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Plants subject to desiccation: 

Curling up leaves (plants reduce surface area to conserve energy)

Animals seek shady sites, or go to where it’s cool (water)

Dragonflies: reduce their surface area in contact with the sun by using a special body posture. End up in air to shade lower part of body (imp. parts like head and wings). Called OBELISK.

SHUNT: heat to body parts with a greater surface area like the abdomen. Dragonflies do this too.

Ducks: more blood towards their feet to lose heat.

Beavers: shunt heat to tails. 

Tiger beetles: run along hot sand. Legs push up so they are standing higher up on the sand. Raises body on legs higher than usual, calling STILTING. 

Honeybees are social insects that work together to air-cool their hive, by fanning their wings (such hot air out of hives, like a A/C!)

Tongues of foxes (and dogs, etc) use EVAPORATIVE cooling…panting and sweating. 

Birds don’t sweat they pant! 

Bees also use evap. cooling by using a drop of liquid and spreading it on their bodies, which then cools down and evaporates. 

Vultures pee on their legs! This cools them down by evaporating on hot days. 

Mourning Doves employ the dangerous strategy of raising their internal body heat to 45˚C. This is lethal to many, but not these doves. This is HYPERTHERMIA! 

Challenge #3: NUTRITION
Plants make food using photosynthesis (raw ingredients!)
Animals cannot make their own food. So they:
1) Eat plants (herbivores) 
2) Eat other animals (carnivores)

1) Herbivores:

Herbivores: eat all types of plants and plant products! Fruits, grasses, seeds, berries, nectar, sap, bark, twigs, inner leaf tissue. 
DETRIVORES: Some eat dead plant material (decomposed OM).

Some animals have their food delivered to them. Flowing water carries detritus. 
Clams: filter feeders that pull in organic material that is filtered through them. 

Blackflies: filter feed with their mouths downstream. Have mouth parts that pulse open and close pulling in OM steadily called LABRAL BRUSHES. 

Ducks that filter feed are called DABBLERS or PUDDLE DUCKS. In shallow water, dip down with bill in bottom of water pulling in OM to feed. 
Dabblers tongues have filter systems on themselves. 

All plant foods require feeding ADAPTATIONS. 
Nectars need a long PROBOSCIS of the insect to be accessed. 

Hummingbirds have a long thin beak, and an EXTENSIBLE TONGUE. The HYOID APPARATUS (horns) extends the tongue. This is a rare adaptation.

Bugs have probing mouthparts called STYLETS. Inserting this part causing a plant-sap pressure that lets the sap out for the bug to eat. 
Aphids are sucking bugs (feed on sap). Sap-Suckers.

Plant tissues are hard to eat b/c made of cellulose, pectin, lignin, in cells walls. So, tough structural compoonents.
Issues: dealing with INGESTION
And dealing with DIGESTION.

INGESTION:

Slugs and Snails: use RADULA (like a chainsaw!), specially mouthparts. Different species have different teeth on the Radula. 

Caterpillars: have modified MANDIBLES that tear apart plant tissues. 
Some caterpillars eat leaves from the inside. 
AKA: Leaf Blotch Miners

Mammals use modified teeth called INCISORS! 
Beavers, groundhogs, etc. 
These teeth never stop growing, and self-sharpen!
Rodents generally have orange enamel on their teeth. 

ANALOGOUS STRUCTURES = INSICORS and MANDIBLES and NADULA all work the same way/serve same function but arise from different origins. 

Moose have only lower set of incisors. The large CHEEK TEETH grind up the food. 
Mussels that move the back grinding/shredding part of the jaw are called MASSETERS. 

Ruffed grouse eat
Spruce Grouse eat conifer needles
No teeth, no nadula, so how? Use GIZZARD (analogous). 
Gizzard is a big muscular organ lined with hard prickly cuticle, that contracts and tears apart plant tissues. Birds have no teeth and have a light weight beak because they fly and need to be as light as possible! Add stones to their diet to help break plants apart inside (grit).

DIGESTION:
Snails and slugs produce digestive enzymes.
Caterpillars don’t have enzymes. But they manage b/c they waste a lot, so they eat a lot. 
Moose don’t have them either, so they get help from BACTERIA living in their RUMEN (part of the stomach that can break down the tough plant tissues). Cough it back up to mouth and eat it again. The food is processed twice for further rumination/break down! Chewing their “CUD”. The moose and bacteria live symbiotically. These animals are called RUMANANTS. 

Hares, rabbits, beavers: don’t have a rumen. Have a CAECUM (CAECA plural). Bacteria w/I the caecum to break down. But it’s too far down for the digestive tract for regurgitation. 
Just like moose, hares and muskrat, beavers and other rodents process their food twice…They eat their droppings! This is called COPROPHAGY (these animals are called Coprophages). 

Grouse have caeca. 

Porcupines: only eat plants but don’t eat their droppings. They compensate by having VERY long/huge intestines. Digestive tract is ~26% of their total weight! 

Fruit – major source of food

Fruit-eating birds are not obligate fruit eaters. 
Fruit is high in carbohydrates, good for energy. 
Facultative fruit eaters (part time, limited usually b/c depends on time of year/season).

Waxwing are out most fruit-dependent birds. 
Fruit eating specialists have certain adaptations. Have modifications to ingest and digest fruit. 
Have large GAPES and short intestines. 
GAPE = Mouth opening 
Short intestines good, because process seeds quickly, some poop them out within 15 mins!

Bears are SEED DISPERSERS! 

Not all animals pass the seeds of fruit through their body. 

Chipmunks harvest by chewing fruit and eating the PULP (fleshy part), then spit out seeds/pits to keep for over winter. 

Grosbeaks: big beaked birds that are SEED PREDATORS. They fully eat the seeds. 
They have 2 adaptations: Upper beak has grooves in it, that the seed runs back and forth over to cut the seed coats open and off with (mandible). Can crack open cherry pits and other big hard seeds! Bill and tongue combined to roll the seed and crush it to eat it! 

American Goldfinch: have fine bills so they can pull out thistle seeds. 

Crossbill: have modified bills to extract seeds from cones. Go to a closed coniferous tree cone, use lateral movement of bill and slides tongue out to the seeds in the cone. 

Finch and their different bills are an example of NICHE PARTITIONING. 

Blue jays: open nuts using feet and bill together. Uses bill to crack open the acorn to get to the seeds. 

Plants have chemical defences to overcome! Some herbivores sequester the toxins (like caterpillars and beetles). 
Toxins usually carried through the veins (Vein-Drain Stategy). Use mandible to cut off the end to drain the toxins, and some make cannels to divert the toxins so they can continue to eat! 

Some use enzymes to counter toxins. 
MFOs =MEXED FUNCTION OXIDASES

Some herbivores are SPECIALISTS, eating only one or two kinds of food. 

Red-headed Pine Sawflies: only eat pine needles.

Monarch caterpillars only eat milkweed leaves and buds. 

Some herbivores are GENERALISTS, eating many kinds of food.

Beavers: love poplars, raspberries, and water plants, for example. 

Some animals switch foods for a balanced diet. 
Moose eat fresh leaves and twigs which are rich in carbohydrates, protein, but low in sodium. 

They go for deciduous trees in summer.
Go for Balsam fir in winter, which are also low in sodium. So overall have a low sodium diet…but….
Get their sodium fix in aquatic environments like lakes and ponds! Water-shield = 500x more Na than land plants. Water plants aren’t very nutritional though. 

Summer moose droppings are loose and watery. In the fall, they are moderately loose. In the winter, they are harder and more single droppings because more full of fiber. 

Can see moose along ditches eating mud and drinking water. They are getting a sodium fix from Northern highways’ road salts. 




2) Carnivores:

Carnivores: eat the plant eaters! 

Advantages: 
a) much more return for the effort (proteins already packages)
b) Easier to digest
Disadvanges:
a) Can be hard to find
b) Often pray is well protected
c) They fight back

PARASITOID: Some animals eat from the inside while the animal is alive. Eat the animal AND kill it!

PARASITES: don’t kill the animal.


SCAVENGERS:


PREDATORS
1. Locate
2. Capture
3. Immobilize/kill 

Diurnal birds of prey: 
Eyesight during day

Vision is imp. Have large eyes that collect light, with large number of CONES for visual acuity. Cones are sharper than rods.
Hawks have 2 to 3x magnified vision as us. 

Frontal placement gives depth perception, because fields of view overlap. RETINAL FOVEAE and TEMPERAL FOVEAE

Eyesight at Night
Owls have eyes on front of face. BUT retinas not packed with cones, they have RODS. 
Sensitive vision because they have special rods that are packed with GLYCOGEN!
Drawback: Owls cannot see behind their heads very well. So they can TURN their heads around at 270˚. 
Frogs have large eyes.
Dragonflies, Tiger beetles,… have COMPOUND EYES. 
28,000 OMMATIDIA each with 6 or 7 sensory cells!

Whirligigs: can see above and below the water at the same time!

Spiders have 8 eyes but they are SIMPLE eyes. 
Jumping spiders: have exceptional eyesight!! 
ANTERIOR MEDIAN EYES (in the front)
ANTERIOR LATERAL EYES (on the side)
POSTERIOR LATERAL EYES (back side eyes)
POSTERIOR MEDIAN EYES (back middle eyes)

Crab spiders: also visual hunters. Use background matching to hide from their prey! 

AUDITORY SENSES

Ear size
Wolves, foxes, etc. have external pinnae! (ears)

Owls: also hear very well but have no external pinnae! Use their faces to gather sound (like a satellite dish). FACIAL DISKS capture sound. 

Some hearing features are hidden! 
ASYMMETRICAL EAR OPENINGS and WIDE HEADS allow pinpointing of sound (Boreal owls). 

Bats: locate prey by hearing. Use ECOLOCATION.
Send out ultrasounds, radio frequencies that bounce back to them. 

Shrews also use ultrasound. 
Sense of Smell

OLFACTORY

Elongated snout = better sensory! 
Some times are better for hunting than others (have Jacobson’s Organ) – FLEMEN. 

Red fox: Scent trail (space between them and the ground) used late in the day and at night. 

Squealing usually means a weakened animal (prey). 

Snakes: use the Jacobsons Organ for finer discrimination of odours. Snakes tongue split and goes in and out to continuously taste/smell the air around it for prey.

Tactile Senses

Sense of touch/feeling around.
Racoons: touch-sensitive paws

Star-nose Moles: have PROTUBERANCES (pressure sensitive tubes loaded with Eimer’s Organs, which are tactile organs).

Otters: have big whiskers located around the mouth, called VIBRISSAE. Help find its way in water, and to locate prey. 

Whip-poor-will: birds that have a feature called RICTAL BRISTLES (modified whiskers), that help detect prey.  These bristle are analogous to animals’ vibrissae. 

Sandpipers: have pressure-sensitive cells called HERBST CORPUSCLES in the tip of their bills. 

Ducks: also have an analogous feature called the NAIL (black tip on the bill). 

Woodpeckers: have HERBST CORPUSCLES in the tips of their tongues. 


Heat sensitivity

Rattlesnakes: have INFRARED heat sensors. Extremely sensitive! The HEAT PIT lies between the eyes and nostrils, detects changes as small as 0.001˚C !!!!


Predation cont’d.

ACTIVE SEARCHING is when all these tools are used. Wolves do this. 

Wolf Spiders: actively search.

Tiger Beetles: use their stilts, scan and capture on beaches.

Praying mantids: let their prey come to them. They WAIT and AMBUSH!  Use background matching to do this. 

Most owls also sit and wait.

Crab spiders changes colour to match the flower that they sit and wait on.

Traps 
Spider webs are FLIGHT INTERCEPT TRAPS…
Most common webs are circular ORB WEBS, made by ORB WEAVER spiders. 

FUNNEL WEAVERS: usually build webs on the ground. 

Sheet-Web Spiders: make a bowl shapped web with KNOCKDOWN STRANDS (vertical silks that get knocked down) and captures the prey. Spider is below waiting to attack and feed once prey is caught. 

Webs are best seen at dawn!  
B/c silk strands absorb moisture on a cool night and collect dew…they are HYGROSCOPIC. 

Spider web facts:
a) Webs can contain 6 or more types of silk!
b) Spiders recycle silk from broken webs 
c) Takes 20 minutes to build a complex orb web

ARGIOPE: BIG black and yellow zigzag spiders on web that light up.  
STABILIMENTUM: zigzag pattern in web, with ultraviolet properties. Insects see this and think it’s a flower and fly into it. The Argiope also has UV pattern to deceive too!

Mole TUNNELS can serve as traps!

PITFALL Traps: tiny inverted cones in sand. Made by ANT-LION larvae! **COOL VIDEO!**
 
Fireflies: some deceive and eat other species of fireflies. 
Use AGGRESSIVE MIMICRY to entice their prey. 

Once prey is located it must be captured.
Owls and hawks use their sharp hooked talons to do this. 

Not all birds of prey capture mammals or birds. Some capture fish.

Osprey: have special feet for catching fish. 
Have massive talons. Hover in air with their huge wings, and look for fish to capture within the top of the water. Undersides of feet have sharp pointed scales to help hold the fish. The outer toe is reversible to be able to turn the fish around so that its aerodynamic. Unique to diurnal birds of prey. 

Owls do this too, but in snow instead of water. 

RAPTORIAL LEGS
Praying Mantids: use Legs to capture prey. 

Mammals use their mouth equipped with CANINES. 
Tiger Beetles: capture with their MANDIBLES, that are sickle shaped and curve to break apart prey to eat! 
Merganser: have bills modified for catching fish. 

Frogs: use their long, sticky tongues to capture prey

Toads: use a TONGUE FLICK.

Woodpeckers: use their tongues. Have HYOID HORNS (process or apparatus that extend the tongue). Muscle wrapped around skull attached to beak.

Once captured, the prey must be killed. Some use teeth. 
CARNASSIAL are special cheek teeth used for cracking bones and shearing muscle. 

Foxes and coyotes: grab and shake it to break the neck “SHAKE and BREAK” technique. 

Wolves: kill larger prey by “SLASH and SHOCK” 

Carnivores use large canines and a strong TEMPORALIS muscle

Weasels: bite into the cranium of their prey. 

Cats: bite into the neck vertebrae.

Bird Hawks use their talons to kill. 
Attack and squeeze them into vital organs. 

Snakes: many swallow their prey while it is alive. Open their mouths wide b/c their jaw bones can detach so that large prey can “walk” into their mouth. 

Gray Rat Snakes and Milk Snakes are CONSTRICTORS

Massasauga Rattle snakes: use VENIM (injected poison/toxin) and also inject digestive enzymes

Crab spiders and Assassin Bugs also use venom. 
Crab spiders don’t suck out the juices like an Assassin Bug, they bite and slurp it up.

Robber fly: bites then injects poisonous enzymes into prey. 

Short tailed shrew: have a venomous bite! 

After captured and killed
Some body parts are indigestible. 
SELECTIVE FEEDING: Part that is selected to be eaten. Hawks, spiders, insects.

Fishers: skin porcupines.
Bears skin their prey too

Wolves pass indigestible pieces through their body. Swallow hairs and bones and come out as SCATS.  

 Owls swallow small prey whole. Digestive bones and hair and cough out a pellet.

Problems that predators face

Injury during the chase 
Starvation (#1 problem)
Hooves and claws are dangerous
Bioaccumulation of toxins (DDT)
Botulism 
Human persecution! 

Predators play impo. Roles and are a major force in Natural selection and Evolution. 


Other animals eat their prey from the inside. The HOSE can be either killed or left alive in the process.

PARASITOIDS: kill their hosts. 

BRACCONID wasps, Tachinid flies and Flesh flies: parasitoids only in the larval stage. 

Other parasitoids paralyze and bury them in the ground with eggs. 
Spider wasps do this. 
Digger wasps: also paralyze prey for their larvae. 

Only wasps paralyze! 

Cerceris is a digger wasp. Specialist for the jewel beetle – Emerald Ash Borer. **video** 

Flat-headed borers 

Some Parasitoids do VISUAL SEARCHING for hosts.
When the Flesh fly (parasitoid) finds the right HOST, eggs are aid through an OVIPOSITOR. 

ICHNEUMON are paristoid wasps. 
Specialists for depositing eggs inside wood (of branches). 

Pelecinid wasps lay eggs on June Beetle grubs in the ground. Specialist. 

Snapping turtles lay eggs and then parasitoid flies can lay their eggs on them and then the egg becomes the host. 

PARASITES: animals that do not kill their hosts. 

Leeches, ticks, are ECTOPARASITES. All life stages are parasitic! 

Moose ticks = winter ticks. 
Can be super abundant.
Removal methods of ticks can cause harm to moose by removing their hair too. Hair falls out and can get hypothermia. 

Mites are ectoparasites. 

Many migratory birds harbour ectoparasitic flies.
Flat flies: a group of these . live between the flat feathers of birds, have sharp claws to hang on with. 

Clams: are filter feeders.
Clam LARVAE are ectoparasites! 

GLOCHIDIA are ectoparasites on fish gills and fins. 
Ex. Pocket clam

HALLER’S organ: organ protecting host

Barbs on hypostome 

Flat flies on bats: Bat flies

Ectoparasite problems:
a) Hosts die
b) Hosts fight back (grooming and preen)

PECTINATE TOE: Herons’ claws have small projections on toe to help groom their feathers (grooming claw). 

Beavers have a split toenail or double toenail to help groom.  

ENDOPARASITES:

Endoparasites: live inside their host.
Don’t usually kill the host. 

CUTEREBRA is parasitic only as larvae! 

BRAINWORM: parasite in deer. Doesn’t hurt deer, 
The larvae live in the droppings. 

Definite host: breeding
INTERMEDIATE HOST: slug or snail, just as a larvae

If moose eats infected intermediate host…the brainworm eats its way up the spinal chord and into the brain. Moose will die. 

Brainworm only kill moose 

Robins are definitive hosts for a parasitic FLUKE (flatworms).

Endoparasite adaptations:
-small size
-Parasitic castration (chemically shuts down sex drive o f host)

Problems:
Intermediate host may not be entered
Host can die


SCAVENGING
Some animals eat animals that are already dead
Most scavengers also sometimes eat alive animals.
Eagles are PART-TIME scavengers.
Gulls.
Ravens are scavengers in winter (not exclusively scavengers) 

Turkey Vultures are full-time scavengers (OBLIGATE) 
Adaptations for scavenging
-Naked head (to go into unpleasant places –eyes, guts, mouth, rectum, etc).
-Sharp bill (raptorial bill for tearing flesh)
-powerfull sense of smell (huge nares), enlarged nasal character, large olfactory
-Ethyl mercaptan may be imp. gas detected.

Carrion is detected primarily by smell during flight
Locating food during flight:
Vultures have huge v-angled wings. Get a lot of lift and use thermals in summer to find smell of food. GLIDE and SOAR.
Fly low and slow movement, TEETERING back and forth. 

Blow Flies: lay eggs on dead animals. 
Carrion beetles: AKA burying beetles…Mated pair of beetles bury a dead chipmunk, shrew, mouse, etc. 

NECROPHAGEOUS: eating dead things. Scavenging insects feeding on dead animals. 

FOOD SHORTAGES

Predictable food shortages solutions:
-Migration
-Dormancy/hibernation
-some food shortages seasonally. 
	- seeds and nuts
	- berries and fruits
	- small mammals 

Specialist birds that have solved the problems of an unpredictable food supply.
· Some move to other food-rich regions only when necessary (irregular and not always south)
·  Ex. Bohemian Waxwings move to areas with large fruit crops
· NOMADIC and IRRUPTIVE 
· Ex: Crossbill also seed specialists – delay breeding til ready/enough food

Great Grey Owl –not reawlly nomadic but when scarce food in the boreal forest, they move Eastward in large numbers – Irruptive! 

Predatory animals kill when have the opportunity. Kill, then if extra they save/store it! 
Ex: Northern shrike stores extra food by impaling it on thorns of Hawthorn trees (shrews). CASHES (stoarges)
LARDERS!

Some little owns droop their meadow voles over little branches on trees. Defrost/warm these frozen voles with their bodies so they can eat it. 

Gray Squirrels: create hundreds of solitary caches using SCATTER HOARDING. In snow, then remember and go back to retrieve and eat it. 

Gray Jays: do not migrate. Scatter Hoard in spruce trees all summer and fall. Have adaptations:
· Enlarged salivary glands (roll food around in mouth and wrap in thick saliva blanket)
· Sticky saliva
· Nest early 
· Amazing memory: large Hippocampus /excellent SPATIAL MEMORY 

Chickadees: hippocampus grows larger in the fall! 

Red Squirrels: create a number of larger stashes called MIDDENS. (semi-scattered, large clumps) 

Chipmunks: enter dormancy. Partly dormant, but have a central burrow/chambers of stored food underground. Adaptation for moving large amounts of food at once: Special expandable cheeks! 
Eat bear poop! Conserving energy by eating the poop that has intact cherry pits, so doesn’t have to climb tree and eat the pulp to get the pit. 

Beavers: central cache of branches called a FOOD PILE. Use POPLAR. 

PLANTS & food
Also have nutritional demands.
Make their own food! (Autotrophic) 
Photosynthesis: requires:
· Sunlight
· Water
· Nutrients
Some places are nutrient-poor. 
Bogs: generally nutrient poor.
HEATH plants are common. They have fungal partners associated with their roots (fungal threads call MYCORRHIZAE)
-inside roots: ENDOMYCORRHIZAE. Pull nutrients inside plant. Orchids have endomycs. 
-outside of roots: ECTORRHIZAE
Black spruce: have ECTOMYCORRHIZAL association on outside of roots
1. Increase uptake of N and P
2. Prevent uptake of toxic cmpds

Alders: have ROOT NODULES full of bacteria colonies that are NITROGEN FIXERS 

Some plants eat animals! …insects.
INSECTIVEROUS! 

Sundews: “carnivorous” 
Modified leaves/hairs have balls of glue at the ends. When insects land, they get stuck. Slowly the leaf folds over. Inner hairs release digestive enzymes. These are ASHESIVE TRAPS 

Butterworts: have adhesive traps 

Pitcher-plants: downward pointing hairs direct the insect to a slippery death slide! Ants like this plant. 
PITFALL TRAPS. 
Older leaves use BROOD SITE DECEPTION to attract meals! 

Bladderworts: underwater leaves are SUCTION TRAPS. Little fine modified hairs on sacks, very sensitive, feel insects nearby, trap door opens and vacuum sucks them in then trap door closes! 
UTRICLES 

Myccorrhizae associations are SYMBIOTIC relationships. The plant gets nutrients, the fungi gets carbon products.

New traps produce digestive enzymes while older traps house bacteria and other symbionts! 

SHADE/ lack of sunlight
Adaptations: large leaves for bigger surface area to capture sunlight and manufacture food.
Round-leaved Orchid: large leaves, parallel to the ground. 

Thin flat leaves offer other advantages: 
-less energy spent in building support
-light reaches photosynthetic cells more quickly
Suppresses competition. 

Hobblebush: natures toilet paper 

Chlorophyll b > chlorophyll a
Shade plants have more b.
B is more sensitive to light. 

Some shade plants increase their leaf surface area in another way…having MANY LEAVES

Bunchberry: LOTS OF leaves! Leaves attached to a shared rhizome (horizontal stems).
COLONIE or CLONAL growth. 

POSITIVE PHOTOTROPISM: GROW AWAY from the shade. Move into the sunlight.

CLIMB atop the competition. 
Wild Cucumbers: grow ontop of other plants. Have curly long structures/specialized branch called TENDRILS, which are THIGMOTROPIC (growth in response to touch). 

Trilliums: bloom before the tree leaves open. 

SPRING EPHIMERALS: species that grow in deciduous forests, in early spring. Ex; trilliums. 

LOOSE need for sunlight by losing leaves. 

Coralroots are Orchids that live like scavengers/thieves. They have fungi on their roots that steal nutrients from other fungi on other roots of plants! 

Coralroots don’t make their own food, use fungi … so they are MYCOHETEROTROPHS 

SAPROPHYTE: lives on decaying plant matter.

Indian Pipe: wildflower does not need sunlight. Has mycorrhizal associations that gets the nutrients for the Indian Pipe from living plants. It lives like a parasite. 

MIXOTROPHS: Some shade-dwelling orchids photosynthesize AND steal carbon from other plants through mycorrhizae.

Cancerroot: no leaves and no mycorrhizae. 
Obligate parasites, get nutrition through their own roots. 
Its roots form HAUSTORIA in the roots of other plants, which it finds by tracking their STRIGOLACTONES. 
This is a HOLOPARASITE. 

Witch’s Broom has abnormal growth caused by the HOLOPARASITE Dwarf Mistletoe. 

Excessive sunlight
Solutions:
-plants with leaves of small surface area

Buttercups: grow on a 45 degree angle to absorb a little less sunlight.

Plants in sandy dry hot areas often have leaves that are HIGHLY DISSECTED, which reduce surface area

Plants want to attain genetic immortality…SEX.

Reproduction 
Asexual: no sex; simple organisms; singular; lack of variability in the gene pool. 
Sexual: sex; supports genetic variability

Internal: sperm meets the egg inside the body
External: fertilization outside the body


Fish: external fert.
Frogs: external fert.
AMPLEXUS (like straddling)

Some animals use Internal fertilization to better guarantee their efforts. 

Freshwater sponge: internal fertilization, but doners don’t meet each other. HERMAPHRODITIC. 

Clams send their sperm in the water too, they are Hermaphroditic and never meet. 

Slugs and snails are hermaphroditic. Meet their mates using a personal delivery for their sperm. Sperm meets eggs inside their body (internal fert.). they have “love darts” that they pierce each other with …INTROMITTENT ORGAN. 

Sessile or slow-moving animals are often hermaphroditic. 

Springtails: “Snow fleas” . NOT hermaphrodites. 
Male and female. Use internal fertilization yet they never meet! Males leave SPERMATOPHORES on ground for female to pick up.

Male spiders: insert sperm w/ special mouthparts called PALPS or PEDIPALPS! 

Male snakes: have 2 intromittent organs called HEMIPENES. Only one used at a time. 

Mammals: deliver sperm to eggs with a PENIS. 
Cat: penis’ can serve to stimulate. 
Opossum: forked penis for forked vagina. 

Not all penis’ are exposed. Stored away to protect it from bushes, dragging in air and water. 

Most birds don’t have a penis, they press their cloacas together. CLOACAL KISS. 

When needed, a penis is inflated. 
Most use liquids for support. 

Barnacles are HERMAPHRODITES and internal fert. They meet their mate by chance with their “wandering penis”

Advertising!
Auditory advertisement

Woodpeckers use their bills to drum
Grouse drumming 

Snipes use their TAILS (crazy laughing sound).
This is WINNOWING! 
Crickets and grasshoppers sound by rubbing wings called STRIDULATION. 

TYMBALS: pluck for popping sounds that bugs make. Muscles pulling tymbals depend on high temps. 
Cicada nymph. 

Male toads and frogs have vocal sacs. Pump lungs full of air, close off nostrils, fill sac with air. 

Leopard frogs have 2 vocal sacs. 
Bigger males make deeper sound (AMPLEXUS stimulates). Singing evaluated by females.

Male bullfrogs have a large TYMPANUM (ear drums). Females’ are small. 

Birds use song as vocal advertisement. Unique way of making sounds. Use the SYRINX, the birds voice box organ. Allows birds to sing two songs at once b/c 2 passageways (bronchi) .
2 functions:
1) Declaration of territory 
2) To attract mates 

Warblers: sing 2 diff songs

Bulls vocalize and THRASH (bang antlers against trees, etc) to call females and scare away competitors. 

Advertising with sound carries sound a long way.
BUT
Predators and parasitoids can hear you.
Cheaters called SATELLITE MALES can exploit your efforts.

Visual advertisement
Use colour
FEMALE choice is powerful component of SEXUAL SELECTION. 
Why so many songbirds are beautiful. 

PHALAROPES: females brightly coloured!! 
POLYANGROUS: female has many male mates
SEXUAL DIMORPHISM: two different colours. 
Female Mallards choose males with the greenest heads. Reveals AGE and HEALTH. 

House Finch: females choose most bright male. Colours come from diet, so good diet=good at finding food=bright coloured. 

Atlantic Puffin: have ORNAMENTS. Big bill with grooves. These are BADGES of STATUS or MATURITY. Two years per groove. Males with >2 grooves are chosen. Older means a survivor/good fisherman. 

Deers and bull moose: have antlers 
Change shape and size with age 
TINES: points at ends of antlers
PALMS: smooth flat part 
Shed every winter, grow back next year. Fuzz on antler is called VELVET.
Deformed antlers are not good for impressing females! Indicate health. 

ANTLER DISPLAYS can defuse aggression. 

SPARRING: bulls put heads down and antlers together, shove against each other, loser walks away. Antler size reflects STATURE! 
Antlers are a product of SEXUAL SELECTION. 

Dobsonfly: has large tusk-like ornaments on head

Elaborate RITUALISTIC DISPLAYS 

Hooded Merganser Ducks: use head displays 
Male Ruffed-Grouse: use NECK RUFF and tail displays

AERIAL DISPLAYS
Midges: small flies, males swarm above females

Damselflies: EBONY JEWELWING
Males do an Aerial display, female puts wings out flat if it’s a no, up in the air if it’s a yes. 

Male fireflies: use light displays

Swans: mutual display

Sandhill crane: do dances! 

Male Wild Turkeys have communal display grounds called LEKS. Only one or two get lucky! 

Make Sharp-tailed Grouse dance at COMMUNAL DANCING GROUNDS. Fancy footwork! 

OLFACTORY ADVERTISEMENTS
Chemical adverts. = Sex PHEROMONES.

Cow Moose release pheromones in their urine. 
Bulls use their tongues to help detect pheromones. 

Bull Moose dig shallow RUT PIT.
Roll in their pee which contains pheromones…WALLOW PITS. 

Deer use pheromones 
Female snakes leave pheromone trails

Insects use pheromones, usually females

Males use their antennas to pick up pheromones. 

Moths advertise with PHEROMONES! Especially SILK moths. 
Males have 4 million sensory pores per antenna! 

Pheromones Secondary role: males jump on female and pee on them for…STIMULATION! 

Porcupines: males pee on females from up to 2 metres away. 

Cedar Waxwings: Courtship can involve GIFT GIVING. 

Terns: males also give courtship gifts of food. 

Male spiders, Scropionflies, and Dance Flies do this too. Some wrap in silk to avoid it being eaten. 

Marsh Wrens: polygamous. Build Dummy Nests in their territory. 

Male bass and Bluegill Sunfish offer nests too

SATELLITE MALES: cheaters! Bass/fish that imposter mature males nearing nests to reproduce. Sometimes as an immature make or female…but really it’s a mature male.

After mating, some males try to ensure
PATERNITY. 
CONTACT GUARDING: stay close to females after mating until not receptive anymore. 

Make damselflies use CLASPERS to hold female by back of her head.
Unique sexual position, WHEEL. 
Males stay attached to females while she lays the eggs. CONTACT GUARDING

LONG COPULATIONS used by males to ensure paternity. 
Walking Sticks: handcuffs! Claspers keep them coupled for a day or two.

Beetles: Headless Sperm that form a plug in her opening after mating.

Featherwing Beetles: use giant sperm to plug
COPULATORY PLUGS

Mosquitoes ejaculate hardens to cement and block her opening. 

Some add ANTI-APHRODISIACS to the plug! 
Garter Snakes: secrete these

Honeybees: males use the ultimate plug…their genitalia explodes during sex! Then they die. 

PLANT REPRODUCTION
Flowers are for sex!
Static, don’t move, so have both sexes

Stamens: male parts, produce sperm
Pistil: female parts, produces eggs (ovary, style, stigma). 

POLLEN GRAINS are the floral equivalent of an INTROMITTENT organ! Carries two sperm and a tube nucleus. 

Problem:
Cant move.
Solutions: how do plants get the pollen grains near the eggs? 
· Wind! Anemophily
Grass pollen: carried by wind
Small & light weight 
	Sedges are wind-pollinated 

Sedhe meadows, sedge hummocks or Tussocks 

Conifer Pollen: wind-carried

Disadvantages: 
	-no wind 
	-delivery is not guaranteed
Solution: produce lots of pollen! 

· Water! Hydrophily
Few plants use this

Animals! Pollenators:
Surrogate lovers….

· Insects! Entomophily 
Moths
Butterflies
Hummingbird 
Bats
Flies
Beetles
Bumblebees
Honeybees

Why do insects do this? B/c they are bribed! 
Flowers are exploiting the insects. 

Pollen attracts some insects 
For bees….
Some flowers offer only pollen as food. Through the Purcinal Pore, (structure of stamen)

Buzz Pollinated: Anther cone 
Bees have a Pollen basket 

NECTAR: sugar water, can be of different sugar type and concentration, unique

NECTARIES: where nectar is found

Buttercup: necataries are small sleeves at base of each petal.

Columbine: special nectar leaves with LONG SPURS
So they require…

Long-tongue bees = bumblebees! 

Cardinal-flowers have long spurs but bees ignore them…

Pollinators go to certain flowers because of ADZVERTISING!

colour and form!!!

Insects prefer different colours. Most insects are colour blind to GREEN! 

They see our yellow as insect RED 

SCENTS!!!
Often sweet swells used to attract close insects

Evening Primrose: release scent at dusk when flowers open 
Pollinated by dusk flying moths. 

Wild Ginger: smells like rotting fungus
Fungus Gnats: drawn to this smell 

Brood Site Deception (smelling like something else)

Red Trilliums: smell like rotting flesh

Flowers also use CLOSE RANGE GUIDANCE aids:
Visually guide insects to nectar (NECTAR GUIDES)
Stripes, spots, bulls eye. Can also be landing targets 

Marigolds, Brown-eyed susans …guides created by UV 

How do plants AVOID SELF POLLINATION?

SELF=STERILITY = SELF INCOMPATIBILITY: If pollen lands on the stigma of the same plant

SPATIAL SEPARATION of the sexes

Female flowers on top so pollen from male flowers does not fall on them! That’s why pine cones are at top of the trees!

White Campions: bear only male or female flowers on one plant! Type of spatial separation

SPATIAL PLACEMENT in the same flower

TEMPORAL SEPARATION of sexes:
Jewelweed: Flower is male when opens up, but male part falls off. Then a Pistil comes and it becomes female. 

Temporal sex change is called DICHOGAMY

Pink-Lady Slippers have a placement strategy and also a ruse and a trap! Pollinated by bees. POUCH PETAL has a slit opening. Inside, the bee is guided upwards by hairs, line, and light. Both Exits are blocked by the STAMINODE and sticky pollen masses. 

Purple Loosestrife: complex way to avoid self-pollination. Has 3 forms of flowers each on separate plants. 1 pistol, 2 sets of stamens.  
Short style form: 2 tall stamens,
Medium style form: 2 medium stamens
Long style: 2 short stamens

Pollen has to go to a different form in order to pollinate: HETEROSTYLY

2 forms: distyly
3 forms: tristyly 

Pickerel-Weed also has 3 forms 

Spiral flowrs: lower flowers open first and are functionally male with pollen blocking the way. Once pollen is removed, they become female.
-when female, offers an even stronger attraction
-so pollinators start lower then work the spiral. 
Lower and older = female
Younger and higher= male

PSEUDOPOLLEN = False food Advertising!
PSEUDONECTARIES = fake nectar  as a lure
Grass-of-Parnassus
Queen Anne’s Lace: darker, bigger, flower mixed in with the plants normal white flowers. Lure or decoy

Milkweed: little cups of nectar
Bees have clamping saddlebags on legs that go inside these cups

White Water Lilly: opens as female first, sweet liquid attracts flies and beetles, flower closes overnight and traps them, opens up in morning as male and insects pick up pollen on their way out from the stamens. 

Grass Pink: has a SLAM-DUNK trick. Has fake pollen and fake stamens. Bees drawn to this lure. Petal is hinged, and winged coffin with sex organs. Slams bee down into bottom flower, petal collapses and traps the bee. 

Laurels: BASHING STAMENS. Mouse trap like structure. Insect lands on stigma, gets pollen, then if touches leg it snatches it.

Bunchberry: flowers explode like land mines. Stamens are fastest moving floral parts in world! 

Twayblade: explosive sex! Open as males with a canon with pollen ready to fire. Mosquitos movement make the canon fire! Now flower is female! Older flower is on the bottom and female now. 

Helleborine: releases odours of a plant under attack (Wound Hormones)
Attract predatory wasps. 


Issues with cross-pollination:
-too cold for insects?
Next to warm ground have flowers that self-pollinate. CLEISTOGRAMOUS flowers are an insurance policy (male and female, don’t open). 
Ex: Spring ephemerals

Exceptions: Dandelions self-pollinate! Ensures success. Strategy used to take over a new habitiat w/o competition.


Progeny
Seed dispersal
Until ready, plant protect seeds
-use hard structures like scaly CONES
-seeds inside acorns as ARMOUR
-can be chemically protected (unripe berries have bitter terpenoids!)

Once seeds mature and ready to go out: 
WIND: ANEMOCHORY
Must be lightweight and small to travel in the wind! 
Ex: Silk parachutes on Dandelions
Problem: might not make it to target habitat
Solution: produce lots of seeds!! Better odds

ANIMALS: ZOOCHORY
Attach to outside of animals (fur, coat, feathers)
Seeds have hooks and barbs to catch on
Stick-tight
Ex: Burdock seeds (like Velcro!) 
Ex: Queen Anne’s Lace: close on cloudy day, because when rainy, they don’t attach properly. 
Blueberrys: eaten by bears, travel inside animal. Birds and bears are seed dispersers. 

Spring Ephemerals: no wind, use ANTS! Provide ants with a treat! Seeds come in a package called ELAIOSOMES. 
Violets:  use BALLISTIC EJECTION: seeds dispersed by plant, pods shrink sending one seed out at a time. Then seeds on ground for ants.
Mitrewort: doesn’t use animals. Use RAINDROPS! Seeds splash out of cups
Foamflower: SPRINGBOARD 
Maple trees: maple keys fall off, spin down to ground and disperse. 

YellowbirchL tiny windblown seeds that land on stumps or logs, PERCHED BIRCH

Orange Jewelweed grows in wet place. Explode open when touched, straps acting as catapults.

Advantages of seed dispersal:
1. Avoids crowding and competition
2. Prevents spreading of disease or parasites
3. Prevents in-breeding 
4. Saves some offspring from being eaten 

Seed production based on environmental conditions: BOOM or BUST STRATEGY 
-some plants abort seeds if conditions are poor. 


Parental care (animals):
-For some, effort is laying eggs in the right habitat (American toads)
-Odonates lay eggs and abandon them. Females choose right habitat. 

Temporary ponds are good for egg-laying in spring for…
Freeze-Tolerant Frogs! 
Green snakes and monarchs find right location and conditions before laying eggs

Parasitoid wasps: have to choose proper size of host

Snapping Turtles dig holes to lay eggs and stop parental care there. Soil temp during egg incubation determines sex of that hatchling 

Walking sticks: eggs end up underground too but not placed there by the female. Eggs have a cap called the CAPITULUM that ants love! 

Northern Water and Garter Snakes hold eggs inside until hatch! Called OVOVIVIPARITY 
Eggs not nourished inside! Don’t guard their babies! 

Five-lined Skink: guard eggs 
Red-backed Salamanders: lay and guard eggs inside moist rotting logs. 

Wolf spiders: females carry eggs in sac until eggs hatch. Held in by the SPINNERETTES.
Live in vertical tunnels in ground 

Nursery Web Spiders: carry egg sac in their jaws. 
Build a special web for eggs and guard it 

Male Bass and Giant water Bugs guard eggs! 

Parental Investment internally 
And…
EXTERNALLY: 
Moose: 8 month gestation with placental connection. Born in a very advanced stage: Young are PRECOCIAL, born in hair.
Parental care means protecting the young for 1 year. Total investment = 20 months! 
95% of mammals, females provide care
Exceptions: beavers, foxes, wolves, biparental care! 
Males hunt and bring back many animals for female and pups. 
Wolve packs raise the pups. The alpha animals breed, but everyone raises. Midsummer pupare taken to open sites called RENDEZVOUS sites. Adults return to pups with half eaten food, throw up for pups to eat. 

Old beaver ponds become beaver meadows, provide food for wolves. 

Blackbear cubs are born highly ATRICIAL (not advanced when born). Females stay with cubs for 1.5yrs and protect them.
Mate in June and birth in January…but gestation is only 2 months long! 
DELAYED IMPLANTATION: lets bears mate and give birth when the time is right! 

Fishers: very short gestation of 1 month- Delayed implantation

Opossum are born even more atricial. No placental connections! Marcupials! 
Born after 13 day gestation.  Crawl up females belly to find nipples inside the pouch. Develop in here for many weeks like a uterus. EXTERNAL!

Bats: mate in summer and give birth in spring. 40 day gestation. Females store sperm in sac until ready. DELAYED  FERTILIZATION! 

BumbleBees and paper wasps store sperm. 
Wasps, ants, etc. Display GROUP CARE for the young. 

>90% birds provide BIPARENTAL CARE
Females invest lots internally and externally.
Eggs are big investments. 
Ducks, grouse, sandpipers = 40% yolk! Lots of calcium in shells. Basic nests. PRECOCIAL chicks.

Songbirds: smaller eggs, 25% yolk. Elaboirate nests 
Why difference? ALTRICIAL nestlings remain in the nest

Incubation is an investment 

Males incubate! PHALAROPES! 

FAECAL SAC

Hawks add green confifers 

 





