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LECTURE 1
 
Natural History; What is it?
  
Charles Darwin

· Was a naturalist
 
E.T Ceaton 
 
· In Japan he is a household name
· Two little Savages;  Novel
 
Animals and Plants
 
· Two names for each animal/plant: regular, and scientific name 
· Linnaeus Started the system as a unification technique
· Roger Tory Peterson, started taking his book to the field
 
Naturalist
 
· One who makes a special study of animals or plants (a less precise term than zoologist, biologist, etc.)
· Precise Terms 101, Herpatologist (study of reptiles and amphibians), Mammalogist (mammals), Botanist (plants), Insects (Entomologist), Flies (Dipterist), Moths (Lepidopterist) 
Beetles (coleopterist), Birds (ornithologist) [Birder], Slugs & Snails (Malacologist)
 
Component 1: 

Defences: 

· Every habitiat has SHAPES that are associated with it 
· Grasslands (fields, Meadows) have; Vertical Lines 
· Savannah Sparrow (Lots of sparrows live in meadows and lots have streaks [vertical lines), Song Sparrow, BACKGROUND MATCHING {only works if animals doesn’t move), Cryptic [Crypsis]
· Cattail marsh, lots of vertical lines, most animals will have streaks
· American Bittern [has streaks]
· Hardwood Forest, light coming in, making splotches of light and dark 
· Patridge [Ruffed Grouse], Blotchy Patterns to match forest floor 
· Spruce Grouse (female camflauged)
· White Tail Ptarmigan (Matches Rocks)
 
· White tail Deer have spots on its back
· Woodland forest, Lay down on the forest floor
· Eastern Screech owl matching on tree (bark)
 
· Gray Tree Frog, Blends in, CAN CHANGE COLOUR, they survive by freezing
· MIMIC (Bark MIMIC)
· Snowshoe Hare AKA Varying Hare Change late fall from brown to white
· SEASONAL COLOUR CHANGE (snowshoe hair)
 
· Discreet Patches can also be used for concealment
· EYELINES and EYESTRIPES for concealment in song bird 
· Break up the pattern of the birds Head [disrupt contour called] DISRUPTIVE PATTERNS when nesting 
· Killdear have bands on the breast, thus ground-nesting 
· Canada Goose have a white chinstrap
· Loon famous for necklace, puts neck down to break up body, Reflective spots on back 

· Leopard Frog, some background and disruptive pattern (COINCIDENT DISRUPTIVE COLOURATION ) Ex; when thighs fold up on Leopard frogs, Moths touching wing tip
 
Not only Colours can make animals camouflaged 
· SHAPE can also camouflage themselves (Angle-winged Butterfly (Eastern Comma)
 
LECTURE 2________________________________________________________
 
Shapes can also be used to camouflage animals;
 
· Angle Winged Butterfly resemble dead leaves when wings folded SHAPE
· Morning Cloak (Wings bright when open) and dead leaf MIMIC

BACKGROUND MIMICRY or MASQUERADE

· Dark Marythyssa look like a piece of wood 
· (Datana) rolls up wings to look like dead leaf (uses colouring to look hollow as well)
 
· Katidid = LIVE LEAF MIMIC
· Luna Moth = Live leaf mimic because of spots in wing (holes chewed through), and long thin wings at end blow in wind like live leaf
· Caterpillar using MASQUERADE - TWIG MIMICRY [inch worms]
· THORN MIMIC on raspberry bush, tree Hoppers
· Pearly Wood-Nymph, BIRD DROPPING MIMICS, Giant Swallowtail Butterfly 
· Imperial Moth Caterpillar, Feeds on pine needles, maybe pine cone mimic
· CAMOFLOUGED LOOPER, caterpillar cuts leaves and puts it on itself 
· Spider walks away thinking it is a plant
· Looks like foam, it is SPITTLE BUG, adds air to plant material, and foams up to cover entire bug 
· Aphids (wooly) Create silk strands all over body, milk plants. Harvester butterfly lays eggs inside nest
· Beetle Grubs, Scarlet Lily Leaf Beetle, as grub it coats itself in feces, create mucus sac and pushes feces all over itself, leaves that fall stick to it, look like shit.
 
WHIRLIGIG BEETLES
 
· BICOLOURED (black above and white below)
· Hidden from two different perspectives
· Perhaps movement related to ripples 
 
One group of insects has the reverse colouration 
 
· They swim upside-down 
· Backswimmer Bug 
· Commonly found on waters surface on ponds and lakes
 
White tailed deer are also dark above and light below
 
· Why? Sun shining down on them, if they have a 3-d shape they stand out, of they're flat they blend in
· With sun shining, the top shades the bottom, and make it more uniform appearance appearing more flat than 3-d. COUNTERSHADING. Or SELF SHADOW CONCEALMENT
· Own shadow concealing it 
· That’s why open animals mainly have white bellies (think lions too)
 
Camouflage is not FAIL PROOF
 
· Sphinx Moth 
· Plan B is a bright pattern appears and startles a bird
· Original background match, secondary, startle effect (AN UNDERWING MOTH – CATOCALA PIATRIX)
· Two pairs of wings 
· Usually Birds get used to Patterns, that’s why in any given area there tend to be at least 6 patterns of moth per area
· STARTLE PATTERNS
 
GRAY TREE FROG 
 
· Has Bright colour pattern (yellow on underneath of leg)
· Ring necked snack has bright pattern on bottom of body 
 
SWALLOW TAIL CATERPILLAR
 
· Shoots out red horns that stink OSMETARIUM
· Aimed to mimic a snakes tongue
· STARTLE STRUCTURE
 
STARTLE SOUND 
 
· Beaver tail slap
 
Rough Grouss (Partidge)
 
· Make an explosive wing noise 
 
Sometimes Startle Patterns are not hidden until needed [ Always Visible ]
 
· EYED ELATER (beetle) has big eyes on the back
· TIGER SWALLOW TAIL CATERPILLAR (large eyes on front)
· They make the animal look larger than they appear 
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STARTLE PATTERNS HAVE SECOND FUNCTION
 
· To distract or direct the attack of the predator to that part of the body (non-vital)
· Under wings get ripped off first, but moth can still fly
· DISTRACTION OR DEFLECTION PATTERNS
 
Smaller butterflies have "Tails"
 
· Moved up and down
· Bright colours
· HAIRSTREAK BUTTERFLIES
· Fake antenna makes tail look like head, butterfly still flies away
·  
Five lined Skink Lizard
 
· Brilliant Blue tail distract predators 
· Falls off (AUTOTOMY) grows 
· Deflects attack to expendable part of body
 
BODY STRUCTURE ITSELF AS DEFENCE
 
· Body Armour
· Narceus Millipede 
· Snails (SHELLS can be made of CALCIUM)
· Beetles (CLICK BEETLE) Legs curl in become pill shape 
· Clams
 
· Turtles (CERATIN Shell) [RED EARED SLIDERS, invasive, not native to ottawa]
· PAINTED TURTLE - Withdrawn neck into shell for defence - MAP TURTLE - WOOD TURTLE 
· Species at RISK, Blanding's Turtle can partly CLOSE SHELL 
· Snapping Turtle - AGGRESSIVE DEFENCE 
 
PHYSICAL DEFENCES CAN ALSO BE SOFT STRUCTURES
 
· Tent Caterpillars, Birds are main predators
· Only leave the nest to eat then go back into structure for defence 
· Also have soft Hairs, birds do not like eating hair 
· Other silk tents are not in fork, bigger tents enclose leaves and branches, caused by FALL WEB WORM
· Difference is that caterpillars use for defence, WEB WORM eats in there fallen leaves
· Under attack roll into ball
· Hairs can be modified into stiff spines
 
Porcupines 
 
· Mammals have two kinds of hairs: Guard Hairs, and Underfur 
· Can have over 20,000 Quills 
· Can shake, BUT CANNOT SHOOT
· Antibiotics actually in the Quills
· Could be for porcupines themselves, or for a powerful lesson to be passed on 
 
CHEMICAL DEFENCES
 
SOME HAIRS HAVE POISON SPINES
 
· Hurt physically and Burn Chemically
· Monkey Slug
 
IO MOTH Caterpillar
· Poisons Spines
 
SPINY OAK SLUG 

All these animals are obvious and no Camoflauged
· Often brightly couloured 
· Bad to eat and be near
· Poison Dart Frogs 
· Milkweed Tussock Moth Caterpillars - attained through the eating of milkweeds 
· MILK WEED BEETLE
· YELLOW JACKET PAPER WASP (APOSEMATIC)
 
Red Eft Salamander
· Poisonous skin
 
WARNING COLOURATION (APOSEMATIC)
· Bright, warning funtion
 
STRIPED SKUNK & PORCUPINE 
 
· Quills Raised and has white bottom
· White stripes on Skunk
· High contrast patterns because they are active at night 
 
LADYBUGS
 
· Manufacture their own toxins
 
OTHER ANIMALS AQUIRE THERE POISON THROUGH THINGS THEY EAT
· Monarch butterfly
· Milkweeds 
· Terpenoid heart poison (cardiac Glycoside) - sequester it 
· Water Hemlock (Black Swallow tail)
· Go near it and orange horns pop up (Osmetarian)
 
FIREFLYS
 
· They are beetles
· Males have biolumincent chambers 
· Flash patterns - dots and dashed
· Different kinds fly at dif hieghts give dif pattern
· Femals sit on branches and chill and flash back to say reach
· PHOTURIS FIREFLES sequester STEROIDAL TOXINS by eating other male fireflies of a dif group
· PHOTINUS get eatin, but PHOTURIS imitates yes pattern of other species then eats them AGGRESSIVE MIMICRY 
 
CHEMICALS CAN BE RELEASED FROM DIFFERENT PARTS OF THE BODY
 
· Sawfly Larvae (mouth)
· Blister Beetle (Legs) 
· Wasps (Stinger) (Injector)
· Skunks (Sprayers)
 
Chemical defences are costly 
 
· Costs about ten days to replenish
 
Bombardier Beetle - Hot Quinone gas - H2O2 and Quinone - 100 degrees
 
GROUPS of animals mimic each other and look the same its called MULLERIAN MIMICRY
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Sandpiper compensates by sitting down and showing colouration on the top because colour shading requires sun
 
Animals that share a common appearance 
 
· Mullerian Mimicry (all chemically armed, poisonous)
· Warning signs 
· Advantage through learning that eating you is bad--thus mimicry ensues
· Caterpillar passes on chemical poison to butterfly
 
· Eg; Visroy is not poisonous (edible), just mimics 
· Model=monarch, Mimic= not harmless (BASTESIAN MIMICRY)
· Bumblebee and hoverfly. Model is bumblebee, hoverfly is mimic
· Baldface hornet, hoverfly
· Honeybee, hoverfly
  
USUALLY MORE MODELS > THAN MIMICS
 
American Toads have a toxin called BUFOTALIN in skin glands
· Inflate themselves to make them look larger than they are [BLUFFING]
· This is called a BEHAVIOURAL DEFENCE
 
Hog nose snake also bluff 
· Larger first, and then rolls over and plays dead [THANATOSIS]
 
Virgina Opossum
· Also practices THANATOSIS
 
WHITE TAILED DEAD (YARD) , eg; BEHAVIOURAL GROUP DEFENCE
· Gather in large numbers
 
Crows and starlings FLOCK
 
Group defence can be AGGRESSIVE (eg; yellow jacket wasps[social]) [ release ATTACK PHEROMONES ]
 
Behavioural defence can also be AGGRESSIVE in birds [KING BIRD vs RED TAILED HAWK] called MOBBING
· Uses ALARM CALL to get more birds
· All start a group attack
· Make it want to leave the area 
 
Mobbing is a PRE-EMTIVE defence 
 
Some animals have BODYGAURDS - apheds 
· Pay the carpetner ants 
· In sugar balls! They even stroke w/ antenna to encourage behaviour 
· Oleander aphids don’t need body gaurds. Aposymatic
 
Some behavioural defences seem odd; 
· Run away, and tail goes up
· Running iratically 
· Flags might advertize awareness, or warnning symbol for same species around, or distraction pattern (maybe)
 
VIGLILANCE 
 
· Animal must use senses to realize danger is present 
· Scanning or danger
· Olfactory = nose for odours
· Auditory = ears (Large External Pinnae) [capture and magnify sounds] can PIVOT [to scan all directions]
· Visual = eyes

Tiger Moths also have membrans on the thorax to hear - "ears" [to detect bats] 
Snakes cannot hear but they feel vibrations on the ground through sensors and enhanced smell/taste. (toungue)
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Senses
 
· Snakes taste the air
· Scents analyzed by the JACOBSON'S ORGAN
· Air goes into two chambers in roof of mouth, thus forked tounged, and is useful for locating animals 
 
MOOSE
 
· Have an ENLARGED SNOUT has SENSORY CELLS, and a JACOBSON'S ORGAN aka VOMERAL NASAL ORGAN 
· Toungue out to pick up chemicals in the air 
· Expose organ by FLEMEN [toungue out]
 
Visual Scanning
 
· Eyes on the side of the face (field of view = amount of view one can see without moving)
· Overlap = depth of field 
· Eyes in the front, help you hunt.
· Eyes on the side, make the view wide
· Beaver have eyes at top of head to swim 
· Sandpipers have eyes at back of head because they feed by submerging bills
· AMERICAN BITTERN has eyes up because bill is usually up in the air 
· Nocturnal animals display EYESHINE, receptive cells, rods and cones. Mirror cells TAPETUM LUCIDUM
· More eyes allow for complete vigilance 
· USUALLY SINGLE SPECIES FLOCKING 
· Mixed species flock = warblers and songbirds 
· Single species flocks feed on large quantities food that are found in one area
· Mixed = dif resource sin small quantities, wont compete
 
PLANT DEFENCES
 
Physical defences
· Armour (BARK)
· Seeds can be protected by HARD COATS
· (SPINES are modified leaves)
· PRICKLES ARE EPIDERMAL OUTGROWTHS [like hairs]
· AUTOMIMICRY - resembles prickels - rosebush
· THORNS, are modified branches 
· Plant hairs called TRICHOMES 
· Some trichomes contain liquids, can cause stinging [stinging nettles]
· Water smartweed, when nessacery it grows them {INDUCIBLE} 
 
Physical structure 
· STRUCTUAL ELEMENTS such as CELLULOSE, HEMICELLULOSE, and PECTIN make plant tissues HARD TO DIGEST 
· LIGNIN gives leaves stiffness/hardness
· DIGESTIBILITY REDUCERS
· SILICA [GRASSES] [HORSTAILS] silica is abbrasive
· Other digestibility reducers are not structual, ASTRINGENT [drying agent, TANNINS] [PLANT SECONDARY METABOLITES] 
· CALCIUM is also used as a detterent. SKUNK CABBAGE [group ARUM have CALCIUM OXALATE CRYSTALS] also JACK IN THE PULPIT 
· MILKWEEDS have TERPENOIDS [CARDIAC GLYCOSIDES], terpenoids do not contain NITROGEN 
 
TOXINS
 
· New pine cones have RESIN (OLEORESINS) contain TERPENOIDS
· POISON IVY has URUSHIOL RESIN
· They are detterents 
 
ALKALOIDS
 
· Contain nitrogen that makes them poisonous and dangerous
· Astor has untouched leaves
· BUTTERCUPS also contain alkaloids 
· Bind to digestive enzymes = CONSTITUTIVE DEFENCES (produced on demand)
· HYRDOGEN CYANIDE (HCN) is UNDUCIBLE, chemicals mix when burst CHERRY leave shave it too, BRACKEN too 
· Wounded leaf sends out SOUND HORMONES, {potatoes}, tell rest of plant to get ready and increase defences compounds [PROTEINASE INHIBITIONS, prevent potenaise from doing its job
· Some plants produce INSECT GROWTH HORMONES (MH = MOULTING HORMONE) (JH = JUVENILE HORMON) 1st ---> 2nd stage must have both hormons ----->pupa only MH
· Some plants produce JH, and the bug eats it, it can never tranform it to adult stage
· If MH it makes animal change to quick and die 
· ROCK POLYPODY is loaded with MH=PHYTOECDYSONES (produce themselves)
· Bracken fern has it too
 
· Balsam Firn contains has PHTYOJUVENTILE HORMOM 
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Plant Defence 
 
· REPRODUCTIVE HORMONES (Animal)
· Mess up ability to reproduce [PHYTOESTROGENS]
· Stops large animals from reproducing 
 
· PHOTOTOXINS (St. Johns wort)
· Makes skin sensitive to UV Damage
· Gets sores on the body, infection, death
 
Advertise toxicity through bright coulours (APOSEMATIC Colouration)
· Berries usually do this (Blueberry)(White) 
· When seeds need protection, they have trepinoids around there)
 
Some plants do them through odour, (MUSTARD)(GLUCOSINOLATES)
 
ALARM RESPONSES IN PLANTS
· Chemical messengers (PHYTOHORMONES) (Jasmonic acid, ethylene, salicylic acid) travel through plant and initiate responses
· Plant sucking bugs use plants as defence, but sometimes it’s the opposite
· Piones produce a sweet sugar compound called nectar, Other parts of plants produce this called EXTRAFLORAL NECTARIES
· Thus ants all over plants, and defend from smaller plant eating bugs 
· These plants produce chemicals that tell when the plant is under attack and attract wasps and other carnivourous bugs 
 
ENVIRONMENTAL STRESSES
 
· Tempurature extremes
· SUB-ZERO TEMPS
· Water turns to ice [main threat]
· Water expands, and thus cells burst, and plant and animals dies 
· COLD BLOODED = ECTOTHERMS (Internal temps controlled by outside)
· WARM BLOODED = ENDOTHERMS (Maintain internal body tempurature)
 
How they deal
 
· Animals that stay active 
· ADD ON LAYERS AND FUR 
· Mammals grow more hair = in 2 kinds 
· OUTER COAT grows THICKER (GAURDHAIRS, thicker and longer)
· UNDERFUR traps body heat
 
· Birds goes bulkier feathers (more dense CONTOUR FEATHERS)
· UNDERCOAT = DOWN 
 
INSIDE LAYERS
 
· FAT (two types)
· SUBCUTANEOUS FAT for insulation = Warmth (under the skin fat)
· Birds don’t use it for insulation, they use fat to shiver as a means of Thermogenisis 
 
COLOUR CAN ALSO PROVIDE WARMTH
 
· Warmest colour is white, because they retain body heat better
· Why? The pigment vacuoles are filled with air. Thus warm are gets trapped, and causes an insulated effect 
 
GLOGERS RULE 
 
· Northern animals become lighter
· More southern animals become darker 
· 27% better retention of body heat for snowshoe hair 
 
What Shape is best for cold?
 
· Short Extermities are better
· Short tails and ears
· ALLEN's RULE 
 
Low SURFACE AREA TO VOLUME RATIO
 
· Large bodies, small extremities
· BURGMANS RULE
 
EXPOSED FEET, DUCKS etc..
 
· Animals control blood tempuratre flow to the feet 
· Slow it and cool it down 
· COUNTERCURRENT HEAT EXCHANGER
· Blood going up is pre-warmed, and blood going to extremities is colder 
· RETE MIRABILE or WONDERFUL NET
 
IVORY GULL in artctic has ALL THE FEATURES
 
· Tuck legs under the feathers 
 
How animals breath also consevres heat and energy
 
· Losing heat, they pant
· Keep heat = mouth closed breath through nose
· Counter current in nose as well
 
Choice of ROOST SITE 
· Coniferous tree offer more warmth (pine)
· Especially when covered in snow 
· Also cavities in trees, wood pecker and owls 
· Black capped chickadees may or may not huddle to conserve heat
· Squirrels and moles do this
 
SOME ANIMALS BUILD SHELTERS
 
· Muskrat lodge
· Beavers 
· Add MUD for INSULATION 
· Hole in the top, or less mud, mesh of sticks, and have natural chimney
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Red squirrls are usually tree bound, but spend most of winter in the ground under the snow, same with deer mice 
· Bottom layer of snow pack called SUBNIVIAN SPACE (warmer)]
· If the snow is really deep and ice layer forms on top they could suffocate
 
Some animals go inside the snow, RUFFEDGROUSE SNOW BED, dive into snow and use it for wamrth
 
BASKING in the sun, is also used by ruffed grouse and boreal owl 
 
Black capped chicadee drops their core tempuratures by 12 degrees.
· They then enter a deep sleep TORPOR, they become TORPID 
· Burn less energy tyring to keep warm because it reduces the tempurature gradient 
· Shiver during the night (to burn subcutaneous fat)
 
Snakes are ECTOTHERMS 
· HERPS (all reptiles and amphibians)
· Place in the ground where it stops freezing, is called the FROSTLINE
· Snakes go below the frost lines
· Long period of DORMANT
· BEHAVIOURAL FREEZE AVOIDANCE (Northern water snake)
· Area (burrow) called HIBERNACULUM 
 
ALL ADULT and MOST hatchling turtles go to the bottom of ponds and lakes 
· So do MANY frogs
· AMERICAN TOADS dig down beneath the frost line before sub zero temps hit 
· Same with SALAMANDERS 
 
Many animals stay above the frostline AND are ectotherms
· All adults die (PRAYING MANTIS) they lay EGGS before winter
· Creates a foam that hardens around eggs called OOTHECA 
· EITHER no WATER in egg at all or ANTIFREEZE which prevents water from freezing (GLYCEROL or SORBITOL)
· CRYOPROTECTANTS
 
Walking stick also uses eggs 
· Lay small eggs that look just like the seeds of plants 
· Ants carry the eggs into mound with sweet top as lure (EDIBLE CAPITULUM)
 
Some overwinter as LARVAE (WOOLYBEAR MOTHS)
· Stays as caterpillar all winter long
· Curled up using GLYCEROL (CRYOPROTECTANT) (ANTIFREEZE)
· When no ice forms is called SUPERCOOLING
 
Females mosqutoes survive winter as ADULTS
· Clear liquid out of guts and hibernate, most likely use GLYCEROL
 
ANGLEWING BUTTERFLIES survive as SUPERCOOLED ADULTS 
 
SILK MOTHS overwinter as PUPAE COCOONS in PUPIL STAGE 
· Cocoons keep water out
 
Some insects spend winter in special sites
· Swelling of goldenrod stems, round swellings 
· Grubs lay egg on golden rod stem, egg has chemical that allows plant to grow around it, then the grub eats the sweeling through the   winter, sometimes burrows till skin but never goes through 
· However there is ice inside the grub (goldenrod gall fly)
· Swellings are called GALLS (GOLDENROD GALLS)
· Inside cells has CRYOPROTECTANTS. Between the body cells have ICE NUCLEATING SITES, where it is safe for ice to form 
· FREEZE TOLERANCE 
· Black capped chicadees and woodpeckers peck holes in GALLS 
 
GRAY TREE FROGS FREEZE CHEMICALLY
· So do WOOD FROGS 
· So do SPRING PEEPERS 
· CHORUS FROG 
· FREEZE TOLERANCE 
· Over hald of body water turn to ice 
· Also have nucleating sites
· Stay in soil 
 
Turtels are DORMANT and oxygen is absored through there SKIN 
· Lay eggs in late spring 
 
PAINTED TURTELS
· Stay in soil and freeze as hatchlings 
· ONLY FREEZE TOLERANT REPTILE 
· Only in the NORTH and as a HATCHLING 
 
Endotherms cannot be freeze tolerant but become DORMANT
· Some hibernate but some undergo LETHARGY (Coon)
· Maintain high body tempurature, usually in hollow trees 
 
Rockden 
· PORCUPINES are active in winter, but are also LETHARGIC (same with skunks)
 
HIBERNATION
 
· Chipmunks TORPOR = HIBERNATION 
· Sleep for days in a row, get up and piss/shit and eat
· LOW HEARTRATE and LOW TEMPURATURE 
· Not true hibernators (partial)
· Also bats, Low temp to 5 degrees celcius but heart rate stays fast, easily aroused
 
BLACKBEARS HIBERNATE 
· Only 8 BPM, heartrate 
· And HIGH TEMP
· EASILY AWOKEN 
· Has a TAPPEN rectal plug from shitting in den
 
TRUE HIBERNATORS
· Biggest one is the GROUNDHOG
· Heart rate goes down to almost zero
· Same with body temp
· Spend whole winter asleep 
· Also WOODLAND and MEDDLE MICE (jumping mice called JUMPING MICE)
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 Mobility
 
PHYSICAL ADAPTATIONS
· Extremely long legs (moose) 2m high at the shoulder
· Able to move legs up and forward as to avoid dragging
· Snow shoe hairs have big feet to disperse weight through larger surface area 
· Most northern deer is a caribou, has a larger foot, which allows to walk on top of snow to a certain extent 
 
Fishers also have larger hind feet
· Marten (northern weasel) large hind feet as well
 
RUFFED GROUSE has the ability to add snowshoes on in the fall
· They grow small scales on the side of each toe to add surface area
· Ptarmagin grow feathers on there feet to increase surface area (dense)
· Also keeps them very warm 
 
BEHAVIOURAL ADAPTATION 
 
· Subnivean space also helps in mobility 
· Deer travel to a YARD, (Sheltered area with less snow) [under HEAVY coniferous cover] also food supply and saftey in numbers
· Deer stand on ice and eat foliage, called BROWSE LINE (where white tailed deer fed in winter)
 
Wolves also have large feet, but also follow each other in single lines
· Also have long legs
 
Weasels and otters have SHORT LEGS
· Travel over land by running and then sliding 
· Mink can also slide, Long bodies short legs 
 
MIGRATION
· Canada Geese
· Monarch butterflys 
· And INSECT GLEANING (pick off trees and eat) song birds 
· Most birds migrate (food supply being the reason)
· Some dragonflies migrate (COMMON GREEN DARNER)
· Red Bats also do, die in wind turbines (pressure change)
 
Birds can fly very far ( SCARLET TANAGERS go to BRAZIL)
· Arctic Tern (20,000 Km roundtrip)
· New champion RED KNOT 26,700 Km round trip.
· Fat powers flight (white subcutaneous fat)
· Semipalmated sandpipers migrate in MASS NUMBERS (Double body weight in TEN DAYS) (EAT MORE
· HYPERLYPOGENISIS (Elevated fat creation state from food at accelerated state
· HYPERFAGEA which allows them to eat a ton of stuff
· SONGBIRDS only migrate at NIGHT 
· Average flight 300-500 KM
· Why night? Less wind, calmer air, cooler, fewer predators 
 
Birds of Prey tend to SOAR 
· SOAR UP on THERMALS (Warm upward gusts of air)
· Going from thermal to thermal is called THERMAL HOPPING (does not burn energy)
· Air pressure above wing lowered, and under stays the same, thus lift results, each winger feather acts as wings (SLOTTED FEATHERS [extra lift] )
· SWALLOWS also migrate in the DAYTIME 
· They have to eat a lot, by catching insects as they fly
· Birds that fly both day and night [sandpipers are in that group]
· RED KNOTS flying non stop was 8,000km in 6 days (longest recorded) (geolocators)
· Daytime use the sun, landforms, and visual cues as guidance 
· Night time navigation uses constellations, and the moon
· BOTH day and night migrants use EARTHS MAGNETIC FIELD
· How? RHODOPOSIN is a retinal photopigment that is likely involved with electromagnetic interation.
 
Geese fly in V-shape flocks
· Reduced drag like in a racecar
· Arrow dynamics 
· DRAFTING gets free LIFT
 
Bands on birds are called RINGS in europe, and Bird bands in canada
· BANDERS
· RINGERS
· Catch them in MIST NETS 
· GEOLOCATORS are used to get even better info on migration
· Only half of the birds return, half of them die.
· Sub-zero temps also cause problems for plants 
 
PLANTS DURING WINTER
 
· Ice kills cells
· Some go dormant during the winter, tops die off (TRILLIUMS)
· Plants become COLD HARDY
· Excess water is withdrawn from leaves and twigs and evaporated 
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Class 9
 
Plant Survival In The Winter
 
Some plants have parts that die off, and the main part lives under the snow where it is not as cold as above (similar to animals).
 
· Cold Hardy is the plant world’s version of animal’s Freeze Tolerance, allowing the plant or plant part to survive the dominant cold temperature in the area, as ice is formed between cells and not inside cells
· The main parts of the plant that live under the snow also need to become Cold Hardy (need to acclimate).
· Acclimation is the process of becoming Cold Hardy and can be broken down into two stages
· First stage is triggering by a change in the photoperiod
· Photoperiod is a ratio between daylight and darkness (day duration)
· Phytochromes are sensors that react to a change in the photoperiod, allowing the plant to begin preparation for acclimation.    
· Cells begin to go Dormant
· Second stage is triggered by not below zero, but still, cold temperatures, that causes the plant membranes to begin preparing for the cold temperature.
· In order to become Cold Hardy, and acclimate, the plants experience the following
· Antifreeze components are added
· Water in the exposed parts (such as leaves and twigs) that stay above the snow is evaporated to prevent the exposed part from freezing.
· Cells have their water drawn out (removed) to increase their solute concentration, which results in their freezing point to be lower and their membranes more flexible
· Plants allow ice to form between the cells but there is a membrane that prevents water from flowing inside the cell, saving it from the water freeze issue.
 
Plants use chlorophyll to use sun’s energy to create heat during the winter.
 
Trees and plants that retain needles during the winter are vulnerable to be damaged by solar radiation. 
· To cope with this, they create xanthophyll pigments to protect themselves
 
Skunk    Cabbage is a plant that heats up in early spring so that it melts the snow around itself
· Some insects hide inside this plant to use the heat it creates, during the winter
 
 
 
Desiccation is another problem that causes plant parts to dry up during sunny days, and they prevent this from occurring by utilizing various methods such as 
· Having a small surface area (smaller parts)
· Confers Trees retain their leaves so size and shape is important for them
· Evergreen Trees are green year round and their surface area is big, so to cope for that fact, they curl up to achieve a small surface area
· Rock Polypody are evergreen (fern)
· Conifers Trees are evergreen (tree)
· Deciduous Trees have a large surface area and lose their leaves during winter to achieve a small surface area, this is called Deciduous (Shedding of Leaves).
· Closing their stomata (allows air and gas going in/out) so that water cannot escape
· Have waxy cuticles that prevent the plant from being dried
· Having hairs on the underside that help to retain moisture on the leaves and break up the wind that dries the plant up.
 
Red Maple trees are trees that have leaves that come in two colors, red and yellow
· This is because the colors represent genders.
· Male Trees turn red
· Female Trees leaves turn yellow
 
Weight of snow is a problem as it might break branches or parts of the tree
· Conifers retain their leaves during winter, and since the leaves are smaller, this helps them with the weight
· Shapes also help some trees shed snow
· Short branches with small needles 
· Spire shape is the shape of a christmas tree (thin and tall at the top and fatter as you go down)
· Balsum Fur
· Spindly shape is the tree being very skinny and parts of the leaves being clumped on parts of it
· Black Spruce
· Shapes: http://i59.tinypic.com/16bzms9.jpg
 
 
 
 
 
 
 
 
 
 
Survival in Excessive Heat
 
Plants Survival  in Excessive Heat
Plants face a problem in the heat as well
· Excessive Heat can cause Desiccation (Drying out)
· Like in the winter, to prevent Desiccation the idea is to have a small surface area
· Plants reduce their leaf surface area by curling their leaves (like in the winter)
· They also close their stomata (like in the winter as well)
 
Animal Survival in Excessive Heat
· Animals can move to shady areas and site for shade 
· Animals (non-insects) can go into water where it is cool
· Insects use alternative strategies for cooling as they cannot go into water
· They shunt (move) the blood down to parts of the body with larger surface area (long abdomen for example) 
· Obelisk is a position that Dragonflies assume where they point their abdomen towards the sun to prevent it from heating up by the sun hitting it, and to provide shade to the other important parts of the body 
· Stilting is a position that Tiger Beetles assume where they stand tall on their legs to protect their body from the hot surface below
· Evaporative Cooling is evaporating the warm water inside and making the air that the animal breathes cooler
· Bees rub liquid on their bodies that evaporates, using Evaporative Cooling
· Turkey Vultures pee (excrete) on their legs so that it evaporates, using Evaporative Cooling
· Panting is a form of Evaporative Cooling
· Foxes do this
· Birds do this
· Ducks bypass the Rete Mirabile (used to conserve heat) and more blood is shunted to extremities 
· Beavers bypass the Rete Mirabile and shunt more warm blood to their tail because it has a larger surface area
· Honeybees are Social Insects, they gather together and use their wings to cool the hive down
· Hyperthermia is a dangerous strategy where animals allow their internal temperature raise above the normal temperature to lose more body heat and cool down
· Mourning Doves use a dangerous strategy and allow their internal temperature to rise to 45 degrees (1 more degree and they die)
 
 
 
 
Nutrition
 
Plants can make their own food but their challenge is finding raw materials to generate that food
 
Animals get their nutrients from
· Eating plants
· Eating other Animals
 
Herbivory is the action of animals eating plants 
· Maple Spindle Gall Mites eat leaves
 
Detritivore is an animal that eats dead plant material 
· Millipedes eat pine pollen
 
Nectar is hidden in a special part in the flower that requires something special to be accessed
· Long Proboscis (tongue) are used by some insects to get nectar
· Long Beaks are sometimes required to get nectar, and there are certain plants that have nectar hidden very deep, requiring certain types of animals to get nectar
· Hummingbirds have long beaks and also long tongues
· They have a Hyoid Apparatus that allows the tongue to be extendible 
 
Sap is in plants that is inside the plant, requiring some sort of stabbing to occur to get the sap
· Bugs have parts that probe the plants called Stylets to poke the plant and get the sugars
· Aphids do this and are sucking bugs 
 
Filter Feeders are animals that collect nutrients found in water, and this is how to get their nutrition, thereby having “food delivered to them”
· Animals that Filter Feed typically do not move much
· Clams are Filter Feeders, they filter the nutrients out of the water that comes to them
· Baby Black Flies are Filter Feeders, and they feed using little brushes on their head called Lateral Brushes that open up to gather material coming in, and then close to eat material that came in.
· Dabblers or Puddle Ducks dabble in the water to gather things using their large bills, the water goes out and the nutrients are left in
· Lamellae are little bristle brushes that capture the food material that is in the water (helping to filter feed
· Swan
· Mallard
· Tongues also help filter food and capture nutrients and food from the water
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Nutrition (Cont.)
 
Animals face issues when eating plants because of Tough Structural Components in leaves, and need to break these down in order to process them and get their nutrients. 
This process can be broken down into two categories
 
Ingestion (Getting food into their mouth) 
· Radula is a sharp component, like a chainsaw, with teeth that come out to process plant tissues.
· Slugs and Snails have radulas
· Mandibles are Modified Mouthparts that are used to cut apart plant tissues.
· Caterpillars have Mandibles to cut apart plant tissues
· Leaf blotch miners are caterpillars that live inside the leaf and eat leaves from the inside
· Modified Teeth are teeth that have been modified to be used to eat plant material
· Incisors are modified teeth 
· Incisors self-sharpen
· Beavers have Incisors and their teeth are orange because they are full of iron
· Moose only have lower incisors, and use the upper part of their mouth, which is extremely hard, to hold in place branches/leaves so they can then use their lower incisors to pull the branches/leaves off.
· Cheek-teeth are modified teeth that grind and process food 
· Masseters are muscles that power the Cheek-teeth
· Moose have cheek teeth they use to process food before it is eaten.
· Analogous Structures are components of animals that have the same function but different origins and structures
· Radula, Mandibles and Cheek-teeth are analogous as all perform the same function but have different structures/origins
· Gizzard is the tool Birds use to break hard structures into smaller pieces as they have no teeth
· Ruffed Grouse have Gizzards 
· Gizzards can grind amazing hard substances such as broken glass, razors and nails
· Grit are small stones that birds swallow to help break down food, helping with the Gizzard


Digestion (Processing Food Internally)
 
Digestive Enzymes are used to digest food, but most animals are unable to produce them.
 
Animals that produce Digestive Enzymes
· Slugs and snails produce them
 
Animals that do not produce Digestive Enzymes
· Caterpillars do not produce digestive enzymes and hence waste a lot of nutrition in their food. 
· However, they can afford to do this as they have a vast amount of food for them to consume.
· Animals such as Moose and Deer get the help of Bacteria to digest their food.
· This is a Symbiotic relationship between the bacteria and the moose.
· Animals that process their food twice with Rumens
· Rumens are where bacteria live inside the animal that help digest food
· Rumination is the process of re-chewing food by bringing food back into the mouth. This is done to break up harder plant tissues with hard cell walls.
· Ruminant is an animal that does the above.
· Moose, Cows and Deer have rumens.
· Animals that process their food twice with Coprophagy
· Coprophagy is when animals process their food twice by eating their droppings. (Usually due to a lack of a Rumen)
· Rabbits do this.
· Beavers do this
· Animals that process their food twice without Rumens or Coprophagy
· Some animals do not have a Rumen nor do Coprophagy, and instead have huge digestive tract that helps them digest food
· Porcupines have a huge digestive tract 
· Caecum (plural Caeca) is the chamber that Bacteria live in for other animals. (Not for animals with rumens, as their bacteria live inside the rumen)
· Rabbit have it
· Beavers have it 
· Geese have it
 
 
 
 
 
 
 
 
 
Fruit as a Source of Food
A lot of animals use fruit as a food source, some as their only source and others incorporate them.
· Waxwings are fruit eating specialists 
· Seed Dispersers are animals that eat plants/fruits and poop out seeds, thereby helping them grow, and must have special ingestion and digestion adaptations
· These animals want the flesh not seeds,
· Idea is, fast in, fast out.
· Large gapes (opening of mouth) for fast external processing, Ingestion
· Short Intestines for fast internal processing, Digestion
· Seed Predators are animals that are interested in the seed and not the flesh, they throw away the flesh and eat the seeds.
· Evening Grosbeak do this.
· American Goldfinches do this & have tiny bills because they eat thistle seeds.
· Crossed Bills are special bills that are crossed (not straight)
· Red Crossbills go to conifer trees and use their crossed bill to open the scales of cones to get their seeds.
· Drawback of having a Cross Bill is they have difficulty getting grit
· Red Squirrels bite off cone scales using their Incisors
· Chipmunks use their Incisors to get to the seeds of acorns 
· Blue jays use their bills as a hammer and hit the acorn by hitting it with their bills to get the seed.
 
Animals Dealing With Plant Chemical Defences

· Vein Drain is a process used by certain herbivores that sequester the poison from plants. They cut off the veins of the plant that transfer the poison, so that only a little bit of poison that they will absorb gets to them when they eat the plant.
· MFOs are special enzymes that neutralize toxins of plants and alow animals to eat the plant without being harmed
 
Animals Switching Diets Based on Season
Animals also change their diets based on the season to balance their diets, ensuring they get the right amount of nutrients.
· Moose switch their food for a balanced diet
· Moose eat leaves and twigs during the winter, these are very low in sodium 
· Moose eat aquatic plants during the summer, that are high in sodium
· Water-shield is a plant that contains 500x more sodium than land plants.
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sodium is stored in the Rumen

PARASITOID - EATING ANIMALS INSIDE OUT, killing animal.
PARASITE - EATING ANIMALS without killings animals

Scavengers eat road kill/dead animals
Predator must ..... locate, capture, immobilize before killing 

day time hunter birds - hawks
large eyes collect light
large number of CONES for visual clarity		
built in binoculars, magnifies due to cones
2-3 times (greatly exagerated)
depth perception very key
temporal foveae - on the front (pursuit foveae) 
central foveae - on the sides
night time hunter birds - owls
RODS = light sensitive
no cones
large eyes - FRONTAL placement = more depth perception
large blind spot but can turn head all the way around
270 degrees
owls cannot rotate eyes

compound eyes - tiger beetles/ dragonflies
dragonflies are visual hunters

whirligigs can see above and below the water at the same time (eyes are half above, half below)

spiders have 8 SIMPLE eyes
jumping spiders move their RETINAS to change their field of view
crab spiders - sit on flowers, very fast
visual hunters

HEARING- large PINNAE is important
OWLS - hear very well but have no pinnae
they hear through their large eyes (facial disks) 
wide head + asymmetrical ear openings = pinpointing the sound

bats
ecolocation 
ultrasound (above the frequency of humans)

raccoons 
use front paws to help sense things
major sensory cells in their paws
(Tactile)

otters
tactile sensors located around the mouth
(vibrissae) around the mouth

birds
similar feature to tactile sensors
called RICTAL BRISTLES
hair like feathers around the beak

Star-nosed moles
have Eimer's organs in their nose protuberances

sandpipers, ducks and woodpeckers
have HERBST CORPUSCLES in the bills tips


snakes
heat pit lies between the eyes and the nostrils and can detect changes as small as 0.001 degrees Celsius in temp.

spider webs
flight intercept traps
are HYGROSCOPIC - absorb moisture
6 or more kinds of silk in 1 web
spiders recycle silk from broken webs
takes 20 minutes to make a web
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More Webs by the end of summer compared to early spring
· Traps become invisible in a few hours after dawn when due goes away
 
Zig-zag garden spider web (ARGIOPE) 
· Strand of zigzag called STABILIMENTUM
· Ultraviolet particles are in the strand that attracts bugs
· Spider sits in center because it has ultraviolet patterns and attract bugs like a flower 
· FLIGHT INTERCEPT TRAPS 
 
Holes in the ground are called PITFALL TRAPS
· Used to catch beetles, made by the ANT-LION 
· Larva hides in the bottom of the cones 
 
Mole tunnels could be traps 
· Invertebrates that get trapped after they burrow through walls
· Potentially pitfull style
 
Argiobe Spider Mimics (Aggressive Mimicry)
· Mimicry used to lure in bugs 
· ALLIGATOR SNAPPING TURTLE (uses toungue to look like worm)
· ANGLER FISH
 
OWLS and HAWKS
· Use there feet to catch prey
· Muscular toes and LARGE TALONS
· Birds with talons called (Birds of Prey)
 
BIRD HAWKS
· Kill with talons and go to backyards and pick up small birds 
 
OSPREY have special feet for catching fish 
· SCALES on underside of toes = sharp protection for holding slippery fish
· Outer toe is REVERSIBLE 
· OWLS also have this reversible toe (dive feet first in snow) (use reversible toe because it shard to see under snow or at night)
 
FISH DUCKS
· Specialize on eating fish
· Proper name is called MERGANSER 
· Long thin SERATED EDGE for grabbing slippery fish
 
MAMMALS that catch fish
· OTTERS use MOUTH to catch fish
· CANINES 
 
GOLDEN HAWK
· RAPTORIAL Bill (hooked)
 
TIGER BEETLES use MANDIBLES to catch prey 
 
FROGS use their TOUNGUES
· How do they extend it? Folded inside the mouth (toungue FLICK)
 
Woodpeckers also use there toungue
· Sticky saliva 
· Toungue raps around skull called HYOID HORNS (used as a PROCESS or APARATUS to extend the tongue
 
LEGS can also be used
· Spiders have STICKY HAIRS on legs 
· Praying mantis has SPINED ARMS, that extend and grab prey called RAPTORIAL LEGS 
 
Moose use MASSETER MUSCLES to chew in the cheeck bones (GRINDING, herbivores)
CANINES are powered by TEMPORALIS (more power to front for lethal bite, carnivores)
· Bite down SHAKE AND BREAK method (small animals, fox)
· WOLVES use the SLASH AND SHOCK (blleed then go into shock)
· WEASELS bite into the CRANIUM
· CATS bite into the NECK VERTIBRAE
 
SHRIKES (bird) also kill with their bill
 
SNAKES tend to eat something ALIVE 
· Have jaws that an dislocate and lock 
· GRAY RAT SNAKES and MILK SNAKES are CONSTRICTORS
· Only poisonous snake in ontario is a MISSASAUGA RATTLESNAKE (VENOM contains DIGESTIVE ENZYMES, immobilized then mleted into milkshakes)
 
Other animals use toxins too
· Crab Spiders and Assassin bugs use digestive enzymes too
 
ROBBER FLYS also inject using the mouth 
· Pierce the skin 
 
SHORT TAILED SHREWS have a VENEMOUS BITE
 
Spiders usually liquify the insides and slurp out everything leaving an empty shell 
 
HAWKS pulls all feather off then meet off the bones
· The indigestible feed style is called SELECTIVE FEEDING 
 
FISHERS SKIN porcupines
· Flip and Skin Porcupins 
 
WOLVES EAT SMALL BONES, and not large bones 
· Wolf droppings SCATS 
 
OWLS use PELLETS.
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weasels (martin) bites back of the head	

killed or injured  by prey

Bioaccumulation 
Peregrine Falcons were near extinction by DDT
DDT bioaccumulation  thinner egg shells, behavioural changes
no young produced

#1 problem for predators is ... starvation
human prejudice against predators
predators are a major force in Natural selection and Evolution

animal which eats the host and kills from inside = parasitoids
Braconid WASPS are parasitoids only in the larval stage
Tachinid flies, flesh fly are parasitoids only in the larval stage
ovipositors 

outside of host = ectoparasites (leech)
ticks
mites
clams
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glochidium = baby clam = ectoparasite
organs for detecting host, can tell humidity temp etc (haller's organ)
mouthparts for penetrating and holding (leeches)
ticks have hypostome harpoon like structure, anchor
ectoparasite needs to stop the blood to coagulate, they have coagulate enzymes
claws to grip
flattened to fit through bird wings
adaptations for ectoparasites

black flies are not ectoparasites (because they do not stay on the host for long)
leeches, ticks, mites are OBLIGATE PARASITES, cannot complete lifecycle without exploiting a host 

parasites can die because host dies, removal by host
hosts grrom and preen (birds)

Tools host use to remove parasites
Herons have a special grooming claw to remove parasites = pectinate toe 
beavers have split toenail to groom

Parasitoid live inside of their host = Endoparasites 
Cuterebra (bot fly) larva parasite in the mouse (does not kill it)(one of the bigger ones)

deer have a parasitic brainworm (does not hurt deer)
larvae pass through in the deer droppings - snails, lugs eat the droppings picking up the brainworm again
then reeaten by the deer and the brainworm goes back to the deers brain
Intermittent host (slug/ snail)
definitive host (deer)
when moose eats brainworm, the brainworm hurts the moose (cant walk) ends up killing the moose.

robins are the definitive host for Fluke's (tapeworms)
snail is intermediate host

endoparasites have adaptations
theyre small
parasitic castration = change the hormones and behaviour of host to their advantage

problems for parasite
cant find host, 
cant find intermediate host 
find the wrong host

parttime scavengers = facultative 
ravens scavenge primarily in winter

fulltime scavenger = obligate scavenger 
turkey vultures
adaptations - claws, enzymes, powers of smell (most important), no feathers on head (putting head in messy guts, so no hair on head), raptorial bill (hook bill), huge nares (nostrils) not separated, teetering flight

flies are scavengers, they lay eggs on the dead carcass and the larvae eat the dead body when hatched
blow flies (larvae) = obligate scavengers 

carrion beatles (necrophagous) gives off perfumes to find male mate, males carry giant mouse back to female then burry it


solutions to food shortages for parasites
hibernate
 migrate

mbohemian waxwings move to areas with food (nomatic)
irruption irregular amount of birds in one area
crossbills are irruptive and nomatic
owls are irruptive
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Eruption - Huge number of birds migrate to find food. 
· Cross-bills when seed cones are numerous
· Small mammals high = great grey owls
 
Predatory Birds don’t always kill and eat, they can STORE.
· NORTHERN SHRIKES store food by IMPALING 
· Term for stored food is LARDER
· Not the only bird do store food (NORTHERN SAWWOOD) [Hung in branches] - Sit on them and warm them up by sitting on it 
· PREDICTABLE SHORTAGE 
· GRAY SQUIRRELS have hundreds of caches [SCATTER HOARDING] 
 
Bird (GRAY JAYS also scatter hoard) - put food in mouth, roll it in mouth (LRG SALIVARY GLANDS, STICKY SALIVA (stick it under trees and lichens), Early nesting.
· Do it by MEMORY, a large HIPPOCAMPUS, provides excellent SPATIAL MEMORY
· Usually find three at a time
· Chickadees grow larger hippocampus as winter approaches 
 
Red Squirrels - CENTRAL CACHE (1 LOCATION)
· Number of caches called MIDDENS
 
Chipmunks partial dormancy - use storage - caches 
· EXPANDABLE CHEEK POUCHES
· Choke Cherry Tree, use only seeds, even in bear dung
 
Beavers also CENTRAL CACHE 
· FOOD PILE of branches 
· DRAG TRAIL (dragging branches down trails)
· POPLARS (or ASPIN) are their favourite food
 
PLANTS
· Make own food, but have demands 
· Raw materials used in PHOTOSYNTHESIS (water, sun, nutrients [nitrogen, phosphorous, calcium])
· AUTO TROPH, (make own), HETROTROPH (eat others)
 
BOGS
· Nutrient poor habitiat
· SHEEP LAUREL thrive because they are part of HEATH family 
· Have FUNGAL PARTNERS that INCREASE INTAKE in N, and P, and PREVENT UPTAKE OF TOXIC COMPOUNDS
· MYCHORRHIZAE inside roots are called….ENDOMYCORRHIZAE, wrap around roots called, ECTOMYCORRHIZAE
· BLACK SPRUCE also grow in bogs 
 
Alders have help from BACTERIA that help with nitrogen absorbtion
· ROOT NODULES -- FIX NITROGEN (tranforming it to usable bio-form for plants)
 
Some plants EAT ANIMALS
· SUNDEWS are CARNIVOROUS
· SUNDEWS LEAVES are ADHESIVE TRAPS
· BUTTERWORT is also ^^
· PITCHER PLANTS have DOWNWARD FACING HAIRS called PITFALL TRAPS
· BLADDERWORTS are also carnivorous 
· SUCTION TRAPS 
 
SOLUTIONS to SHADE CONDITIONS 
· Larger leaves (LARGE SURFACE AREA), Orchids, Perpendicularto the sunlight, THIN, and FLAT
· HOBBLEBUSH have huge leaves too
 
CHLOROPHYLL B > C(A)
· B helps bring sunlight to A and aids in process (more in shaded trees)
 
Another solution
· Lots of leaves (BUNCHBERRY) [COLONAL or COLONIAL GROWTH)
 
Another solution
· GROW TOWARDS THE LIGHT called, PHOTOTROPISM (positive?)
· WILD CUCUMBERS called TENDRILS are THIGMOTROPIC (climb on top of other plants)
 
Another solution
· TRILLUMS (SPRING EPHERMERALS) [short lifespan) 

CORALROOTS
· Scavenge, decayed plant matter, or steal food from other plants
· Helpers are fungus on roots, MYCORRHIZAE
 
INDIAN PIPE uses these two, LIVES LIKE PARASITE
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· MYCOHETEROTROPH
· If fungus get close to eachother they send out chemical barriers
· Some have electrical currents
 
Mixed strategy
· PHOTOSYNTHESIZE AND MICOHRRIHZE
· MIXOTROPHS
 
CANCER ROOT
· Neither
· TRACKS CHEMICALS, steals roots for other plants, hooks on and steals 
· HOLOPARASITE
· WITCHES BROOM (group of leaves at top of tree)
· Seed lands on stem and grows through it, and steals food from tree
 
SMALL SURFACE AREA for REALLLLY SUNNY AREAS
· BUTTERCUP HAS TINY ANGLED LEAVES
 
SAND DUNES are HOT and SUNNY
· Leaves shaped as HIGHLY DISECTED (very thin and spaced out)
 
REPRODUCTION
· SEXUAL and ASEXUAL
 
TWO TYPES OF REPRODUCTION
· Fertilization (sperm and eggs outside)
· INTERNAL vs EXTERNAL
 
EXTERNAL
· FISH and FROGS
· Frogs give her a grip (hold) called AMPLEXUS 
 
INTERNAL
· FRESHATER SPONGES (HERMAPHRODITIS)
· CLAMS ALSO FILTER IN SPERM and ^^
· SLUGS, SNAILS, EARTHOWORMS O(HERMS)
· SEDENTARY or SLOW MOVING
 
· SPERMATOPHPORS are SPRING TAILS, LEAVE PACKAGES to be PICKED UP
 
SLUGS AND SNAILS use LOVE DARTS
· INTROMITTENT ORGANS
 
SPIDERS
· Insert sperm with mouthparts called PALPS or PEDIPALPS
 
SNAKES have HEMIPENES
· Have two, only one is funtioning at  time 
 
MAMMALS
· PENIS
 
BIRDS
· No penis
· Presses bodies together CLOACA -- CLOACAL KISS
 
PENIS BONE
· BACULUM (MICE, SEALS, WALRUS)
 
FINDING MATES
· ADVERTISING 
· AUDITORY (Birds) 
· Produced by Multiple Methods, Crickets, Grouse use wings, Woodpeckers DRUM 
· Grouse also Drum
· NON VOCAL AD.
· SNIPES use there tails WINNOWING outer most tail feathers
· Crickets and grasshoppers also wings STRIDULATION Openings slap CRIPICATE 
· CYCADA use TYMBALS muscles pull back and snap making popping sounds 
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FROGS are VOCAL
· Croack, air through nostrils, EXTENSIBLE THROAT SACS, act as RESONATIN CHMABERS
· TYMPANUM (larger and makes voice deeper) Male bullfrog 
 
VOCALIZATIONS
· Vocal Cords are used by birds (voicebox)
· SYRINX in trachia, used by birds 100% air intake
· Ownership of Territory
· Attracting a mate 
· Warblers sing dif songs 
· FEMALE CHOICE part of SEXUAL SELECTION (driving force in evolution)
· Moose females summon 
· Sounds carry: attract predators 
 
CHEATERS called SATELLITE MALES
 
VISUAL ADS.
· WILSON's PHALAROPE  female is bright, males chase apprence (POLYANDROUS - mutliple mates)
 
Colouring 
· AGE and HEALTH 
 
SOME BIRDS are called 
· PUFFINS, BILLS, BADGES of MATURITY or STATUS
· Two year per GROOVE
 
DEER use
· ANTLERS
· Tines are the POINTS
· Palms are the inside portions 
· Shed after mating season 
· Brand new ones the following spring
· VELVET hairs, bring in blood to bones (fastest in world)
· How do they know? SPARRING 
 
DOBSON FLY ALSO USED IN ORNAMENTS 
 
RITUALIZED DISPLAYS go by species, but remain unique
 
Many ducks use HEAD DISPLAYS, raising hood of male hooded merganser
Roughed grouse use neck fluff and tail display
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ARIEAL DISPLAYS
· Midges clouds of flys
· Damsel fly EBONY JEWELWING 
· Fireflies use light patters
· Synchronized displays SWANS 
· Sandhill cranes perform RITUALIZED DANCES 
· WILD TURKEY, head tail feathers, several species gather together, wander around in COMMUNAL DISPLAY GROUNDS called LEKS
· PHEREMONES - OLFACTORY ADS: chemical SEX PHEROMONES, in urine mostly.
· Mass of cells: Jacobsons organ, BULLS also use SP, they dig RUT PIT, roll in pit and walk around saying smell me
· Cows will roll in pit aswell soometimes, aka WALLOW PITS 
· Don’t make right away, several levels of evaluation 
 
Female snakes leave PHEROMONE TRAILS as they slide along the ground 
· MATING SWARMING Garder snakes 
 
Insects (majority) use PHEREMONES
· Net wing beetle
· Usually females produce the pheremones 
· Males use antennas
· Femal moths almost all use pheremones 
 
PHEREMONES can be used for STIMULATION
· Snow shoe hares do it 
· Male porcupine douse in urine
 
GIFT GIVING 
· Food (cedar waxwings)
· TERN, returning with small gift 
· SPIDERS, SCORPIANFLIES, DANCE FLIES
· Edible (to avoid being eaten themselves! (safe sex)
· MARSH WRENS, males don’t give food, but give Dummy nests, 
· Male bass and bluegill sunfish offer NESTS too
 
Males moose try to ensure PATERNITY 
· Take no chances to be cheated on 
· CONTACT GARDING stays very close (also done in dragonflies (CLASPERS))
· Plug up opening with spern without head
· Fatherwing beetles use ONE GIANT SPERM (COPULATORY PLUGS)
· Mosquito cements up the plug, ANTI-APHRODISIACS
 
HONEYBEES, MALE GENETALIA EXPLODES OFF OF BODY, HE BECOMES THE PLUG 
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NUTHATCH BIRDS - white and red breasted  
· MELANISTIC GENETIC MUTATION - darker pigmintation - unusal in birds, usual in mammals
 
PLANT REPRODUCTION
· Like some animals, they are SEDENTARY (slow moving or do not move)
· Flowers tend to be hermaphroditic 
 
Flower Sex Organs: 
· STAMENS (MALE [ANTHERS - HEAD])
· Produce sperm
· PISTIL ([produces eggs, full thing]) (FEMALE [STIGMA - HEAD recieves sperm]) (STEM = STYLE) (OVARY at the base)
 
Do plants have an intromittent organ such as a penis?
· Yes, POLLEN GRAINS = penis equivalent
· Contain sperm, brings sperm closer to eggs
· Lands on a stigma, and TUBE grows DOWN (pollination), to the ovaries, 2 sperms only, TUBE NUCLEUS guides sperm down, one makes fertilized egg, one makes food for the plant
· DOUBLE FERTILIZATION = two eggs fertalized, unique to plants
 
Problem: sedentary
· How to get pollen to another plant of same species?
· WIND, and BEES
· GRASS POLLEN is carried by wind
 
WIND CARRIED POLLEN [ANEMOPHILY - "wind love"]
· Small in size, very light weight 
· SEDGES are wind pollinated, triangular stems
· SEDGE HUMMOCKS or TUSSOCKS 
· RAGWEED is wind-pollinated 
· CONIFER POLLEN is also wind carried 
 
DRAWBACKS
· No wind
· No gaurentees where it lands
SOLUTIONS:
· Produce a ridiculous amount
 
USE of WATER [HYDROPHILY]
· Very few plants 
 
Majority of plants use INSECTS (animals) to move pollen (ENTOMOPHILY] food exchnage
COURIERS [POLLINATORS] ["surrogate lovers"]
· Wasps
· Bees (bumble bees, honeybees)
· Butterflies
· Moths
· Flies
· Beetles
· Humingbirds
 
food exchange [NECTAR, and POLLEN]
· Some offer ONLY POLLEN as food 
· Bees grab onto STAMENS, SHAKE OUT POLLEN from PORICIDAL PORES using vibrating wings
· BITTERSWEET NIGHTSHADE forms ANTHER CONE, BEES GRAB and SHAKE 
· This shaking is called BUZZ POLLINATION 
· POLLEN BASKET are those balls of pollen on bees legs, special pollen compactor on legs
 
NECTAR is SUGARWATER
· Fructose, Sucrose, dif flowers use dif combos 
· Held in NECTARIES, very in locations BUTTERCUPS in base of petals
· Also held in SHALLOW CUPS in MILKWEEDS
· COLUMBINE has special nectar leaves with LONG SPURS require [LONG TONGUES]
 
How do pollinators know which flower to visit?
· ADVERTISMENTS
· Through COLOUR
· Through SHAPE
· LONG RANGE VISUAL ATTRACTANTS
· Different insects prefer dif colours
· Most see green as gray, and yellow as red 
· They don’t see red, hummingbirds do
· SCENTS are often used (CLOSE RANGE ATTRACTANTS) 
· EVENING PRIMROSE release sent at dusk because moths fly at night
 
· WILD GINGER smells like rotting fungus, to attract flies [fungus gnats] this is called [BROOD SITE DECEPTION]
· RED TRILLIUM smells like rotting flesh 
 
· Also use CLOSE RANGE [NECTAR GUIDES] PATTERNS
· Some us UV absorbtion MARSH MARIGOLDS, and also BROWN EYED SUSANS 
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INBREEDING causes offspring to be weaker, and less genetic variability, less chance of evolutionary change over time, CROSS POLLINATION much better
· SELF POLLENATION
· How do flowers avoid self pollenation?
· Pollen lands on stigma, before tube grows, chemical agreement must form (SELF STERILITY or SELF INCOMPATIBILATY)
· SPATIAL SEPERATION, on same plant m/f sepearated, on conifers male are low, and female are high 
· SPATIAL SEPERATION with EACH SEX on DIF PLANTS (WHITE CAMPION)
· SPATIAL PLACEMENT (bottle gention, always closed) bees force there way in
· TEMPERAL SEPERATOIN (through time, both sexes on flower but not at the same time [orange jewelweed]) start as male, then turn female. [stamens fall off]
· ^^^DICHOGAMY = temporal sex change
· SPIRAL FLOWERS that demonstrate DICHOGAMY, lower flowers open first, and are male. Then, after pollen is removed, becomes female.
· After flowers become female, it often has a much stronger attraction. Start lower, and work way up spiral. 
 
· PINK LADY SLIPPERS use PLACEMENT and a DECEIT/TRAP
· POUCH PETAL has a slit opening, hairs going up it, has a STAMINODE (sticky pollent masses)
· ROSE POGONIA has PSEUDOPOLLEN, attracts bees 
· GRASS OF PARNASSUS developed false nectar structures, PSEUDONECTARIES
· QUEEN ANNES LACE maybe decoy with small purple flow in center
· GRASS PINK has a "SLAM DUNK" trick, has a pedal that has a hinge and traps bee in structure down below which contain sex organs 
· LAURELS have BASHING STAMENS arm flies up and throws pollen on insect
· BUNCHBERRY "pop flowers", closed ball with point, when a pollinator comes in the flower explodes off trigger point
· TWAY BLADES have cannons that they shoot at insects, after shot turns female
· HELLEBORINE has PSEUDO WOUND HORMONES released and attracts more wasps
· BEE and FLY ORCHIDS offer a fake bee or fly to have sex with, give off PHEREMONES thus pollination ensues 
 
PURPLE LOOSESTRIFE
· Three forms of flowers, each form on separate plant
· Form a,b,c form a cannot pollinate form b 
· SHORT STYLE form, LONG STYLE form, MEDIUM STYLE form
· Stamens match stigmas
· This different style lengths are called HETEROSTYLY, 3 forms, TRISTYLY, DISTYLY etc…
· PICKERAL WEED also has three forms
 
ACTIVE ROLES

- MILKWEEDS have clamping SADDLEBAGS or pollen, with slits on stems that catch legs
· WHITE WATER LILY, opens first as female (not visible stigma[stigma below]) (premature stamens not producing pollen yet) (water made in bottom, sugary, closes at night trapping insects, when opens in morning, stamens have matured, and pick up pollen on way out)
 
CROSS-POLINATION is a general rule, flowers go to PLAN B if cannot be pollinated. Flowers down below that self pollinate, gaurenteed (CLIESTOGAMOUS FLOWERS)
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HOW TO ENSURE SURVIVAL OFF SPRING 
· Animals = PARENTAL CARE
· Plants = SEED DISPERSAL
 
SEED must be protected until dispersal
· Pinecones CONES (physical protection, armour, ACORNS)
· Chemical protection (unripe blue berries have TERPENOIDS) 
· RESIN have TERPENOIDS as well [in cones]
· Milkweed PODS full of CARDIAC GLYCOCIDES [TERPINODES]
 
HOW ARE SEEDS SENT OFF?
 
· WIND - ANEMOCHORY - lightweight, small seeds
· DANDELIONS have SILK PARACHUTES
· Missing target, solution use tons of seeds
· HOOKS and BARBS catch on to hair or feather of animals = STICK-TIGHT
· BURDOCK (burs) use velcro type hooks
· QUEEN ANNES LACE plans on dry days structure UMBLE opens up, close don wet days 
· When Animals disperse seed =  ZOOCHORY outside or inside, BEAR = SEED DISPERSER [eg; waxwings]
· SEED PREDATORS, eat seeds, chipmunks
 
SPRING EPHERMERALS use animals such as ANTS to disperse seeds 
· On seeds have protein package  (ELAIOSOMES)
· Seeds are stored, then eaten, then thrown in garbage pile to germinate
· VIOLETS also have ELAIOSOMES, spread seeds away from plant 

When plant actively EJECTS the seeds
· BALLISTIC EJECTION 
· ORANGE JEWELWEED strapped in pods, and ejects when the tension bursts 
 
MITERWORTS do not use animals or wind..
· It uses rain drops to fill SPLASH CUPS and splash out seeds 
· This is called 
 
FOAM FLOWERS use raindrops too
· Rain hits lip, and SPRING BOARDS seeds out, 
 
MAPLE TREES have SAMARAS (keys) [helicoptors] 
· Sail for small amount of wind in forest in fall
 
YELLOW BIRCH
· Windblown lands on log or stump called PERCHED BIRCH, decomposes thus stands on roots
 
INDIAN PIPE flower
· After pollination, goes upright, seeds stack up, wind blows the seeds out gradually
· Autumn winds 
 
Many water plants have FLOATATION DEVICES
· Float for a while then waterlogged, and sinks 
· This is called HYDROCHORY 
 
ADVANTAGES OF DISPERSAL
· Avoids over crowding and competition
· Possibly prevents inbreeding
· Reduces chance of disease and parasites
· Saves some from being eaten
 
Many plants adjust amounts of seeds produced based on environmental conditions 
· BOOM OR BUST STRATEGY
 
ANIMAL EQUIVALENT OF SEED DISPERSAL IS
· PARENTAL CARE
 
Most animals in water do not really care. Abandon mainly.

INSECTS MAKE EFFORT
· Females choose habitat [eg; dragon fly on pond]
 
TEMPORARY or EPHEMERAL PONDS are egg laying habitat for;
· Gray tree frog, freeze tolerent frogs
· No fish in temp ponds 
 
SMOOTH GREEN SNAKE 
· Lay eggs in special site
· Often under rotting log, warm and humid conditions
 
BUTTERFLIES
· Lay eggs which caterpillars eat, so; ex: Monarchs lay eggs on milkweeds
 
Not all insects abandon eggs;
· Stink bugs mother guards babies after hatch
 
Turtles stop care after laying eggs
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Soil temp determines turtles eggs sex
 
Walking stick eggs get dropped to ground, and transported by ants, look like protein sacs (CAPITULUM EDIBLE), babies look like ants too
 
NORTHEN WATER & GARTER SNAKES hold eggs internally until hatch; OVOVIVIPARITY
 
FIVE LINED SKINKS guard eggs after hatch
· Eggs laid 
 
FEMALE RED-BACKED SALAMANDERS guard eggs in moist rotting logs
 
WOLF-SPIDERS carry their EGG SAC by the SPINNERETTES, then babies carried on back
 
NURSERY WEB SPIDERS carry EGG SAC in there jaws, just before hatching builds tree web and puts sac in NURSERY WEB 
(r-strategy, shortlife, large number of young short care) (k-strategy, small number of young, long car)
 
MALE BASS guard fertilized eggs and babies
GIANT WATER BUGS do as well, female glues eggs to back and cant open wings, thus cant fly 
 
MOOSE have 8 month gestation (carrying of babies)
 
HELPLESS BORN (ALTRICIAL) [ black bear ]
YOUNG ARE MORE DEVELOPED (PRECOCIAL) [ moose ]
 
PARENTAL CARE involves PROTECTION and FEEDING
 
95% of mammals, female provides care
EXCEPTIONS;
· Wolves and foxes have BIPARENTAL CARE 
 
WOLVES are SOCIAL ANIMALS
· Whole PACK cooperatively raises the pups
· Pack leads pup to brand new home above ground called RENDEZVOUS SITES 
 
Forked penis + forked vagina = opossum
· 13 day old internally,
· Crawl into pouch and milk is given 
· Most altricial young
 
Black Bears mate in june, give birth in january
· 2 month gestation…how?
· Ball of cells delayed, called DELAYED IMPLANTATION 
· Many carnivores have this; fisher has the longest delayed implantaion 11 months
 
Bats store sperm, DELAYED FERTILZATION
· SOCIAL INSECTS also STORE SPERM (bumblebees & paper wasps) also, GROUP CARE
 
90% of birds provide BIPARENTAL CARE
· SHELLS made of CALCIUM and YOLK, duck, grouse, pipers have 40% YOLK - little nest building time - stay shorter - PRECOCIAL CHICKS
· Song birds have SMALL EGGS, 25% YOLK - large investment in nest - stay in nest longer - ALTRICIAL NESTLINGS
 
INCUBATION is also a part of PARENTAL INVESTMENT 
· BROOD PATCHES - feathers fall off of feathers - 37 degrees
· PHALAROPES males are the only one incubating
· Whenever BIPARENTAL care happens, usually only female has Brood patches
· Humminbirds, ducks, grouse, are all female only incubation 
 
When all eggs hatch together its called SYNCHRONOUS HATCHING
· Communication between hatching birds
· Also based on incubation post all eggs laid
 
· ASYNCHRONOUSLY, not all at the same time, incubation after first leg laid
· May lessen feeding stress on parents
· Reduce odds of losing entire brood
· Ensure survival of some young in times of food stress
 
Siblings eatching eachother [oldest--->youngest] called: SIBLICIDE
 
NEST SANITATION; taking care of nest, cleaning 
· Young birds make FAECAL SAC
 
Hawks add conifers to nest because they have TANNINS, that discourage nest parasites
 
Parental Care includes FEEDING THE YOUNG
 
Parental care also includes NEST DEFENCE
· AGRESSIVE DEFENCE  
 
RED WINGED BLACKBIRDS nest defence is PATERNITY DEPENDENT
 
NEST DEFENCE also includes DISTRACTION Displays, RODENT RUN. Leads predators away.
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· KILLDEER has a BROKEN WING ACT + SIMULATED WOUND [FEIGNED INJURY]
 
· BROOD AMALGAMATION a.k.a. CRECHING keeping a whole bunch of others in your brood 
· Safety in numbers
· Happens by EGG DUMPING (dumping eggs in nests when others off of next
· FACILTATIVE BROOD PARASITISM^^
· INTRASPECIFIC EGG DUMPING --same species -- INTERSPECIFIC = dif species 
 
BLACK BILLED CUCKOO 
· Intraspecific and interspecific egg dumping 
 
OPOSSUMES have 20-50 babes but only 13 nipples
· BROOD REDUCTION or LITTER REDUCTION 
· Also occours in eagles 
 
Female MUSKRATS kill neighbours young
· INFANTICIDE 
 
TREE SWALLOW
· Surrogate males kill old babies, then raises own family with new female. Infanticide
 
In dense populations, female voles will ABORT their fetuses, if strange males come by
· BRUCE EFFECT
 
BROWN HEADED COW BIRDS
· Do not display biparentl or uniparental care
· NEVER INCUBATE, BUILD, OR FEED.
· OBLIGATE BROOD PARASITES
· Lay eggs very quickly 20-40 seconds 
· Thicker egg shells because theyre dropped quickly, less chance of cracking, 
· Fast hatching - Bigger, gets fed more
· Removal of host egg
· OUTCOMPETE others and sometimes CRUSHES them, could knock some loose too
· VERY SUCCESSFUL, 40 eggs per season, >220 dif species used >144 hosts have raised
· Find a nest in three ways:
· SIT ON HIGH PERCH and watch for nest to be built
· WALK ON GROUND and watch for nest to be built
· DRIVE BRID OFF NEST by flying into shrubs and leaves noisily flapping wings
 
Some recognize and don't accept
· Abandon old nest and lay new clutch [yellow warbler]
· Some birds can THROW out egg, GRASP EJECTORS [grasp egg with bill], PUNCTURE EJECTORS, punch hole and throw it
· MAFIA HYPOTHESIS - revenge for not raising eggs

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

