LECTURE 1:

Natural History is:

- the enjoyment of NATURE 
	- living, breathing, dynamic plants and animals
- the REAL WORLD – it is the only and longest running reality show
- the enjoyment or OBSERVATION of living plants and animals – FLORA AND FAUNA – and their interactions. It is an OBSERVATIONAL SCIENCE 
- Someone with an interest in Natural History is a NATURALIST (someone who enjoys nature) 
- about plants 
-DICTIONARY definition: dealing with the properties of natural objects, plants or animals; a scientific account of any subject on similar lines

· One phrase that unifies all naturalists: “What the heck is this?”
· Naturalist: One who makes a special study of animals or plants (a less precise term than zoologist, biologist, etc.) 

Five Major Challenges Plants and Animals face:
1. Staying Alive 
– Defenses: Animals:
· Appearances – Camouflage = concealment: a method of cryptic (hiding), which allows an otherwise visible organism or objct to remain unnoticed by blending with its enviorment. Forms of camouflage: ex. moth and trees, stink bug and leaf
· Types of Camouflage:
· 1) Background Matching: body has the same form of patterns as the environment around them 
· Grey Tree Frog: changes its colour depending on its background. In the winter they are able to survive while half of its body turns to water and freezes.
· Snowshoe Hare: seasonally changes its colours to match their environment (brown in summer, white in winter) 
· Every habitat has general patterns (Grasslands (fields, meadows) have vertical lines)
· 2) Disruptive Patterns: Patterns that break up the general form of an animal making it hard to see EXAMPLES: 
· Eye lines and eye stripes of songbirds (especially important when sitting on nests)
· Canada Goose- chin straps to conceal themselves
· Killdeer- Breast bands on – Horned Larks
· Loons -Necklace on neck
· Eastern Chipmunks - Strips and lines on back and face
· Leopard frogs – brown and green spots and stripes that go across the entire animal to make the patters work well. When frogs legs are folded in, there are dark bands that continue and join together, which is called Coincident Disruptive Patterns (different parts of the body combing together to make one pattern) 
· Shapes: having your body in the form of their environment EXAMPLE: 
· 
Masquerade (mimicry); organism resembles inedible and generally inanimate objects.

· Angle-Winged Butterfly: uses its shape to mimic a dead leaf. (Morning Cloak, & Easter Comma are other examples)
· Walking stick, Inchworm becomes a living twig. Example of a twig mimic
· Treehopper: often have little thorns or spine like parts sticking out of their body, and normally stay very still on plants while they suck out juices from the plant This is a thorn mimic 
· Luna moths (silky moths): hide up high in trees in daytime, to blend in as live leaf mimic
· Spittlebug (looks like foam): sucking insects that suck in the juices of plants, then creates a foam like substance to hide in.
· Giant Swallowtail Moth: most caterpillars have a mate finish to the body, however this on has a shiny finish, which makes it a bird dropping mimic 
In muddy area, butterflies or moths use ‘puddling’ to get nutrients. Some moths are known to hear the sound waves in the air. Behaviors they display is unusual as they are all grouped together. Their patterns of disruption combined mimic an image of a snake. 

- Animals living in ponds and lakes often use colour patterns for a different type of camouflage. 

Body Armour:

· Millipede, Snails, Beatles, Turtles: use their hard outer shells to protect them from predators (painted turtle, paint turtle, Blanding turtle – can partly close its shell)
· Eastern tent caterpillars: some animals can use a soft structure as a defence as well; these caterpillars form silk webs around leaves, and feed inside of them
· Gypsy Moth Caterpillars & Tussock Moth Caterpillar: use their hair as a defence against birds trying to eat them. When they are under attack, they roll into balls
· Woolly Aphids Bear: has stiffer spines to protect them
· Porcupine: mammal that uses their quills (modified guard hairs) to protect themselves. *They do NOT shoot their quills, they must make contact with they quills to stick in 
· Scarlet Lily Leaf Beetle: eats lilies 

- 3) Bicoloration: having a two-toned body, usually dark above and light below, often seen on animals that live near the surface of ponds. Allows for background matching from two directions. EXAMPLES:
	-Water Boatmen, Backswimmers/Whirligigs (note: white upper parts and dark bottom – they swim upside down!) 
	 

-4) Countershading/The self-shadow concealment principle: - White-tailed Deer are also dark above and light below – light belly makes it look more flat – Countershading – Self-shadow concealment (Side view, more uniform and toned) 

When camouflage and cryptic behaviour fails, some animals have a second defence or “Plan B”: Startle Patterns: Bright colours and patterns that when exposed startle the predator giving time for the animal to escape. EXAMPLES:
· Bright hind wings of Band-winged Grasshoppers
· Bright hind wings of Underwing Moths
· Eye-spots on Sphinx Moth hind wings 
· Huge- eye spots on Io Moth and Polyphemus Moth hind wings
· Reg-bellied snake –bright orange belly
· Ring-necked snake- brilliant yellow 

Distraction Patterns: Patterns that serve to distract or deflect a predator’s attention to a non-vital body part. AKA: Startle Pattern. 

Deflection Patterns: another name for Distraction Patterns that also serve this function. 

Some small butterflies have eyespots and fake antennae on hind wings that serve as Distraction or Deflection Patterns. EXAMPLES:
- Tailed Blue butterflies, also Swallowtail butterflies; five-lined Skink blue tail serves to Distract and Deflect attack (disconnects because of a special zone of cells that weaken its connection….scurries off and eventually grows a new tail.) 

Permanent eyespots (never hidden) can be used to fool a predator into thinking the animal is bigger than it really is. EXAMPLE: Eye Elater (beetle), eyed butterfly, Tiger Swallowtail caterpillar

Startle Sound:
· Grouse: Wings – take of with an explosion of wing sound 
· Beaver: Tail –slap the water 

Disguise through Behaviour: some animals add bits of environment to body to disguise: 
Masquerade artists- EXAMPLES: Leaf Rollers, Caddisfly larvae, Sumac Gall Aphids 

PHYSICAL DEFENCE can involve hard physical structure that are part of the animal’s body: Hard exoskeleton – EXAMPLES:  many beetles, millipedes (made of chitin, pull unprotected parts in) 
Shells formed from internal skeleton: EXAMPLES: turtles- Blanding’s Turtle can partially close its shell – hinge on anterior part of the plastron) Box turtles – completely close armour. 
Snapping turtles – cant withdraw in shell, so they protect themselves. 

Hard shells formed from Calcium – Examples: snails, Clams (withdraw into shell) 



SEQUESTER: acquired in diet and then stored in the body

· Monarch Caterpillar 
· llar: sequester 

Hair streaked butterflies 
Tailed Blue – disruptive pattern – distraction/deflection 

Eyed Butterfly:
Hairstreak – butterflies that have a tail to make it look like it’s the antenna (fake head) 




LECTURE 2A:

Distraction Pattern:
Five-lined Skink – ex of Autotomy (loosing a part of your body to survive) when the tail is touched, it detaches from the body  (disconnects because of a special zone of cells that weaken its connection.. scurries off and eventually grows a new tail).
Physical Defence: can involve hard physical structures that are part of the animal’s body:
-can consist of Body Armour

Body Armour:
Hard exoskeleton:
· Examples: many Beetles,  Millipedes (made of chitin, pull unprotected parts in). Use their hard outer shells to protect them from predators 
Internal Skeleton:
· Snapping’s turtle – cannot fully withdraw into shell
· Blanding’s Turtle: can partially close its shell – hinge on anterior part of the plastron) Turtle shells are composed of two parts: Carapace (top) and plastron (bottom) 
· Box Turtle - completely close armor
· Snapping Turtle- cant withdraw shell,  so they protect themselves 

Hard shells formed from Calcium – ex. Snails, Clams (withdraw into shell) 	

No Defence is Perfect!! 

Soft PHYSICAL Defenses: 
1. Silk webs for Protection: Eastern tent Caterpillar, builds a tent structure, Fall Webworm, in late summer, have leaves inside!  
2. Long body hairs: Many Caterpillars- Gypsy Moth, Woolly Bear (Stiff Spines)
3. Body Hair (Guard Hairs) Modified into Quills – Ex. Porcupine – gives visual warnings first: raised tail, chattering of teeth, warning odor from skin above tails base.

- Mammals can also use stiff hair defense: ex Porcupine 

ANIMAL CHEMICAL DEFENCES:

Chemical Defenses: are found and released by a variety of body parts

POISON SPINES: Hair + Poison = Poison Spines: Animals who have stiff hairs that are branched and tipped with toxins, creating poison tips. 
WARNING COLORATION = Aposematic Coloration:  Being brightly coloured to warn others of your defenses. This allows predators to remember distinctive colours and avoid eating these colours in the future
· Red Eft: bright orange skin and spots because its skin is poisonous 
· Milkweed Beetles: orange and black spots
· Skunks: don’t use bright coloration because they are normal! Is black and white = aposematic colouration for warning at night, use behavioral warnings first to conserve the chemical defence 
· Aposematic Coloration = Warning Coloration, allows a predator to learn quickly to avoid that colour pattern 
(Black and white, aposematic at night)
(Colour in the day, better stay away)


Poison Spines: Hairs that are branched and tipped with toxins. Example: IO Moth Caterpillar usually Aposematic coloration = Bright warning coloration is involved. 
Toxins can have bad taste; make the eater ill, burn etc.

Sequester: acquired in diet and then stored in the body

Some Chemical defenses are SEQUESTERED = Acquired in Diet, Then stored in the body. 
A) Sequestered from plants: Monarch Butterfly Caterpillar eats Milkweed leaves containing Cardiac Glycosides (Which are Terpenoids) and Stored in body. 
B) Sequestered from Animals: 
Fireflies:
· Photuris females eat males of Photinus species to sequester Steroidal toxins.
· Males advertise sexual desire for females who blink to tell males to come mate with them 
· Fireflies are beetles!! NOT flies! 
· Nocturnal animals
· They usually have toxins! 

LECTURE 2B:

Startle pattern

CHEMICAL DEFENCES are found or released by a variety of body parts: 
A) SKIN: Red Eft (Salamander) (Samandarin); American Toad (Bufotalin) 
B) MOUTH: of Grasshoppers and Sawflay Larvae 
C) LEGS: of Blister Beetles – (Cantharidin (a terpenoid) released from leg joints))
D) INJECTED by STINGERS: Wasps, Bees…honey bees are the only ones who loose their stinker after stinging. 
E) OSMETARIA: of Swallowtail Butterflies – red horned tips
F) ANAL: skunk – sprays Sulfur alcohol. Black and white = Aposematic colouration for warning at night – behavioral warnings first to conserve the chemical defense. 

Animals are equipped with chemical defenses often have Aposematic colouration. Aposematic colouration allows a predator to learn and avoid that colour pattern. 

Bombardier Beetle – (YouTube vid) has an amazing chemical defence. Uses hot Quinone gas 

Mullerain Mimicry: When a group of unrelated animals all are defended (brightly coloured) and bare similar appearances.
- Animals look alike (but not closely related) and all have a nasty defence such as a bad taste, a sting, poison spines, etc. 
-	All the look-alikes share a true defence so their aposematic colouration is an honest advertisement. 
Examples: Many species of wasps and bees look a like (and they all sting) 
Mullerian Mimicry = both armed with vermin 
EXAMPLE: Bees and wasps, milkweed beetles and milkweed bugs.

Batesian Mimicry:  A Model that is armed, and a Mimic that is harmless. 
Examples:
· MODEL: monarch caterpillar and butterfly (poisonous) vs MIMIC: viceroy butterfly (harmless/edible)
· Honeybee/Bumblebee/hornet (stings) vs hoverfly (harmless)
· Sphecid Wasp (stings) vs bee fly  
· Bald-faced hornet vs Hover Fly 

When a harmful model has some unpleasant feature (such as a bad taste or a sting) and there is a harmless mimic that looks like it. 
NOTE: The mimic is usually less common then the model. Both occur at same time of year
Ex. Drinking a bad glass of milk – doesn’t mean you will stop drinking milk altogether. Unless, you drink more sour milk then good milk. 

BEHAVIOURAL DEFENCES: 

Bluffing: American Toads have toxin (Bufotalin) in the skin – if that fails they puff up to look larger
Thanatosis – Playing dead. 
Ex. Hog-nose snakes bluff first then roll over and play dead
· reflex bleed
· may not be a defense against predators- may be so they don’t startle deer/animals that would stopm them 
· some animals ig
Ex. Possum – mammal that plays dead 

Flocking: group defence. Group protection – advantage of “safety in numbers”
- A lot of birds flock to confuse predators 

1. Lowers chance of being caught
2. Confuse predator

Group Defence in Social Insects: Live as a group and share responsibility

Attach Pheromones: when one (ex. Yellojacket wasp) is alarmed, calls in the troops 

Mobbing: a Pre-emptive Defence – Driving away danger before action is taken against them 
· Bird group behavioral defence can also be active and aggressive 
· Local alarm calls- bird calls 

Pishing: elicits a mobbing reaction in small birds. 


LECTURE 3A:

Group Defense:
YARDING: White-tailed Deer YARD (in winter) – grouping together mainly for food, but most importantly for safety. “Safety in Numbers”
-More eyes to watch for danger

Bodyguards: Some animals enlist the help of more powerful animals. Ex. Carpernter Ants guard aphids (spittlebugs that suck up sap from the plants) Since the aphids will most likely have access sap (that sap is rich in sugar), the carpenter ants benefits as well by receiving sap (aka honeydew-source of food) from the aphids. (Aphids usually shoot out from the anus) 

Some defenses seem odd:

Cottontail Rabbit and White Tailed Deer – “White Flag”
· If all else fails, Run Away. Zigzags when it runs 
· Tail lifts up – bright white colour
· Raised white flag is advertising awareness to predator that they’re been seen and to give up 
· Predator will stare at tail, and trip (distraction, confusing) 

Vigilance in Animals:  Being on the alert for danger.
Detection of danger involved Vigilance, which often involves scanning the environment for signs of danger. 
Pressure Sensors:
· Snakes: have no external ears, but sense vibrations from the ground
· Fish: have the lateral lines on their side and can sense pressure. 

3 Ways Animals can Detect Danger: 
1. Nose/Smell – Olfactory
· Snakes: have enhances power of smell
· Uses forked tongue – taste air with tongue 
· Scents are analyzed in the Jacobson’s Organ
· Moose:
· Enlarged snout = larger scent chamber
· More sensory cells and Jacobsons Organ 
· Flemen – curls back lips to expose the Jacobson’s Organ – mammals can improve their sense of smell using this 
· Beavers – have smaller ears 

2. Auditory – Sound/Ears 
· Tiger Moths – have ears
· Hide in the daytime, more active at night
· They have clicker on their body. 1st theory is that is jams bat’s detecting sound. 2nd theory can also be an aposematic sound (also imp bad to eat)
· Beavers – small ears help water constraints 
· Moose/Deer – large external pinnae (ears) capture and magnify sound
· Highly mobile ears – ears swivel to scan directions 
· Different Insects: have membranes (not true ears) in front of hind les on the underside of abdomen, Ex. Mantids 
· Snakes – have no ears but sense through vibrations and smell/taste
· 

3. Visual – Eyes/Sight 
· ‘Hunted’ – eye placement on the side of the face to have total field of view ex. Snowshoe hare (bunny) 
· Can better see the world around them without moving head
· Less ability for depth perception
· ‘Hunter’ – Eyes on the front, helps you hunt ex. Owl, fox 

· American Woodcock – eyes are placed to the upper back part of its head
· See better behind them – binocular vision 
· When feeding at night, they face down – need to see behind them to detect danger 
· ‘Compensation for need to feed’
· Another ex. Wilson’s snipe 
· American Bittern – eyes at base of beak
· Allows them to put head up in air and see greatly what is in front them
· Rods – low light/black and white detection 
· Animals who are more active at night have more rods and larger eyes
· Tapetum Lucidum – Eye Shine: due to layer of reflective cells on the retina
· light is shown on animals eye at night when you shine light at them (headlights for ex) 
· Nocturnal animals display eye shine
· Have larger eyes \

· Flocking- more eyes to watch for danger and allows more animals to look for food 
· Single Species Flock – flock has one species, ex. Sandpiper 
· Mixed-Species Flock- more then one species. More scattered and variety of food which offers more eyes to detect danger around them 
· The difference between these two is food resource type! Nature of food 


 LECTURE 3B:

Plant face all of the same problems that animals encounter
· Risk of being eaten – “gauntlet of hungry mouths”
· Every part of the plant is eaten

Bark Beetles: 
· Lay eggs in wood and they eventually grow and exit through the bark

PLANT PHYSICAL DEFENCES: 

1. Armor – trees and woody plants have external armor - Bark
· Dual function – support and protection 
· Seeds – 
2. Sharp Spines – Motified Leaves 
· ex. Scotch Thistles 

3. Prickles – come from the skin of the plant – epidermal outgrowths like hairs 
· Epidermal cells create the prickles (like hairs\
· Ex. Rose plants 

Automimicry: “Self Mimicry”
· Some plants with prickles have new buds resemble prickles 
· Part of plant resembles other part of same plant ex. New Rose bud 

4. Thorns – Modified branches
· ex. Hawthorns 
· Honey Locust – trees with thorns. When thorns are broken off you can see that tissue go deeper into the plants. Whereas pricks are just on the surface 

Not all physical defenses have to be hard: ex. Ragweed causes allergies

Trichomes: – Plant hairs 2 types. Some have glands, some don’t.
· Form physical barriers for small animals that try to climb stem or eat leaves
· Ex. Mullein leaves have trichomes 

 Glandular Trichomes – Physical plus Chemical – release glue like substance
- ex. Stinging Nettles – Hair that stings
	- Pumps chemicals into you that cause burning sensation

Water Smartweed:
· Grows in habitat that can dry up
· No trichomes on leaves in water 
· If water goes away, trichomes appear on leaves! 
· An INDUSIBLE defence – only there when needed

Structure of the Plant can be a Defense:

Structure Elements are Digestibility Reducers:
· Structure elements such as Cellulose, Hemicellulose and Pectin make plant tissue hard to eat (cell walls that give structure –strength- to the plants) 

Lingin – gives leaves stiffness. Also gives nuts and cherry pits their hardness
· Often housed in structures called Sclereids - they last for a very long time
· 
Silica – found in Horsetails (Equisetum) – a firm like plant 
· Second element found most in soil – very hard to digest
· Housed in Phytoliths –cells that hold silica together for Structure and Protection 

Calcium – Element in soil can also be used as a defense 

· Arum plants have calcium oxalate crystals in their leaves ex. Skunk Cabbage 
· Crystals burn lips and tongue – ruins gut
· Are Secondary Metabolites – have no role in plant, other then for protection
· Was used to kill of enemies – laced food with crystals
· Jack-in-the-pulpit (Arum Group)
· Produce calcium oxalate crystals. Nasty burning chemical.
It is NOT a Structural compound. They have NO other porpose except for defence. 
	

Plant CHEMICAL DEFENCES: 

Two major groups:  1. Contains Nitrogen. 2. One that does not. 

Several Categories:

1. Terpenoid – does not contain Nitrogen – doesn’t kill animal but tastes very bitter
       Resins (Oleoresins) 
· Gum off of pine trees 
· ‘Sticks up’ insects so it cant move around very much
· Urushiol Resin
· Causes a dermatitis (rash) 
· Ex. Poison Ivy 
· Some plants advertise their terpenoid – in example –mint
 
2. Alkaloids – toxins that contain Nitrogen
· Many subdivisions of Alkaloids, plants can contain specific or combinations.
· Makes it hard for animals to evolve 
· Ex. New England Asters and buttercups
· Socrates – killed by Hamlock (loaded with Alkaloids)
· Causes things like cramping, vomiting, sleep apnea
· Caffeine, cocaine, morphine, nicotine are all alkaloids

Some toxins are produced on demand: 

Constitutive defense – part of the plants constitution – already there

Inducible Defense – there only after attacked 
· Hydrogen Cyanide (HCN) is inducible 
· Ex. Black cherry 
· Stored separately, once plant is bitten into –it is compined 
· Blacken Fern – well armed chemically, produce HCN
· Clovers contain HCN 

Mixed Compounds: Terpenoids and alkaloids mixed together 
· Latex (stored in laricier) 

3. Phyto proteins – proteins made by plants 
Some plants can produce Insect Growth Hormones: - insects go through changes, larva to adult. Two important hormones involved in this change:

Moulting Hormones (MH) and Juvenile Hormones (JH) 	
Larva 1st stage -- MH/JH  2nd stage -- MH  Pupa -- MH  Adult 
Each must present in right amounts at right time for normal development. Only needs the JH in the early stages

1. Moulting Hormones = Phytoecdysome (a number of types). Required for the shredding of the exoskeleton during Moult (change). It allows insects to go through different Larval stages. Its not produced at Maruity so when insects eat plant-produces ecdysone –get too much in their system; results in malformation, sterility, early death.
- Common in Ferns- hardly ever eaten
2. Juvenile Hormone – important in early stages of development; not produced at maturity. Some plants produce Juvenile Hormone. When the insect eats the plant, it keeps getting Juvenile Hormone in diet and the Larva cannot change to adult; Locked in “Childhood” Forever; cannot reproduce an overdose of Juvenile Hormone can also be lethal. 
Balsam Fir is an example of a plant that produces “Juvenile Hormone”. 
3. Some plants produce " Anti-Juvenile Hormone” It stops the Juvenile Hormone production too soon in the insect’s development. 

**Mustards advertise their defence** 

The insect becomes Adult-like too soon and is not ready to reproduce (Yew has this hormone). 

Reproductive Hormones – Phytoestogens – mess up animals reproductive system
· Found in Clovers
· Immediate response- stop reproduction –long term planning 

Phototoxins: light-triggered defenses. 
- ex. St. John’s Wort plant - produces these chemicals in glands in the leaves, flowers, and stems; When eaten, the chemical spreads in the blood through the animal to the outer surface of its body. Here it reacts with sunlight, making the skin super sensitive to sunburn; Create stores, infection and even death! 

Plants use aposematic colours too! Ex. Green bluberries – tastes bitter cuz of terpenoids 

LECTURE 4A:


Some plants employ what might be called the Mafia Defence or perhaps “Hell’s Angels Strategy” because the plants call in predators to kill the attackers. 
They release Chemicals that Attract predatory insects.
Plant –Command Central Chemicals:
When animal attacks a plant, “command center” causes the plants reaction.
1. Jasmonates – if plant is attacked, creates a chemical to prepare for future attacks. These chemicals are volatile and evaporate easily through the air and the messages are then conveyed to the other plants around it 
- they float in the air, and land on other plants – reaction to occur. Ethylene works well in jasmonates. Go to next plant to get it responding. Command central. Animal attacks plant.

2. Salicylic Acid – all command central chemicals 
- ex. Willow leaves 

Challenge #2: ENVIORMENTAL STRESSES:

ANIMALS: 
Temperature Extremes:
· Subzero temperatures
· Water turns into ice and expands and causes cells to burst = death 
· Ectotherms – An animals whose internal body temp is primarily controlled by temo of its surroundings - Rely on external temperatures for body temp ex. Turtles, frogs, s, insects (cold blooded), snakes 
· Endotherms – generates heat internally ex. Wolves, Foxes, birds, mammals 

Dealing with extreme cold:
When active during cold weather (Endothermic)- 
· Putting on extra layers on the outside:
· Mammals – Guard Hairs: extra hair on outside, undercoat for extra warmth ex. Moose – they grow dense fur called the Underfur – inner coat 
· Birds – contour feathers on the outside become bulkier by 50% down feathers underneath 
· Animals also add extra layers on the inside:
· Mammals have 2 types of fat:
· Subcutaneous fat for insulation = warmth (white fat) –helps hold in body heat.
· Brown fat around heart, gives off more heat when burned. ‘Like a woodstove’ (birds don’t have this fat) 
· Birds add subcutaneous fat for fuel –not used for warmth – use it for their muscles to have energy to fly and ultimately keep warm 
· During cold nights, the birds pectoral muscles vibrate to keep warm (shivering to generate heat) (when mammals shiver, bad sign)
· Fluff up their feathers to trap more air to help insulate and keep warm. 
· Colour can provide warmth:
· White – pale colours (hairs and feathers) retain internal heat better when there is windshield weather. Ex. Snowy owls
· Gloger’s Rule – further north you go, the paler animals are. Ex. Arctic fox 
* Snowshoe Hares gain 27% in the coats insulation value! *

· What shape is best for the cold? Shorter extremities
· Allen’s Rule – the further north you go, the shorter the extremities
· Bergmann’s Rule – Low surface are: Volume ratio – thin drawing ex. 400:5 vs. fat one 600:200…the second is better cause u keep the heat in more 

· How do animals stand on ice and swim in cold water?
· Meant to be in cold temp and has adaptation inside base of their feet for conserving heat. 
· The bases of the legs of ducks or the base of the tails of beavers have a very special system for cold temp.

· Countercurrent heat exchanger: Rete Mirabile or “Wonderful net” 
· Cold blood in the veins is making contact with the arteries carrying the warm blood. When the veins carrying cold blood to the heart and lungs meet the arteries carrying warm blood to the outer body parts. Heat is exchanged between them.
• Blood arriving at the feet or tail is cold, often only 1 or 2 deg C. 
• Reduces the temperature gradient between inside extremity and outside environment. This reduces the amount of heat loss and conserves energy. 
Examples: Duck & Gull feet, Beaver tails. 

· How animals Breathe: keeping mouth closed conserves heat and energy 
· Tucking extremities under a wing can also help birds keep warm
· Arctic Fox – wraps tail around head to keep warm 


LECTURE 4B:

How animals deal with the cold:
1. Migration – an annual, two-way journey that is primarily a response to a predictable food shortage, often spands thousands of kilometers
2. Dormancy – a state of inactivity chataerized by reduced metobolic activity and a drop in some or all of body temp, heart rate, respiratory rate lethargy, torpor, and hibernation are all types of dormancy
3. Stay active 


Adaptations to cold can also involve BEHAVIOUR:

Behavioral Features that help keep animals warm:
- Choose warm sites for sleeping and roosting:
· Coniferous trees offer more warmth – especially when covered in snow 
· Hallow Trees – woodpeckers and small owls stay inside cavities overnight 
· Huddling – share body heat and improve SA: V ration 
ex. Flying squirrels: to stay warm, more importantly to change their surface area to volume ratio to one that’s better for retaining heat…Some birds will huddle too but its not a guarantee 

- Some animals build their own shelters to stay warm:
· Muskrat Lodge – build material up, hallow inside, spend time inside, round lodge is covered in snow to help with insulation 
· Beavers build lodges
· Snow helps insulate lodge
· Beavers use sticks, muskrats don’t 
· Beavers don’t hibernate 
· Beavers Use mud for insulation 
· Breathing hole or chimney – how they breathe 
· Bears and Wolfs are predators to beavers 
· Breathing Hole/ Chimney: hole (melts the hole cuz its hot inside) on top of lodge for air 

Subnivean Space - Small animals find warmth under snow 
· Other animals find warmth IN the snow. Ex Ruffed Grouse snow bed  
· Dive into snow 
· D

· Basking- using the sun to get warm on cold days
·  Can be done while sleeping 
· Turtles bask on logs and rocks in the summer 
· Turn down body heat - Let internal body temp fall 
· Chickadees drop internal temp 12 Deg C. 
· Torpor: chickadees going into a deep sleep – very hard to wake up 
· Short-term, usually only overnight, if Temp falls too low, pectoral muscles
· Kick in, shiver, raise temp (Like a Thermostat). 	
· Breathing can create heat 
· By lowering body temp, they loose less heat cuz the difference in temp between their body and the temp around them is lowered – the greater the gradient 
· Less energy is spent to keep your body warm. 
· Shivering – important means of thermogenesis 
·  Some birds generate more heat by increasing the muscle activity, this happens at night or during cold stretches. – Breast Muscle Huge- for Flight, Shivers to generate heat.

Not all animals stay active when the temperature drops. Ectotherms cannot because their body temps drop with environment. They go Dormant as body core temperature drops. They avoid freezing by most herps (Reptiles and Amphibians) become inactive. 

Ectotherms Animals – Dormant (cant be winter active) 
Behavioral Freezing Avoidance:
· Snakes – Go underneath in cracks, rocks, etc, below the frost line = the place where snakes are dormant = Hibernaculum – a site where a number of animals come to spend the night and go dormant 
· American Toads, Salamanders – Dig down below the frost line; 
· Turtles and Most frogs (Bullfrogs) - Go to the bottom of Ponds where it does not freeze,
· Their Metabolism slows down; they breathe through their skin.

Many insects survive the winter ABOVE THE FROST LINE – ex prey mantis will have eggs in around sept. The eggs will survive the sub zero temps but the prey mantis will die. 
Ootheca – the foam around the egg of the prey mantis – egg case. 

Cryoprotectants – protecting life – antifreezes produced by animals ex. Prey mantis eggs
· ex. Walking sticks also overwinter as eggs – ants collect the eggs for the edible capitula 


Others overwinter as LARVAE: 
· Wolly bear spend their winter as caterpillars, they produce a lot of anti-freeze = glycerol – lowers freezing point of water. Antifreeze proteins keep ice crystals from growing

Supercooling – lowering of a liquid temp below its normal freezing point without freezing – freeze avoidance 
Freeze Tolerance – ability to freeze and survive ex. Painted turtle but only as hatchlings!  ex. Chorus frog 


Only Female Mosquitoes survive the winter as ADULTS 
Hibernating insects stop eating in the fall and void their gut of all contents – to avoid water and then ice forming in their body. 
Anglewing Butterflies overwinter as supercooled adults 	

Silk Moths over winter as PUPA in a COCOON – butterflies  


Some insects overwinter in special sites - 

Galls – ex. Goldenrod Gall Fly grub: abnormal tissue growth on a plant; usually induced by an insect or mote that reckless inside the gall eating its tissue 
- These insects actually freeze and survive it cuz cryoprotectants inside the cells – don’t allow ice forms

Not all Herptiles (herps) physically avoid freezing – ex. Grey Tree Frogs stay near the soils surface and freeze. So do wood frogs 

Snapping turtles all gather together near where there’s a stream going in cuz there’s more oxygen. 

Inactive endotherm strategies to combat cold:
· Endotherms are not freeze tolerant but some do go DORMANT. 

Lethargy: a light state of dormancy in which an animal is easily roused when the ambient temp rises, and its body temp doesn’t drop as much as in hibernation. Usually done in a den, hallow trees, EXAMPLE – raccoons, porcupines, 

Chipmunks undergo longer periods of TORPOR = Hibernation. Low heartbeat and temp. They wake up every few days and eat, partially/mild hibernation

Bats underg a light Hibernation too. High heart rate (24-36 bpm) low temp (5 C) and are easily aroused, wake up easy. 
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