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[quiz]
· symbol for null hypothesis is H0
· experiments are not conducted to prove a hypothesis
· student: You can never prove a hypothesis, just disprove it.
· student: You can support it, but not prove it.
· right, we could always find data in the future that might falsify the hypothesis
· individuals acclimate to a changing environment 
· start at the lowest objective
· not a single group broke a microscope slide yesterday so we won’t either
· the answer on the graph was A or E, depending on your quiz

Sources Assignment
· you’re not actually going to be marked on your sources assignment
· it’s just a completion exercise
· student: I spent like 4 hours on it! I read the journal!
· that was the point of the exercise
· that’s not to say all future assignments will be graded like this

Next Lab
· read chapter 3, especially pages 3-9 to 3-15
· make a flow chart of the lab 3 procedure – that will be part of the quiz
· you’ll be able to have your flow chart in front of you during the quiz, so make sure it’s good
· read Appendix B
· bring a lab coat
· quiz 2 will deal with your understanding of pp.3-9 to 3-15 and Appendix B
· bring a hard copy of your proposal and submit it on TurnItIn

Last Lab: Adaptive Evolution
· if you enjoyed working with insects, you can again today at the end of the lab
· review of fundamental concepts from last lab
· within populations, individuals vary in their traits
· natural selection can act on that variability
· individuals with particular traits survive and reproduce more often than those with other traits
· fitness advantage
· it the trait is heritable, over time it becomes more common in the population
· this is adaptation
· populations evolve, not individuals

Today’s Lab: Phenotypic Plasticity
· adaptive evolution is means by which population becomes better suited to life in an environment by increasing the frequency of an inherited trait
· this occurs over generations
· some argue it’s quick, others that it’s very gradual
· individuals have to survive and reproduce but face numerous challenges
· environments are variable over space and over time
· imagine we’re in a forest and you see the forest canopy shading the ground
· there are gaps in some places and sunlight shines through 
· if the wind carries the seed from you (a plant) and deposits it on the ground, it might be in the shade or it might be in the sun
· imagine the plant is in shade and grows
· a windstorm knocks down branches and makes new gaps in the canopy
· then the plant’s in a sunny environment
· phenotypic plasticity gives individuals the flexibility to deal with different environmental conditions
· there are some exceptions, but changes due to phenotypic plasticity are not inheritable
· the ability to change a trait is inheritable but not the actual change
· e.g. if you’re buff from going to the gym doesn’t mean your baby’s born buff
· phenotype could be physical or physiological characteristic or behaviour
· genes determine phenotype
· environment often interacts with genes to determine phenotype
· evolution tries to match phenotype to environment at the level of the population
· for the current generation, what you’re given is what you’ve got
· some of these changes are irreversible
· classic example of Daphnia (water fleas)
· they can sense predators at early life stage, from chemicals
· they can change their phenotype as they grow to adulthood, developing barbs
· usually irreversible changes are associated more often with spatially variable environments
· these characteristics are costly
· examples of reversible changes
· behavioural, e.g. tadpoles change foraging patterns in response to predators
· physiological changes, e.g. more red blood cells produced at high altitudes
· morphological changes, e.g. vertebrate muscles change in response to use (like getting buff at the gym)
· today we’ll look at phenotypic plasticity in plants
· we’ll look at 2 Impatiens species
· they’re all cloned lines – they have the exact same genome
· which do you think are the plants grown in shade vs. light?
· [see slide]
· student: I think the one on the right [the taller one] is grown in light.

Microscopes
· a big part of today’s lab is learning to use the microscope
· first stage is to look at single-celled organisms under microscope to learn how to focus, change magnification, etc
· you’ll see a little ruler in your ocular lenses 
· at each magnification you have to calibrate it
· why?
· the width between the lines doesn’t change as you change magnification
· but as you change magnification, the scale of the object you’re looking at looks smaller and smaller
· to calibrate
· use a stage micrometer – a microscope slide with a ruler on it
· if you look at lowest magnification (4x), say you see a 1cm ruler
· then you go to higher magnification; you’ll see less of that ruler, like 0.5cm
· it still represents that distance (0.5cm)
· line up stage micrometer to ocular micrometer
· [see slide]
· red lines 0.55mm equals 55 lines on ocular micrometer
· then find width of each line on ocular scale
· convert to micrometres
· (multiply millimetres by 1000)
· at 4x you have a bigger field of view
· as you go up in magnification, you see less of slide but they are bigger
· don’t get your fingerprints on the microscope slide
· use the adjusting arms to move the stage; don’t push it with your finger
· raise the stage all the way to the top
· look with your right eye and turn the focus down until the image comes into focus
· look with your left eye etc
· once you have image focused, you can start switching objective lenses

[Did Section A exercises in the book]

Part A
· the manual doesn’t talk about Paramecium; it’s just there for you to practise with
· look for oblong shape and red on the slide
· when you switch slides, go to lowest objective
· the red one is the scanning lens
· it’s the first lens you use to find target object on slide
· if ruler on stage micrometer doesn’t line up with ruler in eyepiece, twist the eyepiece

Part B
· cross-section of a leaf has different cells
· you’ll see everything in the front of the leaf
· upper epidermis is the top of the leaf
· then palisade mesophyll
· spongy mesophyll have more space between them
· then there’s a lower epidermis
· objective is to identify the different types of cells and measure the cross-section
· pick 5 places along the cross-section
· use calibrated ocular micrometer to take 5 measurements; average them; bring them to the TA
· at 4x (lowest magnification) stage micrometer represented 2mm
· that corresponded to 80 lines in your eye
· 2/80 gives you 25.6 micrometres
· 1 ocular unit equals 25.6 micrometres
· [see board]

Part C: density of stomata
· majority of stomata are on underside of leaves
· they’re the site of gas exchange
· use nail polish and tape 
· count stomata at 40x magnification then figure out density of stomata
· stomata is flanked by 2 guard cells that increase and decrease in their moisture content
· this causes the hole to close and expand

Results on Leaf Thickness
· what might we expect from our leaf thickness results?
· should we expect sun or shaded cross-sections are thicker?
· we expect sun to be thicker because 
· a thicker leaf can have more pigments for photosynthesis
· they can store more water
· palisade cells can elongate to cool
· null hypothesis: there is no difference between a shade- and sun-treated leaf cross-section
· alternative hypothesis: leaves treated with sun will be thicker than cross-sections of shaded leaves
· our results tell us shaded cross-sections were longer than the sunny ones
· it could be that this isn’t a statistically significant difference
· you could run a T test to see if it is
· we will do some of this next week
· either there were problems with experimental procedures or we had some major outliers in the data (e.g. 716, 972)
· maybe some people entered their data backwards
· graduate TAs found actual lengths were opposite, and there was a big difference

Results on Stomata Density
· we expect more stomata density for sunny leaves
· one way to circulate gas is to modify the number of stomata
· we could have looked at new leaves on top of plant vs. old leaves
· stomata density is much higher for light-treated plants
· what’s another way a leaf could regulate gas exchange within it?
· stomata open and close
· the shaded leaves could have had more closed stomatas and sunny leaves had more open stomata
· we could have tested that by looking at new vs. old leaves

Exercise B: Morphological Traits
· can compare 
· number of nodes
· (could also do number of leaves, but have removed many)
· height of plant (from dirt to top of plant)
· width of the blade
· length of blade
· length of internodes
· flower number
· [collected data]

Next Lab
· we’ll learn that animals and plants have different types of interaction with each other
· they can be positive (i.e. net gain for both)
· most famous example of mutualistic plant-animal relation is flower pollination by bees or ants
· they can be detrimental – benefits an animal but is harmful to the plant
· this is called herbivory
· e.g. sheep grazing on a whole plant
· e.g. seed predators
· plants have defenses
· some are plastic responses
· some are always there
· e.g. some species (like rosebushes) always have thorns; others develop more thorns when they experience grazing
· e.g. tricombs to defend from insects
· we will look at chemical defense next lab
· [see slide]
· put herbivores on treated tomato plants
· removed herbivores, then waited various time, then added another herbivore
· looked at effect of the delay and being browsed on previously, on larval mass
· plants that had been previously injured by herbivores decreased the overall mass of the larva they added to it later
· effect got bigger with the delay 
· another study looked at expression of proteins noxious to herbivores
· depending on level of damage done by herbivores, expression was greater
· [see slide]
· high damage led to more chemical production
· in the experiment, will spray plants with jasmonic acid which is released when some plants are browsed upon by herbivores
· this flows through their tissue and over time induces production of certain chemicals
· [see graphs on slide]
· larva have lower growth rates on wounded plants than unwounded plant
· [see slide for other 2 points and 2 questions]
· [see tomato plants sprayed with jasmonic acid; and other plants sprayed with solution that didn’t have jasmonic acid]
· have larva to put on leaves on tomato plants
· will put bags over plants and leave them for 2 weeks
· presumably, treated plants will have less damage

[Treated the tomato plants]

Announcements
· read Appendix D in the Lab Manual so you learn how to cite sources appropriately
· you will probably use it for the rest of your life
· Turnitin 
· [see section ID and password on slide]
· you can see your Originality Report and re-submit your assignment as many times as you want before the deadline
· if you don’t want to use TurnItIn, see Jill Wheeler by Oct. [15?]
· bring a lab coat
· read chapter 3, especially pages 3-9 to 3-15
· make a flow chart of the lab 3 procedure – that will be part of the quiz
· quiz 2 will deal with your understanding of pp.3-9 to 3-15 and Appendix B
· read Appendix B
· bring a hard copy of your proposal and submit it on TurnItIn

Data from Sun/Shade Plants
· why would shaded plants have fewer leaves?
· (we’re using node number as a proxy for leaf number)
· sun-treated plants should be expected to have more flowers
· they can produce more carbohydrates
· on average, shade plants were taller than sun plants
· that’s not a very intuitive answer
· this is an example of phenotypic plasticity, confirmed by internode length
· distance between internodes is 2.46cm in shade; 1.09cm in sun
· shade plant grows taller to capture more sunlight
· blade width: on average, shade plants had wider leaves than in the sun
· they had longer leaves than in sun
· crude estimate of blade area: shade has more than double the area of sun leaves
· why would there be fewer leaves on a shade plant?
· shade plants invest in fewer leaves but larger surface area leaves
· if we measured length of stem connecting leaf to stem, shade ones had leaves spread out further away from the plant
· these are plastic traits which prevent plant’s leaves from shading other leaves and capture more sunlight
· usually we associate more growth with sunny environments
· in this case there’s a plastic response attributable to lighting divisions
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