BIOL 1902, Lecture 1a, WINTER 2012

· Course Objectives
· Better understanding of what nature is all about
· Develop a respect for plants and animals
· Learn to see things differently
· Office: 4620 CTTC, ext. 3857
· TAs are accessible via WebCT
· WebCT is the lifeline for the course: sample questions, notes, etc.
· Course advice: "follow this recipe to achieve a high mark"
· Keep up, don't watch lectures at the last minute
· Study each week for a fake test 
· Don't just highlight in the book, make notes
· You can watch videos in student center in Loeb D299, CUTV, or on demand
· The book has a full summary of course content, glossary of terms, 100% overlap with lectures
 

· What is an animal?
· Anything living that is not a plant, fungus, microbe, etc… can be further subdivided (mammals, birds, etc.)
· e.g. the image of the snowshoe hare has two types of animal in it - notice the tics on the ear
· Course is about plants too
· Plants are just as complex and animated as animals, if not more
· The course explores the relations between the two
· Natural history
· Living, breathing dynamics of plants and animals
· Natural history is real life, the enjoyment of nature
· An observational science - observations of flora and fauna
· Someone who enjoys nature is called a naturalist
· The dictionary definition is "horrible/boring"
· Linnaeus is responsible for the classification system called binomial nomenclature
· Darwin, Audubon, Seton, Peterson, McNamara are all naturalists as well
· Common comment between all naturalists: what the heck is this?
· Curiosity is what drives all naturalists
· Types of naturalist (DON'T NEED TO KNOW)
· Reptiles/amphibians = herpetologist, mammals = mammalogist, birds = ornithologist, plants = botanist, insects = entomologist, flies = dipterist, butterflies = lepidopterist, beetles = coleopterist, slugs = malacologist, there are also generalists
· RT Peterson made the first field guide for ornithology and in it said: " the most rewarding byproduct of birding is a sharpening of the senses… develop awareness and regard for life"
· A major theme of the course is adaptations of animals to solve their problems
· Adaptations: features or traits that offer plants and animals an advantage in solving problems
· Solve problems in order to reproduce, pass on genes
· Can be physical features, physiological, biochemical (i.e. giving off chemicals, attack pheromones from wasps), behavioural (e.g. the crows in Ottawa flocking to the hospital)
· They are not acts of intelligence, they are genetically programmed
· They arise because of selective pressures that favour individuals with a survival advantage that is highlighted by variation within a population
· Humans have automatically removed themselves from selective pressures
· Temperature, wind, etc. are abiotic stresses b/c they are not living entities
· Biotic stresses are living stressors (e.g. predators, competition for food, mating)
· All pressures add up to natural selection: driving force behind evolution, chooses individuals which can accommodate changes in their environment
· Natural history is all about survival and passing on genes
· When we see an animal, it is only seen in a snapshot in time
· 5 units to the course
· Staying alive (animals), fighting back (plants)
· Elemental solutions to environmental stress
· How they obtain nutrition: dietary concerns, preparing for winter
· Road to immortality (reproduction)
· How things protect their genetic investment (parental care, seed dispersal)
 

Staying Alive
· There are physical, chemical, and behavioural defenses
· Physical defenses
· One of the most basic is camouflage/concealment
· The art of not being seen
· Various kinds, which allows them to hide so well
· Colour
· Background matching: body patterns/colours match that of the environment
· Called cryptic colouration
· Along with this comes being still, allows you to blend in more carefully: called crypsis
· Only works on very specific backgrounds b/c backgrounds vary so much
· Different habitats offer different backgrounds
· Marshes have vertical flora (i.e. cat-tails), so marsh animals often have vertical stripes in order to match the backdrop
· American Bittern sticks its head up to be more upright
· Is this intelligence? Every adaptation is imperfect. Its eyes are moved forward on its head toward the bill to accommodate this stance, but now it can't see behind it so is vulnerable to attack unlike other prey species with their eyes further back on their heads.
· The forest has an understory level, tree-trunk level, and canopy level
· The understory is blotchy due to sunspots through the canopy, animals therefore have blotchy patterns
· Ground-nesting birds (i.e. grouse) bear splotched patterns, same with deer
· A twist in background matching
· The gray tree frog changes its colour to suit environment but chooses the same spot to rest every day
· Most things don't change colour, some change seasonally
· e.g. snowshoe hare is brown in summer, blended in the fall, and white in the winter.
· Only have to know major groups of organisms or especially pertinent examples of species (eg. American Bittern)… don't memorize all of them
· If the species names is in brackets on the slides, definitely don't worry about it
 

· Back to discussion of defense
· Bark of trees
· Background matching can involve bark mimicry
· Gray tree frog even folds its arms in to avoid protrusions
· The Gray tree frog can be green, gray, or brown
· Seasonal change (snowshoe hare example)
· Camouflage is not just background matching
· Sometimes only a few areas of the body have a certain block of colour which makes them invisible
· Birds often have marks/lines around/across their eyes or on their head but not on their body
· When they nest, only their head is visible
· When animals hunt, they have a search image but the stripes which span the contours of the head ensure that the image of a bird's head is disrupted
· Called a disruptive pattern
· Killdeer (will be on the exam, according to the lecture though it was taped last semester) has breast bands that break up the form of the form of the bird
· Chin straps on the Canada Goose break up their image
· Necklace on a Loon: they drop their head to be in line with their body and the necklace breaks them up
· A Leopard frog is obvious on land, but not in the water.
· A disruptive pattern must span the contours of the animal.
· Marks on the leopard frog legs become continuous with marks on other parts of the body when they pull their legs in: called continuous disruptive colouration
· Some moths form a group disruptive pattern that makes them look snake-like: moths employ the same strategy the snake does but they do it as a group
· Disruptive patterns must go edge-to-edge to effectively break up shape
· Question mark butterfly is a member of the angle-winged butterflies; the edges of their wings are scalloped for camouflage - with wings closed it looks like a dead leaf… body shape can aid in camouflage
· Dead leaf mimic: background mimicry
· Body is shaped and coloured for a specific setting, not just broken up
· Key part of dead leaf mimicry is the body shape in order to copy the shape of a dead leaf
· Masquerade: look like something you're not
· e.g. a twig mimic, rolling up wings to look like a dead leaf
· Body form is the masquerade
· Inch worms are twig mimics: feed at night and masquerade as twig during the day
· Walking sticks are twig mimics, treehoppers are thorn mimics
· Luna moth hides during the day, hanging from leaves… live leaf mimic
· Some animals have concealment that looks like an obvious structure 
· Spittlebug sucks out plant juice and expels it along with gas to create froth on the plant in which they hide
· Camouflage can be noticeable, does not have to be cryptic
· Woolly aphids make the fibrous material that covers their body 
· Butterflies sometimes have an obvious pattern, but one that does not look edible (e.g. Giant Swallowtail, bright orange bands on black wings)
· Their caterpillar looks like bird poop: bird-dropping mimic
· Whirligigs (water insects) are black above and white below: bicoloured
· Dark upper side blends with the bottom of the lake for something looking from above
· White under side blends with the sky for something looking from below
· Backswimmers have reverse colour pattern because they swim on their backs
White-tailed deer have their dark fur on their back and sides and white fur underneath
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· Gray tree frogs have bright yellow patches under their legs that could be used as startle patterns when they leap away
· Snakes have startle patterns
· Giant swallowtail caterpillar has startle structure that looks like snake's tongue and pops out when startles, also stinks
· Structure is called osmetaria
· Beavers make startle sounds with their tails by slapping the water
· May also be used to warn other colony members of impending danger
· Startle patterns are hidden until needed
· Not all fake eyes are hidden, but they can't be startle patterns if they aren't (they wouldn't be startling if they are always seen)
· Non-hidden fake eyes make them look bigger or like other animals
· Birds target the exact site of the eyes, so the pattern directs the attack to non-vital body parts
· Called deflection/distraction patterns
· Some butterflies have fake antennae/eyes to direct attacks away from the head
· "fresh" butterflies are ones just out of the chrysalis with all of their scales and structures in tact, but they can lose them during their lifetime (e.g. losing tails due to attack)
· When the tail of five-line skink is touched, it drops off and writhes around on the ground to distract the predator: called a deflection structure
· Called autotomy: when a structure separates
· Caterpillars can roll up leaves and hide inside
· Leaf-rollers, also beetles and spiders can do it
· Sumacs have galls: swollen up part of plant tissue
· Caused by insects
· Aphids live in the galls: sumac gall aphids
· Indirect camouflage, like rolled-up leaves
 

Physical defense

· Can consist of body armour
· e.g. millipedes are hard (exoskeleton) and curl up to protect their soft legs, snails make shells out of calcium
· Beetles pull legs and antenna into grooves in exoskeleton
· Turtles pull body parts inside their shell
· No defense is perfect: otters have figured out how to crack young turtle's shells
· Some animals can use soft structures for defense
· Tent caterpillars form silk webs, birds don't like eating fuzz/hairs
· Hairs, thus, can be defensive
e.g. tussock moth caterpillars roll into balls so that only hair is revealed to predators
Woolly bear caterpillars have stiffer spines for hairs
· Mammals can also use stiff hairs 
· Porcupine
· Quills are just modified guard hairs
· Mammals have two coats of hairs: guard hairs, undercoat
· They do not shoot their quills, but they are loosely attached to the follicles so that the sharp tip enters into predator's skin and pulls quill out of porcupine
· They are sharp and have scales that work into skin as muscle contracts: like zip ties
· The quills are coated in antibiotics so that they don't hurt themselves when they impale themselves
· They turn around and swing their tails around when they are under attack
· Some animals have poison-tipped spines which leads to…
Chemical defenses

· A lot of caterpillars have poisonous spines
· Spiny oak slug caterpillar has warning colouration
Often brightly coloured insects have chemical defenses
Called aposematic colouration
· Red eft has poisonous skin, also has orange spots
· Orange and black are often warning colours (also yellow + black, red + black)
· Animals usually get their toxins from eating plants
· Sequester the poison stored in the plants that are ingested
· Can also, sometimes, be manufactured in the animal's body
· Skunk
Not brightly coloured, but they are night-active so aposematic colouration is black + white
Porcupines also show white base of quills when scared
Better to advertise what defense you have and conserve your resources rather than using them repeatedly
Don't want to use defenses often because they are energetically expensive, so aposematic colouration can help spare them the trouble
Chemical defenses

· Association between colouration and poison
· Causes fast learning for things that attack them
· Warning colouration: aposematic
· Colour is for daytime warning, black and white is for night
· Skunks make sounds, stomp their feet, do headstands to warn off threats before using their chemical defense
· Porcupines also make warning sounds
· "Black and white, aposematic at night"
· "Colour in the day, better stay away"
· Monarch caterpillar sequesters poison from the plant
· Adapted to manage the poisonous defense of the plants it gets poison from 
· Sequesters cardiac glycoside (a terpenoid)
· Sequester = acquiring from another source and storing it
· Fireflies
· Lights are males advertising to females and females blinking back in response
· They're actually not flies, but beetles
· They have steroid toxins in them, but not all fireflies have them, some sequester the toxins from other fireflies
· Photuris females do not have toxins, find an area with another species of firefly called Photinus flies advertising
· They watch the Photinus males  and respond to their mating display using the female Photinus signal
· When the male Photinus approaches, the female Photuris eats it and sequesters the poison
· Luring prey by pretending you're something you're not is aggressive mimicry
· Chemical defenses can be found in different body parts
· e.g. osmetaria of giant swallowtail caterpillars
· Mouths: Sawfly
· Type of wasp
· Eat spruce needles, sequester terpenoids
· When under threat, bubbles with terpenoids come out
· Grasshopper spits terpenoids when threatened
· Blister beetle
· Have the chemical cantharadin that oozes out of leg joints
· It increases blood flow in humans (used in Spanish fly)
· Stinger (Wasp)
· Injector system injects their venom into adversary
· They are brightly coloured to warn attackers away so that they don't have to use their stinger because there are associated dangers and metabolic demands on the wasp when stinging
· Skunk
· Has a special nipple in the anal region that sprays sulfur alcohol
· Look up Bombardier beetle on YouTube
· Does something similar to the skunk
· They rear up and then there is a loud pop and boiling gas clouds the attacker
· The gas is quinone at approx. 100oC
· The beetle can't store the gases together otherwise the pressure would build and the beetle would be injured
· Chemicals are stored separately and mix when they get agitated
· Aposematic colouration allows predators to learn to avoid certain colour patterns
· Wasps and bees are all yellow and black, so if one of them gets attacked and the predator suffers for it, that individual predator won't attack any yellow and black flying insects again
· Called Mullerian mimicry: they all have a chemical defense and the same form of aposematic colouration
· Common appearance + chemical defense
· Viceroys copy Monarchs' exact colour scheme. Viceroys are not poisonous, but Monarchs are. A bird won't attack a Viceroy after tasting a Monarch.
· The Monarch is the model, the Viceroy is the mimic
· Not Mullerian mimicry
· This is Batesian mimicry
· Hover flies copy bees and wasps even though hover fly can't sting
· Models have to be more common than mimics for this system to work
· If the bird tastes a Viceroy more often than a Monarch, they probably won't be deterred
· Models also have to be well-armed
· Lady beetles are poisonous, Cecropia caterpillars have fake ladybug spots on their body, maybe for protection
· Mullerian vs. Batesian will be big on the exam
· American Toad has the toxin bufotalin in its skin
· They also have a behavioural defense as a back-up plan: puff up and look larger than they are, called bluffing
· Inflate themselves using air, might also make them harder to swallow
· Hog-nosed snakes also puff up, have special teeth toward the back of their mouth used for deflating toads
· If puffing up fails, playing dead ensues
· Some of them even hang their tongue out and blood drips out
· May not be a defense against predators but against startling other animals which would stomp on it in response to being startled
· Playing dead is called thanatosis
· Blister beetle also plays dead, Opossum plays dead
· A wide array of animals use this trick… it is a behavioural defense
· Crows flock in huge numbers because it is an effective group defense
· Safer in numbers
· A hawk can easily catch a lone bird, but the chance of survival is increased when the hawk has to pick from a group
· Crows roost in huge groups at night because owls hunt them at night
· Dominant crows are in the middle of the roost
· Flocks can confuse predators, make it safer for each member
· Yellow jackets are social insects
· If one wasp gets angry it lets off attack pheromones that trigger the same response in other wasps
· Small birds gang up on hawks, owls by drawing in a mob of smaller birds with alarm calls: called mobbing
· Trying to get the danger away from their nesting area
· Alarm calls are locatable by other small birds
· Mobbing could be a pre-emptive  defense
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Group defense

· Mobbing
· Behavioural response and group defense
· Pre-emptive defense: makes the area safer at a later time despite no immediate threat
· White-tail Deer
· Form congregations (deer yards) in winter
· Safety in numbers, improve your odds upon attack, more eyes to look for danger
Same with schools of fish
· Some animals use bodyguards
· Sap-sucking insects rely on carpenter ants for protection, "pay" them for doing so
· Produce drops of sugar water at their rear for ants (called honeydew)
· Ants are aggressively defensive of their colony and of these bugs
· Ants also "milk" the aphids by stroking them with their antennae
· No ants tend to yellow aphids
· Bright colouration: aposematic
· Feed on milkweed which contains cardiac glycosides (poisonous)
Last form of defense is running

· Cotton-tail rabbits zig-zag, are hard for predators to hone in on
· Also flicks its tail up, reveals bright white
· Like white-tail deer
· Very obvious mark
· Tells the predator that the prey is aware: advertise that the odds of catching them are low since most predators rely on stealth (not being detected)
All defenses depend on awareness

· How do they become aware of danger?
· Scanning, vigilance
· Vigilance in animals: being alert and scanning
· Snakes sense vibration, fish sense pressure changes
· Most common ways of scanning are smell, sight, and sound
· Ears: prey animals have big ears, capture more sound and amplify it.
· Called external pinnae
· Prey animals can often move their ears around to scan while feeding with their head down
· Ears will both swivel to face a sound of interest
· When beavers are grazing, they're very vulnerable
Occasionally sit up and spin around to listen to environment
If it relies on hearing, why does it have small ears: big ears produce drag, would be detrimental to swimming animals
· Insect ears: not external pinnae but special membrane
Bats make sounds to locate their prey
Moths take evasive action (drop and hide) or they have clickers which reflect the bat's sound back to it
Could be aposematic: moth stores poisons
Probably to confuse the bat while the moth escapes
Can be anywhere on their body, essentially
· Smell
· Snakes have different way of smelling
Most species smell through nostrils, snakes use tongue to detect chemicals in the air, the same thing the nose does
Tongues are forked so that they can detect directionality of smell
Molecules are absorbed by vomeronasal/Jacobson's cells at the roof of the mouth
· Moose have great smell, high surface area for absorption of smells because of long snouts
Also have Jacobson's organ
Tongue can be used to help out smell in mating season
They often tilt their head back and curl back upper lip to expose more of Jacobson's organ to get more of a scent: behaviour is called flemen
· Visual scanning
· Eye placement is important
· Humans are predators, do not need to look out for predators, eye placement at front of head to scan selected areas more thoroughly/in more depth
· Prey species have eyes further apart to increase total field of view, but they lose depth perception because of lack of overlap of each eye's field of view
· Prey often has eyes on the side of their head
· "Eyes at the front help you hunt"
· Mallard duck can see 3600 at all times
· This only applies to simple eyes (not compound eyes of insects)
· Not all prey species have eyes on the side
American Woodcock has eyes towards the back of their head
Still sees 3600, maybe even better vision behind them
They feed on the ground by sticking their bill into the mud as well as being nocturnal… means they are very exposed, need to see better behind them than in front of them… compensation for the need to feed
American Bittern has eyes at the front of the head: adaptation for seeing straight forward when its head is pointed upwards
· Difference in sensory cells
Rods deal with dim light, cones for colour vision
Several rods feed to one nerve cell, each cone feeds into its own nerve cell… rods are therefore more sensitive to light because only one in a group needs to be active to activate the nerve
· Nocturnal animals have eye-shine b/c of a layer of reflective cells in the retina which bounce back light that initially misses the rods so that it has a second chance to hit the rods: called tapetum lucidum
· Nocturnal animals also have larger eyes to increase the surface area available for catching light
· More eyes allow for complete vigilance (birds, deer)
Each member contributes to danger watch, allows for time to look for food, especially important in fall/winter when food is scarce which is why they flock more at these times
· 2 types of flocks
Single-species flock: good when there's a huge quantity of food in one area
Mixed-species flock: good when food sources are slightly different for each species but concentrated in the same area
Plant defenses

· Constantly under attack from animals
· Face all the same challenges that animals face
· Animals want to eat them b/c plants create their own energy through photosynthesis
Every animal owes its existence to plants (oxygen, food)
· All parts of a plant are eaten by all sorts of animals, even the wood (e.g. bark beetle)
· Dog-strangling vine is invasive (in-class example)
Its leaves are left untouched  and has reproduced, therefore must be defended
· Plants grow in nearly every habitat, survive because of defense
Can achieve incredible size because of defenses
· Bark: hard, physical protection like armour
· Components of wood are used for support, have dual function for protection
· Components include lignin: structural component (makes leaves stiff, coat of acorn)
· Structural parts can be modified to be defensive
· Spines: modified leaves, sharp
Part of the leaf or entire leaf can be modified
· Prickly ash has prickles: not the same as spines
Arise from epidermis, they are epidermal outgrowths, almost like modified hairs
Roses have white prickles: easy to see, may be advertising like aposematic colouration
Batesian mimics copy harmful species, some plants have their buds resemble their prickles: not exactly Batesian because it's not one animal copying another
Self-mimicry or automimicry: one unprotected part of a plant resembles a protected part
We know that prickly ash has prickles, not spines because its leaves are staggered along its stalk but the prickles are not
· Hawthorns have thorns: modified branches
· KNOW THE DIFFERENCE B/W THE THREE FOR THE MIDTERM
· Not all protection has to be hard
Hairs, for example, on animals
Plant hairs are called trichomes
· Form a physical barrier to small herbivores trying to climb the stem
· Physical structures designed to stop the small herbivores from gaining access to the stem
· Mullein leaves have trichomes
Called Quaker's Rouge sometimes: used as blush, rub the leaves on your face, red colour is from skin irritation by the trichomes
Prevents small animals getting to the flesh of the leaf because of the density of trichomes
· Some trichomes have balls on top that ooze when disturbed, called glandular trichomes
Substance is glue-like, deters animals
Sometimes two substances are stored in separate trichomes that, when both disturbed, mix and form a stiff epoxy can entrap small animals
· Stinging nettles have special glandular trichomes
When touched, the cap on the end snaps off and the sharp point jabs into the skin
Pumps chemicals into the skin from specialised cells
Similar to defense of some animals: hairs that sting
Physical + chemical defense
· Water smartweed
No trichomes in the water
Water plants don't need trichomes because water inseects don't try to climb its stalk, but when the environment dries and they are exposed to mites they grow trichomes
Called an inducible defense
· Internal structure can be a deterrent as well
· Plant tissues are very hard to digest
· Have structural element called cellulose that makes them rigid
· Cellulose makes rods, hemicellulose and pectin wrap around cellulose to form cell walls
· Hard to break down physically (chewing) and biochemically (enzymes)
· Lignin gives leaves stiffness, nuts and seeds hardness
· Lignin often housed in special structures called sclereids
· Structural elements are digestibilty reducers because they are hard to digest and don't offer much nutrition
· Horsetails are jointed, very rough/abrasive
· Have structural elements in their system which take up silica which gives a surface that is hard to digest.
· Silica is held in compartments called phytoliths
· They are rarely eaten by anything
· Grasses are full of silica as well
· Calcium can also be used
· Calcium oxalate crystals are formed in Arum plants
· The crystals burn the lips and tongue
· Jack-in-the Pulpit uses it as well, store large pockets of calcium oxalate in the protruding structure
· Not a structural compound, no role except for defense
· Called a secondary product or secondary metabolite
· Milkweed has chemicals as well
· Cardiac glycosides: white latex bubbles ooze out containing the cardiac glycosides
· Terpenoids
· Bitter-tasting, non-ripened berries have terpenoids
· Cardiac glycosides are a sub-type
Caterpillars can sometimes sequester it (monarch)
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· Plant chemical defenses
· Toxins can be divided according to whether or not they contain nitrogen
Terpenoids do not, alkaloids do
· Terpenoids
· More repulsive than they are poisoning
· The gum from pines and spruce is called resin (oleoresin, more specifically): they contain terpenoids
They are sticky, can interfere with movement of an animals 
They taste bitter
Turpentine is derived from them
Can plug the holes in trees caused by bugs
· Poison ivy
Defensive compound is a resin: urushiol
Pollen is the only part of the plant without urushiol
Causes dermatitis, cannot get it from touching someone else's rash, only touching the oil
· Conifers release resins when under attack but also store it in compartments called resin ducts for future use
They create stores of resin called traumatic resin ducts in response to trauma
· Can be advertised with smells: mints have terpenoids and advertise with menthol smells
· Nitrogen-containing toxins called alkaloids
· Get ingested, have nasty interactions within the body
· Asters (in-class example)
· Leaves are not eaten b/c they are full of alkaloids
· Plants can contain mixtures of alkaloids which make it hard for animals to evolve resistance
· Buttercups are high in alkaloids
· They work internally whereas terpenoids are usually just bitter tasting
· Hemlock is loaded with alkaloids
· Cause gastroenteritis, vomiting, sleep apnoea
· Caffeine is an alkaloid, morphine, strychnine, cocaine, nicotine, etc.
· Chemicals talked about thus far are part of the plant's constitution 
· Constitutive defense = already there
· Other chemicals are produced on demand = inducible
Hydrogen cyanide (HCN)
Can't be stored as cyanide or it would kill the plant
Different cells store the components, when tissue is ruptured the chemicals mix and you get HCN
Cherries, ferns, clovers
Very few animals eat ferns
Bracken fern: alkaloids, terpenoids, HCN
· A bunch of poisons can be mixed in one substance
· Latexes (white stuff i.e. from milkweed) from plants are cocktails of poisons
· Cells that hold them are called laticifers
· Phytoproteins
· Proteins made by plants
· Can get involved in digestive system by messing with digestive enzymes; they can replace the digestive enzymes despite being non-functional
· Animal can eat a lot of these plants but get absolutely no benefit
· May also produce phytoamino acids  which disrupt proteins when incorporated into regular proteins
· Insects must go through moulting (shedding exoskeleton in order to grow)
· Requires growth hormones: moulting hormone (MH) and juvenile hormone (JH)
MH causes skin shedding, JH keep it in juvenile stage
· Plants can produce copies of both
Moulting hormones in plants are called photoecdysones
Animals can OD on MH because of its massive accumulation in some plants. This causes the animal to shed its skeleton prematurely and die
Almost nothing eats rock polypody (full of MH)
Bracken fern is full of it
Phytojuvenile hormone (Balsam Fir)
Keeps animals young forever, essentially
Have resin blisters full of phytojuvenile hormones
· Reproductive hormones: phytoreproductive hormones or phytoestrogens
· Often affect mammals
· Produced by some clovers
· Oestrogen important for female reproductive system
· No immediate response, but individuals who ingest it can't reproduce and the population collapses
· Phototoxins
· St. John's-wort
Chemical migrates through the body and rests just under the skin, making the body more responsive to UV light
Get skin sores that never heal
Makes outer part of animal interact with sunlight
· Plants have complex command system
· Site of attack has a response, but chemicals released by the site prepare the rest of the plant for an attack 
· Many chemicals produced are volatile: spread easily from plant to plant
· Command chemicals: prepare plant for attack
Jasmonates
Spread through the plant after an insult and trigger responses to prepare for attack
Ethylene works with them
Salicylic acid
e.g. willows and poplars
· Five-line skink drops its tail when under attack, plant have a similar idea
· When under attack by a microbe, the plant kills its own cells in the area of the attack and consumes the resources of the dead cells: microbes can't reproduce with no food
· Called autophagy = eating itself
· Trees form hard compartments around microbes, seal off the area
· Induced responses
· So, why not just have thicker skin to start with?
Because the plant itself has to grow
Can only devote so much energy to defense
· Plants use aposematic colouration as well (blueberries look moldy and are bitter when developing)
· Plants can also use ants as defense/bodyguards
· Have ant-feeding stations where they produce nectar
· These nectaries are called extrafloral nectaries
· Ants kill caterpillars who come to eat plant
Challenge #2: environmental stresses

Temperature extremes

· Sub-zero temperatures (freezing)

Water freezes, animals made of water

Water also expands, makes cells burst

Ectotherms and endotherms

Ectotherms rely on environment to regulate internal temperature 

Endotherms self-regulate

How do animals deal with sub-zero?

Put on another external coating… 

· How animals deal with extreme cold
Mammals that stay active
Extra fur/layers
Grow longer/denser guard layers (outside layer of hair)
Dense under fur
Birds that stay in cold weather
Grow an extra set of longer/denser outer feathers: contour feathers become bulkier
Down feathers underneath
Under the skin:
Pack on fat
Mammals have two layers of fat, birds only have one layer of fat
Mammals have a layer of subcutaneous fat and a unique layer of brown fat around the heart and internal organs that give off more heat than does white fat
Only mammals have brown fat
Birds add subcutaneous fat but not for warmth, for fuel
They do not make brown fat
Shivering of pectoral muscles gives off heat 
Some birds  may shiver for days on end, not because they're cold but to stay warm
Birds fluff up so that they trap more warm air and body heat
White animals stay warmer
Dark absorbs solar energy, but northern animals are all white
No pigments in white hair: hollow with more air, insulate better
Summer coat is dark so they can lose heat
Gloger's Rule = more North, more white
Effect of increasing heat retention up to 27% in snowshoe hares
What shape is best?
Shorter extremities are better
Compact, bulkier, rotund
Allen's rule = smaller extremities further North
Surface area : volume ratio
Heat is lost over surface area and heat is generated in the volume of the body
Want SA:V ratio to be low to retain more heat = Bergmann's rule
Expect ratios on the exam
· Why can beavers/ducks stand on ice with no hair on their feet
· Less blood go to their feet in winter, feet get colder
· A net of blood vessels oriented so that temperature is highest in the upper leg, lower in the middle, lowest in the feet during winter, uniform in the summer
· Veins (returning blood to the heart) pick up heat from arteries (carrying blood to the feet) 
Called countercurrent heat exchanger
Foot gets cold
Heat difference between foot and ice is less, less heat dissipates
Would normally require constant, unsustainable pumping of heat to the feet, but now feet only need to stay above zero
Also means the body doesn't have to work as hard to heat blood because venous blood picked up arterial heat on the way and returns it to the body
The countercurrent net is called the rete mirabile
· Black extremities can also be an adaptation to absorb solar energy, they also sit on their feet
· Arctic fox has long tail though
· Must compensate for it, and the tail must be useful
· Tail fur is very long
Well insulated
Dogs curl up in a ball and wrap the tail around their face
Ball to reduce SA:V, tail protects face
Compensation is the long fur
· Breathing through the nose conserves heat 
· Nose has lots of blood vessels in the sinuses to warm incoming air (prewarmed), another countercurrent exchange
· Heat is lost through the mouth (i.e. panting), so no mouth-breathing in the cold
· Birds can also pull a leg up under their wing to warm it up
· Behavioural adaptations
· Where a bird roosts
· Coniferous tree, especially when covered in snow, retains heat in microenvironments, conserves body energy
· Hollow holes trap body heat in trees (good in a hardwood forest): e.g. owls, woodpeckers, chickadees
· Huddling: animals gather in groups and cram into a small space = better SA:V as a group
· Some animals build their own shelters
· e.g. beaver, muskrat lodges (both winter-active)
· Hold the heat in: beavers use mud for insulation, pack it on in the fall, huddle inside
· Snow also helps insulate the lodge
· Wolves smell the animals through a hole in the top that opens because of hot air inside
· Small animals find warmth under the snow
· Snow traps air, good insulation
· Also, pressure makes layer of crystallized snow at the bottom of the snow through which shrews can move
· Latent heat from the earth is also at the bottom of the snow
· Many small mammals spend the winter walking around under the snow
· Called the subnivean space
Highly crystallized area
What could a problem be down there?
Lack of oxygen: lots of animals in limited space
Have to come up for air sometimes: predators could be waiting there
· Bigger animals use the snow
Ruffed grouse burrows under the snow at night
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· Choosing a warm site to sit in and absorb solar energy while conserving energy = basking
· Done by ruffed grouse, mammals, other birds, reptiles
· Shivering
· Birds vibrate to burn off subcutaneous fat for heat
· Chickadees are endothermic
· Therefore, they have a constant internal temperature
· On cold nights, they can lower their core temperature by 120C (which would kill most mammals)
· They lose less heat to the environment because the temperature gradient is reduced
· Costs is that they can’t stay awake, this is called torpor
· Can't react to danger
· Temperature could drop too low: safeguard for this is that if it gets too low they start shivering
· Ectotherms
· Frogs have to find a place above 00, so they go under the areas that are freezing (eg. Bullfrog)
If water is deep enough, the water under the ice doesn't freeze and is 40C
· Snakes too
Go in the ground, below the frost line, using cracks in rocks
Go into hibernaculum
· Turtles (adults)
Go to bottom of moving water and absorb O2 through skin
· Toads dig beneath frost line or use cracks, mouse burrows
· Salamander
Yellow-spotted salamanders are called mole salamanders, also burrow
· These examples all enter a period of dormancy
· Woolly bear caterpillars stay above the frost line as larva
· Produce glycerol as antifreeze
Water in cells stays fluid, called a cryoprotectant.
Works to -500
· These animals supercool: body liquids below 0
· Moths can spend the winter in a cocoon as a pupa
· Anglewing butterflies winter as supercooled adults
· Most butterflies winter as eggs
· Mantids cannot survive as adults
· Lay a cluster of eggs in a foam case called an ootheca
· All adults die in winter
· Walking sticks lay eggs individually under dead leaves, those eggs are carried underground by ants and stored in special chambers
· On the egg, there is an edible cap called a capitula
· Swellings on goldenrod stems
· Swellings are plant tissue, called galls
· Hold flies over winter
· Stem swells around an egg that is laid on it
· Larva eats the inside, chew a hole to the skin, then goes back to the middle for winter where it grows and eats. It spends the winter in a dormant stage, makes glycerol. In the spring, it uses its tunnel from before, breaks out by using a bubble on its head
· Goldenrod gall fly grub
· Lets ice form in its body
Glycerol prevents ice forming in cells, it forms outside of cells around special proteins called ice-nucleating proteins
Ice does not penetrate cells
Called freeze tolerance
· Gray tree frogs stay in soil and freeze (so do wood frogs, spring peepers, striped chorus frog)
· All freeze-tolerant frogs
· Reptiles
Snapping turtles have some freeze tolerance
Painted turtle hatchlings hatch in fall and stay in the ground, above the frost line. Have ice in their bodies, are freeze tolerant to -40, then switch to supercooling
After 1 yr., they can no longer supercool or freeze tolerate
· No mammals are freeze-tolerant, only 1 can supercool
Become inactive/go dormant (torpor is short-lived)
Longer-term torpid state is lethargy (not hibernation)
Heart rate drops, body temperature drops
On warm days in winter, they can become active
Often use sheltered dens, huddle
Porcupines, skunks, raccoons
· Endotherms are not freeze-tolerant
Chipmunks border on hibernation
Heart rate and body temperature both drop, but they awaken every few days and raid their stockpiles of food
Curl up in their dens to conserve heat
Bats border on hibernation
Heart rate drops, temperature drops, easily awoken
Black bears border on hibernation
Low heart rate, but high temperature and very easily awoken
A true hibernating animal isn't easily awoken
Put on a lot of subcutaneous fat in the fall
Feed from cherry trees, oak trees, beech trees (well-adapted for climbing)
· Black bears have great feet for climbing, break off twigs to build bear nests
· Not true hibernators: only heart rate drops, not body temp.
· Bears graze when they come out of dormancy
· Don't eliminate waste in dormancy
· Reabsorb urine, plug for rectum called tappen forms naturally
· True/Deep hibernators: groundhog (world's largest hibernator)
Curl into a ball, body temperature  and heart rate drop
Sleep for prolonged period, very slow to wake up
· Wake up periodically to maintain safe temperature
· Jumping mice are deep hibernators
· No other mouse goes as far north
· 2nd problem of sub-zero temperatures: Mobility
· Snow is difficult to walk through
· Physical adaptations
· Big paws, long legs
· Snowshoe hare
· Large surface area of paws
· Hind feet are largest
· Moose doesn't have "snowshoes" but have a bit of that effect
· Whitetail deer are shorter than moose, live further south
· Caribou have better hooves for digging, more spread out toes than deer… further north
· Caribou have short legs, but massive feet for their size
· Fishers and martens have large hind paws
· Birds
Foot coverings for warmth may also increase surface area for snow travel (Ptarmigan, a Northern Grouse)
Ruffed grouse has snowshoes
Grow scales on the side of toes in autumn that spread out and increase surface area
· Behavioural adaptations
· Sub-nivean space easier to travel in than on top of the snow
· Whitetail deer move to densely forested areas with little snow, heavily sheltered
Form deer yards: where they gather in large groups for winter under dense cover
Line in the foliage where deer have browsed away vegetation called browse line
· Wolves
Have long legs and big feet
As a pack, walk in single file lines to clear a path
· Otters have short legs, travel on frozen waterways
Slide on their bellies: tobogganing
Mink do the same
· Migration
Cold conditions, lack of food avoided
Birds, monarch butterflies
The monarchs that leave never come back
Green darner dragonfly also migrates
Go to Cape Cod area, but some stay
Birds
Fly to South America, usually come back
Arctic Terns fly to Antarctic via Africa
20,000km round trip
Power the flight by fat
Carbs need water to be metabolized, fats do not. Therefore, less weight due to less water.
Fat provides more energy
Put on weight fast
Sandpipers double their weight in 10 days and fly to South America non-stop from New Brunswick (day and night)
Most small birds travel at night
Fewer predators
No overheating due to huge muscles, would need water to cool in the day but air cool at night to preserve water
Wind dies down at night (no fighting headwinds)
Some only fly in the day
e.g. hawks and eagles
Use thermals
Rising columns of air due to differential heating of land 
Called soaring
Thermal hop from one to another so that they may not have to expend energy  over long distances
Birds during the night intersperse bouts of flapping with bouts of gliding
Called bounding flight
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Hummingbirds, blackbirds, starlings migrate during the day
Only about half of the birds make it back
How do they navigate?
Daytime flying birds have visual cues (e.g. shoreline, sun)
Can adjust their angle to the sun's movement
Night birds use stars, constellation patterns
Both use earth's magnetic field
Photopigment rhodopsin in their retina reacts with electromagnetic energy from the earth's poles
Red knot flies eight days straight for 5,000km
Fuel efficiency improves over trip as they lose weight
We get info about migration from banding
Geese fly in Vs
Turbulence from wing tips goes up, provides lift, saves energy
Can navigate by hearing, smell, memory
Risk of starvation, predation because of unfamiliarity with surroundings
· Plants in sub-zero temperatures
· Risk of freezing: ice inside cells fatal
· Can go dormant: roots, tubers, etc. dormant underground.
· Warmer underground
· Plants tolerating ice inside body is called being cold hardy
· Take water out of leaves and twigs and branches and store it underground/let it evaporate
· Water drawn out of cells, increases their solute concentration, decreases freezing temperature
· Add sugars to cells to increase solute concentration
· Unsaturated fatty acids added to cell membranes to increase flexibility
Allow ice to form between cells, if it penetrates cell wall the membrane must be flexible so as not to be penetrated and lead to cell death
· Antifreeze proteins keep ice particles small
· Become cold hardy by acclimation
· Two-stage process
Change in photoperiod

Ratio of light:dark in a day

Changes in winter

Photopigments called phytochromes may aid in the detection of change

Cells go dormant, plants become sensitive to low temp.

Cold temperatures trigger 2nd stage

Some Ontario trees live to -800C
