Lecture 5
How do Black Bears spend the winter? 
· Low heart rate (8 bpm), high temperature (>30 deg C), easily aroused (awoken) in a den (just a fallen tree, nothing special) 
· Not true hibernation, in subzero temperatures black bears go dormant 
· Bear nest – refers to evidence of a bear feeding in a tree prior to dormancy 
· They need to fatten up before the winter
· Beechnuts – very full of fats, important for insulation 
· They visit trees with a lot of fruits, but the breech trees are their favourite 
· When they wake up in the early spring, they graze because there is no food supply
· [bookmark: _GoBack]Bears do not urinate or defecate during winter dormancy – unusual, but they are able to recycle it without any problem. 
· During the fall, when they go into their dormant stage, they form a plug (naturally) in their rectum and that means in spring that they haven’t gone in a number of months. This plug is called a tappen – it keeps them from fouling the winter den. 
True Hibernators 
1) Groundhogs: they have boroughs in the ground – it is still above zero where they are. They curl into balls. They are the world’s largest mammals that hibernate (true or deep hibernators) 

2) Jumping Mice: There are two types: one lives in meadows, and the other lives in woodlands. Their heart rates go to near 0, low body temperature and curl up below the frost line. 
Every month or so, the animals undergo an awakening only for a few hours and they go into a very deep state of dormancy, because maybe for safety – allows the mammals to adjust positioning or the body needs the body heat for a bit. So, even true hibernators don’t stay asleep for the absolute entire winter. 
Subzero temperatures: 2nd problem for winter-active animals = MOBILITY  
Physical Adaptations 
Moose have very long legs (2m high at the shoulder). They are great for wet spots in summer, but also for walking through snow in winter. Deer have half the length than moose. Deer are not built to travel through deep snows. 
Snowshoe Hares have large surface area of feet. The hind feet are the biggest. Many northern animals such as Fishers also have large hind feet, also Marten (northern weasels) – natural snowshoes. 
Caribou have hollowed out hooves for friction. 
Ruffed Grouse grow little scales on the side of their toes to get larger surface area for the winter. In the spring, they ware off and grow back again next winter. Ptarmigans grow more feathers on their feet for the winter.
Behavioural Adaptations for Winter Mobility 
Borrowing in the subnivean space – it conserves body energy in terms of heat and in terms of walking around. 
White-tailed deer move to sheltered area with less snow. Where deer yards form in winter, there is less snow on the ground, making it easier to walk. So by yarding deers get many benefits: more eyes to watch for danger – safety in numbers, and for easier mobility – they make trails to where the food is found.  A browse line identifies a deer yard. 
Wolves have pretty big feet for dogs, but their behavioural adaptation is that they walk in single file in deep snow (match the track footprint for footprint). As a pack, they conserve energy by doing so. 
Otters have short legs, big webbed feet for swimming, and long slender bodies. This is a mammal that swims in water but also travels on land. They slide – use their bodies as toboggans. Mink can also use their bodies as toboggans.
There are animals that are active and inactive that stay alive in the winter, but there are also animals that MIGRATE for the winter. 
 Primarily birds migrate, but more specifically:
· Geese 
· And insect-gleaning Songbirds – most importantly, because there are no insects. They leave because of food but this also solves the cold temperature problem. 
Most birds migrate and travel tremendous distances. Most Songbirds fly 500 km each night. Arctic Tern is famous for the longest migration (from the Arctic to the Antarctic – 20,000 km each year). Their fuel is their fat.  Semipalmated Sandpipers double their body weight in 10 days of feeding. The ability to eat more food (constant eating) is called hyperphagia and the ability to convert the fat from that food into energy very quickly is called hyperlipogenesis – and this is what allows these birds to put on double their body weight in only 10 days. In order to do so, they travel both during the day and night. Red Knot Sandpiper is the new world champion for long distance migration (26 700 km round trip – 5 100 km in 8 days straight, no stopping or fueling, etc.).  
Most Songbirds travel at night – they fly between 300 and 500 km per night. Stopovers are sites where they stop, feed, and rest. Why migrate at night? Fewer predators, it is cooler in the night – they conserve body water because they aren’t getting too hot, but most importantly there is less wind. Winds can be both good and bad for birds. At night there are less head winds for the birds to battle, so they save energy. At night they don’t fly in a straight line – bounding flight. They only flap their wings half the time, conserving energy. 
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Some birds fly and migrate in the daytime and still conserve energy – such as eagles, turkey vultures, and hawks – birds of prey. They sore up on a thermal and then glide down to the next thermal and then soar back up. This is called thermal hopping because they get rides on thermals. This is how hawks tend to migrate – 100 of km without flapping their wings and thus conserving energy. They need sunshine to create thermals and this is why they migrate during the day. Swallows also migrate during the day. They are fast fliers and burn up a lot of fuel when they move. They feed on flying insects and need to feed as they migrate. Hummingbirds, Blackbirds, American Crows, and Bluejays all fly in the daytime. 
How do birds find their way? Daytime migrants navigate by the sun, landforms, and other visual cues. Nocturnal migrants use visual cues too – such as the moon and stars. Both day and night migrants use the Earth’s Magnetic Field to find their way around. Rhodopsin is a retinal photopigment that is likely involved with electromagnetic interaction. Banding reveals migration secrets. 
Geese also fly during the day and night. They fly in V formations because of energy conservation. They get free lift. Each bird is not directly behind the one in front of it.  At the end of the wing there is extra lift. 
Not only birds migrate, but Monarch Butterflies also migrate, as well as some dragonflies, such as Green Darner Dragonfly. Even some bats migrate too, Red Bat**. Winter turbines are killing bats – on the islands that these bats island hop. Inside the bodies, they found, the lungs have burst due to the pressure change the wind turbines cause. The bats that hibernate are being killed by White Nose Syndrome. 
Migration is a complex adaptation to solve environmental stress. 
Sub-zero temperatures also pose problems for PLANTS 
If plants get water inside their cells, the cells burst and the plant die. Ice inside their cells kills plants. As a result, many plants spend the winter in different stages, just like animals. Some plants spend the winter as seeds. Many plants go dormant in the soil under the snow – the snow helps to buffer the environment. Plants go through a process that allows them to get cold accustomed called cold hardy.
· The excess water is withdrawn from leaves and twigs and evaporated before cold temperatures set in. 
· Water is drawn out of the cells, which increases solute concentration. 
· Protective sugars added to cells increasing solute concentration.
· Unsaturated fatty acids added to cell membranes to increase flexibility 
· Antifreeze proteins to suppress ice formation and proteins to resist dehydration are made
Plants become cold hardy through acclimation. 
1) The first stage of acclimation is triggered by a change in the photoperiod. Phytochromes = light sensitive photopigments. This causes cells to go dormant. They make the plant more responsive to low temperatures. 
2) The second stage is triggered by cold (but not sub-zero) temperatures. 
Some trees are cold hardy to -80 deg C. 
Retaining needles creates a new problem. These needles enable chlorophyll to use sun’s energy to create heat not to photosynthesize. 
Skunk Cabbage can turn up the heat. When snow is still covering the ground, this plant generates more heat that melts the snow around them. They get a head start on everything by generating more heat (the colder it is, the more heat it will generate). 
Desiccation is another problem. Calm, sunny days are the worst. Conifers retain their leaves so size and shape is very important. Leaf surface area is small, close stomata (release air and gas) to let water out, and thick cuticles (helps hold water inside of them). Hairs of the underside of leaves help retain moisture by trapping the layer of air next to the leave so there is less exchange of the air around them. Rock Polypody reduces leaf surface area by rolling them up.  
Deciduous Trees have large leaves with large surface area. During the autumn, they drop their leaves. Before these leaves fall off, they turn colour. The colours are there all summer long, but are hidden by the chlorophyll. Red Maple – the female trees turn yellow and the male trees turn bright red (only the Red Maples). 
Leaf loss helps solve a second problem associated with sub-zero temperatures. Snow fall causes weight problems. Some shapes shed snow – short branches. The boreal forest is dominated by spindly and spire shaped trees. Balsam Fir – spire shape. Black Spure – spindly. 
