Biology 20 IB

Topic 4 – Ecology
Biology – The Unity & Diversity of Life (Ninth Edition) – Chapters 46, 48, 49, 51, 20, 18.4, 19.3

14 classes

Ecology

· The word ecology comes from the Greek oikos, meaning house or home.

· Ecology is the systematic study of how organisms interact with one another and with their environment.

· The environment consists of both a living component, the biotic environment (other organisms) and a non-living component, the abiotic environment, e.g. physical factors such as soil, rainfall, sunlight, temperatures.

There are four levels of ecological organization: 

1. Population - group of individuals of the same species occupying a common geographical area (a species is an interbreeding group of organisms that produces fertile offspring ).  Their habitat is where it lives

2. Community - two or more populations of different species occupying the same geographical area (not necessarily the same habitat).  Populations and communities include only biotic factors. 

3. Ecosystem - a community plus its abiotic factors, e.g. soil, rain, temperatures, etc. Ecosystems are further influenced by global phenomena such as climate patterns, nutrient cycles, etc. All the ecosystems on earth make up the:

4. Biosphere - the portion of the earth that contains living species. It includes the atmosphere, oceans, soils and the physical and biological cycles that affect them.   The biosphere's components are both interdependent and interrelated through the biogeochemical cycles.
Ecological Studies

· population studies

· population growth and limitations (population dynamics)

· population genetics – the variation in a population and in a species

· natural selection and evolution

· quantitative studies of competition, predation, cycles, diversity

· plant & animal studies and energy flow

· what types of organisms flourish where and why

· food webs, energy pyramids

· effects of fire, time

· the interaction of organisms and their environments

· the responses of individual organisms to temperature, moisture, light, nutrients, etc.

Population Studies

population – all individuals of the same species living in the same place at the same time

· In 1859, 12 pairs of rabbits were introduced to Australia

· within 6 years, rabbits were so numerous, that hunters could kill up to 10,000 from one ranch!

· today, rabbits are no more common in Australia than they are in Europe

Measuring Population Sizes, Densities, Growth Rates, Variation & Statistical Significance

· census (too much time and effort)

· population estimates 

· capture-recapture – capture, tag, recapture – the number of previously caught organisms recaught can be used to determine the population size
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Lincoln index:

where:
N = population size




n1 = number initially caught and released




n2 = total # of individuals caught in the 2nd sample




n3 = number of marked individuals in the 2nd sample

· volume sampling – for aquatic ecosystems – determine density

· quadrat sampling – count the number of organisms in a small, determine population/ population density and apply it to the entire area

· quadrats may be circular, rectangular or square

· the size of the quadrat required depends on the type of vegetation being studied

· moss/lichen 0.1 m2
· herbs, grasses, tree seedlings 1.0 m2
· shrubs and tree saplings (up to 3 m tall) 10-20 m2
· trees 100 m2
· the number of quadrats should make up 10% of the total area being studied.  ex: if you are studying an area of 2 ha (20 000 m2), you should sample 2000 m2
· once you have some data, you can do a statistical analysis to determine whether or not your sample size is large enough

· random samples must be used – the best and most valid would be a random selection, but most will choose a systematic arrangement, which is easier to plan and use
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· 
where Dp = population density, N = number of organisms, A = area

ex:  a 2m x 3m quadrat was found to contain 297 ants.  What is the density of ants?

Dp = 297/6m2 = 49.5 ants/m2

ex:  if the population density of oaks is 3/km2, how many oak trees would you expect to find in a 1000km2 area?

Dp = 3oaks/km2 * 1000 km2 = 3000 oak trees

*** be careful when talking about population densities!  The density of people in Canada is 2/km2, whereas in the Netherlands, the density of people is 346/km2 – populations may be uniformly distributed, clumped or random – distribution depends on environmental factors (abiotic – ex: water, climate)

· may also be interesting to follow density changes over time (R) 
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What causes changes in population size?

Change in population size 
= factors that ( population – factors that ( population



= B + I – D – E 

· in open populations, all four factors are operating

· in closed populations, organisms cannot enter or leave, so all population changes are B-D (ex: labs, game preserves, isolated populations)

Calculating growth rates

Once the population’s size is determined, changes in the population size can be calculated.

per capita growth rate
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(where N = original population) 

annual growth rate (%)
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doubling time (assumes exponential growth)
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ex:  If the population of snakes one year was 300 snakes, and the next year it is found to be 328 snakes, what is the per capita growth rate? Doubling time?

cgr = (328-300)/300 = 0.0933(or in %, 9.33%)

DT = 70/%cgr = 70/9.33 = 7.5 y

Ex:  for the following data on mice, calculate the population growth

original population = 250 000

natality (births) = 15 000

mortality (deaths)= 12 000

immigration = 17 500

emigration = 22 500

agr 
= (B + I – D – E) / pop * 100


= (15 000 + 17 500 – 12 000 – 22 500)/250 000 * 100%


= - 2000/250 000 * 100


= -0.80% (population is declining

How Populations Grow

· populations grow based on the difference between factors that increase population size and those that decrease population size
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in natural populations, immigration and emigration are approximately equal – birth rate and death rate have the largest effect on population size and growth
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Primate Taxonomy

Taonormies affempt to group species info broader categories ( taxa, sing. taxon) on the basis of substantial similarites and inferred descent from common
ancestors. The primate order is divisible into numerous biological taxa on several levels. There are several possible tazonomical systems, and these have changed
over time. The following classification is a simplified version of the most widely used system.

Loris
[Prosimii Lemur
Tarsicr
[Platyrrhini [New World Monkeys
[Cercopithecoidea 0ld World Monkeys
[Eiylobatidac Gibbons Simangs
Orangutans
. Gorillas
[Poneidae Chimpanzees
Bonobos |

Mote:

o Taxa which include the human species appear in the light biue boxes
o This tazomony differs from the one formerly used in these pages. Yon may refer to the older version to view an alternative classification.
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ex:  bacteria – after 20 minutes, given enough nutrients, will divide (doubling time = 20 min.) after 36 h, if the growth continued at this rate, the entire earth would be blanketed in bacteria 10 cm thick.  In the next hour, the blanket would be deeper than we are tall 

· growth curves for closed populations 

· pattern of growth is exponential, at the intrinsic rate of increase

· to determine whether or not growth is exponential, plot the log of the population size, if it is a straight line, then growth is exponential (you can also plot population using logarithmic graph paper)

· ( lag phase – where population isn’t actively reproducing

· ( growth phase (log) – fastest reproduction (exponential?) N>D

· ( transitional phase – where growth is slowing down, but still growing (environmental resistance now playing a part) 

· ( stationary phase – B = D

· ( death phase – D>N, entire population may die

Factors Limiting the Growth of Natural Populations

· all populations have a limit for exponential growth ( biotic potential (intrinsic rate of increase), r, under perfect conditions

· dependent on - # offspring/birth, capacity for survival, procreation rate, maturity

· since population is mainly affected by B-D, the factors that limit growth either ( birth rate or ( death rate

· abiotic factors – blizzards, hurricanes, floods (weather) – density independent regulation (death rate is independent of the population)

· biotic factors – predators, competitors, parasites – density dependent regulation (the proportion of individuals that die will depend on the size of the population – the birth rate and death rate are affected by the size of the population)

J-shaped growth curves

· organisms whose populations are regulated by density independent factors 

· periods of rapid exponential (?) growth and rapid pop. decline

· the population’s size at any time is determined by the length of time it experiences a positive growth rate

· found in insect, algae populations

S-shaped growth curves

· organisms that are affected by density-dependent factors display an S-shaped (sigmoidal) growth curve – the population will remain stable generation after generation

· changes in conditions will cause numbers to fluctuate, but periods of exponential growth are rare (if ever)

· when populations are small, the density-dependent factors may be so small that they go by unnoticed, and the increase appears to be exponential until the population gets bigger

· when population growth ceases due to density-dependent factors, the population has reached its carrying capacity (K) – a state of dynamic equilibrium (steady state)

· every organism needs “space”, that is taken up – wastes build up and cause disease, predators will increase in number because there is plenty of food

· as population increases, eventually, to reach carrying capacity, B=D (B()

· fecundity (the # of offspring a female can produce) ( as population (
· the total number produced per female decreases

· females attain maximum fecundity older

· survivorship – as density (, the survivorship curves will change so that at high densities, fewer organisms survive (see figure 28.13, 28.14)

· as population ( “environmental resistance” (combination of density independent & dependent factors) ( 

· when a population is at its carrying capacity, it may show cyclic changes in population  (see fig 28.15) –predator & parasite, density-dependent factor cycles

· although S-shaped growth curves will reach and tend to maintain carrying capacity populations tend to produce more offspring than the environment can support ( oscillate around carrying capacity with some years having much more environmental resistance than others ( selective pressure ( evolution

Calculations – use growth rate equations
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· the first equation doesn’t take into account the effect of density-dependent factors

· when the population is small,  the rate of population change will be close to rN (the biotic potential multiplied by the population), but as the population increases, the population growth will decrease to zero as N gets close to K. 

Predicting Population Changes

Survivorship patterns – r & K selected populations

Until now, we’ve not considered the age-makeup of the population (survivorship pattern), however the age-distribution of the population plays a part in the growth pattern of a population

r-selected populations (small letter – small creatures)

· variable, unpredictable climate ( ability to adapt

· density independent factors ( mortality

· lots of offspring

· high juvenile mortality

· population below carrying capacity

· low level of competition

· early development, reproduction, small body size, high reproductive capacity, reproduce only one, many offspring

· short life-span (less than one year)

· little/no parental care

K-selected populations (capital letter – large creatures)

· offspring’s survival depends on ability to obtain limited resources – produce a few highly competitive offspring (many young die if climate changes drastically)

· fairly constant/predictable offspring

· density-dependent mortality

· low juvenile mortality

· fairly constant population – at/near carrying capacity

· high levels of competition

· slow development, greater competitive ability, large body size, delayed & repeated reproduction, fewer, larger offspring

· life-span longer

Population Histograms/Pyramids/Age structure (p.604-605)

· males on left, females on right

· may be used to predict the population’s potential for future growth

· wide base – future growth (expansive) – developing countries, r-selected pops

· widest in the middle – constrictive – more in older age categories, developed nations or catastrophe that has killed younger individuals

· equal #s in all classes – near stationary – maximizes regularity of harvests – best for crops & herds, Europe

Population Evolution, Speciation and Evolution Rates 

· why do populations evolve?

· organisms have a tendency to produce more offspring than the ecosystem can support 

· competition between individuals ( "struggle for survival"

· survival of the fittest (
· natural selection (
· evolution ( process of cumulative change in the heritable characteristics of a population

· populations will evolve gradually through time, but the rates of evolution between species will vary considerably depending on

· amount of variability in the population ((()

· intensity of the selection pressures ((() - if environment is changing little, very little selection pressure, if changing a lot, extreme selection pressure ex: peppered moth vs. melanic (black) moth in England – if there had not been variation within the species to begin with, the moths would most likely have been selected into extinction

· low doses and overuse of antibiotics over decades have selected for resistant strains of bacteria by wiping out the "weaker" cells in an infection and leaving the resistant ones to multiply unchecked

· these resistant bacteria carry plasmids (extra rings of DNA) which carry antibiotic resistant genes ie., penicillinase – which would break down penicillin

· "superbacteria"  (bacteria resistant to more than one antibiotic) have been created due to sexual reproduction between bacteria where they replicate and share plasmids  (conjugation) -  there are strains of TB, cholera and Staph that are resistant to all antibiotics

Nature of Variation (Differences)

· variation includes not only how organisms look, but how they metabolize, their behaviour, fertility, etc.

· can be discontinuous (ie. blood groups) or continuous (ie. height)

Sources of Variation

· environmental factors - acquired characteristics (environmentally induced changes)

· quantity and types of food available

· disease, crowding, injury

· used to be thought that acquired characteristics could be passed on to subsequent generations

· differences in genes - heritable variation

· the result of mutation

· at one position on the chromosome (locus) is the site of a gene – when a mutation occurs at that locus, other forms of the gene (allele) is formed and can be passed on to offspring

· variations may be passed on only if occurring in germ cells (cells which make sex cells)

· if the variation allows the organism to better survive – protect themselves, reproduce, obtain resources, that organism and its offspring will be better able to survive and pass on its genes ( natural selection (more offspring)

· only heritable variation ( natural selection ( evolution

· sexual reproduction (( variation due to mixing of parental genes and random assortment of chromosomes into sex cells

Evidence for Evolution

· Fossil Record – fossils of organisms appear to get more complex as the sedimentary rock they are found in becomes younger

· Biochemical Evidence – Comparative Biochemistry – all organisms are “carbon – based” life forms ; all share the same 4 subunits in their genetic code (DNA), proteins that are similar from bacteria to humans (cytochrome C) show remarkable similarities in structure, the farther apart the biochemistry of the proteins and DNA are – the more unrelated the organisms appear

· Embryological Similarities – Comparative Embryology – all vertebrates start out remarkably similar when developing from a zygote; the closer they are related – the farther into embryological development the similarities remain

· Morphological Similarities – Comparative Anatomy – organisms which had a common ancestor (ie., all mammals) show similarities in bone structure (homologous structures such as a bat wing, a whale flipper, and a human arm); organisms which do not share a common ancestor – but have similar appendages - would have more different bone structure (analogous structures such as a shark fin and a whale flipper, a bat wing and a butterfly wing)

· Biogeographical Evidence – the continents all used to be a supercontinent called Pangaea; the earlier that a continent split from the supercontinent – the more time there was for evolution – and the more different the species found on the land mass are (ie., marsupial mammals in Australia, the lemurs in Madagascar)

Classification of Living Things - Taxonomy

· The systematic classification of living things began with Linnaeus in the 18th century – he developed the binomial classification system – Genus species (two part latin name)

· Genus groups similar species together (but at this point, Linnaeus based his classification on morphology, not hard evidence

· Species refers to one type of organism only (which can be further subdivided into subspecies/breeds/races)

· Started by Linnaeus, classification systems have developed using fossil and embryological evidence.  These systems are used for:

· Identification of organisms and organizing them into smaller groups to make sense of the diversity of organisms 

· Demonstrating the evolutionary links between organisms

· Predicting the characteristics shared by members of the same group

· The current accepted classification system is based on phylogeny (evolutionary relationships), and includes seven layers of classification – kingdom, phylum, class, order, family, genus, species

· There are five kingdoms dividing up all living things (viruses, prions and viroids are not at the moment considered “living”, so are not classifiable in this way)

· Prokaryotae – unicellular organisms lacking distinct nuclei and other membrane bound organelles.  DNA is mainly circular and is not organized into chromosomes (bacteria, cyanobacteria)

· Protoctista – unicellular and multicellular eukaryotic organisms.  They may be heterotrophic or autorophic, living in salt and fresh water (euglena and paramecium)

· Fungi – eukaryotic filamentous or unicellular.  They are heterotrophic and feed by absorption of nutrients.  Their cell walls contain chitin (not cellulose as in plants) ( yeast and mushrooms)

· Plantae – eukaryotic, multicellular photosynthetic organisms.  Their cell walls contain cellulose and most contain chlorophyll (ferns, flowering plants)

· Animalia – eukaryotic, multicellular, heterotrophic organisms.  Often motile, feed by ingestion (humans, jellyfish)

· Organisms are first classified into kingdoms by their general characteristics, then subclassified into lower taxa – at this level, organisms are grouped based on body plan or organization – plants are subclassified into flowering plants, seed plants, seedless plants and nonvascular plants

· Generally, only the binomial name is required for biologists, since that would imply the rest of the taxonomy

Humans 

· kingdom Animalia

· phylum Chordata because they have elongated bilaterally symmetrical bodies.  

· class Mammalia. All mammals conceive their young within the reproductive tract of the mother and, after birth, nourish them with milk produced by their mammary glands Mammals have a variety of specialized teeth with unusually strong jaws. 

· Order Primate (Prima) – share both anatomical and behavioural features – good manual dexterity, binocular colour vision, long infant dependency period, single offspring

· Family Hominidae – small front teeth, bipedalism, contains only modern man and his ancestors

· Genus Homo – only the ancestors with large enough brains and the ability to make tools would be classified with humans here

· Species Homo sapiens 

Carnivorous Plants (the California Pitcher Plant)

· kingdom Plantae

· phylum (division) Anthophyta (flowering plants)

· class Dicotyledones (netlike leaf venation and two cotyledons in the seed among others)

· order Sarraceniales 

· Family: Sarraceniacea 

· Genus: Darlingtonia 

· Species:  Darlingtonia californica

http://bss.sfsu.edu/geog/bholzman/courses/Fall01%20projects/pitcherplant.htm
· although the Linnean system of classification is extremely complex and has developed over two hundred years, similar principles may be employed to classify organisms using a dichotomous key.

· These keys classify organisms based on a number of questions whereby each organism would belong into one or the other groups (just like 20 questions)

Statistical Significance

· we can calculate growth rates, population sizes, etc. and compare populations to populations to determine whether they are growing as expected, faster, slower, etc, BUT

· samples must be large enough and have comparable distribution to be compared:


mean (x) – the average

mode – the most frequent value obtained

median – the middle value obtained (or the average of the two middle values should there be an 


even number of results) – all results must be listed

· each of mean, median and mode have importance depending on what you want to measure:

· mean: most useful when the group is distributed normally

· median: most useful when the group is skewed – what is the middle value?  Is there one that pulls the mean? (salaries)

· mode: if you are a shoe salesperson – you want to know which is found the most often


standard deviation – shows the distribution of the values

· a small standard deviation means the values are grouped tightly 

· a large standard deviation means the values are widely dispersed

· 68% of the values will be found within 1 sd of the mean

· 95% of the values will be found within 2 sd of the mean

· mean, mode, median and standard deviation together will allow better data analysis between groups

· some of the questions that can be answered

· are two populations comparable?  Are their conditions comparable?  Their selective pressures?

· do we need to make additional observations?  Take more samples?  Or, is our data confident enough as is

Population Interactions  – Community Studies

community – includes all of the species in a given area – just the biotic factors


not an ecosystem – which includes the abiotic factors too

· in order to study communities, it is easier to try to simplify things (pretend that evolution isn’t happening, pretend that abiotic factors have no effect…, but not true)

· to study the interaction of organisms, as to study other complex systems where there is a high degree of interaction, chaos theory is the most appropriate.

Chaos theory – in what seems to be randomness, there is really extreme order

· a small change in one area can lead to enormous repercussions (butterfly)

· difficult to predict such complex systems long-term (ex: weather)

· now being used in research of epilepsy, brain function and heart function

Interactions

When organisms’ niches (roles in the community) and habitats (where they live) overlap, they will interact

intraspecific competition – competition between members of the same population – for food, mates, space, breeding areas, etc.; considered to be an important force in evolution (survival of the fittest)

interspecific competition – when two populations of organisms share a common (or overlapping niche) – either they compete for resources, or one population will perish 

Predation – ex: lynx and hare and buds/shoots – as one becomes scarce, it will decrease the population of its predator, may be eaten to extinction forcing predator to seek other prey or become extinct itself

Interactions between Organisms – the Flow of Matter & Energy

· energy flows through the food chain/web from the sun to the last decomposer – and is “lost” along the way (following the 2nd law of thermodynamics – every energy conversion results in some loss of useful energy – converted to heat, motion, sound, etc.)

· matter (nutrients) must cycle through the food chain/web from the primary consumer to the decomposers and back again – the Earth is a closed system, and as such, no matter can enter or leave

Food chains & webs

· represent the flow of energy and the cycling of chemicals through the ecosystem

· each ecosystem has a structure of different feeding (trophic) levels that determines the route of energy flow and chemical cycling

· the transfer of food from organism to organism (trophic level to trophic level) is known as a food chain, however very few ecosystems are so simple as to have a single unbranched chain, most will have a complicated web 

· primary producers (first trophic level)

· aka autotrophs

· the trophic level that supports all of the other trophic levels

· most producers are photosynthetic (use light ( organic compounds), others are chemisynthetic 

· include plants, algae, phytoplankton

· 99% of all the organic matter in the world is made up of plants and algae!

· in forest ecosystems, over 90% of the primary producers are consumed by detritivores

· consumers (the other trophic levels)

· aka heterotrophs

· directly or indirectly consume the matter produced by the producers

· herbivore (primary consumer): directly eats the producer

· ex: insects, snails, grazing mammals, birds, zooplankton (heterotrophic protists, crustaceans, larvae, some fish)

· secondary consumer: eats the primary consumer (carnivore)

· ex: spiders, frogs, insect-eating birds, lions (and other carnivores that eat grazers), fish, sea stars

· tertiary consumer: eats the secondary consumer (carnivore)

· detritivore: consumer that feeds on detritus (dead organisms, excretions)

· scavengers – consumers that prefer dead rather than live prey, ex: earthworms, crayfish, cockroaches, bald eagles

· decomposers (saprotrophs) – have evolved to use sources of chemical energy such as cellulose and nitrogenous wastes that other organisms cannot use; ex: saprotrophic bacteria, fungi

· omnivores: eat at many trophic levels, from primary up

· the limit for the number of trophic levels in a stable ecosystem is considered to be 6, with 4 trophic levels being most common, since energy is lost at each trophic level, eating at the top trophic level is very biomass consuming

Drawing Food Webs, Energy Pyramids & Tracing Energy and Nutrients

· approximately 1022 J of energy reaches the outer atmosphere of the earth

· most of the solar radiation that reaches the atmosphere is absorbed, scattered, or reflected by either the atmosphere or the Earth’s surface

· Of the light that does reach the Earth, only 1% is converted to chemical energy through the process of photosynthesis.  The converted chemical energy is stored in the trophic level, and is measured as biomass – the total dry weight of all of the organisms in that trophic level

· Once converted to chemical energy in the producers, only 10-20% is passed to the next level consumer (and so on)

· the nutrients and energy passed to the eater is either stored or used/excreted

· nutrients that are digestible may be:

· used for growth (stored = converted to new biomass) – this includes the weight of new offspring

· converted to usable energy through respiration then consumed in cellular and organism activities (metabolic processes of the animal and to power its daily activities)

· nutrients that are not digestible will be excreted (cellulose in animals) as waste

· food webs (see diagram)

· start with the producer, with an arrow going to whatever eats that organism

· each organism may eat at a variety of trophic levels

· pyramids of energy (biomass and numbers)

· these stacked bars represent the amount of energy (or biomass) stored in each trophic level 

· producers on the bottom




· pyramids of biomass are usually shaped the same way, however when the producer has a very high rate of reproduction, the mass of the producer may be smaller than the primary consumer

· pyramids of numbers may also be constructed, which may be various shapes depending on the producer(s) in the ecosystem – one tree can support a number of primary and secondary consumers (see diagram)

Responses to Predation (evolutionary paths)

· to provide a protective advantage, prey may develop defense mechanisms

· camouflage (hares turn white in the winter)

· produce toxins with/without colouring (alder, birch and poplar, bees, butterflies)

· mimicry (look like those that are harmful)

· throughout time, evolution will always occur simultaneously with predator/prey and with organisms mimicking others

· control programs that are aimed at one population often have hazardous effects on other populations (ex: killing coyotes killed swift fox, raised squirrel population….)

Symbiosis – most interactions are non-competitive, relationship between two individuals of a variety of different species

· parasitism – one benefits, the other is harmed (or killed) – tapeworms, cowbirds; may cause a decrease in the population of the host, which may lead to ( parasite population if there is enough of a decrease; the host will evolve away from the parasite, parasite will evolve towards

· commensalism – one benefits, the other is neutral – bird’s nest in a tree; the organism that depends (commensal) on the other for survival’s population will be dependent on their population size as well, as the second species population (, so will the other species’, the commensal species will evolve towards the other, no pressure for other to evolve away

· mutualism – both species benefit – ex: nitrogen fixing bacteria and legume; lichen (algae & fungus) both need eachother, populations will be dependent on each other; will evolve together

Community Change and Ecosystem Development

· Communities go through changes as they age ( succession

· during succession – sequence of communities replace each other through time until the community reaches a dynamic equilibrium, where the species no longer change – climax community 

· succession is influenced by abiotic factors

Primary Succession

· where no community existed previously – no soil

· ex: volcanic island, retreating glacier

· begins with colonizing organisms, like lichen (pioneer species) – must be able to survive harsh conditions – high/low temperatures, extreme dryness, humidity (r-selected species)

· develop microclimate to maintain reasonable temperatures and humidity levels

· soil building may take from hundreds to a thousand years

lichen ( moss ( annual/biennial plants ( grasses, insects, spiders, animals ( shrubs ( trees

Secondary Succession

· occurs following the partial or complete destruction of a community

· much faster than 1( succession since soil is already present

· species become taller and block out sun more effectively – changing microclimate

· the actual species that form the climax community will depend on the abiotic factors in the area

· the changes are more rapid after soil develops, then will slow near the climax

· # of species is greatest in the middle of succession

· food webs more complex in climax community

· total biomass and organic matter increases then levels off

· as succession proceeds, the new species increase the shade, require a more stable environment and have a longer life span (K-selected species)

Biogeochemical Cycles

The Nitrogen Cycle

· when drawing a food chain or web, the arrows flow from the producer to the top consumer, but never back again

· in nutrient cycles, the matter must be recycled to the producers for reuse (producer ( consumer(s) ( decomposer(s) ( producers)

· Nitrogen is one of the most abundant elements on Earth. 

· 79% of Earth's atmosphere is nitrogen in gas form. 

· No living cell can exist without nitrogen – it is required in proteins and nucleic acids

· multicellular organisms cannot use nitrogen in gas form, and therefore depend almost entirely on bacteria to obtain (or "fix") nitrogen from the air and transform it into a chemical form that plants can use

· The Nitrogen cycle has two major beginnings and two major paths. 

· beginning with nitrates in the soil, the plants absorb nitrogen in this form, and incorporate it into its proteins and nucleic acids

· when eaten, the amino acids will cycle through the food chain, and either be converted into new proteins or nucleic acids, or be deaminated in the liver, producing urea, the urea is excreted as ammonia

· when organisms die, decaying proteins will be processed by bacteria to produce ammonium or ammonia (the process is ammonification)

· other bacteria will convert the ammonia to nitrites (which cannot be absorbed by plants)

· the final bacteria in the process will further oxidize the nitrites to nitrites

· denitrifying bacteria may also use the nitrites to “unfix” the nitrogen back to atmospheric nitrogen, in anaerobic conditions (so till your soil to keep this from happening)

· fixing atmospheric nitrogen is primarily achieved by certain bacteria, that either live free in the soil, are in symbiosis with a plant (clover, alfalfa), called legumes whereby the plant receives nitrates from the bacteria, and the bacteria receive sugars from the plant

· a little nitrogen is fixed by lightning, and that volcanoes release some nitrates: both are carried to soils by rain. 

· Without these nitrifying bacteria, agricultural fertilizers do not work. 

· In the ocean, cyanobacteria fix nitrogen for marine life

The Carbon Cycle

the carbon cycle involves a few basic components

· synthesis of carbohydrates from atmospheric carbon dioxide and water (along with sunlight as the energy source) using the process of photosynthesis (fixing of carbon in organic compounds from inorganic compounds)

· consumption of the carbohydrates by both the photosynthesizers themselves as well as the consumers through the process of cellular respiration producing carbon dioxide and water

· waste products (carbon containing) and dead plant and animal material is decomposed by decomposers producing carbon dioxide and water

· any animal and plant matter that is not decomposed will fossilize

· through combustion of oil, natural gas (other fossil fuels) and plant materials, other stored carbon compounds are converted into carbon dioxide and water

· all forms of respiration and combustion “unfix” (release) the carbon back into inorganic compounds

· the carbon dioxide produced during this cycle is stored in the atmosphere and in the oceans until use during photosynthesis
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Human Impact on the Environment

Example – The Greenhouse Effect

· outline the example – cause, effect, misconceptions

· quantitative data

· measures which could be taken to contain or reduce the impact

The Greenhouse Effect & Climate Change

· climate change refers to a change in climate (not weather) over a time period which ranges from decades to centuries

· the UN Framework on climate change defines it as change attributed either directly or indirectly to human activity

· the ultimate factor that affects our climate is the amount of solar radiation that reaches the Earth, and the amount that is re-radiated out

· the ratio of absorbed:radiated:trapped must be maintained as a constant in order to maintain the climate

Factors affecting the amount of solar radiation reaching the Earth:

1. Changes in solar output
· follows an 11 year cycle

2. Changes in the Earth’s orbit
· the Earth’s orbit is elliptical and has a slight wobble, which is believed to initiate ice ages

3. The Greenhouse Effect
· When energy from the sun enters the Earth's atmosphere, about a third of it is reflected back to space

· most of the rest is absorbed by the surface of the Earth. The Earth emits energy at longer wavelengths

· Some of this energy escapes to space but some of it is absorbed again and re-emitted by clouds and greenhouse gases such as water vapour, carbon dioxide, methane and nitrous oxide

· This helps to warm the surface and the troposphere (lowest layer of the atmosphere), keeping it 33 °C warmer than it would otherwise be. This is the natural Greenhouse Effect, and vital to life as we know it. 

4. Aerosols
· very fine particles and droplets that are small enough to remain suspended in the atmosphere for considerable periods of time that both reflect and absorb incoming solar radiation

How humans have changed the amount of solar radiation reaching the Earth:

1. Enhancing the Greenhouse Effect 

· by increasing the amount of greenhouse gases, humans have increased the amount of solar radiation trapped

· greenhouse gases include 

· water vapour, a result of transpiration and cellular respiration, fossil fuel burning, which increases as the temperature of the Earth increases)

· carbon dioxide, produced from respiration, fossil fuel burning and the decay of materials (living and nonliving), and is removed from the atmosphere through photosynthesis and absorption in the ocean, which have been increasing at an alarming rate in the past 80 years

· methane, which is present in smaller quantities than CO2(g) is a more effective heat-trapping gas, produced from the decay of matter without the presence of oxygen.  Sources include wetlands, rice paddies, animal digestive processes, fossil fuel extraction, and decaying garbage.

· nitrous oxide (N2O), Soils and oceans are the primary natural source, humans contribute through soil cultivation and use of nitrogen fertilizers, nylon production, and the burning of organic material and fossil fuels.

· Ozone (O3) exists naturally in the lower atmosphere in minute quantities, and can be produced in the lower atmosphere from a reaction involving several human-produced pollutants and sunlight (ozone in the higher atmosphere is NOT a pollutant, and is not tied to the ozone in the upper atmosphere)

· Halocarbons are chemical compounds containing halogens (bromine, chlorine, and fluorine) and carbon. They are some of the most effective heat trapping greenhouse gases and are chloroflurocarbons (CFCs) being the most familiar (used as a propellant and in air conditioners), although CFCs are being phased out due to their effect on the ozone layer, they are being replaced with other HFCs which although safer for ozone, still have a greenhouse effect

2. Changing Land Use

· As humans replace forests with agricultural lands, or natural vegetation with asphalt or concrete, they substantially alter the way the Earth’s surface reflects sunlight and releases heat. All these changes also affect regional evaporation, runoff and rainfall patterns. 

3. Atmospheric Aerosols

· industrial and agricultural activities are adding a significant quantity of particles to the atmosphere

· the overall effect will depend on a number of regional factors, and the nature of the particles, but may have a significant regional effect

Impact

· overall temperatures have risen an average of 0.6(C over the past 100 years (Canada has warmed by 1.0(C)

· overall, warming until the early 1940's a moderate cooling until the mid 1970's, followed by a renewed and pronounced warming continuing through the present

· the 1990's was the warmest decade on record. (In fact, ice core and other proxy data indicates that the 1980's and 1990's were the warmest decades of the past millennium

· warming has been greatest over the mid-latitude continents in winter and spring, with a few areas of cooling such as the North Atlantic Ocean

· precipitation has increased over land in high latitudes of the Northern Hemisphere, especially during the cold season

· This is consistent with predictions of climate change due to an enhanced greenhouse effect and increased aerosols. Yet, it could also be within acceptable limits for natural temperature variation
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Predictions for Canada:

· long-term shifts in average climate conditions and/or a change in frequency of extreme weather conditions

· an increase in sea level by 30cm in BC – leading to flooding at the coast

· increased drought in the interior, overall decrease in soil moisture content

· longer growing season (but without moisture, could we take advantage of it?)

Addressing the Problem

· June 1992 – Earth Summit (Rio de Janeiro) – 100 countries committed to reaching 1990 gg emission levels by the year 2000 (ratified in 1994), now working on post 2000 levels

· December 1997 – Kyoto Japan - industrialized countries must reduce their collective emissions of greenhouse gases by 5.2% by the period 2008 to 2012. Canada's reduction target is 6% below 1990 levels by the same period. Canada signed the Kyoto Protocol on Climate Change at the United Nations in New York on April 29, 1998

· February 1998 – Canada established a federal Secretariat to establish a National Implementation Strategy on how to meet the Kyoto Protocol (btw – if Canada were to continue business as usual, the gap between emitted and Kyoto would be 26%)

· personal changes:  carpool, fluorescent vs. incandescent lights, turn down water heater, turn down room heating, alternative energy

· activity on CO2(g) levels: http://www.ns.ec.gc.ca/co2/worksheet.html 

Topic 4 - Ecology

· http://arnica.csustan.edu/boty1050/Ecology/ecology.htm 

· http://www.biology.ualberta.ca/bio208.hp/lectures/lect-con.htm 

· http://www.biology.ualberta.ca/bio208.hp/sections/addicott/lectures/lecturenotes.htm 

Communities and ecosystems

· http://arnica.csustan.edu/boty1050/Ecology/ecosystems.htm 

· http://arnica.csustan.edu/boty1050/Stats/stats.htm 

· http://www.rice.edu/armadillo/Galveston/Chap8/ch8.estuarine.food.html 

· http://www.rice.edu/armadillo/Galveston/Chap8/tab8a1.html 

Photosynthesis, respiration and energy relationships

· http://koning.ecsu.ctstateu.edu/Plant_Physiology/psaftermath.html 

Populations, natural selection and evolution

· http://arnica.csustan.edu/boty1050/Ecology/pop&comm_ecology.htm 

Human impact

· http://sedac.ciesin.org/info.html 

· http://www.geography.uoguelph.ca/45_122/links122.htm 

Ecological techniques

· http://koning.ecsu.ctstateu.edu/Plant_Physiology/statistics.html 
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N = population size


t = time


K = carrying capacity
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in pyramids of energy, the producer is the largest bar, with 10% being converted to the next trophic level


energy is measured per unit area – J/m2/y








Topic 4 – Ecology

page 16

_976368332.unknown

_1008418336.unknown

_1026820807.unknown

_1028631627.doc
[image: image1.png]






_1026716884.unknown

_1026717061.unknown

_1026715874.unknown

_1008405091.unknown

_976360374.unknown

_976367556.unknown

_976367585.unknown

_976359802.unknown

