Chapter 1 - Staying Alive
Natural History:  - The Enjoyment of NATURE (living, breathing, dynamic plants and animals).
         - The REAL WORLD (only "true" reality show).
         - The OBSERVATION of plants (flora) and animals (fauna) and their interactions.
         - It is an OBSERVATIONAL SCIENCE.
         - Someone who studies natural history is a NATURALIST.
 
PLANTS and ANIMALS have a lot more in common than one would think.
 
Types of Naturalists:
Herpetologist: Studies amphibians/reptiles.
Mammalogist: Studies mammals.
Botanist: Studies plants.
Entomologist: Studies insects.
Dipterist: Studies flies.
Lepidopterist: Studies butterflies/moths.
Coleoptrist: Studies beetles.
Ornithologist: Studies birds.
Malacologist: Studies slugs/snails.
 
Camouflage Techniques:
· Based on COLOUR (ex. green on green), PATTERN (vertical lines, tree bark mimicking), and SHAPE (angles, edges).
· Some animals use background matching (colour and shape) to match their background as it changes (Tree Frogs).
· Some animals change their outside to match seasonal changes in the environment (hares).
· Some animals use "disruptive patterns" on certain parts that break it up to help blend in.
· Birds' heads/eyes stick out of their nest; hence their heads have disruptive patterns to blend in with the nest.
· They use these to break up body parts into smaller units (light and dark) that don't expose the bird's entire
head outline (Songbirds disrupt their head pattern).
· "Coincident Disruptive Patterns" are used by Leopard Frogs whose legs fold up to form an extended pattern.
· Moths connect certain parts to each other to demonstrate "Collective Coincident Disruptive Patterns."
· Some animals "masquerade" to match background shape (angle-winged butterflies have leaf-shaped wings).
· Requires the animal to not be moving; must be "cryptic."
· Inchworms use full-body masquerading by "twig mimicking" - so do Walking Sticks.
· Live-leaf mimics look like live leaves; dead-leaf mimics curl up to look like dead leaves.
· Tree Hoppers are "thorn mimics."
· Spittlebugs look like spit; they don't match shape, but they look inedible to potential predators.
· Woolly Aphids look like white hair.
· Giant Swallowtail Caterpillars look like fresh bird poop until they become butterflies.
· Camouflaged Looper caterpillar chew up leaves and add them to their body to camouflage.
· Scarlet Lily Leaf Beetles chew up lilies.
· As grubs they cover themselves in their own feces; debris sticks both on land and in water.
· Caddis Fly Larvae add bits of stick debris or sand, fully encasing themselves for protection.
· Some animals use "bicolouration" to camouflage differently based on top and bottom viewpoints.
· Dark above, white below:
· Whirligig Beetles; from above they look like dark lake, from below they look like bright sky.
· White above, dark below:
· Backswimmers; swim upside down to have the same effect as Whirligig Beetles.
· Some animals use "countershading" or "self-shadow concealment" to hide from a side view.
· White-Tailed Deer; upper body shades belly below body, makes deer look flat and 2D.
· This works because the predators (wolves) are on the same level (side view).
· Some animals use "startle patterns/sounds" as a backup plan if camouflage fails.
· Underwing moths have bright underwings that startle predators.
· Sphinx moths are similar, and also have large spots on their wings.
· Polyphemus moths have huge fake "eyespots" to appear larger.
· Gray Tree Frogs have bright yellow under-legs when they jump (they only jump if hiding fails).
· Giant Swallowtail Caterpillars release red horns resembling snake tongues (Osmetariums).
· They only do this if their bird poop disguise fails.
· Beavers loudly slap their tails as startle sounds.
· Ruffed Grouse take off with an 'explosion' wing startle sound.
· Eyed Elaters have large fake eyes that they don't bother hiding; as do Tiger Swallowtails.
· They are larger than life to make the animal look like a bigger creature.
· Some animals also use the bright startle eyespots (if the startle fails) to direct the predator's
attack to a body part of little importance (wing tip). These are called "distraction patterns."
· Underwing moths.
· Some animals use "deflection structures," where the tail is used to mimic an antenna, so that
the attacker's attention is directed to this area of little importance. This is a form of startle pattern.
· Canadian Tiger Swallowtail butterfly.
· Some animals use "autotomy" where they lose part of their body when threatened, distracting the predator and providing a chance to escape. 
· Five-Lined Skinks do this with their tail, which continues to move, providing a distraction.
· Some animals use "physical defenses" as a final protection from predators.
· Millipedes have a defensive "exoskeleton" and curl up to protect their vulnerable underside.
· Snails have a hard calcium shell; they 'shut the door' and hide inside when feeling threatened.
· Turtles have a shell which they withdraw their head into, and close their shell together.
· Top Shell: Carapace, Bottom Shell: Plastron. Some turtles can't fully close their shells.
· Tent Caterpillars build a silky, unappealing, soft defense structure and hide in it during the day.
· Webworm Caterpillars even build it around existing leaves in order to eat them under protection.
· Many animals use soft hairs or hard hairs (quills) as defense.
· Caterpillars often have soft and/or hard hairs.
· Porcupines raise their quills when threatened, and swing their powerful quilled tail.
· Some animals use "chemical defenses" to provide another line of defense.
· Poison-Spined Caterpillars (a group with many subspecies) have Poison Spines.
· Milkweed Tussock caterpillars (and others) are bright; they are poisonous, so no need to camouflage.
· Yellowjacket Wasps have stingers which (rarely) can be deadly.
· Monarch Caterpillars don’t produce their own toxins like Ladybugs; instead they consume and store them.
· They "sequest" these toxins from a "host plant" and continue to hold them as Monarch Butterflies.
· Photurus fireflies eat Photinus fireflies to sequester their toxins.
· Chemicals can be released from different body parts for different purposes.
· Sawfly Larvae blow terpenoid (bitter tasting poison) from their mouths in the form of bubbles.
· Blister Beetles release cantharidin (a terpenoid) from their leg joints.
· Wasps and Bees dispense toxins via an injector, called a stinger.
· Paper wasps chew up leaves, add saliva, and make nests out of this paper-like material.
· Skunks release sulfur alcohol through anal gland nipples.
· Skunks warn by doing raising their tail in the air.
· Bombardier Beetles shoot out a hot puff of burning chemical gas that makes a popping sound.
· Some animals use "aposematic coloration," the use of intentional colours to warn of chemicals.
· Red, yellow, and orange are most commonly used - like a construction worker w/ orange jacket and stop sign.
· Wasps and bees are bright yellow to warn predators of their stinger.
· Mullerian Mimicry is when exclusively poisonous insects colour themselves the same to reinforce.
· Milkweed Beetles and Milkweed Bugs are identical in coloration to collectively warn.
· Batesian Mimicry is when a harmless 'mimic' insect is coloured like a poisonous 'model.'
· Viceroy Butterflies (harmless) mimic Monarch Butterflies (poisonous… but not to humans).
· Hover Flies (harmless) mimic Bumblebees, Honeybees, and Hornets.
· Bee Flies (harmless) mimic Sphecid Wasps, which poison caterpillars and slowly eat them.
· Raspberry Crown Borers (harmless moths) mimic wasps.
· The models must be more abundant than the mimics, or the system fails. See side note.
· Contrast is often used as well (skunks are black/white and porcupines are dark with bright quills).
· Many caterpillars with toxins, including the bitter tasting Terpenoids, warn by being brightly colored.
· Some animals use "behavioural defenses," the exhibition of certain actions to scare predators.
· Toads 'puff up' and fill themselves up with air to look twice their size.
· Many animals play dead to relieve the predator's attention and provide a chance to escape.
· Hognose Snakes puff up first, but if this fails, they play dead by flipping on their back and sticking out their tongue. They peak their head up and test their surroundings before behaving normal again.
· Blister Beetles and Possums also play dead.
· Animals group up in large teams to increase the odds of each individual surviving (safety in numbers).
· White-Tailed Deer form groups, called "yarding," so that only the slowest deer don’t make it.
· Birds form flocks, which can confuse predators (like hawks) by suddenly forming in large numbers.
· Wasps form aggressive groups; they summon troops by releasing pheromones. 
· Grackles call each other when one is threatened; this is called mobbing.
· Blue Jays dive at owls as a 'pre-emptive' (before danger occurs) mob, called "mobbing."
· Animals use bodyguards to protect them, in return for providing some sort of payment.
· Aphids release a sugary liquid; Carpenter Ants take this as payment and they bodyguard the Aphids.
· Oleander Aphids don’t need bodyguards; they are aposematic coloured because they sequester their own cardiac glycosides from milkweeds.
· Animals use white flags as they run away to tell the predator to give up the chase.
· White-tailed deer and cotton-tailed rabbits both raise their white tails when threatened.
· Animals use scanning to detect potential danger in their surroundings.
· Auditory, visual, and olfactory (smell) are the three main scanning techniques.
· Beavers have small ears because they swim.
· Instead of auditory, they have clever eye placement to detect visual threats.
· Tiger Moths have membranes on their thorax to detect bats, resembling "ears."
· They also emit bat frequencies to confuse bats (bats are a significant predator for moths).
· Mantids (praying mantis') have one ear in front of their hind legs on the underside of their abdomen.
· Snakes have no hearing mechanisms, but they do have vibration sensors to detect danger.
· They have an enhanced power of smell and taste, and taste the air with their "forked" tongue; when retracted, they use Jacobson's Organs (or Vomerol Nasal) to test the concentration of molecules on either side of the tongue, detecting the relative position of the predator.
· Moose have snouts with Jacobson's Organs, as well as very impressive auditory reception.
· Their oversized ears are called "large external pinnae."
· Mammals like foxes expose their Jacobsen's Organ by taking a posture called "flemen" where they curl back their lips to increase their pallet size.
· Animals use eye placement for various scanning purposes:
· Animals like snowshoe hares and ducks have eyes centrally-located on each side of their face.
· Owls have eyes centrally-located on the front to help hunt.
· Woodcocks have eyes on the side, but towards the back to assist when they dig into the mud.
· American Bittern's eyes are near the base of their bill, not central, because when they put their bill in the air as a form of background matching, they still want to be able to see.
· Creates a problem when they try to see behind their head.
· Nocturnal animals use "tapetum lucidum" - eye cells reflect light to enhance night vision.
· Northern Flying Squirrels use this.
· Animals use safety in number of eyes to increase chance of detecting threat.
· White-tailed deer, flocks of birds, etc.
· Birds form two types of flocks, depending on the type of food resource:
· Single-species flocks work when food is plentiful in one spot, like berry bushes.
· Mixed-species flocks work when food is like hidden insects, as different tastes among different bird species reduces the competition.
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Chapter 2 - Elemental Solutions
Sub-Zero Temperatures:
· Survival:
· How endotherms deal with extreme cold:
· Endotherms (warm-blooded) animals' body temperatures can be modified internally to control heat.
· Animals stay warm by growing more fur:
· Mammals grow guard hairs that are visible; underfur traps body heat.
· Moose have very dense underfur, bulkier in the winter.
· Birds are similar; they have a down feathers close to body, contour feathers on the outside.
· Animals add extra layers on the inside - two types of fat:
· Subcutaneous Fat is white fat used for insulation (warmth).
· Brown Fat is used (ONLY by MAMMALS) around vital organs, as it burns extremely well for warmth.
· Birds do not have brown fat; but they add subcutaneous fat during winter. 
· They burn up the white subcutaneous fat for heat by shivering (heating process called thermogenesis).
· Animals use body coloration to heat:
· Black is better for warmth when there is no wind; it absorbs heat from light better.
· White is better when there is a wind chill; pale pigment colours release less body heat under wind.
· Arctic Foxes are white not for camouflage, but for wind protection.
· Gloger's Rule: The further north you go, the more pale the animals become (polar bear, etc.).
· Animals use body shape to heat:
· Allen's Rule: Short extremities are ideal.
· Bergmann's Rule: Heat loss is minimized by maximizing volume and reducing surface area; low SA:V ratio (1:2 beats 2:8).
· Arctic foxes have very small, round ears and short snouts; ideal for minimizing heat loss. 
· Tail is an exception as it is long; however, it is extremely furry and wrapped around the body.
· Deer have large ears, long legs, long tails, etc.; not good for heat; but caribous have shorter extremities.
· Meadow Voles are small and round; very populated; very common food source in the Ontario wild.
· Animals controllably lower the temperature of their extremities:
· Mallards and other birds and mammals are able to restrict blood flow to their feet; also, they have veins and arteries that tie around each other to form a net (Rete Mirabile) in their feet; when it's cold, they keep it just above freezing, reducing the heat loss gradient (the difference between the feet temperature and the outside temperature; this is called Countercurrent Heat Exchanger.
· Animals can use breathing or posture to conserve heat:
· Northern animals will always breathe through their nose in order to preheat the air before it reaches body.
· Northern birds will stand on one leg, holding the other one close to the body to heat and swapping every so often.
· Animals choose a thermodynamic roost site (sleeping place) to retain heat at night:
· Birds often choose coniferous trees, as they offer more wind protection and snow cover that actually helps trap heat.
· Birds like woodpeckers and chickadees stay in holes in trees called cavities.
· Animals will huddle to improve the SA:V ratio to share body warmth:
· Animals like voles and some birds will actually huddle together for warmth inside their cavities.
· Animals will build winter structures:
· Beavers and muskrats build elaborate lodges out of mud and sticks (and snow!) for protection. They do not hibernate!
· Lodges use limited material on the top; this allows for air circulation; melts the snow at the top to get through, like a chimney.
· Wolves cannot get into the lodges due to the complex matrix structure; they often simply urinate on it and leave.
· Animals will hide in the snow to stay warm:
· As the snow gets very compressed, the very bottom gives off some latent heat. This is the subnivean space. Spiders and rodents hide here.
· Ruffed Grouse will dive into the snow head first and dig a chamber called a snow bed.
· Animals will bask in the sun during the day (out of the wind):
· Ruffed Grouse and owls will use this as a thermoregulation technique.
· Animals will enter a deep sleep (torpor) where they lower their body temperature by up to 12 degrees C.
· Black-Capped Chickadees do this on winter nights and shiver to moderate their core body temp.
· Animals will enter dormancy or lethargy without freezing for the winter:
· Raccoons and porcupines undergo small periods of lethargy in their dens.
· Chipmunks undergo torpor, a 'mild' hibernation or 'extended' lethargy.
· Bats undergo torpor, but are very easily aroused; they are especially respondent to sudden or dramatic temperature changes.
· Black Bears also semi-hibernate, as they are easily aroused/awoken (heart rate remains high).
· Bears do not defecate or urinate during their dormancy by using a tappen; a rectal plug that retains waste for nutrients/insulation.
· "Bear Nest" refers to the mess of broken tree limbs (usually Cherry Tree) left over after bears ravage the fruit off of the tree.
· Groundhogs are true hibernators as their body temp goes down to near-zero and they maintain a consistently dormant heart rate.
· Jumping Mice (both Meadow- and Woodland-) are also true hibernators.
· How ectotherms deal with extreme cold:
· Ectotherms (cold-blooded) are dependent on environmental temperature and cannot survive in sub-zero temperatures.
· Animals go below the frost line and becoming dormant, called Behavioural Freeze Avoidance. They stay in their Hibernaculum.
· Most types of snakes do this.
· All adult turtles and most hatchlings go to the bottom of ponds and lakes and breathe through their skin.
· American Toads and Salamanders simply burrow into the ground below the frost line.
· Animals, mostly insects, die in the winter and lay eggs:
· Praying Mantis's lay tons of eggs under protection called "ootheca" - allows the next generation to continue the following spring.
· Oothecas do not freeze; they either have no water, or use an antifreeze; called "cryoprotectants."
· Walking Sticks lay eggs that look like ant food; ants take the eggs and protect them in exchange for a small edible bit on the egg.
· Animals, mostly insects, survive the winter through supercooling (preventing freezing using cryoprotectants):
· Caterpillars are full of water but survive as larvae using glycerol antifreeze (common cryoprotectant).
· Mosquitos (only females) do not feed on blood during the winter to supercool.
· Angle-Winged Butterflies find crevices between rocks, buildings, and survive as adults.
· Silk Moths survive the winter as pupa in a cocoon.
· Animals sometimes survive freezing, called "Freeze Tolerance":
· Insects like Goldenrod Gall Flies form galls to protect eggs; Ice Nucleating Sites between cells redirect ice away from cells.
· Gray Tree, Wood, Spring Peepers and Chorus Frogs stay near the surface, tolerate the freeze, and thaw out in the spring.
· Snapping Turtles overwinter on lake bottoms near where a stream enters the lake; this provides a steady oxygen supply during dormancy.
· The hatchlings of Painted Turtles often head for the water if born during winter; Painted Turtles (hatchlings only) are freeze tolerant.
 
· Mobility:
· Physical Adaptations:
· Animals have very long legs to get around easier in both ponds (summer) and deep snow (winter).
· Moose have legs that can be 2m long at the shoulder.
· White-tailed deer have long enough legs (1m) to get through ponds, but they tend to avoid snow.
· Animals have very large surface area on their feet that act like snowshoes.
· Snowshoe hares have enormously long hind feet; natural snowshoes.
· Caribou have very intricate feet; large surface area with tough hooves.
· Northern Weasels and Martins also have very large hind feet.
· Ruffed Grouse have natural snowshoes with scales that they grow in the autumn.
· Behavioural Adaptations:
· Small animals will take advantage of the sub-nivean space.
· Deer will yard in areas under a large canopy of evergreen trees, and even make trails. 
· Can see "Browse Line," where you can clearly see the bottom of the trees missing as high as the deer can reach.
Wolves travel in packs of 7-10, and travel in a single line where they identically match each footprint in front of them.
· Otters and Minks have very short legs, but they slide on their bellies, using their long body shape to 'toboggan' across the snow.
 
· Migration:
· Birds:
· Birds are the most migratory animal type; they travel incredible distances to southern locations.
· Birds use the Earth's Magnetic Field to navigate, as they have Rhodopsin in their retina, which interacts with electromagnetic waves.
· Banding is the process of tracking a bird's migration by attaching a phone number to be called when found, providing information.
· Migrating birds put on a lot of fat weight before the travel.
· Sandpipers double their weight in ten days by stopping halfway at mud flats to eat bugs; they then travel south day and night.
· Hyperphagia: Ability to eat intensely prior to migration. Hyperlipogenesis: Ability to rapidly turn this food into fat.
· Insect-dependent birds like Geese and Songbirds all migrate. Woodpeckers can stay as they find insects in the wood.
· Arctic Terns are a very famous migratory bird; travels from the Arctic down to the Antarctic, stopping in Africa!
· Some birds (songbirds) travel at night, and make frequent stopovers in good locations that they stop by and 'refuel' at each year.
· They do this because it is cooler outside, safer, and there is less wind (easier to hear and no headwinds).
· Birds navigate at night using visual clues like the moon and star constellations, as well as the Earth's Magnetic Field.
· Some birds travel during daytime; they tend to travel on coastal regions like the US west and east coast and the Great Lakes.
· Eagles and hawks soar up in and glide down between upward-pushing air columns (thermals); this process is called 'thermal hopping.'
· Swallows travel very quickly, but meet their energy demand by feeding on flying insects.
· Hummingbirds, Blackbirds, Crows, and Blue Jays all migrate in the daytime as well.
· Birds travel along hills so they only have to work when they soar (they glide down) - this technique is called Bounding.
· Birds navigate using the sun, landforms, oceans, mountain wind sounds and other visual clues, as well as Earth's Magnetic Field. 
· Some birds travel day and night; they have various techniques:
· Sandpipers double their weight in ten days by stopping halfway at mud flats to eat bugs; they then travel south day and night.
· Geese form V's to conserve energy; the 'V' shape collectively increases the free lift for each bird with a bird in front of it.
· Migrating birds face many migratory challenges:
· Extreme weather, environmental disasters like oil spills, and other reasons cause only half of all migrating birds to return.
· Monarch Butterflies migrate to Mexico and California; they can be sound gathering in large numbers around Lake Erie.
· Some Dragonflies migrate; Green Darners migrate down to the south eastern United States.
· Bats like the Red Bats are migratory bats; this helps them escape the fungus disease, but bats now face new threats from wind turbines.
 
Extreme Heat/Desiccation:
· Animal Behaviour:
· Many animals (mammals) seek shady sites during the day and become more active at night instead.
· Many animals (birds) go where it is cool, like the ocean.
· Dragonflies reduce their surface area by sitting in an Obelisk, an ass-up posture, to shade the thorax and the head.
· They also pump all heat by shunting it in to the abdomen, which has a large SA and loses heat efficiently.
· Tiger Beetles live in hot sand by extending their legs to raise their body higher than usual, called stilting.
· Ducks have an interesting webbed-vein foot; blood bypasses the Rete Mirabile and is instead shunted to the web with a large SA to help lose heat.
· Beavers have a large, flat tail; they also have a net which they bypass, shunting the blood to the tail so they can rapidly lose body heat.
· Honeybees are social insects that flap their wings collectively to push hot air out of their hive (only females do this - males are usless for anything other than for mating).
· Mammals use evaporative cooling - they open their mouths and pant; air evaporates the saliva on tongue (large SA), which cools it in the process (same as sweating).
· Birds do not sweat - they pant as well, allowing cool air to pass over the moist respiratory surfaces.
· Honeybees find a drop of liquid, spread it around on their body and allow it to evaporate.
· Turkey Vultures 'excrete' (urinate) on their legs and allow it to evaporate.
· Morning Doves employ hyperthermia (not hypothermia) to allow their body temperature to rise to 45 degrees Celcius - a deadly process for most animals.


Chapter 3 - A Resourceful Menu
Plants can make their own food, but require raw ingredients.
 
Animals:
· Animals cannot make their own food - they must get it from plants or animals.
· Eating Plants:
· Herbivores eat plants - called herbivory.
· Leaves, grass, fruit, nectar, seeds, sap, bark, and twigs are all offered by plants.
· Leaves:
· Can be eaten as an entire structure (groundhogs), or can be eaten from within - leaf grows, forming a "gall" around mites who eat the internal leaf tissues.
· Insects like millipedes are called detrivores - they eat decaying plant material like pine pollen grains - 'detritus' refers to dead things.
· Some animals have food delivered to them - water carries 'detritus'.
· Clams are filter feeders - they sit on river/lake bottoms and have an in-tube facing the current, collect detritus, and an out-tube at the back end facing the current.
· Over 90% of lake water is filtered out by clams - makes water very clean and clear.
· Black Flie larvae are also filter feeders - they face the opposite way, and use labral brushes to that open and close like an umbrella.
· Mallards and geese have a big flap bill that they use to scoop up water, filter out the material, and release the water - called dabblers or puddle ducks.
· Tongues also help filter food from water - ducks have a very effective filtering tongue.
· Mute Swans have a lamellae, which is like a strainer on the sides of their bill - water goes through and material is trapped.
· Some animals adapt in order to access plant food:
· Long proboscis (long tongue) is how insects like butterflies and moths access nectar - insects curl up their proboscis away when not using.
· Hummingbirds and woodpeckers have a long, thin beak and a long, extendable tongue to access nectar that wraps around their skull - called the hyoid apparatus.
· Sucking Bugs like aphids get sap by jabbing mouthparts caled stylets which stab into plant stems and use pressure to force the sap into their mouths.
 
· Ingestion Issues
· Stems and twigs are hard to eat due to plant defenses - structural components (cellulose, pectin, etc.).
· Slugs and snails have a radula.
· Teeth are very poweful and shaped like chainsaw teeth - very good at ripping through tough plant tissues.
· Caterpillars have two modified mandibles.
· Teeth are very sharp with a curved blade - also an effective tool for cutting plant tissues.
· Other caterpillars each leaves from the inside - leaf blotch miners do this.
· Mammals have modified incisors (front teeth).
· Beavers and other rodents have incisors which never stop growing and self-sharpen.
· Teeth have a hard, sharp enamel on the front, which wears slower than the soft, white dentine on the back - self-sharpens teeth as they eat.
· Teeth are orange because of the iron content of the enamel - provides more strength and wear-resistance.
· Moose and deer only have a lower set of incisors, but have a hard surface above to snap twigs.
· Cheek teeth grind up the food and are powered by strong muscles called masseters.
· Birds have no teeth due to weight - they have gizzards in their stomach.
· Large, muscular organ - inside is lined with a tough lining - muscles contract and gizzard tears up food.
· Small bits of stones are called grit - gizzard can handle it.
· Radula, mandibles, cheek teeth and gizzards are analogous structures - all perform the same function, but come from different origins.
 
· Digestion Issuses
· Slugs and snails produce digestive enzymes alongside their radula.
· Caterpillars have no enzymes - make up for it by eating a lot and wasting (pooping) a lot.
· Other insects can eat the waste of caterpillars due to the undigested plant material.
· Moose also have no enzymes - they get help from bacteria in their rumen - breaks down food material.
· Moose rumenate - they cough up half-digested food and redigest it a second time - bacteria get shelter in exchange.
· The half-digested food that is coughed up is called cud - the whole process is called rumination.
· Hares, rabbits and beavers have an intestinal pouch called a caecum (caeca) that contains food-deteoriating bacteria.
· Caecum is too far down for regurgitation - instead, they redigest their poop - called coprophagy - animals are coprophagus.
· Birds also have a caecum (in addition to their gizzard for ingestion).
· Porcupines have very long intestinal digestion track - makes up 26% of their body volume.
 
· Plant Chemical Defense Issues
· Some herbivores sequester toxins, so they can store them safely.
· Some insects employ a vein drain strategy - toxins are carried through plant veins - they sever off the base with their mandibles to stop the flow of toxins, and then eat from the extremities of the leaves, minimizing their toxin intake.
· Some animals have enzymes to counter toxins.
· MFOs (Mixed Function Oxidases) are enzymes that break down plant toxins and allow the animal to process them.
· Some herbivores are specialists; they only eat one or two kinds of food.
· Red-headed Pine Sawflies only eat pine needles.
· Monarch caterpillars eat only milkweed leaves (although there are several types of Milkweed).
· Some herbivores are generalists; they eat a large variety of food.
· Beavers eat many types of leaves - they love tree bark, water leaves, especially water lillies, and tree/plant leaves, especially raspberry leaves.
· Beavers are able to roll up leaves into wraps and eat them similar to a human eating a wrap!
· Some animals switch foods seasonally for a more balanced diet.
· Fresh leaves and twigs like Balsam Fir are rich in carbohydrates, protein, but LOW in sodium - this is all they get in the winter.
· Moose need sodium - in summer they go to ponds for the sodium-rich plants in the water springs - sodium is stored in their rumen for the winter.
· In the winter, moose droppings are round and dry - in the summer, it is a very wet, muddy type of dropping.
· Moose eat mud and drink water by roadsides in early spring - the mud and water is very sodium-rich due to the salt from roadsalt trucks.
· Eating Fruit:
· Birds do not only eat fruit - fruit is high in carobohydrates, low in protein and fat - not sufficient.
· Robins are only part-time fruiteaters - waxwings eat the most fruit of all birds.
· Adaptations:
· Waxwings have a large mouth opening (gape) and short intestines to separate seeds from pulp.
· Seed Dispensers eat pulp as the important part - seeds are useless.
· Seeds are left on plants by some animals - they only eat the pulp off of it.
· Seeds comes out in some animals' poop within minutes of ingestion.
· Seed Predators eat seeds as the important part - pulp is useless.
· Chipmunks chew off and spit out the pulp or seed coating and take only the seed.
· Finch birds, like Grosbeaks, are seed predators - they eat the seeds by tearing through the coating in their powerful beak.
· Anvil-shaped part of inside the beak cracks through cherry pits, acorns, etc to get to the seeds inside them.
· The sound of birds cracking seeds in the morning can be heard many metres way, especially in the morning.
· American Goldfinch birds have very fine, special bills to cut through thistle seeds.
· Crossbills have upper and lower bills that cross over - they go to an unopened cone, pry up the scales with their bills, and 'tongue' out the seeds.
· Niche Partitioning refers to all of these birds dividing up the habitat; they use it similarly, but have different food based on their unique bills.
· Blue Jays hold acorns and other covered seeds with their feet, and peck at it with their pointed bill, chipping off pieces until it cracks open.
· Eating Animals:
· Advantages:
· More efficient - proteins are already packaged.
· Easier to digest - easier to digest flesh than cellulose or other plant defences.
· Disadvantages:
· Difficult to find, and prey are often well-protected and ready to fight back.
· Methods:
· Predation:
· Eating animals by killing them first.
· Sight:
· Birds:
· Birds have very sharp vision as they hunt by eyesight - large eyes collect more light.
· Large number of CONES - provides visual acuity. RODS do not help with daytime vision.
· Birds have mangnifying structures in their eyes - approximately 2-3 times the regular size.
· Eyes are placed on the front - frontal placement enhances depth perception due to the overlap of each eye's field of view.
· Hawks have incredible eyes - they lock onto  prey and can calculate exactly how far away it is, even while moving.
· Owls hunt at night - they have lots of RODS and not many CONES.
· Glycogen rich rods - speicial rods that only owls have - sensitive vision.
· Frontal placement, just like on other birds, allows for increased depth perception.
· Frontal placement creates a problem - blind spot behind - owls compensate by being able to turn their head 270 degrees.
· Insects:
· Tiger Beetles hunt visually as well and have large COMPOUND eyes - Ground Beetles are their nocturnal counterpart.
· Dragonflies have incredible compound eyes - each eye is composed of up to 28,000 ommatidia - ommatidium has 6-7 sensory cells!
· Whirligig Beetles can see above and below the water at the same time - half of the eye is above, half is below - each half is specialized.
· Spiders:
· Spiders have 8 eyes - but each eye is simple, not compound.
· Jumping Spiders have exceptional eyesight - very large eyes that measure the distance away from their prey before they jump on it.
· Anterior Median Eye (AME) are the eyes in front - Anterior Lateral Eye (ALE) are eyes on the side.
· Spiders can change their field of view by moving their retinas - or focus all eyes on one prey for ultimate depth perception, and leap on it to kill it.
· Crab spiders are also visual spiders; they do not build webs; instead, sthey sit on flowers and depend on vision to catch prey.
· Crab Spiders hold their front legs in the hair as they wait to grab prey; looks like a crab, hence the name.
· Crab Spiders can change their colour to match the flower they are sitting on.

