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1. A biomass sample was taken from a specific area in Christina Lake, a fresh water lake in the Kootenay region of British Columbia.  The analysis showed a variety in both number and type of organisms present.  The data collected are shown in the table below (11 marks total).
	Type of Organism
	Amount Present in Sample

	Rainbow Trout
	6

	Phytoplankton
	2 800

	Zooplankton
	725

	Small Mouth Bass
	5

	Minnows
	72


a) Using the organisms and data above, draw a food web and label any producer/s, primary consumer/s, secondary consumer/s, and tertiary consumer/s. (7 marks)     
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Food web: - 0.5 marks for no arrows or arrows going wrong way to a max of 1.5.  

-2 for each organism in inappropriate level based on biomass sample.

-1 for wrong labels but correct level in web OR correct labels but incorrect level in web

b) what would happen to the Rainbow Trout population if we removed the  Small Mouth Bass from this food web?  Please explain why.  (3 marks)
Rainbow Trout population would increase (1) because of less competition (0.5) with Small Mouth Bass (0.5) for food, territory and other resources (1)

c) Two minnows of the same species are both trying to access the same territory to defend, with the goal of building a nest.  What is this interaction called? (1 marks)
Intraspecific competition (1)

2. You completed an online questionnaire to determine your Ecological Footprint (EF).  
a) Based on YOUR answers to this questionnaire, what is one reasonable way to reduce your EF?  (1 mark)
One reasonable way.

b) Explain why your proposed action will lower your EF. Please relate to the global carbon cycle(2 marks)
1 mark for simple answer (ie:driving less = less polution; or vegetarian diet use less energy).  Add additional mark for more detail relating to carbon cycle (ie: carpooling reduces consumption of fossil fuels(1) and lowers greenhouse gas emissions(1); eating less meat reduces the trophic level consumed(1), removing energy wasted between levels of producers and higher consumers (1);

3.  If house sparrows (Passer domesticus) have access to a valley without any other birds present, you will find them consuming a wide range of seed sizes, from large (eg: sunflower seeds) to small (eg: millet seeds).  However, if European starlings (Sturnus vulgaris) are introduced into the same valley with the sparrows, the resource use changes such that the sparrows only eat the smaller seeds, and the starlings only eat the larger seeds.  In the absence of sparrows, starlings only eat larger seeds.  (7 marks)

a)  What concept does this demonstrate?  (1 mark)
competitive exclusion (1) OR niche differentiation (1); 0.5 for asymmetric competition.

b) In the space below, draw a graphical representation of this situation.  Make sure to label both axes as well as the three curves.  (4) 
0.5 mark per labelled axis, one mark per curve = 4

Fundamental range of sparrows should cover entire range of seed sizes.
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c) Is the starling’s feeding range its realized niche or fundamental niche?  Explain why.(2 marks)

Fundamental niche (1); because it occupies the same range in presence or absence of sparrows (1).
4.  In 2009, the Terrace Mountain fire burned for over a month, covering a range of 9 277 hectares just outside of Kelowna, BC.  All vegetation and animals were removed from the area as a result.  Assume there are low amounts of nutrients in the soil.  The following species are present in the areas adjacent to the fire zone:

English oak tree – deciduous tree, long-lived, intolerant of sun as a juvenile, shade tolerant

Thimbleberry – perennial flowering plant, requires nitrogen in the soil, shade tolerant, competes well for nutrients.

Moss – non-vascular plant, doesn’t require a lot of nutrients in the soil but requires substantial moisture in the soil to survive

Canada Buffaloberry – fast growing, shrub, sun tolerant, drought resistant, has Frankia (nitrogen-fixing bacteria) in root nodules

Lupins – a legume (able to fix nitrogen), sun tolerant; not tolerant of shade.

a) Predict the possible succession of these species following the fire.  Identify which species (or multiple species) you would expect to find at early, mid, and late succession, based on the information provided.  Explain why you choose those species for each stage.  You do not need to include ALL species listed in your answer.  (6 marks)

2 marks (max) for each stage:

 Early: Buffaloberry and/or Lupins (1); because they are sun tolerant (0.5) and can fix N2 (0.5); fast growing (Buffaloberry)(0.5)

NOT: Oak, Thimbleberry, Moss (-1 for any of these).

Mid: Thimbleberry is good here (1); because it needs nitrogen in soil from decomposed pioneers (0.5), and it competes well for nutrients (0.5), 

Moss is good here (1), because it does not require lots of nutrients (0.5), so long as there’s enough moisture provided from pioneers, which it might get if there is sufficient growth of pioneering species (0.5).  

Buffaloberry is OK here (0.5), but less likely than others because fast growing species tend to be pioneers.

NOT: mature Oak, Lupins (-1 for any of these)

Late: Oak (1) because it is long-lived (0.5), shade tolerant (0.5)

Thimbleberry is good here (1) because it is shade tolerant (0.5) and would have access to nitrogen-rich soil (0.5)

Moss would be OK (1), because there would be lots of moisture (0.5)

NOT: Buffaloberry, Lupins (-1 for any of these)
b) Name 2 abiotic factors that are shaping the species make-up of this ecosystem, and explain how each abiotic factor is limiting.  (2 marks) 

Any 2 reasonable abiotic factors (0.5 each), with 2 GOOD explanations (0.5 each; ie: relate factor to succession and why that factor was limiting at that time, being specific to this situation)

eg: sunlight (0.5) is high early in succession, so only sun-tolerant can be present (0.5)

c) How do you expect species diversity to change with regard to forest fire frequency in this ecosystem?  Explain.  (3 marks)

As fire frequency increases, species diversity increases (1).  At an intermediate point, diversity is maximized (1).  As frequency continues to increase, diversity decreases (1).  
5. You have an animal cell (2n=4) that has a total of 4 chromosomes and the genotype a1/a2; b1/b3.  The “a” and “b” genes are located on different chromosomes.  

a) draw the chromosomes in G1 phase; indicate homologous chromosomes, and label the alleles on the chromosomes of your cell.  (3 marks)

4 chromosomes in 2 sets of homologous chromosomes with no sister chromatids (1), a1 and a2 should be on same homologous pair (0.5) and at the same locus (0.5); b1 and b3 should be on the same homologous pair (0.5) at the same locus (0.5)
b) draw the cell during metaphase of mitosis; include the arrangement of chromosomes, and label the alleles on the chromosomes of your cell.  (3 marks)

4 chromosomes lined up at metaphase plate (1) each with sister chromatids clearly visible (1); each sister chromatid should have the same allele. (1)

-1 if missing spindle fibres or cell membrane, etc.

c) A mutation in a gene causes cyclin to be unable to associate with the Cdk subunit of MPF.  What will be the functional outcome of this, and at what stage of the cell cycle will this be noticed?  (3 marks)

Students need to show: to be active, MPF needs cyclin to interact with cdk (1).  The cell needs MPF to enter into mitosis (1), so the cell will be stuck at G2/M (1).  
6.  Clownfish (or anemonefish) live in warm waters of the Pacific and Indian oceans.  Clownfish and (and certain damselfish) are unique in that they are able to live in and around poisonous sea anemones.  Clownfish have evolved a protective layer of mucus that coats their bodies and prevents them from being seriously damaged by the potent poison released by the anemones.  

The nature of the relationship between two species can shift depending on the fitness outcome for both organisms involved.  What are 2 possible types of species interactions between the clownfish and the anemones?  For each interaction, explain how the fitness of each species is affected by the other.  Give example behaviours specific to this scenario in your answer.  (6 marks)

3 marks per interaction:  Need to name interaction, describe fitness benefit, and give a GOOD, specific example.
Commensalism (1) has to benefit one species (0.5) and be of no net fitness difference to the other (0.5), with example (eg: fish get protection, anemones have no net benefit or loss) (1)

ie: +/0 relationship.

Mutualism benefits both species (1), eg: fish get protection, fish eat parasites of anemones (1).

ie: +/+ relationship

Parasitism (1) has to benefit one species (0.5) and be a detriment to the other (0.5); eg: fish eat small invertebrates that the anemone would otherwise get to eat (1).

ie: +/- relationship

Competition is a detriment to both species.  The students are expected to understand that competition exerts natural selection, and that the species would have evolved to avoid an interaction that is (-/-) in nature.  That these two species have a relationship that is highly interactive counters the idea of a competitive relationship.

Consumption: 0.  The problem with this answer is that the question states that the fish “lives in and around the anemone”, and that is “has evolved a protecting coating to prevent them from being seriously damaged by the anemone”.  If the answer suggests that the anemone is going to eat the clownfish, it violates two of the conditions that the relationship is built on: 1) that the fish live and around anemones, and 2) the fish has evolved a form of protection that prevents it from being injured.

0 if description of interaction is incorrect.
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