Lecture 4

Environmental Stress 
How do plants and animals cope with extreme temperatures?
Subzero temperatures and animals 
Problem with subzero temperatures: Water turns to ice and expands. Animals are full of water, so this can kill them 
Ectotherms – most of their heat is derived from the outside environment. Examples: turtles, frogs, snakes, insects, spiders. 
Endotherms – control their own body temperature, able to generate heat internally. Examples: birds and mammals. 
Main solutions to the cold problem:
1) Escape the cold either by leaving = migration or by going dormant
2) For animals that stay active and deal with the subzero temperatures: 
· Dress for the occasion 
i. Mammals – stay warn by growing more hair for the winter guard hairs; however hair is more complex than that. Mammals have dense underfur that traps body heat. 
ii. Birds – grow bulkier feathers, contour feathers on the outside and down feathers underneath. Chickadees: very effective in trapping body heat.

· Animals can also add extra layers on the inside. Two types of fats: 
i. Subcutaneous fat for insulation = warmth 
ii. Brown fat is a high efficiency fuel (mammals, not birds) 
Birds have subcutaneous fat, but the difference is that birds don’t maintain that layer all the time for insulation, they burn it for heat, and they produce that heat but shivering. Shivering is important means of thermogenesis. Breast muscle of the bird is fat (biggest muscle), the flight muscles are being worked when they are shivering. For birds, it is a natural way of generating body heat (good for birds, bad for mammals). 

· Colours can also be used for warmth. In certain conditions, black would be better, if an animal is outside and it is dead calm. When wind is combined with cold, there is wind-chill, means that your body heat is coming out of your skin and the wind is taking that away from you, so your body has to replace more heat to replace the quicker loss of heat. If it is windy, black is not as good, because black will release faster than white will. Animals with white fur or feathers have hollow spaces inside of them that help trap the warm air. Pale colours retain body heat better (snowy owl & arctic fox). Gloger’s Rule: the farther north you go, generally the paler the animals tend to be. Snowshoe Hares: gain 27% in the coat’s insulation value by being white. 
· What shape is best for the cold? Allen’s Rule: The shorter the extremities the better. Arctic fox: short ears, snout, and legs, but long tail with dense fur. 

· Low surface area : Volume ratio. Lower or smaller surface area to volume ratio (nearer 1:1) – Bergmann’s Rule: as you get higher north, the lower the surface area and volume is more beneficial for the animal. Volume retains body heat and reproduces body heat, with a big volume you can compensate, but with a small volume, you cannot keep you and will perish. The shorter the tail length, the better, as well. 

· How can certain animals stand in snow or ice and not freeze? They reduce the amount of heat being lost through their extremities (feet and tails) through a “wonderful net” or rete mirabile – countercurrent heat exchange. Veins and arteries branch into networks at the base of extremity and wrap around each other. When the veins carrying cold blood to the heart and lungs meet the arteries carrying warm blood to the outer body part, heat is being exchange between them. Blood arriving at the feet or tail is cold, often 1 or 2 deg C – reducing the temp gradient between inside extremities and outside environment. This reduces the amount of heat loss and conserves energy. 
Ivory Gull: colour, body size, extremity size, and rete mirabile and... 
How an animal breathes in winter also conserves heat and energy – keep their mouth closed and breathe through the nose (preheat the air before it gets to the lungs). Tucking extremities under a wing can also help keep warm. 
Adaptations to cold can also involve BEHAVIOUR 
1) Roost site is important – coniferous trees offer more warmth (as well as protection from the wind) especially when covered in snow – the snow itself will help trap lost body heat. Woodpeckers and chickadees stay inside cavities overnight.

2) Small mammals and a few birds huddle – but it is not a guarantee that they will survive the night. Huddling serves to share body warmth and to improve SA:V ratio. 

3) Muskrat lodge – some animals build their own shelters, the snow on top of the lodge helps to retain the warmth since snow is an insulator. The lodge is covered in mud to keep the air in. Since it is hot in the air, the air gathers in one spot in the lodge causing a breathing “hole” or “chimney”. 

4) Some animals find warmth under the snow. Snow has weight to it and gets compacted – it’s putting weight downward. Small animals can travel fairly freely under the snow. The temperature difference is quite big, where it may be -30 outside but under the snow it is only -1. This is called subnivean space. Other animals find warmth IN the snow – Ruffed Grouse make snow beds, but diving into the snow head first and dig a shelter for the night. On cold days animals bask in the sun – thermoregulation. Basing can be done while sleeping Boreal Owl. Black-capped Chicakdees lower their body core temperature by 12 deg C – enter a deep sleep called torpor. 

5) For many animals, lowering of body temperature below zero is fatal. Snakes are ectoherms – Northen Water Snake. They survive by going below the frost line and becoming dormant. Sometimes it can be a dozen snakes or more, in one spot. This is behavioural freeze avoidance. The place where they are dormant is called hibernaculum. 

6) All adult and most hatching turtles escape subzero temperatures by going to the bottom of ponds and lakes – Snapping Turtle – they breathe through their skin. Many frogs do this as well – Bull Frog. However, toads to not do this, they are diggers, they dig beneath the frost line, as well as salamanders – Spotted Salamander. 
Dormant in any life stage 
1) Most insects survive winter about the frost line – Praying Mantis. It is the eggs that survive the winter, the adults die. Egg cases are called ootheca. Either have no water inside of them, or have some sort of antifreeze like glycerol or sorbitol – anything that protects them is called a cryoprotectants. Walking Sticks also overwinter as eggs – Ants collect the eggs for the edible capitula. 

2) Others overwinter as larvae. They try to find a certain site, generally on the ground. They also produce antifreeze – glycerol – it lowers the freezing point of water, in some cases (-50 deg C). Antifreeze proteins keep ice crystals from growing. When no ice forms inside the body = supercooling – Woolly Bear Caterpillar. 

3) Female mosquitoes survive the winter as adults. “Hibernating” insects stop eating in the fall and void their gut of all contents. They use glycerol as well. Anglewing Butterflies, Morning Cloaks. 

4) Silk Moths overwinter as pupa in a cocoon. Cocoons and pupal cases keep the dormant insects from contacting ice. 

5) Some insects overnight in special sites. Lump on a stem is called a goldenrod gall. Induced by a virus or insect eggs. Inside there is a grub – Goldenrod Gall Fly Grub. The female fly in the spring to one kind of goldenrod and lays an eggs inside the stem of the goldenrod – chemicals cause the goldengall to grow around the egg. How can they survive being frozen? Cryoprotectants inside the cells.  Ice Nuleating Sites between them called freeze tolerance. 
Chorus Frog, Wood Frog, Spring Peeper, Gray Tree Frog
[bookmark: _GoBack]Not all herps physically avoid freezing. They stay near the soil’s surface and freeze. Freeze tolerance.  
Types of Dormancy 
1) Periods of inactivity = lethargy or short-term torpor 
a. Only when necessary during severe cold 
b. Porcupines, raccoons, and skunks – stay in dens 
c. Not true hibernation, little drop in body temperature 

2) Long term torpor = hibernation 
a. all hibernators display periodic arousal (being awoken) 
b. chipmunks – heartbeat and body temperature drop – not deep hibernation for they awaken and eat and poop every few days 

3) Bats are different 
a. Low body temperature, high heartbeat
b. Can have bouts of hibernation (more than 30 days in hibernaculum) 
c. Bats need the temperature to remain near freezing; in caves, rock crevices, attics, mine shafts, some huddling occurs



