Natural History – Lecture 1A

What is an Animal?

Plants are more complex than animals, and offer a lot about the relationship between plants and animals.

Natural History – is the enjoyment of NATURE (living, breathing, dynamic plants and animals)
· “The worlds longest running reality show”
· The enjoyment of OBSERVATION of living plants and animals – FLORA AND FAUNA – and their interactions. It is an OBSERVATIONAL SCIENTIST.

Naturalist – Someone studying nature (Charles MacNamara, Darwin, Audubon, Ernest Thompson Seton, Peterson - birds)
· “What the heck is this?” – curiosity driving people to research nature.
· Herpetologist: Studies reptiles and amphibians
· Mammalogist: Studies mammals
· Ornithologist: Studies Birds
· Botanist: Studies plants
· Entomologist: Bees
· Etc

Peterson – Devised first bird identifying book, and field guide system.

Adaptations – are features or traits that offer plants and animals an advantage in solving problems. Mainly: To reproduce and carry on genes (Natural Selection)
· Can be physical (ie: moose antlers), physiological or chemical (ie: multiple wasp stings – secrete chemicals for colony attack mode), behavioral (ie: crows flocking).
· Arise because of selective pressures that act on all living things. These pressures include environmental stresses (temperature, wind, etc).
· Abiotic stresses – nonliving stresses
· Biotic stresses – Pressures that arise from other animals and plants (competition for food, sunlight; pressure from predators, potential mates and offspring)

Collectively, these forces are Natural Selection
· First identified by Darwin
· Driving force behind evolution
· Genetic Survival is the key

Course Components
1) Staying Alive
2) Elemental Solutions
3) A Resourceful Menu
4) The Road to Immortality - Reproduction
5) Future Returns and Economics of Life – Parental Care and seed dispersal

Background Matching (Cryptic Colouration)
· Along with special colours to match the environment, they are also Cryptic (stay still to blend in) in behaviour
· Habitats offer different backgrounds:
· Stripes
· Vertical lines – American Bitten (“Good one to know”)
· In a forest:
· Dapple pattern for ground nesting birds (ie: Grouse)
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Background matching 
Vertical line - American Bittern (Marsh)
Forest – Grouse (Dapple pattern with natural colours)
Trees – Eastern screech owl – Bark mimicry
Tree 2 - Grey tree frog can change colour to match other environments

· Can be done seasonally
· Ie: Snowshoe hare

Disruptive Patterns
Discreet patches of colour can also be used for concealment
· Ie: Many songbirds have a stripe above the eye and a line through the eye, but nowhere else on the body.
· Only part visible when it’s incubating eggs
· Goes against predators search image by breaking up or disrupting general form of the prey
· Ie: Killdeer (HINT HINT, exam) –breast bands – chucks of white and dark to camouflage 
· Canada Goose – chin straps – breaks up form against water
· Loon – Necklace

Coincident Disruptive Coloration
Leopard frog – spots – match with other parts of the body when folded together
· Generally found on amphibians
Moths – Group disruptive pattern – looks like a snake

Colour doesn’t only camouflage, SHAPE does too:
Masquerade – when part of the form matches that of the environment
An Angle-winged butterfly – mimics dead leaves through shape and coloration
· Dead leaf mimicry – the shape fits the background

Twig Mimic – Inchworm
· Stay all day on tree, feed at night because their predators are sleeping and it is cooler outside

“Top prize for masquerade” – Walking stick

Treehopper – little thorns sticking out of bodies look like part of plant – “Thorn mimic”

Live leaves mimic – Luna Moth – hangs from leaves in trees during the day

Camouflage can be noticeable and not an element of the background
Spittlebug – Youth (nymph) creates foam on plants

Woolly Aphids - Fuzzy growth (looks like mold)

“Bird dropping mimic” - Caterpillars that look like bird poo - Giant Swallowtail Butterfly

Animals in ponds often use colour patterns for a different type of camouflage 
· Whirligig Beetles 
· BICOLOURED – white below, black above. To blend in from both above and below predators (two different perspectives)
· Backswimmer – opposite because they swim upside-down
· White-Tailed Deer – also dark above and light below
· Countershading – Self-Shadow Concealment – “It’s own shadow is making it hide”
· Resembles bicolouration
· Shadow makes things 3D
· Effective way of hiding when motionless

Camouflage is not fail proof! 
· Sphinx Moth – Another defensive mechanism
· [bookmark: _GoBack]Startle Pattern: Bright colours and eye spots to startle birds – hidden until needed
· Under wings bear bright colours
· Vary greatly in different types of moths – so birds can not habituate to them
· Legion of the Night – Book on moths and sugar baiting
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Review
· Masquerade
· Spittlebug
· Woolly Aphids
· Treehopper
· Giant Swallowtail – bird dropping mimic
·  Bicolouration
· Countershading

Startle Patterns
Gray Tree Frog
· Do they have startle patterns?
· Under legs – bright yellow patches
· Not just insects can have them

Ring-necked Snake
· Bright yellow under-belly startle pattern

Giant Swallowtail Caterpillar 
· Bird poop mimic
· Startle Structure – Osmetaria - Pull head down to look like snake and snake tongue
· Both a visual and chemical defense – bad smell/taste

Beavers
· Startle sound – The Tail Slap - slaps tail, extremely loud
· Can startle animal that is approaching beaver, may also have secondary purpose of warning other beaver colony members

Startle patterns can have 2nd function - Deflection/Distraction Patterns
· Can be used to deflect attack from a vital part of the body (head) to non-vital body part (bottom wings)
· Eastern Tailed Blue Butterfly
· When feeding, wings are closed and appears to be head
· Swallowtail Butterfly
· Have big tails that can be bitten off – Detailing
· Autotomy - Five-lined skink (Lizard)
· Body part comes off
· Females have long blue tails, as soon as they’re touched – Lizard can drop tail as a deflection and run away (and grow a new shorter one)

Sometimes eyespots can be displayed at all time - Designed to make animal look larger than life
· Click beetle – Eyed Elater
· Tiger swallowtail caterpillar

Leaf-Roller (Caterpillar, beetles, spiders)
· Camouflaged by rolling up leaf

Galls – plant tissue is swelling up, usually caused by insects
· Soumac Gall Aphids – Apple like structures

Physical Defense 
Can consist of Body Armour
· Millipede – hard outer skeleton (exoskeleton)
· Snails – shells
· Beetles
· Turtles – upper and lower shell, can pull inside of shell

Physical defenses can be soft:
· Webs
· Eastern Tent Caterpillar web – leave web to feed
· Webworm – spin around leaves and can feed inside
· Soft hairs
· Caterpillars – birds do not like hair in their mouths
· When under attack, they curl into balls (look simply like balls of hair)
· Ie: Tussock Moth Caterpillar
· Woolly Bear – hair can be modified into stiff spines

Mammals can also use stiff hair for defense:
· Porcupine
· Quills – modified hairs
· Cannot shoot quills – but rather they are loosely attached to follicles of skin. When it hits skin, it attaches right away. Scales on quill contract to pull into muscle of victim. 
· Modified guard hairs
· Studies have shown quills have coat of anti-biotics on them! Learning for other animals and their generaltions vs. Accidents/Impaling themselves
· When quills are raised, you can see black and white – warning sign

Chemical Defenses
Hair + Poisons = Poison spines
· io Moth caterpillar

Warning Colouration / Aposematic Colouration 
Brightly coloured with chemical protection
· Often orange/red/yellow and black
· Red Eft – bright orange red skin and spots
· “Advertising toxicity”
· Milkweed Beetle
· Wasp
· Not always is it apparent to the eye – although most often it is

Many animals sequester their poisons from plants

Skunk 
· Nocturnal – white and black is more apparent in dark
· “Black and white – aposematic at night”
· Warn before they spray – as it takes a lot of effort for them to reproduce it
· Same as police cars!
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Review
· Chemical Defenses
· io Moth
· Bold colouration – always there or expressed when necessary
· Warning Colouration/ Aposematic: Easily seen/remembered colours – yellow/red/orange and black
· “Colour in day – better stay away”
· Milkweed Beetle, wasp

Monarch Butterfly caterpillar
· Sequesters Cardiac Glycoside (TERPENOID) from Milkweeds
· Heart poisons
· Bright colouration

Aggressive Mimicry – Luring in prey pretending to be something that you’re not
Fireflies
· Toxins – Steroids in body
· Not all have them – some sequester them from other fireflies
· Photuris female fireflies sequester steroidal toxins by finding an area where Photinus male are “advertising” and blink by a yes response – and captures/eats the male to sequester toxins
· Different species of fireflies

Chemicals can be stored and released in a variety of body parts:
Giant Swallowtail caterpillar
· Bird-poop mimic
· Osmetaria – stink

Oral Secretion - Sawfly larvae (group of wasps)
· Eat pine needles – full of chemicals
· Sequester from pine needles
· Comes out of mouth

Blister Beetle
· Have chemical in body that oozes out of leg joints
· Spanish fly – made from beetles (increased blood flow..)
· Soldiers eating these beetles – getting erections

Injecting Systems
· Stinger – Wasps

Glands 
Skunks – “nipple in anal region”
· Sulphur alcohol

Bombardier Beetle
· Hot quinone
· Store ingredients separately – when under attack, mixes in separate chamber and pressure builds up – “pops” cloud of burning gas (100c) onto attacker

MIDTERM** Mullerian Mimicry - When a group of unrelated animals all are defended (brightly coloured) and bare similar appearance
· Ie: Wasps and Bees
· Milkweed beetle and milkweed bug – sequester from milkweed and very similar in appearance 

MIDTERM*** Batesian Mimicry- A model that is armed, and a mimic that is harmless
· MODEL: Monarch caterpillar and butterfly (poisonus) vs. MIMIC: Viceroy Butterfly (harmless/edible)
· MODEL: Honeybee/Bumblebee/Hornet (stings) MIMIC: Hoverfly (harmless)
· MODEL: Sphecid Wasp (stings) MIMIC: Bee Fly
· Ie: Drinking a sour glass of milk – models have to be more common than mimics (due to natural selection)

*Can sometimes have a mixture of Mullerian and Batesian

Ladybug (Lady Beetle) – armed
Cecropia caterpillar – spots resemble ladybugs

Behavioral Defense
· Bluffing: American Toads have toxin (BUFOTALIN) in the skin – if that fails they puff up to look larger than life

Thanatosis – Playing Dead
Hog-nosed Snakes also bluff, and then can roll over and play dead.
· Reflex bleed
· May not be a defense against predators – may be so they do not startle deer etc/animals that would stomp them 
· Some animals ignore dead prey

Blister Beetle also plays dead

Opossum – mammal that plays dead

Flocking – group defense 
Group protection – advantage of “safety in numbers”
· A lot of birds flock (ie: American Crows, sand pipers)
· More flocking at night – “communal roost”

Flock might:
1) Confuse predators
2) Make it safer for each member

· Single-species flock (one species)
· Mixed-species flock
· Similar destination for migration
· Each kind of bird feeds a bit differently, even though they eat from the same resource (ie: one eats from the top of the tree, and the other eats from the bottom)

Group Defense in Social Insects (Live as a group and share responsibilities)

Attack Pheromones summon the troops
· Yellowjacket Wasps

Pre-emptive Defense - Driving away danger
Mobbing:
Bird group Behavioural Defense can also be active and aggressive
· Locatable alarm calls - Bird calls
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Group Defense
White-tailed deer YARD in winter
· Large groups/congregations
· Safety and food reasons – “safety in numbers”

Insects that feed on sap – use ants for protection – “bodyguards”
· ie: Carpenter Ants protecting Aphids
· “Pay” ants with sweet droppings to eat (commonly called honeydew)

Cottontail Rabbit and White Tailed Deer – “White Flag”
· If all else fails, you run away
· Tail lifts up – bright white colour
· Raised white flag is advertising awareness to predator that they’ve been seen – and to give up (as most predators hunt relying on stealth)
· Predator will stare at tail, and trip (distraction, confusion)

Vigilance in Animals (sensory detection)
Pressure Sensors
· Snakes do not have external ears – but they have sensors for vibrations in the ground
· Fish have sensors for water pressure changes – Lateral lines

Vigilance – Being alert and scanning for danger
Three major factors: 
1) Olfactory – Nose/Smell 
· Snakes have enhanced power of smell
· Uses forked tongue
· Scents are analyzed in the Jacobson Organ in top of mouth
· Moose
· Enlarged snout = larger scent chamber
· More sensory cells and a Jacobson’s Organ
· Flemen - Curls back lips to exposing the Jacobson’s Organ
· Mammals can improve their sense of smell using this

2) Visual – Eyes/Sight 
· “Hunted” - Eye Placement on the side of face to have total field of view 
· Can better see the world around them – both in front and behind without moving head
· Less ability for depth perception
· Hunter - “Eyes on the front, help you hunt”
· ie: Owl, fox
· American Woodcock eyes are placed to the upper back part of it’s head
· See better behind them 
· When feeding at night, they face down – need to see behind them because that’s where danger comes from
· “Compensation for need to feed”
· American Bittern’s eye at base of the beak
· Adaptation that allows them to put head up/in air and see greatly what is in front of them
· Rods – low light/black and white
· 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
· ie: when you’re driving at night and your headlights hit an animal’s eyes
· Cones – Perceive colour
· Animals who are more active during the day have more cones
· More eyes allows for more complete vigilance
· One reason why deer yard in the winter, and why birds flock
· Less time looking for danger, and more time looking for food – winter advantage

3) Auditory – Ears/Sound
· Deer/Moose:
· Large external pinnae (ears) capture and magnify sound
· Highly mobile ears – Ears swivel to scan directions
· Beavers:
· Ears do not swivel, and are fairly small – as they are better for water
· Tiger Moths 
· Have ears to hear bats at night  
· “Click back” at bat once heard, and escape by falling to ground 
· Insects have membrane that act as ears - many times found on abdomen
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Plants face all of the same problems that animals encounter
· Risk of being eaten – “gauntlet of hungry mouths”
· Every part of the plant is eaten
· When you see a plant defoliated you see a siege lost
· When you see a plant untouched, you see a battle won
· Well defended

Plant Defenses

Physical Defenses 
1) Trees and woody plants have external armor – Bark
· Dual function – support and protection

***MIDTERM (spines, prickles, thorns)
2) Some plants have sharp spines:
· Modified leaves
· ie: Scotch Thistle 

3) Prickly Ash has prickles (not the same as spines)
· Come from the skin of plant – “epidermal outgrowths” (like hairs)
· Can be coloured differently – as advertisement to stay away (aposematic)
· If plant has alternate leaves, and their “prickles” are not alternate (match up) – you know that they are prickles and not spines
· ie: Roses

Automimicry – “Self Mimicry”
· Some plants with prickles have new buds resemble prickles
· Part of plant resembles other part of same plant

4) Hawthorns have thorns 
· Modified branches
· ie: Honey Lotus

Not all physical defenses have to be hard:

Trichomes – Plant hairs
· Form physical barriers for small herbivores that try to climb stem or eat leaves
· Ie: Ragweed and Mullein leaves have trichomes 

Glandular Trichomes – Physical plus Chemical
Release glue-like substance 
ie: Stinging Nettles – Hair that stings
· Pumps chemicals into you that cause burning sensation

Water Smartweed 
· Grows in habitat that can dry up
· If water goes away, trichomes appear on leaves!
· Produces only trichomes when they are needed – Indicible

Structure can serve as a deterrent:

Structural elements are digestibility reducers:
Structural Elements such as Cellulose, Hemicellulose and Pectin make plant tissues hard to digest (cell walls that give structure - strength - to the plants)

Lignin gives leaves stiffness, nuts and cherry pits their hardness
· Lignin is often housed in structures called Sclereids

Silica is found in Horsetails
· Second element found most in soil – very hard to digest
· Housed in Phytoliths 
· Also found in grasses

Calcium can also be used
· Arum plants have calcium oxalate crystals in their leaves
· Crystals burn lips and tongue – ruins gut
· Calcium oxalate crystals are Secondary Metabolites - Have no role in plant, other than for protection
· Was used to kill off enemies – laced food with crystals
·  Jack-in-the-Pulpit is an Arum
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Challenge #1: Staying Alive
Plants - Chemical Defenses 
Two major groups – 1) contains Nitrogen, and 2) One that does not.

Several Categories: 
1) Terpenoid – Major group of chemical toxins that do not contain Nitrogen
-Mostly just tastes foul
· Cardiac Glycosides 
· Milkweeds – white latex 
· Resins (Oleoresins)
· Gum off of pine trees 
· “Sticks up” insect so it cannot move around very much
· Stored in resin ducts – traumatic resin ducts after attacked by animal
· Urushiol Resin
· Causes a dermatitis (rash)
· Poison Ivy
· Some plants advertise their terpenoid – in example: mint

2) Alkaloids - Toxins that contain Nitrogen
Many subdivisions of Alkaloids, plants can contain specifics or combinations. This makes it hard for animals to evolve to.
· ie: New England Asters and buttercups
· Socrates – killed by Hamlock (loaded with Alkaloids)
· Causes things like cramping, vomiting, sleep apnea
· Caffeine, cocaine, morphine, nicotine are 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
· Stored separately, once plant is bitten in to – it is combined
· Bracken Fern – well armed chemically, produce HCN
· Clovers contain HCN

Mixed Compounds
Sometimes you can get Terpenoids and Alkaloids mixed together
· Latex (stored in laticier)

3) PhytoProteins – proteins made by plants
Some plants disrupt digestion by interfering with digestive proteins
Can involve a variety of forms

Some plants can produce insect growth hormones:
Moulting Horomones – Phytoecdysones (ie: Rock Polypody - Fern)
· Prevent consumer from reproducing properly
· Bracken Fern is loaded with Phytoecdysones

Fir Tree contains Phytojuvenile Horomone
· Makes consumers never mature

Reproductive Horomones – Phytoestrogens
· Generally effect mammals
· Immediate response – stops reproduction – “long-term planning”
· Clovers

Phototoxins
· “Very nasty side effects”
· Chemical migrates inside the body – makes the animals more responsive to/interactive with UV light – causes cracks and lesions
· St. John’s-wort


Plant - Command Central Chemicals
When animal attacks a plant, “command centres” cause the plant’s reaction.

1) Jasmonates
· Spread through plants after “one bite”
· Ethylene works with Jasmonates

2) Salicylic Acid
· Willow leaves

Some plants can sacrifice part of their body to save themselves during attacks:
Autophagy – eats part of itself

Plants use aposematic colours too
· Ripe fruit colouring

Many plants “hire” ants to protect them – reward with special ant feeding stations where they produce nectar (Extrafloral Nectaries)
· External

Challenge #2 – Environmental Stresses

Temperature Extremes
· Subzero temperatures
· Water turns to ice and expands
· Ecotherms – rely on external temperatures for body temperature
· Endotherm – Generate heat internally

How animals deal 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
· 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)
· Brown fat around heart, gives off more heat when burned. “Like a woodstove”
· Birds add subcutaneous fat for fuel – not used for warmth
· Colour can provide warmth
· White – pale colours retain internal heat better 
· Gloger’s Rule – Further North you tend to find animals that are paler
· 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 area: Volume ratio – Round shape
· “Danny” is better than “Uma”
· SA:V – 50:25 vs 100:10  (first is better for northern climates)
· SA:V:Ears - 50:25:18 vs 50:25:6 (second is better, smaller ears)
· MIDTERM**** - understand ratios
· Feet – Exposed extremities - How do animals stand on snow – swim in cold water?
· Base of legs at ducks, beaver tails, etc
· Countercurrent Heat Exchange – Rete Mirabile or Wonderful Net
· Special network of arteries and veins that touch each other physically to exchange heat
· Better than a warm foot because the lesser the difference from environment, the lesser energy needed to keep extremity heated – as well as blood is already prewarmed when it reaches heart
· However; the Arctic fox – has a long tail. 
· Fur is incredibly long – insulation
· Wraps around face when curled into a ball to keep their face and eyes protected
· How an animals breathes in winter also conserves heat and energy
· Countercurrent Heat Exchange
· Keeps mouth closed
· Tucking extremities under a wing can also help keep warm

Behavioural Features that help keep animals warm:
· Coniferous trees offer more warmth – especially when covered in snow
· Woodpeckers and small owls stay inside cavities overnight
· Hollows in trees
· Huddling
· Some animals build their own shelters
· Muskrat Lodge
· Beavers build lodges
· Snow helps insulate lodge 
· Subnivean Space - Small animals find warmth under the snow
· Sometimes can be a lack of oxygen
· Snow itself can be used for warmth
· Ruffed Grouse – dive into snow
· On cold days, animals can bask in the sun
· Can be done while sleeping
· Turtles bask on logs and rocks in the summer time
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Shivering is an important means of thermogenesis
· Naturally, not because of cold
· Chickadees can lower their body core temperature by 12 deg C.
· When lowering their body temperature so greatly, they can get sleepy - Entering a deep sleep called Torpor (not hibernation)

Ectotherm Animals – Dormant
Freeze Avoidance
· Frogs - avoid freezing by going to the bottom of the lake (where water doesn’t freeze)
· Snakes - survive by going in the ground below the frost line 
· Cracks are called hibernaculum
· Turtles – also go to the bottom of ponds and lakes
· Breathe oxygen – so are in the sites with moving water
· Toads – Dig below the frost line
· Salamander - Dig below the frost line

Insects and other invertebrates go dormant above the front line:
They Supercool – Body fluids below 0
· Produce their own “anti-freeze”
· Cryoprotectants = Glycerol (most common)
· Ie: Woolly bear caterpillars (Larva)
· NO ICE IN THE BODY

Many moths overwinter in a pupal case (cocooned)

Anglewing butterflies overwinter as supercooled adults

Mantids (praying mantis) do not survive winter as adults
· Overwinter only eggs
· Lay eggs in cases housed in special cases called Ootheca
· Walking Sticks also overwinter as eggs
· Laid individually
· Stored by ants, underground, over the course of the winter
· Ants do this because there is a cap on the end that is edible
· Afterward consuming it, they take egg and place it in a “garbage spot” where it later hatches

Insects often overwinter in sheltered sites – (not created by insect)
· Some animals spend the winter in an inactive state
·  Goldenrod gall
· Freeze Tolerance: lets ice form inside of body – glycerol and nucleating protein – controls where ice if formed
· Cryoprotectants inside the cells, ice nucleating sites between them
· Freeze tolerant frogs
· “Fab 4” - Grey tree frog, wood frog, spring peeper, chorus frog
· Stay in soil, and let half of body water become frozen
· Turtles – freeze tolerance 
· Painted turtle lay eggs in fall, don’t hatch until spring
· Able to until -4c
· Hatchings are able to, but not adults

Endotherms are not freeze tolerant
No mammal is freeze-tolerant and supercooling is extremely rare
· Raccoons undergo longer periods of torpor called Lethargy
· Still not true hibernation
· Usually a few days at a time
· Undergo lethargy in sheltered dens
· Body temperature remains high
· Chipmunks undergo longer periods of dormancy = Torpor = “Hibernation”
· Heart rate and body core temperature drop way down – very low
· Awaken every few days
· Bats undergo Dormancy
· Heart rate drops down (but not too low), low temperature
· But easily aroused (important)
· Black Bears
· Low Heart Rate – 8bpm
· High temperature
· Easily aroused
· “Fatten up before winter”
· Still fairly fat when they emerge in the spring
· Bear nests – at top of trees. Bears try to climb as high as they can.
· They do not urinate or defecate during the winter – Create a rectal plug - Tappen
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True or Deep Hibernators
Body core temperatures and heart rate drop down drastically

· Groundhog
· World’s largest true hibernator
· Very slow to wake up
· Jumping Mice
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