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What is Natural History?
 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.

Someone with an interest in Natural History is Naturalists.

…dealing with the properties of natural objects, plants or animals; a scientific account of any subject on similar lines. (Boring definition!)

Famous Naturalists:
- Linea: gave classifications and scientific names
- Charles Darwin
- John James Audubon: birds and paintings
- Ernest Thompson Seton (prof’s favourite, is popular in Japan about the nature stuff in Canada)
- Roger Tory Peterson: known for identifying ferns, plants, butterflies…etc

*curiosity drives the list of famous naturalists noted above to find knowledge about natural world.

Precise Terms 101 (not needed for test):
Herpetologist (amphibians)
Mammalogist (study mammals)
Ornithologist (aka Birder)
Botanist (study plants)
Entomologist (insects)
Dipterist (study flies)
Lepidopterist (study butterflies)
Coleopterist (study beetles)
Malacologist (study slugs)

Adaptations
Adaptations are features or traits that offer plants and animals an advantage in solving problems. 
Every living thing’s main purpose is to pass on that trait on to their bodies. Reproduce and have offspring to reproduce those genes.
Adaptations can be PHYSICAL features.  
Adaptations can be PHYSIOLOGICAL or CHEMICAL features
Adaptations can be BEHAVIOURAL features. 
Adaptations are not acts of intelligence or planned solutions. They are features that have taken thousands, even millions of years to evolve.
Why do these adaptations arise? They arise because of selective pressures that act on all living things. These pressures include environmental stresses. (temperature, winds, aka Abiotic stresses, non-living stressors)
And pressures that arise rom other animals and plants (competition for food, sunlight; pressure from predators, potential mates and offspring, aka Biotic stresses)
Collectively these forces are Natural Selection. First defined by Charles Darwin, the world’s greatest naturalists, natural selection is never ending and it is the driving force behind evolution. 
Genetic survival is the key to life – it is immortality

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 on its genes. 

Animal/ Plant components (Course topics):
1) Defenses, Staying Alive!
2) Fighting back
3) Elemental Solutions
4) A resourceful menu
5) Dietary Concerns
4) The Road of Immortality 
5) Future Returns and Economics of life

Problem #1 - Staying Alive
Physical Defenses
Camouflage: the art of not being seen, or concealment
What allows animals to hide so well?
Colour
Background matching 
Cryptic colouration  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  animal doesn’t move which allows them to blend much more efficiently 
Different habitats offer different backgrounds
Seasonal change
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*in brackets, not important to know in prof’s slides.

Background matching in Cattail marsh (very easy for animals to blend in with. Vertical lines is important!)
- American Bitarn

Grouse nesting birds, have patterns that match the environment. (Colour, texture, patterns of the bird make it easy for the bird to hide within its  blotchy environment)

Gray tree frog can also blend very well with the environment. Also has the amazing ability to change colour to it’s environment. Likes to blend with trees, leaves…etc.

Background matching (AKA CAMOUFLAGE) can also be done seasonally: 
- Snowshow Hare aka Varying hare. (Hair changes due to season. For example, turns white in winter)

(1) Discreet patches of colour can also be used for concealment.
Many songbirds have a stripe above the eye and a line through the eye
They only have lines and stripes on their heads because it’s usually the only part visible when they’re laying on their nests. (incubating)
Patterns are definitely used for camouflage. The lines and patterns on it’s head is used to break up or disrupt the animal’s visual shape. (Disruptive Pattern)
Can breast bands be disruptive pattern? (example: Killdeer)
Yes!!
What about chin straps & necklaces? (example: Canada Goose, Common Loons)
Yes!! (Goose blends well in water and beaver dams and swamps)
Leopard Frog
Continuous disruptive patterns (notably on the frog’s legs) 
Coincident Disruptive Coloration – patterns that join when body parts are folded together (when frog tucks it’s legs in, the line pattern on it’s legs are continuous)
white lines follow right through the edges, contours of the frog to work well to blend in environment
generally found in amphibians that have continuous patterns when legs are folded.
Moths – when grouped together, their disruptive patterns are able to combine together and blend their patterns. May also purposely camouflage to look like the similar patterns of a milk snake. (not scientifically proven)

(2) Not only colour makes animals camouflaged!
Question Mark Butterfly (grouped with Angle-winged Butterfly)
Shapes are also a form of concealment!
Butterflies that have similar earth tones and shapes can camouflage with dead leaves. (example: Eastern Comma)
Dead leaf mimic aka Background Mimicry (difference with Background matching)
The body is shaped to what they are looking like. 
Masquerade examples: (animals that camouflage to look like something else)
Twig Mimic (example: inchworm)
Walking stick (stick insect)
Tree Hopper 
Thorn (or spine, or prickle) Mimic
Live leaf Mimic (example: luna moth)

(3) Camouflage can be noticeable and not an element of the background! (meant to stand out)
Spittlebug (sucking insect - aphids)
youth form (larvae) makes that froth substance by sucking the juices from the plant.
Woolly aphids  
Giant swallowtail (bird mimic poop! :P – the caterpillar formation )
Imperial moth (looks like a pine cone!)

(4) Animals in ponds often use colour patterns for a different type of camouflage!
Whirligig Beetles – Some surface insects are BICOLOURED (black above and white below)
These insects blend with the dark waters from above for any creatures looking from a birds eye view. Their surface is black coloured. Where as their bottoms are white coloured, fishes from below will have a hard time detecting these insects due to the brightness from below! (underwhite blends with the white skies)
Backswimmers (swim backwards to be opposite)
White-tailed deer 
Shadow effect.
Countershading (aka 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.

(5) Camouflage is not fail proof!
- example: sphinx moth
they have another way of defense
plan b  spreads colourful wings with disturbing patterns (patterns may contain scary looking eyes) then startles birds. (startle patterns)
this is a form to defend against predators
- example: polyphemus
spreading of wings which contains “eyes” (called eye spots)

* Many times the underwings have the startle patterns
- main wings (the only wings apparent when wings are closed) use disruptive patterning, background matching to camouflage against predators

* Usually 5 or more species of moths in an area at a time
Why?
- There are different moths in the same area so that birds don't learn exactly how to see the moths through observations. 
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“Startle” examples:

Gray Tree Frog:
· Not just insects can have startle patterns, but large animals too
· Gray Tree Frog have yellow colouration on their legs while they leap which can note to be startle patterns

Ring-necked snake:
· nocturnal
· found under rocks 
· bright yellow startle patterns under the body of the snake

Giant Swallowtail (caterpillar form)
· startle patterns on the head
· antennas look like a snake’s tongue = osmetaria (startle structure)

Beaver
· startle parts (it’s tails)
· the tail slap can serve as a “startle sound”

*Startle patterns are hidden until needed, however not all eyespots are!

Eyed Elater
- startle pattern (fake eyes) are on the head (not hidden)

Tiger Swallowtail
· startle pattern (fake eyes) are on top of the head. Very deceiving.

*eye spots can make an animal look larger than life.

Not Distraction Patterns
· predators that realize the true nature of what ever their catching tend to go for the startle patterns. For example, when a bird who realizes the nature of the moth goes towards the eye-spots startle patterns and the attack towards the moth is deflected. Non-vital parts are affected and moth can still flee from the predators. (even with a broken wing)

*startle patterns can also have a 2nd function = distraction or deflection of attack

*some butterflies have fake antennae and heads for distraction or deflection
example – eastern tailed blue

Detailing - Swallowtails butterflies 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
They also pose as deflection patterns/structures (or the tails may be there for sexual selection reasons alternatively)

Lizards 
Five-link skink - the blue tail is a startle structure. At the base, it has a very loose connection. When predators catch the tail, the tail comes off. It can grow a shorter tail after dropping their initial one – then grow it back then drop it, called autonomy. The tail becomes a focal point for a deflection pattern.

Leaf-roller - Some insects (caterpillars/beetle grubs) purposely roll up leaves. They are camouflaged inside a structure they made themselves

Sumac Gall Aphids – Galls is a house for insects. The insects swells on plant tissues and you will find hundreds of aphids. Galls are plant swelling made by something inside the plant. A good example of a defensive, camouflage structure. 

Demonstration: Praying Mantis that camouflages but not to hide from predators. It is the predator therefore it camouflages to steal up on prey animals.

PHYSICAL DEFENCE – consists of Body Armor
Millipedes, snails, beetles, turtles
Shells are particular made of calcium.
Most animals cannot break turtle shells
Beetles have grooves into which they place their legs and antennae.
Snap turtles don’t have a bottom shell and they will bite you to compensate for their vulnerability in their physical defenses. However some otters can penetrate the shell of the turtle.

Physical Defenses can be soft:
Eastern Tent Caterpillar web:
Communal caterpillars and form silk webs
Feed at night only (safer at night)
Soft structure is protection
Fall webworm silk nest
Spin their silk around leaves and caterpillars feed inside the nest.
*physical defense can also be soft hairs
Hairy caterpillars are not liked by birds
Gypsy moth caterpillar
Tussock moth caterpillar
Wooly bear (hair can be modified into stiff spines)

Mammals can also use stiff hair for defense:
Porcupine (hairs are called quills – modified guard hairs)
Porcupine cannot shoot their quills! (fallacy)
Their quills have a greasy coat that contains antibiotics on them. 
Born with soft quills

Hairs + poison = poison spines (chemical defenses)
Monkey slugs
Io Moth caterpillar (little tiny spines tipped in poison)
Spiny oak slug = warning coloration (bright coloured are usually poisonous)
Aposematic coloration = same as warning coloration
Red Eft (bright orange skin is very poisonous)
Milkweed beetles (orange and black spots, bright colours are very poisonous  usually big warnings)
Yellowjacket or Paper Wasp
Giant Leopard Moth caterpillar (don’t worry about the name)
Has red bright rings, but not shown until under attack

*Many animals SEQUESTED their poisons from plants
some insects are plants are able to take in the toxins of the plants and are able release the same toxins. they sometimes get their colours from the toxins.

Skunks:
Nocturnal animals (if aposmatic coloration are usually black/white)
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Great advertisement of it’s chemical defense.

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 
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 are the aposematic colouration 
idea can be taken from cop cars. cops also obvious 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 and they are not yet going to spray. 
Likewise with porcupines. Both animals have to turn their back on you to spray you, or slap you with spines respectively)

“Black and white – aposematic at night”
Lady bug – “colour in the day” – better stay away
Monarch butterfly caterpillar: Monarchs SEQUESTER Cardiac Glycoside (TERPENOID) poison from Milkweeds 
sequester toxins from plants - acquiring poisons from other plants)
Fireflies 
in countryside at night males advertising sexual desire for females who blink to tell males to come mate with them
Fireflies are NOT flies! Fireflies are Beetles.
Nocturnal animals
They usually have steroids (toxins!)
Some fireflies DON’T have. Those that don’t, they SEQUESTER their steroidal toxins (steroids) from those that do have them. 
Not all fireflies blink certain morse codes of light, but most do.
 i.e. Photuris Fireflies – When female photuris mature as adults, they don’t have any toxins in their body. They go to an area where another species of fireflies are advertising  Particularly to the Photinus species. What the females do is that they study the specific morse blink codes as the Photinus. So as the males are advertising their usual blinking codes, the female photuris STUDY the female photinus blinking codes that agree to mate with a male photinus. When the female photuris blink the certain morse codes the mean “yes”, a male photinus will come, readily but he is fooled. The female photirus will eat the male photinus, sequestering their steroidal toxins that the male photinus had. 
When you lure in your prey by pretending to be something your not, it is known as aggressive mimicry.

Giant swallow-tail caterpillar 
Osmetaria have a chemical defense (that stinks).
Black swallowtail caterpillar can pop out and re-track osmeteria 
(however, it is expensive to produce poison chemicals and flare osmeteria though)

Sawfly larvae (wasp family) 
eat spruce needles and pine needles (Terpenoids 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 are commonly used to grind up Cantharidin to make “Spanish fly” which increases blood flow 
helps make people horny (like from Viagra/Cialis).
There were once soldiers who had erections – they were eating frogs who fed on blister beetles who helped blood flow producing erections.

Wasps have stingers and inject people.  (Injector = stinger)
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 (sulphur alcohol) 3-4 m with accuracy a threat (chemical defense is costly so it is advertised).

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).

Aposematic Coloration allows a predator to learn quickly and avoid that colour pattern.
Frogs and birds learn not to eat chemically 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

*When a group of unrelated animals are defended and bear similar appearance =  they are exhibiting Mullerian Mimicry. 
They all help each other because a large animal’s experience with one leads to other species’ not being eaten
Example: many bees, beetles, and wasps exhibit Mullerian mimicry

Prof shows picture of a monarch (chemically defended with toxins) and a viceroy which is harmless
Monarchs (models) have slightly different lines than viceroys (the counterpart of the mimic is the model)
Monarchs  Poisonous  Model
Viceroy  Edible  Mimic
- Not Mullerian mimicry because all animals are NOT armed with defenses = Batesian mimicry

Basetian Mimicry (One Model, One Mimic)
Honeybee = stings (model) – long, thin antennae
Hoverflyes = harmless (mimic)
Ways that you can tell the difference:
Mimic flies have shorter antennae and have only one pair of wings
· Bumblebee  Model  Stings
· Hoverfly  Mimic  Harmless

· Bald-faced Hornet  Model  Stings
· Hoverfly  Mimic  Harmless

*Wasps have many mimics
Models have to be more common than the mimics so that the association is made between the aposematic colouration and the aversive resulting experience.

*Test Tips on “Mimicry” 
1. Prof will make up animal names 
2. Names don’t matter, but how he describes the animal in his question.
3. Look for colour patterns described 
4. Look features  is it chemically armed vs harmless? 
5. *keywords to note: he will say: A is harmful B) is harmless – what do you have? Answers = Batesian Mimicry
6. Prof may even describe batesian and Mullerian mimicry – make sure to know which one is which! 
* Model is the armed creature, Mimic is harmless. But if they’re all armed, it’s Mullerian Mimicry
***A dozen questions on batesian and mullerian mimicry

More examples
A raspberry crown borer is a moth (looks like a bee - batesian mimicry)
Lady beetles – armed and beautiful VS. Cecropia caterpillar = their spots resemble fake lady bugs (does a cecropia have beetles on its back to ward off predators? Hypothetical)

Behavioural Defenses
What do they do when they’re cornered?
They inflate themselves with air, puff up and look larger than life. To try and intimidate the attacker and not being able to be swallowed by predator. (bluffing)
American Toads have the toxin BUFOTALIN in skin glands. The Bufotalin is the main skin defense for American toads.
Toad has toxins (e.g. American toads – have bufotalin in its skin) and they are earth-toned 

Hog-nosed snakes 
coil they look larger than life
Plan B = snakes roll over and play dead 
They may also reflex bleed. (A little bit of blood spills from their mouth)
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)

Thanatosis = Play Dead*
Examples:
- Catheridin Beetles (blister beetles) 
- Possums (e.g. Virginia possum)

GROUP 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

Group Defense in Social Insects: Yellow-jacket wasp engage a group defense because they are social insects. They launch attack pheremones which summon the troupes

Bird group behavioural defense can be ACTIVE and Aggressive
e.g. little king bird attacking a cooper hawk. 
This group defense 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.
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Chickadees – emit a locatable alarm.
Mobbing = a pre-emptive defense.

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)
“DEER YARD”: Grouping together mainly for food, but most importantly for safety.
More eyes to watch for danger
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!
Top of Form
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
Taste the air with their tongues
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)
Scents are analyzed in the Jacobson’s organ
MOOSE
Have excellent hearing and also olfactory ability!
The moose has a big snout which gives a better sensory for smell. 
An enlarged snout houses more sensory cells and a Jacobson’s Organ. 
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  big ears in the water does is not benefit in water. Small ears help water constraints. 
Tiger Moths also have “ears”
Moths hide in the daytime, more active at night
Tiger moths need to hear from their predators, bats!
They have clicker on their body. 1st  theory is that it jams bat’s detecting sound. 2nd theory can also be an aposematic sound. 

Bottom of Form
3) sight = being alert and scanning for danger
Visual = eyes
Scanning visually  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)
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.
Has binocular vision and sees around itself completely
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
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.
· More eyes to watch for danger!
 flock of single species  “Single-species flock” (lol?)
sandpiper
mixed-species flock
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. 
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*Plants face all the same problems that animals encounter!

Plant Defenses
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.

What can plants do that animals can’t do?
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 cells create the prickles. Prickles are epidermal outgrows (Like hairs) . Found on outer surface of bark for example. 
Ex: 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.

Prof displays plants
Prickly Ash, Tanzi (Big plant) with prickles and spines. Vruery 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.
Ex: Hawthorns

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 defenses prevent them from sucking out the juices from the plant.

Mullein Leaves
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
Are physical AND chemical

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 defenses 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 Horsetails (EQUISETUM)
- 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 are 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. They 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.
Calcium Oxalate crystals are secondary metabolites.
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.
[bookmark: _WNSectionTitle_6][bookmark: _WNTabType_5]Plant Defenses (Lecture 6)	

- Prof starts by displaying plant from pervious lecture.
- The large plant he mentioned he displayed was not named Tanzi but Teazil instead.

Terpenoids  Are major a major group of Chemical toxins
Ex: Milkweeds: contain Cardiac glycosides.
Do not contain Nitrogen.
Terpenoids are more repulsive. (bittertasting) If chemicals contain nitrogen; the effects are poisonous, and may contain amino acids.

Resins (Oleoresins)
Contain Terpenoids
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 (southern Ontario), and Poison Oak (western Canada)
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 Terpenoid are advertised by smell. 
Ex: Mints and mint family. Strong smells are due to Terpenoids.

Plants that are Toxic that contain NITROGEN

Alkaloids (Very Large Family)
Prof 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 a 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 Defense – Already part of the plants constitution. (Already part of the plant)

Induced Defense – 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.
Ex: 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 animal’s 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.
Phyto amino acids can also form deformities in animals. Animals can be messed up in their digestive systems because they are not consuming the proper proteins.

Insects go through growth stages. Caterpillars grow larger and become butterflies. Sucking bugs start off small and become bigger. Unlike Mammals and birds, they have a skeleton inside their body. When some insects change sizes they have to shed their outer skeleton and the new insect transformation is typically larger.
This process is called Molting.
Molting stages, require different enzymes and hormones 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 which can cause some confusion in insects where they shed too soon during their maturation process. (Phytoecdysones) Molting Hormone causes this process.

Rock Polypody (A Fern)
Loaded with Molting Hormones = PHYTOECDYSONES
Makes the insect keep shedding its outer skeleton and continues to progress 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 eating this certain type of plant (clovers) 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 neighboring plants. These chemicals are volatile and evaporate easily through the air and the messages are then conveyed to the other plants around it.  
This diffusion processes are called JASMONATES (Command Centre)
Ethylene works with Jasmonates. 
Salicylic acid 
= are all command central chemicals.

Plants are much like animals in how they respond. Like the 5 lines skink where it loses a part of it’s body when under attack. Plants also do the same thing.

Plants are attacked by Microbes that eat the plant material. Some plants have a defense 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. Plants use Aposematic colouration too!  ex: Blueberries

- 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 caterpillars and nectar bugs.
 Ants are like Hit-men = Protection for plants.
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ENVIRONMENTAL STRESSES
(1) Temperature Extremes
· Sub-zero Temperatures         
· When water freezes it expands and cause cells to burst = Death.
· Ectotherms (ex: turtles)
· Endotherms (ex: wolves, foxes)

Mammals:
- stay warm by growing more hair
- mammals grow guard hairs for the winter. These hairs grow long and thicker
ex: Moose
they grow a dense fur called the UNDERFUR

Birds (ex: Black-capped chickadee)
- birds grow bulkier feathers during the winter 
- contour feathers on the outside
- down feathers underneath (under coating)

Prof shows examples of two different types of hares (white and brown hares)

Animals also add extra layers on the inside. 
Mammals have two layers of fat where as birds have only 1 layer of fat. 
Mammals have a layer of fat just under the skin (white coloured)  SUBCUTANEOUS FAT for insulation = warmth (helps hold in body heat) 
The other layer of heart is around the heart (birds do NOT have this) is brown coloured. Brown fat is not used warming blanket, but when brown fat is burned, animals receive a lot more heat cells than they would get from white fat cells for burning fuel. A special kind of insulation for internal organs. (much like a burning wood stove)
White fat burns quickly, brown fat burns more heat (only mammals!)
Internal brown fat for burning for warmth

Birds fat (How birds keep warm)
- birds add subcutaneous fat for FUEL!
- Birds use subcutaneous fat for their muscles  to have energy to fly and ultimately keep warm.
- During cold winter nights, the birds’ pectoral muscles vibrate to keep warm. In other words, they shiver to generate heat.
- Birds fluff up their feathers to trap more air to help insulate and keep warm.
- Colour can provide warmth  light feather colours can also help keep birds warm. 
- Prof shows animal displays of an artic fox
- White/Pale colours (hairs and feathers) tend to retain body heat better.
Ex: Snowy Owls

Gloger’s Rule  the father you go north, animals tend to be paler

*Snowshoe Hares gain 27% in the coat’s insulation value!

What shape is best for the cold?
- Big ears, long legs, long tail are not suitable for colder environments.
- Short extremities are better for cold climates.
- animals tend to be more rotund
Surface Area: Volume Ratio:
Lower ratio, better for the animals to retain body heat
Higher ratio means more heat loss
 Bergmann’s Rule
ex: Woodland Caribou

Allen’s Rule  farther north, animals tend to have shorter extremities

Beavers / Ducks
- How do they stand on ice and keep warm?
These animals that are exposed to cold extremities are meant to be in cold temperatures and has an adaptation inside the base of their feet for conserving heat. 
The base of the legs of ducks or the base of the tails for beavers have a very special system for cold temperatures.
Countercurrent heat exchanger: Cold blood in the veins are meeting contact with the arteries carrying the warm blood. Exchanging heat.
Colour, Body size, extremity size, rete mirabile all have a play in warmth conservation.
Ex: Artic fox
Short ears, dense fur, short legs, 
Long tail?  Incredible dense fur on the tail and well insulated. Artic fox curls up in a ball, reduces surface ratio, tail wraps around the face to keep warm.
Other areas for countercurrent heat exchange: 
How an animal breathes in winter also conserves heat and energy. By keeping their mouths closed and breathing into their nose. (ex: Red fox, their nose have warm blood vessels going through the nose)
Tucking extremities under a wing can also help birds keep warm.
Where a bird roosts can also be important for keeping warm
Coniferous trees offer more warmth. Especially when covered with snow
Forest  Hallows in a tree offers a home for some animals. For example Woodpeckers stay inside cavities overnight. Small owls go inside cavities and as well as Black-capped chickadees.
Some animals build their own shelters. Small animals find warmth under the snow:
Ex: Muskrat lodge   creates a mound (lodges) The hole they make on the mound indicates that it is occupied.
Beaver build lodges as well. 
These mounds retain heat quite well.
The snow also helps insulate the lodge. 
Tracks around the lodge can also indicate the lodge is active.
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*didn’t watch these two lectures*

(SUBZERO TEMPERATURE SOLUTIONS CONTINUED)
 
       BEARS - ALSO “HIBERNATE” - SOME CALL THEIR DORMANCY PROLONGED TORPOR 
	– NOT TRUE HIBERNATION 
- LOW HEARTBEAT BUT HIGH BODY TEMP; BODY TEMP DOES NOT DROP MUCH - LOW 30s °C 
	 HEARTBEAT DROPS TO 8 BPM   
- BEARS DO NOT GO DORMANT BELOW THE FROST LINE  
- DENS ARE VERY CRUDE – UNDER TREEFALLS, SOME LINED
- BEARS ARE AROUSED EASILY FROM DORMANCY
- DURING DORMANCY THEY DO NOT DEFECATE - RECTAL PLUG = TAPPEN
BEFORE DORMANCY THEY PUT ON A GREAT AMOUNT OF FAT BY EATING LOTS OF FRUIT AND NUTS (ESPECIALLY BEECH NUTS)
 
F) DEEP OR TRUE HIBERNATION: 
      GROUNDHOGS - LARGEST MAMMAL TO UNDERGO DEEP HIBERNATION
	  GREATLY REDUCED METABOLISM 
   - BODY TEMPERATURE  < 10 DEG C          HEART RATE <10 BPM
HIBERNATES BELOW FROST LINE IN ROLLED-UP POSITION (LOWER SA:VOL RATIO)
 
 NEVER A COMPLETE WINTER-LONG SLEEP, OCCASIONALLY AWAKENS, THEN
 FALLS BACK INTO SLEEP, MAYBE ONLY ONCE A MONTH 
AROUND HERE MEADOW JUMPING MICE AND WOODLAND JUMPING MICE
ARE ALSO DEEP OR TRUE HIBERNATORS
 
 
FOR THOSE ANIMALS THAT STAY ACTIVE, COLD TEMPS BRING SECOND MAJOR PROBLEM: 
	SNOW, BUILDS UP, GETS DEEPER = MOBILITY PROBLEM
 
SOLUTIONS: 
BEHAVIOURAL
A) USE OF SUBNIVEAN SPACE – SMALL MAMMALS
B) MOVE TO AREAS OF LESS SNOW:  - MOOSE GO TO HEMLOCK GROVES
- WHITE-TAILED DEER AND HEMLOCK OR CEDARS IN VERY LARGE CONCENTRATIONS DEER YARDS SOME HAVE 12,000 -15,000 DEER	
WHY YARD: 1) THERE IS FOOD IN LOW AREAS – CEDAR ESPECIALLY 
             2) LESS SNOW, SNOW NOT COMPACTED UNDER TREES EASY TO WALK,
3) SAFETY IN NUMBERS  
C)  WALK IN TRACKS OF OTHERS - WOLVES
D)   USE THE BODY AS A TOBOGGAN - OTTERS, ALSO MINK
 
PHYSICAL
A) LONG LEGS - MOOSE 
B) SNOWSHOES - FEET WITH LARGE SURFACE AREA  - SNOWSHOE HARE, FISHER;   RUFFED GROUSE GROW THEIR OWN SNOWSHOES:  TOE SCALES GROW IN THE FALL 
 
WHILE MANY ANIMALS ESCAPE THE COLD BY GOING DORMANT,
OTHERS ESCAPE BY LEAVING.  IF THE MOVEMENT IS REGULAR IT IS CALLED MIGRATION
MIGRATION IS MAINLY A RESPONSE TO FOOD SUPPLY BUT SOLVES THE TEMPERATURE PROBLEM AS WELL 
  
BEST KNOWN IN BIRDS; 
A FEW ECTOTHERMS:  MONARCH BUTTERFLY; GREEN DARNER DRAGONFLY  
ONE LOCAL MAMMAL = RED BAT;   
 
VAST MAJORITY OF BIRDS MIGRATE ESPECIALLY BIRDS THAT EAT INSECTS:  FLYCATCHERS, 
	SWALLOWS, WARBLERS
OR THAT EAT OTHER INVERTEBRATES (I.E., WORMS) IN MUD - SANDPIPERS
 
MIGRATION:  PHENOMENAL EVENT, OFTEN TREMENDOUS DISTANCES TRAVELLED
MOST SONGBIRDS – FLY 500 KM (SEVERAL HUNDRED MILES) EACH NIGHT
PUT DOWN, FEED, REST IN STOPOVERS.
     SANDPIPERS - MUCH GREATER DISTANCES – FLY NON-STOP NIGHT AND DAY 
SEMIPALMATED SANDPIPER - FLIES 4,000 - 5,000 KM (SEV THOUSAND MILES) IN 3.5 DAYS
CHAMPION MIGRANT IS ARCTIC TERN:  FLIES 20,000 KM (12,000 MILES) ROUNDTRIP
 
MOST BIRDS MIGRATE AT NIGHT; LESS DANGER, LESS WIND, LESS DEHYDRATION 
SOME BY DAY - BLUE JAYS, HAWKS, HUMMINGBIRDS, SWALLOWS
BOTH BY DAY AND BY NIGHT:  LONG DISTANCE MIGRANTS - SANDPIPERS
 
FUEL IS FAT.  WHY FAT NOT CARBOHYDRATES? 
1) CARBOHYDRATES - 1 GM NEEDS 3 GM WATER (THUS MORE WEIGHT TO CARRY)
2) FAT = NO WATER NEEDED TO METABOLIZE 
3) 1 GM FAT = 2X ENERGY OUTPUT OF CARBOHYDRATE
4) FAT IS STORED EASILY 
  ALL FACTORS CONSIDERED, 1 GM FAT POWER = 8 GM CARBOHYDRATES
FAT IS A HIGHLY EFFICIENT FUEL
 
FOR MOST SMALL BIRDS, THE FAT  IS DEPOSITED IN A MERE 2 TO 4 DAYS OF FORAGING! 
MANY BIRDS DOUBLE THEIR BODY WEIGHT - SEMIPALMATED SANDPIPER IN A MERE TEN DAYS 
 
ONCE FAT IS STORED BEING GOOD FLYERS BIRDS CONSERVE VALUABLE FUEL BY EFFICIENT FLIGHT 
DIFFERENT TYPES OF FLIGHT USED BY DIFFERENT BIRDS
FLAPPING IS A POWERED FLIGHT - USE BREAST MUSCLES; SOME BIRDS FLAP CONTINUOUSLY: DUCKS, GEESE, SANDPIPERS, HUMMINGBIRD
 
GEESE FLY IN A “V” BECAUSE BY FLYING BEHIND THE WINGTIP OF THE BIRD AHEAD IT GAINS FREE LIFT
 
BUT FLAPPING BURNS UP ENERGY 
SO SOME BIRDS CONSERVE ENERGY BY NOT FLAPPING CONTINUOUSLY
MOST ENERGY EFFICIENT FLIGHT = NO FLAPPING AT ALL.
HAWKS SOAR BY HOLDING WINGS OUT AND USING AIR CURRENTS TO LIFT THEM UP.  MAY HAVE TO FLAP TO RISE UP, THEN WITH WINGS OPEN, GLIDE DOWN.  USE RISING AIR COLUMNS TO LIFT THEM TO A GREAT HEIGHT, THEN GLIDE DOWN TO THE NEXT COLUMN OF RISING WARM AIR= THERMAL
WHEN IN A THERMAL, HAWKS SOAR UP IN A CIRCULAR FASHION
USE OF RISING AIR COLUMNS CALLED THERMALLING OR THERMAL HOPPING
 
NAVIGATION:  MIGRATIONAL COMPASSES ARE USED:
DAYTIME MIGRANTS USE THE SUN, LANDFORMS; NOCTURNAL MIGRANTS (MOST SONGBIRDS) 
	USE MOON, STARS
LIKELY MOST BIRDS USE THE EARTH'S MAGNETIC FIELD: LIKELY DETECTED BY A PHOTOPIGMENT 
	IN THE EYE THAT INTERACTS WITH THE EARTH’S MAGNETIC FIELD 
WE KNOW A LOT ABOUT MIGRATION BECAUSE OF BANDING BIRDS AT BANDING STATIONS
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