Course Notes For Natural History: Bio 1902
Week 1
Natural History is the enjoyment of nature, is real life, enjoyment/observation of living plants&animals(flaura&fauna). Observational science. Its the combination of all sciences: 

biology, zoology..etc. All about the survival and passing on genes. Genetic survival is the key to life- it is immortality. 
Adaptations are the ability to survive (evolution, find nutrition, avoid predators, reproducing). Any traits that offer plants/animals an advantage in solving a problem, can be physical features (thorns, antlers..etc) physiological/chemical features (stinger) or behavioral (birds flock). Adaptations are not acts of intelligence or planned solutions. They are features that take millions of years to evolve. They occur because of selective pressures these pressures include environmental stresses, pressures that arise from other animals (competition for food, predators..). This is called Natural Selection, which was first identified by Charles Darwin, it is never ending and it is the driving force behind evolution. All things living are driven to reproduce, any trait that gives a species an advantage is reproducing and passing on genes is proliferate- becomes a trait. Adaptations are features that allow a species to pass on its gene. 

Problem # 1: Staying alive! DEFENSES! (physical, chemical, behavioral)
Physical:
Camouflage is the act of not being seen; makes animals harder to see. Crypsis is the appearance of the animal/behavior of not moving. Every habitat has hidden creatures. “Background matching” is when it has the same general pattern/colors of the background. Ex// gray tree frog, can change its color to match background, or the snowshoe hare changes color of fur seasonally. 

Some habitats have vertical lines (grasslands/marshes) so birds hide here, streaks/stripes are preferred. Ex// the American Bittern can be well camouflaged here. They have eyes on the front of their hide at the base of the bill, so they can see when they look up. Some pond insects (Water boatmen) have black above, white underneath so they are camouflaged from two different directions: 2 distinct coloration, so they are bi colored. White tailed deer are two colored, (white belly, dark on top) but this is the shadow effect, or counter shading. Upper part shadows the white part, makes them vanish more into the background- makes them appear flat “self shadowing concealment”. .

Camouflage can also be seen as an offense too.. not just a defense

Ex// hawks hiding from their prey. 
Disruptive Pattern: a pattern that goes to the edge of the animal that breaks up the body visually so the predator can not see the whole shape. 

Ex// 1)stripe above the eye and the line through the eye of song birds. Warblers=small birds, 


the call for warblers is “pishing”. The stripe is also for camouflage, when they sit on 
their cup-nests their heads stick out. 
2) killdeer have breast bands
3) Canadian Geese have a chin strap
4) Common Loon has a “necklace”. The male and female both look the same because they both sit on the nest.                                                                                                                       

Not only do we have color to camouflage, but we have shapes as well. 

Angled winged butterflies, Eastern Comma. The shape of them can match their background. They are brown/ruffled-mimic a dead leaf, this is called Background Mimicry. The Luna Moth caterpillar also resembles a dead leaf. Common moths roll up their wings to appear like a dead leaf, they also use the shadow effect by putting their head dead down to appear hollow. Animals can look like other things too, like the tree hopper mimics a thorn. Twig mimics, like inch worms (hide at night, feed at night because its safer and cooler) and walking sticks. Animals can hide without using background matching/mimicry. 
Spittle bugs- to protect their eggs, mimic something in edible. 

Some caterpillars/moths mimic bird droppings. 

Some moths (like the Sphinx) even position their bodies on trees to match their patterns more closely! The Sphinx has bright colors/eyes as well which surprise the predator, this is called the Startle Pattern, it is hidden until needed. Polyphemus moth has massive eyes, on their “under wings” which are hidden under their other set of wings so that predators cant get accustomed to the patterns. 

Tip: Sugar baiting with beer to attract moths
Week 2
More examples of Startle Patterns:
Gray tree frog has yellow underneath on their legs, also seen in the ring-necked snake and the red-bellied snake.. this startles predators. 
Beaver startles predators by smacking the water with their tails this is the Startle Sound Effect. Some animals have fake eyes/eye spots that are NOT hidden, ex// eyed elater- to give them the illusion that they are bigger than life. The startle pattern also has a second function: to deflect the attack to that part of the body- distraction/deflection patterns- so the attack is to a non-vital part of the body. Swallowtail butterflies have “tails” that are detachable (serve their purpose if they get bitten off). Fine lined skinks have a bright blue tail that's for deflection; tails on skinks are loosely attached, sacrificing a tail allows the skink to live (it will regrow its tail later, just takes a lot of energy) ← This is called autonomy. Band-winged Grasshoppers have bright hind legs for distraction. Ex// Leaf-roller; sumac gall aphids; animals that add bits of environment to their body to disguise. Galls abnormal plant growth (usually with insects) “house” things, kind of part of a masquerade as well. Physical Defense can consist of Body Armor (Exoskeleton). Ex// millipedes roll into a ball to protect soft underparts. Beetles tuck in antennas, and pull in their legs as well. Shells can be made of calcium, like claim shells and snail shells. Snail shells have a door to close behind them after entering their shell. Turtle Shells are formed from internal skeleton. Blanding Turtle can partially close its shell while the Box Turtle can fully close their shell. Physical Defenses can be Soft too; soft defenses like the  Eastern tent caterpillar web: make a silk web that animals don't like to eat, they only leave to get food. Fall Web-worm-silk nest, build a silk web around leafs so they don't need to leave. A defense can also soft hairs like the gypsy moth caterpillar- birds don't like the hairs. The Tussock moth caterpillar rolls into a ball to protect the soft part of the body, just like the woolly bear- but their hair is modified to be stiff spines. Mammals can also use hair for defense purposes. Ex// The Porcupine has quills (which are white at the base and black at the top- aposematic coloration) which are modified guard hairs. The quills have scales(to push deeper into the predator)/greasy coating of anti-biotic.(maybe to impair themselves?) 
Chemical Defenses can be hair+poison like the monkey slug. Animals with chemical defenses are often brightly colored, like a warning coloration=aposematic coloration. Red-eft Salamander has poison in their skin. Lady Bugs are bad to eat- make alkaloids. Many animals SEQUESTER their poisons from plants, like the milkweed beetle (from the milkweed..) but poison can be sequestered from another animal as well, ex// different species of fireflies. 

Wasps/Bees inject their poison through their “stinger” 
Blister beetles exude poison form their leg joints
Grasshoppers from their mouths
Skunks has a sack full of sulfur/alcohol- can fire as far as 7 meters though an anal nipple
Bombardier beetle – sprays out a cloud of poison/burning gas- hot quinore gas that is produced when hydrogen peroxide is mixed with hydroquinores and enzymes. 

Aposematic coloration allows a predator to learn quickly and avoid that color pattern.

When a group of animals (often unrelated) are all defended and bear similar appearance is called the Mullerian Mimicry. 
Monarchs are poisonous (gets transferred from the caterpillar, so is the aposematic coloration). The Viceroy is edible but looks very similar to the monarch, they are a “harmless look-a-like”.  The Batesian Mimicry.
Wasps-poisonous, Hoverfly- edible. 

Some also have behavioral mockery to further the mimicry. Drawbacks of the mimics:

· You have to have had more bad experiences than good for the system to work.

· -the model has to be more numerous than the mimic.                                                       
American Toads have poisonous skin- but they are not brightly colored or aposematic in color. (don't always follow the rules). They also have a Behavioral Defense, they can swell up with air, swell up to be larger than life; inflate their bodies.  Hog-nosed snakes also bluff- they roll over and play dead, some can even open their mouths and allow blood to come out. The Blister beetle also play dead. The opossum ( a mammal) also plays dead and can have blood arise through their mouth. Behavioral defenses can also include Group Defense Strategies such as: Birds flocking, which benefit birds in two ways:

· Safety in numbers (better odds of not being eaten)

· Being aware of that there is danger (being alert, more eyes to watch for danger).

Social insects- like wasps, send a chemical when they detect the source of danger.
Mob defense is usually seen in small birds, but also in crows to mob great horned owls.. gather “yell” at owl until it leaves the area (not hawks though, just owls) because owls hunt at night. Owls eat birds at night; make them leave, maybe to make it safer at night.

Week 3
Body guards in nature: Help of a more powerful animal for protection. Carpenter ants guard the Aphids which exude sugar liquids that ant eat, sort of like a payment for the service provided by the ant.
Woolly aphids, masquerading to look like hair.
Vigilance is looking for danger- big part of defense is being alert. Adaptations for scanning consist of ears, eyes and nose. 

Ears: capture sound (large external ears amplifies sounds). Ears can swivel/pivot to scan all directions. Beavers have small ears because they swim. Insects have membranes that act as ears. Tiger moths have 'ears' that can manufacture sound, they can jam the bats echo frequency. Insects and Fish can feel vibrations: lateral lines on their sides have sensors for vibrations in water. Snakes don't have ears but they can also feel vibrations. Snakes have an enhanced power of smell (through their tongue). They have a concentrated area of sensory cells on two different parts of the tongue so they can tell which side the predator/victim is on, which is why snakes have forked tongues. Jacobson's Organ- scents are analyzed here. Vomeralnasal organ is the organ in humans and mammals where the scents are analyzed. Moose have excellent hearing and excellent Olfactory ability, larger area-more cells. Flemen: exposing the Jacobson's organ. 

Eye placement: on the sides of the head is ideal, not a lot of blind areas. Animals that hunt need depth perception or binocular vision, so they have eyes in the front which make it easier to hunt (owls can turn their heads around to accommodate for their blind spots). “Eyes on the side keep you alive”. Wilson's snipe/American Woodcock have eyes almost on the back of their head- better area of sight. American Bittern have eyes on the base of their bill to see ahead when their heads are in the air. More eyes, more vigilance (safety in numbers, like a Deer Yard). Flocking, more vigilance. There are two different types of flocking (which is determined by what food is eaten):

*single-specials flock (when food is plentiful, no competition- like Canadian Geese and crops). *mixed species flock ( when food is bark, berries, bugs...etc).

Plants are in danger from lots of sources. When a plant is defoliated it has lost the battle. When it is untouched it must have a special defense.

Plant Physical Defenses: Mechanical Protection: body armor/external armor like bark, tough epidermis or have sharp spines like the scotch thistle/bristly black current. Soft hairs can also be a defense- stinging hairs. Mullein have trichomes which are small hooked/clubbed hairs; dense tangles impede small animals. When hit the protective hairs release glandular secretions, create glue like ooze that hardens. Defenses can be structural elements that act as digestibility reducers (tough to digest). Silica is found in horsetails for support, also found in grasses. Plant cell walls are structural but also serve as digestibility reducers (unlike animal cells). Cellulose, hemicellulose, Pectin in the cell wall, make them stronger, hold them together like a cement wall. Ligins are also structural components that are digestibility reducers. Not all digestibility reducers are structural though. Hemlocks contain tannins (which are astringent-dry out things); they taste dry, when leaves are chewed they are released and bond to proteins and change the configuration and prevent digestive enzymes from working. Plant defenses include Chemicals.
Arum:group of plants that have calcium oxalate crystals in their leaves (burn tongues of animals). These plants melt snow! Ex// Skunk Cabbage/Jack-in-the-Pulpit. Vulnerable tissues are often laced with toxins (like buds..fruits when ripening...etc). Terpenoids: are a major group of plant toxins. Milkweeds contain terpenoids (cardiac glycosides): taste bitter for repulsion, but monarchs have evolved a solution (Sequester). Alkaloids: (nicotine, caffeine, morphine) are another major group of plant toxins, ex// buttercups/asters contain alkaloids; they cause many nasty reactions including irritation of mouth, cramps, diarrhea. New England Aster- leaves are untouched, most toxins are always present but are produced on demand= inducible defenses. Hydrogen cyanide is inducible (when an animal bites the leaf, like a black cherry tree/Bracken/Roses). Some plants disrupt digestion by interfering with digestive proteins, the animal wont get a proper nutrition. Proteinase inhibitors prevent protenaise from doing its job, ex// the potato bug. A wounded leaf sends out “Wound” hormones that get other leaves to prepare for attack by Protenaise inhibitors, (send out a chemical to warn them about their wound). Insects as they develop need combinations of growth hormones for development (juvenile/moulting). Some plants produce insect growth hormones that mess up the insects development. Moulting hormones: Ferns have these, like the Rock Polypody are loaded with these hormones= ecdysones; they add it to the insect, they mature too quickly and die (premature death). Bracken fern is also loaded with ecdysones. Juvenile Hormones: when stops producing, insect matures. Some plants produce juvenile hormones- insects eat it, “stay young forever”, don't reproduce. Balsam fir contains juvenile hormones which mess up their ability to grow up. Some plants are geared to mess up insects reproduction systems called Reproductive Hormones, which are seen in clovers (can cause dead fetus, hard to have labor.. etc). Photo toxins: very nasty side effects. When sunlight hits it, thats when the toxins react. Stored in glands (St.Johns-wort) and causes sores, kills cells one by one. Mafia defense or “Hells Angel Strategy”: Lima beans and mites; some mites eat plants, or eat other mites. Some plants when a mite attacks, send out a chemical telling a mite that eats other mites to come. Corn and army worms: sends out a signal, animal that comes in lays eggs on the army worms and eat the caterpillar while its alive. 

Plants use aposematic colors too! Blueberries, if blue, can be eaten!!

Week 4
Problem #2 comes from the environment. All animals must survive environmental stresses, such as Temperature extremes which pose life-threatening problems. Cold Temperatures (sub-zero): main problem is frozen water. All cells have water in them, water freezes and expands and bursts cells- living things die. There are two main solutions, you can a) escape (migrate, dormant) or b) stay active. 
Endotherms (generate heat internally): are part of the group of animals that stay active; they have adaptations to survive. 2 types of fur: 1) mammals stay warm by growing more hair (insulation) 2) guard hairs grow longer and thicker (dense underfur provides warmth). Birds grow more feathers- longer contour feathers on the outside, down feathers underneath (fluffed up feathers to trap body heat). Animals also add extra layers on the inside. Mammals have two types of fat; subcutaneous fat for insulation = warmth. Internal brown fat for burning for warmth (only mammals have brown fat). Birds do increase their subcutaneous fat for fuel (to generate heat as a byproduct). Birds shiver- move their pectoral muscles-generates heat (they can stop/start shivering automatically depending on the weather). Color can provide warmth. Black “absorbs” the sun, but further north (noted by Glogen's Rule) animals have lighter colors which retain body heat better. Windy cold conditions is where white is a better coloration (pockets of air- no pigments of coloration). Body shape: short extremities are better, Allen's Rule (lemming tails, arctic fox ears). Low surface area- volume: Bergmann's Rule; animals appear more round in shape like lemmings. Ducks have a counter current Heat Exchanger called the Rete Mirabile or Wonderful Wet ( keep the feet cold, lowers the gradient, lose less heat to the environment). 
Behavioral aspects: Birds choose a warmer roosting site like the coniferous tree which offers more warmth (needles block the wind, traps warmth, even when there is snow on them this makes them warmer because it helps retain heat “blanket of snow”). Small owls go inside cavities like the eastern screech owl. Wood peckers stay inside cavities overnight (so do chick-a-dees). Some reduce their surface area by curling into a ball when they sleep. Birds tuck their heads under their wings. Basking in the sun. Small animals find warmth under the snow. Bottom of the packed snow, latent heat from the ground form crystals- subnivean space- only about -1 to -5 degrees; some animals find warmth in the snow; Ruffed grouse snow bed. Deep sleep called Torpor- lower their body core temperature (usually only at night). Use a den (beavers build lodges); in the autumn they add mud for insulation-snow also helps insulate but they also create a “breathing hole” to circulate air. Share body heat (huddle voles, bluebirds). 
Ectotherms: outside environment controls their temperature. Snakes spend their winter deep underground in a Hibernaculum (which can contain multiple snakes). This is called Freeze avoidance (most turtles do this, they go to the bottom of ponds and frogs/bull frogs do this as well). Turtles and frogs breathe through their skin (need to breathe to survive). American Toads dig beneath the frost line. Most salamanders go down into the ground (mole salamander). Some insects survive the winter in the egg stage; praying mantis survive as eggs; ootheca, the foam around the egg if the praying mantis. Many insects/invertebrates go dormant above the frost line. Woolly bear spend their winter as caterpillars, anti-freeze = glycerol cryoprotectants. Female mosquitoes survive the winter as Pupas in a cocoon. Gray tree frogs stay near the surface and freeze; water in bodies freeze!! (don't produce anti-freeze). The Fab four: wood frogs, tree frogs, spring peepers, chorus frogs; Freeze tolerance (the ability to freeze and survive). These frogs freeze from December to march/April; they're ready to go come spring, come out early which is an advantage because puddles are a safer habitat to lay eggs- no predators. Gives tadpoles time to emerge and survive. The only reptile that is freeze tolerant is the painted turtle, but only the hatchlings (just left the egg stage). Ice forms between cells, ice nucleating sites, special objects that ice form around (heat/liver don't freeze). 

Endotherms can go dormant. Racoons go dormant- wake up readily, Le Thargy: a light sleep, and porcupines to an extent (usually done in a den/hollow trees). Hibernation: immobile, low heart rate and body temperature. Chipmunks undergo longer periods of sleep called Torpor, in their underground den they sleep for a few days wake up to go to the bathroom/eat- not fully inactive. Bats undergo really light “hibernation”: very fast heartbeat and arouse easily. Hibernaculum has to be above freezing, not a true hibernator. Black bears are easily awoken, have a warm temperature so they also are not true hibernators.

Week 5
Bears do not urinate or defecate during their dormancy. The Tappen is a rectal plug that keeps them from fouling the winter den. “True” Hibernators have a heart rate and body temperatures that drop down to zero. Groundhog is the worlds largest hibernator.. jumping mice are also hibernators. 

Second Problem for winter- active mammals: Mobility. 
Behavioral Adaptations: small animals use the subnivean space; others move to a sheltered area with less snow on the ground (white tailed deer like cedar woods.. Deer yard, also supplies food, “Browse line”). Wolves: one makes a path, the others follow in their footsteps. Otters glide on their bellies, they “toboggan”; Minks also use their bodies as toboggans. 

Physical Adaptations: Moose have really long legs and weird joints that make it possible for them to lift their legs straight up. Snowshoe hares have really big feet “natural snowshoes” but only in their hind feet. The larger surface area of the hind feet allows a hare to stay a top the snow ( just like a fisher). Some birds have “snowshoes” but only in the winter. Ruffed Grouse grow them every autumn- grow more scales, wear down come spring. 
Migrating: main reason for migration is due to the lack of food. Really dominated by birds (animals that have wings). Birds (songbirds) who are insect-gleaning. Some insects also migrate (the eastern monarch butterfly go to Mexico, the western go to California). Some dragonflies also migrate. Bats (the Red Bat) migrate south. These creatures go through a great effort to escape winter. The Arctic Tern is the World Champion Migrating Bird; they travel 20,000 kilometers round trip every year. Fat powers the fuel; fat contains a source of water. Sandpipers double their body weight in ten days of feeding! They eat fatty foods, enter a period where they are hyperphagia (want to eat a lot, always hungry); Hyperlipogenesis allow birds to put on fat. 

Most songbirds travel at night because..

1)calmer, less wind at night

2)cooler, air cooled engines

3)safer, no hawks at night

It is essential to conserve energy whenever possible; Bounding flight (less wing flapping).
Geese fly in V-shape formation to conserve energy; free lift for the birds behind the leader. Some birds migrate in daytime and are still able to conserve energy. Hawks and Eagles use Thermal Hop- lift (soar up), go up as high as possible then glide down to the next Thermal pocket. Hummingbirds also migrate in the daytime (fly along then eat). Daytime migrants use the sun, shorelines, landmarks (visual aids) for directions. Nocturnal migrants use visual cues too (like the moon). Both use the Earth's Magnetic Field. 

Week 6
Drawbacks of migration: wintering grounds are gone- only half of all the birds that migrate return (meet lots of dangers.. hunting). 

Subzero temperatures pose problems for PLANTS:
· leaf size (surface area) is a problem

· -weight of snow (break branches; deciduous trees drop their leaves {one solution})

Coniferous trees don't lose their leaves, they retain their leaves so size and shape are very important: small needles don't hold a lot of snow (leaf surface is small). Rock Polypdy: an evergreen fern- reduces leaf surface area by rolling them up. Another solution: their shape- big crown (shedding snow).
Balsam Fir have a SPIRAL shape;  


Boreal Forest is 
Black Spruce are SPINDLY;


dominated by these trees.
Jack Pine is the most northern pine tree.

Wet snow can cling to the branches (no solution is perfect).
SECOND MAJOR PROBLEM:
Water turns to ice and there is water in plants! Ice inside the cells kill plants. Plants become cold hardy through acclimation (no ice forms in their cells): more sugar lowers freezing temperature, also pulls some water out of their cells (more concentrated cell). Plants prepare for winter when the days get shorter (less sun). 

The first stage of acclimation is triggered by a change in the photo period. The second stage is triggered by the first hard frosts of autumn- ABA  abcitic acid, slows down metabolism. Skunk Cabbage turns up the heat (increases metabolic rate and the by product is heat) which melts the snow around it.
TOO MUCH HEAT CAN BE A PROBLEM TOO!
Excessive heat can cause dessication (drys them out)

*curl leaves: reduce leaf surface area

*close their stomata: to keep water internally

*create ABA: to produce less heat

*shock proteins are produced: slow down activity

On hot days, many animals seek shady sites, some go to where it is cool (water) or lower their activity levels: “Take it easy”. Dragonflies reduce their surface area by assuming a position called Obelisk: reduces amount of area facing the sun (kinda vertical) and shades the rest of the body. Tiger beetles move their body away from the heat by stilting: pump more fluids with a greater surface area, such as the abdomen. Ducks shut down their heating system: by passed and more blood can be shunted to extremities to be lost in water. Beavers and their tails lose heat to the water. Honeybees are social insects that work together to air their hive; use their wings- air currents to suck hot air out- cool air in <<Fan them>> to cool hives. 
Behavioral: Panting is a form of evaporative cooling. Birds pant- allowing more air to pass over the respiratory systems. Bees use evaporative cooling- drop of liquid to move it in and out. Vultures- unusual form on evaporative cooling: poop on their leg, liquid evaporates. Mourning doves employ the dangerous strategy of hypothermia; raise their temperature to 45 degrees. 
Problem 3: Nutrition- Plants generally make their own food but still need raw ingredients. Animals can not- so they have two choices:

a) eat plants (change plants into proteins)

b) eat animals (eating animals who have already ate the plants with proteins).
Plant-Eating Animals:
· tough to break down (cell walls)

· seasonal (tough to find)

· chemical defenses
Animal-Eating Animals:
· fight background

· move 

· gotta find them first

Choice A): Eating Plants!

Large and small animals eat plants. All parts of a plant are eaten by animals (no waste in nature). Herbivores can be found inside the plants. Dead plant material (detritus) is also eaten. Animals that eat dead organic material are called detritivores (like millipedes, mites and spring tails). Earth worms drag dead leaves down into the ground. 

Some animals have their food delivered (moving water- carries things along). Clams are filter feeders; Filter feed with elegant labral brushes (taking particles from the water). Larger animals also filter feed- such as dabblers or puddle ducks (collect particles from the sediment): bill and tongue are filters. Nectar requires a long Proboscis (butterflies, moths): Hummingbirds have long bills, long tongue that only comes out when needed (extensible tongue). Bugs use probing mouth parts called stylets. Plants have tough structural problems to overcome. 
First challenge- deal with plants outside the body: slugs/snails break off plant tissues with a Radula (like a chainsaw). Caterpillars have modified mandibles; some caterpillars eat a leaf from the inside (caterpillars don't digest leaves well- lots of waste: leaf blotch miner- mine/dig out the material). Mammals have modified teeth =incisors, (beaver- cut through wood). Inner material- dentyne (softer). Outer material is harder-enamel- these teeth never stop growing and they are self sharpening. Analogous features: features that do the same thing but have different origins. Cheek teeth grind the  food and are powered by large masseters. Deer/Moose have only a lower set of incisors. Mandibles, radulas and teeth all perform the same function but are from different origins (an example of analogous features). Ruffled Grouse eat a lot of buds; Spruce Grouse eat conifer needles: No teeth- special stomach compartment- with sharp projections , called the Gizzard. 

Week 7
Birds that eat tough plant tissues also eat small stones called grit: help the gizzard to grind things up. Second Challenge: digestion! Enzymes to get nutrition (but very few animals have enzymes to break down plant tissue). Slugs/snails to produce digestive enzymes. Caterpillars  usually don't have enzymes (they eat a lot-waste a lot). Moose get help from Bacteria: get free board- Symbiotic relationship. Food is processed twice, chewing on cud. Hares, rabbits, beavers, grouse and geese have intestinal pouches called caeca. Hares/beavers digest food twice. Porcupines: their digestive tract is 25% of their body- huge intestine surface area for enzymes to work on. Fruit (low in protein) major source of food for birds: seasonal diet (usually)- most fruit eating birds aren't obligate fruit-eaters. Waxwings are fruit specialists. Adaptations: waxwings have large gaps to process fruit quickly externally and short intestines (send dispensers). Seed predators- seed eater destroyers (finch: modified bills). Some climb trees: “Bears Nest” -feeding structure. Bears can also be seed dispensers too. American Gold Finch have small bills. Cross bills have highly modified bills for accessing seeds of coniferous trees- hooked tips to pry open the scales. Plants also have chemical defenses to overcome: MFO- enzymes to neutralize them some insects cut off the flow of chemicals via the VEIN DRAIN. Some herbivores are specialists eating only one or two kinds of food. Monarch caterpillars eat only milkweeds. Beavers eat a large variety of plants, their favorite being poplar. For a balanced diet, Moose switch foods. In summer they eat fresh leaves/twigs which are high in protein, low in sodium. In winter they eat Balsam fir which is very low in sodium. Moose get sodium for water plants (favorite is watershield). Road salt has sodium chloride moose go into ditches in spring to eat.

Solution to plant problem: eating the animal that eats the plant. Animal flesh is easier to digest than plant. All the proteins/nutrients are all packaged up. 

Drawbacks: find it/chase it(loss of energy). Predators eat other animals. Prey and predator = predation (animals that eat/kill other animals). Parasitoids eat other animals without killing them. Parasitism like parasites (internal/external) Scavenging animals that eat dead animals. 
PREDATION: 
capture/kill another animal; before a meal is enjoyed the predator must locate, capture and immobilize.

Adaptations for Locating Prey (5 senses enhanced)
1) Modified eyesight.
· sharper vision (increased number of receptor cells means larger eyes)

Day hunters: packed with cones (cones enhance color vision/sharper vision) more in their 



pits = fovea (fovea give superior vision)

Nocturnal hunters: loads of rods which are sensitive to light.

· eyes that magnify (like in raptors). Flattened lens far from retina, long focal length

acts like a telescope (magnifies 2-3x). 

· eyes that focus fast: striated muscles for fast focus.

· Enhanced depth perception: forward placement for maximum overlap of fields of

view- better distance estimations. Owls can turn their heads 270 degrees!

· eyes that conserve light at night. Large size lets in more light; lots of rods (like in

 owls); Taptum Lucidum: reflective layer in mammals (also in some birds/insects) causes eyeshine like a mirror on the back of the eye. Adaptation for seeing at night. Other hunters (other than larger predators) have modified eyes and hunt visually. Tiger beetles have large compound eyes. Dragonflies eye can have 28,000 ommatidia (each eye made up of units) that has 6/7 sensory cells each. Some animals have eyes for seeing underwater: Whirligig beetles can see above and below the water at the same time! Spiders have multiple eyes: jumping spider have 8 eyes (not compound but simple, simple meaning one retina, one cornea.. etc). Their anterior median eyes focus, move the retina for increased depth of field (only creature who can do this). 
2) Modified Hearing
Large external ears or large pinnae to capture sound BUT some animals don't have external ears yet have good hearing. Owls: ear openings on side of head, under feathers and their faces are flat, dish-like act as a satellite to capture sound and then focus/magnify it. They even have fleshy ear flaps around ear openings to capture sound even from behind. Asymmetrical ear openings- to accurately locate source of sound. (vertical offset- separates sound while their wide head allows them to pinpoint location). Many predators have the ability to detect high frequencies which sound like small rodents when they are injured (cant resist the temptation). 

Week 8
Bats hear/manufacture sound: produce high pitch sound that act as sonar frequencies which echo off prey. Echo location: throw out sound, hear the result. Location Phase- sending the waves out. Hits something of interest.. bat tries to picture/define the shape of creature. Terminal phase: fastest rates- feeding buzz; faster at the end to give fine resolution (allows detection of small insects). Not all the time because it attenuates quickly and doesn't travel as far. Shrews use sonar location as well. 
3) Modified Olfactory sense (sense of smell)
Elongated snout with increased number of sensory smells. Dense concentrations in vomeronasal/Jacobson's organ. Enhance detection by smell by hunting at dusk; ground is warmer than air therefore scent stays just above the ground. Snakes use their Jacobson's organ for finer smell discrimination (recall the forked tongue). 
4) Modified Tactile sense (sense of touch)

Hands: Raccoon paws have a high density (pressure activated) of sensory cells. 
Vibrissae: whiskers near the mouth (otters have them and many other mammals). Even some birds have whisker like feathers near their beaks. Star-nose mole: fleshy nose proturbenances; hunt mostly underground in a tunnel system. Sand Piper's have tactile cells called Herbst Corpuscles in the tip of their bills. Woodpeckers have Herbst Corpuscles on the tip of their tongues. On the bill tip of ducks they have receptor cells which are pressure activated. Rattlesnakes have infrared heat sensors which are very sensitive; they can sense a change of temperature of 0.05 degrees; these sensors lie between the eyes and nostrils. 

Finding Prey Can Involve Actively Searching.

*Wolves/foxes/tiger beetles..some spiders search/capture for their prey. 


*Wait/Ambush; spiders, preying mantis let their prey come to them. Crab spiders use flowers to bring the prey in. Goldenrod crab spider changes color to match the flower it is waiting on (white on white flower, yellow on yellow flower..)


*Traps:
flight-intercept traps (have to be flexible- special silk to be highly elastic): spider webs; Orb webs by orb weaver spiders. Funnel weaver spiders (on the ground usually) Sheet-web spiders- dish on bottom and “knock down” web above it. Spider webs are best seen at dawn before moisture has been dried; webs are attractive to due.. Hygroscopic: attract moisture to stay flexible. Most spiders have a retreat to hide in until prey has been caught.. but not all. Stabilimentum (named this because at first it was thought to strengthen the web): is a zigzag pattern in the web of argiope spiders who sit in the middle of their web. Studies show that the zigzag pattern was to warn birds not to fly into them. The bright color of the spider is to attract prey with ultraviolet patterns (disguise themselves as being a flower because flowers give out ultraviolet patterns too).   
Pit-fall traps: pits dug in the ground, things fall into them. Ex// Ant lions larvae dig pits in sand; the larvae have a poison bite and large hooked mandibles. When an insect falls into the pit, the ant lion bursts out of the sand, pulls prey back under the sand to eat it.

Animals uses parts of their bodies to lure in prey: Aggressive Mimicry; Alligator snapping turtles have a tongue that looks like a worm to attract fish. 

Once prey is located it must be captured. 
Owls use their feet: muscular toes + talons (sharp claws). Osprey have special feet for catching fish (2 major adaptations).

*sharp projections- on the underside of the foot, for grip. 

*a reversible toe: reverse the way the fish is held for it to be aerodynamic. 
Raccoons use their hands/fingers. Crab spiders use their legs which provide suction (hair-tuffs). Praying mantis also use their legs; raptorial legs with spines to ambush bugs.
Mouth (the most frequently used part of the body used to catch/kill the prey):

external mouth parts: 


Insects: tiger beetles capture with their huge/sharp mandibles which tear/shred. 


Birds:Mergasen bills are modified for catching fish; they have teeth-like projections on the bill.

Internal mouth parts:


Teeth: Canines (large temporalis muscles) Carnassials: modified cheek teeth that shear flesh and crack bone. 


Tongue: (frogs, toads, woodpeckers) have long/extensible tongues. Saliva is sticky. Tongue flick- tongue is folded back onto itself in mouth, part is sticky. Woodpecker adaptation: hyoid process shoves tongue out when muscle is tense, when relaxed it comes back in; special salivary glands produce sticky glue-like substance. 

After prey is caught, it must be killed.

Three types of Carnivores (Carnivore in this case is animals with carnassials): wild dogs, weasels and cats. Different carnivores use tools different. Dogs use the “Shake and Break” method to slash and tear. Weasels bite into the brain while cats sever the neck vertebrae. Snakes have the ability to detach their jaws which allows them to open their mouth very widely and 'walk' the food down their mouth to eat their food whole. Black rat snakes and milk snakes are constrictors (wrap their bodies around their prey). Crab spiders/Assassin bugs use poison to kill their prey (lethal poison makes the inside of the animal to turn into a 'milkshake' so they can suck out the juices). One mammal has a poison bite: short tailed shrew. 

Although animal tissue is easier to digest there are parts that aren't consumable like hair, bones..etc. So they can be dealt with in two ways:

1) Deal with them outside of the body (avoid them). Hawks pluck the parts it doesn't want to it, Selective Feeding- take the good parts and leaving the bad. Crab spiders suck out the inside juices and leave the shell behind. Fishers skin porcupines, one other  mammal- the bear strips off the hide.

2) Internally dealing with indigestible parts: Hair act as a buffer to protect animal when they pass through the digestive tract. Small bone fragments wrapped in hair are called skats. Owls deal with it before it passes through the digestive tract, the indigestible parts are separated from flesh in gizzard coughed out as pellets.

Week 9
Predation Drawbacks
Tough Life: Starvation- success rate often only 10%; prey hard to catch/find.
Injury: fights back with hooves, claws, teeth.. Accidents during chase; hit trees. Buildings, windows. 
Poison in system: bio-accumulation of toxins- top of the food web accumulate toxins in food chain.
Human persecutions: coyotes, wolves foxes and bear have little protection.

Predators play important roles

*indirectly leave food for other animals (especially in the winter)

*may keep prey numbers lower (important for selection pressure- select the weak, ill, deformed individuals). Predation is different than human hunting because humans don't take in account healthy and good genes. 
ANIMALS THAT EAT THEIR PREY FROM THE INSIDE:

Host: can either be killed of left alive in the process. Parasitoids kill the host. Ex// Braconid wasps (in the larval stage) cocoon on the host, which is usually a caterpillar or spider. Thread wasted wasps paralyze the prey and burrow them in the ground with their eggs. Finding a host requires searching, identifying and selecting. The Tachnid Fly investigates their potential hosts: choice involved. Some parasitoids do visual searching when the right host is found the eggs are laid through an ovipositor. Megarhyssa Ichneumon have impressive ovipositors. They locate by antennae, feel vibrations. Horntail larvae drill with their ovipositors- drill through bark. They find the host by the smell of the fungus associated with the beetle grubs. True parasites kill the host. There are two kinds of parasites:
Leeches are Ectoparasites: live on the outside of the host, some live as parasites in ALL stages of life; ticks are ectoparasites. Ticks need warm hosts (leave when the host dies). Mooseticks- identify the moose by the carbon dioxide leaving the body or by motion. Moose have thousands of ticks on parts of their body as small as their ear! Black flies/Mosquitoes are not ectoparasites (just because they feed on blood doesn't mean they are ectoparasites). They only drink blood during certain conditions (not their whole lifetime). Parasites generally are much smaller than their hosts (magnitudes of size). 
Adaptations: Ticks have the Haller's organ as an adaptation to find a host, while they also have a modified mouth part for penetrating and holding. Some mites are ectoparasites. Glochidia are ectoparasites on fish gills and fins. Glochidium: Larvae clam- female has mouth that has a tongue that looks like a small fish-wiggles it to attract a real fish then shoots its glochidia into fish's mouth. Modified body shapes: flattened body to get through hair or feathers; fleas have flattened body laterally while flat flies have flattened bodies from top to bottom. Most parasites have large claws to hold onto the host and anticoagulants to keep blood flowing. Some are only parasites in the adult stage, flat flies are obligate parasites. 

Problems for Ectoparasites:

1) Hosts fight back: mammals groom/preen, scratch, birds bathe.. some have special grooming claws; the blue heron have a toe comb while beavers have a split toenail for a grooming claw.

2) Can't find Host: death. 

3) Host dies.

Some parasites leave INSIDE the host these are Endoparasites; usually switch hosts (host when young, switch to a different one when older). The bot cuterbra fly is only parasitic in the larval stage, their hosts are usually chipmunks, mice..others are endoparasites in all life stages. Deer have a parasitic Brainworm. Adults make eggs which get sent through the digestive tract-larvae appear in deer droppings which then enter a snail/slug which end up back into the deer when a they eat leaves with an infected snail on it. This is a strategy to keep the generations going (deer don't live forever). Deer are the definitive host while the snail is the intermediate host. If a moose eats an infected snail the brainworm eats its way up the spinal chord into the brain killing the moose (the Brainworm co-evolved with the deer, not moose). Fluke (just like in deer) live in Robins, larvae come out in droppings which are usually over water and infect a snail they then enter the snail's tentacle; the tentacle will grow bigger, turns colors and will wiggle to attract a robin (looks like a juicy worm). Robin grabs it and feeds it to its babies.

Problems for Endoparasites:

1) Host dies: endoparasites dies (unless death is being used as a means of switching hosts).

2) The intermediate host doesn't show up

Some parasites try to extend the life of their hosts; hosts are the most vulnerable(exposed) during mating periods so the parasite will get ride of the hormonal flow (neuters the host essentially) which is called Parasitic Castration. 
SCAVENGING
Animals that eat dead animals. Foxes, wolves, some birds (not full-time scavengers) are scavengers on a “need to feed” basis aka when desperate for food. Full-time/Obligate Scavengers are gulls, ravens, turkey vultures. Turkey vultures are dedicated scavengers-their advantage: lack of feathers on their head (so they can stick it in the corpse). They have a strong sense of smell- can find the carcass by its odor and have the ability to stomach putrid flesh. Small animals also scavenge: Carrion beetles (burying beetles because they bury th carcass for their young). Mites “hitch-hike” on carrion beetles to find a new source of food. 

Week 10
Regardless of what an animal eats there are times of food shortages because it is unpredictable, no real pattern. Some animals migrate-go dormant, or switch foods when necessary, predators scavenge, white-winged crossbills are Nomadic: move to a new area (not like migration which is a two way thing and ALWAYS happens unlike being nomadic). Large movements are called Irruptions; adaptation to an unpredictable food shortage. Bohemian waxwings are Irruptive as well as some owls. Another solution is to Store Food. Owls will cache extra food, which will freeze over the winter so they 'defrost' it by sitting on it. Shrikes impale prey on sharp objects. The stored food is called Larder. Other animals store food on a more regular basis (plan ahead). Gray Jays store all summer/fall and they don't store in the same spot they scatter them all around their habitat “Scatter Hoard” (store individually). They put the food particle in their mouth, wrap it in saliva and then 'glue' it to the bark of trees. The combo of sticky saliva and bark preserve the food. These birds have a good memory because they know exactly where all food items are stored. Their adaptations include enlarged salivary glands, nesting early (late February/early march) to get a head start to storing food and an enlarged hippocampus for spatial memory. Gray squirrels also scatter hoard; they collect acorns and are very competitive amongst each other; steal one another's acorns. Red squirrels create larger stashes called Middens; they make pine cones fall out trees then let them dry out and then create piles of them. Chipmunks create food stores called Central Storage (underground store rooms); The have expandable cheek pouches to carry more food and save energy. Beavers create a central cache called a Food Pile near their lodge. 

Plants: Nutrition.

Unlike animals most plants make their own food, Autotrophs; make their food through photosynthesis (to make sugars).They Need: sunlight, water and nutrients (basic ingredients). Sometimes essential ingredients are hard to come by:

Some habitats are nutrient-poor Ex// Bogs. Heath plants are common here. Plants have extended roots and get help from fungal threads called Mycorrhizae these are inside root hairs 'endomycorrhizae' which act like a pipeline- extend to a larger area and block uptake of aluminum found in healthy plants like cranberries, Labrador tea; Alders have a different strategy they have root nodules. The Bacteria inside fix nitrogen so that plants can use it. The most amazing nutrient strategy: some plants eat animals. There are 3 major groups of carnivorous plants (locally.. 4 in Ontario); which are usually located in nutrient stressed habitats like Peat Lands. 
· Sundews have sticky catch hairs on leafs, short digestive hairs in the middle enzymes, folds over.
· Pitcher Plants are vase-like leaf traps. Both the Pitcher plants and sundews have downward pointing hairs which lead to a slippery slide.
· Bladderworts are found in bogs, underwater bladder leaf traps. 

Other habitats offer other challenges like not enough sunlight; Shady Areas have insufficient amount of sunlight to drive photosynthesis.

Solutions:

*Increase surface area of leaves (round-leaved orchid). Large leaves;

*Leaves that are parallel to the ground (so they can absorb more sunlight)

*Thickness- more leave(grow as a colony) especially common in coniferous woods, ex// club moses have colonial growth. 

*Bloom before the sun is blockes (Spring ephermerals, like trilliums and violets). 

*Don't need the sunlight: have mycorrhizal associations like the Striped Coral Roots which bloom in the darkest habitats and feed on decaying plant mater like scavengers. The Indian Pipe lives like a parasite it steals food from other plants). 

Some habitats have TOO much sunlight (sand dunes, fields, meadows) which scorch leaves/dry out the plant.

Solutions: 

*small leaf surface area (buttercups). 

*angle leaves away from the sun- positioned at 45 degrees to the stems. 

*In sand dunes leaves can be highly dissected and have a really small surface area (pitchers thistle). 
REPRODUCTION
All adaptations are means to an end, which is Reproduction. There are two main ways of reproducing (passing on genetic material):

a) many single-celled animals and plants clone themselves-genetic material divides and cells split or bud off, this is called Asexual Reproduction. This way is Safe and Easy, but it also lacks variability in offspring, less chance to change with conditions. 

b)Sexual Reproduction: Two separate individuals mix genetic material. Reproduction is not just donation of sperm but also FERTILIZATION of eggs and Production of Offspring.
External Fertilization: Sperm and egg meet outside the body. Ex// Frogs: Hang on to female with special hold: Amplexis and release sperm in water when eggs are released, the disadvantage of external fertilization is that it is not guaranteed. 
Internal Fertilization: sperm meets egg inside the body. The advantage is that fertilization is more guaranteed. There are different ways of doing this:

1. Release sperm into environment: Ex// Clams: sperm into water, enters intake valve on another clam; sex cells meet by chance Strategy. Some insects (male springtails) leave little packages of sperm called Spermatophores on the ground, when female genital touches it picks up. Advantage: little or no effort is required to find mate. Disadvantage: No guarantee fertilization will occur.

2. Deliver Sperm to Female Directly: Use a Tool to deliver the goods: Use Intromittent Organ which brings sperm closer to eggs. Intromission: insertion of one thing into another allows for internal fertilization of the eggs. Intromittent organs vary from species:

* mouth parts: male spiders have a Pedipalp which act like a syringe and suck up sperm and inject it into female.

* snakes have a balloon-like Hemipenes not one but two! (only one can be used at a time though). 

* Birds use a method called Cloacal kiss; cloaca is the common opening for body wasters and sexual products,

* most animals have The Penis; Ex//Dragonflies hold females with their Claspers which fit into the back of the head of the female to form the “Cartwheel” while transferring sperm. When not needed a penis is usually stored away for protection (catch on to things, drag in the air/water). When needed a penis is usually inflated by liquid (blood). Some can have a bone in them (Walrus) this is called the Baculum bone (supports the penis). The Penis can also be used for stimulation, male dragonflies can extract other males sperm and replace it with their own. Cats have spines on it while the opossum has a forked penis. 
Sexual selection is a subset of natural selection, but deals only with characteristics that offer owner an advantage in passing on its genes (mostly driven by female choice but not exclusively, male-male aggression, female-female aggression, male choice).

To find the right mate many animals ADVERTISE (generally done by males) 


*through sound. (American Toad/Frogs): Pump air into lungs, close off naval, make it pass by the extensible vocal sacs (toads only have one while some frogs have 2 sacs). The sac amplifies , sound travels bigger distance , also works as a territory ownership; the deepest longest song has the best/biggest spots. Birds also use Vocalizations; Song advertisement. Birds don't have a larynx- 100% air is being used to make songs in birds (humans use only 2%). 
Warblers have 2 songs for 2 purposes:

-Territory declaration (tell other mates its his).

-Mate attraction.

Week 11
(left out from last week): Meet at Random:Slugs; are hermaphrodites-can get stuck on each other and have to chew off each other's penis (become females). Barnacles have extremely long penis (30x their body): wanders around rocks to go into another barnacle (don't have to meet their mate); are hermaphrodites (mostly seen in slow-moving animals): this doubles their chances of reproduction. 

Male frogs have large tympanum (big eardrum to tell them apart). 

Some mammals advertise vocally: female moose call bulls: loud/nasal call. Bulls make noises too and thrash their antlers (part of bull advertisement). Breeding season for moose is called a RUT. 

Non-vocal audible advertisements: 
Woodpeckers: is done with their bills; Drumming. 
Ruffed Grouse use their wings to drum (choose special logs, they also can't hear danger approaching while they are drumming). 
Snipe use their outer tail feathers; vibrate in the air to winnow. 
Grasshoppers rub pegs on hind legs against thickened fore-wings. 
Crickets/Katydids- a scraper on edge of front wing base rubs against file on underside of other wing (like a fiddle). Rubbing body parts to make a sound is called Stridulation.
Cicadas make a loud buzzing sounds- not using stridulation but with Tymbals (membrane associated with ribs and muscles that pluck the ribs). 

Drawbacks: 

*predators/parasitoids can track down the advertiser

*satellite males: do not sing but hang out near a singing male and exploit his efforts “cheater”. If the real male finds the cheater, usual result is death. 2 forms of this: 

a) young males with fully mature features. 

b) some have female form, 
Visual Advertisements: 
Color: male birds usually more colorful. Ex// Ducks: males with greenest head(shows age and health). Pharlopes- female are more brightly colored; more testosterone in ovaries than the males in testes= Sexual Dimorphism is reversed; also are Polyandrous: females have multiple male mates. Red winged black-birds are Polygynous; have multiple female mates. House finches choose brightly colored males because bright colors come from food; brighter color means that he eats well, shows a good foraging skill. Ornaments can be Badges of Status of Maturity: they are Honest (can't lie). Ex// Puffins; takes 2 years to have a groove. Females like more than 2 grooves because it shows they know how to survive. Male moose have ornaments too: antlers, their purpose to help pass on genes (impress females), product of sexual selection. Antlers change shape/size as they age. Palm:flat part; tines: points. Bulls shed their antlers (made of bone: connection stays together with the help of testosterone) each year, breaks off after the mating season. When they mate they fall off quicker. When they regrow, soft skin full of blood vessels to nourish the bone called Velvet (bigger antlers indicate health and maturity). Thrash at the end of august, velvet gets itchy. Antlers can stop aggression, Antler size reflects dominance which is learned through Sparring, get aggressive during the Rut. 

Visual Advertising often includes elaborate displays/rituals that show off a trait. Red-winged blackbirds show off their red-wings. Ruffed Grouse have tail and neck ruff displays. Sandhill cranes perform ritualized dance/bow. Sharp-tailed grouse males dance, males compete against each other and the best one gets to mate with the females (don't take care of the offspring). Males midges swarm and perform aerial displays; fireflies do an an aerial display as well during nighttime though. Male ebony jewel-wings have Courtship flight displays, females watch say 'Yes' by clapping their wings over their backs; say 'No' by laying them out flat. 
Olfactory (Chemical) Advertisements: Sexual Perfumes. 
Pheromones inform potential mate that sender is ready for breeding. Moose release pheromones in their urine during the Rut (as well as female deer). Bulls use their tongues to help detect pheromone. Bulls dig shallow pits- roll in their urine (both bulls/cows use pheromones). 

Week 12
Different types of pheromones, territorial (wolves), attack (wasps), and sexual. Female snakes attract males with pheromones (usually female snakes are larger). Pheromones are common in insects; Carrion males use their antennas to locate female. Some of the most powerful pheromones are produced by moths; silk moth, males have huge antennae for detecting pheromones: 4 million pores per antennae just for detecting pheromones- can detect from several kilometers away and track down female. 
Chemical Advertisements.

-long range, relatively safe and persistent (only detectable by own species). Pheromones can also stimulate (males hares leap over females urinating on them); Male porcupines urinate on the females from up to 2 meters away. 

Another way to attract a mate: Give a Courtship Gift.
Birds give food (berries, fish..etc); dining courtship, Male Terns bring female minnows, male feeds young. Gifts can also be given by some breeds of spiders, scorpion flies and dance flies except in these cases it does not involve the young). Some wrap it in silk first, others wrap it in spit balls-saliva (to distract female while mating so she doesn't attack the male); Male orb-weaver spiders are often tiny compared to the female, not big enough to be eaten. After mating, some males try to ensure paternity. 
Contact Guarding: moose stay close to female after estrus. Male dragonflies/dance flies use their claspers to stay coupled up while the female lays eggs. Some animals use long copulations. Male walking sticks use Bondage, have “handcuffs” which keep them coupled for a day or two. Some animals seal off female openings so no one else can fertilize her. Males have glands that produce cement-like plug in female (epoxy type material). Male beetles use headless sperm-seal off females reproductive opening. Feather-wing beetles use Giant Sperm which acts as a plug. Mosquitoes ejaculate hardens to cement. Antiaphrodisias: turn off competition, “turns off competitors”. Male guarder snakes secrete antiaphrodisias through kidney secretions. Male honeybees use the ultimate plug- genitalia explodes during sex- giving own life during the process; genitalia has hooks/spines which wedges into female, seals her opening. Copulatory plugs still don't guarantee paternity. Queen bees have been found with 2 or 3 male genitalia stuck to her (some bees have hairy tip on penis to pull out plug).Biting midges: female sucks out juices during the process (gives sperm/life for the eggs). Some animals can extract copulatory plugs: Cats- prehensile penis that twists around like toilet plunger and sucks out plugs. Ground squirrels- pry out plug with penis bone using it like a crowbar. Female fox squirrels can reach and pull it out, even eat it. 
REPRODUCTION IN PLANTS:
Plants don't hide sexual plants: produced in structure called flowers/blossoms. Stamen:male; produce sperm. Pistil:female; produces eggs. Stigma:female:receives pollen and Style:female: connects the ovary/stigma. Intromittent tool: pollen grains are the floral equivalent to a penis, analogous feature. A pollen grain contains: tube nucleus makes a path to the eggs-guide sperm and Two sperms, one sperm goes to the egg while the other goes to another part of the ovary to form food (double fertilization which is unique to flowers). Grass pollen is carried by the wind so is the pollen of Sedges. Coniferous trees use wind. Major disadvantage: doesn't go where you want it, no guarantee, could miss target. Another way to deliver pollen: use animals to carry it for you, these animals are called Pollinators; like Butterflies. Some are pollinated at night by moths, but some do it during the day as well. Many Hoverflies/bumblebees  are important pollinators. Flowers bribe these animals with things like food (usually). They offer two kinds of food, pollen and the most common Nectar (sugar water). The overall shape/color of a flower are a long range of visual attractions; different combos attract different pollinators. Short range attractants are scents, they attract and guide an insect as well. Some only release smell at dusk like the evening Primrose, gets pollinated by moths. Not all flowers smell good: Wild-ginger smells like decaying fungus to attract fungus gnats so it mimics rotting fungus. Red trillium smells like rotting flesh to attract flesh flies. Insects see color differently than us: green is gray, yellow is red..etc. Many flowers have patterns that visually guide the insect to the nectar and to the flower's sexual parts- cleverly placed by the food source. Converging lines lead to the nectar. Nectar guides can be landing platforms or bulls eyes (there are some that are invisible to our eyes, ultraviolet light). 

How to avoid Self-Pollination(self sterility):

When pollen grain lands on pistil there has to be a chemical message for pollen stem to grow to reach eggs: chemical barrier (don't allow it to if its its own). 

Another way: Spatial separation of the sexes.

a) on the same plant: male flowers of coniferous trees are at the bottom while female flowers are high up (carried by the wind) so male flowers don't fall on them. 

b)on different plants: campion flowers: only male or only female. Whale plant is one sex. Red maples are unusual maples in that they bear separate sexes. 
Temporal separation of the sexes: Jewelweed flowers start off as males, male part falls off to make a female with a pistil, change sex over time; Dichogamy: changing sex. Pinklady's slippers avoid self pollination by using the pouch petal which has a slit opening, once inside the bee is guided upwards by hairs, lines and light. Both exits are partially blocked by the Staminode and sticky pollen masses.
Heterostyly: a species produced different forms of flowers each of which can only pollinate the other form: forms differ in the heights of the sexual parts. Styles can be short/tall- or different heights of stamens. One form can be short style, tall stamen; other form tall style short stamen. Each plant, one form only pollinated by pollen from the corresponding sized stamen. Pickerel weeds and Purple loosestrif have three forms, they are tristyly. Primrose have two forms so they are distyly. Some flowers take an Active Role in the pollination process: 
Milkweed: saddlebags that clamp on to legs (contain pollen). 
Sheep Laurels: have bashing stamens

Grass pink: has a slam dunk petal (slam dunks the insect: weight of insect slams insect into a 'winged coffin' that contains female part and then at the end big batch of sticky pollen).
Bunchberry: (aka pop-flowers) explode like land mines, throws pollen onto the insect and then can receive pollen, “Trip wires”. 

Some flowers offer Sex as a bribe (insects crave more than just food). Helleborine mimics a female wasp, male wasp will try to mate with it (gets pollen, then leaves it on the next flower he tries to mate with). Bee orchid resembles a female wasp, even omits an odor just like female wasp pheromones, has hairs too. 

Cross Pollination is the general rule: (recall spring ephemerals): Violets, flowers next to the warm ground have cleistogamous flowers which are closed, never open. These flowers self-pollinate and produce seeds as insurance. 
SEED DISPERSAL:
until ready for dispersal, plants protect the seeds. Ex// Pine cones , some have hard coats such as those on acorns. Seeds can also be protected chemically- berries (taste sour, not colored right, terpenoids make them taste bitter). Milkweed pods: chemicals inside, once mature pod opens and seeds are off. Advantage of Wind dispersing seeds: can travel long distance. Silk parachutes, to catch the wind (must be small and light weight). The solution: produce lots of seeds. Another solution: animals carry seeds for you, these seeds have hooks, barbs that allow seeds to latch onto hair or feathers. Burrs; Burrdocks invented Velcro; Queen's Anne's Lace protects seeds from rain (bend in/out to hold back seeds until conditions are right). Animals carry them internally, Bears eat berries (seeds): come out through droppings (waxwings, birds also are dispersers). Spring Ephemerals use ants, pay them with food called Elaiosomes, store seeds underground until food is ready, eat the food leave the seed. 

Week 13
Violet seeds have Elaiosomes, also first take another journey. Seed pod splits and pops out, shoots out on by one: Ballistic Ejection. Orange Jewelweed seeds go on a journey: seeds are mature, pod straps are under high tension, and pod drys out, the slightest touch will make it explode open: straps act as catapults, also Ballistic Ejection. Two spring ephemerals use raindrops: Mitrework have a splash cup, Foamflower has springboards.

Benefits of having seeds away from mother plant (Advantages of seed dispersal):

-Avoids crowding/competition.

-Prevents spreading of diseases/parasites

-Prevents inbreeding
PARENTAL CARE
Parental care is a subset of Parental investment:only the outside the body part (total investment of offspring, including when inside-mostly done by female). Some parental investment ends when eggs are laid in the right habitat: American Toad (high mortality rate, so they lay a lot of eggs). Freeze tolerant frogs often lay eggs in temporary/ephemeral ponds. Eggs can be laid on the right host plant/animal. Effort can be spent finding the right location: eggs of most amphibians, reptiles, insects are not guarded. Some snakes house eggs internally, ovoriparity (water/guarder snake). Turtles do not guard their eggs. Soil temperature determines sex on hatching turtle. Female skins/red-backed salamanders guard their eggs. Female wolfspiders carry their eggs in an Eggsac held by their spinnerets, babies are carried on the females back and guarded. Female Nursery web spiders carry their egg sac in their “jaws” as many as 1000 eggs, when about to hatch build a nursery web and guard the sac/baby but not a lot of investment internally. Mammals: give a lot of parental investment both internally/externally. 95% females provide ALL of the parental care. Moose give birth to precocial young (ones that are ready to go shortly after being born). Few exceptions to the Female only Rule in mammals: Wolves/foxes: Biparental care, social animals that co-operatively raise pups. Redez-vous sites is an open place in mid summer where pups are taken. Undeveloped stage- helpless babies, Altricial; Black bears when born are the size of a chipmunk-hairless, blind (born during dormancy). Females stay with cubs for year and a half, feed them milk only for a few months but protect them for the full year and a half. Delayed implantation allows carnivores to mate and to give birth when the time is right. Blastocyst normally attaches to uterus (once in blastocyst stage, will just wander around doesn't implant after a few months). Fishers mate early april with a pregnancy of one month, delayed implantation of 11 months, born in March. Delayed Fertilization: Sperm storage. Bats and Wasps mate in late summer and store the sperm over the winter, releasing it in spring to fertilize the eggs (eggs not fertilized when animals mate). Opossum: no placenta internally: shortest pregnancy of all mammals. Gestation is 12-13 days. Babies have no ears/eyes/hind legs/tail, internal organs undeveloped; only 14 mm long; after birth young climb up belly into pouch called the Marsupium: find a nipple that swells in mouth, literally stuck here for 2 month: nipple grows, analogous to umbilical chord. High infant mortality: 25 born only 13 nipples. 

90% of all birds give Biparental care. Female birds invest a lot internally/externally, huge investment: shells require lots of calcium, need lots of yolk (40% yolk, ducks, grouse where songbirds have 25% yolk). Ducks/grouse hardly any nest, Precocial chicks, leave after hatching. (about a month, more yolk makes them stronger). Songbirds have elaborate nests, stay in the nest after 2 weeks of being born. Incubation, 37 degrees is an investment. Adaptation: brood patches: special heating pads, featherless on breast: loose/wrinkly skin full of water/blood vessels; Blood is shunted here during incubation. Ducks/grouse females do the incubation, males abandon female after mating. Parental Care includes: defense of the nest/young: aggressive- gulls scream/vomit rotting fish. Killdeers use distraction displays: lead you away, cry pathetically, feigned injury displays or broken wing acts. Female ducks have a very convincing broken wing act. Small birds do a rodent run, lead away attacker. Nest defense varies in intensity, depends on how near eggs are to hatching. Ducks usually have a young from their neighbor, “ugly duckling”, females leave one egg in someone else's nest, insurance policy: egg dumping. Ducks broods can appear extremely large due to creching; one female will ditch her kids with another female. A creche: safety in numbers; maybe other female- a better mother. Eagles lay 2 eggs; older one kills the young one. Kill a sibling, siblicide (brood reduction). Insurance policy (one young to carry on genes). Female Muskrats, adult kills baby of other family; Infanticide increase the odds that their young will survive. Male Tree Swallows will kill the babies of a new mate (wants own genes passed on..also seen in loons). Brown headed cow-birds: produce eggs but never build/take care of young. Lay their eggs in others' nest. Cowbirds are obligate brood parasites. Young out-compete and often out-survive the hosts young. 

