Natural History Study Notes – Week 6 – 12
Not only is extreme cold a problem for plants & animals
· Extreme heat can cause DESSICATION
· In extreme heat, plants reduce leaf surface area by CURLING their leaves
· Other adaptations are similar to winter adaptations
· On hot days, animals seek shady sites
· Became less active
· Many mammals becomes more night active
· Many animals go to water
· Dragonflies have a novel situation: they reduce their surface area in contact with the sun by raising the abdomen, which also serves to shade the thorax & head – referred to as OBELISK
· Tiger Beetles run on sand – when it is hot, they extend their legs and raise their bodies away from the sand – called STILTING
· Some Dragonflies pump heat to  their abdomen to lose more body heat – shunt heat
· Ducks shunt blood around the rete mirable to lose more heat
· Beavers shunt blood to tail to lose heat – 90% more body heat is lost than when the rete mirable is in use
· Honeybees are social insects – they use their wings to fan the colony & move hot air out of the hive
· Mammals pant – PANTING is a form of EVAPORATIVE COOLING
· Birds don’t sweat – they pant, allowing more air to pass over the respiratory surfaces
· Bees also use EVAPORATIVE COOLING: they get a drop of liquid and spread it over their body and let it evaporate
· Turkey Vultures use evaporative cooling by peeing on their bare legs
· Mourning Doves employ a dangerous method of allowing their internal temperatures to raise to 45 degrees C – induced hyperthermia 
NUTRITION
· Plants make food – need raw ingredients
· Animals
· Eat plants
· Eat other animals
· Herbivores eat plants HERBIVORY
· Beetles, Caterpillars, some mammals, & Birds eat leaves, fruit, seeds, nuts, nectar, sap, bark/twigs
· Leaves can be eaten as an entire structure, or from within
· Some animals eat dead plant material – DETRITIVORE
· Some animals have food delivered – water carries DETRITUS
· Clams are FILTER FEEDERS – pull food from environment = water
· Black flu larvae also FILTER FEED with elegant Labral Brushes – Labrum is part of the insect mouth
· Ducks (some) also filter feed – Dabblers or Puddle Ducks – edge of the bill contains a “strainer” called Lamellae 
· Tongues also help filter food from water (Northern Shoveller – Puddle Duck)
· All plant foods require feeding adaptations
· Nectar requires a long PROBOSCIS – Moths, Butterflies, ect
· Hummingbirds have a long beak and EXTENSIBLE TONGUE
· The Hyoid Apparatus (horns) extends the tongue
· Bugs have probing mouthparts called STYLETS – sticks into tissues
· Aphids are Sucking Bugs
· Plant tissues are hard to eat because of cell walls – re: cellulose, hemicellulose, lignin (structural components) challenges:
· Dealing with the plant outside the body (ingesting)
· Slugs and Snails break off plant tissues with a RADULA – special chainsaw-like mouth parts
· Caterpillars have modified MANDIBLES – some eat leaves from the inside (Lead Blotch Miner)
· Mammals use modified teeth
· INCISORS – never stop growing and self-sharpen; hard enamel last longer than soft dentine – keeps teeth sharp; iron content gives orange colour and makes teeth stronger (BEAVER)
· CHEEK TEETH – grind up the food; are powered by large MASSETERS (MOOSE)
· Mandibles, radula, and cheek teeth all perform the same function, but arise from different origins = ANALOGOUS STRUCTURES
· Ruffed Grouse eat a lot of buds, Spruce Grouse eat a lot of conifer needles – analogous to the radula, mandibles, and cheek teeth is the GIZZARD – grit is added to the GIZZARD to keep it operational
· After ingestion, comes digestion (Herbaceous issues) 
· Slugs and Snails produce digestive enzymes
· Caterpillars eat a lot, and waste a lot – eat 10x their own body weight
· Moose don’t have enzymes – they get help from BACTERIA living in their RUMEN – food is processed twice; a symbiotic relationship
· Moose cough up partly digested food, chew it again and re-swallow it – this is called their CUD – RUMINATION (Ruminates)
· Hares, Rabbits, and Beavers have intestinal pouches called CAECA (caecum) – too  far down the digestive tract for regurgitation – to process their food twice, they eat their droppings = COPROPHAGY
· After passing through the gizzard, plant material in a grouse also enters a caecum 
· Porcupines eat plants, but they don’t eat their droppings – their digestive tract is about 26% of their total body weight
· Fruit is another source of food, but most fruit-eating birds are not obligate fruit-eaters
· Fruit is high in carbohydrates, but low in protein – Waxwings are the most dependent fruit eaters
· Fruit-eating specialists have large gapes (mouth opening), short intestines
· Animals that eat the pulp (flesh) flesh of berries – Bears poop the seeds out – are SEED DISPERSERS – but not all animals pass the seeds of fruit through their body
· Seed eaters are SEED PREDATORS  they eat seeds, destroying them i.e. Evening Grosbeak (Finch)
· Ordinary seeds have a seed coat around the outside for protection – Acorns
· Birds have a groove in the upper part of the beak like a mandible to slice off the coating
· Tougher seeds like Cherry Pits – birds use a device in their mouth that acts like an anvil – so many pound of pressure pushing together cracks open the pit
· Finch bills are largely modified for this diet
· American Goldfinches bills are much smaller and finer – they eat Thistle seeds
· Different kinds of Finches have different kinds of bills modified for different kinds of seeds
· Crossbills’ bill is crossed over – heavily modified for extracting the seeds from Pine Cones
· Have lateral movement ability also – able to open their bills sideways
· Nomadic – follow seeds of crops around
· Niche Partitioning 
· Blue Jays have another way of opening nuts – chips away powerfully with its bill, holding it in his feet – uses outside of bill instead of inside
· Plants also have chemical defences to overcome
· Some Herbivores sequester the toxins – some insects employ a “vein drain” strategy
· In most plants, toxins are carried through veins
· Insect will go to base of leaf and use their mandibles to sever off the vein, so the plant can’t carry chemicals to the end anymore
· Insect will eat out tissues at the other part of the plant where there’s less liquid flowing
· = Bypassing chemicals
· Some animals use enzymes to counter the toxins
· Biggest group of enzymes: MFOs (Mixed Function Oxidases) – break down/neutralize toxins making them safe to eat
· Some Herbivores are Specialists, eating only one or two kinds of food i.e. Red-Headed Pine Sawflies eat pine needles; Monarch caterpillars eat only Milkweed leaves & buds
· Others are Generalists – Beavers eat a large variety of plants – leaves, twigs, bark, water plants, etc.
· Some animals switch foods for a balanced diet – Moose love leaves & twigs, which are rich in carbohydrates and protein, but low in sodium (Balsam Fir is also very low in sodium, another staple in the diets) So Moose get Na from Aquatic plants
· They have 500x more Na than land plants
· Plants are high in Na but low in other nutrients
· Sodium is store in the RUMEN
· Road salt is sodium chloride
· Many animals get nutrition from plants
· Another solution is to eat the plant eaters
· ADVANTAGES:
· Flesh is easier to digest than structural components of plants (cellulose, hemicellulose, lignin, pectin)
· Much more return for the effort (protein is already packaged)
· DISADVANTAGES:
· Can be hard to find
· Often prey is well protected
· They usually fight back
· Act of eating other animals – PREDATION
· Some eat from the inside while the animal is still alive – PARASITOID
· Others eat without killing the animal – PARASITE
· Others eat animals that are already dead – SCAVENGER

· Before a mean is enjoyed, a predator must Locate, Capture, and Immobilize – there is never just one way of solving these challenges
· Visual hunting is one way
· Diurnal Bird of Prey (Daytime active)
· Sharp Vision to spot prey – large eyes collect more light, large number of CONES for vision acuity 
· Hawks magnify image 2-3x as large as we humans see
· Frontal placement for depths perception – fields of view overlap
· Hunting at night requires different operations Nocturnal Birds of Prey
· Large number of RODS – rich in Glycogen for sensitive vision
· Frontal placement for more depth perception
· But this creates a large blind spot – Owls solve this by being able to turn their heads 270 degrees
· Other hunters have large COMPOUND EYES to hunt visually
· A Dragonfly eye can have 28,000 Ommatida, each with 6 or 7 sensory cells
· Whirly gigs can see above and below the water at the same time
· Spiders have 8 eyes but they are simple
· Jumping Spiders have exceptional eyesight – very large front eyes
· Anterior Median Eye (AME) – 2 at front
· Anterior Lateral Eye (ALE) – front at side
· Can move retinas to change their field of view
· Posterior Median Eye (PME)
· Posterior Later Eye (PLE)
· Crab Spiders are also visual hunters

· Hearing is also important
· Large external pinnae amplify sound – Eastern Wolf
· Owls hear very well but have no external pinnae – they hear with their faces
· FACIAL DISKS capture sound
· Other adaptations are hidden – ASSYMETRICAL EAR OPENINGS and WIDE HEADS allow pin-pointing of sound
· Bats also use sound to locate prey – ECHOLOCATION
· Shrews use ultrasound as well

· Sense of Smell (Olfactory)
· Elongated snout with more sensory cells; Jacobson’s/Vomeronasal Organ; Flehmen
· Snakes use the Jacobson’s organ for finer discrimination of odors 
· Scent trails are easier to track at dusk

· Tactile sense 
· Racoons have touch-sensitive paws
· Star-nosed Moles have pressure sensitive EIMER’S ORGANS in their nose & protuberances 
· Tactile sensors can be located around the mouth: VIBRISSAE – Otters, Foxes
· Eastern Whip-Poor-Wills have a similar feature – modified feathers called Bristle Feathers – RICTAL BRISTLES
· Sandpipers have pressure-sensitive cells called HERBST CORPUSCLES in the tip of their bills; as do ducks in their Unguous – Nail tip of bill; Woodpeckers have them in the tips of their tongues
· Rattlesnakes have INFRARED heat sensors – the Heat Pit lies between the eyes & the nostrils and can detect changes as small as 0.001 degree C

· So how are these tools used?
· ACTIVE SEARCHING – Wolves, Foxes, some Spiders (Wolf Spiders, Nursery Web Spiders) actively walk around, searching for prey; Tiger Beetles also search & capture
· WAIT AND AMBUSH – Praying Mantids let their prey come to them; Background Matching is an important feature; most Owls also sit and wait; the Goldrenrod Crab Spide changes colour from white to yellow to match the flower it waits on
· TRAPPING – Spiderwebs are Flight Intercept traps; Orb Weaver Spiders fashion the most spectacular webs; Funnel Weavers usually build webs on the ground and wait in the funnel at the end; Sheet-Web Spiders build webs that feature knock-down strands and a capture “sheet”
· Webs are best seen at dawn due to their HYGROSCOPIC properties – they collect moisture
· Webs can contain 6 or more types of silk
· Spiders recycle silk from broken webs by eating it
· To build an Orb Web takes about 20 minutes
· Argiope Spiders sit in the middle of the web & create a conspicuous zig-zag pattern called the STABILIMENTUM
· Was first believed to be used to stabilize the web (hence the name) 
· Was later found to have ultraviolet properties, which trick insects into thinking it’s a flower
· The Argiope Spider itself also have UV patterns
· Star-nose Moles make traps too – Mole Tunnels
· Antlion Larvae make Pit-Fall Traps
· Recall that Photuris Fireflies blink morse code at Photinus Fireflies to lure them in & eat them – when an animal uses devious measures, often part of its body, to lure in its prey, it’s called  AGGRESSIVE MIMICRY; Alligator Snapping Turtles have worm-like tongues

· Once prey is located, it must be captured
· Owls use their feet equipped with TALONS, as do Hawks
· Osprey have special feet for catching fish – special talons, sharp scales on the bottom of their feet, and the outer toe is reversible – they turn the fish around in flight to make it more aerodynamic 
· Owls also have a reversible toe
· Legs can also be used to capture prey – Crab Spiders have special hairs on their legs, as do Praying Mantids
· If legs are used for capturing, they’re called RAPTORIAL LEGS
· Mammals use their mouth equipped with CANINES
· Tiger Beetles capture prey with their MANDIBLES
· Merganser bills are modified for catching fish – have a serrated edge with sharp projections
· Frogs & Toads use their tongues to capture prey – TONGUE FLICK – fold up tongue & flicks when prey is near
· Woodpeckers also use their tongue – the HYOID HORNS (process/apparatus) extend the tongue
· Also have Herpst Corpuscle on tip of their tongue to detect prey

· Once captured, prey must be killed
· Teeth are often used – CARNASSIAL – special set of cheek teeth that are flat on one side
· Foxes use a “shake and break” technique, as do coyotes
· Wolves kill larger prey by “slash and shock” methods
· Carnivores use large Canines and a strong TEMPORALIS muscle
· Canines are used in different ways
· Weasels bite into the cranium
· Cats bite into the neck vertebrae 
· Birds-Hawks (Accipiters) use their TALONS to kill – they squeeze them into vital organs to puncture them
· Many snakes swallow their prey while they’re alive
· Snakes can open their mouths wide because their jaw bones can “detach” to allow large prey to be “walked” into the mouth
· Gray (Black) Rat Snakes & Milk Snakes are CONSTRICTORS
· Rattlesnakes use poison, Poison = Toxins  inject venom, also inject digestive enzymes
· Robber Flies also inject toxins & digestive enzymes
· Short-tailed Shrew – Mammal with a poison bite
· Once prey is captured & killed, there are indigestible parts to deal with
· Hawks use Selective Feeding to deal with this – simply don’t eat the indigestible parts
· Spiders and many predatory insects slurp or suck out the liquids leaving the empty shell behind
· Fishers skin Porcupines
· Some animals pass indigestible pieces through their body – Wolf SCATS
· Owls swallow small prey whole – meat is processed through the gizzard, bone fragments and hair are stored and coughed up in at Pellet 12 hours later
· Predators face many hazards
· Prey can fight back
· Injury caused by accidents during the chase
· BIOACCUMULATION of toxins
· Botulism, Type E
· Peregrine Falcons were driven to near extinction by DDT
· Human Persecution 
· Starvation (#1 problem)
· Predators play important roles and are a major force in Natural Selection and Evolution

· Other animals eat their prey from the inside – the HOST can be either killed or left alive during the process
· PARASITOIDS kill their hosts – Braconid Wasps are parasitoids only in the larval stage; as are Tachinid Flies and many Flesh Flies
· Many Tachinids lay eggs on hosts
· Other Parasitoids paralyze prey and bury them in the ground with eggs i.e. Thread-Waisted Wasps; Digger Wasps also paralyze prey for their larvae – Cerceris is a Jewel Beetle Specialist
· Some parasitoids do Visual Searching for hosts – when the right host is found, eggs are laid
· Megarhyssa Ichneumon use Ovipositors to inject their eggs
· They can serve as ‘drills’
· When the egg hatches, the paralyzed Horntail larvae is eaten alive
· Pelecinid Wasps lay eggs on June Beetle grubs in the ground
· Parasitoids sometimes lay eggs on fresh Turtle eggs

· Other animals do not kill their hosts: PARASITES
· Leeches are Ectoparasites – live on the outside of the body; as are Ticks and Mites
· Many migratory birds harbour ectoparasitic flies – Flat Flies are one group – hide beneath birds feathers
· Clams are also ectoparasites but only in their laval form – Glochidia (Glochidium) 
· Ectoparasitic adaptations:
· Haller’s organ on Ticks for detecting hosts
· Ticks mouthparts – HYPOSTOME – what tick sticks into host to draw blood
· Ectoparasites have problems too:
· Hosts die
· Hosts fight back – Grooming and Preening – Herons have a special grooming claw  Pectinate Toe, as do Beavers – a double or split toenail
· Some parasites live inside their host – Endoparasites
· Cuterebra (a robust Bot Fly) is parasitic only in the larval stage
· Some Deer have a parasitic Brainworm 
· The larvae live in the droppings
· A slug or a snail is the INTERMEDIATE HOST
· Deer are the parasite’s DEFINITIVE HOST
· If a Moose eats an injected intermediate host, the Brainworm eats its way up the spinal cord and into the brain, killing the moose but first causing “blind staggers” – this is because Moose have not evolved with the parasite
· Robins are the Definitive Host for a parasitic Fluke (flatworm), Intermediate Host becomes Aquatic Snail (as Robins’ droppings fall in water), Snails behaviour changes – tentacles swell up, change colour, & pulsate; Robin eats snail
· Endoparasites have adaptations:
· Very small size
· Parasitic Castration – ability to change some host’s behaviour, so the animals has no sex drive and therefore does not move around as much
· Problems:
· Host dies
· Intermediate Host may not be found
· Wrong Host may be entered

· Scavengers – most scavengers eat other foods including live animals – Ravens, Gulls
· Turkey Vultures are full-time scavengers – OBLIGATE SCAVENGERS
· Adaptations for scavenging:
· Naked/featherless head for sticking into unpleasant places
· Sharp beak – Raptorial Bill for tearing flesh
· A powerful sense of smell – huge nares (nostrils); enlarged nasal chamber, large olfactory bulb in brain – Carrion is detected primarily during flight
· Adaptations for located food during flight:
· Flight mode is almost entirely gliding and soaring, using low-level air movement or high-altitude thermals
· Small animals also scavenge – Blow Flies lay their eggs on dead animals; Carrion Beetles (Burying Beetles) move small dead rodents to soft ground, bury them, lay eggs in animal, and feed on it
· NECROPHAGOUS – scavenging insects that feed on dead things

· Predictable food shortage solutions
· Migration
· Dormancy/Hibernation
· Migration solves a predictable food supply problem, but some foods are present seasonally in fluctuating numbers
· The size of crops are unpredictable – seeds & nuts/fruits & berries/small mammals
· For each of these food types, there are specialist birds that have solved the problem of an unpredictable food supply
· Move to other food rich regions only when necessary – not always South
· Bohemian Waxwings move to areas with large fruit crops
· Crossbills are seed specialists
· NOMADIC and IRRUPTIVE – Irruption: when nomadic species arrives in huge numbers
· Great Gray Owls are not really nomadic, but when food is scarce in the Boreal Forest, they move in large numbers (Irruptive)
· Predatory animals kill when they have the opportunity – to counter food shortages, food is stored
· Northern Shrikes store extra food by impaling it on branches – LARDER
· Owls can also store extra food by hanging it over branches – if needed, they will sit on food that has frozen to thaw it
· Other animals store food for a Predictable Shortage
· Gray Squirrels create hundreds of solitary caches – SCATTER HOARDING – active all winter & survive on their cached food
· Gray Jays do not migrate, they scatter hoard for winter, cache food all summer & winter
· Adaptations for storing food:
· Enlarged salivary glands
· Sticky saliva
· Nesting early – babies are out of the nest early, leaving time to store food (late Feb – March)
· Amazing memory: a large HIPPOCAMPUS provides excellent Spatial Memory – Chickadees Hippocampus grows larger before winter
· Red Squirrels create a number of larger stashes called MIDDENS
· Chipmunks enter dormancy, but they also store large caches of food underground
· Expandable cheek pouches allow Chipmunks to transport a lot
· Beavers create a CENTRAL CACHE of branches called Food Pile – Poplar is a preferred tree
· Plants also have nutritional demands
· PHOTOSYNTHESIS  AUTOTROPHIC
· For photosynthesis, plants need basic ingredients – water, nutrients, sunlight
· Some habitats are nutrient-poor i.e. Bogs – Heath (Ericaceous) plants are common
· Heath plants have fungal partners associated with their roots – MYCORRHIZAE inside roots are Endomycorrhizae, Mycorrhizal Associations
· Orchids also have endomycorrhizal associations – fungus starting inside the root cell
· Black Spruce also has mycorrhizae, but the fungus forms a sheath around the outside of the roots – Ectomycorrhizae 
· MYCORRHIZAE (symbiotic – plants get nutrients and fungus gets carbon products)
· Increase uptake of nutrients such as Nitrogen (N) and Phosphorus (P)
· Prevent uptake of toxic compounds
· Alders have a different solution for N – they have ROOT NODULES, full of (inorganic) nitrogen-rich bacteria. “Bacteria Factory” roots convert this inorganic N into usable N = FIXING NITROGEN
· And some plants eat animals – Sundews are “carnivorous” (insectivorous)
· Leaves of Sundews have modified hairs with glands on the ends bearing a liquid glue which traps insects; slowly the lead folds over and inner hairs release digestive enzymes = ADHESIVE TRAPS
· Butterwort also have Adhesive Traps
· Pitcher Plants are also “carnivorous” – they have modified leaves, with downward-pointing hairs that direct the insect to a slippery portion of the leaf. They slide into the “pitcher”, which is full of rainwater & the plant releases enzymes = PITFALL TRAPS
· Older leaves use Brood Site Deception to attract meals – give off odour of death to fool animals that lay their eggs in/on dead things
· Bladderworts are mostly aquatic plants; their underwater leaves with modified branched hairs (“trip wires”) detect insects and opens the lead, which contains a vacuum and sucks in the prey & door is closed – traps are called UTRICLES
· New traps produce enzymes while older traps house bacteria and other symbionts
· Plants have another food-related problem – lack of sunlight = SHADE
· A common solution is leaves with a larger surface area for capturing sunlight & manufacturing food – bigger LIGHT TRAPS i.e. Round-leaved Orchids have large leaves Parallel to the ground to capture maximum sunlight
· Thin, flat leaves offer other advantages:
· Less energy spent in building support
· Light reaches photosynthetic cells more quickly
· Supresses competition
· Hobblebush also have large leaves
· 2 types of Chlorophyll: Chlorophyll A & Chlorophyll B – B is more light-sensitive & acts as a collector of light (similar to Rods VS Cones in diurnal and nocturnal animals’ eyes) – Shade plants have more of Chlorophyll B
· Some shade plants increase their leaf surface area by having a large amount of leaves i.e. Bunchberry have lots of leaves – leaves are attaches to a shared rhizome (a stem which lies flat on the ground) – CLONAL or COLONIAL GROWTH
· Another way to beat shade is to grow away from it – plants that change their direction of growth based on light = PHOTOTROPISM, going towards the light is called Positive Phototropism
· Another way is to climb atop the competition – Wild Cucumbers do this
· Adaptations for climbing other plants:
· Special branches that are drawn towards shade, wrap around other plants, and pull the plant higher & higher – TENDRILS are THIGAMOTROPIC which means they respond to touch
· Trilliums bloom before the tree leaves open to solve shade problem – plants which bloom at this time are called Spring Ephemerals, and grow in Deciduous Forests
· Drawbacks:
· Fluctuating climate – frost & snow could still occur early spring; too cold for pollinators 
· Another solution is to lose the need for sunlight – no leaves i.e. Coralroot; Saprophytes are thought to be thieves in that they have Mycorrhizae that attach to the Mycorrhizae of other plants and take some of their food
· Autotrophs make their own food and Heterotrophs eat food produced by something else
· Coralroots are MYCOHETEROTROPHS
· Indian Pipe also doesn’t require sunlight – has mycorrhizal associations and obtains nutrients directly from living plants – it lives like a parasite
· Many shade-dwelling Orchids photosynthesize AND steal carbon from other plants through mycorrhizae  MIXOTROPH
· Cancerroot has no leaves and no mycorrhizae – steal directly from another plant through their roots; live like an obligate parasite
· Its roots form HAUSTORIA in the roots of other plants, which it finds by tracking their strigolactones 
· HOLOPARASITE
· Witch’s Broom – Dwarf Mistletoe is a Holoparasite it steals all its food without a fungal helper
· Some habitats have lots of sunlight – too much sun can be a problem
· Have leaves with a Small surface area
· Buttercups have tiny leaves that grow on a 45 degree angle
· Sand dunes are particularly hot and sunny places – plants here often have leaves that are highly DISSECTED for smaller surface area
· The drive to attain genetic immortality: REPRODUCTION
· Asexual vs Sexual reproduction
· Asexual means the organism does not require a partner to reproduce
· Drawbacks include a lack of variability in the gene pool – disadvantageous in the long term in a lack of evolution
· Sexual – Internal vs External – where the sperm meets the egg; inside or outside of the body
· Fish like Bass use external fertilization, as do Frogs and Toads
· When male holds female around the waist (frog/toad) it’s called AMPLEXUS – may also serve to stimulate
· When female is adequately stimulated, she releases her eggs into the water, and the male releases his sperm at the same time to fertilize the eggs 
· Sperm is not guaranteed to meet the eggs
· Internal fertilization is a better way to ensure eggs are fertilized and therefore offspring is produced and the species continues 
· Freshwater Sponges are HERMAPHRODITIC (have both sexes) and reproduce internally without meeting – they release their sperm into the water as are/do Clams
· Hermaphroditism doubles an animal’s chances of reproducing
· Snow Fleas (Springtails) are not hermaphrodites, they use internal fertilization yet many species never meet their mates
· Many Springtails leave SPERMATOPHORES on the ground for the female to pick up
· Slugs and Snails are hermaphroditic – they meet their mates using a personal delivery system for their sperm & use internal fertilization
· They have ‘love darts’ that  they pierce each other with = INTROMITTENT ORGAN
· Sessile (stationary) or slow-moving animals are often hermaphroditic 
· Male Spiders insert their sperm with special mouthparts called PALPS or PEDIPALPS – intromittent organs (intromission)
· Male Snakes have 2 intromittent organs called HEMIPENES on either side, but only 1 can be used at a time
· Mammals deliver sperm into the female with penises – a delivery tool/can also serve to stimulate
· Most birds do not have penises – press their cloacas together (‘Cloacal Kiss’)
· BACCULUM – support-giving structure (to penises…)
· Penises are typically stored away – when needed, it is usually inflated with liquid
· How do animals find a mate?
· Some meet by chance – Barnacles are hermaphroditic and use internal fertilization with the use of a penis
· Their penises can be 40x the length of the Barnacle
· Stretch them until it finds another Barnacle to mate with – random meeting “wandering penis”
· Slugs, Snails, Earthworms, Clams, and Sponges are all hermaphroditic (sedentary or slow-moving animal trend)
· Many animals need to attract a mate
· ADVERTISING – auditory advertisements i.e. Bird’s song
· Not all auditory ads are vocal – Woodpeckers use their bills to DRUM, every species has a different drum rhythm
· Ruffed Grouse also DRUM on Drumming Logs but they use their wings, not bills
· Snipes use their tails – WINNOWING – vibrate their feathers
· Crickets & Grasshoppers make courtship sounds by rubbing wings and/or legs together – STRIDULATION; use a ‘file and scraper’; Tree Crickets use a curled up leaf as an amplifier
· Cicadas use TYMBALS to produce sound on the lower abdomen – the muscles pulling on the tymbals depend on high temperatures to “pluck”, which is why they are called “Heat Bugs”
· Male Toads audibly advertise for mates vocally – amplify their song with a skin sack called a VOCAL SAC, each kind have their own sound
· Toads have one vocal sac, Leopard Frogs have two
· Amplexus stimulates
· Male Bullfrogs have a large TYMPANUM, an eardrum, and females have a small one
· Birds advertise with VOCALIZATIONS – they have a unique way of making sound – SYRINX – organ that produces sound is why birds can sing two songs at once
· Song has two main functions
· Declaration of territory – warning
· Attractive of mates
· Warblers sing two different songs for both purposes
· Female choice is a major part of Sexual Selection and a driving force behind evolution
· Some mammals use vocalizations to attract mates
· During the RUT (the mating season of moose) cow Moose call to attract bulls, bulls also vocalize and THRASH with their antlers
· ADVANTAGES:
· Sound carries a long way
· DISADVANTAGES:
· Predators and parasitoids can hear you, and cheaters called  SATELLITE MALES can find and exploit your efforts (males that don’t sing)
· Advertisements can be VISUAL – female choice is a powerful component of Sexual Selection, and can also be based on appearance 
· Male songbirds are more brightly coloured than females
· Phalaropes – birds – the females are brightly coloured and have more testosterone, she courts & he takes care of eggs (reversed)
· SEXUAL DIMORPHISM – refers to animals where males and females look differently
· POLYANDROUS birds
· Female Mallards choose males with the greenest heads – it reveals AGE and HEALTH
· Female House Finches choose the most brightly coloured males – the are better at finding food – good foragers will be good at feeding babies
· Some birds have ORNAMENTS – i.e. Atlantic Puffin’s beak – BADGES of Status or Maturity – 2 years per groove in beak
· A special characteristic can give a females information on a male’s foraging ability
· ANTLERS are Ornaments – male White-tailed Deer, they change size & shape with age
· Antlers have two parts: TINES (points at ends) PALMS (large flat area)
· Antlers are indicators of health
· Antler Displays used for aggression
· SPARRING, when 2 bulls shove each other with their antlers
· Small animals have ORNAMENTS too
· Dobson Fly – males have large tusk-like structures which are also a product of Natural Selection
· Visual Advertisements can include RITUALISTIC DISPLAYS – i.e. Red-Winged Blackbird sticks out shoulders during song
· Many ducks use HEAD DISPLAYS – i.e. Hooded Merganser, which has a large white spot on its head that can be raised to show in its entirety 
· Male Ruffed Grouse use NECK RUFF and TAIL DISPLAYS
· Some animals have AERIAL DISPLAYS i.e. Ebony Jewelwing Damselfly – males do an aerial display by flying around a female, she responds with either flapping her wings (“yes”) or holding them out flat (“no”)
· Male Firelflies use light displays – females blink back a “yes”
· Some courtship displays involve both males and females – Swans use choreographed wing displays
· Sandhill Cranes also use MUTUAL DISPLAYS – they perform RITUALIZED DANCES
· Wild Turkeys have communal display grounds called LEKS
· Male Sharp-tailed Grouse dance at COMMUNAL DANCING GROUNDS (LEKS)
· Animals also use OLFACTORY ADVERTISEMENTS
· Chemical advertisements = SEX PHEROMONES i.e. during the Rut, cow Moose release pheromones in their urine 
· Bulls use their tongues to detect pheromones (Jacobson`s Organ)
· Bull Moose dig shallow RUT PITS, then roll in their urine, which contains pheromones
· Female Snakes also leave pheromone trails – males track them down and form mating swarms
· They are also commonly used by insects
· Usually the female produces them
· Moths advertise with them – especially Silk Moths – males have massive antenna with 4 million sensory pores per antenna to detect female scent molecules, some species can track down a female from 2 – 3 kilometers away
· Pheromones can have a secondary role – they can also serve to stimulate, as with Snowshoe Hares – males jump over the females and urinate on them
· Male Porcupines urinate on females also – but from up to 2 metres away
· Courtship can involve GIFT GIVING – Waxwings give food; Male Terns give minnows 
· Edible courtship gifts are also given by some male Spiders, Scorpionflies, & Dance Flies – to avoid being eating
· Male Marsh Wrens offer GIFTS – make Dummy Nests – the more nests the male has, the more females he attracts
· Male Bass and Bluegill Sunfish offer NESTS too
· After mating, some males try to ensure PATERNITY
· CONTACT GUARDING – when the male guards the female to ensure no one else will mate with her
· During mating, male Odonates use CLASPERS to hold the female by the back of her head
· Have a unique sexual position – WHEEL – some Odonantes stay coupled while the female lays eggs, ensuring that no other male donates sperm
· Other males use LONG COPULATIONS to ensure paternity
· Male Walking Sticks use BONDAGE – HANDCUFFS (Claspers) keep them coupled for a day or two
· Some male animals attempt to ensure paternity by plugging the female’s reproductive opening after mating
· Many Beetles use HEADLESS SPERM
· Feathering Beetles use GIANT SPERM that act as a plug – COPULATORY PLUGS
· Mosquitos ejaculate hardens to cement – some add a chemical to the plug that is an ANTI-APHRODISIAC ; as do Male Garter Snakes
· Male Honeybees use the ultimate plug – their genitalia explodes during sex
· PLANTS: Flowers are only there for reproduction
· STAMENS (male) produce sperm; PISTIL (female) produces eggs
· POLLEN GRAINS are the flowers equivalent of an intromittent organ 
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