in bogs

· Forest fires increase amount of Carbon that’s stored in the wetland ( experience a lot of forest fires

· Preventing forest fires creates a bomb

· Too many fires results in a carbon sink, which is not good for climate change

· After a fire you get a more diverse ecosystem

· Next to a stream the fire isn’t as intense and regenerates quickly

· Colder climate

· Drier

· High in conifer and deciduous plants

· Herbivores: moose and caribou

· Predator: wolves

· Human impact

· Clear cut logging

· Results in the reduction of nutrient pools

· Repeated logging results in slower regrowth

· Foresting can decrease carbon and birds

· Elevation gradient

· South facing slopes are warmer then North facing slopes

· By the equator it’s the opposite

· The species at the bottom of the mountain cannot disperse across the mountain ranges

· The species at the top of the mountain have evolved to survive those conditions

· Allopatic: different species across an area

· Induces evolutionary adaptation

Water Availability

· If you subtract the actual evapotransport (limit) and potential (unlimited) = availability

· Demand: how much is left over or lack of left over ( measures deficit

Physical Properties of Aquatic and Marine Ecosystems

Trophic Status

· Marine = salt water

· Aquatic = fresh water

· Trophic status refers to the concentration of nutrients

· 3 types of trophic statuses

a. Oligotrophic: less nutrients (Nitrogen and phosphorus)

· Rooted plants

· Very little aquatic animals

· Very clear

b. Mesotrophic: more nutrients

· More energy in the water column

· Less clarity

c. Eutrophic

· A lot of energy in the water column

· Lowest clarity

· Lots of rocks that absorb nutrients increases the trophic status because more nutrients absorbed equals more nutrients dissolved into the water column

· Human activities increase trophic status

· Agriculture ( non-point (cannot pin-point the direct cause)

· Water use ( as water flows in to the pipe nutrients are released from the pipe that the water is flowing into ( point source (can pin-point the direct cause)

Factors That Vary Within a Lake

· Temperature

· As water cools the density of water drops, therefore ice floats

· Thermal Stratification
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· Water reaches it’s peak density at 4oC

· If the temperature is the same at the top and the bottom, the water will vertically mix

· Occurs during the spring and Autumn

· In summer the density of water at the surface decreases, therefore the water does not vertically mix and just sits (including the nutrients)

· Major stratification occurs in the summer

· Epilimnion: hot water (low density)

· Hypolimnion: cold water (high density)

· Thermocline/Metalimnion: the change in density and temperature

· During the winter we end up with water on the top and coldest water, and at the bottom it is warmer

· Notice a decrease as you go down

· No vertical mixing 

· Oxygen

· O2 solubility increases at low temperatures and salt solubility decreases at low temperatures

· Vertical oxygen profile

· Oligotrophic ( oxygen concentration stays consistent because there’s less stuff to get in the way and fish to take it

· Eutrophic ( oxygen concentration decreases as you go down the water column due to fish using it

· The system can go anoxic (lack of oxygen)

· Oxygen source: Algae (photosynthesis) and wind

· Oxygen sink: decomposition and resporation

· Vertical nutrient profile

· Oligotrophic ( not much nutrients and bio activity to start a gradient

· Mesotrophic ( nutrient concentration increases as you go down moderately

· Eutrophic ( nutrient concentration increases significantly as you go down the water column

· Vertical light intensity profile in water

· Light intensity decreases as depth increases

Ln(Iz[depth]/Io)=-kz

K=proportional to the amount of light absorbed per meter of depth

· Consequence of trophic status

· Biomass of phytoplankton

· Light intensity declines

· Oxygen deficit

Biotic Consequences of Physical Gradients in Lakes

· Net primary productivity (NPP)=Gross primary productivity (GPP) – Respiration

· Euphotic zone: enough light for a positive energy balance

· Experience a trend curve

· Compensation level: Rate of photosynthesis matches the rate of respiration

· GPP-resporation=0

· Compensation level equation:

Z=1/k (ln(Io)-ln(Iz))

· Aphotic zone: not enough light for a positive energy balance

· NPP=0

Light intensity Problems

· Photosynthetic energy production drops below respiration energy consumption for a river macrophyte if the light intensity drops below 10 J/m2s

Biotic Consequences of Physical Gradients in Lakes

· Euphotic zones in various lakes varies with trophic status

Other Significant Physical Factors

· Morphometry: the basic physical dimensions of the lake and its catchment

· Catchment: Area where surrounding water bodies flow to

· Fetch: longest distance over a water body that wind can blow

· Can alter the water conditions

· Depth of the hypolimnion is an important effect

· Mixing zones of cold, deep water

· Affects surface temperature

· Affects nutrients availability at the surface

· Changes the distribution of hot water which changes the water density, which affect the nutrient distribution

· In Euphotic zone when passes over and cools the water temperature there is a burst in nutrients for photosynthesis ( results in increase in algal activity and animal activity

· Marin systems collapse in warm water

Consequences of These Factors

· Vertical distribution of plants

· Macrophytes (rooted aquatic plants)

· Not supported by darker waters

· Phytoplankton

· Vertical distribution of fish

· Geographical distribution of phytoplankton in freshwater and in the ocean

· Increase in nutrients = increase in chlorophyll production

· Example Question

Q: How would you rate water quality in this lake if there were one person resident in its shore?

A: [P] must not exceed 20mg/m3 or 0.02g/m3 for good water quality


Lake volume= Area X Average Depth




=30000m2 X 3m




=90000m3


Maximum [P] allowable =90000m3 x 0.02 g/m3





      =1800 g of P


Relative to 1 person = 1800g/(1500g/person)




             = 1.2 persons

Population

Definition Of A Population

· All individuals of a given species

· How to count?:

· Indirect measurements ( sample (take a small sample of a large number of people)

· Direct measurements

· Mark-Release-recapture: Measure number of organisms present when you recapture them

· For mobile organisms

· Assumptions

· Individuals are equally captured

· Population is stable during the mark recapture period

· Marked and unmarked individuals have the same chance of leaving the population through mortality or emigration

· Marks stay on organsims

· Bailey Estimate:

N= Total pop size

M=# of markerd individuals in the pop

m= # of marked individuals in a sample

n=total # of individuals in the entire sample

N=[M(n+1)]/(m+1)

· When choosing a sample it is important to choose random quadrats

· Stratified Random Sample: Divide up the area into dense, medium, few individuals and sample those zones

· Abundance equation:

AbundanceTotal=AreaTotal/AreaQuadrat * Abundancemean/quadrat

Ex. 

Given

Quadrat=0.5m2   Area=150m2

Mean Density

(14+9+7+1+12)/5

=8.6 individuals/quadrat

=8.6/0.5 ind/m2

=17.2 ind/m2

Total Abundance

=17.2 * 150

=2580

· Transect: A walk through a space

· Uncertainties

· There are lots of variation among quadrats

· Depends on spatial distribution ( can be difficult to differentiate between clumped and random

· Brisson and Reynolds: Found competitive interactions with neighboring shrubs appear to influence distribution of creosote roots

· Lelopathic: Prevent organisms from occupying space

· Sampling Communities

· Community: Association of interacting species inhabiting some defined area

· Community structure includes attributes such as number of species, relative species abundance, and species diversity

· Guild: Group of organisms that all make their living in the same fashion

· Life form: Combination of structure and growth dynamics

· Interactions effect the community structure

· Ex. Addition or removal of a specimen

· Spatial Variation

· Variance: How much numbers are different in a sample

· Uniform: Consistent numbers

· Random: Numbers all over the place

· Clumped:  A large number amongst small numbers

· Less likely to get right answer do too high variance

· Greater the sample size the greater the approximation

· Equation:

S2=(((X- Sum)2)/(n-1)
· Abundance: total number of individuals

· Every ecosystem has regular and repeatable patterns 

· Relative abundance and diversity change frequently within the biological community

· Lognormal Distribution: The abundances of communities look like a bell curve for relative abundance

· Generally only a portion of the curve is apparent

· Largely effected by sample size 

· Species Diversity: Measurement of biological diversity, or just diversity, in ecology can be sophisticated process

· Three ways to consider diversity

i. Alpha: Richness in a locality

ii. Beta: The degree to which regional species exceeds local richness (beta=gamma/alpha)

iii. Gamma: regional species richness (alpha * beta)

· 2 factors define species diversity

1. Species Richness: Number of species in the community

2. Species Evenness: Relative abundance of species

· Diversity is higher when abundances of species are more equitable (free)

· Shannon-Weiner Index: accounts for the abundance and number of species

Pi: Proportion of the ith species

Loge: Natural logarithm of Pi
S: # of species in community

H’=-( Pi * LogePi
· Rank Abundance Curves: Portrayal of relative abundance and species diversity within a community by plotting relative abundance of species against their rank in abundance

· Greater evenness indicated by a lower slope

· Alpha diversity can be used to calculate evenness (alpha diversity doesn’t equal evenness)

· Evenness: the distribution evenness

· Evenness calculated as a proportion between 0 and 1 using the equation:

J=H’/Hmax or J=H’/logeS
· Measuring beta and community similarity

· Biotic hymogenization: Community similarity

· Likeliness of seeing different species between regions

· Over time invasive species are decreasing the diversity between regions

· Jaccard’s index:

a: number of species in common to both places

b: number of species unique to first location

c: number of species unique to the second location

Sj=a/(a+b+c)
· With no different the result is 1

· When all are different result is 0

· Population density: Number of individuals per unit space

The Abundance of Species

The Abundance of Species

· Abundance: Number of organisms

· Density: Abundance per unit area

· Population density varies through time and across spatial gradients

Predicting Species Abundance

· Environmental conditions: Climate, habitat type, environment variability, precipitation

· Habitat type: Forest, grassland, swamp, etc

· Effects the abundance

· Population Growth

N=factors that effect abundance

Nt=Nt-1 + birth – mortality + immigration – emigration

· Immigration and emigration are set to zero

· r= per capita rate of increase (used with exponential population growth)

· k=carrying capacity (constant through time)
· Habitat characteristics also help predict the abundance of a species

· R2=Coefficient of determination (how good the prediction is)

· R2=1=perfect predictions

· In other cases, population dynamics depend on biotic interactions and their temporal variation

Population Growth

· Discrete (Geometric) Generations

· N(t+1)/N(t)=(
· Growth per capita increase at a constant 100% or 1 incline  ( increases at the end

· Continuous Growth (exponential)

· Population is always shifting

· Changes over time

· r=ln(()

· Nt=Noert
· Logistic population growth

· Population cannot grow continuously because it will eventually top out and plummit

· K= carrying capacity

· dN/dt=rN(1-N/K)

· N/K=1

· Rate wont move =0

· K depends on primarily on resource availability

· r depends on the characteristics of the organism in its environment

· Sometimes the growth is random and cannot be predicted ( notice a constant incline and decline

· Delayed logistic growth

· Population growth depends on some previous population density in the past

· dN(t)/dt=rN(t)[1-N(t-d)/K)

· constantly cycling up and down
