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Staring @ Lecture 5b –> 12b
Sub Zero Temperatures: 2nd problem for winter-active animals: 
Mobility:  (The ability to move freely and easily): because of high snow, snow builds up and gets to deep to walk through
Physical Adaptations: 
· Long legs…. Eg: Moose have very long legs- 2 m high! at the height of your shoulder
· Big feet…. Eg. Snow Shoe Hares have bigger hind feet, but their tracks look like their front feet are bigger because when they jump they bring their hind(back)  feet to the front 
· Large surface area of feet: more contact with the snow surface
· Deer’s, Moose, and Caribous have a wide surface area on their feet.
· Caribou’s have short legs and huge feet.
· Many northern animals such as Fisher also have large hind feet
· Martens have large hind feet
· Birds also have snowshoes, Eg. Northern grouse have feet that have feathers on their feet
· Ruffed Grouse grow “snowshoes” every autumn
Behavioural Adaptations:
-Subnivean Space
· White-tailed Deer move to a sheltered area with less snow… They form YARDS; Deer yards ; a brows line identifies a Deeryard
· Wolves: Travel in a pack and a straight line ; one wold breaks track and the other follow
· Otters have short legs ,but they slid on their bellies , they “tobbaggan” down hills 
· MInks also use their bodies to tobbaggan
Migration:
· Many other animals escape sub-zero temperatures for migrating
· Animals that migrate:
· Monarch butterflies
· Some dragonflies migrate: Green Darner 
· Birds & Migration:
· Most our birds migrate and travel very long distances
· What is a champion Migrator? Artic Tern: ex-World Champion Migratory Bird: 20,000 km roundtrip each year!
· Birds store fat (not carbohydrates): fat powers flight, the more weight you have, the more energy you need to fly 
· Semipalmated Sandpipers double their body weight in just 10 days of feeding
· Most small birds, like Songbirds, travel at night. 
· Advantages of traveling at night? 1) No overheating; cooler at night. Colder air will air cool their engines. 2) Less wind; journey is calmer at night, and it takes less energy from fighting winds.3) Safer
· Hawks: Some birds migrate in daytime and still conserve energy ; “Thermal Hop” (eagles and hawks do this )  (Soaring: rising up --- Gliding: coming down) 
· Bounding Flight: going up and down : Thermal Hopping
· Hummingbirds & Blackbirds also migrate in the daytime
· Only 50% of the birds return the next year ; Starvation, being killed, 
· Mortality rate for young birds are way higher than adult birds
· How do they find the way? Visual Cues (oceans, sun, mountains, landforms, and other visual cues) , Nocturnal migrants use visual cues too (constellations, moon, the sky)
·  Both day and night migrants use Earth Magnetic Field (unknown mechanism) 
· Rhodopsin is a photopigment in the retina is likely involved with electromagnetic interaction
· Sandpipers fly both day & night
· Red Knot- put a geotracker and found out they flew 5,100 km in 8 days straight!
· Banding reveals migration secrets : captures birds in Mist nets (don’t hurt the bird) , analyze it , let it go , wait for it to die and when someone finds and calls the number to return it they analyze it again hence: banding  (bands on the leg)
· Geese fly in “V”’s… Why?  To conserve energy,  Geese fly day and night, birds flying behind one another use less energy to lift their wing
· Migration is very complex: can be learned , programmed , in by set 
Subzero problems for Plants:
· Water becomes ice, ice inside the cells kills plants
Physical Adaptations:
· Going dormant in the ground
· Plants become: “Cold Hardy” : 1) Excess water is withdrawn from leaves and twigs evaporate, 2) water is drawn out of the cells, which increases solute concentration… less water , which less freezing occurs, 3) Protective sugars added to cells increasing solute concentration, 4) Unsaturated fatty acids added to cell membranes to increase flexibility … (plants have a cell wall which animals don’t have, inside there is a membrane that has a special chemical that can bend to stay away from ice) membrane has to stay intact! , 5) Antifreeze proteins to suppress ice formation and proteins to resist dehydration are made 
· Plants become Cold Hardy through acclimation
· Acclimation : is a 2 step process
· The first stage of acclimation is triggered by a change in the photoperiod
·  
· 1)Phytochromes = light-sensitive photo pigments (cause cells to go dormant, make plant sensitive to low temperatures)
· 2)Second stage is triggered by cold temperatures by cold temperatures ( 0 to 10 degrees)
· Some trees are cold hardy to -80 degrees
· Keeping needles (little leaves) creates new problem!
· Skunk Cabbage turns up the heat during the winter and melt snow around it (generates heat) which keeps the plant safe, and in the summer it cools down.
· Desiccation is the next problem : dries out , calm , sunny days are the worst
· A calmer sunny day makes the tree all dried up , it absorbs all the solar energy
· Conifers retain their leaves so size and shape is very important ,
· Leaf surface area is small –Close stomata – thick cuticles (thick laye that captures water)
· Hairy underside of leaves : help trap moisture and keep it inside 
Behavioural Adaptations:
· Ferns curl up for the winter: helps them retain the surface area (reduce the surface area by curling up)
· Deciduous trees have large leaves with a large surface area , they just drop their leaves 
· A tree that turns red in the fall: Red Maple; 
· not always red, can be yellow sometimes , separate sexes
· Females turn yellow in the fall, Males turn red. 
· Red helps heat wave lengths (an adaptive colouration)  
· Red is not present- leaves produce anthocyanin
· Aposematic coloration? Theory that the red is warning the insects not to eat the leaves
· Leaf loss helps solve a second problem associated with sub-zero temps: the weight of snow- not much room for snow to settle on the leaves
· Conifers retain their leaves so size and shape is very important 
· The boreal forest is dominated by spindly and spire-shaded trees
· Balsam Fir have a SPIRE shape (like a spyro)
· Black Spruce are spindly (short branches )
· Spire and Spindly are types of shapes that sheds snow (adaptation)
· Not only extreme cold is a problem for living things
TOO MUCH HEAT CAN ALSO BE A PROBLEM:
· Excessive Heat can cause Desiccation
· In extreme heat, plants reduce leaf surface area by curling their leaves
· Abscisic Acid (ABA) Helps plants induce dormancy, often used in time of droubt.
Animals on Hot days:
· They seek shady sites
· Some animals go where its cooler  (where there is water)
· Dragonflies reduce their surface area facing the sun by… assuming a position called OBELISK (backwards)  they use their back end as an umbrella
· Tiger Beetles move their bodies away from the heat by “Stilting” (They raise their bodies off the sand with their legs)
· Heat can be shunted to body parts with a greater surface area, such as the abdomen
· The Rete Mirabile can be bypassed and more blood can be shunted to extremities 
· Less blood : less heat  , More blood : more heat
· Honeybees are social insects that work together  to air cool their hive; In the hive, Honeybees use their wings to  fan the colony 
· Panting is a form of Evaporating Cooling , pump air 
· Birds do not sweat but pant, allowing more air to pass over respiratory surfaces (Breathe with short, quick breaths)
· Guler fluttering : chest vibrating, birds do it to get more air moving, and cools down blood
· Bees also use evaporative cooling
· Vultures(bird) have a very unusal way of cooling off through evaporative cooling: they excrete(pee) on their own legs and the liquid allows their blood to cool off
· Mourning Doves employ the dangerous strategy of hyperthermia (over 45 degrees)
· Hyperthermia: The condition of having a body temperature greatly above normal. 
· HypOthermic : body temp gets low in the winter to adapt to coldness
· HyPERthermic: Body temp rises in summer (very few animals do this)
CHALLENGE #3 THAT PLANTS AND ANIMALS FACE
Nutrition
Major difference between plants and animals when it comes to Nutrition: Plants make food, need raw ingredients
· Animals cannot make their own food  but
·  1) they eat plants = Herbivore
· 2) they eat other animals 
· Every single part of a plant gets eaten
· Maple Spindle Gall Mites have mites inside the plant 
· Some animals even eat dead plants! These animals are called : DETRITIVORE , they eat  : Detritus (dead animals)
· Detritivores: Earth Worms, Millipedes eat pine pollen
· Some animals have food delivered : like water – filter feeding
· Black Flies: larvae filter feed with elegant Labral brushes
· Larger animals filter feed too: Puddle ducks or Puddlers  (go under water and scoop mud of bottom and bring it back up)
· Lamellae 
· The tongue of  Northern Shoveler (a puddle duck) have Lamellae on the sides, very long and unique for filter feeding
· All plant foods feeding  Adaptations, Nectar requires a long proboscis
· Hummingbirds have a long beak & long extensible tongue
· Hyoid process , inside the humming bird, and extension latter that allows the tongue to jump out to get nectar 
· Filter Feeding animals: Fresh Water Sponge (smells like the ocean) 
· All plant parts and products are eaten by animals – nectar(sugar water)
· Bugs (group of insects that have probing [sucking] mouth parts) called Stylets e.g tree hoppers, aphids 
· Sap:[liquid part of a plant that insects go after] in phloem tissues of plants [Bugs eat this]
· Plant tissues are another major source of food [full of carbohydrates]
· Major problem with eating plant tissue: 
· Ingesting: tough structural components, deaking with the plant outside the body  
· Digesting it: dealing with the plant inside the body 
· {tough Structural components}
· Slugs and Snails break off plant tissue with a RADULA 
· Radula : Like a chain saw [ inside their mouth , its for tearing apart plant tissue]
· Caterpillars have modified MANDIBLES 
· Mandibles: [equivlant to radula, except they are from the outer side] 
· Some caterpillars eat a leaf from the inside (Leaf Blotch miner – caterpillar that mines the material of a leaf) 
· Insect will choose only a couple types of plants they feed on 
· Mammals use modified teeth 
· Beavers have INCISORS—that never stop growing and self-sharpen	
· Their teeth has an orange color, due from iron 
· The back part is dentine – which is softer (wears back , which gives the sharp edge)
· CHEEK TEETH GRIND the food and are powered by large MASSETERS
· Rabbits have double incisors 
· The runs on 2 muscles: 1) temporalis 2) Masseter large  (back teeth –get food to smaller pieces to swallow)
· Moose have only a lower set on incisors 
· Large CHEEK TEETH grind up the food(like a cheese grader they rip apart the food)
·  ANALGOUS STRUCTURE ( means they are the same thing but for the same function… eg, wheels on a car and bike) : Mandibles, radula, and cheek teeth all perform the same function (tearing up the tissues) but arise from different origins
· Ruffed Grouse eat a lot of buds
· Spruce Grouse eat conifer needles
· But birds have no teeth?! ANALGOUS to the radula, mandibles and cheek teeth is the Gizzard (pard of the stomach, help them break down the food)
· After INGESTION Problem #2: DIGESTION – Slugs and Snails produce digestive enzymes 
· Caterpillars eat a lot and waste a lot (poop a lot)
· There are many bugs that eat caterpillar poop! (eg.beetles)
· Moose don’t have the enzymes either, they get help from BACTERIA living in their RUMEN 
· They have a chamber in their stomach of bacteria that help them digest it 
· Once they get it broke down, they bring it back up to the mouth and chew it again
· Hares, rabbits and beavers have intestinal pouches called CAECA (singular=Caecum) 
· CEACA :in the stomach that helps them break down the food with bacteria
· They can’t bring it back up to the food , but they still process it twice, so they poop and eat it again to get the nutrients of the plants 
· CEACA makes you eat your own poop, RUMEN, comes back up to your mouth ( bigger animals –moose , cows, etc.)
· Beavers, just like moose process their food twice
· COPROPHAGY : means eating your droppings (own poop )
· Grouse caeca 
· Porcupines do not eat their own droppings, so how do they get their nutrients? The digestive tract is about 26% of their total weight. So they have a large digestive system
· Fruit is another major source for birds
· They eat the pulp or flesh and pass out the seeds. 
· When they poop the seeds they are dispersing them  (doing the plant a favor) called SEED DISPURSING
· Most fruit-eating birds are not obligate fruit eaters
· Waxwings are close they come , they eat berries , 
· They have large gapes and short intestines (helps them digest fast)
· They can eat a berry and poop it in 20 mins (fast digestion)
· GAPING just means opening your mouth and the bigger it is , the more food you can eat
· Eating fruit and eating seeds is very different in animal world- Seeds are a hard substance, fruits are softer
·  Finches eat seeds they spit away the fruit part and eat the seeds - 
· Bill size and shape reflects diet
· SEED PREDATORS:  GROSEBEAKS (type of bird) have massive conical bills for crushing and slicing 
· A lot of seeds have a very hard coating on the outside- birds have to slice that off , they have a built in can opener in their mouth (with their bill)
· American Goldfinches have small fine bills for accessing thistle seeds
·  Red Crossbills have odd bills for
· GRIT aids in the breakdown of seed sin the gizzard
· When there is one kind of resource and all animals feed upon different divisions of it NICHPARTIONING (like office cubes)
· Blue Jays have another way of opening nuts- They don’t have bills, they pick it with their beak ( like a hammer) they pound the seed open, and hold it with their feet. 
· Plants also have chemical defences to overcome 
· Some herbivores sequester the toxins
· Some insects employ a VEIN DRAIN*** strategy : some insects go to plants because they contain toxins in their veins, the insects will bite the vein to eat the plant safely , depending on the insect—they all do it differently 
· Vein Drain (refer to text book for more info): insect is cutting off the main supply of chemicals, making the outer parts of the tissue safe to eat 
· Some animals use enzymes to counter toxins, depending on the type on animal and plant 
· Some plants are avoided completely by animals 
· MFOs (mixed function oxidases): Group of enzymes in certain animals produce that help neutralize a plant toxin inside their bodies once they’re ingested  
· Larger animals can fight back harder with these enzymes 
· Some HERBIVORS are SPECIALISTS, eating only one or two kinds of foods to avoid these toxins
· Eg. Monarchs only eat milkweeds 
· Eg. Red-headed Pine Sawflies eat pine needles 
· Others are GENERALIST
· Beavers eat a large variety of plants , nothing but plants 
· Some animals switch foods for balanced diet 
· Some animals are tied to one plant , they prefer it better – sticking to one type of food
· Some animals switch their foods during seeds 
· Fresh leaves and twigs= high carbohydrates, protein, low sodium 
· Moose eat a lot  of twigs all summer long 
· eat Balsm Fir= very low Sodium
· Moose basically have little sodium and moisture 
· In the summer they eat a lot of water plants – Aquatic Plants = High sodium
· Main point is they end up getting their sodium from water plants 
· Water-shield= 500 x more Na(concentration)  than land plants 
· Sodium is stored in rumen 
· Moose go to road side edges to drink water, they go there get salt water 
· Road salt is sodium chloride
· Beaver ponds are full of water plants 
· Rumen: the bacteria that lives in the rumen do the herbivore a favor, they break down the food that the animal cant digest
· Rumen helps break down food 
· Bacteria gets free room and a place to stay in the stomach 
· Plants have many defences against animals , although animals find ways to fight those defences
Animals Eating Other Animals: PREDATION 
PREDATOR: an animal that eats other animals
· Advantages of eating animals:
· Packed with proteins
· Animal meat tissue is easier to digest internally rather than plant tissue
· And more return in effort  
· Disadvantaged of eating animals:
· Hard to find 
· Hard to catch 
· Animals fight back 
· Dangerous 
· PARASITOIDS: Animals that eat another animal from the inside while the animal is alive
· PARASITISM: Animals that eat another animals without killing the other animal
· SCAVENGING: Animals that eat already dead animals 
· Before a meal is enjoyed, a predator must first :
· Locate the animal 
· Capture the animal 
· Immobilize the animal (kill it)
· Although there is never just one way of solving any of these challenges
· KEEN EYESIGHT: eye sight is very important , and there are many different types of eyes 
· Hawks have keen eyesight because they have a large number of CONES in their retina 
· Cones are for color and sharp vision 
· LARGE EYES: more sensory and gather more light 
· Hunting at night  requires special adaptations 
· Great Grey Owls : Have large eyes 
· Owls have great night  vision 
· They have a large number of RODS: which are more sensitive to light 
· also have GLYCOGEN RICH RODS= sensitive vision 
· FRONTAL PLACEMENT= more depth perception (eyes are in the front of face)
· This creates a huge blind spot, so they turn their heads to scan – they can turn their heads 270 degrees around 
· Eye shape is important to; Larger eyes get a larger picture 
· Birds only have 2 or 3 times more magnification 
· Other hunters have large eyes too! Eg. Frogs
· Tiger Beetles hunt visually and have large COMPOUND EYES
· Ground Beetles are Nocturnal counterparts , they hunt at night 
· Dragon flies are visual hunters--  a dragonfly eye can have 28,00 OMMATIDIA each with 6 or 7 sensory cells 
· Compound eyes do not give an animal a compound picture 
· Whirligigs (beetle predators) : can see above and below the water at the same time—their eyes go half below and half above the water which gives them aquatic and land view (very complex eyes)
· Spiders have 8 eyes but they are SIMPLE (the structure is simple like our eyes) (by simple it means not compound) 
· Jumping Spiders have exceptional eyesight
· They have 8 eyes 
· Anterior Median eye(AME) – Anterior (front ) median (middle), middle front of the face eyes
· All these eyes form together a picture , they have no blind spot 
· Jumping spiders move their retinas to change their field of view
· They have muscles on their retina 
· Jumping spiders can tell many things by their eyes , just by visually scanning 
· Very special animals 
· JUMPING SPIDERS ARE VISUAL HUNTERS
· Crab Spiders are also VISUAL HUNTERS 
· Crap spiders can also change colors
· Hearing is also very important for hunting other animals 
· LARGE PINNAE (ears) magnify sound
· Eastern Wolf –big eared hunter 
· Owls also hear very well but have no external pinnae 
· FACIAL DISKS : capture sound 
· Some owls only hunt with hearing
· They hear with their faces 
· They have a dish face – their faces are shaped like cups – their special feathers help direct the sound to the ears we cant see 
· Each side of the face is one big disc 
· Other adaptations are hidden
· ASYMMETRICAL EAR OPENINGS and WIDE HEADS allow pinpointing of sound – if a sound arrives in one directions towards one ear , it will arrive very finely – they have a horizontal and vertical of time arriving of sound 
· But they have incredible hearing 
· Bats also locate prey by hearing 
· ECHOLOCATION: make a sound , hit something then bounce back to the bats ear – like a echo 
· They also use sound to find prey – high frequency sound that us humans can’t even hear
· Local animals that use echolocation : Shrews use ULTRASOUND (very sensitive) 
· Sense of SMELL : Olfactory 
· Elongated snout (long face/nose for smelling)
· Vomeronasal Organ/Jacobson’s Organ refer to text book for definition 
· Some times are better for hunting rather than others 
· Animals usually hunt around sunset 
· Cooler 
· Less wind 
· When an animal walks around, it leaves around smell molecules , the animals go around and smell above the ground for their prey 
· Scent trails are easier to track at dusk
· Snakes (better scent then sight) use the Jacobson’s Organ for finer discrimination of odours 
· TACTILE SENSES(touch senses): Racoons have touch-sensitive paws , they have tactile paws
· Tactile sensors can be located around the mouth as well 
· VIBRISSAE: sensory hairs – whiskers 
· River Otters have Vibrissae
· Wild cats have them 
· Fox’s 
· Many mammals 
· Birds have a similar features called :  BRISSLE FEATHERS
· Eastern Whip-poor-will have sensory feathers 
· RICTAL BRISTLES : meaning mouth sensory feathers 
· Star-nosed Moles have Eimer’s Organs (in the text book) in their nose protuberances
· There are tactile sensors in hands, base of whiskers, and nose 
· Sand pipers (such as American Woodcock and Wilson’s Snipes) have pressure-sensitive cells called HERBST CORPUSCLES in the tip of their bills
· There are many types but HERBST is the most common one in birds 
· Ducks have herbs corpuscles at the end of their beak 
· Woodpeckers have HERBST CORPUSCLES in the tips of their tongues 
· HEAT PIT 
· Rattlesnakes have INFRARED heat sensors 
· The HEAT PIT lies between the eyes and nostrils and can detect changes as small as 0.001 degrees C 
· Lots of these tools are to find prey, although how are these tools used??
· ACTIVE SEARCHING : they don’t wait around, they go out and hunt 
· Some spiders Actively Search ( Wolf Spiders)
· Tiger beetles also search and capture 
· Ambush hunting : animals who sit and wait for their prey to arrive to them 
· Praying Mantids let their prey come to them 
· Most owls also sit and wait
· Crab spiders also ambush hunt 
· The Goldenrod Crab Spider changes colour to match the flower it is waiting on 
· TRAPS: 
· Spiders build capture webs 
· 3TYPES :
· FLIGHT INTERCEPT traps: spider webs are called this because they interrupt the flight of the insect with their traps
· Traps have to be flexible , elasticity
· Orb Weaver spiders build spectacular webs: circular – in trees and higher places 
· FUNNEL WEAVERS usually build webs on the ground – and hide behind them 
· Sheet-web Spiders make bowl shaped webs with knockdown strands—strands aren’t sticky, the capture “sheet” is sticky, which is at the bottom of the bowl. The spider hides at the bottom and pulls the trapped insect out
· Webs are best seen at dawn because 
· Spider webs attract dew because their webs have to remain flexible and dew has moisture 
· HYGROSCOPIC : means attracting moisture – webs are hygroscopic
· Webs are very strong and flexible – they are made out of silk 
· SPIDER WEB FACTS:
· Webs contain 6 or more types of silk 
· Spiders recycle silk from broken webs : they eat their own web 
· To build a complex orb web it takes 20 mins  on average – very fast 
· ARGIOPE: Spiders who lay in the middle of their web 
· Why do spiders sometimes sit in the middle of their web?
· STABILIMENTUM: stabilizing the web = Webs attract insects, the zig zag pattern  and the spider in the middle --  looks like food—so insects come in 
· Mole tunnels can serve as Traps 
· Pitt Fall Trap: animals physically fall into it. 
· Ant-lion Larve
· AGGRESSIVE MIMICRY : 
· Using your body in some way to attract prey
· They mimic an animal and are aggressive to the incoming prey 
· some Fireflies deceive and eat other species of Fireflies
· Once prey is located, it must be captured 
· Owls use their feet equipped with TALONS – so do hawks 
· OSPREY(type of hawk) have special feet for catching fish—their toes are reverisible toes to catch a better grip to catch fish 
· Fishing Owl also have reversible toes to catch fish 
· Crab Spiders use their legs to catch prey as well (they have special hair pads on their legs)
· Praying Mantids use their legs to catch prey  (their legs fold up—special legs called  Raptorial legs; (meaning modified legs to capture prey)
· Foxes use their mouth 
· Tiger beetles capture with their MANDIBLES 
· Merganser( type of duck ) bills are modified for catching fish—they don’t filter feed (ducks)  
· Frogs use TONGUSE to capture prey—Toad TONGUE FLICK: special tongues fold 
· Although they must have special sticky saliva to catch the prey 
· Woodpeckers also have sticky saliva to catch prey 
· HYOID Crab Spiders HORNS or HYOID PROCESS extend the tongue and catch prey 
· One captured a prey must be killed 
· Teeth can be used 
· Foxes & Coyotees  use a “SHAKE AND BREAK” technique: shake the animal and break the animals neck 
· Wolves kill larger prey by “SLASH AND SHOCK”: travel and kill in packs, they bite the animal to make the animal weak and then kill it 
· Carnivores use large CANINES and strong TEMPORALIS
· Weasels bite into cranium ( back of the skull) 
· Cats bite into the neck vertebrae (break the neck)
· Dogs grab the skin and kill the prey 
· Bird Hawks use their TALONS to kill their prey, suffocate the prey with their claws until they squeeze the heart to death—they have long legs to keep the animal away from their body while killing it.
· Most Snakes swallow their prey while it is alive 
· Black Rat Snakes and Milk Snakes are CONSTRICTORS : wrap around the preys body and suffocate until it dies 
· POISON: venom—Massissauga Rattlesnake (digestive enzyme) 
· and Assassin Bugs use POISON to kill their prey as well 
· Both poisons contain enzymes to make the prey digest internally 
· Robber Fly inject their prey with toxins and enzymes that digest as well 
· Mammals that use poison to kill their prey:
· Short-tailed Shrew They have a poison bite , very rare mammal , they have a very effective toxin 
· Once a prey is captured and killed, there are indigestible parts to deal with 
· Selective Feeding: When only certain parts of a prey are eaten by the predator 
· Weasels are one of the very few animals that tackle porcupines – the fisher(weasel) runs in circles around the porcupines and avoids the tail , it slashes the porcupines face , and then turns over on his back, skins the porcupine and eats all the inside organs, leaving the skin behind, this is called SKINNING – Fishers(type of weasel) skin porcupines.
· Some animals pass indigestible bits through their body 
· Wolf droppings sometimes hair and bone fragments in their dropping, it helps to protect the inside of the digestive system 
· Owls swallow their prey whole (some owls, not all)
· About 12 hours later they cough out the remains, this is called a PELLET: they’re wet at first but once they dry you can find all the bones and fur inside 
· You can find many different animal bones in one pellet
· Predators face many hazards 
· Prey fights back
· Deer kick their predator 
· Injury gets caused by the chase(e.g. hawk got stabbed by a branch chasing a bird and died)
· BIOACCUMILATION OF TOXINS: (major problem animals face)  when the chemicals build up and the animal dies 
· Botulism : it’s a bacteria that gets into the fish in the water, and when the birds eat in the fish, the bird gets poisoned and dies
· This bacteria kill by thousands 
· This bacteria bioaccumiliated and the bids paid the consequences
· HUMAN PERSECUTION: humans that kill animals they don’t like, or just for fun 
· People in history used to kill animals because they thought they thought harsh animals were evil.
· The #1 problem facing predators such as Eastern Wolf is STARVATION
· Success rate for animals to catch prey is 1 in 10—if you keep missing, you get weaker and starve more 
· Predators play important roles 
· If animals aren’t pressures to run and be healthy, they become weak and forget their abilities 	
· Other animals eat their prey from the inside while it is still alive 
· The HOST can be either killed or left alive in the process
· PARASITOIDS kill their HOSTS 
· PARASITES don’t kill the HOST 
· BRACONID WASPS are parasitoids only in the larval stage 
· Braconid Wasp cocoons – one type of parasitoids 
· Tachinid flies are PARASITOIDS as larvae (usually have lots of spikes on their body 
· They lay eggs on the host 
· Some parasitoids paralyze prey and burrow them in the ground with eggs e.g. Thread-wasited Wasp—they dig a holes in the ground and paralyze host with the eggs 
· They digs holes to lay their eggs then they bring prey in the hole for food 
· Spider Wasps & Digger wasps do this as well – dig holes to lay their eggs 
· ****CERCICERIS (digger wasp) They paralyze the prey and bring it to the hole, but the prey is alive the whole time
· Some Parasitoids do VISUAL SEARCHING 
· A Flesh Fly investigates a potential host
· Poly DNA viruses live inside wasps, and when attacked , predator gets injected 
· When the right HOST is found, eggs are laid—Eggs are laid through an OVIPOSITOR : just means tool for laying eggs
· ICHNEUMON OVIPOSTORS are impressive – these two groups go after insects in above grounds 
· They can serve DRILLS—they spread their legs on the wood,  then they drill puffs up like a balloon and it help their drill burn its way in into the wood 
· When the egg hatches, the paralysed Horntail larvae is eaten alive
· The long tool is NOT  stinger 
· Pelecinid wasps lay eggs on June Beetle grubs in the ground
· Refer to text book for more info 
· There is a fly that goes after turtle eggs, when the turtle is laying its egg, the fly goes in and eats the developing turtle 
· PARASITES eat without killing their hosts
· LEACHES are EHTOPARASITES: suck the blood out of the animal 
· Are Black Flies ectoparasites? No, because in larvae’s are filter feeders, they consume blood only for their eggs (for protein)
· What about Mosquitoes? No! 
· TICKS ARE ectoparasites—all they eat is blood 
· MOOSE TICKS – they feel off the moose’s blood in the winter – there are thousands and thousands of ticks on each moose, this might irritate the moose, for they run it on surface and they lose hair, if they lose hair , they may freeze in the winter 
· When the host ( moose ) dies, the ticks migrate away because no more blood left
·  Many migratory birds harbour ectoparasitic flies; FLAT FLIES are one group
· Flat flies are usually found on birds or bats – they feed off the blood (they’re called flat flies because they’re flat for crawling through mammals)
· Are clams ectoparasites? Not the adults, but the babies are (larval form) – they feed off fish scales 
· GLOCHIDIUM : baby clam
· Glochidia are Ectoparasites on fish gills and fins 
· Tick mouthparts for penetrating and holding 
· Host fight back! 
· They GROOM & PREEN 
· Herons (type of bird) have special Grooming Claw to brush away ectoparasites
· Beavers have one too, they have a special groom on their foot to take out parasites 
· ENDOPARASITES: parasites that live inside the host
· *****CUTERBRA (a Robust Bot Fly) is only parasitic in larval stage
· A lot of chipmunks have large parasites living inside them 
· Deer have a parasitic BRAINWORM (full cycle parasite – all stages)
· The larvae leave in the droppings, they also live in slugs or snails (2 hosts)
· Deer are the parasites DEFINITIVE HOST (lays the eggs and produces inside the deer)
· Slug/Snail is the intermediate host 
· First the deer it’s the parasite then it travels to the brain of the deer then it produces in the brain  the babies travel in the stomach and out the rear end with droppings then the snail eats the droppings  and babies live in snail 
· Does NOT harm the deer at all 
· If a moose eats an infected intermediate host  when a brain worm travels to the brain of a moose, the Brainworm eats up the spinal cord and into the brain this can cause major damage or even death to the moose
· Why does it affect moose but not deer? The parasite evolved with deer but not with moose.  Deer evolved in North America but moose didn’t. 
· Same process happens with; Robins harbour a parasitic FLUKE (flat worms)  The robin is the definitive host and Aquatic Snail= Intermediate Host
· Snail eats bird droppings in the water 
· The parasite migrates up the snails body into the tentacles and lives in there 
· Bird comes along and grabs eats the tentacles, and then the parasite travels back into the bird and lives in there for a while
· ENDOPARASITES have problems too; when the animal dies, creates a big problem  
· SCAVENVING : animals eating other animals that are already dead (scavengers)
· Eagles are also part-time scavengers
· Gulls are full-time scavengers 
· If an animal is part-time it’s called FACALTATOE (fox, eagle, etc.)
· If an animal is full time scavengers it is called OBLIGANT (gulls, ravens, Turkey Vultures, etc.)
·  Adaptations:
· Raptorial bill has a featherless head and the ability to digest pure meat
· Small animals also scavenge; Blow Flies lay their eggs on dead animals 
· NECROPHAGOUS: term for eating on dead things 
· Regardless of what an animal eats, there are times of food shortage 
· For PREDICTABLE SHORTAGES solutions include ;
· Going dormant (Dormancy)
· Migration 
· Unpredictable Shortage foods (3 main kinds): 
· Seeds 
· Fruits 
· Small Mammals ( Voles and Mice)
· Some birds move to new food-rich regions when necessary
· Bohemian Waxwings move in thousands
· IRRUPTIVE: large movement of birds that migrate to one area from another area that irregular, due to shortage of foods, etc.
· IRRUPTION: sudden appearance in a given area of many birds, because the food supply they depend on is not available in the normal area, they travel to a unfamiliar area (not a normal migration) 
· Crossbills and Great Grey Owls are IRRUPTIVE 
· Some animals STORE FOOD on a “when extra is available” basis 
· A Chickadee hippocampus for the winter—so when they store food, they can remember where they put it
· Northern Shrikes also store extra food when available—Only store when AVAILBLE not a full time stragedy , only when there is extra 
· Shrikes IMPALE their prey 
· Some Owls cache extra food- if their food are frozen in the winter , they sit on it to defrost it
· Some animals store food on a regular basis 
· Beavers create a CENTRAL CACHE called a FOOD PILE 
· You can always tell if a beaver is actually living in a lodge if there is a food pile or not 
· Gray Squirrels create hundreds of solitary cashes—SCATTER HOARD: means storing all around 
· Gray Jays do not migrate- they store food in summer and all fall 
·  Adaptations for storing food:
· 1)Enlarged salivary glands 
· 2)Sticky Saliva
· 3)Amazing Memory – Hippocampus deals with SPATIAL MEMORY 
· 4)Nesting early
· Red Squirrels create larger stashes called MIDDENS – They store pinecones
· Chipmunks enter dormancy, they employ a mixed strategy
· EXPANDABLE CHEEK POUCHES:  they have special cheek pouches to carry nuts
· Plants are no different than animals; they also have nutritional needs—but most make their own food through PHOTOSYNTHESIS – AUTOTROPHIC
· Without plants on earth, there would be no animals
· For photosynthesis, plants need basic ingredients: Water, Nutrients, and sunlight
· Some habitats are nutrient-poor 
· Nitrogen, Phosphorus, Calcium are nutrients needed by plants 
· HEATH plants are very common
· Heath plants have fungal partners 
· MYCORRHIZAE inside roots are called ENDOMYCORRHIZAE : They increase the uptake of nutrients such as N and P 
· Mycorrhizae also allow trees to grow in bogs 
· ECTOMYCORRHIZAE :outside the plant 
· Alders have a different solution Nitrogen , they have ROOT NODULES( swellings of root tissues)
· Some plants eat animals
· Sundews are carnivorous—they use their leaves as traps for insects they have ADHESIVE TRAPS : sticky leaves as a trap 
· Butterworts also have Adhesive Traps 
· Pitcher-plants are carnivorous their leaves are PIT FALL traps 
· The top part has downward pointing hairs that direct the insect to a slippery death slide
· Bladderworts are also carnivorous
· Their underwater leaves are SUCTION TRAPS
· Some shade plants have leaves with a LARGE SURFACE AREA 
· Round-Leaved Orchids have LARGE leaves PARALLEL to the ground
· Hobblebush: Nature’s Toilet paper 
· Big leaves catch more light 
· Bunchberries exhibit Clonal growth- leaves are attached to common rhizome
· Bunchberry leaf surface area is increased by having LOTS OF LEAVES 
· Cloned leaves attached to common Rhizome
· One way to beat the shade is to grow away from it – PHOTOTROPISM :growing toward the light
· Wild Cucumbers grow atop other plants
· Tendrils are thigmotropic  -- 10x more sensitive than our fingertips, 
· These grow towards the shade , Many vines are negatively phototropic
· Trilliums have another solution to the shade problem
· Many species of SPRING EPHEMERALS grow in deciduous forests 
· Another strategy is to lose the need for sunlight 
· It has no leaves so how does it get food? (Striped Coralroot)
· MYCCORRIZAE : Coralroots attain nutrients from mycorrhizae associated with other plants 
· Coralroots are mycoheterotrophs
· Coralroots are beautiful Orchids that live like thieves
· Indian Pipe: a flower that doesn’t need sunlight  because it has mycorrhizal association- it gets nutrients from living plants  live like a parasite
· Many shade –dwelling orchids photosynthesize & steal carbon from other plants through mycorrhizae
· This is a mixed strategy, it is called: MIXOTROPHS (a plant uses 2 actions)
· Cancerroot has no leaves and mychorrhiza, so how does it gets it food?
· These plants are true parasites
· Its roots from haustoria in the cells of other plants, which it finds by tracking their strigolactones
· It wants to attract the fungus 
· Plants that are TRUE parasites are called: HOLOPARASITE 
· Witch’s Broom 
· Dwarf Mistletoe is a holoparasite
· Some habitats have lots of sun—sometimes too much sun! (another problem)
· Solution: SMALL LEAF SURFACE AREA 
· Buttercups have tiny leaves that grow on a 45 degree angle 
· Leaves can be thin or dissected- main thing is that they have a small surface area 
· Sand Dunes are particularly sunny and hot 
· Their leaves can be highly dissected, because they have a small surface area
· Dissected leaves have a small surface area
· Plants are the same as animals in many ways, including the drive to attain genetic immortality

Reproduction
· 2 main ways that animals that animals  reproduce
· 1) Asexual: spreading the sperms
· Problem:  The lack of diversity 
· 2)Sexual : sex 
· Sexual Reproduction : 2 donors : 1)donor of sperm 2)donor of egg 
· EXTERNAL FERTILIZATION: Sperm meeting  the egg OUTSIDE of the body 
· INTERNAL FERTILIZATION: Sperm meets egg INSIDE the body  most animals use this  better guarantee in their efforts 
· Springtails can leave SPERMATOPHORES on the ground for the ground for the female to pick up 
· Most animals use INTROMITTENT ORGAN for sperm transfer  delivers sperm closer to the females eggs  
· Male spiders use special mouth parts called PEDIPALPS  the male basically boxes the female with sperm 
· Male snakes have two penises called HEMIPENES
· During sperm transfer with their PENIS drangonflies hold females with their CLASPERS 
· Most animals deliver sperm directly into the female with a special tool called a PENIS 
· All a penis is a tool for delivering sperm nearer to the eggs 
· When not needed a penis is usually stored away. If it was always hanging out, it would get badly damaged 
· Most birds don’t have a penis 
· They have a common opening for their sperm called a CLOACAH
· When needed, a penis is usually inflated by liquid (blood)
· The females usually decide the entire system , selection force on males – big part about mating is about impressing 
· Internal fertilization does not always mean that the two animals always meet each other
· Fresh water sponges & Clams just spew sperm in the water
· Clams ARE Sessile or slow-moving
· Sperm can be delivered in packages called SPERMATOPHORES  Spring tails do this
· Most animals use INTERNAL FERTILIZATION with personal delivery : INTROMITTENT ORGAN
· Slugs and snails are also HERMAPHRODITIC (both male & female at the same time)
· Apo filiation: chewing off another’s penis <refer to text book 
· They have a very unusual sex life 
· Dragonflies have an unusual penis place middle of the body 
· Some animals have another type of support for the penis 
· OS PENIS 
· BACULUM 
· PENIS BONE
· How animals meet potential mates:
· Sometimes animals produce without even meeting each other
· Barnacles MEET BY CHANCE 
· To find the right mate, many animals ADVERTIZE  through sound, scent, image 
· American Toads and frogs use AUDITORY ADVERTISEMENTS 
· Not all auditory advertisements are auditory 
· WOODPECKERS use their bills  they drum 
· Ruffed Grouse drum with their wings  they use a drumming log 
· Snipe use tail feathers WINNOWING 
· Crickets & Grasshoppers rub wings and/or legs together
· STRIDULATION: Any animal that rubs two body parts together to make sound
· Band-winged Grasshoppers CREPITATE: sound made when rubbing wings together 
· Cicadas use TYMBALS 
· Sound can also be produced vocally 
· VOCAL ADVERTISMENTS:
· Male Toads and frogs have EXTENSIBLE THROAT SACS that act as RESONATING CHAMBERS 
· Throat sacs: some frogs only have one sac 
· Male Bullfrogs have large TRYPANUM (they hear out of this)
· Toads have one throat sac
· Leopard Frogs have two throat sacs
· Birds also ADVERTIZE w. VOCALIZATION 	
· SONG is a product of SEXUAL SELECTION 
· SONGS are ONLY involved in the mating process and the only process they have to attract the mate 
· Song can have 2 functions : 1)attract a female 2) tell other males to stay away – territory declaration
· Many Warblers have two songs: one for MATE ATTRACTION and two for territory declaration 
· Some mammals use vocalization to attract mates 
· During the RUT(mating season for moose) cow Moose call to attract bulls 
· Bulls cat resist sexy advertisements—use antlers to hear better 
· Bulls also vocalize and THRASH their antlers
· Making COURTSHIP SOUNDS has risks: predators and parasitoids can hear you and when other males hear, they cheat--they imposter the actual impresser. They exploit the efforts of the actual attracter and they are called: SATELLITE MALES 
· ADVERTISMENTS can also be VISUAL  
· Female choice is why so many male songbirds are beautiful (they change colors when its mating season )
· Sometimes bird females must attract and are brightly colored—SEXUAL DIMORPHISM is reversed in phalaropes 
· POLYANDROUS: female having multiple mates 
· Females do select males on the basis of appearance 
· Female Mallard ducks choose males with the greenest head  it reveals AGE and HEALTH (good genes for survival)
· Female HOUSE FINCHES choose the most brightly colored males 
· Brightly colored birds males are better at finding food 
· Some animals have ORNAMENTS  e.g. Atlantic Puffin , they have grooves on their bills  it takes 2 years to grow a each groove on the bills  females can tell the age by this   Males with 2 or more grooves are chosen BADGES of MATURITY 
· Moose antlers are ornaments  the antlers are dead bones  super heavy  Antlers change size and shape with age 
· 2 parts of antlers: Tines (finger like projection) Palms (flat surface) 
· Antlers are SHED every winter and grown back the next year 
· Velvet : skin that need blood vessels for growing antler bone 
· Moose have the fastest growing bone tissue in the world 
· No antlers are equal size 
· Antlers indicate age or maturity and health of a moose for females
· Deformed antlers are not good for impressing other moose 
· ANTLER DISPLAY can defuse aggression  when two males fight for a female
· Moose spar , they fight with their antlers  SPARRING
· Through SPARRING bulls learn that antler size reflects STATURE (strength, dominance)
·  To female moose, size doesn’t matter
· Like Song, antlers are a product of SEXUAL SELECTION 
· But moose are aggressive during the RUT, and injuries could happen 
· Thus antler  displays and submission are important 
· THRASHING: sound of antlers on trees
· VISUAL ADVERTISING can include elaborate RITUALISTIC DISPLAY 
· Many ducks, such as Hooded Mergansers, use head displays 
· Male Ruffed Grouse use NECK RUFF and TAIL DISPLAYS 
· Some animals have AERIAL DISPLAYS e.g. Midges 
· Some damselflies have AERIAL DISPLAYS 
· Ebony Jeweling  -- females flap their wings when they like the male 
· Fireflies use light display during night  females flash a bright pattern when they want the male to come in  chemical reaction 
· Swans have choreographed mutual displays
· Sandhill Cranes perform RIUTALIZED DANCES  to impress the female 
· Sharp-tailed Grouse also dance 
· Sometimes 30 males gather together and dance together females watch them then the best dancers get chosen by a female and mate
· LEKS : when the males have COMMUNAL DANCING GROUNDS 
· Animals also use OLFACTORY ADVERTISMENTS- PHERMONES: chemical advertisements 
· Moose release pheromones in their urine during the Rut
· ATTACK PHEREMONES: (wasps produce them)
· Moose and deer produce SEX PHEROMONES
· Bulls use their tongues to help detect pheromone (licking the air)
· Bulls dig shallow RUT PITS They roll in their pee, which contains pheromones  WALLOW PITS 
· Female snakes leave PHEROMONE trails  male comes along, smells the pheromone, and tracks the female  males form a mating swarm
· PHEROMONES are commonly used by insects 
· In moose and deer both male + female produce pheromones, but in insects and other animals , mostly females produce pheromones 
· Males often use their antennae to track down females (to track the sexual perfumes)
· Many moths use PHEROMONES as advertisements  very developed Silk Moths  
· Males have huge antennae for pheromone detection 4 million pores per antenna 
· PHEROMONES can have a second role : 1)  attraction 2) stimulation 
· Male Hares leap over the females and pee on them 
· Male Porcupines urinate on females up to 2 meters away 
· Courtship can involve GIFT GIVING 
· Cedar Waxwing : gives food 
· Male Terns also give courtship gifts of food they give head first into the water and catch fish for the females  they keep bringing fish to the females to impress her  shows he’s a good fisher which is good for babies 
· Edible COURTSHIP GIFTS also given by some male spiders, Scorpionflies, & Dance Flies.  Why?  to avoid being eaten 
· Male MARSH WRENS also offer GIFTS not food though, they build DUMMY NESTS  resemble a real nest, but not used for nesting  build many dummy nests then call the females with a song  the male with the most # of dummy nests in their territory attract the most # of females   Theory: Females think that the male has a lot of  food on his territory and that’s why he builds the nest, this attracts them by making them think the male has plenty of food available 
· Male Bass & Bluegil Sunfish offer NESTS too 
· Some ODONATED stay coupled while the female lays eggs 
· Some male beetles attempt to ensure paternity by plugging the female’s reproductive opening 
· Many beetles use HEALESS SPERM 
· Featherwing Beetles use GIANT SPERM 
· Mosquito ejaculate hardens to cement , some add ANTI-APHRODISIAGS to the plug 
· Male Honeybees use the ultimate plug  Their genitalia explodes during sex
· But even the copulatory plugs do not guarantee paternity!

· Plant Reproduction -- flowers are nothing more than a sex machine, so most bear both sexes 
· Perfect Flower: Both sexes 
· Flower sex organs: 
· STAMENS (Male):  produce sperm 
· PISTIL (Female): process eggs
· STIGMA  (F) big obvious part of the pistil 
· STYLE (F) 
· OVARY (F) :where the eggs are held 
· Do plants have a penis or an intermittent organ? 
· They have an intermittent organ 
· POLLEN GRAINS are floral equivalent of an INTROMITTENT ORGAN
· Pollen Grain is the main way they get sperm into the egg 
· A pollen grain contains two sperm and a tube nucleus (lead the sperm down to the eggs) 
· A DOUBLE FERTILIZATION EVENT is unique to plants 
·  PROBLEM: How do plants get the pollen grains near the eggs?
· Grass pollen is carried by the wind 
· GRASSES AND SEDGES ALSO USE ANEMOPHILY : wind pollination 
· Grass land where there is lot of open space and wind, much pollination becomes in process 
· Ragweed & Conifer pollen is wind-pollinated
· Disadvantages of wind-pollen: delivery is not guaranteed
· Another way to deliver Pollen: 
· POLLINATORS: Animals that deliver POLLEN for the plant 
· POLLINATORS: 
· Bees (the most50 million visits a year), Wasps, Beetles, Flies, Hummingbirds, Butterflies, Hover flies, etc.
· Pollination by insects is called entomophily. But why do they help plants have sex?  The flowers feed them  the flowers exploit the animals the animals don’t know they are helping  they are bribed
· POLLEN attracts some insect Hover Flies & Bees (they EAT pollen)
· Some flowers only offer pollen as a food 
· ****PORICIDAL PORE (refer to text book )
· Buzz Pollinated : Anther cone
· Pollen Basket: on the back of the bee
· NECTAR: sugar  water – differ from flower to flower in concentration – different concentration attract different pollinators 
· Nectar is held in NECTARIES 
· Buttercup NECTARIES are small sleeves at the base of each petal 
· Nectar is held in SHALLOW CUPS  in Milkweeds 
· Columbine has special nectar leaves with LONG SPURS: nectar is held back there  Long Spurs require long tongues  Bees open is and get in there (Long-Tongued Bees)  if nectar is held in spurs it requires a long-tongue pollinator 
· Cardinal-flowers have long spurs but bees ignore them 
· How do pollinators know which flowers to visit?
· Flowers ADVERTIZE: different combinations of colour and form attract different pollinators 
· SHAPE and COLOUR are LONG RANGE VISUAL ATTRACTANTS 
· Different insect prefer different colours  insects see colour differently than we do  they see our yellow as “INSECT RED”  Red is seen by very few insects—so they stay away but is seen by Hummingbird
· SCENTS often help attract and guide insects near flowers 
· Evening Primrose release scent at dusk when their flowers open 
· Not all scents are sweet 
· Wild Ginger smells like decaying fungus 
· Red Trilliums smell like rotting flesh  they are pollinated by flies drawn to carrion 
· Flowers also use CLOSE RANGE GUIDANCE aids 
· NECTAR GUIDES: Many patterns that visually guide insects to nectar 
· Some nectar is invisible to our eyes  ultraviolet light  insect can see this  we can’t see this   like a bulls eye 
· Nectar Guide: invisible to us  Patterns that guide the animal where sexual parts are located 
· How do plants avoid SELF-POLLINATION if they are trying to get pollen into another plant?
· Self-sterility OR self-incompatibility: if a certain plant has a certain pollen , it makes it incompatible 
· Stigma can direct the pollen into a different way  female can deny or mis-direct it  leads it to death 
· Another SPATIAL SEPERATION OF THE SEXES some parts of plants are male , some are female 
· Male Flowers of conifers are usually near the bottom of the tree and the females at the top 
· Female flowers are high up… Why? so the pollen from the male does not fall on them  that is why cones are at the top of trees
· SPATIAL PLACEMENT of the sex organs 
· Closed or Bottle Gentian  flower remains closed  
· Pink Lady’s-slippers also employ a placement strategy
· The pouch 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 
· SPACIAL SEPERATION OF SEXES 
· A) On the same plant (Monoecious)
· B) SPATIAL SEPERATION of sexes on different plants (Dioecious) : a plant cannot self-pollinate 
· PERFECT FLOWERS: both sexes in one flower 
· TEMPORAL SEPERATION of sexes : separated through time 
· Eg. Orange Jewelweed flowers start off as males 
· DICHOGHAMY : temporal sex change 
· Pickerel-weed has another way of preventing self-pollination 
· HETEROSTYLY: Flowers that appear in different forms: eg. Short neck, long neck  (ONLY 2 different forms )
· Purple Loosestrife also has three forms of flowers : short style form, med, long 
· Some flowers take an active role in the pollination process 
· Sheep Laurel has BASHING STAMENS 
· Brood site deception: deceiving egg laying site 
· Red Trilliums smell like rotting flesh to attract flies drawn to carrion
· PSEUDO : false or fake
· Other types of deception: Labellum or lip – Pseudostamens with pseudopollen : Attracts bees, by faking the pollen and such  once bee lands on the pedal hits the pollen  bee slides down on his back the pedal and hits the stigma  bee flies off  flower waits for next bee
· Offers a fake mass of pollen to the bee
· Grass Pink & Pogonia does this process (like a slam dunk)
· Some flowers have a a fake promise of food, because food is what draws the insect in to help mate
· Only female mated bumble bees survive the winter in spring the queens are out getting food 
· American Grass-of-Parnassus –> have a pseudonectaries  offers a false promise of food 
· Flowers save energy by being deceptive  producing food / pollen takes up too much energy 
· Hellborine (type of orchid from Europe): what it does is very unique in all plant world 
· Releases the odours of a plant under attack (wound hormones) attracts predatory wasps
· Provides nectar
· SEX SEX SEX , ANIMALS LOVE IT. So some flowers offer sex to animals :
· Flowers offer pheromones (what animals like): have the shape of a female insect
· Fly Orchids look like a female fly 
· Bee orchids look like a female bee 
· Bunchberries are also known as POP-FLOWERS because they explode open when an insect goes near them 
· Bunch berries explode like land mines
· Twayblades also have explosive sex
· White Water-lily opens first as a female  inside the bottom there is sweet stigma many flies come in and the lily closes up  flies get trapped inside the lily  pollen tubes grow in a matter of minutes next day flower fully opens up and all the flies get released leaving pollen on the male 
· Makes insects prisoners by doing the job for it 
· PROTOGYNY: female part appears first
· CROSS-POLLINATION is the general rule
· But what happens if it is too cold for pollinators to fly? They go to plan b : SELF-FERTILIZE 
· Next to the warm ground they have flowers that SELF-POLINATE and produce seeds 
· CLEISTOGAMOUS FLOWERS are insurance  man ephemerals have these!
After Reproduction 
Plants
· After successful reproduction animals face one more challenge: GETTING THEIR PROGENY OFF TO A GOOD START IN LIFE 
· Until ready for dispersal, plants protect the seeds 
· Some have HARD SEED COATS, such as ACORNS
· Seeds can also be protected CHEMICALLY e.g. resin 
· Unripe berries are protected with TERPENOIDS (BITTER TASTING!)  aposematic colouration
· Milkweed seeds are well protected by the pod, which is full of cardiac glycosides (terpenoids)
· In plants this whole process of sending out progeny (ready to mature) into the world is called: SEED DISPERSAL
· Advantages of seed dispersal:
· 1)Avoids crowding and competition 
· 2)Prevents spreading of disease or parasites 
· 3)Prevents in-breeding
· 4)Avoids offspring from being eaten 
· Once mature, the pods open and the seeds are off  how are the seed sent off? Plants in open habitats such as old fields often use the wind 
· Abiotic forces: non-living forces : e.g. the wind 
· Wind dispersal = anemochory
· In order to fly with the wind, seeds must have adaptations 
· Dandelion : it is: small, lightweight, SILK PARACHUTES  therefore it is wind dispersed
· Problem of wind dispersal: missing the target habitat  
· Solution: Large amounts of seeds are produced 
· Another way to solve a problem: Attach themselves to animals 
· Some plants harness themselves to animals
· Other sun-loving plants exploit animals in a very different way : their seeds travel INSIDE animals
· The plants bribe animals with sweet food 
· ZOOCHORY: using animals for seed dispersal 
· Any seed that goes through an animal internally , has to survive the acid bath  must have the protection  many seeds don’t 
· Seed dispersal also takes place in very different habitat in late autumn, leaves are off and wind is available 
· Male samaras (keys) are adaptations for dispersal 
· Some tree seeds have sails to help them fly : Basswood (tree)
· Yellow Birch tiny windblown seeds that land on stumps or logs: Perched Birch 
· Some plants at ground level use wind too : Indian Pipes bloom in late summer, In the late fall the upright seed pods mature and split open releasing tiny seeds 
· Animals disperse seeds in forests too  squirrels  when storing food the winter they can disperse their seeds as well  
· Spring Ephemerals also use a most ingenious seed dispersal strategy that involves animals  they pay animals with food  ELIAOSOMES: type of food that ants love  Ant Dispersals
· Some Yellow Jacket Wasps also carry off the seeds  
· Violet seeds also have ELAIOSOMES  spring ephemeral  but first they are dispersed from the plant the pods shrink, squeezing out seeds one by one  BALLASTIC EJECTION or BALLISTOCHORY : EJECTION IS A PHYSICAL SHOOTING OUT 
· Orange Jewelweed grows in wet places  when the seeds are mature, the pod straps are under high tension  at the slightest touch , the chin straps explode open , the straps acting as catapults can jump up to 3 meters = BALASTIC EJECTION  Jewelweed is also called “Touch me not”
· Two ways to carry seeds for dispersal : wind and animals 
· Two spring ephemerals use yet another method of dispersal 
· ***Mitrewort  tiny flowers  seeds are carried by water (rain drops)  has a cup of the size of rain drop and the seed lies in it  this technique is called the : SPLASH CUP DISPERSAL 
· Bird’s nest Fungus also has splash cups
· Foamflower also uses raindrops but in a different way  SPRINGBOARDS : like a diving board  throws the water back up into the air  
· Rain drops are an abiotic force 
· Many shoreline or aquatic plants have flotation devices on their seeds 
· Many plants can vary seed production bases on environmental conditions  plants can shut down the seeding process and abort the seeds  and wait for another for a better chance in a case of environmental disruption = “Boom or bust” strategy, some years its low , some years its high 
Animals
· The animal equivalent of seed dispersal is PARENTAL CARE = PARENTAL INVESMENT 
· Parental investment always starts with the female internally
· Once egg is fertilized by sperm , it begins 
· Once the animal is hatched = Parental Care 
· Parental Care: Outside the body 
· Parental Investment: Inside the body 
· For some animals effort is made only to lay eggs in the right habitat ( no care afterwards) 
· American Toads, Green Dragon Flies
· Temporary or EPHERMERAL PONDS are egg-laying habitat for Freeze-tolerant frogs Grey Tree Frog  
· For some animals the right host plant must be chosen or the right host animal 
· Effort can be spent finding the right location 
· Smooth Green Snakes lay their eggs under rotting logs 
· Eggs of most amphibians, reptiles, and insects are not guarded 
· Parental Care in turtles stops after laying their eggs in the ground  choose a site  dig a hole   bury the eggs  cover it 
· The soil temperature during egg incubation determines the sex of hatchling turtles
· Turtles do not guard their eggs or young 
· Walking sticks lay their eggs underground  their eggs contain a cap , the captiulum that ants find irresistible 
· Northern Water and Garter Snakes internally hold eggs until they hatch , but they do not guard their young
· OVOVIVIPARITY: When an  animal holds fully developed eggs internally 
· Five-lined Skink : guard their eggs until they hatch 
· Female Red-Backed Salamanders guard eggs  they lay their eggs in rotting logs (moist area) 
· Female Wolf Spiders carry eggs in an EGG SAC held by the SPINNERETTES  wraps her eggs in spider web silk and carries it around  when they hatch , the babies are carried on the females back 
· Female NURSERYWEB SPIDERS carry the EGG SAC in their chelicerae (“jaws”)
· She builds a nursery web and guard the sac
· They also guard their young 
· Giant Water Bugs offer male-only parental care   swimmers , and jumpers 
· All of these animals provide very little parental investment internally  the r-stragegy 
· Other animals provide a lot of PARENTAL INVESMENT both internally and externally 
· In 95% of mammals, females provide ALL of the parental care 
· Moose have 8-month gestation with placental connection 
· Moose have a PRECOCIAL young = well advanced once leaving the females body 
· Cow Moose protect their young for one year 
· Female only care is the general rule for mammals, although there are exceptions 
· Wolves, Coyotes, and Red foxes exhibit BIPARENTAL CARE = both parents watch the babies 
· Wolves are SOCIAL animals that cooperatively raise pups  in packs 
· The whole pack helps care for the pups 
· In mid-summer pups are taken to open places called RENDEZVOUS SITES   Pups are left at these sites , adults go hunting and rendezvous back to the pups  at these sites , the wolves do a lot of hunting  wolves usually stay up all night and sleep all day 
· In rendezvous sites , the pups appear to be alone , but they are always guarded 
· Bears go after pups 
· Not all mammals invest internally
· Black Bear cubs are born highly ALTRICIAL 
· Opossum’s are born after a 12 day gestation 
· They are a-placental  no attachment to the uterus 
· Inside the females pouch there are nipples that the babies get stuck to the nipple gets very long (up to a foot)  they develop external of the body 
· Female bears stay with the cubs for 1.5 years 
· Many Carnivores display Delayed Implantation 
· Bats mate in summer and give birth in the next spring 
· Gestation= about 40 days 
· They delay fertilization/implantation  store the sperm 
· Social insects (bees and wasps) also store sperm  Mate in the fall , store the sperm all summer long , 
· Paper wasps, Ants and other social insects display GROUP CARE for the young 
· >90% of all birds in the world provide BIPARENTAL CARE 
· Eggs are a huge investment 
· Shells require lots of CALCIUM 
· Ducks, grouse, sandpipers=  large eggs, 40% yolk
· Sonbirds= small eggs, 25% yolk 
· Ducks, grouse and sandpipers= little effort in nest building  in the ground 
· Songbirds = elaborate nests  lots of different material and time 
· ^^ why the difference?
· ALTRICIAL NESTINGS remain in the nest 
· PRECOCIAL CHICKS leave the nest after hatching   ducks, etc.  development mostly in the egg 
· More time in the egg requires more nutrition (more yolk)
· Longer development in the egg allows chicks to hatch mobile and largely self-sufficient 
· INCUBATION is also an investment   parents take turns  BROOD PATCHES are featherless heating pads that keep eggs at 37 degrees C  if the females and males take turns watching the eggs, both have brood patches  just the female? then just the female has a brood patch
· Female ducks and grouse do all incubation 
· After mating, the males desert the females 
·  In Phalarope’s  (polyandrous species) males only incubate 
· PARENTAL CARE includes NEST SANITATION  fecal sac  glad garbage bag for bird droppers 
· Hawks add green conifer to spring nests 
· PARENTAL CARE include NEST DEFENCE  defence can involve Aggressive Responses 
· Mobbing is a group defence 
· NEST DEFNECE includes DISTRACTION DISPLAYS 
· FEIGNED INJURY DISPLAYS =BROKEN WING ACTS |(faking an injury)
· Female ducks do a very convincing BROKEN WING ACT 
· Small ground-nesting birds do a RODENT RUN (smaller birds)
· EGG DUMPING= a mother taking care of another’s eggs as an insurance policy 
· Ducks and goose broods can be extremely large due to: BROOD AMALGAMATION (putting it together) also called CRECHING 
· Crèche’s might provide safety in numbers for both the donors and recipients young 
· Black-billed Cuckoos are also Facultative Brood Parasites 
· Opossums can have as many as 20(even50) babies and only have 13 nipples
· BROOD REDUCTION occurs in eagles   two young hatch but only one survives  older eagle siblings kill each other The oldest eagles kill the youngest  
· SIBLICIDE =one sibling killing another 
· Female Muskrats kill their neighbour’s young 
· INFANTICIDE : adult kills the baby 
· Refer to text book for the “Bruce Effect”
· When a female Tree Swallow re-mates, the new male kills all of her young kill all the previous mates young’s  INFANTICIDE  new male will protect his own 
· In dense population, female voles will abort their foetuses when they smell a strange male’s urine or scent  THE BRUCE EFFECT 
· Brown-headed Cowbirds never build a nest, hatch an egg or feed a nestling  common birds  they ALWAYS lay their eggs in somebody else’s nests  OBLIGANT PARASITES  Young Cowbirds outcompete and often out-survive the host young 
