

LECTURE NOTES
LECTURE 1: CLASS NOTES
*What is an animal?

- Anything that is living besides fungi or plants that can be further subdivided.
Natural History is the enjoyment of nature, living, breathing, dynamic plants and animals. Natural history is real life - it is the world’s longest running reality show. Natural history is the enjoyment or observation of living plants and animals - flora and fauna - and their interactions. it is an observational science. 
Naturalist: Someone with an interest of natural history
A dictionary definition of natural history is “dealing with the properties of natural objects, plants or animals; a scientific account of any subject on similar lines” 
· Herpetologist someone who studies reptiles and amphibians. 
· Mammalogist who studies mammals
· Ornithologist (birder) who studies birds
· Botanist studies plants
· Entomologist studies bee
· Lepidopterist (sp?) studies butterflies and moths
Adaptations are features or traits that offer plants and animals an advantage in solving problems. They can be physiological or chemical features as well as behavioral features. Adaptations are not acts of intelligence or planned solutions. They are features that have taken thousands, even millions of years to evolve according to evolutionary theory. They arise because of selective pressures that act on all living things. 
-Abiotic Stresses: These pressures include environmental stresses (temperature, wind, etc) - 
- Biotic stresses: ....and pressures that arise from other animals and plants (competition for 
food, sunlight; pressure from predators, potential mates and offspring) 
Collectively, these forces are natural selections. First identified by Charles Darwin, the world’s greatest naturalist, natural selection is never ending and it is the driving force behind evolution. 
Natural history is about survival and passing on genes.
All living things are driven to reproduce, and any trait that gives a plant or animal an advantage in reproducing and passing on genes can proliferate (expand) through the species that the individual belongs to, and become the trait we see today. Thus, adaptations are features that ultimately allow a plant or animal to pass its genes.
Problem #1- Staying alive!
Physical Defenses;  
· Camouflage - the art of not being seen
Problem #2 - Elemental Solutions
Problem #3 - Dietary concerns
Problem #4 - Reproduction
Problem #5 - Future returns and economics of life - protecting offspring which is "investment for immortality
Plants in their right may commit seed dispersal.
-Hookers, sailors and other seedy characters represent how plants spread their seeds
-An Austrian invented Velcro after having burs on his vest
STAYING ALIVE by:  physical, chemical, behavioural
1) Physical
CAMOUFLAGE - the art of not being seen (AKA concealment) like human military, hunters and police - e.g. raccoons, have colour patterns on their body that help them hide
They engage in background matching which is patterns on your body that help you match to the background
i.e
Cryptic coloration – coloration that makes it hard for someone to discern the animal from the background. It involves both background matched colouration on the animal as well as the action of staying motionless.
Crypsis - just sitting still (stands still and matches background so moving doesn’t disrupt the camouflage and give the animal away) / becoming still. NB it is not crypsis unless it has the appropriate background matching colouration - otherwise it is just standing still.
Crypsis and background matching helps animals hide - the problem is different habitats offer different backgrounds
Background matching example - vertical lines on animals - where the plants are all vertical as well
American bittern - background matching with vertical lines in marshes which have vertical growing plants
When the bird puts head in the air - it can still see forward because its eyes are near its beak - but at this time, it can not see behind it so this may be a problem for this prey animal
What about background matching in forests? In the understory, canopy, tree trunks.
Sun spots/flecks come around making a lot of blotches in the forest - a lot of contrast -light and dark camouflage and cryptic colouration for spruce grouse and other animals - helps for a lot of ground-nesting animals to background match.
Screech-owl - matches tree bark
Tree frog - background matching with A twist - grey on grey bark or -green on green plant background
Some animals change their colours seasonally - snow shoe hairs - brown in summer, and bland in fall as their fur starts to change colour and pure white in snow - varying hare
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 It is the American bittern who puts its head in the air to promote background matching and that creates the problem for this prey animal for not being able to see behind itself so it has to turn if you turn around it.
Watch for animals that are stressed in class - if its in brackets though (ignore the animal)
How do animals defend themselves?
Background in vertical lines feature animals with vertical lines on them - e.g. cattails marshes.
Background matching = your body has the same pattern as the background around you.
In a forest with sun specks the spruce grouse has a grey and brown and earth tones to hide itself
Likewise in the trees – the easter screech -owl has colours that matches bark (bark mimicry - mimicry - looking like something else).
Even grey tree frog withdraws its arms so as to not spoil its concealment - grey, to green to brown - gray tree frog - green after being on green leaves for a time as shown in class
Seasonal background matching – snowshoe/varying hare- mixed in late fall when the hare is changing
Sometimes its not the whole body that needs to have camouflage
-Many songbirds have a stripe above the eye and a line through the eye (red-eye vieoro)
Helps the eye not stand out?
No - when it's in a hole - in a nest in the ground - only its head is above ground - the head is the only part visible to predators - so only the head background matches and is camouflaged – getting closer!
The patterns of colour break-up and disrupt the animal's shape to help its adaptation camouflage
-These are called disruptive patterns - combined with crypsis its concealment is complete
Distinct line and colours visually break up for the form of the animal to predators
****Kill-deer know for exam - has stripes on its body - breast bands. how are breast bands disruptive patterns? - it makes it hard for you to see it because the breast bands disrupt its pattern and its hard to find in a visual predator search
-Another bird, a Canada goose, has chin straps that is a disruptive pattern - activated when it touches its head to the water
Loon - has a "necklace" disruptive pattern (dappled pattern is also a camouflage to background match sun blotches in marsh or later when it is in the forest understory)
A leopard frog has a beautiful blotchy black disruptive pattern that contrasts light and dark to break up its form
For a frog it has a light line from back to front that makes it so the disruptive pattern works by stretching to the edges and contours of the body for max effect ask question. Answer: The light lines break up the frog's body into light and dark areas completely disrupting its shape 
When the frog folds its leg in a special way - disruptive patterns join together and become coincident disruptive coloration (like the Canadian flag when you bring your hands together wearing the mits)
Butterflies and moths - are puddling, absorbing water from the ground. Prof discovered that moths can hear…
Group disruptive pattern is a special type of coincident pattern that is formed not when parts of one animal come together but a continuous pattern coarses through and across all animals who are touching parts (e.g. wings in moths) together
There is a prof that knows all about disruptive patterning - he is a disruptive pattern expert what’s his/her name?
Disruptive patterning breaks up light and dark patterns to make it hard to detect the animal's form for predators.
Lepedopterist – butterfly expert. There is a butterfly that is called a question mark butterfly - part of the
family of angle-winged butterflies – The butterflies’ wings are angled
It is using their body shape as their camouflage (in addition to its cryptic coloration) - its angled wings mimic the angles of leaves
Mourning cloak butterfly is an angle-winged butterfly that 's shape mimics a dead leaf
Eastern comma, gray comma butterflies too = the punctuation apparently is apparent on the underside of the butterfly
Dead leaf mimic is a type of background mimicry that uses shape and colour to background match. They call this "masquerading" as well when it implicates only a part of the animal’s body.
 e.g. dark marathysa
Another moth curls its wings and then it looks like a dead leaf  - there is masquerading colouration and form changing that makes the animal look hollow does it only use part of its body?
=Iridescent light - looks like a different colour depending on the angle you look at it - looking at a butterfly overhead is using colouration and body form to mimic a dead leaf.
There are twig mimics - part of the inchworms family – who stretch their body, crypticize and they look like twigs - these feed at night to avoid birds
At night you can pretty much hear the caterpillars feeding and pooping
Walking stick -or stick insect is a twig mimic – masquerading as a twig
A Tree hopper or treehopper is remarkable it actually looks exactly like a leaf - its limbs look like thorns or - they use crypsis while feeding to avoid predators as their camouflage helps them bacgkround match – and they masquerade as a part of a leaf.
There are even thorn mimics (or prickle) mimics
There are live leaf mimics which have even seem to be painted with water drops – they be flying at light (luna moth) - they use a form of masquerading to allow their tail to blow in the wind as if they were a leaf.
Concealment - different kind of concealment - spittlebug spits out foam and hides within it HIDING INSIDE THEIR STRUCTURES
Late summer - Algonquin park aphids who are woolly aphids? create a concealing structure that looks like a fungus or a mould to hide in - be contrasted against background matching
Some caterpillars masquerade as bird poop - not background matching; it is very visible but it is masquerading mimicking?- colouration used to make a glossy coat that makes the poop look fresh (bird-dropping mimic)
Imperial Moth caterpillar - masquerading as a pinecone – pinecones have a chemical defense that predators don't like
Animals in ponds often use colour patterns for a different type of camouflage
bicolouration - black above and white below (many surface insects of ponds)
From above the water depth is black and you blend in with the bottom
If you are a fish from below looking up to the surface at the sun, the white underside helps the whirligig camouflage against the sky (but what about the day and night?)
There is an animal (an insect) that has the reversal camouflage - because they swim upside down (a backswimmer aquatic swimmer) background matching with bicolouration for different backgrounds (day sky vs ocean abyss) 
Mammals dark backed and pale-bellied (dogs, deer) why = for a different reason
Countershading or self-shadow concealment - the sun shines down on the dark back of the deer and casts a shadow on the light belly of the deer. Because the belly was light to begin with, when the shadow from its back casts it in shadow on the tummy, it results in being the same shade as the back. As such it disrupts its 3Dness projection such that any animal looking at it from the side will be hard-pressed to see it “pop-out” against the background - given its now 2D shape.
Camouflage is not fail proof though...but the animal is not doomed but it has a plan B - its defensive weapon is a startle pattern - like bright colours that startle a bird that has discovered its camouflage - and has eyespots on its wings that make the insect look like a wolf looking at the bird - the eye spots einclude colouration that even make the eyes look like they are protruding and 3D
Many times the underwings have the startle patterns
main wings (the only wings apparent when wings are closed) use disruiptive patterning, background matching to camouflage against predators
Take stale beer and sugar and molasses and put in a rotten banana before dusk and smear it on the tree or a small group of trees.
- moths are feeding on these mixtures - at night - sugar bating which attracts the moths...
Tropical moth would appear if the sugar bating works in the fall - as opposed to usually in July/August (owl moth, black-witch moth)
Moths try to fly towards the light -
Usually 5 or more species in an area at a time
read legion of night - the underwing moth
There are different moths in the same area so that birds don't learn exactly how to see the moths through learning
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Review
Concealment = camouflage
Masquerade = through the body shape, coloration of part of the body, it matches the background e.g. treehopper, a thorn mimic
Spittlebug, wooly aphids – concealment which is using part of your body (dubious category) to hide, rather than looking like part of the environment
Coloration and body form can be used for concealment.
Startle patterns – “plan b” after concealment you can launch a startle response to get rid of predators
Read a field guide to moths. There are many different species in one area so that birds do not get habituated to the adaptations of the butterflies there.
Kotocola (beautiful behind)
Gray Tree Frog (Chipmunks eat frogs and baby birds) has a startle pattern – under the legs are bright yellow patches which might be a startle pattern- the significance is that larger animals can have startle patterns – not just insects.
Snakes – ring-necked snakes (pull back rocks to find it – do not drag it you are destroying a micro-climate. Smash a nuk-shuk - if I you see one! Poor aboriginals: some snakes have yellow undersides that are startle-patterns
Giant swallow-tail caterpillar – bird-dropping mimic. When a caterpillar is touched it displays a startle structure/pattern (osmetaria – red horns) that are startle patterns – ther e is also a chemical defense here (bad smell, bad taste)
Beavers – (they have a startle sound that is like a startle pattern) – if there is a beaver, paddle next to it just watch the startle response – hitting the water. It can warn other colony members of the sound as well as startle the predator to leave. The water starts before the tail slap – startle sound comes after.
(17 min – guy hits on chick)
Grouse beats wings to attrack a mate. Partidge/rough grouse beat their wings make an explosive startle sound.
Deer snort to make a startle sound,
Eyespots
Not all eyespots are startle patterns- but sometimes they are displayed all the time – like in a (click) beetle – specifically an “eyed elater”
Tiger swallowtail catterpillar – has beautiful eyespots that are not startle-response eyespots
What is the purpose of this? – it makes them look larger than life –e.g. pandorus sphinx
Deflection patterning
When a bird attacks a butterfly it goes for the eyespots – it deflects the predator away from vital organs in their attack- it implicates the eyespots as deflection patterns/distraction patterns in addition to startle patterns.
Eye spots on display at all times are in some cases not deflection patterns (why not- don’t they draw the animal to want to poke their eyes out before toing or any other “vital’ organs?)
Butterflies have little fake eyes or a tail that looks like eye and nose – great idea of a deflection pattern.
Swallowtails butteflies also have tails - when a butterfly is "fresh" - their scales are perfect until they later get worn. The tails are perfect too  - but afterwards their scales fall off naturally - because these deflect attacks -they are deflection patterns/structures (or the tails may be there for sexual selection reasons alternatively)
Lizard has a bright blue tail- the blue tail is a startle structure/pattern . It can grow a shorter tail after dropping their initial one – then grow it back then drop it, called autotomy. The tail becomes a focal point for a deflection pattern.
Should you buy a “Gary Larsen” textbook? And comic strips for bio friends?
Pale Peppermoths – treetrunks were pale-coloured – they would hide in day time on them. Then soot later ended up covering the trees and through natural selection processes the black moths became more numerous than the white moths.
Take a rolled up leaf – unroll it, you might find an animal – they are camouflaged inside a structure they made themselves (leaf rollers for example - could be caterplilars, beetle grubs, etc…)
Sumac= a house for animals – galls (swells on plant tissues – cause by insects) – you might find hundreds or thousands of aphids- galls are plant swellings made by something inside the plant – like an aphid
Gulls – not sea gulls.
Galls make indirect camouflage
Cattusfly makes a camouflage structure out of their environment –grubs in the bottom of the pond make houses out of the dirt – what do you call camouflage specifically with outside structures? Concealment with outside structures?)
Cattusfly: You put diamond in a pond they will make houses out of jewels.
Prof shows us a praying mantis that camouflages – but not to hide from predators – it is the predator – so maybe it camouflages to steal up on prey animals. Prof loses a bug
PHYSICAL DEFENSES – millipedes – are hard and coil up their back which is armour, to protect their legs (back armour is exoskeleton – like with all arthropods). Turtles, snails (shells made of calcium) have physical defenses. Beetles have grooves into which they place their legs and antennae! J turtles have turtle shells – most animals cannot break the shells of the turtles
Unfortunately car tires can break them. Snap turtles don’t have a bottom shell and they will bite you to compensate for their vulnerability in their physical defense.
Banding turtle – can only mostly hide itself in its shell. Some otters can penetrate the shell of the turtle
Prof dismisses class – when it is not time to leave.
Soft structures can also be physical defenses – tented catterplillar (eastern tent caterpillar web shown) – their soft silk structure protects them . webworms feed inside the silk next (as well as do the web-worms)
Soft hairs (e.g. hairy caterpillars) can also form soft physical defenses (gypsy moths also) cause birds don’t like eating hairs
Tussock moth caterpillar are very hairy – when under attack they form balls and draw in their legs to hide their legs from their birds
Woolly bear caterpillar? has stiff spines as soft physical defenses.
Caterpillars of Eastern North-America!
Mammals can also use stiff hair for defense ( like porcupines). Quills are just modified hairs (e.g. guard hairs ) then underfur/underwear – quills can go right through soft tissue and can have basically like hooks that make it so the hair goes in, but is tough to get out do not come back out. Poor dogs L
Porcupine quills have a greasy coat that have antibiotics on them  - this may be because they impale themselves with their own quills – or impale eachother when mating and need a cure!
Or maybe troupes of wolves who attack porcupine are allowed to live so they can bring back the message of the pain back to their children
Born with soft quills
Some animals have hairs and poison on them = physical structures with chemical defenses
Monkey slug. – poison slug – really burns if you put it in your pocket say, and forget it is there.
They don’t hide  - they don’t camouflage (aposematic coloration) – they advertise themselves with bright colours. So some harmless aimals mimic aposmetiac colouring animals (insects) – like the spiny oak slug
A red eft – has bright orange/red skin with spots that has a neurotoxin – advertises its neurotoxin, milk weed bettle (orange means bad in nature)! J bright colouration
Poisonous caterpillar – giant leopard moth – if it gets disturbed, it rolls into a ball and displays bright red rings – it is aposematic – a startle pattern! J they get toxins mainly by eating toxic plants (they sequester their poisons from plants usually  –or manufacture poison inside themselves).
Milkweed tussock moth caterpillar – ?
Skunk – advertising colour? Since it is nocturnal – the aposematic colouration is black and white – so it is still a great advertisement  of its chemical defense. Porcupines raise their tails in a startle pattern? defense and show their black and white defense
The key though is - Conserve your defense (e.g. for a skunk your sulphur smell) and advertise it to ward people off instead of using resources
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Review
Assassin bugs engage in camouflage just like praying mantis’ to hide on a plant. They hide to sneak up on prey and they hide from predators.
CHEMICAL DEFENSES
Oi moth – poisonous spines
Smartweed caterpillar – aposematic colouration
Spiny Oak slug caterpillar (turns into a giant leopard moth? - Colouration may not appear until it comes up through bodily position change)
Orange and black/ red and black / yellow and black – signals danger in the animal world
Red eft (like a red frog like creature with a tail)
Human beings have taken warning colouration cues from animals (e.g. construction workers wear red and yellow clothes)
On skunks and porcupines at night – black and white is the aposematic colouration – stolen by cop cars – but cops also blare colours at night too (red, orange, etc…)
Skunks make sounds, stomp their feet, (head stand - spotted skunk) to advertise their expensive chemical defense – hopefully they don’t have to use their defense (if skunks are facing  you they are not yet going to spray – likewise with porcupines – both have to turn their back on you to spray you, or slap you  with spines respectivel)
“Black and white – aposematic at night”
Lady bug – “colour in the day” –better stay away
Monarch butterfly caterpillar (sequester toxins from plants - acquiring poisons from other plants) – Namely cardiac glycosides (heart poisons from milkweeds).
Fireflies in countryside at night (males advertising sexual desire for females who blink to tell males to come mate with them- i.e. photuris fireflies) – fireflies are beetles not flies that have toxins (steroids) sometimes from other fireflies:
Female photuris look for photinus fireflies (male ones) identifying them by their specific morse code light display , and once they learn their display? They imitate the sexual readiness display of photuris fireflies so they lure them in, only to eat them then sequester their toxins (aggressive mimicry) which they cannot produce as photuis fireflies.
(student says there might also be blue fireflies)
Giant swallow-tail caterpillar – Osmetaria have a chemical defense (that stinks).
Black swallowtail caterpillar can pop out and retrack osmeteria (it is expensive to produce poison chemicals and flare osmeteria though)
Sawfly larvae (wasp family) eat spruce needles and pine needles (tripanoids like found in milkweeds) – they sequester poisons from the coniferous spines. Sawfly larvae secrete them orally from their mouths – just like grasshoppers can.
Blister beetles have a chemical defense too (cantharidin that oozes from their leg joints which increases “blood flow”). They used to grind up cantharidin to make “spanishfly” which increases blood flow and helps make people horny (like from Viagra/Cialis).
There were once soldiers who had erections – they were eating frogs who fed on blisterbeedles who helped blood flow producing erections.
Wasps have stingers and inject people. Aposematic colouration is crucial here because their stinging is so expensive it costs them their life (otherwise it can injure them, break off their stinger).
Skunks have a little nipple near their anus that sprays 3-4 m with accuracy a threat (chemical defense is costly so it is advertised).sulpher alcohol
Bombardier beetle also emits a chemical defense from its backside (hot quinone) (you hear a pop like a gun firing, then a burning chemical comes out) the emission comes from a physical reaction where water is heated to 100 degrees and then the pressure fires it out (happens after organs mix chemical together for reaction).
Frogs and birds learn not to eat checmially defended animals
The professor launches a series of tests where students guess what animal he is picturing. The point is not to know how different species of insects look, but to appreciate how species in mullerian mimicry look so much alike
Bumblebee (kinda furry) long tongues
Paper Wasp (not as hairy, skinny)
Honeybee - Half hair, half not
A Paper Wasp
Yellowjacket Wasp
-When a group of unrelated animals are defended and bear similar appearance they are exhibiting mullerian mimicry. They all help eachother because a large animal’s experience with one leads to other species’ not being eaten
Prof shows picture of a monarch (chemically defended) and a viceroy which is harmless
Monarchs (models) have slightly different lines than viceroys (the counterpart of the mimic is the model)
-          Not Mullerian mimicry because all the animals are not armed with defenses – batesian mimicry
Honeybee stings (model) – long, thin antennae
Hoverflyes (harmless - mimic) = batesian mimicry
Mimic flies have shorter antennae and flies have only one as opposed to two sets of wings.
Same with baldfaced hornet model vs hover fly mimic
Model thread-wasted moths can paralyze caterpillars and lay their eggs in it (model vs systropus  - a bee fly mimic!)
Models have to be more common than the mimics though so that the association is made between the aposematic colouration and the aversive resulting experience.
**mimicry (prof will make up animal names – look for colour patterns described – features –chemically armed vs harmless *keywods – he will say A is harmful B) is harmless – what do you have? Answers - Batesian mimicry…he may even describe batesian and mullerian mimicry – know which one is which
A raspberry crown borer is a moth (looks like a bee - batesian mimicry)
More examples
Lady beetles – armed and beautiful (cecropia caterpillar) – their spots resemble fake lady bugs (does a cecropia have beetles on its back to ward off predators?)
***A dozen questions on batesian and mullerian mimicry - . Prepare each week for next week (reread notes; make notes/tests, study them)
BUT
Behavioural defenses
Toad has toxins (e.g. American toads – have bufotalin in its skin) and they are earth-toned why arent’ they aposematic?  Behavioural defence pee on you like a turtle (no third defence) – second defense they puff up and look larger than life to ward off animal (also like a horned owl, long-eared owl) bluffing, but also puffing up and not being able to be swallowed by predator
If snakes – hog-nosed snakes coil they look larger than life
Plan b – snakes roll over and play dead (they may also reflex bleed)
Why might this be adaptive (might be a defense against an animal that is afraid of it and just wants to avoid it – like a deer or a human that would kill it if it was alive but leave it if it was dead)
Catheridin Beetles (blister beetles) play dead (thanatosis) – taste bitter
Posums play dead (e.g. virginia possum)
Crows fly to Ottawa hospital to roost at night
Groups defenses
Flocking – (e.g. European starlings) – birds flock because they feel they are safer in numbers. Safe – crows roost and come together at night (communal roost). The reason they do this is that they are food for gray horn owls. The dominant crows are in the middle of the roost – safety in numbers
Flocking might
1) confuse predators
2) make it safer for each member
Oprah edit that out! Lol
Yellow-jacket wasp engage a group defense because they are social insects. They launch attack pheremones which summon the troupes
Bird group behavioural defence can be active and Aggressive e.g. little king bird attacking a cooper hawk. This group defence is accompanied by alarm calls that help the birds organize their defense. This is called mobbing and can be proactive so things will be safe for young later at night (prof did masters on mobbing)
Chicadees – emit a locatable alarm – pshing (try it!)
Mobbing = a preemptive defense
***********************************************************************************
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Prof showed videos:
1. beaver slapping his tail
 - Fun Fact: 2nd biggest rodent in American (in the World!)
2. bard owl mobbing (blue jays trying to mob the bard owl, trying to drive the bard owl away)
Mobbing = Pre-emptive Defense!
- most likely theory: animals trying to make an area safer at night.
GROUP defense (cont’d)
·      White-tailed Deer YARD (in winter)
o   “DEER YARD”: Grouping together mainly for food, but most importantly for safety.
o   More eyes to watch for danger
o   Safety in numbers
*Animals (& Plants!) use bodyguards for defense too!
·      Examples: Carpenter Ants guard aphids (“spittlebugs” that suck up sap from the plants) Since the aphids will most likely have excess sap (that sap is rich in sugar), the carpenter ants benefit as well by receiving sap (aka honeydew – source of food) from the aphids. (Aphids usually shoot out from the anus)
·      Prof showed “Treehopper” video. Carpenter Ants use their antennae to stroke the aphids to release their honeydew.
·      Bright Yellow Aphids = Warning Colouration = Aposematic (these aphids are not protected by ants because they are feeding on a poisonous plant)
Cottontail Rabbit & White tailed deer:
·      When cottontail rabbits tries to flee, they zigzag. Harder to catch since it’s the running pattern is random and harder to track!
·      Raised white flag (or for this instance the “tail” for cotton tail rabbit & white tailed deer): predators are known to be stealth when trying to catch their pray. When the white part of the tail pops up, the prey is indicating to the predator that it’s aware of it’s company, that the predator is trying to catch them, however the chances are slim to catch me so give up now! (theorized from African animals)
·      Flags might advertise awareness
All of these animals require to be aware that danger is coming! These animals require sensors and instincts!
Vigilance in Animals
- Animals need to watch/listen their environments to sense danger.
Snakes:
·      Have no external ears, but sense vibrations from the ground!
Fish
·      Have the lateral lines on their side and can sense pressure.
3 big ways animals can detect danger
1) smell
·      olfactory = nose / olfactory detection!
·      Snakes have an enhanced power of smell
o Taste the air with their tongues
o When the snake pulls in air molecules and if the object of interest that is giving off a scent is on side of the animal, that fork of the tongue will get more molecules on it. Then the snake pulls back it’s tongue and the roof of the mouth has massive sensory cells called Jacobson’s organ (or vulmono [sp?] nasal organ)
o Scents are analyzed in the Jacobson’s organ
·      MOOSE
o Have excellent hearing and also olfactory ability!
o The moose has a big snout which gives a better sensory for smell.
o An enlarged snout houses more sensory cells and a Jacobson’s Organ.
o Exposing the Jacobson’s organ by FLEMEN
2) sound
·      auditory = ears / auditory detection!
·      Large external pinnae (ears) capture sound (large ears help capture more sound and magnify more sound!) ex: snowshoe hares and white tailed deer.
·      Ears swivel to scan all directions. This is important to detect danger by covering more areas for animals to listen to.
·      Beavers: why they have small ears à big ears in the water does is not benefit in water. Small ears help water constraints.
·      Tiger Moths also have “ears”
o Moths hide in the daytime, more active at night
o Tiger moths need to hear from their predators, bats!
o They have clicker on their body. 1st  theory is that it jams bat’s detecting sound. 2nd theory can also be an aposematic sound.
3) sight = being alert and scanning for danger
·      Visual = eyes
·      Scanning visually à EYE PLACEMENT on the sides of the head
·      Animals eyes are usually placed more on the middle-side of their heads. Gives more perception 
  and coverage of the environment.
·      Eyes on the front help you hunt! -- (ex: Great Grey Owl)
o Snowshoe hares, owls, ducks have the ability to see from behind as well.
·      Eyes on the side keep you alive! -- (ex: snowshoe hare)
·      American Woodcock eyes are placed to the upper back part of its head.
o Has binocular vision and sees around itself completely
o Why are their eyes on top of their heads?
-   When they feed, their beaks are completely down on the ground. They have a bigger sight overlap behind them to detect any danger coming from behind.
·      Another example: Wilson Snipe
·      American Bittern
o Their eye placement is also at the base of the beak
Eye shine = when light is shown on an animal’s eye during the night. (special reflector layer of cells on their eye aka Tapetum lucidum)
·      Common on night animals
·      Ex: Northern Flying Squirrels
Nocturnal animals
·      Have larger eyes
·      More common with rods to capture light
·      Typically to have eye shine
-       More eyes allows for more complete vigilance
-       This is one reason White-tailed Deer YARD in winter
-       Recall that FLOCKING offers two advantages, one of which MORE EYES, thus more vigilance.
o   More eyes to watch for danger!
·       flock of single species = “Single-species flock” (lol?)
o   sandpiper
·      mixed-species flock
o why there’s single and mixed species flocks = sources of food! More scattered and variety are common with mixed-species which offers more eyes to detect danger around them. Where as single-species flocks usually feed in areas where they are only feeding on one type of food and there’s large quantities of that type of food, therefore less competition to attain food.
***********************************************************************************
Lecture 6: Class Notes
Plant Defences
· Plants are animals. Animals are not plants.
· Plants have been under attack by animals since their existence.
· Plants must survive and evolve to protect themselves.
· Plants have always been on the defensive.
Ground Hog (picture)
· One of the animals that eat plants.
· Including the risk of being eaten plants face a gauntlet of hungry mouths.
· Plants can create their own food unlike animals. They can photosynthesis by harnessing the power of sunlight. They have roots in the sand that pullout raw material, like phosphorous, nitrogen and water. Leaves act as solar panels.
· Chemistry lab within plants called Chloroplast that creates sugars that animals crave. Plants take in Carbon dioxide and emit oxygen.
· Without plants every single animal wouldn’t exist.
· Large animals, Small animals, insects, caterpillars, Microbes and beetles eat different parts of plants.
· There are no parts of a plant isn’t consumed by animals. Different animals eat different parts.
Bark Beetles
· Lay eggs in wood and the eventually grow and exit through the bark.
· When you see a plant defoliated you see a siege lost. (Lost Battle)
· When you see a plant untouched, you see a battle won.
Dog Strangling Vine (plant displayed in class)
· Leave are untouched, seeds where produced, therefore it has successfully reproduced. It’s been well defended. It won the battle but not the war because it will; have to continue to evolve to protect its self from future threats.
Lake Superior (Volcanic Island)
· All types of plants.
· Giant plants (trees)
· The tallest organisms on Earth are plants.
· The tallest tree on record is 147 meters (Sequoia tree found in the west coast)
Physical Defenses
· Trees and other woody plants have external ARMOUR.
Bark= physical defense but also structural support.
· LIGNIN- Stiff structure. If leaves are hard they have lignin in them. Bark has Lignin. Lignin is why its hard and stiff.
Picture of a Cow
· The cow has consumed all the grass in the surrounding area but contemplating on eating the bushy looking plant.
1.      SPINES- Some plants have spines = Modified Leaves.
Scotch Thistle- Spines come from leaves.  Some spines are found on some parts of the leaf and others are found on the entire leaf.
2.      PRICKELS- They come from the skin of the plant = Epidermis. Epidermal Outgrows (Like hairs) . Found on outer surface of bark for example. Roses bare PRICKELS.
· Some prickles are APOSEMETIC. Rose branches have white prickles as a defensive unit saying “Don’t Dare Eat me”
Prickly Ash
· Have prickles. PRICKLES are not the same as SPINES.
· Some plants have new buds that resemble prickles this is known as AUTOMIMICRY.
· One part of a plant has no physical protection resembles something that is bad to  eat.
Proff displays plants
· Prickly Ash, Tanzi (Big plant) with prickles and spines. Very painful to hold.
3.      THORNS- Modified Branches
· Honey Locust- Trees with thorns. When thorns are broken off you can see that the tissue goes deeper into the plants. Whereas pricks are just on the surface.
FIRST YEAR HE BROKE DOWN SPINES, PRICKLES and THORNS. (POSSIBLE EXAM QUESTIONS)
Do physical defenses work?
· Yes they do. Same example as mentioned above. The hungry cow was contemplating on eating the bushy plant but decided not to because of a bad experience with Spines from a Thistle.
Not all protection is hard.
· Ragweed cause allergies/ allergic reaction.
TRICHOMES = Plant Hairs
· There are 2 types.
· These hairs form physical barriers for defensive purposes from very small animals such as Mites and other small sucking bugs. These defences prevent them from sucking out the juices from the plant.
Mullein Leaves
· Are loaded with Trichomes
· The leaves are full of Trichomes
· The dense hairy covering prevents small animals from reaching the surface of the plant.
Glandular Trichomes
· These release glue like chemical substance
2 types of Trichomes
· Contain 2 types of chemicals. When these 2 chemicals are combined they become very stick, almost like super glue.
Stinging Nettles
· Burns for many hours. They have special Trichomes that have a cap on the end. When an insect touches it, the cap falls off and 3 different chemicals are released. These chemicals cause that burning sensation.
Plants have similar hair defences as other animals do. Ex: Caterpillars that cause the same stinging sensation through their hairs.
Water Smart Weed
· Untouched leaves. They have no Trichomes because land insects can’t eat them in the water.
· However, when the pond dries up they develop Trichomes when necessary.
INDUCABLE- Produce on demand.
· Structures of the plant can serve as a deterrent. These plants have structural components that make them hard to digest.
· Plants are made out of structural elements such as Cellulose, Hemicellulose and Pectin making plant tissues hard to digest. Making them CEMENT like.
· Some animals use enzymes to breakdown these components. Very few animals have this ability.
LIGININ
· Gives leaves stiffness. Also gives Nuts and cherry pits their hardness.
· Seeds are made of Lignin to protect them.
· Lignin are often houses in structures called SCLEREIDS, they last for a very long time.
· Structural elements are digestibility reducers.
· Animals that consume these plants get very little out of them.
SILICA
· Found in Horsetailes (EQISETUM)
· Oxygen is the most common element in soil.
· Silica is the second most common element in the soil.
· Silica makes these plants very abrasive/ tough and hard to digest.
· Silica are housed in special compartments called PHYTOLITHS.
PHYTOLITHS
· Have been around for millions of years. They found in soil and are very hard to break down. Phytoliths are cells that hold Silica together.
· KEY POINT: SILICA found in these plants are for STRUCTURE and give them PROTECTION.
· Grasses are full of Silica.
CALCIUM (Element in Soil)
· Can also be used as a defense.
ARUM PLANTS have calcium oxalate crystals in their leaves.
· The Arum plant family all use Calcium.
Skunk Cabage (Arum Group)
· Produce Calcium Oxalate Crystals that are very toxic. The burn badly, especially when consumed.
· In the past these crystals were used to poison food of the enemy during times of conflict.
Jack-In-The-Pulpit (Arum Group)
· Produce Calcium Oxalate Crystals. Nasty burning chemical.
However, it is NOT a Structural compound. They have NO other purpose except for defense.
Primary Metabolite- Produces compound that used for 2 purposes.
·         Ex: Cellulose is used for structural support and for defense.
Secondary Metabolite- Produces compound that is used for only one purpose (DEFENCE).
CHEMICALS PRODUCED BY PLANTS
TERPENOIDS
· Are a major group of CHEMICAL TOXINS.
· Bitter tasting compounds. Ex: Blueberries, Raspberries when not ripe are bitter due to Terpenoids.
Milkweed
· Contain Cardiac glycosides = Terpenoids
· Monarch butterfly Caterpillar sequester (Eat) the plant.
· Very few animals have evolved to eat Milkweed.
***********************************************************************************
Lecture#7
· Proff starts by displaying plant from pervious lecture.
· The large plant he mentioned he displayed was not named Tanzi but Teazil instead.
Terpinoid
· Are major a major group of Chemical toxins
Ex: Milkweeds: contain Cardiac glycosides.
· Do not contain Nitrogen. Terpinoids are more repulsive. If chemicals contain nitrogen the effects are poisonous, and may contain amino acids.
Resins (Oleoresins)
· Contain Terpinoids
· Tree protects the seeds in its cones by covering its self with a gummy substance.
· Bitter tasting, and will make animals all sticky.
Poison Ivy
· Contains Resin called Urushiol. (U-RASH-IOL)
· Causes dermatitis, skin irritation. Causes bubbling of the skin.
· Every single part of the plant contains URUSHIOL except the pollen.
· Coniferous trees produce extra resin in case of future attacks. They’re stored in   Resin Ducts. Traumatic Resin Duct is induced production on resin due to insect attacks. Response to a Trauma.
· Poison Ivy, Poison Sumac, and Poison Oak have the same effect but are found in different places in the prov/country. You can’t tell which plant made contact because they have the same effect. Different severity of reaction with different people. Body can gain immunity and lessen reaction.  Poison Oak only found in Canada.
· Some times Terpinoid are advertised by smell. Ex: Mints and mint family. Strong smells are due to Terpinoids.
Toxins that contain NITROGEN
Alkaloids (Very Large Family)
Proff displayed (Aster plant), New England Aster (Overhead)
· Leaves were untouched because they are well armed. Alkaloids are the toxins found in this plant.
· Most plants have a cocktail of different Alkaloids.
· Butter Cup plants a rarely eaten because they are full of Alkaloids.
· Socrates was killed by Hemlock Plant. The most poisonous plant. Caused stomach cramps, vomiting, and insomnia.
· Caffeine, Morphine, Cocaine and nicotine are all Alkaloids.
· Some Toxins produce on Demand.
Constitutive Defence - Already part of the plants constitution. (Already part of the plant)
Induced Defence – Produced on Demand. (Hydrogen Cyanide)
· This chemical cannot be stored in the plant but is produced when an animal attacks by mixing chemicals upon demand. HCN is inducible.
· Bracken Fern and roses produce HCN.
· Bracken Fern one of the most deadly plants.
Terpanoids and Alkaloid compounds can be mixed.
Latex= Laticifer
·  Found in plants are a mixture of different chemicals.
A group of Chemicals in plants that contain Nitrogen but work very differently inside the animals’ body.
· Animals have to build proteins. They are important to build tissues to hormones.
· Anything produced by plants starts with PHYTO.
· PHYTOPROTEINS- Proteins made by plants. These proteins mess up the animals digestive tract. The proteins replace the animals’ proteins but serve no value because they don’t digest them. As a result, the animal will keep eating but continue to lose weight gradually and eventually die.
· AMINO ACIDS- Are the building blocks of life. Plants produce PhytoAmino Acids, which build the proteins.
· Insects go through growth stages. Caterpillars grow larger and become butter flies. Sucking start small and get larger. Unlike Mamals and birds, they have a skeleton inside their body, when they change sizes they have to shed their outer skelelton and the new one is inside when they change sizes.  This process is called Moulting.
· Molting stages, require different enzymes and Hormone that control the process.
· Insects contain 2 main types of growth Hormones.
· Some plants can produce one or both growth hormones. The hormones are identical, causes the insect to shed too soon during their maturation process. Moulting Hormone causes this process.
Rock Polypody (A Fern)
· Loaded with Moulting Hormones = PHYTOECDYSONES
· Makes the insect keep shedding its outer skeleton and keeps it from progressing though the maturation process.
Bracken Fern
· Loaded with Phytoecdysones.
Picture of a Moose facing a Drowned Balsam Fir Tree (Brown)
· Contains the other Hormone. PHYTOJUVENILE HORMONE
· This hormone keeps insects in the youthful stage. Never get a chance to mature.
· This tree is found in Northern Ontario a Big part of the Boreal Forest.
Picture of Balsam Fir and White Spruce
· Balsam Fir has a more pointed Top whereas White Spruce has a more rounded Top.
Different Classes of Hormones Produced by Plants
· Plants produce hormones that effect growth in insects. PHYTOGROWTH HORMONES of 2 types.
· They also produce Hormones that effect animals Reproductive systems. Reproductive Hormones generally effect mammals. PHYTOREPRODUCTIVE HORMONES = PHYTOESTROGENS.
· Ex: Sheep where eating a plant that contained these hormones and caused the to have miscarriages and where unable to lactate properly. This resulted in offspring. These plants stop these sheep from reproducing so that future generation do not continue to eat them.
· Mess-up animals’ reproductive systems.
· This Hormone only affects females because they contain estrogen.
PHOTOTOXINS (St. John’s Wort)
· Very nasty side effects.
· When an animal eats this plant, the chemical migrates through the body and to the skin making the animal more responsive to UV light.  Causes skin sores in mammals that never heal and they eventually die. Causes insects to crack and also die.
· Plants have very complex command systems. If they’re attacked the chemicals are already there at the wound site. However, the plant also creates chemicals to prepare for future attacks, including neighbouring plants. These chemicals are volatile and evaporate easily through the air and the mgs’ are then conveyed to the other plants around it.  This diffusion processes are called JASMONATES (Command Centre)
· Ethylene works with Jasmonates. Salicylic are all command central chemicals.
· Plants are much like animals in how they respond. Like the 5 lines skink it loses a part of it’s body when under attack. Plants also do the same thing.
· When plants are attacked by Microbes that eat the plant material. Some plants have a defence system that kill parts of itself and eats the nutrients that are left as they eliminate the food sources from the effected part of the plant causing microbes to die from having no food.  AUTOFAGE = EATING ITS SELF.
· Trees do the same. Trees form hard compartments around the Microbe infected area and containing the infection. They isolate them and seal them off. Compartmentalization.
· Warning colours can be used sometimes. Aposematic colouration.
· Plants have special sites that produce nectar. Nectar is an attractant for ants, bees etc. Extrafloral Nectaries = nectar site found outside of the plant. These draw ants in which causes the ants to draw away catapillars and nectar bugs. Ants are like Hitmen = Protection for plants.
ENVIRONMENTAL STRESSES
Temperature Extremes
Sub-zero Temperatures     

·     
When water freezes it expands and cause cells to burst = Death.
Ectotherms
·     
 
Endotherms
·     

CHAPTER SUMMARIES FROM TEXTBOOK
- Hey so I’m assuming that most of us are not purchasing the textbook? Just wondering! -MF
MIDTERM EXAM PREPARATION QUESTIONS
1) There are five small alien (i.e. insect-size) animals in a swamp on planet Mars. All have chemical defenses to intruding earthlings but are indistinguishable to non-alien experts. This is an example of
a) batesian mimcry
b) cartesian mimicry
c) mullerian mimicry
d) masquerading
SPECIFIC TOPICS MENTIONED IN CLASS THAT 
WILL BE ON THE MIDTERM
________________________________________________________________________________
****Kill-deer know for exam - has stripes on its body - breast bands. how are breast bands disruptive patterns? - it makes it hard for you to see it because the breast bands disrupt its pattern and its hard to find in a visual predator search
