1. Introduction

September-06-12
5:30PM

Lectures are posted after class
- Changeinmarkingscheme
o Twocomputerlabs
o 3discussions (or4)
o Hike
- Mark=multiple scheme
If midtermisterrible, markis dropped and exam and labs only are counted
o Finalexaminclude lab material
- Midterm(multiple choice, maybe shortans)

- Whatisecology? Understanding daily effects of competition, resource usage.... On multiple organisms
o Forest-bird competition theory:
= Competition arises with limited resources and multiple species
= Example:warblersfeed oninsectsontrees
o 5speciesof warblersfeed on different places on tree (marked by yellow)
0 Birdsare partioning the location of which resources are being obtained (less
competition)
O Result-completionisreduced
o Possibility: prior competition might have led to this portioning of resources
O How they make sure rules are obeyed? These birds are violentand peck on birds which
feed onwronglocations
o Whencompetitorisabsent, birds can change theirfeedinglocation -i.e "Competitor
release"(removing species froma certain community causing species left behind to
expand feeding zones)
# Provesthatcompetitionisresponsible for partioning of resources

Whatare the otherquestions and research in ecology?
o Nutrientbudgets: determining how much nutrients is being transferred to different organisms
o EXAMPLES BELOW

o Hubbard brook experiment:
= Redarrow=stream A(deforested valley); yellow arrow=B (forest valley)
= Watersample were collected at the end of stream
= Aftercuttingtrees, watersample didn't change forabout ayear; eventually nutrients were
found at the bottom (why? Loss of tree -->dead animals--->decomposers form organiclayeron
soil--->no trees to take up organicnutrients--->washed off asitrains
o Instream with forest, nutrients were absorbed by trees and kept within the area

o Experimentallake are W. Ontario
= Separate lake into two
= Addphosphorous to one--->eutrophication(process by which clear lake turns peagreen. This s
induced by added chemicals which increasealgal growth
O Leadtoreduction of phosphorous based substances

Vegetation change, pollen and models
o Lake sedimentsare arranged at the bottom of lakes (oldest-newest)
o Sedimentsare removed and analysed using micros. To find preserved items
= Example:spruce found at the bottom and chestnut found on top
0 Exp?Lake envshifted from cold to warm(spruce grow in cold env)
Making sense of marine algae
o Satellites can used to measure concof chlorophyl
= Highintensity green colour=highly productive area
=  Whyis production highin oceaniczones nearland? Nutrients are found on land
- Nature and scope of ecology
Why do birds sit on eggS?
o Canbeansweredinmultiple perspectives
= Population eclogy(what are consequences of sitting), comparative (why do birds do the
sitting) , physiological (why sit) and evolutionary (Why eggs)
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2. Life on land
september-10-12

Ufeofland

Examples of ties amongorganisms

- Whyhorsesand catle helprestore guanacaste forest?

o Guanacaste fruitis arge

© Animal acts as a disperser

© Intextbook, Scientist Jansen wanted o restore forest
Knewhattree produced large fultthat falsnext o1t

Solls

- Important/most obvious foundation ofife onland=soil
- Ingredients for climate=precipitation and temperature

+ Fineitteris deeperdue todecomposers.
de

rganicto mineral

- Canadian rtic cold temp accumulatesorganicmatter
o Mayhappenin tropicinwettropicareas (swamp)

- ai )

Aircirculation and
EXTRA(pg 16)

slightlytited os therotates about the sun)

- Couseof winer:

“

Couseof Wetanddry area
o o
o equatorgets ain,area close tot=
- Whichdirection does earthrotate in?
© Sunrotates fromwesttoeast
- Wherelsthe Earth Surface movementfastest?
© Equatoristhe earth's surface that moves the fastest
- Latitudinaldifferences
2o
© Bxplains why winds doesn't move directly Nands
Coriols
. curvimoy
MajorBiomes.
hat factors, do inthe t
CLIVITE= PRECIP AND TEMP.
- Wecan predicta biome froma dimate diagram
o d
neapple family
e
Gome [rypeaf plant_[Animat Soil Giimate Location
Tundra Woss Tendeer |- Slowsolldevd |- Coldanddry ot sretecirele
lichen Garibou o a i
Duarfuilios | tusk coldwesther,z0 summer isn'as warm | European Russia,northern
oc organicmatter as the boreal- Sibera andacross
Bear accomulates |- Shortsummers northern Alaska and
Wolves |- Suracesollthows |- precipltaionexcesdevap | Canada,
setctox | insummer lower |- Prec(<20010 5600
weasel | layeris permafrost
i
Ground
squirell
Parmigsn
oreal Euergreen | Woll=major | tow fertiy “Winters oolong;short |- Coverover 11 of eart's
forest/Taga | conitersispruc | predator |- Thin summer months landares
(orestwater. | efrpines) | Blackand |- Aidic - Mod precipitation (200600 |- Centrallocations ofareas
forestuater) | Willowsinear | griziybears |- Nutientsarefound | mm) atove
shores ofriver [- Uy, ontop due o stow | - Low temp and ong winter->
andlskes) | wolverine, | decomposition | lowerap.
cnowshos |- Plants aveshallow
porcupine
andred
sauirell
Temperate
Forest
Temperate
Grastnd
Wediterranean
ool
Shrobiand
Desert
Tropical
Swanna
ropical ory
rest
Tropical rain
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3. Life on land (fix)

Predicting Biomes from climate diagram
Possible

line = biomes
©  Opposite=dry conditions

Rain forest: life on trees
Highbranches coversmaller plants
Nutrientsfrom air or other animals
Lots of epiphytes.

Tropical dry forest:inbetween rain forestand desert
Greatervariation in temp and water availability

Favorite Biome for plp=tropical dry forest

Rain forest: pl b/citisthe most. byh
A o ) "

Deserts

Sahara, gobi, kalahri are some ex

Droughtall year drown

Lowestmeantem

Lithosoil=rocky fragments on soil

Medeterenian:

Droughtin summer

Has moistand cool season

Plantsare able to resistfire with thick bark

Mountains (Islands on Land)
©  Have diff
o Affect reguonal climate
© Mainfeatures

= Orientation: americas->north tosouth (due to plate tectonics

O Af/eur/asia: ordered in an almost horizontal way

d imati i i totop (cold))

= Isolation
Boreal forestisn't vastly found in the south b/cof little land available

Why chickades have great memory?
o Behavioural adaptation to winter survival
o Cachefoodin i i inter -—>Good
memory
= Depositsingle fooditem /location
0 Benefits: reduces theirvulnerabilityto theives, good memory b/c they must think of
where they previously stored food.

o Lookinthe book (pg 47)
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4. Life on water N
September-13-12 -
"

Lectre3
LANDIN WATER-CHAPT 3 Ao recordng sarted: 531 P September-13-12
- Whatis diff?
o Less02
o Lesslightasdepthinc
o Pressure increases as depthinc
o )
- Howmuch?
o 97%n ocean; 2% glacial and 1% freshwater
Freshwater|
(streamsand otherlakes)
- Oceandepth?
o 4000 meter=ave. depth

- Yes.Ex. 1
- Whatabout longitudes?

G AskDr. Kolasa: Yesb/c?
- Redlines=majorcurrents

o B

of water)

gulfof chile

o Yellow=areain which currents bring warm water
- Textbookextras:

layer, nomixing of water occurs) —crystal clear waters

result, warm water formsalayerabove cold water

(+high

th

productive-->blue-green water
- HIGHEST PRODUCITIVITY NEAR COASTLINE
- Oceaniczones

= INEMBAH

o
o N=extendto continental shelf margin
© OCEANICZONE

+ H=deepest
o Rapidlyloselightas depthinc

o lessoxygen
accessible tothe top zone-productive zone)

o
° )

o Abyssall (deepest, darkest and coolest zone)

precipitates; organisms can ive in these vents

- Adaptations
o Anglerfish
* Attractsfish with light
Males are attachedto female

communication means

o Defense:spineson crusteasean arvae
o Translucence:almostinvisible
© Bodyshape

Diversity

carbon
- Zooplankton: eat phytoorather z00p
Larger pred: whales, fish, squid, crabs-->

o Fishthatcrawlin the bottom
o Mollusks, crusteaceans, worms

Containalgae: see nextlecture
- Algae(kelp):

Many other invertebrate phyla

- Bacteriaandvirusesalsolikve inwater

- Onlyone endemicphylum on land: velvet worm
Noendemicorganismin freshwater
Kel

Vesicle filledwith 02

Coral
v v TesT)
o G

coral @
o Grow Imm-10cm/year
Takeslonggto recover from damage
o Coral bleaching
b

temp)—>CAN BEUSED

o Theydon’ .50
+ Nophotosynthesizing pigment, tur white
se makor source of foor
© Theydon'tlivelong
0 Die/isattacked by parasite if algeadoesn'treturn
. !

continue
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5. Life on water

September-17-12
5:32PM
Atolls: coral islets that have built up from a submerged oceanicisland and aringlagoon Kelps found intemperate latitudes
- Coral reef forminany shallow areaon island Corals found intropical latitude

- Island withoutgrowth=erosion

o Iferosion progresses, island disappear and the ring of coral remains
= Why? Coralis still growing

Life inwater: corals and kelps
Both seaweeds and reef-building corals only grow in surface areas where there is enough light to
support photosynthesis

- Oceaniccurrents deliver oxygen and nutrients and remove waste product

1

-

-

Corals are found in warms water (tropical latitudes
Red areas on map of world=areawith coral abundance(Fig3.12)
o Deepseacorals can be found in temperate locations, i.e. Nova Scotia
o Abundantin Philippines, Indonesia
Green=kelpforest (very huge marine algae)
o Abundantinwest coast of Europe and north America
o Structural features similar to terrestrial forest
o Stems=stipes
o Stipeshave epiphyticalgae and sessile invertebrates
- Salttolerance:
o Coralsgrow inwaterwith stable salinity (heavy rain/ river runoff that reduces salinity can be lethal
forthem)
o kelp: can tolerate runoff (b/cthey are used to constant mi
inthe when summeris over)

ingof upperand lowerlevels of water

Life in water: tidal zone
Uppertidal zone: mostexposed areato ir (animal s here have different abilities to cope with this env)
- Intertidal zone: exposed toairin low tides and covered with waterat high tides

Life inwater: tidal zone
- Starfishand seas urchin
© Dangerous b/cof spins (protein on the surgace of sea urchin, iritate skin->made of calcium
carbonate, hard to dissolve

Cantreesgrow inthe ocean?
- Mangroves are treesthatgrow inthe ocean (shallow watersand warmth)
Nurseries for many species. Capture solar energy
Hard wood
Removal=erosion of soil
Not much oxygen within sediments in water; have pores that they can breathe from
= Have some root that can stick out into the air, to absorb 02
Geographical location: tropical and subtropical (warmer areas; highly sensitive to frost)

ocoo

o

o

Cangrasses grow in ocean?
- Yessome grass plants do grow in the ocean
o Yes:saltmarshes
- Saltmarshes: made up of grasses and sages(grow in cooler climate)
= Channels (aka: tidal creeks): fill and empty with tides
- ical location: sandy shores from tohighlatitudes
- Fluctuatingtides move water between up and down the channels (about once or twice daily)
Creeksare bordered by levees
- Marsh flatsinclude salt pans that peri collect waterthat leavingalayer of
salt.

Why carnivorous plants are commonly found in fresh water bog habitat?
- Pitcherplantsee lecture slide
- Carnivorous plants are found there due toslow decomposition rates. Plants need to find another
method togain N
Whattype of freshwater wetlands have you heard of?

Estuary:
- Areawhereriverbecomesan ocean
- Whichwaterisdenser?

= Saltvs. fresh

= (saltwateris denser; dead sea=dense, cannot drown in this water)

- Saltwaterfrom ocean enters the bottom of river water

o Riverfreshwater, flowsto top of ocean
- Increase tide=incoceanlevel, therefore more ocean waster can enterriver
- Aerial view: darker blue=more salty
- Amazonriver, shown (darkerblue)

Lifeinfresh water
- isa has characteristics of differen habitats, can hold adiverse

range of organisms)

Dotropical riversflow differ from temperate ones? Yes, flow variesin tropics: low flow in dry season,
high flow in wet season; temperate is constant(b/c of even distribution of rain fall during the year)
- Orange graph: tropical river, uneven flow (un predictable)

- Evolution of amazon dolpl dorsal finb/cof through
- Whatcausesun even flow?
o Extraprecip, i i yun capacity for water,

DodesertriversdifferInnutrients fromrivers frainingin wetterareas?
- Desertrivers have highersalinity; b/cof less precipitation
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6. Life in Freshwaters

September-19-12

5:28PM e
6. Lifein
Runningwaters Freshwaters
" N Audio recording started: 5:30 PM
River chemistry September-19-12

o Influenced by land and climate
Tropical rivers have lowest salinity: Why? High precipitation leaches ions-->few minerals enter amazon;
Also age of areas might be different; nutrient capture by vegetation
o RioNegro:nearamazon, clearanddark
Temperate: Columbiariverin B.C. (3rd biggest river that drain to PACIFICoceanin N.A.)
Desert: Pecosriver

River continuum Concept (not applicable to tropic; or deserts which has no riparian vegetation)
Consideratemperate climate river
o Startusuallyinforested areas or mountains
o Leaffallsin water==>shreders chop leaf and allow bacteria to decompose it==>lazy
bt :feed of shredders) isgenerated===
* Ecologyand physical
= Sequence of eventinitiated at the beginning of the stream: biological and physical activity
interactto shape the distribution of nutrientsin the stream
o Foodis passed from forest to stream-->
©  Functional group=bunch of organisist that have a collective function
= Collectors
= Shredders
= grazers

Standing water
Great lakes outside Canada?

o Michael, greatslave lake, Baikul, RLC?
Lakes

o Topwatersare warm and full of oxygen or food

o Hypolimnion=darkand deepest layer
Diversity

o Vegetation adaptto varying conditions

* Cat-tailsand wild rice-->emergents

o Floating unattached (water lettuce, water hyacinths)
Nutrients

o Small hypolimium, large upper layer—>hard to nutrient distribution to occur

o Smalllakes have large production: increase relatviely large nutrient/volume

o Eutrophiclake:fertile

= Store enough O2to suffice forall the decompostion processes that occurin time for winter
orsummer
o Willsufferif amount of 02 consumed is greater than the amount of rqg 02

Which country has the greatest exoanses of werlands in the world?
Canada
Carp, seamussel
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7.Temperature
September-20-12
529PM

Temp affects organisms in many ways
o Metabolism
o Changinghabitat
How can temperature affect organisms via habitat
Causing current: ocean/air currents
o Stratifyinglake
Freezingwater
Drying the soil

oo

Can plants regulate temperature?
Yes, plants can regulate their temperature (notall)
E.g. Dryas flowers
o Ifairtempis 15 deg, flower cup maintain tempat 25. Insectis attracted to this warmth
= Ittracks position of sun, to orientitselfin away to absorb sun's heat

If plants can regulate temp, can they affect the temperature of theirenv?
Yes, by providing shades (cooling env)
They can alsowarm up env
Winter:trees increases temperature around toyour house
Summer: promote coolingviashading
Pic:
o Greaterleaf density, soil temp d good for plant(they can absorb more water)
o 48 degsoil will dry up quickly
o Accumulating litter(organic matteretc.) helps to retain water-~>makes soil cooler
*  AffectsOhorizon

Habitat differences

Different habitats have different thermal regime
Black sandis hotter, b/citabsorbs all the light
White sand reflects sun's rays

Habitat differences
Shallow riffle: faster moving water
Highestvariationinthe air
Deep pool-- ichabitat have little variationin temp

© Main point: more exposure to air=greater temperature variation
Climate change?

o Climate change deniers claim that ocean isn't being affected my global warming

= Since ocean water has high heat capacity, you can't really see the effects of heat at the moment

How does stream temp affect Chinook Salmon reproduction and survial
- Redtextinchapter5
Increasing stream temperature has effect on younger salmon that live in streams (anadromous, older ones ive
inocean->not affected by changing temperatuer; spawn in stream).
- Temptoo highaffectstheir ability to reproduce
- Smallstreams most affected
= Logging—>fewert less shadi sunlight heating water

Can organisms optimize their and growth for the typical range of temperature?
Yes, butevidence isabundantand consists of avariety of ...

Example:

Different plants photosynthesize best at preffered T
- Maxtempfor boreal moss =13
- Maxtempfor desertshrub=44

Acclimation
Organism can adjustand optimize performance atdifferent temperatures
- Depends on physiologi ence of an organi vb yological cond (Dr. Scott's paper)

Thermal regulation: main terms
Poikilotherms: no or poor regulation
Ectotherms: external sources of warmth
Internal sources of warmth: endotherm
- Allorganisms produce ilotherm p ittle)
- Conduction: directtransfer from otherthings
Convection: heatlost to water (similar to conduction, but specificto water)
- Radiation heat: electromagnetic radiation
Evaporation: watertovapour
* MCCRE:

Body temp (Poikilotherms)
Methods used by poikilotherms:

- Colouration change:

= Darker:absorb light energy to become hotter(e.g. grasshoppers)
Hair: preventloss of metabolic heat{reduces convection loss)
- Waxes: stop evaporation (don't lose waterand heat)
Antifreezes:

* Invertebrate have some chemical that preventice crystals from growing
Clustering: more appropriatefor plants

Behavioural methods
Basking (grasshoppers)
- Grasshoppers with access tolight bask their body temp about 10 deg above air tenoo
- Crocodilesalsodothis
= Duringcool nights: heatupin the water

Are all mammals equally cap: f ing theirbody
Mamals that live in lower temp, have better abiltiy to thermoregulation
Tropical creatures can maintain a constant metabolicrate overanarrow range of temp

Canil b wellas
Yes, bumble bees can regulate temp viashivering

Regulation Exp
Alive
Moth=subject
Cutoffthe wings, aiminfared light at the thorax
- The more heatyou send to thrax, the more heatis distributed to the abdomen

Part2:

Dead:

Thorax reaches high temp, abdomen doesn't
- Shows moth can thermoregulate.

Free flying moth: circulation of heat from thoraz to abd
Tie beltaround moth(block circulation): moth thorax temp inc b/cof blocked ci
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8. Water Essentials

September-24-12
5:29PM

The Cicada puzzle
Sonoradesert (N.America)
o Airtemp 46 deg(extremely unhealthy)
© Rocksand sands/ground=70 deg (deadly for organists)
Cicadas :sit ontrees; make a lot of noise
©  How can they be active at those temp (i.e. how can they do this and not dry out)?
= Singonlywhenthere isn'tapredator: mating call

Physics
Graph of relationship btwn temp and saturation of watervapin atm (a. in pressure, b: grams/cm?3-->
similar)
Saturated air: maximum hold of water: air can't hold more waterb.c it has reached max capacity
High saturation occurs at highertemp (vapour)
Cool down air (Water will return to liquid from
Evaporation cools (energy used)
o Needed totake moleculeof waterand putitintoair (i.e. separate it from other H20 molecule)
© 100% humidity, ecaporation cannot take place and this no cooling
= Thusintorderforcicadato cool, they must lose water?
0 Chewonrootsand tuberunderground
o0 Insects can expel waterthrough pores on skin
O Exp. Graph:tolerate 30-37
Cicadaans
o Puncture bark, water comes from soil and water enters mosly into the abdoment (not throrax as
shownvia blue arrow)
©  Waterlossisrelated to regulation of temp

Some adapatations
Desertbeetles: droplet of water between lefand mouth
© Expose abdomentowind

Beetle water budget
Gain most water from drinking condensed fog, then food ox and finally food moisture
Losses are due to evaporation and waste

What causes waterto move? - Gravity?

Buthow does watergetup to trees?

Water flows from area of high density to low den
Water potential= capacity of water to do work

Soil has high water potential, move to roots. Roots now have high water potential; stomatais opened
andairisexposed(low waterin airrallows water to move up. Howeverif there is 100% humidity water
cannot move)

Some adaptations
Plants growth root at diff length, depending on water length
Find 9 mechanism to keep or gain H20

o Saguar cactus and camel

AquaticOrganism adaptation
ic: concsolutesinsi
Hyperosmotic: higher solute inside, lowerin water--->water absorbtion
o Catfish: hasto put kidney to work by expelingalot of water. Need adaptation to retain salt
Hyposomotic: marine fish, drink water; remove salt

Isseawater
Sharksare different:
slightly hyperosmotic: more like freshwater fish

pubmcmaster@gmail.com i

pubmcmaste
r@gmail.c

Audio recording started: 5:29 PM September-24-12
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9.Energy and nutrients

September-26-12

Sources of energy: light, organicand inorganic molecules
© Rate of energyacquisitionislimited

Howis life being"fed" on earth?
- Energyuse andKingdoms
o Skingdoms
© Howisenergy obtained?
= Heterotrophic: uses organicmatter

o Allkingd i , prot, fung
= Photosynthetic: useslight energy
o (Al i ic) --->mainly plants and protists

* Chemotropic: molecule consumption
o Bacteriaonly
o i use
energy (worms
= Mostbact are heterotrophic
© Whatis PAR?
= Pl ically act ati y can use and convertto organic
matter
* Measure by photon flux
= 400-700 nm of visible light
* 3 pathways forusingenergy
o C3(photosynthesis)->done by C3plants
o

o CAM
. . "

- Cavsc3
© Cé4plantsuse lower [CO2]
= Special architecture allows them to absorb more CO2and retain more water (do betterin
hot /drier climate)
= Study:wanttodetermine is C4plants are moving Northward
o Result:yes, b/cnorthisdry

- CAMplantsare strongly adapted todry env
Focus onlosingaslittle water as possible and absorbing as much CO2 as possible
Open stomata at night and absorb CO2 to store it (coolerat night, water potential btwn plantand
airislessthan during the day; as a result they lose less water)
Grow slowly and steadily

oo

o

Are needs fornitrogen different btwn plants and animals? If yes, why?
- Animals need more protein b/cwe move more (structural components of many tissue)

Why does N take centerstage?
CanplantsgetN from the air? No
- Humansgetit from plants and otheranimals.
- Doall organisms contain the same amount of N in their tissues? No, remember plants need less N,
therefore they have less Nin their tissues
C:N ratio (concepts)
© More carbon comparedtoN
Plants have mostC
© Bacteriaand Animals have most N

°

o Tellsusif the biomass s rich in protein

© Whyare branches betterthan trunks? Have a greater amount of livingtissue (therefore higher N
content compared to trunk)

° i leaveset

Butwhat is the plant's perspective on the preference for greens?
- Predation shapes plant chemistry:
©  Produce thorns, toxicchemicals and etc...
Tropical plants are better defendedthan temperate plants
© Why?Much more attacks on plantsintropicb/c of greaer diversity of animals and reduction
| eating plants. pressure to create th
mechanisms in order to survive.

o [
Flexibility in resources
Chemical energy
© Tube worm (related to earthworms)
= Dependonchemenergy
© Foundinunderseathermal vents
Volcanicactivity close to ocean floor, hits it up. High pressure allows 400deg waterto be
liquid.
o Metalsand rocks can be dissolved
Sulfurblock hemoglobin O2site (but doesn't come off)
Red part of worm=tissue loaded with bacteria
o i i bines H2S with 02to prod gy
+ Similarto photosynthesis
Symbiosis: worm and tissue bacteria

within their : b teeth
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10. Marvin Gunderman Guest Lecture
September-27-12
s27PM

Amatzing Arthropods
32 phyla:arth=largest
Beetles: 4wings(2sets)
Flies: Lsetof wings
o Bigcompound eyes small antenna=flies
Insectnoise s usually male
Bees collect pollen on protein, wasps have to feed on prey (throughsstinging)
Butterfly have balls atthe end of the antenna
© Mothdon't haveany

Biology 2F03 T1 Page 10
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11. Energy and Nutrients + 12. Population Distribution and
Abundance

October-01-12
529PM

Chenmical energy

gularor can it
Functional responses:
© How much pred eats depends on prey density (food availability)
* 3typesofrespond curves (don'tneed toknow which s which)

ner (mechanical- mindless eating, the more there is, the more you eat)

: gradually saturating (glutton- the more you eat the less dramitical you food
pursuingis)
Type 3: slow tostart i notsure, tryingto:

Optimal foraging theory
Organisms can choose "which food is better"
Organsmsinvestin "safe activities”

o Won'tlook for food where predatoris found
Balacing energy invested and energy obtained
Canbeappliedtoplants

o

need ibuteit i.e.
grow more leave, increase roots etc.)
Preywith p d high search effort=energy wastag

Optimizationin plants
Root-shoot ratio: relative importance of above and below ground parts

N,
whenitis already readily available
Caa simple theatrical index (C:N ratio) help with management of environment problems?
Appluing C:N ratio knowlefe
CNremoved from gold mine ore
CN=1:
BACTERIA eatngcynide
POPULATION DISTRIBUTION AND ABUNDANCE ( Ch.10)
Textbookterminology:
i pecies that can interbreed and livein the same location
Density: #of individuals per unitarea
o Ecological densi individuals per unit sui i for
Y by |
o Absolute density: same as density
species?
Answer=Yes. See Kangaroo distribution example below
Climate and distribution of Kangama species
fspecies
arelaxedspec.es(maymam\ccauanfor:emunes;
tropical north; temperate little seasonal
o Blue=(western Kangaroo): temperate biome->
- h
o Beige area(North most): no Kangaroos are found there-->tropical area
= Toowetfor redKangaroo
= westernkangaroo: to hot in the summerand too dryin winter
= Toohot foreastern kangaroo
© These organisms h: thatallow theirrespective

habitat
Temperature preferenceisn't constant

Tigerbeetle and cold climate
Tiger bettle prefertolive n cold areas (nottoo cold)
Viap they prefer temp: inCanada
o When , they occup higher hich have
similar climatic conditions to boreal forest
ConstanuemperaturepreferencefarthosehvmgNands
that they have hij t prefered temp.

P Cali coastto deathvalley (p. 127)

o

E. carlifornica (lack hairs, reflects less light): found in cool area
E. actoni (found inlandin fryer and warmer areas)
E. farinosaand E. fructrans: live in hotter areas inland

)

oo 40
Vet pootiayrmtcay
=

Uight aveceserce fper c)

V* 1.' l;' 'lm -
Warrheagh (v
= Compensation
o Efarinosa: highly pubescent and reflectalot of light
+  Hotterenv-->more hair-—>more light reflectio
0 WhataboutE. fructeans? How do they cope with high heat, Shouldn't they overheat
since they aren't pubescent?
= Eventhoughthese
What? Explain further please?.. Sce diagram below

The ran or sanegiraticn
frutevcass ls

Physical ical factor

Distribution of two barnacles withinthe intertidal zone
Barnacles=closesttoshrimp

Livein ntertidal zone

o Organismsin upperintertidal toalltides
o Lower=low tides alone

Two species (pg 259 fig 10.6)
o Balanus:
= Larveacan settle anywhere
= Adultis constrained (limited to middle and lower)
o Chatalamus:
= Adultrestricted atupperintertidallayer
= Larvea: can settle inmiddle and upperzone

Balowww
Chatup
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12. Population Distribution & Abundance

Distrbution oftwo barnacle within the intertidal ones.
- Whyare they distrbuted ke this?
Abilityto cope withdiferert exposures toair

& ehtalamus higher on shore die atlower rate than balanus
Explains why Balanus s restricted to bottomand middle area

* Answer=competition

© Whyare the excluded:s

> Showsthat Biological factor canlimit rganisms distribution

- Twotypesof distribution

variesand indv aggregate n favourable areas)

study)
= Microscale patterns: Random, Regular, Clumped

Ex.Plantseed.
aregular patter

- Example:

= Random=lessinteractive; gnoreeachother
- Theseinteractions can change overtime

© Shrubsstartout clumped dstribution.

© Mortaltyreduces dumpingandthey have random distrbution
 Ascompetitionincreases random becomes regular

vears goby)

Belowground competition in plants

Rootdistribution of Creosote bush
‘Growina pattern thatreduces overlap between roots of adjacent planits

- Largescale

‘Organismsize and Population density
- Increased organismsize->decreased population densty
I picture: mice are more numerous than deer
- Allorganismsize/densitycurve:
 Samefindinds above withsomeexceptions.
o Bxceptions

terrestial vertebrates ofsimiarsize
© Why?Me: Aquaticvertebrate have more raom tohold more population

o Textbookexp: taxonomicdiferences.

Commonness and Rarity

(dandelion)
Rare=opposite (ke Mountain gorrila)->resitrcted, narow, low

Biology 2F03 T1 Page 12
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13. Population Structure

October-04-12
5:31PM

Population structure=number of factors that affect individual populations
o Patterns of mortality, age distribution, sexratio and dispersal

Doall born indivi have the same

- 1M03 example
o Unlike otherlizards, Lacertavivparagives birth to live young (normal lizards lay egges)

o Highrate of survival duringbirth, low rate in adult (Type | curve)

TABLE 52.1 Life Table for Lacerta vivipara

survival? Does this differamong species?

Srvverdg
focurdt;  everage
armbhar o4 ooy ot od

Vow Sy Fomdey e fomote bsrn
\ o » om
2 ox am "
) - " a -
‘ » ;

7 -

, : oo pos
L ———ST T R =5

- Thecase of dall sheep

o Wolfskillthem
o Study showed wolveskilled youngand old
o Type 1survivorship=greatest mortality at olderage

Survivorship curve:
Gives estimate of pattern of survival inan organism

- 3method of measurement:

o

Cohortlife table: study individuals born at at the same period and keep records of them from
birthtodeath
= Disadvantage: difficult to obtain data ( might take too long for organisms with high life
expentancy; organism might be mobile or aggressive)
Staticlife table: record age at death for large number of individuals fora certain period of time
(need to estimate initial number of survivors: used for Dall sheep example above)
= Disadvantage: might not be accurate
o Agedistribution: record age of indivi incertainlocation
= Di ge: assumes no immigration or emigrati

o

Survival curve reflect different life strategies
After7days, the mortality rate increases in rotifers (type 1)
American robin and white crowned sparrow (mortality is unrelated to age) (type 2)

Reproduction mode vs. Survival
Plant (concave: mortality is highest at young age; reduces in adulthood) ->cleome droserifolia
o Concave=cavesin (
= Type3

Survivorship curve

Humber of survivors

Usingsurvival curve to inferthe state of a specie
Whitoak example
o More trees btwn 1-50 years and tree # reduces as age group increases
o Distribution suggeststhatoldertreesare being replaced by youngerones
* GROWINGPOPULATION
Cottonwood example
o Lessyoung, more old
o Insufficientreplacemnt
= DYINGPOPULATION
o Textbook explanation forlow reproduction
= Theyneed seasonal floods to grow b/c
o0 Floods create beare soil without surface organic
vegetation
Flood keep area moist until cottonwood seedlingss can grow their root enough to tape
intothe shallow water table
¢ PROBLEM:
© Seedbed preparationisinteruppted by construction of damsin Rio
grande

o

Shifting ina variable cli
Cactus finch example
© Droughtin 1984-85=low reproduction
o 1983 (rainy year)=largest reproduction

Uses of Life tables

Some uses of life tables
Life tables can also include births per individual
which permits

calculation of R, '
- the net e tot
reproductive rate

per individual

oo

- Nt+l= populationsize time 1
- Nt=populationsizeintime 2

and finding A -
the geometric
rate of increase
(of population):

Numbers

N

a ratio of s
Ny, to N il * 0
ey teatar Tme Lo
e

More on life tables
Ry is calculated from life tables

T, the generation time is also calculated from life
tables

The two can be used to calculate per capita
increase of population, r
R, only telis how much a poputation
R may increase from generavon to
e — generation (which may be short or
T fong).

°r" is a very important parameter as it allows 1o
forecast population size into the arbitrary future
point as long as the initial size is known

SEXRATIOS
Depends on relative fitness of genders
Male to female ratiois often close to 1 in humans. Why?
o Frequency dependent selection: selection favours rarer sex, to allow balance within sexes
* Whenratiois 1:1 fitness benefit for producing one of more sex overthe otheris reduced
o E.g.1female:99 males, selection willfavor production of more females

Biology 2F03 T1 Page 14
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14. Population structure/ Population Growth

October-10-12
5:06 PM

POPULATION STRUCTURE CONTINUATION

DISPERSAL
- Leadstoincor decrease of population density
- Organisms have diffferent methods of dispersing

Hl.l.pvnlng slage

The windbl own sceds ﬂ %
ofl dandelions can / J- .

disperse long distances,

[anlelion
{ Feraxicum officionale]

as can the waterbomme ‘_ : ‘

larvae of hamacles . 2 %

Eumacle
(CTithgmalies sp.y

Juvenile spiders ) *
disperse by spaming b |
a silken thread that

Ccutchey the wind.

e
Garden Spider
{Argioge sp.)

Unwanted dispersal
- Africanized honey bee=cross of African bees and european beas
- Veryaggressive and disperse quickly and form colonies
- Ifenvironmentwarms, they'll continue to move up north

- Plantexample
o Maple moved north slowly (like cold environment, moving upward as climate warms)
= Took 8000 years
o Howdoweknow?
= Pondsediments: pollenfallsdowninto pond sedimentanditcan be used to estimate the time period
inwhich pollenlived nearenv
o Alotof pollen=pollengrewinthatarea
o Fewpollen=itflewfromanotherarea

Species do not disperse with equal ease
- Factorsresponsible fordifferences
o Physical obstaccel
o Mode of dispersal
o Activedispersal
o Hitchhicking
= Ex.Methodisused by clams that cpome from caspian sea-->colonize great lakes
O Intoduced great modificationto local system
O Larvae attachesto end of boat--->introduction to new environment
- Ratesof dispersal differ
o Africanized bee- highestrate
- Dispersonoccurs as a result of
o Foodsupply:
= Density of predatorand prey graph: vole and owl example
o Difference btwnthis graph and lynx-hairgraph
¢ Thisoneisdueto predator movingto area with plenty of food
¢ Lynx/hare graphis based on mortality of prey

Driftrequires upstreamdispersal
- Mostspecies of fish cannot resist water movement (esp small ones)--->washed downstream
- Have adaptationsthatallow them to mve back to upper portion of stream when they become adults
- Llayeggsin upperportionand cycle begins

POPULATION GROWTH (C. 12)
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- Populations cangrow at different ways:
1) Geometric (exponential rates)
2) Logistic(somethinglimites theirgrowth)
- Allometry=small organisms grow fasterthan largerones

- Geometricgrowth
o N(t)=NOlamda?(t); lamda=birth rate-death rate (DISCRETE GROWTH- reproduce at settimes)

Anatemy of geometric growth

Mumber at some | Mumber of time
imﬁ?\l time O intervals, in
times A raised to days, years, etc.
the power t e

N, = Ny A

\

A
Average number of
offspring left by an

- - individual during one
e = PU=== | fime interval (=b-d)

at some
time t

Geometricgrowth when population doesn't grow in discrete time stpes (forindividuals that reproduces anytime)
Exponential growth
Fact: In continuously reproducing pepulations, Continuous growth: caleulating N
population growth can be medsled differently For actual population size we use:

[ Equals the initial number

imes e raised to the
power rt

M, =N e._ === Mumber of
1 a 1 time intervals

Per capita rate of
increase, in
offepring per time

interval

Define:

r=net (b-d) rate of
per capita increass;

[speed). Thus:

A

This is exponential
growth cune

i
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15. Population Growth
October-11-12

529PM

Logisticgrowth

Wat cause the growth to slow down in the logis
See general classes of causes below

Differ, butdeal with general issue

Example:

ticpop growth?

Paramecium: rapid increase in beginning, slow down (oscillation at carrying capacity)
What

down? Unknown. Probably ir
o Whyisosciallation present?
= Overshoot carryi ity-—>d

\creasing

h

popultion and cycle begins again.
Yeast

o

Smotherincrease due toless mortality

o

too much, carrying capacity will go down.

o

carrying capacity is reduced

Rmis reduced by N
Maximum growth rate = rM
K=carrying capacity

1<0= negative growth rate=
Example:

)

hrinking population

reproduce->increase

Reduction is due to change in carrying capacity (consume sugar, change to alchohol. If alcohol is

Carrying capacity can change? Example: Cow in meadow: 100 cows in meadow that is enough to
feedthem. After Syears of being on meadow, they reduce soil capacity; less grass is formed and

o Daphniapulex: Water

= Plotgrowthrate as a function of density

yeast; fast

o Rded ded
growslowly)
Carrying capacity can fluctuate
See paramecium ex.
Change as environmental condition change
Finch example
o lenrease inrainfall=

higher density

ncrease in finch population size

o Rai food: insect

= Verylarge wetyear=recoverable of population

o Rwas changingto matchK
Additional data
o Desiity of caterpillar depends on water

forfinches

= Largeincrease in caterpillar population during wetyear

o Alsoduring wetyear, population of large finchesincreases

= Physiological impact:

O More rain, more resources, increase egg clutches

Finches damage cactus

o Dryyears% damage flower was small; rapid increase during wet years
o More rain, more plant, finch explore more food

rate)

an be predicted to

Does the rate of populaton growth depend on how longit takes from birth to reproduction?

Does this depend on some obvious factors? Yes

Generationtime:
Varies with body size

Generation time is lowerin smalleranimals (reproduce faster)

o Withinthe same sized animal you can have 10x difference (the statement above isn'talways true)

Cross-taxacomparison
Pop growth rate /capitadeclien with size

Homeothermicanimals reproduce faster than ectotherm for the same size? Why?

o have higher

whichistiedto

late

Consequences of different

Tunicas (invertebrate relatives)

Some are attached in colonies, or floatin water
Compared towhale (very slow growth rate)
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16. Population growth contin...

-15-12

Multiple choice:
Upto chapter 12
40 questions

o 40 more difficult: work 2more marks (2 short answers)

* Twoquestions

Study lecture specificcontent in textbook

o Thingsintextbook, butnotin lecture -->don't study
Sample questions tomorrow

Human population- distribution
Notmany people in saharaand amazon (too dry and too wet)
Huge density, China, Europe, Northern Africa

Absecne of human->related to envrionment

High presence of hi lated to historical

Human population: diffferentr
Shape of pyramid tells you whether ionis stable, ing orshrinking
0-5.small, population can only keep decreasing as years increase
o Dedliningb/c0-5populationis only getting smaller, cannot replace older generation
o Lithuania
Rwanda
o Growing population
© Youngergeneration, highand will be able to replace older generation

= Rwaquire large amount of resources to maintain population

Prediction (extrapolations)
r=b-d
Assumption of population growth assuming parameter are the same

Summary
Rrapid growth in human population
Can it reach carrying capacity and fall?
© Humans, unlike other organisms can change their own carrying capacity and the cost of the
environment
Percent of Change:
o 49% of globalincrease in africa; 4% in Canada
o shrinkingin Europe

COMPETITION (13)

A=0; B= triangle

Typesofinteractions

Exploitation: Species A has positive effect on B; species B has negative effecton A

Mutualism: both species have positive benefit on each other

Commensalism: one species has no effect on other; while the other has a +ve effectonthe other
Amensalism:species A has -ve effect on Bwhile Bhas noeffecton A

Neutralism: both have no effect on each other

Competition: both have -ve effect on each other

(CAN; 0,+;0,-; 00)

Would all species have the same carrying capacity, when they live in the same habitat?
No, Why? See below

b/cof competition/ species interaction

One species will dominate others

Evenif they share resources, one will somehow limit the growth of the other

Population density, soil N and grass size
N=firstlimiting nutrients (limits population growth first; second is Phosphorous)
Plants in low densities grew larger as more N was added
INhigh plantdensities, increase N didn'tincrease the growth to plant
©  Problem: intrc ifi iti itic g indit

Ifintra-specific competition matters, what would be its ecological outcome, particularlyamong plants?

Intraspecific comeptitionin plants (pg 333)
Hypothetical expectation: Self thinning in plant populations
© Asplantdensity increases; individual plants begin to uptake more nutrients
o Losersdie

= Usually Small plants

= Result: lower density is achieved through "thining"
o Plant ionisless den: ition for nutrientsis reduced

= Plant population grwth can occur

Self-thinning rule
© Asplantdensity decrease, total biomass increases (less thining)
o Or;as plant density total bi decre (due todeath of "losers"

Alfalfa Population example
o Average weight of individual plantas afunction of density
o Increase density—>reduce plant mass

INTRASPECIFIC COMPETITION FOR LIMITED RESOURCES IN PLANT (HIGH DENSITY)---->thining
RESOURCE COMPETITION

Would ition affect health (per survivalinanimalsin aways comparable to plants?
Isopod example
o Givensame amount of food, different densities
* Greatersurvival when density is low
o Interference competition
* Ifoneisopodinterfere with anotherisopod,, the stronger will eat the weaker
o Unlike the plant ion where nutrient availability is reduced w/ increased density; here we
see thatnutrientavailability is the same for both densities but same effectis produced
= Therefore thisisn't eresource competion
» Itisinterference competition

The Niche concept (pg 243)
Niche summarizes factors that influence grwth, survival and reproduction of aspecies
© Whatthe species needs and what it uses (what affects its performance?)
= Ecological space used by species
= Pred
Fundamental niche: physical conditions under which aspecies may live in absence of interaction w/
otherspecies

undamental niche: amount of time you get remote from tv room
:interaction w/ other species whichinfluence environment species are found (reduced
version of fundamentalniche)

© Kolasaex. Realized niche: amount of time you negotiate with famility to get remote.
Diagram9.27 PG 244
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17. Competition (Ch. 13)
October-17-12
530 PM

Be able tointerpret equation and recognize type of equation

Whatis the link btwn the niche of a species and its morphology?
D ing mor ical traits that allow organism to be suitable forits nich
o Example: human population.
= Overall buildis shorter and stockier, lighter skin: cold climate
= Peopleinhot climate: taller and slimmer (darker skinned). Less (SA) for sun penetration
o Galapagos finches

Bodysize and seedsize (pg244)
Body size and seed size are correlated
Bigseeds are preferentially eaten by big finch and vice versa
o Biggerseedsare harderto crack
Selection for larger body size during drought
Drought produces larger size which are harder; bigger birds can eat them (according to Kolasa)
Duringdrought (1977) birds ate the smallest and softest seeds first (as seed pop was depleting),
leavingthe larger and tougher ones behind (texbook)
= Thus mortalitity of small beak birds increased as they cannot crack seed
When rainy season occurs, seed b/cms smaller and smaller birds are selected for

oo

o

Seed depletionand average seed hardness

Before drought (before 1977); finch reduced seed abundance via feeding

Increase feeding-—>increase seed hardness (mainly preffered soft seed? Or population small beak
bird>)

During drought (1977); seed abundance declined and Seed hardness was hight

Before drought: mainly small birds domi after large birds domi

If carrying capacity differ among species, what consequences that may have for their
numbers/densities?
Reduction in carrying capacity

Paramecium (pg 340)
Two related species that can be grown invidually or together
Grow separately half strength medium (low bacteria conc)
Grow seperately in full strenght medium (higher bacteria conc)

= Increase carrying capacity from 1st
Why are carrying capacities different across both species?

= Maybe one is bigger, or has lower metabolism at certain temp
Putboth together:

= Caudtum population decreased (went exinctatafaster rate in half -strenght medium)

o0 Whatisgoingon: competition: reduced food suppy increased competition strenght

o

o

o

)

o

¢ Growthaloneis onfood food incre and

onespecies ;loser=
Is competitive superiority fixed for any pair of specie that we compare?
Answe with flower beetle population

Tribolum confusumvs T. castaneum
At34 degand 70% humidity both grow well seperately
o Grown together: castaneum wins
At 24 degand 30% humidi wins)
o Grown together: confusum wins
o Dr.Kolasa's revision to this exp
= Ifexperimeters know that castaneum cannot grow in this conditions; they could have put
the temp and humidity up alittle bit (not enough so thatitis optimal for casataneum).
= Thiswill give abetterrep ion of the i
Confusum grows betterin lower temp and humidity

Chtalmus and Balanus
Factors restriciting distribution of Chthamalus
Lowerintertidal zone: below water colum (in ocean); both species are subjected to predation
Middle intertidal xone: balanus=winner; competes w/ Chtmalus
= Inabsence of balanus, chtmalus can grow very well
Upperintertidal zone: chtmalus wins
They desicate at much higherlevelsw/ less water

oo

oo

Character displacement in beak size
Character displacement: changes in the physical characteristics of a species' population asa
consequence of natural selection for reduced interspecific competition.

o Purple graph alone=species 1alone: beak length intermediate (8-12)

o Greengraphalone=species 2alone: beaklength 6.4-9.5

o Whentogether to reduce competition, nat selection allowed both populations to have distinct

(non-overlapping beak sizes)

Lack (1947) found that when the two species Geospiza fortis and G. fuliginosa occurred on large islands
together, they could be distinguished unequivocally by beak size. When either one occurred by itself on
asmallerisland, however, the beak size was intermediate in size relative to when the two co-occurred.

d http://en. wikipedia.orq/wiki/Character
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18. Competition (Chapter 13)

October-22-12
5:28PM

Competition theory
Loktaand Volterra mathematical model (used to model competiition)
o Predicts specificoutcomes
o Incorporatesif i ition w/ logisti growth equation
* Used competition coefficient: to include interspecificcomp into logistic grwth equation
o -a(12)N2and-a(21)N1
0 -a(12)=3meansone individual in species 2 has a per capita effect of population growth of species 1
equivalentto 3inidivisuals of species 1
0 Whathappenswhenalphais * by N
+ Notameasurement of per capita effects
& Now equal to population level effects of one speciestoanother
* Example:a(12)=3;N2=25
¢ Therefore 25indivualsin species 2is has the same effect of 75 indivualsin in
population 1(on pop 1 grwth rate)

Logisticgrowth
Forintraspecificcompetition

o K=reflectsintraspecificcompetition
Finite env, allow population to grow
Shaped curve: constant growth adter K
Only models intraspecificcompetion

o dN/dt=rmaxN (K-N/K)

® Rmax=intrinsicrate of increase

h:

two ?
o Carrying capacity of one species will depend on the K of the other
o Example below

Two species in finate environment

13 green plants were added to env, K=13

Red species can fit 65 individual in the same environment; K=65

One avergae, 1green species can replace 5 red individuals

Why do different species have different K in the same env?
o Allometry: smallspecies usually have a greater carrying capacity
o Sowhat?

Two species finite env
Increase in N fruther limits growth

Inbibiotry effect of species 10n 2 and vice versa: 1 green prevent growth of 5 red; 5 red prevents growth prevents
growthof 1green]

Two species equation
Quantitative model
Use logisticgrowth function that reflects variables for both species present in the environment (I.E. logisticgrowth to
determine how one species affects the growth rate of the other)
o dN1/dt=[r1*N1 (K1-N1-a12*N2)] / [K]
* Al2=effectof species2on 1
= Here isthe equation of the growth rate of species 1 (inan environmentwith species two)

Analysis
Equation cabe solved visually?
o Canbegraphed
What happens when both species stop growing (When they reach K)
Mathematical meaning: rate of change of both populations is 0
o dN1/dt=dN2/dt=t
= Why?
o r=0; no reproduction or they are dying r= b-d
+  Rmax=max potential population grwth rate
0 K1-N1-a12*N2must be 0

Isoclines
K1-N1=N2+al2
o Ifyouletone species population (N1orN2) Into 0, you'll get Nof one species without the effects of the other
* N1=KlandN2=K1/a
o Areablue=speciescanapproachblue line, ifitgoes past It, it must return
= Boundary toblue line i limited by K= carrying capacity
O Species population must beat or below K
Greenrightarroun=growt
o Greenleftaroww=death

o

Spacies |
Hhumibar of Sp1 dhat axkrests its
habutat = carryimg capaciy

Interpretation : outcomes
Green point
o Greaterthan species 1carrying capacity (K1): must travel left
K1/(a12) > K2: inter specificinteraction of 1and 2 > Intra specificinteraction of species 2
© Here nospecies can dominate/cof the highinter specificinteraction
K2/a(21) > K1: inter specificinteraction of 1and 2 > Intra specificinteraction of species 1
© Here, nospecies can dominate b/cof the high inter-specificinteraction
Green diagonal pointing towards text, species 1 and 2 can coexist (aka. Isocline intercept)
o Stable co exi this point no i thrive b/c of the high interspecific competition on both
sides (blue and red)

Tghe two species; the aces describe
the space wih varous
combmations of N
Consider a point (s¢
vaiue of N, and N

*  Whnere is i going

10 travel?

i gt

Benefitand limitation

Species can co existw hen intra specific competition is stronger that inter
One species will exclude theother when isoclines do not cross

An opposite effect when intra-specific competition is weaker

Invertingisoclines
K2>K1/a=intra ifi ition 2>inter ifici ionland2
© Here species 2grows betterand excludes 1
K1>K21/a= intra specificcompetition of1 >interpsecficinteraction 1and 2
o Here species 1reachesit carrying capacity and excludes species 2
Middle points where isoclines is an UNstable equilibrium
o Why?
= Once you cross this point, one species starts to dominate/exclude the other
= Thus they both species can only growin the middle

Situation3

Species 1wins

Species 1has greaterintraspecificinteraction b/cK1>K2/a

o Species2loses b/cK1/a>K2 (thusinterspecificinteraction isgreater than intra)

o

Intra specificinteraction=competition within species: If this is greater, that species can grow better
Interspecific: both species are fighting each other: NO GROWTH
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19. Hebivory and predation (Ch 14)

Predation, Herbivory, parasitism, Disease
Predation and herbivory are linked
o Otheranimalsfeed on/attack plants

Life cycle of plagiorhynchus cylindraceus
g 386

Spin head worms

Predation and paratism combined

Worm eggs are released from bird feces

There are ground insects that can eat the bird feces (isopods)
o Wormsgrow withinisopod

Starling bird eats isopod,

isopod, g
ol isofods are hl onthat others)
Why doinfected one'sget eaten?

o Affected isopods don't change alotto

Biomass of algae and grazing caddisfly
Caddisfly larvae graze onalgea

Caddisfly larvae grow in large densities( make up 25% of thetotal biomass of benthicspecies)

Wantto testifits density can (algae)

Experiment
oL b

ictil Pl thecreek
o Algae colonized the tiles, reaching peak density 2wks later
o 1w/klatercaddissfly population grew (highest density)
o Thisleadtoa reductioninalgal density

y Igal density rose up again

o
Scientistwere trying asn’ peciesin

some adjustment to theexperiment
o Exclusion experiment
= Twosetsoftiles:

1) Sameasbefore

* Result:

ightly twantthemto
affectalgal growth). Otherinvertebrates were notexcluded

86

o Inabsence of caddisfly (elvated gl

Biological control of prickly pear
Prickly pearspread in Australia and invaded lots of rural land

o Rendered them useless foragriculture

o Couldn'tbe removed w/ pesticide or by mecahnical means
Solution: Cactoblastis

i ) that
©  Almostwiped out cacti population

Foxesand mountain hares in Sweden
Fox: mange disease, killed them (causes the fox to lose hairs)
Caused their declineand hare population rose

Hundson

pany kept this.
Obvious pattern

o Peaksarealigned
Hidden pattern

o Bluepeaklsabitlaterin time than red

dlynx

. popishigh, lynx population

D

o Sunspot->Rejected

insideof the plant.

o Hare growth.

Itered plant growth
d by

hare pop and increase theirin the process
o Overpopulation theories:

= Periodofhi i followed by

ingtoincrease
reduced food
Real cause: combination of food quality, weather and predation
2 o : §

g
by high y

o
o Hare pop dedline-—>lynxpop declination
o Plantpop recover.

= Stageis increasein hare

ycle to continue

and parasitism,
dueto
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20. Herbivory and predation (Ch. 14) X

October-25-12
9:55PM

Anatomy of Lotka-Voltera equations
Forpreyspecies

"Rate of prey\

s .. equals the =

- exponential rate " .. minus the |
ﬁpu'latlon, oFincrease by number
%, change \_prey population , ~ killed by 1
] . el

d;\}r | " - vy

T h — g / —_ f / [ i =y

— Fhiwh pﬁzg N p —— Number of

dt N S - predators

e

Prey her ) - "
capita rate of | [ Predation rate | Number of
increase _prey (hosts) |

AN A

Forpredatorspecies

predatorspectes .
4 N ..equals the rate at
rES;?D?f{W ich prey are
. i) converted to predators
;:Rlopur:ation, . (offspring) .
, change |
h / E””} " ..minus the
- number of
d‘Mp ) predator
—p *M;? ﬁ“; — th » N » . death )
d f [, N

" Host to predator | . [
‘ conversion rate; Predator
analogofr | | deathrate

A

Two ways of plotting them:

o Plotpreyand predatoragainsttime

o Poltpreyandpredatoragainst eachother
Whwen predatorincreases, prey pop decreases and vice versa
Outcomes:

o Ossiclations:in predator/prey vstime curves

o Unlikeley thatthey will always follow the same path

= j.e.eternal oscillationsin narrrowly defined pathis unrealistic
o Carryingcapacities of prey and predator can change overtime and this can ave a
drasticeffectonthe otherpopulation

Laboratory populations of hosts and parasites

Parasitewasp killsthe beetle

Wasp lay eggs in beetle, larvae eats beetlefrominside
Generally peaksand dips don'toverlap

Reciprocal fluctuations w/ delay (Even w/ no dimeticimpacts)
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Refuges and persistence of predator=prey oscillations
Paramecium and didmiumin the absence of refuges and immigration, predator persists
o Preydeclineswhile predatorincrease, then predatorhas no prey leftanditdies
w/ refuge, prey persists, predatorloses
o Refuge:layerofsedimentwhere preycan hide (predatorcannotfind them, therefore predator
dies)
w/ immigration both persists and oscillate
Conditions are good for prey when there are few predators
Conditions good for predatorif there isalotof prey
Canthis be produced w/o humanintervention

Environmental ccomplexity and oscillations
Arrange orangesin particulararray, introduced mites thatfeed onthem
Each orange had an 'island' on them (mites were placed on these)
o There were also predatory mites which could move everywhere
The prey don't move between oranges except by "flying" (no wings but have thread- "aerial balloning"
stand of silk thatcancatch windcurrents)
Refertoslide- graph (cycling)
If noresource (fprpred) orrefuge (forprey) the pop will reach 0
Therefore this population obey Lotka and volterraequation

Cicada pop. Size and predationrates
Picture shows adult cicadaemerging from nymph skin
Ex. Predator satiation (prey escape from predatorthrough numbers)
o Ex.Gazelles->all give birth at the same time--->driven by predation(lions can't eat all of them)--->
lionsand hyenas have little ornoimpact on gazelle pop
Find out density of cicada pop. By trappingthem in emergence trap
o Cicadas nymphslive underground and emerge from underground every 13-17 years as adults
o Emergence trap usedto catch them
Inverted emergence trap caught wings and whole ccicada (Dead): estimated predation rate
o Ifonly wings caught, means they were consumed
o Ifwhole body caught, could be they were attacked, infected (or other causes)

Cicadapop density and mortality
% killed by predators doesn't equal numberkilled by predators, it's the fraction of those caught that
were consumed
Whenitreaches0, doesn't mean that no cicadas were eaten, it means so many cicadas that it showesas
if 0 were consumed
Whenthere isfew cicadas then a higher % gets eaten
o Youalready have few of them so eating 1 makesit seem like alot has been eaten
= Total population of 100 vs 50.
o Highpopvslow:eatl
¢ 1/100=0.01 vs 1/50=0.02
¢ Highpop 10% has been eaten; while low pop 20%has been eaten

Large mussels eaten infrequently; escape from predation by size
Paine experimented w/ predation by starfish on mussels on the rocky shores of pacific
Small starfish eat mussels that are about5cm
Biggerstarfish eat mussels thatare about 10 cm inlength
Yellow are=size most consumed by starfish (high predation
One ex. Remove all seastars fromintertidal zone, allow mussels to grow
o Large mussels were not eaten by seastars

Ata larger scale

Inthe savanah, lions normally attack youngelephants b/cthecost of going toadultIs too high
The adultelephantis huge and can attack lion
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21. Operation Wallacea

October-29-12
5:27 PM

Travis:
Indonesia:
Jungle training
o Dungtraining
o Greatdiversity
= Wallacealine:
o Alfred Walace: Bio-geogrpaher
= Lotsofendemicspecies
Habitat degradation
o SEasia=lots of deforestation
o Soltuon: Butterfly catching
= 557 butterfly species (43% endemic)
o Used butterfly an bioindicator
Catching buterfly
o0 Lurethemwith mashed banana
o Bananaand Fanta attracted the most butterflies
o Highestabundance: farm--->fgirf anf Bala
®* Toomuch disturbance:species cannotform population
= Toolittle:one species will dominate=no abidnace
=* Medium: highestdiversity

Katrybne Forbes
Amazon
Rioamazonas
Samirariverone of manyamazonrivers
3 birds: Wading, Macaws and Mist-netting
o Macaw surverysinearly morning
Misnetting: large nets hung btwn trees with pockets forbirdstolandin
Birds are identified
o Genderidentified
o Weigned
o Taillength
o Beakmeasurement
Cameratraps
o Motionsensorcameras setinforest
o Found3jaguars

Michelle
Honduras
Chyrtid fungus
o most ginigicant disease affecting biodiversity inthe world
o Affectsentre class of animals
o Pterfactorsresultin popdecline aswell
Transmission
o Airbone zoospores
o Wind-drivenrain (transported through long distances)
o Trade
o Datainconclusive
Setup traps to catch rain
Sumptoms:
o Rarelyvisible
o Skinlesions
o Fatal ddehyration

Biology 2F03 T1 Page 25



o Neurological functon

o Someinfectedindividuals show immunityto disease
Global warming might be the result of increases chytrtid gincgis
120 amphibias(44% are endagered, maybe b/cof fungs)

Melanie: Buton Macaque Project

Began by Dr. Nancy Prsition, since 1998

3sites: Lapago (least disturbed), Kakenwaw, Kaweli(most disturbed, farm area)
Lessraidingthan percieved

Expecatoons: easieraccess to foodincKaweli should mean less forageing time
Results:

KAWELI: more social (grooming, playing, fighting)

Kakaneaure: more time foraging, moving

Dungbeetlesinindonesia
Bioindicatorspecies
Results:
o 8distincts warieties collected
= Characterized bysize, colour, lef shape and head shape
o MORPHOSPECIES:
= HORNED male, hornedfemal, yellow antanea
o More distritbution
o Yeloow anteane and small
o Lessdisturbance
= large and hored

Charlene Williams
Quantifuing Biomassin Cusuco
Honduras: most heavilty foreserd courntryin allofcentral Am
Clinometer: meaure angle orelevation of a particulararea
o Estimate tree height, volume
= Djstacefrom observertotree
= Angletothetopand base of the tree
= Measure odange fromthe observer.....
o Treevolume
= Estimatestree height
= Measure tree diameterfrombreatheight (1.3 mfrombase)
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22. Hebivory and Predation (Ch 14) + Mutualism (Ch 15)

October-31-12
9:56 PM

Chapter 14 continues

Posturing by emphermid fly

pictureis stormfly that eats may fly.

May fly take postur that makesthem look biggerand point tail towards enemy.
o Preventthemfrombeingeaten
o Presentthemselves as scorpions

theirlarvae formresemblesthe adult form

Mimicry

mullerian: resemble an unpleasantorg

o Have aposematiccolouration

o All mullerian mimics are toxic/noxious
batesian:similar unpleasant organism look the same way, and reinforce the fear

o Harmless non-toxicspecies takes form of noixous speciesthatlivesinthe same area
cryptic: look like background
aposematic:notreally mimicry. Yellow black and red. These colouractions are used to tell other
organisms that they are poisonous.

Seahorse mimicry
resemblesalgea
What type of mimicry
o Cryptic: lookslike background

Parasite Schistosoma
schistosoma: femalesliesinthe groove of the body of the male.
Feedonbloodintissues.
Two speciesinafrica

o Noneedtoknow whichspeciesleaves where, just know they live in the tropics.
Have ciliaon body surface hat allows themto swim.

Life cycle of schitosoma

egginwater, expelled throughinfected human digestive system.

Hatches, attacks snail penetrate skin, larvae divideand multiply.
o Larveacan survive onlyinsnail

Break out of snail and come out as cerciria.

Person drinks waterandthey enterblood vesseland feed onblood. | mm

Effectson humans=swelling of abdomen.

Ecology aid.

getrid of snails/host.

Introduce American crayfish, aka predator of snail.

Where crayfish did survive they ate all of the snails.

Summary: exploitation comesinavariety of forms

Chapter 15 mutualism
Birdsand flower
o Hummingbirdfeed onflower: gain nutrients
o Pollengetstransferred fromtree totree by bird: higherreproductive success
o Nonsymbioticrelationship: bird doesn't spend most of its life w/ flower
= Facultative mutualism: bird can live w/o plant
Grazers are ruminants, symbiotic micro ogranisms helpsto process celluloseinto digestible material.
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Fungus androot symbioticrelationship
o roots of plantsinimatelly connected w/ fungiin associations called Mycorrhizae
= Fungusallows plantto forage for nutrients (goes deeperinto soil)
0 Fungicandraw large amounts of sugar from plant
¢ Both benefit
¢ Obligate mutualism: both species depend on this mutualism forsurvival

Are there species that do not engages in mutualism or, how common mutualism us?
Humans

Plant performance and mycorrhizal fungi
ectomytoryzhae live outside the planttissue, endo lives on the inside
o Formsmantle around rootsand a netlike strucure around root cells
Arbuscular mycorrhizal fungi
o Fungal struture forexchange of mineralsw/root of the hostplant
o Mycorrhizal fungi produces arbuscules (site of exchange btwn plant and fungus)
= Alsoproduce hypae:fungal filaments
= Vesicles: fungal storage organs w/ rootcortex cells

plants with mychorrizrs have larger water potential esp at midday.
The plants withoutit have to shutdown during midday.
Fungi helps plantto obtain nutrients easier
o Nutrients=PandN, copper, zincand water
= Notallare normally easily accessible by plantalone

Which other organsosms do this
Nitrogen fixing bacteria, live with plants and obtain nutrients

Plant-animal mutualism
antand acacia
acacia
o onlyone colony of ants can live in the same tree
o HasFoliarnectarisonstem
= =source of sugar and liquid for plant
o Hasswollenthornw/softand easily excavated pith
= Providesliving space forants
o Yearroundleaf production-->benefiitial forants

= Leaflettips modified into concentrated food sources=beltian bodies-->sources of oils and

proteins
Ants are predators that attack other herbivoresthattry to eat plant
o Fastandagilerunners
o Goodvision
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23. Mutualism (Ch 15)

November-01-12
5:31PM

Antslife cycle
Colony starts with one fertilized "ant queen"
o Newlymated
o Role:find unoccupied seedlings or shoots of bullshorn acacia
Produces offsprings that are taken care off by "sister ants"
Lays eggin acacia
o Formcolony
= Aftercolonyisformed queen antshifts to reproductive funciton asabdomen enlarges and
sheb/cm sedentary
o Feedonbeltian bodies-->growth

How does acacia plant benefit from ant colonies
Difficult to observe immediately
Experimentation is required to determine this
Ants are predators, attack other organisms that may attack plant
o Hypothesis; see exp
Exp
o Noants, 40% of acacia shoots have otherinsect that can attack them
o w/Ants;only5%
= Thisbenefits the acacia plants
Exclusive to tropics?
o Thisexample cane be intemperate envtoo
o Acaciasare normally found in driertropical and subtropical env
There are some ants that protectinsects that do not do a lot of damage on plant.
= Inexchange, they provide food to ant
= Example?
o0 Aphidsandants.
+ Aphidstapintosugarflowin bark
¢ Antstickle theirabdomen to obtain the sugar
<O Antscannormally eataphids, but won't due to the benefits theyare
obtaining
# Antscannotnormally obtain sugar from bark themselves (no piercing aparatus)
Picture: ants carrying belcian body into acacia bullshorn thorn
Obligate mutualism: both cannot survive w/o the other

Benefits forplants
Acaciashootsalso survived betterw/ ants
Shoot w/ ants grew fasterthan those w/o ant
Survival of youngacaciaisincrease when they are protected by the ants
Growthrate

o Withants, growth rate of acacia isincreased

o Why?

= Maybe affected by increased grazinginsects that are presentin absence of ants

Acasia/ ant mutualism
Ants attack non-acacia plants around near acacia environment
Acacias thatare attacked by grazers(i.e. giraffes) can produce chemicals (pheromones? Don't need to
worry about the type of chemical being used) that can warn nearby acacias of attack
o Result:they produce defensive chemicals

Mutualism can be flexible

Temperate system=>alpine aspen sunflowers

Have extrafloral nectaries--—>provide sugar forant
o Donot provide living spaces

Camas quamash another plant that has multiple pollinators
o Increase its reproductive success

What benefitdoes ant provide for Aspen sunflower?
Grey sunflower seed weevil and banded sunflower moth eat sunflower seeds
o Attackaspensunflower
o Damage over90% of seed produce
Solution=high density of ants which deter predators
This mutualismis facultative
o Why? Environment fluctuation: decouples/ disrupts ant and sunflower relationship
= Coldtemp, kills exrrafloral nectaroes (can't survive frost.)
= ThusIfants had to solely rely on them as food source, they will have periods w/o food
Don't study mathematical models for mutualism

and aquatic

Coral reefs have high species richness : 0.5 million

o Amonghighest of any natural system
Paradox: tropicalsea (where most coral reefs are found) is nutrient poor
Sohow isit possible for the species richnessin this env to be high?

o Coralsare the key
Corals:animals; algeagrowsinthem
Very productive (coral reefs), even though wateris poorin nutrients
Blue weird Iookir\gcreature(op.left): seaslug (poisonous-->bright colours)

Overview of coral and algea relationship
Close up of coral tissues with algeaembedded inthem
Coral grow nextto surface: keep coral near the sun
Isolated algea are eaten by zooplankton
Algea within tissues cannot be eaten by zooplankton b/cthey'll get eaten by coral
Algeaobtain N from coral (animals are filled with N, protein degradation)
Corals getenergy from algea(zooxanthellae)
o Inthe form of organiccompounds
= Coralinduce themto relase organiccompunds using "signal compounds"
= Alters permeability of zooxanthellae cell membrane
What benefitdo thezooxanthellae get out of their relationship w/ corals?
o Coralsfeed onzooplakton
o Protein metabolism produced N-based waste
o Excretedasammonioum
= Zooxanthellae immediately takesitup
Evidence
o Zooxanthelle=algeain coral tissue
0 Coral +zooxanthele: less Ninaquarium
o0 Coral alone:alone of Ninaquarium

Otherexamples
Acanthaster planci eat corals like there is no tomorrow

o Pacilloporaand Acroporaare both examples of corals that it eats
Pistol shrimp, fast moving claws, attack predators of coral

o Crustaceans can protect corals
When crustacean is present w/ both coral pop, its predation rate is reduced
Why doesshrimp gain?
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o CORALS have atightlyy branched growth form that offers shetler against shrimp redators
o Produced high energy mucus which shrimp and crab can feed on.
- Crabs can stimulate mucus flow from corals
o Trapeziacrab, can inserttheirleginto coral polyp
- Whyismucusgood?
o 30-40% lipid
o Produced by zooxantheles

nitragen

sheler
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24. Mutualism (Ch 15)+ Species Abundance and diversity (Ch 16)

er-05-12

Nove
527PM

Cleaningstation
Grouperfish: shrimp picks up dirt from tooth
e

p firstand
shrimpe sense the gobbyand hides
o Shrimp hasantennas thais ttached to gobby

Lichen: algae and fungus (grow on rocks)
3 y n

Mutualism and pollina
Floweringpl y
o Nopollination=lose mostvegetabtion and beans

n

Chapter16:

peci

Longnormal distrubution

°

Community metrics
Richness- the number of speci
Evveness-the degree of equality among abiundanceds, E
Aand B: same numberas species, differentevenness
© Howto represent this
= Rankabundance curves

Rank Abundance curves
Community Bismuch more even than A
o Either Com A has envthat is more suibtable forthe one abudnace species
o Orthereis something hindering the growth of the others

Rank abdundace ex.

ponds

o
o The coastal pond: 80% of
« Costal pond i

Spatial complexity
o Larger 3-d structure=larger habitat-->more species

o
= Inpic: each colourisa differentspecies

° B¢

© low foliage gt Y PP

© Greterfoliage diversity-—>incbird species diversity

Followup
o C

* Diversity wasincreasing rapidly with heighton tree

° v hat th p: 3

Niches and herogenei

o Si/Prationin fresh water algae

o Bothasteriolnelleand cylotellarequiresilica
* Cis more dependentbysilicate, Ais more dependenton P
* A:uptakes phosphate atamuch higher rate

= Higl

= WhensSi/Pratios are low, Silimits growth rate of A and thus it cannot deplete phosphate
1 Optimal envc=highsilica
o Optimal env fora=highP

« Atlowratios si i rateof A, i
= Inth emiddle, there is no dominating species b/c none can thrive fullu

Nutrient complexity
Subtantial variation in nutrientvaribility inlake
o Thusalgeal species can coexistinthisenv
Paradoxal algae study
o Middle of ocean-->greatest algal diversity. Why?
* Lessnutrients available here
a

Terrestial heterogeneity
Nitrate and soil humidity very atsmall scale
Diffferentiate plant performance

o Result:allows coexistence of several species

© Banaand campina(shortvegetation): sandy soil

o Castingaandflood plain
* Close torun of water-->abittaler
o Nearclay soil/ abitfarther from ground water-—> taller plant
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25. Species Abundance and diversity (Ch 16)
mber-07-12
5:25PM Chapter 16
Soil fertility affects plants S
- Lowestfertility is associated with higher number of plant species
- Possible hyp:
Twospecies

Audio recording started: 5:44 PM Noverrber-07-12

oo

(high apacity)

Bothwill have different grwth rate

Allow themto grow inthis env, the one that grows faster overwhelmsthe other

Ifyouincrease the amountof nutrient, the one that grows the fastest overwhelms the other
result b high nutrient -->I pecies)

Remove majoritem overwhich the plant competes, the one that grows faster will shift

competition to other dimension such as light or water.

0o o

Effectof fertilization
- Britain at peak of imperial power: ofland)
o Setupresearchstation toincrease agricultural yield
= Collected sample of soils for many year

Result
o Eachd
P

Ispecies of herbes orgrass in meadow

vy diversity

= Increase fertilizer, species diversity in meadow declined

O Leadtochange in abundance distribution
. :around 10%

meadow b/cm one

o Add fertilizer: almost 100% (whol
species)
> THUS, fertilization has negativeimpact on diversity

- Does this offect the paramecium?

Productivity richness hypothesis
- Commongraph there is some measure of
- g diversityisatsome level of
- Initial portion of curve:

o Onutrient=few species

o Increase nutrient: diverisy incr itreachesa ies start:
and overwhelmes the other
Experiment (British one) only looked from peak to decline

Along whatother gradient might you expect richness?

Disturbance
- Intermediate disturbance hypothesis
o i of i if i iti d test diversity
° i length of

quency
© Why doesdiversity decline asyouimporve env?
= Lowlevelsof disturbance
o Al totake over e

Hypothetical: homogenous habitat with one speciec, burn it and allow other species to move to burnt
area
FirstH' 1 species, no disturbance
- H'2and H3: burn another quarter, add species
- H'burnall
o Observe intermediate disturbance hypothesis

Example: Rocky shore boulders
- Rocky have of

Intermediate disturbance—->high species
o Doesn't Il species are intheir highest; ity under
o it that there s not one speci ibits the growth others

Prairie dogs example
- Disturbance of praiprie dogand plant species show intermediate dist hyp

- Whenthey eat plant, they create fertilizers to help plant grow, leading to increase in diversiy
- Toomuch disturbance, species divesity reduces

Pollen Record: Panama
- Plants have unique pollen
o Canidentify plantby pollen thatfallsintolake sediment
= Pollenfoundinlake inabundance is usually in proximity ot lake
- Sediment core=red, yelow, blue rectangle
o +signs=human distrubance
= Zea:maize (corn)

= Cecropiazinci I thatare typically by fire(Cangs here;
pioneer plant: occupies newuly formed soil)

= Soothe (particulate carbon) the year

= Fill coincides wi of corn human moved out of

env. Initial high abudnace:-no disturbance by humans
O When human cuttrees, these plants cannot grow{explains their reduction in
abundance

Summary

- Few common species, many rare species

- Diversity s higherenvironments that are:
o Complex (bird complexity relationship: 30 complexity)
o Nutrient poorenv: (middle of ocean)
o Moderately disturbed:

- species
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26. Food Webs(Ch 17) X

November-08-12
1:21PM

Food web=summary of the feedinginteractions in acommunity of species
o Few keystone species may control the structure of acommunity
o Exoticpredatiormaysimplify food web?

Feedrelations
Ex. Antarticfoodweb
o Diatoms(greenalgea: use silica)on bottom
= Foodforkrill
o Krill: foundation o foodweeb
= Mostanimalsfeedonthem
o Bluewhale: one of the large animals that feed on krill
o Small animalsare fed on by the largerfish/animals (Seal)
Ex. Artix
o Foodweb of Bearlsland, Artic
= Combination of terestial and aquaticanimals
O Onland:grasses, insects and birds
O Semiaquaticanimals=seal
¢ |ts Main predator=polarbear
o Commonalities (between articand antartic poles)
O Bodysize increasesasyougofrom herbivoresto predators
¢ Densityincreasesasthe body size decreases
0 Inthediagramarrow shos movement of the energy level
o Alllinks are the same?
¢ Thespeciesare diff, soneed differentamounts of food
Ex. Tropical stream
o Canovolcanincostaricaand itsfood web:
= |fyoulook@ the
O 10 mot common fish speciesandtheirfooditems-->simplierto analyse
¢ Only10stronginteractions are linked
¢ Weaklinksremoved
What may inflence food web propertiesin space and time?
o Twofoodwebcomparisons?
= Subttropical: some snails are higherinthe web )wider)
o Diverse
O Higherproportion of predatory species
O More complex--->greater diversity
¢ More testingrequired to confirm this
= Temperate:onlyoneintermediatespecies (middlelevel predator)
0o Low proportion of predatory species
¢ Onlytwo
¢ Top predator=pisaster
o Limiteddiversity

Keystone species experiment

Removingastarfish actingas a top predatorinintertidal food web reduced the #of speciesbothin

Mukkaw Bay, Washington and New Zealand
o Abouthalfof specieslost
Starfish removal causes adiversity declinein 2areas of the world

Do top predators determinethe rest of the community?

Food webs are easy todistrupt
o Distruption=loss of species
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Yes, because everythinginthe food webis connected
o Predatorsdefine #of speciesthatare presyed upon by them

Stream web and fish keystone species
Steelhead- top predator
o Feedon predatoryinsects, roach fly and stickle back
o Adultscangetverylarge
Experiment: deos Steelhead control structure of its ecosytem foodweb?
a) Protectalgal communities onstomes(Whereinsects live) by using cages (3mm mesh) or
b) Or add fish(steelhead)in othercages
Impact of steelhead?
o Dependingonwhethersteelhead was added orexcluded amount of algea changes
o Enclosure:indcluded predatory fish
= Result=loweralgae density
= Why?
O Predatoryfish eatsroach fry and stickle back fry
¢ Significance: bothfryinsect normally eat chironomids (aka, algea predator)
0 Nowthatfryis absent, thereisanincrease inchironmidsandthustheycan now
consume alot of algea
o Excludingpredatory fishincreased the algal density
= Why?
O Roachfryand stickle back fry populationincreasedinabsence of the predatory fish
O Fryconsumed chironomids
¢ Thusalgeapopulationicnreased
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27.Food Webs (Ch 17) + Primary production & Energy flow (Ch 19)

November-12-12

5:25PM

Keystone vs. dominant species

Above diagonal line; smaller biomass and greaterimpact

Below line: higher biomass and lowerimpact

Keustone species: have greatinfluence on community regardless of the abundance
o Haveregulatoryroles

Dominantspecies:
o Ci i i fthe
o Significantb/cof their high biomass

Lake Victoria: invaders

Orginial fish speciesinlake were thought to be "boring”

New species: Nile perch was introduced (see pic; big as man).

o Result:

= Ateallsmall species of fish
= New dominant species: Nile perch, Nile tilapia, and omena
= Colourfish on slide=original species
* Introduced when they were smalland grew to very huge size

important pecies?
They hunt herbioveres
o Herbivoresex. Deer

= Eatherbsand small plants (reproducing treess)

o Toomany deer: no plant regeneration; all produced seed will be eaten by deer

Role of humans, by ize of herbivores, plant can occur

o “appearance of health” due toincrease in plant w/odeer, forest
* Butinreality the ecosystem has been distrupted

Chapter19 (Primary production and energy flow)
Primary productin
Tropiclevel 1: organisms that obtain sun energy

o 2:animalsthatconsume plants

Productivity vs. waterand temperature

Index that allows you to measure waterand temp: AET

Creosote bush desert:N.A.

When more water passes through the plant, the more productivity you get

Nutrients alsoaffect productivity

Noitdoesn't mean tundrahas been underestimated b./cif you added nutrienttoall of them, the

relative off would still be

Are evapotranspiration andn utrients also the amina controls in the aquaticsystem?
No evapotranspiration d/n occurin water

A :inmost ec nutient limits primary production?
Answer=Phosphrous(needed more than N, butis not as abundant)
Addind more P===>More algeagrowth

o Notgood: b/c algeawill ocnsume all O2inthe lakes

Greatest diversity inthe middle, atthe lower range. Red circle
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Primary production & Energy flow (Ch 18) X

November-14-12
9:58 PM

Causes ofhigh algal biomass +13 moreslides Question slide
Chapter 19 — Primary production and energy flow
e Qutline
o Terrestrial PPis primarily limited by temperature and moisture
o AquaticPPisgenerallylimited by nutrient availability
o Consumers affectthe PP rates
o Energylosseslimitthe no. of tropiclevelsin ecosystems
e Primary production—definitions
o PP-—energyfixed(biomass produced) by autotrophs (plants, algae, chemosynthetic
microbes)
o Rate of PP—amount of energy (biomass) fixed overatime interval
= Usuallygivenforaparticulararea
= Usuallyexpressedinkcal orJ/square/year
o GrossPP—totalamountof energy thatisfixed
o NPP-theamountofenergyleftafterautotrophs have mettheirenergeticneeds
o Trophiclevel—apositioninthe food web determined by the numbero energy
transfersfromthe primary producers.
e Whatare the main controls of PP?
e Productivity vs. waterand temperature
o Actual evapotranspiration, AET, and net aboveground PP —various ecosystems
o Terrestrial PPincreases with actual evapotranspiration
= Mostisitin tropical forest
= Leastincreosote bushdesert 2 it’sin North America
o AETincreases with precipitation and temperature
O LowAET=low preceipitation, cold weatherorboth
= Ex.Tundraand desert
O Intermediatelevel: temperate forest, temperate grasslands, woodlands and
high elevation forest
o Plantsneed more thanjust C02 and sunlight, they need othernutrients too
o Recallthelink between the climateand biomes
= Specificeffecton biomeswill depend on otherthingstoo.

e Nutrientsalso affect productivity
o Experimentaladdition of severalnutrients (tundra)
= Addingfertilizers nearly double primary productioninthesetundra
study plots
o Doesthismeanthatthe tundra hasbeen underestimated?
= No!Allbiomesare limited by nutrientsinasimilarfashion but
evapotranspiration exerts dominant control
o Alsotherangeforall ecosystems: 50-3200

Areevapotranspiration and nutrients also the main controls in the aquatic systems?

e Aquaticsystems

o Inmostfreshwaterecosystems, one nutrientlimit primary production
» Phosphorus 2 neededin greater concentrations than nitrogen
= Higherphosphorus concentrations are associated with greateralgal

biomass
o IfyourecallSi:Pratioand competition amongdiatoms, you could predict where the
greatestdiversityisgoingbe...
o Inthe middle:where bothSiandP are limiting
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= Rememberlow P allows Atogrow andlow Si allow Cto grow
o Aquaticsystems:in mostfreshwater ecosystems one nutrient limits primary
production?
o Answer=Phosphorus(needed more than N, butis notas abundant)
o Adding more P===>More algae growth
o Notgood:b/calgeawill consume all 02inthe lakes
o Greatestdiversityinthe middle, atthe lowerrange.Redcircle

Causes of high algal biomass
o Whyare algae are abundantat high P?
=  Productivity would be greater
= Phosphorousisneeded forconversion of light energy to ATP during
photosynthesis
o Algal biomassandrate of PP are linked = intemperate links
= Asalgal biomassincreasessodoesthe rate of PP
o Possible alternative:
= Longevity of cells combined with the absence of grazing (cell
accumulation)

Experimental evidence
o Awholelake experimentdemonstrates the effect of nutrient additions on
phytoplankton biomass
o Therearespikesinfertilizedlakein 1975
= Highlevel was maintained for4yearsand thenitdropped down
o Beforefertilizing, the two lakes supported similar phytoplankton biomass.
Afterfertilization, phytoplankton biomassincreased in the experimental lake.

O

o Whenfertilization stopped, phytoplankton biomass decreased in the experimental

lake.

Therefore, whereshould one expect greatest productivity inthe oceans?
o Nearthe coastline, the land fertilizes the ocean;shallowseas
o Westcoastof S. America; peru, chile. Because the pacficocean deep wateris well
in contact with deep water contact.
o Lowest=midocean
Geographicvariationin marine PP
o Where should productivity be highest

= Highestratesof production are on continental shelf and in shallow seas

If yourecall the effects of steelhead on algae inastream, do you thinktheyrepresenta
rule oran exception?

The trophic cascade hypothesis

o Proposesthatfeedingby piscivores and planktivores affects rates of primary
productionin lakes
o Picsocivoes eat planktivorous fish, which normally eat large herbirovers
o Large herbivores eat phytoplankton

Specific predictions: the operational hypothesis
o Thetrophiccascade model predicts that manipulating piscivore biomass (numbers)

will lead to changesin biomass and production of planktivores, herbivores and
phytoplankton

o Ifyouincrease piscivore biomass, planktivore biomass willdecline in number
= However production hasanarch shape, how does this happen?

o With herbivores, theyincrease in numbers with the increase of piscivore biomass
= |Lesspredationb/c piscivore eatstheir predator (planktivores)
= Butproductionstill follows the same curve

e Whenthere are few of them, theygaina lot
e Butwhentheyare alot of them, they stop producing
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o Thisphytoplankton biomass decreases w/ increasing pictovores
o Productionfollows the curve again.

e Areterrestrial communities and ecosystem similarin theirresponses to change of the top
predator?
e Predators can restoreforests
o Canadianwolveswere re-introduces (~1995) to Yellowstone. The diagram below
summarizes theirimpacts:
»  Wolflowerselk = whichimproves willows and aspens = which
restores beaver

= Makesitgreener!

e Isconsumption of plants always bad for plants?
o Effectsof grazing on plant biomass
o Experiment: wildebeests are excluded from some areas. Compensatory growth
occurs where the graze
o Biomassincreasesongrazedareasbutdecreases onungrazed areas
e Grazingand PP: Serengeti
o Ifgrassesare not tooold and grazing starts earlyin developmentthereis
compensatory growth.
o Thiscompensatory growthis highestatintermediate level of grazing
o Compensatory growth was likely caused by;
= Reduecedself-shading
* Improvedwaterbalance duetoreducedleafarea
= Reducedrespiration
o Relative grazingintensity vs primary production
= Lowintensitygrazingisassociated with low production
= Areasgrazedat mediuintensity have the highest PP
= Highintensity grazingis also associated with low production
= ANalgoustointermediate disturbance hypothesis
Light grazinginsufficientto stimulate
Heavy grazing stresses plants
Granzing has greatimpact on overall PP
Why??

o O O O

= |mprovedwaterbalance, lowerrespiration, self shading, saliva.

e Annual Production by trophic levelin 2 lakes

o Usually, 85-95% of energyis used ata giventrophiclevel forrespiration (orjust
decays)

o Thismeansthatapprox 10% is available tothe nextlevel

o Soifgrassis100% of energy, the grazers can only have 10% of that energy,
predatorsthatfeed onthe grazers can only take 10% of 10% so only 1%

o Energylossesateachtrophiclevel, and ateach transfer of each transfer of energy
between trophiclevels, produce a pyramid-shaped distribution of production.

o CedarBoglake vs. Lake Mendota

* Lake Mendotahasa 4™ trophiclevel
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Annual production by trophic level intwo lakes
Primary producer>2ndry>tertiary (rate of productivity)
o Asyoumove up the trophic level, energyis lost
Asyouincrease trophiclevels, population increases
o Organismsat highertropiclevels tend to be larger(big teeth, body mass)
Inacquaticecosystems energy loss is mainly limited by nutrientavailability

How about terrestrial systems- do they followsimilar patterns?
Yesandno
o Notasregular (energyisloteverywhere)
Take input of energy into T ecosystem as 100%, majority of solar energy is lost as heatand
evapotranspiration (41and 42 %)
- 1.2%lostto plantresiration
- 15% reflected
Net primary production=1%
- Total plant production-plant respiration=2.2%- 1.2% = 1.0%
Above ground mass=12%
Organicmatterto a depthof 36 cm= 18%
Living stream biomasss=0.003%
Less energy is avaible to be used by athigher
o Only0.7%isleftto them. Buttheylose mostof itas well
Kolasarandom fact: Energy contained in all caterpillars in forest is several time greaterthan all the
energy contained in the vertebrates
o 160 keal/m~2vs. 1 keal/mA2
o Explains whyvertebrates eats caterpillars

Whatdo we do if there s a hori tr
Use Stable isotopes track flow of energy
Comparing system A abd Bwith different compositions

o Addstable isotopetoAandsee f it will be detected in B
Example: There are multipleisotopes of Cin co2, some plants are selective to the CO2isotope they
select(i.e., 13,140r12)
Barbelow zeroline: plant reject c13
Barabove: they prefers34

fer of carbon b

Stable isotopes say: diet changes amongsites
12354; furthestaway fromlake
Arrow points towardsincreasing phytoplankton

Summary
Ocean productivity is limited by N (not abundant here) and iron (b/cit precipitates, and isn't soluble)
o Spreadiron duston ocean--->increase productivity

Chapter 19 (Nutrient cycling and retention]

Understanding how nutrients are used, transformed and reused

Why dowe need P?
Importantsince itis found in ATP, RNAand DNA
Pis recovered through weathering of rock (usually buried in rocks)
Small scale: cycle is through food chain and sediments
Global scale:

o Freshwater=largest P storage site (then ocean)

o Nextisplant, then animals

o Pfromwater, plantand animalsare storedin sediments

= Additionally P from plantand animals can be returned back to water to continue cycle

Why dowe need N?
Found inaminoacids, RNA, DNA, chlorphyl and hemoglobin

N2cannot be obtained directly from the air even thoughitis the most abundant gas in the atmosphere
Animals obtain N from plants
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Chapter 20 (Nutrientcycling and retention)

Understanding how nutrients are used, transformed and reused
Why dowe needP?
e Importantsinceitisfoundin ATP, RNAand DNA
e Pisrecoveredthrough weatheringof rock (usually buried in rocks)
Whatis nitrogen needed for?
Which organisms can obtain nitrogen directly from air?
o Nitrogenisinlowerconcentrationin plants.
o Proteinshave nitrogens
o Plantsthathave a lot of proteins: beans, grains (eat the wholegrain)
o Sohowdo plants getnitrogen?
e Theycertainlydon’tgetitfromair
e Theygetitfromthe soil viatheirrootsystems
e Rootsbringwhateverisdissolvedinwaterinthe form of someions.
Nitrogen: main pathways and storage
o NeededforAA,RNA, DNA, chlorophyll, haemoglobin
o Detailsinfig20.3
o Mainstorage?
e 70% of atmosphere
o Airasoluble compounds: nitrate,ammoniaa plants aanimals asediments (including
organics)

e Insaltform, it can be absorbed by plantsa then usedinbuilding of organicmolecules
and ultimately when thereis death of organism, some of itreturnsin soluble or
almostsoluble form back to the form which can be processed further.

e Fromthe sediments, inaprocess called dinitrificaiton, it can go back into the
atmosphere.

e Nfixers(bacteriafree and symbiotic, blue-green algae), lightning, syntheticfertilizers

e Aretheoneswhocan actuallyuse the Nin the air
e Nitrate andammoniaare picked up by the plants which are produced by N-fixers.
o Mean bioticlife of nitrogenis 600 years
e Soifamoleculeof Nisbeingcaptured by livingcreatures, itlikesto stay there.
o Additional chemical details:
e Nitrogen cycle (notintextbook)
e Nitrogen fixation bacteriaaammoniaaassimilation +C0O2a protein
e Animalswhentheyconsumer protein and reduce it backtoammonia, itis
recycledinthe cycle.
Bloom due to nitrogen (Oct 2000)
o Remote sensingof green pigments permits tracking of algal bloomsinthe ocean.
o Suchbloomsresultfromland originated nutrient, mostlyN.
e Chlorophyll-a
Question: which elementis mostabundantly used? CARBON.
o Howdowelose carbon?a viaCO2
Carbon cycle: main points
o Building material of life: lost viarespiration
o Cyclesfastinorganicmoleculesand carbon dioxide
o There’saslow and fastcomponent
e Slowcomponent=inthe rocks, lots of carbonslocked here
Existsin manyforms:in watera carbonate; exchanges with plantsand atmosphere.
Fig20.4
Marine creatures that capture calcium carbonate out of solution, make skeletons, deposit
Inrocks: calcium carbonate — very slow recycling viavolcanicactivity, upliftingand erosion
Humans add a lot: from fossil fuels; processing of plants and animals; accelerated rock
weathering

O O O O O
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o Mostviolentcyclonesafew yearsago: more energy accumulatedinthe oceans.
e Eventhoughwe don’tsee the huge rise because of ocean’s huge heat capacity,
rememberthatone ortwo degreesisquite alot
Decomposition
o Re-useof P, N, Cby a new batch of creatures requires Decomposition (or respiration)
o Decomposition depends on water availability
o Litterbags
o Dryforest
e Biomassremaining
e Atbegininning of experiment, everything was there, reference of 1—
e Butafter24 months, goesdown to about 40%
o Wetforest
e Much more irregular pattern abecause it depends on the amount of water
e 90% + of material lost by 24 months
Question:
o Moisture adiversity aAira Aliveness
o Inadditiontowater, whatotherfactors may routinely affect deposition?
Regional differences
o Inthetrophicsanuual leaf massloss (of dead leaves) is 3x that f temperate forest
o Annualleaf masslossintropical forestsisabout 3timesthat occurring intemperatre
forests.
o Thisallowsforfast nutrientrecyclingand high production
Intropical forests, when there is sufficient humidity, thereis almostno carbon in the soil,
o Which factor may be responsible forthe difference?
e Moistureandtemp
e HigherActual evapotranspiration

O

Streams are supplied by leaves
o Doleaveshave differentlives?
e Weeatlettuce butwould we eat oak leaves?
o Daily massloss (y axis) vs. lignin content (x axis)
e Leaveswithhigherlignin contentdecomposed at much slower rate.
e Weshouldeatash (lowerlignin content)
¢ Decomposedatafasterrate
o Thusstreamswith differentriparian vegetation will deal with different problems at different
speeds
o Changingforestcomposition may lead to destruction of orginal stream communities and
ecosystem properties (because different aquaticspecies specialize in different leaves)
Nutrient Spiraling
o Same ascyclingbutexceptif youtry to cycle alonga stream, you nevercycle inthe same
location so you create a cycle.
o Seediagramintextbook
o Amountoftime phosphorusstaysinalakeisabout1 min
e Pickedupveryfastbecause there are thousands of algal cellsin microareas
e Instreams, algae are usually rare because the streams are shaded
o Instreams, each particle asit cycles, italso moves downstream, hence it spirals
o Retenioninlivingtissueand currentvelocity determine how longanutrient particle staysin
the stream
Pocket gophers move great amounts of soil
o Activities of animals (e.g. pocket gophers) may create great heaterogeneityin distribution of
N, light, temp and humidity
o Some platssay bingo! To gopherlatrines
Gopher: chain of effects
o Deposition of nitrogen leads to better growth og frasses
o Grassesneargophermounds have also more nitrogenintheirtissues
o Graph:Uncolonized prarie, praire dog colony vs. grass nitrogen content (%)
e Grassesgrowingon parie dog colonies have higheraverage nitrogen content
o Grasesneargopher moundsinvite intensive grazing by bison
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e Bisongrazingstimulates growth of younggrass
e Effects of animal grazingon nutrient cycling
o Largegrazersspeed up nutrientcycling onthe Serengeti ecosystem
o Biomassturnoverreferstoreplacementtime forthe currentvegetation
o Proportiongazedvs.turnovertime
e Inungrazed plots, several years are required to turn over plant biomass
e Whenasubstantial proportion of annual production is consumed plant biomass turns
overinlessthanlyear.
o Turnovertime decreases withintensity of grazing:
e Productionisbothaccelerated and consumed (transferred to animals)
e Infynbos:plants playarole of theirown
o Plantsthatare fertilizers
o Acacia(Acaciasaligna)isanintroduced species
e Nitrogen contentunderacaciais much higheraacacia littler contains approximately
10 times more N than litter of Leucospermum
o Why?
e Consequences: change in nutrientavailability will change the competitiveness of
plantsachange in composition
e Howdohumansaffectsystems?
e Hubbard Brook Experiment watershed
o Changeinvegetation cover (clearcutting) led to different concentration of Nin stream
water...meaning?
e Clearcuttingthe experimental basin increased losses of nitrates more than 10times.
e Peakswhich coincide with seasonsawhen leaves decompose, you see spikein N.
e Delaybetweentimethe forest was cutand the time when nutrients came intothe
stream.
e Weatherinteracts with stream nutrients:
o Asannual streamflow increases, so does the ratio of export otimport
o |[fexports<inputs=valueislessthanl
e Exports=inputs:valueisl
e Exports>inputs=valueismorethanl
o Duringyearsoflow flow, Bear brock stores phosphorus so exports < inputs
o Ifthereismore flowthen phosphorusisexported and transported to mirrorlakes. Receives
lessthanitexports.
e Humanimpactsare like rainJ
o Nomatterwhat measuresare taken, when there are more people and more technology,
nitrate exportsincrease.
o Ashuman population density increases, nitrate exports from river basinsincrease too.
o Thisnitrogenalways endsupinthe coastal waters andfertilizes the oceans
e Humans—the same story again
o Humandensity and landscape use intensity are correlated with phosphorus exports
e Phosphorusexportincreasesasland use intensives
e Sophosphorusexportishighestinurbanareas.
o Excessive Pinfreshwaterisharmful
e Summary
o Importantnutrientsand elements ‘cycle’, with storagesin rocks, air, oceans or biota.
o Decomposition rates depend ontemp, water, organisms and other conditions.
o Plantsandanimals can modify and change nutrient movement through environment.
o Disturbance increase nutrientloss from ecosystems while natural vegetation retains them.
o Human activities produce majorand undesirable changesin nutrient behaviour.
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Chapter 18 — Succession
e LearningObjectives

o

o

Community changesinclude increasesin species diversity and
changesin species composition

Ecosystem changesinclude increasesin biomass,, PP, respiration and
nutrientretention.

Mechanisms of succession include facilitation, tolerance and
inhibition.

Community...

e Definitions

o

o

Succession—gradual accumulation and change in plantand animal
communitiesinanopenarea.

Primary—succession on newly exposed geological substrates.
Secondary—succession following disturbance that does not destroy
all life.

Climax community —late successional community = remains stable
until disrupted by disturbance.

e GlacierBay primary succession

O
®)
@)

Reiners etal studied changesin plantdiversity during succession
Total no. of plant speciesincreased with plot age
Speciesrichnessincreased rapidly in early years of succession and
more slowly during later stages.
Ata givenlocation, you will only have alimited fraction of the pool of
speciessorelationshipis complicated.
Notall groups of plantsincreased in density throughout succession.
The numberof plantspeciesincreased rapidly atfirst (200years) and
then begantolevel off.
Different plantforms reach greatest diversity at different stages of
succession
= Trees, tall shrubsand mosses, liverworts and lichens
attained maximum diversity in about one century
= Lowshruband herbdiversity continuedtoincrease
through 1500 years of succession.
= Tallshrubsare ultimately surpressed, they were peaking
40-100 years then declining
= Mossesand liverworthsincrease and then fluctuating
between 108-1500
= Lowshrubsandherb, major peak 1500 years

e Succession and nutrients

o
o
o
o

o

Hubbard Brook deforestation lead to nutrientloss

Plant biomass increases with succession

Vegetation starts to recover = biomass accumulates
Exports of calcium, potassium and nitrate decline to the pre-
disturbance levels

Succession protects the soil fromlosing fertilizers

e Successionintemperate forests

@)
@)

Patterns of diversity similarto Glacier Bay for plants
Number of woody plant species begin to level off afterabout 100-160
years
= |nitiallyincreasing.
Notice thatthis scale is 200 years rather than thousands of years.

Biology 2F03 T1 Page 43



o Numberof bird speciesincreased with the years and leveld off after
50-100 years of forest succession.
o Recallthe connection between bird diversity and habitat complexity?
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Successioninstream
Creakenv
Has frequent flash floods that can disrupt community-->succession
Graph on left: comparing effect of flooding on algeaand diatom species diversity
o Low populationforboth few days after flood
o After20daysalgal diversity level off and then slightly declined
Graphonright:invertebrate vs dominant species
o Dominantspecies=cranefly(cryp...something; red dot)
= |tsdiversity wasn'taffected by flood
o  Whendominantspecies diversity decline invertebratespecies diversityinc

Biomass accumulation mod
When forestis disturbed, series of recovery phases occur
Seeslide forgraph
o Beginw/undisturbed system; biomassinc
o  Whensystemisdisturbed, reorganization phase occurs
= Takeslong(many years; around 20)
O Lososof nutrientand biodiversity
o Thenaggradation phase
= Biomassincreases;
= Longerdurinationthatreorganization phase
= Peak/max biomassisreached
o Transition pahse
= Biomassdeclinesfrom peak; but nottoo much
o Stradystate
= Fluctuation of biomass (not huge drop orhuge increase)

Flow chart figure of succession mechanism
Space available to colonize-->initiates succession
Early successional species and those who survive as adults are first to modify environment
3 things can occur after modificantion
1) Facilitation:envb/comelessfavourableforearly species -->death; new species can
establish here
2) Tolerance: envb/come lessfavourable forearly species ;deosn't really affect later
specied
3) Inhition:nospeciescanestablish here
Climax occurs
o Canbe destroyed by disturbance and space will b/come available for colonization again
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