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Natural history- enjoyment of nature: living, breathing plants and animals
Natural history is the real world
…. Enjoyment or Observation of living plants and animals. Observational science. Naturalist
about animals and plants
NH- dealing with properties of natural objects, plants, animals; scientific account of any subject on similar lines
Herpetologist- reptiles… mammals-mammologist…plants- botanist…insects-etymologist…birds:ornithologist
Component 1: Staying Alive. Defenses
1. Camouflage- moth with bark, stink bug with leaf, grasshopper
· Camo=concealment
· Every habitat has general patterns (grassland:vertical=sparrow, vertical streaks) Animals try to look like their background
· Dapple patterns matching dapple pattern of forest- Female Spruce Grouse
· Bark mimic, gray tree frog (changes on demand)- Eastern Screech Owl
· (Seasonal Change) brown for summer, white in the winter- Snowshoe Hare-
· Camo can be patches 
· Disruptive coloration/pattern- Birds have stripes on eyes. Because head is exposed above the head. Breaks **up head pattern. 
· breast bands.- Killdeer-horizontal lines on breast: 
· Chin strap  Canada Goose 
· Necklace - Common Loon
· Coincident Disruptive Discoloration: when parts like legs fold, and make a flowing pattern. (Maybe group disruptive pattern: moths and snake) Leopard frog
· Camo can be shape: Masquerade
· *Angle-winged Butterfly- Shaped like leaves
· Dead leaf mimic- Morning cloak
· **Masquerade  - body modified for some kind of environment
· Moths- (rolls up to be a dead leaf; looks hollow because dark in the middle)
· twig mimic, thorn mimic- Caterpillar, walking stick- 
· live leaf mimic - Prey mantis
· inedible- Spittlebug (looks like sugar water)- Masquerade can involve not matching background, but something. Woolly Aphids looks like white threads. Some moths mimics bird poop. Pine cone mimic
· Camouflaged looper (Caterpillar)- makes its own camo: adds plant debris- color and chemically camouflaged
· Caterpillars- poop camo with leaves stuck to it (like double masquerade)
· **Animals living in ponds and lakes use color patterns for camo
· Whirligig Beetles- Bicolored black above, white below
· …but some it backwards: because swims upside down- backswimmer
· Deer are also like that. Counter shading (aka Self-shadow Concealment#)- to look linear
When camo doesn’t work…
· Show bright color patterns- butterfly eye patterns to scare. Underwing moth 
· Startle patterns- eye spots (polyphemus). Grey frogs- yellow bottom. Brigth colors that appear suddenly. Underside of a snake
· Startle structure/ Osmetarium- like a caterpillar: has structure that looks lile snake tongue that smell bad.
· Startle sound- beavers slap water, Ruffed Grouse explosion wing sound 
· Eye-spots- fake eyes, not hidden like patterns, and to make animal look bigger. Eyed butterflies
· Distraction pattern- other advantage of startle patterns, put attention of attacker to disposable, non vital part of animal . butterflies.
· Tails- Hairstreak (butterflies), fake antennae on a fake head to distract and deflect. Canadian Tiger Swallowtail. 
· Autotomy Colorful tails that detaches when gets attacked. Tail can grow back. Five-lined Skink. 
2. Body Armor
· Millipede has a hard exoskeleton, snail shell made of calcium, Turtle shell
Snapping turtle can’t hide fully, Blanding’s turtle: carapace (top), plastron (bottom) shell.
· Physical defenses can be soft. Eastern Tent caterpillars. Stay inside the silk structure and stay inside til night, Fall Webworm silk nest (have leaves, prior doesn’t have it). Can be soft hairs- Tussock moth caterpillar (they ball up to hide non hairy parts belly). 
· Stiff spines- Woolly Bear Caterpillar. Mammals: porcupine. 
· Poison defenses- chemical defence (Io moth caterpillar), spiny oak slug. Poison spined caterpillars are usually brightly colored, Giant leopard moth- --
· warning coloration= aposematic coloration, doesn’t show till under attack. Notice: yellow, red, orange. For skunk- ac for night.
Chemical defenses
· Sequester- cardiac glycoside poison from milkweeds. Monarch sequester from milkweed. Tussock moth does to.  Black swallowtail caterpillar sequester from water hemlock. Take poison.
· Osemtarium
· Fireflies are beetles. They sequester steroidal toxins. Eating photinus fireflies- sequester from eating other firefly (S2a)
· Chemical defenses can be released from different parts of the body- 
· sawfly larvae. Full of terpenoids- discharges through mouth. Like grasshoppers. Release glob orally. Tobacco like substance
Blister beetle-  Cantharidin (a terpenoid) released from leg joints
Bees and swaps- injector=stinger. Wasps can sting multiple times, only honey bees die after stinging. Paper wasps because make paper hive.
Skunks- release through anus. Actually glands have nipples that spray. Delivery apparatus that comes out. Throw sulfur alcohol. Warnings first thou so don’t have to use chemicals. Pocupines raise quills first
Bombardier beetle- clouds of burning gas. Peroxide. Stored separately
Animals with chem weapons bear aposematic coloration. Males predator avoid
Mink frog- ate the wasps, then spit it out. Stopped eating
Milkweed beetle and milkweed bug. Look like each other same cardioglycoside/terpenoids. Similar appearance to economize. Mullerin mimicry (both armed)-same pattern, both armed. Monarch caterpillar, when becomes butterfly- passes on the glycosides. 
Monarch butterfly vs Viceroy looks similar. Monarch is the model. Viceroy is the mimic. = Batesian mimicry (one is not armed). Bumblebee and hover fly. Honeybee and hoverfly. Bald-faced hornet and hoverfly
Wasp, beetle, fly dragonfly, moth all look the same. Have to have more models>mimic. Both occur at the same time.
Behavioral defence
-toads: puff up and look large. Fill themselves with air
-hognose snake: inflates head. If it fails…PLAYS DEAD. Blister beetles also play dead. Possums play dead
-Group defense
 -deer YARD- walk together in winter
 - bird FLOCKING: 1) confuse 2)lower odds of being caught
 -group defense can be aggressive. Yellow jacket wasps uses ATTACK PHERMONES summon the troops. Birds use alarm calls- MOBBING. They attack with numbers (preemptive defense. Do it to keep them safe in the future) blue jays attack so they can’t attack them at night.  (S2b).
 - aphids use ants as bodyguards. Carpenter ants guarding aphids who suck on plants then they can milk it for some sugars aka honeydew. Source of food for them…unless aphids are armed with milkweed which means got dat poison. No body guard needed.
 -white tail rabbit and deer- lifts up/show tail when getting attacked. Flags to advertise they’re awareness. Just give up signal
Vigilance
Adaptations for scanning: Olfactory, Auditory, Visual  
-deer: ears can swivel to all directions (can magnify the sound)-PINNAE
- beavers: can’t have big ears bc has to be in the water. All animals adapt foe environment.. eyes ears nose are linear. So if face is out of water, everything works. Only hippos, alligators are like it.
-Tiger moths have ears at thorax. They can hear bats, and jam bats sensors using their own clicks. Bad to eat warning.
- lacewings- ears at the base of their wings. Mantids have ears on the  (S3A) underside of their abdomen
-snakes have no ears but ears have sense vibrations. Have enhanced power of smell and taste. FORKED TO FIND the right direction. Find odors using each side to smell JACOBON’s organ
- Moose have excellent olfactory sense. . ENLARGED SNOUT houses sensory cells and Jacobson’s organ. Tongue in and out  for analysis. Enhances detection. FLEMEN exposing the jacobson’s organ
-VISUAL
snowshoe hare-eyes on the side of the head- larger view of the surroundings. Place where it overlaps= depth perception. One eye gives monocular vision. 360 vision w/ central eye placement
mallard duck 
Owl and fox- eyes on the front of the face. Greater depth perception. Binocular perception. Hunters, but blind spots
American woodcock##- weird eye placement
Bittern- eye is in the base of the bill- allows to see with the head up. (when    static, cryptic). Problem- can’t see behind its head. BEHAVIORAL DEFENCE IS NOT INTELLEGENCE, it’s a program behavior
Nocturnal animals display eyeshine. Flying squirrel. Tapetum lucidum- layer on retina that reflects back light  so it has a higher chance of hitting the cells
More eyes (larger population) equals more complete vigilance. More time looking for food, not worried about danger
Single species flock-flock of one species
Mixed species flock-  nature of the food determines  single or mixed. If scattered recources= mixed
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spinesPlants have the same probs as animals
Challenge 1: Problem with getting eaten. All plants of animals are eaten by animals. When you see a holes on the leaves, it lost. If alive, winning temporarily.
-plants have a physical defense
--trees have bark=armor , seeds can protected by hard nuts (acorn)
--Some plants have sharp defensive structures (spines, thorns, prickles)
---spines- modified leaves. Prickles are epidermal woody outgrows like hairs (roses have em) (Prickly Ash) on the stems. New rose buds resemble prickles= Automimicry. Thorns- modified branches (Honey Locust)
--- Do they work? Yes. Lignified cells (sclerids) surrounding a core of fibers. Aposematic. Resembles –buds. Automimmicry 

- Ragweed have hairs called Trichomes (Grandular trichomes some have glands that give off liquid paste that animals get stuck in contain stores of phenol and enzymes making a glue like substance) .Soft prickles. Dense, stop movement, prevents fungus and microbes from growing
- Mullin have trichomes- Quakers use it as makeup. Mini rash
-Stinging Nettles- trichomes loaded with chemicals: acetyl choline, histamine, sodium formamide. Same effect as a stinging caterpillars. Works when a  cap is brushed off, needles exposed
-Water smart weed- no trichomes on leaves in water. When water goes away, trichomes appear = INDUCIBLE
Structure can serve as a deterrent DIGESTIBLITY REDUCERS
1. Most nutrition from cell walls. plants have cells walls- made of cellulose (rods)(bundles of cellulose: microfibrils. Bigger: fibrils, Hemicellulose, and pectin make plant tissues hard to digest. Like cement: rods with cement.Can wear out mandibles and herbivore teeth.
 2. Lignin gives leaves stiffness, nut and cherry pits their hardness, apple cores makes wood hard. Lignin house structures called SCLEREIDS. (cells)
- Structural elements are digestibility reducers. Make it undegistible
[bookmark: _GoBack] 3. SILICA is found in Horsetails and grass why there are everywhere. Not a lot of plants can take advantage of it. Silica is housed in phytoliths, grass are full of silica. Phytoliths stay in the soil after death of the plant. Provide strength to tissues
 3. Calcium can be used. Arum plants have calcium oxalate crystals in their leaves (Skunk Cabbage). In vacuoles of idioblasts in leaves  and stems. Create burning sensation to mammals lips and tongues. Causes oral cavity and swelling and choking. Severe liver and kidney problems can result. Even death.
-Jack-in-the Pulpit is also an arum. Well endowed with CALCIUM OXALATE CRYSTALS. ARUM plants- skunk cabbage.
 4. Digestibility reducers have multiple functions. Cuticles stop from dehydration. Attraction of pollen. Secondary Metabolite- nothing to do w metabolism
CHEMICAL DEFENSES 
Constitutive defense: when it is always present
1. Milkweed- Cardiac glycosides (terpenoids). Cardenolides. Taste bitter, do not contain nitrogen. Only make the animal stop eating it. Doesn’t kill it, unless a whole bunch. Most of the time, doesn’t really harm.
New pine cones have RESIN (oleoresins) contain terpenoids. Poison Ivy have trepenoids (OLEORESIN) URISHIOl. Menthol another example
--
 2. Toxins that contain Nitrogen
-Buttercups and Asters- untouched by anything. Have special group of chems: ALKALOIDS
- some toxins are produced on demand. HYDROGEN CYANIDE (HCN) is inducible. Black cherry. Bracken and roses produce HCN. Clovers produce it. Shuts down cellular respiration. Stored in compartments, mixes if components are cut open.
- Some plants produce mimic proteins of plants. Digestive proteins problems. A wounded leaf sends out Wound Hormones. Produce more hormones- warning others for the attack. Potato plant
-Glicosinolates. Mustard- advertise through smell. Super toxic. Produces 100s of reactions
-
PHYTOPROTEINS
Some plants produce  Insect Growth Hormones. Molting hormone and juvenile hormone (from 1st to 2nd stage). Pupa(MH). Look at pics
Rocky polypody (a fern) is loaded woth molting hormones- PHYTOECDYSONES. Bracken Fern is loaded with it. If animals swallow, messes up growth pattern. Grew too fast.
Balsam fir contain PHYTOJUVENILE HORMONE- animals never becomes adults
Mustard advertise their defence (GLUCOsinolates)
-
Reproductive hormone- mess up reporoductive system
Phototoxins- SR John’s wort- when animals eat it, that chemical travels to the blood near skin. Skin becomes very sensitive to the sun. Dies from all the sores
Plants use aposematic colors too. Raspberry- if green, terpenoids. Shut down when red, and makes sugar
-
When plants are under attack, an alarm is sent to prepare. Chemical messengers PHYTOHORMONES travel through the plant, initiating biochemical responses. Plants can do autophagy
-
Some plants also use bodyguards. Plants. Extrafloral nectaries provide food (means outside the plants). Bribe for carpenter ants to guard them until it can reproduce. APHIDS pay using sugar waste product
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Challenge 2: Environment stress. Any probs caused by non living thing
-Temperature extremes
--Sub-zero temperatures. Water caused by expanding ice causes the cells to burst
---water freezes then expands. Plants have it in them. 
Ectotherms like turtle based on the environment. Body temp controlled by external environment. Insects, amphibians, and reptiiles. Endotherm- control own body temperature. Generate heat internally
Ways animals avoid freezing. Migration, dormancy, adapt (physiologically, behaviorally, and physically)
How animals deal w? cold? Animals who stay active dress for the winter. 
--
 They put on extra layers. Stay active.
[[---mammals grow hair. Types: GUARD HAIR we can see, grow longer, coarser and thicker. UNDERFUR traps body heat, like winter underwear. Beaver have super dense underfur that keep water away.]] MAMMALS
[[---CONTOUR FEATHERs-birds grow bulkier feathers on the outside. DOWN feathers underneath. After nesting season, they moult, and set a new contour. (equivalent to mammals guard hairs). Undefur= “plumaceous down feathers”  50% increases in feathers for some animals]] BIRDS
--
mammals can add layers of two types of fat. One to make heat and one to preserve heat. SUBCUUTANEOUS fat for insulation-warmth. White fat when metabolized, makes heat, near the skin. Internal BROWN FAT adipose for padding. Around the heart and other organs. Has lots of mitochondira= way more heat when metabolized. Heating blanket. Cottontail rabbit and red squirrel. Mammals use it for insulation, birds use to burn.
---Birds add subcutaneous fat for fuel. NO BROWN FAT. Produce heat by shivering. Burns fat using shivering. For mammals, shivering is a bad thing. THERMOGENESIS- genesis means creating it.
--
Color can provide warmth. Black is good unless it is windy. With wind-chill,  white is best. Pale color retain body heat better. Black conducts heat to easily. White= vacuoles of air. Lack of pigmentation. Snowshoe hair get better 27% when turned from brown to white
---Gloger’s Rule- the farther north you go, the more the animals are pale. Snowshoe hare gain in 27% insulation from being white
--
What is the best shape for cold. Less extremities. Heat is lost through surface area compared to volume. Shorter extremities are better. Has a long, bushy tail to put around their head.  Allen’s rule, the further north, the smaller the extremities. Endotherms
--
Surface area- small surface are to volume is good  for cold. Not a lot of heat loss through body. Closer to 1:1 ratio, the better. Bergmann’s rule: the more north, the SA to V ratio needs to be closer. Animals in the north are rounder.  Balloon analogy. Sausage shape is bad. A Larger body volume generates higher body heat
--
How can ducks feet not freeze. Birds lowers the body of temperature of just their feet. Birds shut down some blood flows. Has a net, hat can be bypassed. To reduce blood flow to foot. ##. Countercurrent heat exchanger.
Rete Mirable or Wonderful Net. Ivory Gull. Also seen in snouts of animals
-
How animals breathe can help conserve heat and energy. Tucking extremities can also conserve heat.
Choose of ROOST SITE- a warm place to sleep. Tucked into a coniferous trees. Stop wind, traps snow, snow will help trap body heat. Woodpeckers build cavities on a tree like a cave. 
HUDDLING- Voles, flying squirrel, small mammals. Not guaranteed to survive. Improves SA:V ratio-Muskrats. 
Some animals make their own shelter. Muskrats make a lodge of snow. Traps air=insulation. Beavers build a lodge using mud and sticks. If no sticks, just leaves and stems, it is a muskrats. Beavers don’t hibernate, adds mud for isolation. Then, snow covers it. Beavers then huddle. Don’t put mud on top for circulation. The hot. Scent telephones when wolves mark their territory with piss
Small animals find warmth under the snow. Under the snow has latent heat-SUNBIVEAN space
Other animals find warmth in the snow. Ruffed Grouse snow bed
On cold days, animals BASK in the sun. done while sleeping also. 
--
Thermoregulates.
Black capped Chikadees lower their body core temp by 12 degrees. Enter a deep sleep called Torpor. Shivers. State for birds. Only lasts over night. For tiny hummingbirds who can’t afford to lose a lot of heat. Common Poorwills do it for months, although there’s wake up periods. Body temp goes up every 4 days.

Ectotherms
Many ectotherms escape cold weather by just escaping it. Move to areas that don’t reach the freezing point. They enter dormancy. Bottom of the pond, lake bay, waterway. Metabolism so slow, the oxygen entering through their body is enough. Colder it is, the less oxygen they need. Because they are more inactive.
Snakes- survive by going below the frost line and becoming dormant. Forst line- part of the ground that’s not frozen. BEHAVIORAL FREEZE AVOIDANCE- usually vertical, does not cover great distances.
Northern water snake leaving its HIBERNACULUM
Turtles escape by going to the bottom of ponds and lakes. Snapping Turtles. All adults and most hatchling turtles. Dormant stage. Frogs do it. 
Toads big beneath the frost line. Spotted salamander do this also
--
Many insects survive the winter above the frost line stay dormant by using glycerol. Die below zero. Eggs survive the winter. Only live for a year. OOTHECA-egg case. Either no water or use antifreeze (Glycerol or Sorbitol) = CRYOPROTECTANTS- life protectants. Also help retain water, protects from dessication. Walking sticks…eggs look like seeds. Ants store them because they think it seeds. Has edible parts-CAPITULA. Ant body guard for winter
-
Other winter a larvae. Antifreeze=glycerol. Lowers freezing point of water to -50 Celsius. Cryoprotectant. Keeps ice crystals from growing. When no ice inside the body = SUPERCOOLING- when internal liquids are below their normal freezing point. Usually done by insects. Arctic Ground Squirrel only non insect which can do it. To prepare, they clean out their gut. Many insects that exposed make use cryoprotectants. 
--
Many factors including the animal’s longevity, time of production, availability of food, impose restrictions on a way an invertibrae spends its winter. For example, butterflies: overwinter  as
Wooly bear caterpillar.
Mosquitos- throw out gut contents. Only female survive 
Angle wing butterflies survive as adults both male and female. Looking for crevices. Empty liquid., put in glycerol 
**Types: eggs, larvae, adults, and pupa
silk moths as pupa in a cocoons. Keeps for ice
Some insects overwinter in special sites for insects. Goldenrod flower. The balls at the top (swollen parts of the stem), animals stay there- Golden rod galls. Makes grub. Can be killed and replaced. Grubs freeze then survive. CRYOProtectants inside the cells. No ice inside the cells. Ice forms in between cells. Inside the tissues, outside the cells. ICE NUCLEATING sITES. Grub is what you find inside
-
Not all hers avoid physically avoid freezing
Gray Tree Frogs stay near the soil surface and freeze. So does wood frogs. And spring peepers. Chorus frogs. Freeze tolerance
Snapping turtles stay at bottom near where a stream enters the lake. Most oxygen
Hatchling snapping turtle head the water to spend in dormant stage
Painted turtle stay in the ground for the winter.  Only they can do this. Only as a hatchlings!
-
Endotherms can’t freeze but some go dormant. Raccoons undergo period of lethargy. Usually done in a den.
Chipmunks undergo turpo= hibernation. Go underground. Store food. Eat. Sleep .Partial hibernation. Low heartbeat, low temperature, awaken every few days.
Bat undergo a light hibernation. High temp, low temp, aroused easily.
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