BIOL 1902 Lecture 1-8

BIOL 1902 – Lecture 1 Introduction

 • Natural History is nature o Living, breathing, dynamic animals • Birds are animals • Animal kingdom consists of mammals, birds, reptiles (i.e. snakes), insects • Caterpillars eat leaves but some are also carnivores • Insects like mosquitos and horse flies have sensors in their bodies for carbon dioxide, water vapor and temperature to detect where humans are to feed on their blood (sense don’t see human) • Plants are also part of Natural History • Ferns have many chemicals in them that can kill animals, stop ability to reproduce, stop animals from maturing, etc o Ex. Dead, un-matured flies in Roman stable because stable floor was lined with ferns • Some plants eat flies and other animals • Plants have incredible, bizarre sex lives • Natural history of plants and animals is about interactions • Natural History – is the observation of living plants(Flora) and animals(Fauna) and their interactions. It is an observational science • Naturalist – Someone with a general interest in Natural History (i.e. bird watching) o Canoeing, snowshoeing, and binoculars great things to use as a Naturalist o If you’re a naturalist need a “what the heck is this?” thought process o Curiosity and drive to know what you’re looking at • Herpetologist – Naturalist that studies just amphibians and reptiles • Salamanders can absorb chemicals into their skin (ex. Sunblock on human hand) • Mammologist – Naturalist that studies animals • Botanist – Naturalist that studies plants • Entomologist – Naturalist that studies insects • Ornithologist – Naturalist that studies birds Component 1: Staying Alive 1. Defences • Appearances o Camouflage – Having colors and sometimes the form to match your background  = Concealment, means you are hidden from the eye  Camouflage most developed in smaller animals (bigger animals have other way of defending themselves)  Having camouflage on you means you’re bearing the coloration of your environment  Animal has to stay still (called being cryptic)  Every habitat has general patterns (Camouflage matching these patterns is called background matching  i.e. Grasslands and cattail marshes have vertical lines from the tall grass/cattails. Animal in this area would want vertical stripes to camouflage).  i.e. Forest floors are discolored with light and dark spots. Good camouflage is light and dark patches on body (blotchy, dappled with light and dark areas). Tree trunks are much bigger than most of the animals so vertical line camouflage not good • Grouses have dappled pattern and make nest at base of tree putting their tail against a tree so they look like a root • Fawn white-tail deer have spots so they can lay on forest floor and not be seen • Gray tree frog feed at night and at daytime hide on tree trunks so have to blend in. Have blotchy gray pattern like tree trunk bot also green spots to mimic moss. Put legs under chin to create smoother outline to blend in with the bark. Can change color to match background better. “Bark Mimic”  Background matching can evolve to mimicking a certain part of the environment (such as Gray tree frog’s bark mimicking)  Some animals can change color to better match their background. Can be a seasonal change or when their environment changes • i.e. Shoeshoe hare is dark brown in spring, summer and fall because in is in dark areas but changes to white in winter to match background (seasonal change) • i.e Gray tree frog (match current environment)  Discrete little patches of color can be used for concealment. Called disruptive patterns • Ex. Many songbirds eyelines and eyestripes for concealment. Breaks up still birds in light and dark part to make it look like a none solid object (best used when bird is in its nest)
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Component 1: Staying Alive Cont’d 1. Defences Cont’d • Appearances Cont’d o Camouflage Cont’d  If your background matching (resembling environment) must be still as well for it to work (cryptic behavior)  Ex. If you have you have a type of moth and a type of tree in a forest, some of which are dark and some of which are light. If for example all the trees turn dark then the light moths won’t be able to camouflage and eventually you’ll be left with just dark moths  Disruptive Patterns – break up the shape of an animal, making the animal hard to see and not look like one object if it doesn’t move • Ex. Killdeer’s breast band and Canada Goose’s chip patch, loon’s “necklace” are disruptive  Coincident Disruptive Coloration – Discrete areas of color match up when that body part is folded up • Ex. Spots on Leopard frog when legs are folded up  Not only color makes animals camouflaged  Animals can use body shape as a form of camouflage • Ex. Angle-winged butterfly’s wing looks like a dead leaf (dead leaf mimic).  Mimicry – When your body shape resembles something you are not • Known as background mimicry or masquerade • Masquerade is shape and color combined • Ex. Inchworms look like a twig when stretched out (Twig Mimicry). Same as walking sticks • Ex. Tree Hopper have little spikes coming out of the top of their head making them look like thorns when on trees (Thorn Mimic) • Ex. Giant Swallowtail caterpillar look like bird poop (Bird Poop Mimic)  Many caterpillars hide in the day time when birds are out and feed at night  There are animals that add parts of the environment to their body as a different way to masquerade camouflage • Ex. Camouflaged Looper caterpillar add flower pedals and leaf parts to their body to make them look like an inedible part of the environment • Ex. Spittlebug release foam (looks like spit) around them to hide  Animals living on the surface of ponds and lakes use color patterns for a different type of camouflage • Ex. Whirligig beetles have 2 colors on it. Top part is black and lower part is white so it has camouflage on both sides. If you’re above the water looking down the water looks blackish, but a fish under water looking up sees white because of sunlight (Known as Bicoloration or Bicolored)  Bicoloration – Offer background matching from two directions  Countershading (a.k.a. Self-Shadow Concealment) – The darker part of the body shades the light part of the body making it one more uniform coloration • Ex. White-tailed deer and wolves are dark above and light below. Why? If an animal has many colors they look more 3-dimensional. When Sun is above the animal it makes the lighter part appear darker, making them appear one-dimensional if they stay still  Backswimmers – Swim upside down. One group of insects has a dark underside and white upper surface (common in aquatic insects)  Camouflage are not fail proof so most animals have a plan B • Ex. Sphinx moths and Underwing moths if predator gets to close open their wings revealing bright colors that can startle their predator. They have different colors and patterns because otherwise predators like birds would get used to it  Startle Patterns – Flash open suddenly, startling the attacker to the point that the moth has enough time to escape • Can include bright colors or huge eyes when they open there wings up • Eye Spots – When color patterns form an eye o Make animal look larger than life • Ex. Gray tree frog has bright yellow spots under it to startle attacker when it jumps • Ex. Snakes with bright colors underneath • Startle patterns are hidden until needed, but not all eyespots o Ex. Eyed Elater beetle and Eastern Tiger Swallowtail have big eyespots on the back of their heads • Startle Structures o Ex. Giant Swallowtail Caterpillar pops out Osmetarium (Orange/Red tongue like structure that looks like snake tongue and stinks) when a bird tries to peck it • Startle Sound o Ex. Beaver slaps tail on the water making a loud sound  Distraction Patterns – Startle patterns can have a 2nd function because they distract a predator. They deflect a predator’s attack to non-vital body part • Ex. Bird attacks colored part of butterfly because that part of the wing isn’t as critical for the butterfly to fly away and important parts of body are safe • Eyespots can deflect an attack to a non-vital body part • Ex. Hairstreak butterflies have little tails coming from their wings and bright colors near those tails because they look like head antennae so birds attack them instead of the butterfly’s head • Ex. Five-Lined Skink lizard has blue tail which it can drop and squirms around while the lizard runs and hides. Can regrow their tail • Autonomy – Part of your body can break off and re-grow
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 Component 1: Staying Alive Cont’d 1. Defences Cont’d • Appearances Cont’d o Camouflage Cont’d  Distraction Coloration – Patterns or general coloration that distract attacker  Coloration can be duel purposed (for startling and distracting) • Skink’s tail only for distraction, butterfly’s eyespots for startling and distraction o Physical Defense  Body Armour – A hard, protective casing that can come in several different forms. • For a lot of small animals like invertebrates (lacking backbone, like insects and spiders) they have a really hard outer skeleton but no inner skeleton. Outer skeleton is called a hard exoskeleton (in millipedes, beetles, etc). • Armour can be a shell. Shells can be made of calcium. When they are under attack they pull themselves into their shell. o Ex. Snails, Turtles, Clams o Ex. Clams have two part shells and huge muscles to pull the shells closed o Ex. Turtle’s shell is part of their skeleton. Have been around millions of years. Shell is 2 parts. When under attack, withdraw head and feet into their shell.  Snapping turtles can’t pull their head and feet into their shell fully. Thus they defend themselves by snapping at attackers  Baby turtles are very vulnerable and many animals eat them when they hatch and start moving to the water that’s why turtles lay so many eggs  Otters can puncture through turtle shells (not perfect defense)  Physical defenses can be soft structures. • Ex. Eastern Tent caterpillar make silk tent and the caterpillars hide inside them when they’re not feeding. Protects them since birds don’t like eating the silk. The Eastern Tent caterpillar itself has soft hairs on it that make them unpleasant to be eaten • Ex. Fall Webworm caterpillar also make silk tents but they stay inside to feed eating the leaves inside the tent  Physical defenses can be soft hairs. • Many caterpillars have long soft hairs all over their bodies making them hard to eat • Ex. Woolly Bear caterpillar’s hair can be modified into stiff spines  Mammals can use stiff hair as a physical defense • Ex. Porcupine has quills. Quills have little plates pointing down. When quill is shot into another animal, the quill works its way in due to the victims muscle contractions (the contraction push the quill’s plates in and out). There is antibiotics on the ends of quills, possibly incase the attacker has young that can learn from it (“stay away from porcupines). Other theory is the antibiotics are there incase they self-impale themselves maybe from falling out of a tree o Chemical Defenses  Poison Spines – Hairs + Poison. Hair that is poison tipped. • Ex. Io Moth caterpillar has spines that impale attacker when it’s grabbed which burns  Poisonous caterpillars are usually brightly colored, not camouflaged • Ex. Milkweed Tussock Moth caterpillars hold poison in their body • Ex. Giant leopard moth caterpillar has poisonous spines. Appears black but curls up exposing these bright red bands • Ex. Wasps (poison stinger) is yellow, and Red Eft salamander (poison in skin) is bright red, Milkweed beetle is bright red • These bright colors aren’t for distracting or startling, they’re on display all the time • Warning Coloration = Aposematic Coloration – Bright and bold colors that signal beware or don’t touch. Makes them easily seen and easily remembered. Species recognize the bright color patterns  Striped Skunks have a spray they use • Use black and white for warning coloration because they are nocturnal (same as porcupines since base of quills are white, rest is black). Colors don’t stand out at night but white and black do  Ladybugs manufacture their toxins  Don’t poison themselves by having antibodies or having special cells that hold the poison until it’s released but don’t enter the body.  Other animals attain chemicals by eating plants that contain them • Ex. Monarch caterpillars feed on milkweed leaves which contain Heart Poisons (Cardiac Glycoside) o Sequesters – Taking the chemical/poison out of a plant o Cardiac Glycoside - (terpenoid family) poison from Milkweeds • Ex. Milkweed Tussock Moth caterpillars also sequester cardiac glycosides from milkweed • Ex. Black Swallowtail caterpillar sequesters toxins from Water Hemlock (one of most poisonous plants)  Fireflies are beetles that can manufacture their own light that has 0 loss of heat. They have poison in their body, a steroidal toxin • Female Photuris fireflies sequester steroidal toxins by eating male Photinus fireflies • Each species has their own Morse code, light flashing pattern • Female Photuris uses Photinus light pattern to lure males in • Most other fireflies other than female Photuris get toxins by sequestering • Aggressive mimicry - Predators, parasites or parasitoids share similar signals with a harmless model, allowing them to avoid being correctly identified by their prey. o Often used to get a meal, but female Photuris fireflies use it to acquire toxins  Chemical defenses can be released from different parts of the body • Ex. Sawfly larvae create bubbles out of their mouth that are Terpenoids (from plants) as defense mechanism • Ex. Blister Beetle releases chemicals (Catharedin) from the leg joints when under attack o Catharedin an aphrodisiac that causes erections in humans • Ex. Wasp has stinger/injector at the back of the abdomen • Ex. Skunks have strong sphincter muscle and a nipple comes out and they can spray several meters o Spray is Sulfur Alcohol (stinks) o Skunks stomp feet, chatter, and raise tail and point butt at attacker to warn • Defenses have physiological effects on animal which is why skunks and porcupines give warnings before spraying and firing quills respectively • Ex. Bombardier Beetle has system for creating a hot quinone gas which comes out at 1000C and burn face of the attacker
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Component 1: Staying Alive Cont’d 1. Defences Cont’d • Appearances Cont’d o Chemical Defenses Cont’d  Animals (often small) armed with chemical weapons often bear aposematic coloration  Aposematic coloration allows a predator to learn and avoid that color pattern • Ex. A frog who gets stunk by a wasp when it tries to eat it won’t eat yellow insects anymore • Ex. Yellow colored insects sting, avoid (i.e. yellow jackets, bees) • Mullerian Mimicry – When a group of unrelated animals are all defended and bear similar appearances o Ex. Milkweed Beetle and Milkweed Bug both are red with black patches, and both sequester Terpenoid from milkweed  Ex. Monarch caterpillars sequester cardiac glycoside from milkweed. The cardiac glycosides are passed on to the butterfly stage. The Monarch butterfly is also bright colored  Batesian Mimicry – Have a model that is bad to eat (strong defense) and a mimic that is safe to eat • Ex. Viceroy butterfly looks VERY similar to a monarch but is quite safe to eat for birds. The poisonous monarch is the model that the edible viceroy mimics • Ex. Have a Bumble bee that stings (model) and a Hover fly that’s harmless (mimic) o Also have hover flies that mimic honey bees and baldfaced hornets  Wasps have many mimics • Ex. Raspberry Crown Borer (a moth)  Batesian Mimicry Considerations: • Need to have more “bad ones” (models). # models > # mimics o Higher probability animal has bad experience eating it (eats a model) • Models and mimics must occur at same time of year o Doesn’t work if for example the models fly in May and mimics in August (predator catch on) o Behavioural Defenses  Ex. Amersican toads have the toxin Bufotalin in skin glands, but have another defense. When they’re cornered they inflate (“puff up”) to look larger than life  Ex. Hog-Nosed Snakes inflate their heads to look larger than life and if that fails they roll over on their back and play dead  Thanatosis – Playing dead  Ex. Some Blister beetles and Opossum also play dead  Behavioral Group Defense • Yarding – In winter deer gather in groups. Safety in numbers (lower probability you’ll be the one killed) • Flocking – Group of birds. Again safety in numbers (lowers probability of being caught). Birds might flock to confuse predator (confused by all the birds) o Ex. Hawk attack group of birds, one dies but rest survive • Group defense can be aggressive o Ex. When one wasp detects a threat it sends out a chemical message called pheromones. Attack Pheromones summon the troops (all attack the attacker)  Bird behavioral defense can also be aggressive • Ex. Red-winged black birds will attack large birds. One bird starts the attack. Alarm calls summon other birds to join the attack. • Mobbing – A number of smaller birds attacking a larger bird o Ex. If big bird flies through their territory, drive it away o Ex. If birds find an owl sleeping during the day, they’ll form a mob and drive it away so the owl can’t get them at night while they’re sleeping o Mobbing = A Pre-emptive defense (prevent an attack)  Some animals have Bodyguards • Ex. Carpenter ants guard aphids. Aphids produce bubbles of honey dew which is sweet and the carpenter ants like. Carpenter ants will attack and bite if you bother aphids • Bodyguards get something in return • Ex. There are aphids that sequester milkweed and therefore are brightly colored and have not bodyguards because they have cardiac glycosides inside them  Some behavioral defenses seem odd • Ex. When Cottontail rabbits are frightened they run away, but as they run away they raise their white tail just like white-tailed deer. Theory is they are showing the attacker that they’ve seen them and might as well give up trying to catch them (advertise awareness) o Vigilance – Being alert and scanning your environment in a number of ways to look for danger  Animal has to be aware that there is danger present  Adaptations for scanning: • Olfactory = nose o Smell for danger • Auditory = ears o Listen for danger • Visual = eyes o Look for danger  Large external pinnae (ears) capture sound • Ear pivot to scan all directions  Ex. Beavers listen for danger but have small ears because large ears would cause drag in the water (not every adaptation appropriate for every animal)  Ex. Tiger moths also have “ears” (membranes on thorax). When the hear a bat calling, they dive down and hide  Ex. Mantids have one ear in front of hind legs on the underside of abdomen  Ex. Snakes have no ears but sense vibrations. Snakes have an enhanced power of smell/taste. Scents are analyzed in the Jacobson’s Organ
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 Component 1: Staying Alive Cont’d 1. Defences Cont’d • Appearances Cont’d o Vigilance Cont’d  Ex. Moose have big ears (excellent hearing) and an elongated snout (an excellent olfactory [smell] sense)  An enlarged snout houses more sensory cells and a Jacobson’s Organ • Enlarged snout allows Jacobson’s organ in mammals. Have sensory cells on top of mouth which analyze scent • Ex. Moose can use their tongue to pick up airborne scents, especially during mating season • Tongue can be used to enhance smell • Flemen – Partly opened mouth posture that allow more of the scent molecules in the air to enter the mouth o Ex. Mouse and other mammals expose the Jacobson’s organ by flemen  Scanning visually also important  Eyes on side of head provide larger view of the surroundings • Ex. Snowshoe hair has bulging eyes on sides of head • Each eye has a field of view. Can almost see behind them (“eyes in the back of their head”) • Ex. Mallard duck’s right and left field of views are more than 180o (they overlap). Total field of view is 360o so they can see in front and behind them at all times. (same as hare). Have thin area for depth perception in front and behind • Overlap of fields of view gives depth perception  Ex. Fox and owls have eyes in the front because depth perception is important for hunting  “Eyes in the side, view is wide” and “Eyes in the front, help you hunt”  When eyes are in the front, they have a blind area behind the ears  Ex. Beaver has nose, eyes, and ears on top of the head so it can float on top of the water and have all 3 main sensory organs in play • Adaptation usually for aquatic mammals  Eye placement has to do with aspects of the animals natural history  Ex. The eyes on a Wilson’s Snipe and American Woodcocks (types of bird) are on the upper rear of its head. Because they are sandpipers that feed by sticking their heads in the mud. The eye placement allows them to see behind them while their beak is down in the mud (little danger in front of them in the mud)  Ex. American Bittern’s eyes are placed near the base of the beak so that when they stick their bill straight up (defensive mode) they can see right in front of them. Drawback is, has blind spot behind it since it’s looking forward so it has to keep turning its head to keep an eye on danger  Animals that are night active tend to have large eyes to gather more light  Nocturnal animals display eyeshine. Have reflective layer of cells, called Tapetum Lucidum, behind retina that reflects light (supposed to reflect light that missed retina sensors to give the animal another chance to detect that light)  Group behavior allows for complete vigilance (more eyes scanning all the time). • More eyes allows for more complete vigilance • Another reason why deer yard and birds flock  Single-Species Flock – Only one species of bird in the flock • Ex. Waxwings  Mixed-Species Flock – Multiple species of birds in a flock • Ex. Different types of birds heading south for the winter  Difference between birds that fly in single-species flocks and mixedspecies flocks lies in the food resource type they eat. • Ex. Waxwings eat berries so can land in a berry tree and have enough to go around so all feed together on same type of food • Ex. Mixed-species that eat insects can land in a forest and each species has a different way they forge for those insects so their food is less concentrated and in different places (not all competing for same food) Component 6: Fighting Back • Plants face all the same challenges animals do, including surviving attack by animals • Individually most plants face more dangers then animals do. Face a lot of hungry mouths • Plants cannot run away • Face sanger from big animals (ex. Deer) and small animals (ex. Caterpillar) • When you see a plant defoliated, they lost the battle. When you see a plant untouched, they’ve at least temporarily won the war • Evolution never stops o Ex. Plants develop defense to protect from animal, animal then comes up with a new way to attack, and the cycle continues • Physical Defences o Trees and other woody plants have external armor (Bark) o Seeds can be protected inside hard coats (Ex. Nuts, Seeds in Acorns) o Other plants may be soft but have a different type of defensive strategy such as thorns or thistles (“prickly defenses”)  Spines are modified leaves  Prickles are epidermal outgrowths, like hairs (ex. On rose stems)  Thorns are like prickles, but aren’t modified leaves, they are modified branches. Pierces skin, tongues, etc. Can impale small animals (Ex. Shrew) o Automimicry – Harmless part of plant mimics harmful part of plant  Ex. New rose buds resemble prickles o Physical defenses work well  Ex. In a cow pasture, everything eaten but thistles o Trichomes – Soft plant hairs. Hard for animals to eat them. Different type of defensive structure  Ex. Ragweed  Leaves can have trichomes on them or stem/branches  Some trichomes have chemicals in them • Ex. Stinging Nettles have a lot of chemicals in them that burn when touched o Glandular Trichomes – Physical plus chemical  Ex. Stinging nettle as mentioned above  Ex. Water Smartweed has no trichomes on leaves in water, but if the water goes away, trichomes appear on leaves o Inducible – A defense that is not there all the time, that is created on demand, and induced by attacker or environmental change  Ex. Water Smartweed, trichomes induced by water going away o Structural Deterrents  Structural elements such as Cellulose, Hemicellulose, and Pectin make plants hard to digest  Lignin gives leaves stiffness, nuts and cherry pits their hardness o Structural Elements – Are digestibility reducers o Silica – Is found in horsetails and grasses. Makes them hard to eat. Animals that do need them need special digestion
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Component 6: Fighting Back Cont’d • Physical Defences Cont’d o Plant cells are different than animal cells in that they have a protective wall around them o Digestibility Reducers – Hard to break down, if eaten not much nutrition taken out of them (i.e. structural elements like Cellulose, Hemicellulose, and Pectin) • Chemical Defenses o Tannins – Are astringent (drying agent). They are non-structural, only there as a defensive compound, digestibility reducers. Mouth feels dry when you eat them and lips pucker up  Plant secondary metabolite (made by the plant but not necessary for the plant to survive) o Calcium is also used as a deterrent  Ex. Arum plants (i.e. Skunk Cabbage, Jack in the Pulpit) have calcium oxalate crystals in their leaves. If an animal tries to eat these leaves, their tongue and lips start burning, and start choking • Skunk cabbage generate their own heat and melt snow around them o Milkweed has Cardiac Glycosides (heart poisons) called Terpenoids.  Terpenoids taste bitter (more of a repellant than poison) and do not contain Nitrogen  Terpenoids are a major group of plant chemical toxins (chemical, not physical) • Monarchs have a solution to the toxins o New pine cones have resin  Resins (Oleoresins) contain Terpenoids  Sticky and has toxins o Poison Ivy are defended by Terpenoids is a Resin (Oleoresins) called Urushiol o Alkaloids – Toxins that contain Nitrogen  Ex. Asters and Buttercups are defended by Alkaloids • When you come across them, will notice they’re not eaten  Terpenoids are repellents and taste bitter, where Alkaloids interfere with digestion by binding to digestive enzymes. Some alkaloids are sugar mimics. Interfere with breaking down of food so animal can’t get any nutrition from the food. o Alkaloids and Terpenoids = Constitutive defences because they are part of the plants constitution (already there, not made on demand) o Other toxins are produced on demand  Ex. Hydrogen Cyanide (HCN) is inducible (induced to appear by an attack of an animal) • Ex. Found in Black Cherries, Bracken • Plant/leaves have to be chewed by an animal before it comes out. If it was stored constantly in the leaves then the plant would die o Some chemicals disrupt digestion by interfering with digestive proteins o A wounded leaf sends out Wound Hormones. The wound hormones are sent when the leaf is chewed on and cause a reaction so that other parts of the plant start producing more chemicals o Proteinase Inhibitors – Prevent Proteinase from doing its job (breaking down protein). Go down to the enzyme level and attack it. o Some plants produce insect growth hormones.  Ex. Grub larva need Moulting Hormone (Ecdysones) and Juvenile Hormone to go from 1st stage to 2nd stage larva. To go from 2nd stage larva to Pupa, stop make juvenile hormone and only need Moulting Hormone. Finally only Moulting Hormone is needed to go from a Pupa to Adult  Plants can make exact copies of the Juvenile and Moulting hormones that insects use  Ex. Rock Polypody (a fern) and Bracken Fern are loaded with Moulting Hormones = Phytoecdysones • ‘Phyto’ means made by the plant, Ecdysones are Moulting Hormones • Bracken Fern most dangerous plant in the world because of the number of dangerous things in it  An insect overdosing on Moulting hormones from plant will mature too quickly and die  Ex. Balsam Fir contains Phytojuvenile hormone • Insects that eat a plant with phytojuvenile hormone do not mature  Mustard advertises its defenses (scent)  Plants can contain reproductive hormones • Mess up an animal’s reproductive system • Ex. Clovers have Phytoestrogens, geared towards defending against mammals. If animals eat these Phytoestrogens can really mess up their reproductive systems, cause them to abort fetuses, and sometimes cause the animal to become sterile o Phototoxins have very nasty side effects. When an animal eats these, they migrate under the skin of a mammal or exoskeleton of an insect and makes the area sensitive to UV light. In mammals, the skin starts to blister and fester and the mammal gets really sick. In insects, it makes the exoskeleton thinner.  Ex. St. John’s-wort o Plants use aposematic colors  Ex. Green berry bitter because it has terpenoids in it. Changes color when it ripens and terpenoids are shut off o When a plant is under attack an alarm is sent to other parts to prepare themselves o Phytohormones = Chemical Messengers (i.e. jasmonic acid and/or ethylene and/or salicylic acid). Travel through the plant, initiating biochemical responses  Plants usually use one or two  Some plants release airborne Phytohormones to warn neighboring plants o Recall some animals pay ants for protection. Some plants do too.  Extrafloral Nectaries provide food. Nectar found outside floral part. Extrafloral nectaries attract ants so they will protect the plant from caterpillars for example. o There are plants that when under attack send out “911” calls that get other animals to come and attack the plants attacker Component 2: Elemental Solutions • Temperature Extremes o Sub-Zero Temperatures  Water turns to ice and expands. Animals deal with this differently  Ectotherms – External environment outside the animal’s body provides heat for the animal • Ex. Turtles and snake. If you put them in a freezer they will die.  Endotherms – Make their heat internally. Can counter the cold in a number of ways  How Animals Deal with the cold: • a. Animals that Stay Active o Dress for the occasion (add more layers) o Stay warm by growing more hair  Guard Hair grow longer and thicker in winter (outer fur)  Dense Underfur traps body heat (layer under guard hair)  Ex. Moose o Birds grow bulkier feathers  Ex. Chickadee  Contour Feathers on the outside that grow thicker  Down Feathers underneath Contour Feathers  Can fluff feather to trap more air to keep more distance between body and cold o Animals also add extra layers on the inside  Mammals have 2 types of fat • Subcutaneous Fat for insulation = warmth o Under the skin • Internal Brown Fat for burning for warmth = heat production (around organs) o Birds add subcutaneous fat (under the skin) for fuel  They shiver to generate heat. Shivering is an important means of thermogenesis (muscles moving to generate heat) • Not bad, is how they generate heat. If mammals are shivering then they’re in trouble o Color can provide warmth  Warmest color for animal feathers or hair is white. Pale colors retain more body heat better. White best at retaining heat when it’s windy  Gloger’s Rule – Where it’s warm and humid, animals are darker. Farther North and where it’s dryer, animals are lighter.  Ex. Showshoe Hares gain 27% in heat retention by coat being white o Animal Shape effects warmth  1. Short Extremities are better (extremities lose most of your body heat. Ex. Hands and feet cold first) • Allen’s Rule – Animals further North have shorter extremities  2. Low Surface Area : Volume Ratio • Bergmann’s Rule – Animals up North have lower surface area : volume ration than animals down South • Ex. Polar bear very round and not long, small ears
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Component 2: Elemental Solutions Cont’d • Temperature Extremes Cont’d o Sub-Zero Temperatures Cont’d  How Animals Deal with the cold cont’d: • a. Animals that Stay Active cont’d o Some pale color animals are albino but not all o Most northern small rodent in the world is a Lemming (small legs, stub tail, small ears) o Countercurrent Heat Exchanger – System to keep extremities in birds and mammals from losing too much heat in cold conditions. Make feet/tail cooler then rest of the body so that no heat is lost when touching snow or ice. Have a special network of veins and arteries in the base (top) of the leg or tail (arteries carry warm blood out to body from heart, veins take cold blood back). These arteries and veins branch out down the leg forming a “net” where the smaller arteries/veins touch and wrap around each other. Arteries and veins touch so that the warm blood in arteries is cooled down and cold blood in veins is heated up. Called Rete Mirabile = Wonderful Net  Can turn off this system in the summer when they want to cool down by redirecting blood flow  Ex. Beaver’s feet and tail, otter’s feet, bird feet o Most Northern animals have all the above mentioned color, body size, extremity size, and rete mirabile characteristics for story heat. If there is an exception, they have other means of storing heat. o Tucking extremities under a wing can also keep them warm  Ex. Ducks, swans, etc tuck one leg at a time under their wing to warm the leg up then switch o How an animal breathes in winter also conserves heat and energy  Ex. Foxes and wolves keep their mouths closed and breathe in through their nose during the winter. Have counter current airflow branches in their long snout that warm the cold air. Goes in lungs prewarmed o Where an animal sleeps can be important  Ex. Coniferous trees offer more warmth than roosting on bare branch. Block the wind, and trap the body heat that’s escaping the animal. Especially when covered with snow (insulates better).  Ex. Woodpeckers and small owls stay inside cavities which are warmer o Huddling – Some animals cram together inside a cavity to share warmth. Collectively improved surface area : volume ratio  Ex. Muskrats, voles, flying squirrels  Ex. Muskrats huddle together inside of a lodge that they build. In winter snow covers the lodge providing more insulation. Body heat makes a vent in the top of the lodge by melting  Ex. Beavers also build lodges but in the middle of the water (bears/wolves can’t get at it in summer) and add mud for insulation. Don’t add mud at top so that body heat can melt the snow on top and make an air vent. Wolves still can’t get in in the winter because the mud freezes turning into cement o Small animals find warmth under the snow  Ex. Red squirrels and other small mammals spend a lot of time in winter under the snow in tunnels. Ground is frozen but holds latent heat from the earth so it’s warmer than air above the snow. The subnivean space is under the snow but above ground where the small mammals are. They burrow to the surface to get food and when they need oxygen from carbon dioxide building up o Some birds also find warmth in the snow  Ex. Ruffed Grouse snow bed. Fly into snow and move around making a chamber. If there’s freezing rain, grouse can be trapped in there o On cold days animals can bask in the sun o Basking can be done while sleeping (i.e. owl while sleeping) o Birds can drop their body temperatures at night  Ex. On cold nights Black-capped Chickadees lower their body core temperature by 12oC. This is so they lose less heat to the cold environment. When they drop there temperature this much, they enter a deep sleep called Torpor. If their temperature drops a little too much, there wing muscles start shivering to generate heat. Stop shivering once temperature is up again. o Shivering is an important means of thermogenesis • b. Animals that don’t stay active o For most animals, lowering of body heat below zero is fatal  Ex. Snakes are ecotherms. They survive by going below the frost lines and becoming dormant  Dormancy = Behavioral freeze avoidance  Hibernaculum – Spot where animals stay the winter in a dormant state o All adult turtles and most hatching turtles escape subzero temperatures by going to the bottom of ponds and lakes. It’s 4oC in the mud at the bottom of the lake. (and frogs) o Toads dig down beneath the frost line in the fall before the ground freezes (and salamanders) o Many insects survive winter above the frost line  Ex. Adult preying mantis die but before they do they lay eggs in a protective case. Called ootheca. Either no water is in the egg or antifreeze is use. Make their own antifreeze called glycerol. Survive winter through eggs  Cryoprotectants = Protect life • Main king is antifreeze  Others overwinter as Larvae • Ex. Butterflies survive winter as caterpillars using glycerol as antifreeze (lowers freezing point of water)  Antifreeze proteins keep ice crystals from growing  Supercooling – When no ice forms inside the body


BIOL 1902 – Lecture 8 Notes

[bookmark: _GoBack] Component 2: Elemental Solutions Cont’d • Temperature Extremes Cont’d o Sub-Zero Temperatures Cont’d  How Animals Deal with the cold cont’d: • a. Animals that don’t Stay Active cont’d o “Hibernating” insects stop eating in the fall to void their guts of contents  Ex. Anglewing butterflies overwinter as supercooled adults. Which is why Anglewing butterflies are the first kinds we see in the spring o Cocoons and pupal cases keep the dormant insect from contacting water/ice  Ex. Silk moths overwinter as Pupae in Cocoons. o Some insects overwinter in special sites  Ex. Goldenrod. “Ball” in plant called Goldenrod Gall have baby fly larvae living inside. Fly lays its egg inside the stem. Chemicals laid with the egg make the plant stem grow abnormally large tissue around the egg, enclosing it. The grub uses antifreeze for a while but freezes eventually yet it’s still alive. Has cryoprotectants inside the cells with ice nucleating sites between them (freeze tolerant).  Freeze Tolerance – There is ice inside them but not between the cells o Not all Herps (reptiles and amphibians) physically avoid freezing  Ex. Gray tree frogs stay near the soil’s surface and freeze (4 frogs in total)  Freeze tolerant o Snapping turtles are not freeze tolerant nor can they supercool. They often overwinter on the bottom of a stream where it enters a lake. They lay eggs in the spring in a hole they dig and cover it. In fall baby turtles dig their way out and head for the water o Some hatchling Painted Turtles stay in the ground all winter. Thus, Painted Turtles are freeze tolerant but only as hatchlings o Endotherms cannot freeze but some do become dormant  Ex. Raccoons undergo periods of lethargy. They become lethargic usually in sheltered den. Same as porcupines  Ex. Chipmunks undergo longer periods of torpor = “hibernation”. Low heartbeat, low temperature, but awaken every few days.  Ex. Bats undergo a light “hibernation” too. High heartbeat, low body temperature, and are easily aroused (woken up). Usually gather in caves or old mines (their hibernaculum [place where stay winter hibernating])  Ex. Black bears have low heartrate, high temperature (close to same as summer), and easily aroused. • Bear nest – Tangle of branches in a tree that bears pulled in while eating fruit. Have claws and rough pads for climbing trees • Bears are still fat in the spring • Do not defecate or urinate during entire winter dormancy. o Tappen – Rectal plug that prevent bear from defecating in winter den o And then there are “true” hibernators  Very low heart rate and body temperature, very deep sleep  Ex. Groundhogs, the world’s largest true hibernator  Ex. Jumping mice are also true or deep hibernators  Both wake up very briefly a couple times during winter  How winter active animals deal with mobility problems • Physical adaptations o Ex. Moose have 2m long legs for the shoulder, great for deep snow. Also have special motion for getting their legs up and moving them forward without dragging legs through snow like humans. Moose have fairly big hooves = fairly good surface area to spread out weight o Ex. Snowshoe hair have large feet = larger surface area to spread out weight over snow. Jump with hind feet in front. o Ex. Martins have large, long snowshoe like feet o Ex. Ruffed Grouse grow snowshoes, have scales that grow and spread out of the sides of their toes. Snowshoes wear off through use in winter so they’re one by summer • Behavioral Adaptations o Small mammals travel through Subnivean space o Ex. White tailed deer move to a yard (sheltered area with less snow and more food o Ex. Wolves travel in groups in packs. They follow in a straight line so one breaks a trail and the others follow behind o Ex. Otters have short legs. They are long and thin so they run then slide on their bellies using body shape as advantage to toboggan. Minks can do the same
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