BIOL 2903 LECTURE NOTES WEEK 1

BIODIVERSITY = SHORT FOR BIOLOGICAL DIVERSITY; MERELY MEANS THE TOTAL VARIETY OF LIVING THINGS FOUND IN AN AREA.   YOU CAN LOOK AT BIODIVERSITY AS THE TOTAL NUMBER OF SPECIES IN A GIVEN AREA  

AT THE SPECIES LEVEL, ONTARIO IS BLESSED WITH A RICH BIODIVERSITY.  
TOTAL BIODIVERSITY OF ONTARIO IS PROBABLY AT LEAST 100,000 SPECIES (possibly double)

WHY SUCH A RICH BIODIVERSITY AND WHY DIFFERENT DISTRIBUTIONS?  
 1) SIZE OF ONTARIO: CERTAINLY PART OF THE EQUATION.  MORE THAN 1 MILLION SQ KM
2) GREAT RANGE OF ENVIRONMENTAL CONDITIONS.  
   A) CONSIDERABLE VARIATION IN ANNUAL TEMPERATURE 
             AVERAGE DAILY TEMP:   –6 DEG C.  HUDSON BAY:  +9 DEG C POINT PELEE 
   B) CONSIDERABLE VARIATION IN ANNUAL PRECIPITATION 
SOME PARTS GET MORE THAN 1000 MM ANNUAL, OTHERS MUCH DRIER
   C) DIFFERENT SOILS FOR PLANTS TO GROW
THERE IS A GREAT RANGE IN NUTRIENT and  MINERAL CONCENTRATIONS IN DIFFERENT SOIL TYPES ACROSS THE PROVINCE.  THE ESSENTIAL ELEMENTS INCLUDE PHOSPHORUS, NITROGEN, AND CALCIUM, AND THESE ARE FOUND IN VARYING AMOUNTS ACROSS THE PROVINCE. 

OTHER FACTORS:  AMOUNT OF SUNLIGHT, LENGTH OF GROWING SEASON
ALSO FOOD SUPPLY – IF FOOD NOT THERE, ANIMAL CANNOT LIVE.
MANY FACTORS BUT TWO THAT DICTATE WHERE EVERYTHING LIVES:
               ONE IS ROCK 
1)  ROCK:  MADE UP OF MINERALS:  IE, CALCIUM CARBONATE, WHICH IN TURN ARE MADE UP OF ELEMENTS (NUTRIENTS) SUCH AS IRON, CALCIUM.  ROCKS ARE BROKEN DOWN BY WATER, WIND, ICE, ORGANISMS, ETC., AND CREATE SOILS.   CHEMISTRY OF ROCKS AFFECT SOILS – PH ACIDIC OR BASIC

THREE MAIN GROUPS OF ROCKS IN ONTARIO:
SOME ROCKS ARE FORMED BY THE MOLTEN MAGMA COOLING AND SOLIDIFYING, EITHER ABOVE THE EARTH’S SURFACE OR BELOW.  
ROCK FORMED IN THIS FASHION = IGNEOUS (FROM LATIN, IGNIS = FIRE)

TWO MAIN TYPES OF IGNEOUS ROCKS :  
1) FORMED WHEN MAGMA COOLED AND HARDENED UNDER THE SURFACE OF EARTH:  GRANITE AND BASALT AND DIABASE.  GRANITE IS MOSTLY QUARTZ AND SILICATE MINERALS:  HARD AND ACIDIC.

2) FORMED WHEN MAGMA COOLED AND HARDENED ABOVE THE SURFACE OF THE EARTH (LAVA ,  I.E.., FROM VOLCANO):  BASALT AND DIABASE FORMED THIS WAY:  CONTAIN LARGE AMOUNT OF CALCIUM-RICH MINERAL (PLAGIOCLASE, IN CASE YOU WANTED TO KNOW!)
CALCIUM = PH BASIC.
IGNEOUS EXTREMELY OLD ROCKS, OLDEST ON EARTH (1 - 3 BILLION YEARS)
IGNEOUS ARE HARD AND WEAR-RESISTANT (GRANITE USED FOR TOMBSTONES, MONUMENTS) BUT OVER MILLIONS, BILLIONS OF YEARS, DO WEAR DUE TO WATER, WIND, ICE, PLANTS

WHEN BROKEN DOWN, ELEMENTS USUALLY WATER CARRIED - EVENTUALLY DEPOSITED ON BOTTOM.  BUILDS, COMPACTED & CEMENTED TOGETHER BY MINERAL MATTER DEPOSITED BETWEEN PARTICLES INTO SECOND MAJOR GROUP OF SOLID ROCK KNOWN AS SEDIMENTARY ROCK.
MOST SEDIMENTARY ROCK CONTAINS CLAY MINERALS.   SEAS PRECIPITATE LARGE AMOUNTS OF MINERAL CALCITE  = CALCIUM CARBONATE
PRECIPITATED IN TWO DIFFERENT WAYS - 
1) EVAPORATION AND CHEMICAL ACTION
2) BY ANIMALS - MAINLY SEA INVERTEBRATES SUCH AS CORALS SECRETE A CALCITE-RICH EXTERNAL SKELETON, DIE, EVENTUALLY TURN TO LIMESTONE.
LIMESTONE CHARACTERIZED BY LAYERING OR BEDDING = FLAT ROCK
SOFT ROCK, MORE EASILY ERODED THAN GRANITIC ROCKS 

THIRD GROUP OF ROCK, ONE THAT IS FORMED FROM EITHER IGNEOUS OR SEDIMENTARY.  WHEN SUBJECTED TO INCREDIBLE HEAT AND PRESSURE (DURING MOUNTAIN BUILDING EPISODES = OROGONIES), THE ROCKS ARE TRANSFORMED INTO METAMORPHIC ROCKS.

GRANITE BECOMES GNEISS, MINERALS SEGREGATED, BANDS FORM.  STILL VERY HARD ROCK, WEAR-RESISTANT.
LIMESTONE BECOMES MARBLE.  CALCIUM IS EASILY DISSOLVED AND RELEASES CALCIUM.

ROCKS CONTAINING CALCIUM CARBONATE REACT TO HCL (HYDROCHLORIC ACID) BY PRODUCING BUBBLES OF CARBON DIOXIDE = EFFERVESCENCE.

MAJOR ROCK TYPES ARE FOUND IN DIFFERENT REGIONS OF ONTARIO:
THESE  REGIONS WITH DISTINCT PHYSICAL AND GEOGRAPHICAL FEATURES KNOWN AS PHYSIOGRAPHIC REGIONS.  
ONTARIO HAS THREE PHYSIOGRAPHIC REGIONS:  
CANADIAN SHIELD, HUDSON BAY LOWLAND, AND GREAT LAKES-ST. LAWRENCE LOWLAND (WHICH IS IN TWO SECTIONS SEPARATED BY THE FRONTENAC AXIS OF THE CANADIAN SHIELD)

ROCKY, HILLY AREAS REFLECT GREAT UPHEAVAL OF EARTH, AREAS OF OLD VOLCANIC ACTIVITY, MOUNTAIN BUILDING EPISODES = OROGONIES.   GREAT REGION OF IGNEOUS AND METAMORPHIC ROCKS IS CALLED THE CANADIAN SHIELD.  ROCKS HERE AMONGST OLDEST IN WORLD - 1-3 BILLION YEARS OLD.  HARD, ACIDIC.  THE ELEVATION OF THE SHIELD AFFECTS MANY THINGS.   IT AFFECTS TEMPERATURE, SUNLIGHT, WIND, EVEN RAINFALL –  CREATES RAINSHADOW EFFECT – AFFECTS BOTH PLANTS AND ANIMALS

THEN THERE ARE RELATIVELY FLAT LOW LYING LAND WHERE THE ROCKS ARE PRIMARILY SEDIMENTARY (LIMESTONE)
TWO MAIN REGIONS OF LOWLAND: 
           1) HUDSON BAY LOWLAND
2) GREAT LAKES -ST. LAWRENCE LOWLAND. THIS PHYSIOGRAPHIC REGION IS  DIVIDED IN TWO BY A TONGUE OF THE 
CANADIAN SHIELD KNOWN AS THE FRONTENAC AXIS OR FRONTENAC ARCH.  (THE GREAT LAKES LOWLAND LIES TO THE WEST AND SOUTH OF THE AXIS AND THE OTTAWA-ST. LAWRENCE LOWLAND LIES TO THE EAST OF THE AXIS)

PRECAMBRIAN IS THE GEOLOGICAL PERIOD OF THE 1 TO 3  BILLION YEAR OLD ROCKS OF THE CANADIAN SHIELD PHYSIOGRAPHIC REGION.  IF YOU DIG DOWN THROUGH LIMESTONE  IN THE LOWLAND YOU WOULD FIND PRECAMBRIAN ROCK:  WHY?  SEDIMENTARY LIMESTONE IS DEPOSITED ON TOP OF METAMORPHIC OR IGNEOUS ROCK AS IT IS A YOUNGER ROCK, ONLY  200 - 600 MILLION YEARS OLD.

IN THESE PHYSIOGRAPHIC REGIONS, THE TYPE OF ROCK UNDERLYING THE HABITATS GIVES RELIEF BUT ALSO AFFECTS SOIL.
ROCK IS MADE OF MINERALS, AND MINERALS ARE MADE OF ELEMENTS THAT HAVE PHYSICAL AND CHEMICAL PROPERTIES
ROCK FORMS SOIL:  ROCK IS BROKEN DOWN TO ITS COMPONENT MINERALS AND ELEMENTS BY A FORCE CALLED WEATHERING
  A)  CHEMICAL WEATHERING - CHANGE IN MINERAL STRUCTURE
a) *WATER – IS THE MOST IMPORTANT AGENT OF WEATHERING
WATER CARRIES AGENTS THAT REACT WITH MINERALS IN ROCKS 
- CARRIES OXYGEN (IE. RUSTING)
- CARRIES CARBON DIOXIDE - DISSOLVES INTO ACID
- CARRIES BASES RELEASED BY DECAYING PLANTS 
    B) PHYSICAL OR MECHANICAL WEATHERING - INVOLVES PHYSICAL FORCES
1) FROST WEDGING - WATER IN CRACKS FREEZES AND EXPANDS (109%)
      CAN SEE EFFECTS BELOW CLIFFS - JUMBLE OF BROKEN ROCK = TALUS SLOPE
     2) WIND – CARRIES PARTICLES, ABRADES ROCK
     3) BIOLOGICAL ACTIVITY 
            A) PLANTS (ROOTS IN FRACTURES, SPREAD) 
	B)  CRUSTOSE LICHENS 
LICHENS = SYMBIOTIC FUNGI AND ALGAE LIVING TOGETHER.  CRUSTOSE ARE PIONEER COLONIZERS OF BARE ROCK.
           C) SOIL ORGANISMS 
      a) DECOMPOSERS PRODUCE ACIDS
      b) DIG, BRING FRAGMENTS TO SURFACE

BELOW CLIFFS OFTEN GET PILES OF BROKEN ROCK = TALUS

THE BEDROCK PROVIDES THE MINERALS THAT FORMS THE BASIS OF SOILAND WHETHER CERTAIN ELEMENTS ARE PRESENT OR NOT IN THE SOIL DEPENDS LARGELY ON THE ROCK UNDERLYING IT.  ON TOP OF THE BEDROCK IS MATERIAL CALLED OVERBURDEN.  OVERBURDEN INCLUDES SOILS.  SOILS HAVE MINERAL CONTENT, WHICH COMES MOSTLY FROM THE BEDROCK UNDERNEATH THE SOIL AND IN THE SURROUNDING AREA
   
THESE NEXT PARAGRAPHS ARE FOR YOUR INTEREST ONLY.
SOILS OVERLYING GRANITIC BEDROCK ARE  GENERALLY ACIDIC PODZOLIC SOILS.  CONIFEROUS TREES SUCH AS SPRUCE AND FIR GROW WELL ON PODZOLIC SOILS.  CONIFER NEEDLES ADD ACIDITY TO SOIL MAKING IT EVEN MORE ACIDIC.  MOST OF CANADIAN SHIELD HAS PODZOLIC SOIL
 
SOILS DERIVED FROM LIMESTONE ARE RICH IN CALCIUM,  THESE ROCKS TEND TO PRODUCE  BASIC SOILS (LESS ACIDIC) AND ARE KNOWN AS LUVISOLIC SOILS.  HARDWOODS - MAPLES AND BEECH – GROW WELL ON THIS SOIL.   LUVISOLIC SOILS ARE FOUND IN MOST OF SOUTHERN ONTARIO IN THE LOWLAND.
IN HUDSON BAY LOWLAND YOU MIGHT EXPECT TO FIND HARDWOODS ON LUVISOLIC SOIL  BUT DO NOT - MOSTLY BLACK SPRUCE, WHITE SPRUCE, AND BALSAM FIR, EVEN THOUGH THE REGION IS UNDERLAIN BY LIMESTONE.  OBVIOUSLY OTHER FACTORS ARE INVOLVED IN SOIL TYPE.   WE WILL DISCUSS LATER. 

WATER IS ARGUABLY THE MOST IMPORTANT AND POWERFUL NATURAL FORCE IN ONTARIO.  IT DISSOLVES ROCK, MOVES AND DEPOSITS MATERIAL, CREATES HABITAT, KEEPS PLANTS HAPPY, AND IN A FROZEN FORM TRANSFORMS THE LANDSCAPE.  GLACIERS ARE MADE UP OF ICE = FROZEN WATER!

BETWEEN 3 AND 1 BILLION YEARS AGO, IN GEOLOGICAL PERIOD PRECAMBRIAN - THERE WAS PERIODS OF INTENSE VOLCANIC ACTIVITY AND MAJOR MOUNTAIN BUILDING (KNOWN AS OROGONIES.  THIS RESULTED IN ROCKS THAT ARE EITHER VOLCANIC (IGNEOUS) IN ORIGIN, OR THAT WERE GREATLY ALTERED THROUGH HEAT AND PRESSURE (METAMORPHIC). 
BIRTH  OF CANADIAN SHIELD  -   RUGGED, HILLY TOPOGRAPHY.  
MOST OF THE SHIELD IS GRANITIC ROCK OF ONE TYPE OR ANOTHER AND IS ACIDIC, RESULTING IN NUTRIENT POOR SOILS AND
WATER.BUT SOME OF THE SHIELD, ESPECIALLY EASTERN PORTION, HAS MARBLE PORTIONS = BASIC AND SUPPORTS PLANTS THAT OTHER PARTS OF SHIELD CANNOT.

THEN CAME THE OCEANS:  FROM 600 TO 200 MYA GREAT SEAS COVERED ONTARIO AND THE CANADIAN SHIELD SEVERAL TIMES, EACH TIME BURYING THE PRECAMBRIAN ROCK WITH THICK MARINE SEDIMENTS THAT BECAME SEDIMENTARY ROCK.  (FOR YOUR INFORMATION ONLY THEY WERE PRODUCED IN GEOLOGICAL PERIODS KNOWN AS ORDOVICIAN, SILURIAN, AND DEVONIAN).  IN OTTAWA AREA THE LIMESTONE IS ABOUT 400 MILLION YEARS OLD. 
SEDIMENTARY ROCKS ONCE COVERED ALL OF PROVINCE BUT WHEN THE SEAS RETREATED, THE SEDIMENTARY ROCK, BEING SOFT, LARGELY ERODED AWAY REVEALING THE UNDERLYING CANADIAN SHIELD ONCE AGAIN.  
 STILL PRESENT IN THE LOWLANDS WHERE THE YOUNGER LIMESTONE ROCK LIES ON TOP OF THE OLDER PRECAMBRIAN; THUS IF YOU DIG DOWN, YOU WILL EVENTUALLY HIT PRECAMBRIAN CANADIAN SHIELD ROCK

THEN, STARTING ABOUT 200 MILLION YEARS AGO, ONTARIO BEGAN TO DRY OUT  AND THE SEAS BEGAN TO RETREAT
IN THE PERIOD FROM 60 MILLION TO 1 MILLION YEARS AGO, NORTH AMERICA WAS UPLIFTING AND THE ROCKY MOUNTAINS ROSE.  IN ONTARIO, GREAT RIVERS AND ESCARPMENTS (INCLUDING NIAGARA ESCARPMENT) FORMED.  DURING THIS TIME THE  GREATEST EROSION OF THE SEDIMENTARY ROCKS OCCURRED AND VOLUMES OF GRAVEL, SAND, SILT, AND CLAY WERE PRODUCED 

IN LAST MILLION YEARS, (F0R YOUR INFORMATION ONLY - IN THE GEOLOGICAL EPOCH CALLED THE PLEISTOCENE) SEVERAL TIMES A VERY MAJOR FORCE DRAMATICALLY AFFECTED FACE OF ONTARIO AND HELPED DETERMINE THE DISTRIBUTION OF TODAY'S PLANTS AND ANIMALS.  THIS FORCE WAS AN UNSTOPPABLE WALL OF ADVANCING AND RETREATING FROZEN WATER = ICE.   ALL OF ONTARIO WAS BURIED UNDER GLACIERS WITH ICE SHEETS UP TO 2 KM THICK!  
RISE AND FALL OF THE GREAT LAKES SHOWED THEIR EFFECTS. 

BETWEEN GLACIAL ADVANCES AND DURING THE RETREAT, THERE WERE COOL PERIODS IN ONTARIO WITH SUBARCTIC-LIKE HABITATS WITH MASTODONS AND MUSKOX PRESENT.

GLACIERS ARE LIKE GIANT SOS PADS - PUSH AWAY EXISTING SOILS, SCOUR BEDROCK, AND MOVE AND DEPOSIT VAST AMOUNTS OF MATERIAL.  EACH TIME THE ICE MELTED BACK, DROPPED GREAT DEPOSITS OF MIXED MATERIAL WERE LEFT BEHIND.  
GLACIAL STRIATIONS OR STRIAE = GLACIAL SCRATCHES ON ROCKS:    


SOME TERMS AND EXAMPLES FOR WEEK 2 
PLEASE NOTE THAT THESE MAY NOT BE COMPLETE, AND MAY NOT FOLLOW THE LECTURES EXACTLY.  THEY ARE MEANT TO BE USED ONLY AS STUDY AIDS, NOT AS YOUR ONLY SOURCE OF NOTES.
USE NATURE GUIDE TO ONTARIO AND YOUR LECTURE NOTES FOR COMPLETE INFORMATION.  

SUCCESSION:  THE CHANGE OF PLANT LIFE IN AN AREA OVER TIME
COLONIZERS = PIONEER SPECIES ARE FIRST ONES IN TO A NEW AREA (BARE ROCK IS COLONIZED BY CRUSTOSE LICHENS)
CHEMICALLY ALTER ROCK, PHYSICALLY TRAP LOESS (WINDBLOWN PARTICLES)
MOSSES AND PLANTS EVENTUALLY GROW WITH LICHENS; DIE AND DECOMPOSE, CREATE SOIL
PIONEER TREES:  WHITE BIRCH, POPLARS (ASPENS) = SHADE INTOLERANT SPECIES
UNDER THEM, SHADE-TOLERANT OR SEMI-SHADE TOLERANT SPECIES GROW (SPRUCE, FIR, ETC); OUTGROW AND OUTLIVE THE PIONEERS; EVENTUALLY A SELF-REPLACING FOREST ARISES = CLIMAX FOREST

ECOLOGICAL OR FOREST REGION Number 1:  THE TUNDRA 
TUNDRA = TREELESS BELT BETWEEN 10 – 32 KM DEEP RUNNING ALONG HUDSON BAY COAST TO JAMES BAY COAST SOUTH OF CAPE HENRIETTA    *** MOST SOUTHERN EXPANSE OF SUB-ARCTIC TUNDRA IN WORLD 
MUCH OF THE TUNDRA IS INCLUDED IN POLAR BEAR PROVINCIAL PARK, LARGEST PROVINCIAL PARK IN ONT:  ALMOST 2.5 MILLION HECTARES - NO ROADS, NO RAILWAY ACCESS, PLANE OR RIVER ACCESS ONLY

COLDEST PART OF ONTARIO (-6 DEG AVE. DAILY TEMP), THE WINDCHILL IS THE COLDEST IN NORTH AMERICA
PERMAFROST = GROUND IS PERMANENTLY FROZEN  

PHYSICAL CHARACTERISTICS:  
1) VERY FLAT:   ON SEDIMENTARY LIMESTONE IN HUDSON BAY LOWLAND PHYSIOGRAPHIC REGION 
2) LOW ELEVATION:   ONLY 0 TO 60 METRES ABOVE SEA LEVEL 
3)  MOST RECENTLY GLACIATED PART OF ONTARIO:  
 GLACIERS LEFT 8,000 YEARS AGO, TYRRELL SEA INVADED; CAPE HENRIETTA MARIA WAS UNDER 100 M OF SEA; SEA LEFT 7000 YEARS AGO BUT BEFORE LEFT DEPOSITED HUGE  AMOUNTS OF CALCAREOUS CLAY.
LOW LAND, CLAY OVERLYING LIMESTONE (MOST CLAY PRODUCED FROM LIMESTONE BREAKING DOWN) – MAKES THE TUNDRA VERY WET IN PARTS DUE TO POOR DRAINAGE; LOW EVAPORATION DUE TO THE COLD TEMPERATURES. 
YET, LOW LEVELS OF PRECIPATION (400 – 500 MM PER YEAR, ONE OF DRIEST PARTS OF PROVINCE)

TUNDRA STILL DEPRESSED DUE TO WEIGHT OF GLACIER BUT REBOUNDING; ISOSTATIC REBOUND GREATEST AT CAPE HENRIETTA MARIA = 1.2 METRES / CENTURY, SLOWLY BECOMING DRIER

TUNDRA IS THE MOST INHOSPITABLE PART OF ONTARIO FOR PLANTS AND ALL LIVING THINGS. 
CHALLENGES FOR PLANTS AND ANIMALS: 
1) YEAR-ROUND PERMAFROST:
2) COLD TEMPS (COLDEST IN ONT)
3) HIGH WINDS FROM BAY - COLD AND DRYING
          ** COLDEST WIND CHILL IN NORTH AMERICA
WIND ALSO CARRIES ICE THAT ABRADES PLANTS
4) SHORT GROWING SEASON (<65 DAYS)
TUNDRA IS CHARACTERIZED BY SUBARCTIC FLORAL AND FAUNAL INDICATOR SPECIES

HABITATS: 
A) FRESHWATER POOLS AND PONDS – ONE OF MOST IMPORTANT BREEDING AREAS FOR GEESE AND SWANS IN NORTH AMERICA: ESTIMATED AT LEAST 3 MILLION SNOW GEESE AND 1 MILLION CANADA GEESE AND QUARTER MILLION BRANT UTILIZE THIS REGION 
THESE NUMBERS OF GEESE UPROOTING SALT MARSH PLANTS HAVING MAJOR IMPACT ON TUNDRA AND SALT MARSHES - DIGGING UP GOOSE GRASS, DROPPINGS ADDING NITROGEN
THE EXTREME COLD, LACK OF SOIL OTHER THAN PEAT , PERMAFROST AND
PONDS THAT FREEZE TO BOTTOM RULE OUT REPTILES:  NO SNAKES, TURTLES
ALSO AFFECTS AMPHIBIANS:  NO SALAMANDERS 
BUT THERE ARE THREE SPECIES OF AMPHIBIANS KNOWN
FREEZE-TOLERANT:  WOOD FROG, BOREAL CHORUS FROG AND AMERICAN TOAD (DIGGER)

B) LOW TIDE MUDFLATS: SHOREBIRDS (SANDPIPERS AND PLOVERS) FEED HERE;  AROUND 12 SPECIES NEST IN THE TUNDRA ECOLOGICAL REGION

C) COASTAL SAND DUNES – GRASSES OFTEN COLONIZE SAND = AMERICAN DUNE GRASS 
D)  SALT MARSHES AND BEACHES - PLANTS THAT TOLERATE SALT = HALOPHYTES:   SEASIDE OYSTERLEAF, SEABEACH SANDWORT 

ADAPTATIONS: 
1. FOR SALT:  SALT GLANDS FOR CONCENTRATING, RELEASING SALT
1. FOR WIND, WATER ABRASION: THICK, SUCCULENT LEAVES 
SUCCULENCE ALSO APPARENTLY PROVIDES BETTER SALT PROTECTION, STORES WATER 

E) HUDSON BAY (DILUTED SALT WATER) ONLY PART OF ONTARIO WHERE MARINE MAMMALS FOUND:  FOUND. 
      RINGED AND BEARDED SEALS 
BELUGA WHALES - FEED IN MOUTH OF RIVERS
ATLANTIC WALRUS - A COLONY ON SHOALS OFF CAPE HENRIETTA MARIA;  EAT BIVALVES (CLAMS);  HAVE VIBRISSAE, TURN PINK IN SUMMER AS BLOOD FORCED NEAR SKIN TO LOSE HEAT; IN WINTER OR IN COLD WATER, BLOOD SHUNTED THROUGH RETE MIRABLE

F) RAISED BEACH RIDGES = BEACH RIDGES FORMED WHEN SAND AND GRAVEL WAS PUSHED UP BY STORMS AND TIDES ALONG SHORE OF FORMER TYRRELL SEA. 
GULL-LIKE BIRDS NEST HERE:  ARCTIC TERN, PARASTIC JAEGER – ALL GROUND NESTERS, EAT FISH. JAEGERS ROB TERNS

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]STRANDED BEACH RIDGES  = DUE TO SEA RECEDING AND REBOUND OF LAND MOVING COAST OUT FARTHER , OLD RIDGES NOW LEFT HIGH AND DRY AND STRANDED; COMPRISED OF SAND AND GRAVEL, A FEW BOULDERS.  DRAIN WELL = DRIER SITES!  IMPORTANT SITES – DRIER, 
RAISED BEACH RIDGES ARE IMPORTANT NESTING SITES FOR SHOREBIRDS SANDPIPERS; MOST SANDPIPERS ARE ARCTIC NESTERS
GREAT BECAUSE OF DRY NESTING HABITAT AND CLOSE TO FEEDING HABITAT ALONG COAST – BECAUSE OF LOW ELEVATION AND FLATNESS, COAST GREATLY AFFECTED BY TIDES:  VAST MUDFLATS AT LOW TIDE, RICH IN FOOD FOR SHOREBIRDS. I.E., SEMIPALMATED PLOVERS

ARCTIC FOX USE THE RIDGES FOR DIGGING DENS
ARCTIC FOX ADAPTATIONS:   CHANGES COLOUR TO WHITE, SHORT EXTREMITIES, INCREDIBLY DENSE FUR AND UNDERFUR.

POLAR BEARS USE RIDGES TOO.  MOST SOUTHERLY POPULATION IN THE WORLD!
ESTIMATED 800 POLAR BEARS IN ONTARIO: STAY ON ICE PACK IN HUDSON BAY MOST OF YEAR AND FEED MOSTLY ON SEALS - GET VERY FAT.  COME OFF IN MID-LATE JULY WHEN ICE BREAKS UP, FAT SUSTAINS THEM UNTIL THEY LEAVE IN LATE-NOV OR DEC.  LIE ON BEACH RIDGES, TRY TO AVOID OVERHEATING, DIG PITS.  PREGNANT FEMALES ROAM INLAND IN SUMMER, CHOOSE DENNING SITE, DIG DENS OR IN FALL LIE IN LEE OF BEACH RIDGE , YOUNG BORN AROUND CHRISTMAS, GROW FAST, BY LATE FEB.
 ADAPTATIONS FOR COLD - WHITE HOLLOW HAIR, BLACK SKIN
 
G) LICHEN FIELDS: LICHENS ARE DOMINANT GROUND COVER IN MANY PARTS OF TUNDRA; SPHAGNUM MOSSES ARE COMMON TOO OFTEN COLONIZING WETLANDS.  HELP KEEP GROUND FROZEN; 
REINDEER LICHENS ARE FOOD FOR CARIBOU 

WOODLAND CARIBOU EAT LICHENS (CARIBOU ARE CALLED LICHEN BURNERS!).   NOT HERE YEAR-ROUND; MIGRATE TO TUNDRA IN LATE SPRING WITH CALVES. BOTH MALE AND FEMALE  HAS ANTLERS.  FOOD FOR GRAY WOLVES.
ADAPTATIONS (GIVEN LAST TERM: SMALL EXTREMITIES, SPECIAL HOOVES, ETC).
ABOUT A DOZEN SPECIES SHOREBIRDS NESTIN  TUNDRA BELT, OF THESE A NUMBER DO NOT NEST FARTHER SOUTH ANYWHERE IN CANADA!  SEMIPALMATED PLOVER, LEAST SANDPIPER, DUNLIN, HUDSONIAN GODWIT

SPARROW-LIKE BIRDS ON TUNDRA:  SMITH’S AND LAPLAND LONGSPURS, SNOW BUNTINGS, AMERICAN PIPIT:  ALL GROUND NESTERS, ALL SING IN THE AIR WHILE FLYING
GROUSE:  WILLOW PTARMIGAN:  ADAPTATIONS FOR COLD:  IN WINTER PURE WHITE, FEATHERS ALL OVER FEET


.


NATURAL HISTORY OF ONTARIO 
SOME NOTES FOR WEEK 3 

TUNDRA Continued:
Plant adaptations:
Grow in sheltered sites.  Also:
1) cold-hardiness – White Spruce and Tamarack (Larch) to -80 deg c.
2) small size = Dwarfism:  Arctic and Labrador willows, Dwarf Birch 
	genotypic dwarfism:  in genes, always small no matter where it grows
	phenotypic dwarfism:  induced by environment, grows larger in better conditions
3) sprawling growth: the dwarf willows, Crowberry
      clump growth: Dwarf Labrador Tea, Lapland Rosebay
      		-prickly saxifrage rosettes; grass tussocks  
4)  evergreen leaves:  heath family:  prickly Saxifrage leaves stay 3 years 
5)  hairs:  on willow catkins; on Heath leaf undersides; Louseworts have hairs all over
     These conserve water, generate heat, hold heat; Labrador Tea has hairs on underside of leaves to prevent dessication (retain 	water), especially in winter
6)  dark pigments in leaves:  purple and blacks are common, absorb solar energy
7)  some flowers track the sun:  Mountain Avens (Dryas)
8) lack of cross-pollination self-guards (some self-pollination; layering)

Taller willows grow in sheltered sites, around ponds, on leeward side of stranded beach ridges.  Habitat for birds.
Willow thicket birds:  
Insect gleaners:  Yellow Warblers and Blackpoll Warblers  
Seed-eating (plus insects) birds associated with edge of tree line and willow thickets around ponds, leeward side of beach ridges, river edges: sparrows:  American Tree Sparrow, White-crowned Sparrow, Fox Sparrow 
Finches:  Common Redpoll

Smallest herbivores = Northern Bog Lemming, Meadow Voles

Endemic:  A plant or animal found only in one geographic region and nowhere else in the world
       ***** There is a Hudson Bay Endemic plant = Lepage Wild Flax:  Linum lewisii var. Lepagei 

The Tundra zone = cold, winds, permafrost - challenges for all living things – seems lifeless yet rich with remarkable highly adapted organisms.  Go there if you can. And bring me too!

FOREST REGION # 2:  The Hudson Bay Lowland 
northern boundary same as southern boundary of Tundra = the tree line
recall the tree line is not a straight distinct line but an imprecise border that meanders and advances north and retreats south 

About 25% of Ontario encompassed by Hudson Bay Lowland:  it is an Ecoregion that is more water than land.  Here stunted Black Spruce and Tamarack grow and lots and there is lots of water with floating sphagnum peatlands;  
Hudson Bay Lowland is the largest continuous wetland in North America and one of the largest in the world 

Main difference between Hudson Bay Lowland and Tundra is tree cover – mostly conifers; Tamarack, Black Spruce, some White Spruce on better drained sites, rarely Balsam Fir.  Hudson Bay Lowland - low in elevation = only 152 m above sea level at southern boundary, which is next to the Canadian Shield;   
lots of water = lots of Black Spruce; also Tamarack
     
Farther away from Hudson Bay and James Bay shores = more drainage, more rebound = drier in some sites than in the Tundra, especially in the areas nearest the Canadian Shield (oldest part of Lowland)
Lies farther south = slightly warmer:  mean average daily temp = - 3 to – 6 deg C;  less wind but still windy, but a reduced effect of Hudson Bay; discontinuous permafrost; thus much greater diversity of flora and fauna.  

Physiography is one major difference between Hudson Bay Lowland and the Boreal Forest Region:  Hudson Bay Lowland Forest region displays very little relief – why?  sedimentary limestone and Tyrrell Sea deposits
the Boreal Forest Region is on the Canadian Shield  - rocky and hilly granitic and gneissic Precambrian bedrock. 
These differences set the stage for major ecological differences.


Characteristics  that influence plants and animals:  
1) very cold:  mean annual temp = - 3  to - 6 deg C 
= short growing season, permanently cold soil, discontinuous permafrost in northern region 
2) very flat = still feeling effects of glaciers that melted from here only 8000 years ago!  gentle slope to the land: only 1 metre every km;  only 152 m above sea level at southern boundary of Canadian Shield; thus rivers flowing north into Hudson Bay or east into James Bay are slow-flowing
3) very wet . despite low precipitation (55 cm per year, lowest in Ont), 
why?: 1) flatness results in poor drainage.



2) the geological history of the area – pretty well same as Tundra with two exceptions:
   about 9,000 years ago, glaciers retreated for the final time, 
  Two large lakes developed along southern edge of ice:  glacial fresh water Lake Agassiz  and farther south Lake Barlow.  Deposited silts and clays – these hold moisture

Then 8,000 years ago land was inundated by salt water of Tyrrell Sea;  this laid down marine deposits - clays and silts   ave. 3 m deep ,  > 7 m  in some areas –impermeable to water. 
Thus most of this forest region dominated by low lying land underlain by impervious deposits = poor drainage
The amount of Precipitation balances the amount of evaporation – therefore the region stays wet
Cold + wet = ideal conditions for peatlands.
Hudson Bay Lowland is primarily a waterlogged peatland supporting sparse, stunted trees 
***In peatlands the soil is a product of the vegetation – peat is formed by Sphagnum Moss 

Muskeg = when peat is > 45 cm thick and wet  
Hudson Bay Lowland is the largest expanse of continuous muskeg in world and one of largest continuous wetlands in world.    Peat can be 3 or 4 metres deep in spots; peat and water everywhere: lots of shallow (<3 m) pools, ponds and small lakes 

Peatland forms when rate of plant growth > rate of decomposition.  
peatlands can develop in two different sites:
Lake-fill = when peatlands form on top of lakes and other water pools .  how? 
1)  Peatland sedges grow at edge of water, main three are: Carex limosa, C. chordorhiza, C. lasiocarpa 
sedges have interwoven rhizomes (horizontal stem, often underground) out in water = floating sedge mat

2)   Sedge mat supports Sphagnum Moss.  When Sphagnum enters picture, it dominates and modifies environment
   Sphagnum grows atop itself - spreads outward and upward;  built like sponge: has a matrix of small living cells and large hollow dead cells .   Like a sponge, it is absorbent - pulls water up and holds water.  Mat gets thicker, lower sphagnum eventually dies but still retains water.  The thick mat with dead lower part not fully decomposed = peat.  
  **sphagnum’s  ability to absorb and hold water is important feature in the development of peatlands 

3) Sphagnum mat keeps on growing, thicker and spreads out over water;  the outer edge = youngest = sphagnum lawn 
Part nearest the orginal shore of the pond = oldest part = sphagnum and lichen hummocks form here.  

4) mat gets thicker thickest peat near original shore;  grows thicker and fills in to bottom = grounded mat
see your Spruce Bog Boardwalk booklet for more information 

2.  Peatlands also forms by Paludification = when sphagnum moss grows over a forest.  Peatland can spread laterally from lake-fills to shore and into forest.   Recall sphagnum grows on top of sphagnum - up and out;  it creeps over land eventually, makes it wet, oxygen poor;  the trees die and fall, get covered in sphagnum eventually .  This process can be attributed to a  major shift in climate;  postglacial climate = cold, wet.  Hyspithermal = a warming trend about 5-7,000 years ago (brought prairie to Ont. – see this later in course).  In the Hudson Bay Lowland forests grew during this period, then about 3000 years ago the climate became cooler, wetter conditions prevailed;  the water levels rose, sphagnum growth was favoured, and it spread over the land.  Paludification is reputed to be the most important source of peatland in Hudson Bay Lowland.  Long live Sphagnum, long live the Queen!

Two main types of peatlands:
1) bogs - mineral-poor, acidic; only water input from rainfall,  thus mineral input from rainfall.
 dominant plants = sphagnum mosses
2) fens -main difference is that fens develop under the influence of moving ground or surface water.  Major difference = moving water brings oxygen & mineral nutrients, therefore fens are richer with more decomposition, more nutrient cycling;  dominant plants = sedges;  fens tend to be less acidic than bogs
Differentiation between the two can be difficult, Hudson Bay Lowlands dominated by both bogs and fens; both types of peatland = muskeg because of differences in sites = distinct forms of peatland 

FOR PEAT’S SAKE!
By producing peat, sphagnum makes living conditions very difficult for all other plants:  makes a very nasty environment but one it thrives in!
1) peat mat waterlogged - lack of oxygen.  nutrient cycling depends on decay - caused by bacteria and fungus;       
 In the absence of oxygen = anaerobic decomposition = incomplete decay;   therefore, little decay, little nutrient cycling in HBL

2) Sphagnum produces humic acids :  also it absorbs bases,  the mat becomes more acidic: even less decomposition occurs. 
Low oxygen and high acidity  = few  bacteria; lack of bacteria affects essential elements for plants:  little nitrogen because no bacterial nitrogen fixing 
- also phosphorus levels are low: there is a fair amount of phosphorous in peatland but it is not usable because of the lack of bacteria to “fix” it.

3) sphagnum also reduces nutrient input into the peatland
      a) affects water input (which carries nutrients) by affecting hydrology 
     b) wet compact peat at bottom forms a seal that prevents access to nutrients near the substrate 
     c) sphagnum locks up available nutrients in its peat, making them unavailable for cycling in the ecosystem.  development of peatland means eventual depletion of nutrients. 
Powerful sphagnum greatly alters environment making it unfriendly and affects types of plants that grow atop it

Adaptations of plants in peatlands:
1. evergreen leaves - retention of leaves, full of nutrients, this means exposure to drying winds in winter  
1. compensate with small surface area, thick waxy cuticle, hairy underside 
1. mycorrhizal associations - Heaths are a dominant  group: Leatherleaf, Labrador Tea, Bog Rosemary;  trees:  Black Spruce, a few Tamaracks 
1. bacterial nodule:s Alders – both Speckled Alders and Green Alders  
4)   carnivory - insectivorous plants use insect proteins as dietary supplement.   Hudson Bay Lowlands rich with carnivorous plants:  Pitcher-plants, four types of Bladderworts, and three types of sundews: Round-leaved, Linear-leaved, and the Great Sundew

Succession goes from sedge and moss mat with mixed plants to Black Spruce with Labrador Tea understory (if solid enough, if enough nutrients) 
As succession occurs, each stage of community destroys and transforms itself in peatland, as succession continues, plant diversity decreases. Thus the sphagnum lawn harbours the richest diversity of plants because there is more sun and more nutrients there.

Is then Black Spruce forest the peatland climax ?  Is it self-replacing ?  It is not shade-tolerant but it can reproduce by layering, it sprouts vegetatively where its branches touch moss.  So it is at least for a number of generations, self-replacing.  But Hudson Bay Lowland has so much water, it is so cold, etc., so that there is not much continuous forest.  Recall that paludification = sphagnum growing over forest.  So is sphagnum climax? 
Maybe – one could argue that in Hudson Bay Lowland the climax pattern is muskeg with scattered spruce clumps =  a climax pattern perhaps 

The stage of development of the habitats also varies across Hudson Bay lowland.  The farther away from the Hudson Bay and James Bay edge of the Lowland, the more developed the peatland is.   Developed patches of spruce forest can be found atop older peatlands and along shores
Oldest part of HBL higher elevation = 160 metres above sea level.  Near the Canadian Shield there is more rebound, more developed peatland with lichens on top of it, and Heath plants, Black Spruce.




NATURAL HISTORY OF ONTARIO 
SOME NOTES FOR WEEK 4 

Hudson Bay Lowland Forest Region
Peatlands form by Lake-fill (see Spruce Bog Boardwalk booklet)
Peatlands also form by Paludification = when sphagnum moss grows over a forest.  Peatland can spread laterally from lake-fills to shore and into forest.   Recall sphagnum grows on top of sphagnum - up and out; it creeps over land eventually, makes it wet, oxygen poor;  the trees die and fall, get covered in sphagnum eventually .  This process can be attributed to a major shift in climate;  postglacial climate = cold, wet.  
Hypsithermal = a warming trend about 5-7,000 years ago (brought prairie to Ont. – see this later in course).  In the Hudson Bay Lowland forests grew during this period, then about 3000 years ago the climate became cooler, wetter conditions prevailed;  water levels rose, sphagnum growth was favoured, and it spread over the land.  Paludification is reputed to be the most important source of peatland in Hudson Bay Lowland.  
	Long live Sphagnum, long live the Queen!
One special type dominant in Hudson Bay Lowland:  long, string-like peatland formations, ladder-like series of ridges with wet depressions between = string bogs or ribbed fens;  strings are perpendicular to the slope of the land.  These are also known as aapamires.   
***In peatlands the soil is a product of the vegetation – peat formed by the Sphagnum moss 

FOR PEAT’S SAKE:
By producing peat, sphagnum makes living conditions very difficult for all other plants:  makes a very nasty environment but one it thrives in!
1) peat mat waterlogged - lack of oxygen.  nutrient cycling depends on decay - caused by bacteria and fungus;       
      in the absence of oxygen = anaerobic decomposition = incomplete;   therefore, little decay, little nutrient cycling in Lowland.

2) sphagnum produces humic acids :  absorbs  bases,  mat becomes more acidic: even less decomposition. 
low oxygen and high acidity  = few  bacteria; lack of bacteria affects essential elements for plants:  little nitrogen because no bacterial nitrogen fixing 

- also phosphorus levels are low: there is a fair amount of phosphorous in peatland but it is not usable because of the lack of bacteria to “fix” it.

3) sphagnum also reduces nutrient input into the peatland
      a) affects water input (which carries nutrients) by affecting hydrology 
     b) wet compact peat at bottom forms a seal that prevents access to nutrients near the substrate 
     c) sphagnum locks up available nutrients in its peat, making them unavailable for cycling in the ecosystem.  development of peatland means eventual depletion of nutrients. 
Powerful sphagnum greatly alters environment making it unfriendly and affects types of plants that grow atop it

peatland plants:  heaths dominant: leatherleaf, Labrador tea, bog rosemary;  trees:  black spruce

Adaptations of plants in peatlands:
1. evergreen habit - retention of leaves, full of nutrients, lose gradually but this means exposure to drying winds in winter 
1. compensate: small surface area, thick waxy cuticle, hairy underside 
1. mycorrhizal associations - heath, black spruce;   bacterial nodules:  alders here - speckled and green alder
4)   carnivory - insectivorous plants use insect proteins as dietary supplement.   Hudson Bay Lowlands very rich in carnivorous plants:  pitcher-plants, four types of bladderworts, and three types of sundews: round-leaved, linear-leaved, and the great sundew

Some birds in the peatlands have Tundra affiliations:  Common Redpoll, White-crowned Sparrow; 
Others are Boreal forest/peatland species: Palm Warblers*** (an Indicator species for peatlands in general), Gray Jays

Other major habitats in HBL:
SHALLOW PONDS (shallow ponds, small lakes are a major habitat for animals.   
Shallow ponds freeze to the bottom in winter so there are no turtles; also no snakes in HBL
Ponds are breeding sites for Wood Frog, Boreal Chorus Frog, and Spring Peeper: all are freeze tolerant 
One other species is common: American Toad.  Not known to be freeze-tolerant – before winter, toads dig beneath the frost line – discontinuous permafrost allows this to happen in HBL
Ponds are habitat for sandpipers: Greater Yellowlegs (they are also in Boreal Forest Region).  Also **** Lesser Yellowlegs nest only in the Hudson Bay Lowland (Lesser Yellowlegs is an Indicator bird for HBL ponds)

RIVERS are not only important habitats but also create important habitats for plants; they carry and deposit material – they run off of the Canadian Shield, they cut through clay, silt and sand deposits, they dissolve and carry material, and they deposit it:  Rivers rise and swell in spring, their drop levels in summer and they deposit sand and silt ridges along their banks.  The result is raised shorelines due to water-carried deposits and these are higher and drier:  Along the shoreline = dense growth of shrubs: several types of willows, and alders: Speckled Alder and Green Alder; also Wolf-willow (= Silverberry). Drier sites are important for trees: White Spruce, Balsam Poplar, Trembling Aspen, White Birch, and larger willows. One tree barely makes an appearance in southern part of region = Balsam Fir, becomes more dominant in boreal forest

Greater diversity of trees is a big reason for greater biodiversity in the Hudson Bay Lowland (HBL) than the Tundra.  Trees provide shelter from the wind, snow, and provide food for insects and then larger animals.  As most of these trees are found in greater numbers in the next region, the boreal forest, I will discuss their ecology later.
More trees = more birds:  Gray Jays are relatively common, they are year round residents; Spruce Grouse are also
More species of songbirds found here: sparrows, warblers, etc.  Trees provide opportunities for other birds:  woodpeckers – esp. northern species = Black-Backed, American three-toed Woodpecker

So along the rivers is a coniferous fringe with feather moss and reindeer lichens underneath, and boreal forest plants such as bunchberry.   Under the fringe of spruce, get different mosses – feather mosses, and boreal plants like bunchberry; beyond the fringe lies muskeg (peatlands)
More plants along the rivers in this fringe:  more plants = more herbivorous animals.  Moose = largest herbivore, up to 700 kg; (also found farther south).  Moose are twig-eaters, also eat water plants for sodium:  Long legs for deep snow, peatlands, unusual shoulder movement to lift legs, antlers are shed for winter.  Also large hooves for better surface area.  Moose are food for black bears and gray wolves

Caribou live in the Hudson Bay lowland and are also in Boreal Forest (recall they migrate to the Tundra in the summer)
Moose and caribou are both deer but no real overlap in food between the two = niche partitioning
Moose = twig eaters; caribou = lichen burners 
With more food, this forest region has greater diversity of smaller herbivores: more voles and more mice.  Deciduous bark, especially poplar and willow, is food for small rodents and the largest rodent in North America = Beaver.  Found through Lowland, but more common in the forest regions south of HBL  

Another twig, bark eater = Snowshoe Hare 
So lot more mice, voles, hares, beavers = more predators:  diversity of weasels is high in HBL:  Marten, Fisher, River Otters, Mink and in the northwest there are Wolverines
And because of trees squirrels are found in HBL.  Spruce cones have seeds that are food for Red Squirrels = the common squirrel of coniferous forests; seed-eating birds also tied to spruce = White-winged Crossbills (irruptive species)

RIVERS create other important habitats: RIVER EDGES and BANKS:
SHORELINES very important for plants – greatest diversity of plants because more calcium, drier, more sun, and no sphagnum!  Because of limestone presence, soils where exposed more basic;  special northern carnivorous flower is found here:  BUTTERWORT has leaf traps. Attracts small fungus gnats, etc with mushroom odour:  found on river edges on exposed rocks;  two types small glands in leaves, stalked and unstalked;  stalked glands = for capture: secrete sticky rope strands that catch insects.  After capture: the leaves curl at the edges (slowly - up to 3.5 hrs to curl) form cup for digestion;  stalkless glands after one hour: secrete digestive enzymes, including one  for nitrogen - cup becomes wet;  1 - 3 days later the cup dries and leaf edges uncurl.

Other calciphiles (calciphilic = loves calcium):  shrubby cinquefoil, ninebark
Many orchids like calcium so shoreline rich with orchids:  Noteworthy is Sparrow’s-egg Lady’s-slipper 

One major characteristic of Hudson Bay lowlands was lack of relief:  But there is one area of cliffs and high hills 
= Sutton Hills = Sutton Ridges stick up 150 - 180 metres above the surrounding muskeg (the tops of the hills are 275 metres above sea level). Not limestone but igneous rock called diabase, = Precambrian rock nearly 1 billion years old
About 2 billon years ago sea covered this part of Hudson Bay.  Then about 1.8 billion years ago = Hudsonian Orogeny 
            (Hudsonian Mountains were built) = lots of uplift, volcanics, erosion.  Sediments were laid down in a basin at the edge of the early continent (Archean continent).  Molten igneous rock (magma) intruded the sediments as sills or dikes.  This hardened, the seas retreated, the land uplifted.  The softer sedimentary rock was removed weathering, volcanic rock resistant – stayed. Then once again sea invasion and the present day sedimentary rocks were deposited and formed 400 million years ago.  Sutton Hills remain standing above lowland muskeg under which clays & silt from Tyrrell Sea + glacial deposits deposited before the sea invaded

Because the Sutton Ridges are comprised of old Precambrian rock surrounded by younger sedimentary rock they are known as an Inlier.  Thus Sutton Ridges alias the Sutton Hills are also known as the Sutton Inlier
Geologically and ecologically very different from rest of Hudson Bay Lowland.  The high cliff habitat supports special plants and animals:  8 species of plants are found here that are found nowhere else in the Hudson Bay Lowland.  But they are also found on the Canadian Shield (similar rock type, not limestone):  
Fragrant Fern, Rock Polypody; other plants:  Alpine Holy Grass; White Alpine Saxifrage 
Also growing here is **** Greenland Sandwort (this is the only site in Ontario for this plant)
Because these plants are isolated from other populations, they are known as DISJUNCT populations

The Sutton Ridges are not only habitat for unusual plants, they also provide habitat for one remarkable animal;  nesting site for Golden Eagles – even kill and eat young caribou.  Kills small animals but also scavenges, especially in winter.

BOREAL FOREST largest ecological region in Ontario.  On only one physiographic region =  Canadian Shield (old Precambrian rock). Northern limits = Hudson Bay Lowland Physiographic Region
Southern limits just north of Sudbury where meets Great Lakes - St. Lawrence Forest Region:  Red Pines and White Pines help define southern limits!
Shares some similarities with Hudson Bay Lowland:  Nearest part is low elevation; Still lots of peatland = bog and fen but VERY little muskeg;  
Many trees the same: Black Spruce and White Spruce dominant through much
Also Tamarack, White Birch, Trembling Aspen and Balsam Poplar; One main difference between HBL and Boreal Forest is seen in the trees: continuous forest
Why more trees?  
1) farther south, warmer (some areas +1 deg C) = more growth, more decay, more soil
2) relief:  more elevated = more dry sites & better drainage in many sites = 
3) longer period of time free of glaciers
4) lots of glacial gifts = till, sand, etc. 
5) precipitation varies from west to east 600 mm – 800 mm
So overall, better conditions for plant growth

Although higher diversity of trees in boreal region, still quite low overall  
Why?  1) temperatures warmer but still cool: north to south: -3 to +1 
             2) lots of acidic rock or acidic peatland
Tough conditions for plants but not nearly as tough as HBL or Tundra

Differences in temp and precipitation help create several different regions of Boreal Forest.  
My classification:
1) Northern Boreal: same pattern as HBL - wetlands galore, stunted black spruce  but in places black spruce forms CONTINOUS FOREST 
 dominant understory plants similar: mosses, esp feathermoss and sphagnum, and lichens esp reindeer lichens
But greater diversity than HBL:  White Spruce more common than HBL, White Birch and Trembling Aspen on warmer dry sites – not much muskeg
     
2) Western or Prairie Boreal:  extreme western part dominated by Jack Pine, stands very common 
Also White Birch, Trembling Aspen and Balsam Poplar (species found in western aspen parklands) 
Fire driven ecology- dry prairie air influences region, Bur Oak, grass, and sedge = Savannah  

3) Clay Belt Boreal:  moist and humid part of boreal: **Balsam Fir (virtually absent in the north) is a key forest component   

4)  Superior (or Subarctic) Boreal:  greatest elevations:  more relief (elevations, more rebound);  effects of Lake Superior – many subarctic species found in HBL or even Tundra edge are also here
Look at these discreet regions in more detail later:

General traits of Boreal Forest:
Dominant canopy trees in boreal forest are coniferous:  Black Spruce, White Spruce, Tamarack plus Balsam Fir 
LEARN HOW TO TELL THEM APART

Various parts of these trees eaten as food: 
A) seeds: spruce and Balsam Fir:  Very important to Red Squirrel in winter 
High cone production = higher winter survival, more reproduction.
More squirrels = more predation on bird nests.
Seeds on ground are eaten by mice and voles – both more common in Boreal Forest.
More mice, voles, squirrels = more food for weasels (fisher, marten), lynx, predatory birds
Great Gray Owl, Northern Hawk Owls, Boreal Owls
Cone cycle indirectly affects numbers of non-seed eaters

The conifer seeds are also eaten by birds - finches: This group is characterized by modified bills for extracting or shelling or crushing seed coats – (Purple Finch, Pine Siskins) *** White-winged Crossbills
Crossbill pries open scales to get at seeds: Eat a lot of seeds - up to 3,000 per day
Also highly efficient at finding all available food: It is estimated - up to 98% efficiency in getting all
Spruces fight back – mast seed crops produced irregularly and unpredictably
Crossbills respond by being nomadic so not always present in boreal forest in large numbers – nest at all times of year

Another non-migratory bird tied to spruce = Gray Jay
Gray Jays don’t migrate - depend on stored food for winter survival
May benefit when storing food for winter under spruce bark – keep it fresh
Large salival glands wrap food, stick under lichens, loose bark
Seems spruce keeps food fresh - anti insect and fungus chemicals - speculation by Dan Strickland, world expert
Remarkable birds:  nest early late winter, nests by March, even late Feb.  Reason is to get young off nest early
Boreal forest winter long and tough; Jays must store all summer and fall to get enough stored, memorize territory and where items are cached
Unusual natural history: approx 4 young, only one by summer’s end 	this dominant young evicts rest siblings
By late winter, parents evict it and nest alone
Gray Jays quite tame - in fact a feature of Boreal Forest birds - reflects little contact with humans

Spruces and Balsam Fir supply another sort of food: Needles
Moose eat fir in winter, Spruce Grouse eat spruce year round
Insects also eat needles.  There are some generalists (several types of trees); Sawflies important group (larvae eat)
Moose eat balsam fir in winter
Snowshoe hare: also called Varying Hare eat needles and twigs too 
Summer diet: grasses, forbs, leaves of trembling aspen, birch, willows
Winter - buds, bark, twigs, needles of Balsam Fir, White Spruce, Tamarack 
Large population changes reflected in trapping records going way back
1865 - Hudson's Bay Company - flooded with pelts
1870 - hardly any
1875 - hundreds of thousands; again 1885, 1895, 1905, 1915
Cycle - approx every 10 yrs, huge numbers followed by crash 
Cycle not always exactly 10 year - 6 up to 13 yr; ave approx 10
High rate of reprod:  ave  litter =  4, but up to 4 litters/yr  =  pot 16 young/ yr    





STUDY NOTES WEEK 5

Boreal Forest ecological relationships: Spruce and fir seeds are food for Red Squirrels and White-winged Crossbills
Also other small mammals (mice, voles) eat fallen seeds on ground and increase when seeds plentiful.  These are food for their boreal predators:  weasels (Marten, Fisher, etc.) and owls: Great Gray Owl, Boreal Owl, and Northern Hawk Owl

Spruce & Balsam Fir needles are food for Sawfly larvae.  Belong to same group as bees, wasps, ants, etc.  Female sawfly has an ovipositor = saw and saws a slit in base of needle.  Lays eggs one per slit at base (hence the name “sawfly”) 
Sawfly larvae – are food for birds when on trees, shrews when on ground - perhaps part of reason for abundance of shrews in Boreal Forest

Needles are also food for Spruce Grouse and Snowshoe Hare
Snowshoe Hare: winter diet = buds, bark, twigs, needles of Balsam Fir, White Spruce, Tamarack; 
Summer diet: grasses, forbes, leaves of Trembling Aspen, White Birch, willows, etc.

Great variation in hare population was first seen in trapping records. Cycle is approximately every 10 yrs: huge numbers followed by a crash.  High rate of reproduction: average litter = 4 young but can have up to 4 litters/year = potentially 16 young/year!    
Some years, lower reproduction but then an increase, tremendous number, estimated at highest:  3,000 to 10,000 hares per sq mile (2.5 sq km)!
Hare population - when hares are abundant, great effect on predators:  Red Fox, Fishers, Martens, Great Horned Owls all increase. Hares are especially important to Lynx
Lynx adaptations for Boreal Forest:
For cold:  short extremities:  tail     
For deep snow:  long legs, big furry hind feet = snowshoes
Lynx eat a variety of prey items, including squirrels, voles, birds, Snowshoe Hare most important.  Lynx numbers tied to hare; when hare population is low, lynx reproduction is lower, higher mortality of kittens; when hare population is large = more Lynx kits born, greater survival of kittens
Due to hare cycle, Lynx also have a population cycle but it is out of phase by year or so (peak and crash is a year later).
Rise and fall of Lynx population tied to rise and fall of hares  
** Snowshoe Hare – Lynx predator-prey cycle is unique to Boreal Forest  

But in last century Lynx ten-year peak successively lower each 
Hudson Bay records: 200 years ago Lynx - peak years 70 x higher than low yrs; more recently 6 x only = Lynx declining 
Why?  Because of trapping, loss of habitat due to clear cutting; Also: more roads and development, plus fire control & insect control = less young growth, less hare habitat = fewer Lynx

Recall after population explosion, major drop in hares = crash
Why the decline in the hare population?  
Primary cause of crash debated:
1) Starvation
2) Predators:  first thought that Lynx alone controlled population 
But Lynx not only animal to feed on Snowshoe Hare: large weasels also - recall great diversity in weasels in Boreal Forest: no fewer than 9 species:  Marten, Fisher, Short-tailed Weasel, Long-tailed Weasel, and Least Weasel and Wolverine (Otters are also weasels but do not eat hares). Recent study attributed 80 – 90% of all hare deaths during crash and years following due to predators (esp. Great Horned Owl and Lynx) 
3) Disease esp. Salmonella; when hares abundant, disease runs through population
4) Plant chemical defence:  after several years of attack, plants produce stronger chemicals, hares do not eat for three years until defence gone; This has no support and seems unlikely
5) Stress-related Hormones:  a study from University of Toronto:  predators implicated in another way:  stress due to all the male/female chases, predator chases; smell of predators – hormone levels altered: reproduction affected = no third, fourth litters, lower number born in first two  abate with lower population and fewer predators.

Thus the hares themselves are part of the reason:  Dense population of hares, eat up all available food
Every habitat has enough food to provide for a certain number of animals = habitat’s carrying capacity
But at peak of cycle, too many hares for amount of food in habitat, hare population exceeds the carrying capacity of habitat
Results: two responses:
      1) less food, hares in poorer physical shape = lower reproduction - fewer hares born 
      2) hares in  poorer health - large populations become susceptible to disease such as salmonella

Elaborate study by Krebs et al, (‘95 science 269: 1112-15); set up three types of plots:
1) some plots excluded predators (electric fences, chicken wire); 
 2) some plots excluded predators and food was added for the hares
 3) some plots added nutrients to plants but no exclusion of predators

Results:  
1) during hare crash, in plots that excluded predators hares increased
2) in plots where added food and excluded predators = highest hare populations
Thus:  food supply & predators are the two most important factors in crash
More food + fewer predators = higher rate of hare survival
     
Predators do have an effect, especially when hare numbers dwindle: Low food + pop stress  = lower reproduction + higher predation = double whammy; also if disease hits the population = fewer hares

Fewer hares = two effects:  
1) fewer predators = with less prey, they decline too  
2) fewer hares = more plant growth: vegetation grows back.  After crash, food supply recovers, predators decline. Hares gradually higher rate of reproduction, cycle starts again
Balsam Fir – important to hares: Also important food for moose in winter 
Thus Balsam Fir extremely important tree in Boreal Forest; Fir is more common in eastern Boreal – here more precipitation, more humidity 

Fir and spruce needles are food for famous moth caterpillar = Spruce Budworm. Periodically, really large numbers = Outbreak and trees defoliated over large area. Forestry people spray tons of chemicals to control #s, bacterium Bacillus thuringiensis (Bt) =  non-selective, kills all lepidoptera larvae. 
Actual effects of Spruce Budworms on forest ecosystem: assists spruce survival
Under mature stand of spruce are snall balsam fir and spruce  waiting for light (recall shade tolerant).  
But fir outnumber spruce 7:1 or 10:1 so odds are against spruce regaining dominance.
Budworm outbreak - first eat tall tree foliage, then secondary stand. Takes 7 - 10 years to eat all vegetation and kill it.
Results of outbreak;
 	1) most fir dead; spruce survive outbreak better
2) ratio on ground is now 2:1 or even 1:1 spruce to fir.
3) regeneration of spruce is favoured
4) also, overstory of fir killed, remaining spruce produce seeds more young spruce to replace firs
            5) droppings of caterpillars fertilize ground for spruce seedlings

Caterpillars provide huge increase in food for birds especially “budworm warblers”: Tennessee, Cape May, Bay-breasted Warblers: All are Spruce Budworm specialists
Outbreak effects on warblers   1) more eggs
       2) more nestling survival 
       3) double broods (two nests) instead of one
All 3 warblers eat budworms but competition avoided by niche partitioning
1) Cape May - treetops, high up in outer branches; glean needles at tips of branches
2) Bay-breasted - generally middle levels of tree, sluggish, methodical gleans needle clusters and twigs. 
3) Tennessee - more general, all heights, flits actively

All these species increase when budworms abundant, Decline in low budworm densities; Also decrease in areas sprayed for budworm.  Bay-breasted Warbler densities up to 596 pairs per sq mile during outbreak
Cape May Warblers - greatest population fluctuations of any species of warbler - all because of budworm cycle

Weakened trees prone to attack by beetles that feed on wood
Two main groups:  Longhorn and Bark Beetles
Longhorns - often bore deeper into wood; Bark Beetles eat wood under bark, mine incredible patterns
     Bark Beetles large and important group in Boreal Forest: Favourite food of American Three-toed Woodpeckers and Black-backed Woodpeckers (“three-toed strippers”)

Poplar bark is food for Porcupines and Beavers
Beavers create important habitat in Boreal Forest:  Beaver Ponds!
Created by building dams.  Ponds are nutrient sinks: nutrients from drowned land, slowed down water dropping its load, beavers bringing in food and defecating in water. Water is not deep enough to freeze to the bottom but still shallow so warmer and nutrient richer.  Plants grow in the pond; Beavers eat some; Moose eat plants rich in sodium 

Dragonflies:  Skimmer dragonflies like calm water
Dead trees important part of pond ecology:  Bark Beetles eat wood, attract Woodpeckers that also nest in the trees;  vacant cavities used by Tree Swallows, Northern Flying Squirrels, Hooded Mergansers and Common Goldeneyes, etc.

The Forest Tent Caterpillar eats poplar leaves, also willows, birches: feeds and moves in groups.  
Recall aspens are common in some parts of boreal, western part especially.  Some years outbreaks, defoliate large areas - trees can grow smaller leaves later in same year but if attacked two or three years in row will die, become fuel for fires.
Parasitoid Flesh Flies become common during Tent caterpillar outbreaks.

Fire creates essential habitat and improves conditions on floor for regeneration
	a)  reduces shade - sun-loving plants (fireweed) can grow
B)  increases soil temp by exposing soil to sunlight,
C)  exposes mineral soil by burning off duff layer
     get rid of organic layer of well- and part-decayed material
D) destroys phytotoxic chemicals (deter plant growth) in soil
E) needles of conifers increase acidity but after a fire the ashes reduce acidity
 (Bark Beetles, Longhorn Beetles) in dead and dying Jack Pine, spruces 
	favourites of American Three-toed and Black-backed woodpeckers
These Boreal woodpeckers can be abundant in burnt lands:  Thunder bay - estimated 20,000 in one burn!

Fires transform a forested habitat into an open sunny habitat.  This directly benefits plants:  
A) wind-dispersed shade-intolerant trees like poplars and White Birch - colonize quickly 
Other sun-loving, wind-dispersed plants: Fireweed - quickly colonizes burnt lands
B) animal dispersed plants - birds (waxwings) and Black Bears, poop seeds of 		
1) Blueberries, Elderberry
2) Pin Cherry
Poplars - pioneer species in burntlands.  Poplar leaves are food for Luna moth caterpillar, Canadian Tiger Swallowtail butterfly, and White Admiral also Moose and Caribou. The new growth is excellent food for Snowshoe Hare, Moose Caribou and Black Bears; Moose and Caribou calves are food for Lynx, and Gray Wolves and Black Bears 
Also, oplars favourite food of Beavers – so they also benefit from a fire!

Another effect of fire
1) dead standing trees = snags
A) excellent perches for birds of prey  	
B) nest sites - holes, either from branch break and rot or woodpecker. Used by other birds – Tree Swallows, Eastern Bluebird, American Kestrel, N. Hawk Owl, Boreal Owl, Common Goldeneye, Hooded Merganser
Mammals:  Northern Flying Squirrel

Fire creates many new feeding opportunities for Boreal Forest animals
5 factors combine to make the western Boreal Forest susceptible to fire:
1. Lots fir, spruce, and Jack Pine. These are high in resin, when die = fuel for fires 
1. Lower precipitation in west, thus drier vegetation
1. Air stream: prevailing winds from west - hot prairie air-  blow dry
1. Winds also fan fire. Flat in northern regions, wind picks up speed
1. Insect outbreaks - budworms create large patches of dead fuel

Western Boreal has the highest number of incidents of fire: 
Lightning from storms ignite the fires: western Ontario has highest number of thunderstorms in the province

Jack Pine is a dominant tree: Likes dry habitats, Jack Pine IS more common, dominant in western Boreal: 
            1) prevailing winds from the prairies are hot and dry
            2) less rainfall in this part of the Boreal Forest
	3) hottest July temperatures in the Boreal Forest

Jack Pine important food for a number of animals:
1) needles:  eaten by sawflies and Spruce Grouse
2) seeds: in cones sealed shut, eaten by few animals

Seeds escape by fire - cones open usually only when exposed to 50 deg c or higher 
Cones have scales held tightly closed by resin bond. 
Cones stay closed on tree for one to many years; seeds remain viable in closed cone for up to 10 years.
Delay in seed release, must cool down = dispersal delayed a little
Because cones do not open when first produced on tree called Serotinous = means late opening 
Jack Pine is fire adapted and is a fire-dependent species 
Jack Pine is not shade tolerant, due to fire and seed release often first to grow back in after a fire!  Jack Pine replaces Jack Pine and so could be called climax 

Jack Pine not only dominant tree in Boreal Forest to have special cones:
Black Spruce has two cone types
     1) one type opens same year the cone is produced
    2)  second type is cones nearer trunk sealed shut with extra resin. May take several years to open unless heat melts resin.  After a fire, the seeds fall to the ground for 2 - 3 years 
Black Spruce - partially late opening cones = semi-serotinous cones

Thus, fire ext important not only Jack Pine ecology but Boreal Forest in general
If Jack Pine stand burned, often Jack Pine right back in, same for poplar stand.  Thus, these two trees can be self-replacing.  
Poplars can reproduce through roots = suckering; however, without fire, poplar does not usually replace poplar, spruce and fir come in under so get coniferous forest through time.

Thus Boreal Forest is not only one kind of forest: It is a mosaic of low, wet Black Spruce Forests, higher dry poplar groves, peatlands, Jack Pine stands, many scattered burns.  
Thus, Boreal Forest = dynamic living quilt of habitats with fire the thread that runs all through them

Jack Pine needles are eaten by Spruce Grouse.  
Kirtland’s Warblers (currently not found in the Boreal Forest but maybe some day!) nest only in Jack Pines 5 to 15 years old and 2 to 5 metres tall!

Woodland Caribou Provincial Park = wilderness park in Prairie Boreal.  See Ontario Nature Guide



SOME NOTES WEEK 6

PRAIRIE BOREAL CONTINUED:  DO NOT DEPEND ON THESE NOTES AS BEING COMPLETE – USE YOUR CLASS NOTES AND ONTARIO NATURE GUIDE FOR MORE COMPLETE COVERAGE

FIRE EXT IMPORTANT NOT ONLY JACK PINE ECOLOGY BUT BOREAL FOREST GEN
5 FACTORS COMBINE TO MAKE THE WESTERN BOREAL FOREST SUSCEPTIBLE TO FIRE:
1. LOTS FIR, SPRUCE, AND JACK PINE  
THESE ARE HIGH IN RESIN, WHEN DIE = FUEL FOR FIRES 
1. LOWER PRECIPITATION IN WEST, THUS DRIER VEGETATION
1. AIR STREAM: PREVAILING WINDS FROM WEST - HOT PRAIRIE AIR-  BLOW DRY
1. WINDS ALSO FAN FIRE. FLAT IN NORTHERN REGIONS, WIND PICKS UP SPEED
1. INSECT OUTBREAKS - BUDWORMS CREATE LARGE PATCHES OF DEAD FUEL 
1. WESTERN ONTARIO HAS HIGHEST NUMBER THUNDERSTORMS IN THE PROVINCE
                         LIGHTNING FROM STORMS IGNITE WESTERN BOREAL HAS HIGHEST INCIDENTS OF FIRE
 
JACK PINE IS A DOMINANT TREE:  FIRE DEPENDENT TO OPEN CONES AND RELEASE SEEDS
FIRE CREATES ESSENTIAL HABITAT AND IMPROVES CONDITIONS ON FLOOR FOR REGENERATION
	A)  REDUCES SHADE - SUN-LOVING PLANTS (FIREWEED) CAN GROW
B)  INCREASES SOIL TEMP BY EXPOSING SOIL TO SUNLIGHT,
C)  EXPOSES MINERAL SOIL BY BURNING OFF DUFF LAYER
     GET RID OF ORGANIC LAYER OF WELL- AND PART-DECAYED MATERIAL
D) DESTROYS PHYTOTOXIC CHEMICALS (DETER PLANT GROWTH) IN SOIL
E) NEEDLES OF CONIFERS INCREASE ACIDITY BUT AFTER A FIRE THE ASHES REDUCE ACIDITY

ALL THIS BENEFITS :
A) WIND-DISPERSED SHADE-INTOLERANT TREES LIKE POPLAR AND WHITE BIRCH - COLONIZE QUICKLY 
OTHER SUN-LOVING, WIND-DISPERSED PLANTS	
FIREWEED - QUICKLY COLONIZES BURNT LANDS
B) ANIMAL DISPERSED PLANTS - BIRDS (WAXWINGS) 
AND BEARS, POOP SEEDS OF 		
1) BLUEBERRIES, ELDERBERRY
2) PIN CHERRY
THESE PLANTS THRIVE ON MINERAL SOIL. 

IN SPRING BLACK BEARS EAT NEW LEAVES OF POPLARS AND OTHER  PIONEER SPECIES IN BURNTLAND
NEW GROWTH IS FOOD LATER FOR MOOSE CALVES, CARIBOU CALVES
BEARS ALSO LOVE INSECT GRUBS (BARK BEETLES, LONGHORN BEETLES) IN DEAD AND DYING JACK PINE, SPRUCES 
	FAVOURITES OF AMERICAN THREE-TOED AND BLACK-BACKED WOODPECKERS
THESE BOREAL WOODPECKERS CAN BE ABUNDANT IN BURNT LANDS:  THUNDER BAY - ESTIMATE 20,000 IN ONE BURN

FIRES TRANSFORM A FORESTED HABITAT INTO AN OPEN HABITAT.  THIS DIRECTLY 
             BENEFITS OTHER ANIMALS ALSO: 
1. SMALL MAMMALS:  MEADOW VOLES, RED-BACKED VOLES, MEADOW JUMPING MICE, AND LEAST CHIPMUNK 
2) OPEN BURNTLAND IS HABITAT FOR NORTHWESTERN GROUSE: SHARP-TAILED GROUSE
GATHERS IN SPRING IN COMMUNAL DANCING GROUNDS = LEKS

THE NEW GROWTH - EXCELLENT FOOD FOR SNOWSHOE HARE AND CARIBOU AND MOOSE, WHICH ARE FOOD FOR LYNX, AND GRAY WOLVES AND BLACK BEARS RESPECTIVELY
ALSO, POPLARS FAVOURITE FOOD OF BEAVERS – SO THEY BENEFIT ALSO

ANOTHER EFFECT OF FIRE
1) DEAD STANDING TREES = SNAGS
A) EXCELLENT PERCHES FOR BIRDS OF PREY:  MERLIN, KESTREL, NORTHERN HAWK OWL	
B) NEST SITES - HOLES, EITHER FROM BRANCH BREAK AND ROT OR WOODPECKER
USED BY OTHER BIRDS – TREE SWALLOWS, EASTERN BLUEBIRD, AM. KESTREL, N. HAWK OWL, BOREAL OWL
MAMMALS:  NORTHERN FLYING SQUIRREL 

FIRE CREATES MANY NEW FEEDING OPPORTUNITIES FOR BOREAL FOREST ANIMALS:
AND HAS MAJOR ROLE IN BOREAL FOREST ECOLOGY;
IF JACK PINE STAND BURNED, OFTEN JACK PINE RIGHT BACK IN, SAME FOR POPLAR STAND.  THUS, THESE TWO TREES CAN BE SELF-REPLACING.  
POPLARS CAN REPRODUCE THROUGH ROOTS = SUCKERING
 HOWEVER, WITHOUT FIRE, POPLAR DOES NOT USUALLY REPLACE POPLAR, SPRUCE AND FIR COME IN UNDER SO GET CONIFEROUS FOREST THROUGH TIME.

THUS BOREAL FOREST IS NOT ONLY ONE KIND OF FOREST 
IT IS A MOSAIC OF LOW, WET BLACK SPRUCE FORESTS, HIGHER DRY POPLAR GROVES, PEATLANDS, JACK PINE STANDS, MANY SCATTERED BURNS.  
THUS, BOREAL FOREST = DYNAMIC LIVING QUILT OF HABITATS WITH FIRE THE THREAD THAT RUNS ALL THROUGH THEM

WOODLAND CARIBOU PROVINCIAL PARK = WILDERNESS PARK IN PRAIRIE BOREAL.  SEE ONTARIO NATURE GUIDE
NEVER BEEN LOGGED, NEVER HAD RIVERS DAMMED 

NO ROADS OR TRAINS INTO PARK; ACCESS IS BY FLYING IN FROM RED LAKE 
IN VICINITY OF RED LAKE –PRAIRIE BIRDS:  BLACK-BILLED MAGPIES 
IN ADDITION TO CONIFEROUS FOREST, POPLARS – TREMBLING ASPEN AND BALSAM POPLAR ARE COMMON
POPLARS ARE POPULAR WITH PORCUPINES AND BEAVERS 
FEW ANIMALS ABLE TO KILL PORCUPINE BUT ONE MAIN PREDATOR = FISHER
WOLVERINES IN PRAIRIE BOREAL
ALSO MOUNTAIN LIONS = COUGARS = PUMA 

THEIR ORIGIN MAY BE FROM ESCAPED OR RELEASED CAPTIVE COUGARS WITH SOUTH AMERICAN ORIGINS

WITH WARMER CONDITIONS, LESS RAINFALL, PEATLANDS MORE DEVELOPED 
MANY ARE BLACK SPRUCE DOMINATED 
MAT - HEATH PLANTS (LABRADOR TEA, LEATHERLEAF) ; LESS MUSKEG-TYPE HABITAT;
BIRDS SUCH AS N. HAWK OWL, GRAY JAY, SPRUCE GROUSE, WHITE-WINGED CROSSBILL

ALL FORESTS LIE ON THIN SOIL    
WOODLAND CARIBOU PROVINCIAL PARK IS ON CANADIAN SHIELD SO SOME RELIEF BUT NOT HIGH ELEVATIONS: OVERALL A RELATIVELY FLAT PLATEAU -–340 - 375 M ABOVE SEA LEVEL
ATOP BEDROCK OF CANADIAN SHIELD WITH ROCKS UP TO 2.6 BILLION YRS OLD;  
SHALLOW SOIL, TALL SPINDLY GROWTH, COMBINE WITH WIND, AFTER HEAVY WET SNOW GET BLOWDOWNS 
DROUGHT PLUS DRY WINDS PLUS DEAD CONIFERS = RECIPE FOR FIRES

ABOUT A DOZEN PRAIRIE PLANTS FOUND IN WOODLAND CARIBOU 
PRAIRIE INDICATORS:  PRAIRIE CROCUS SEE ONT NATURE GUIDE P. 344 FOR MORE  

WOODLAND CARIBOU HAS LOTS OF WATER, BUT RICHER WATER THAN HUDSON BAY LOWLAND DUE TO MORE NUTRIENTS FROM LAKE AGASSIZ DEPOSITS, THEREFORE MORE FENS
BECAUSE ON ELEVATED ROCKY, CANADIAN SHIELD – WATER DRAINS INTO HUDSON BAY OR JAMES BAY
MOVING WATER PLUS ROCKS = RAPIDS
IMPORTANT HABITAT:  FOR FILTER FEEDERS:  BLACK FLIES, ALSO NET-SPINNING CADDISFLIES; FRESHWATER SPONGES
ONE DRAGONFLY VERY COMMON:  BOREAL SNAKETAIL: A TYPE OF CLUBTAIL DRAGONFLY
MANY CLUBTAIL NYMPHS LIVE IN WATER WITH A CURRENT 

LOTS OF STILL WATER TOO:  LAKES JOINED BY RIVERS:  FISH ARE ABUNDANT: 
LAKES HAVE LOTS OF MIDGES, MAYFLIES
THESE ARE FOOD IN THE AIR FOR BONAPARTE’S GULLS, IN THE WATER FOR FISH INCLUDING LAKE AND SPECKLED TROUT
BOREAL FOREST IS FAMOUS FOR FISHING; THERE ARE LOTS OF FISH-EATING BIRDS SUCH AS BALD EAGLES, OSPREYS, COMMON MERGANSERS, COMMON LOONS 
CAVITIES IN TREES ARE NEST SITES FOR MERGANSERS, COMMON GOLDENEYES

WABAKIMI – ANOTHER WILDERNESS PARK
ONE OF THE LARGEST TRACKS OF PROTECTED BOREAL FOREST IN WORLD 
JACK PINE AND BLACK SPRUCE ARE DOMINANT TREES WHILE WHITE SPRUCE IS NOT AS COMMON
BALSAM FIR IS RARE (MORE COMMON IN EASTERN BOREAL FOREST WHERE IT IS WETTER)
ARBOREAL LICHENS HANG ON TREES – CARIBOU EAT IN WINTER

UNDER SPRUCE/PINE IS A THICK BED OF REINDEER LICHEN AND FEATHERMOSS; ON TOP ARE TYPICAL CONIFEROUS FOREST PLANTS:  RESOLVE SHADE PROBLEM BY:
1) COLONIAL GROWTH:  BUNCHBERRY 
2) LARGE LEAVES:  CLINTONIA OR BLUE-BEAD LILY, CANADA MAYFLOWER, PINK LADY’S-SLIPPERS
3) ALSO RECALL: FOREST UNDERSTORY PLANTS LEAVES MORE OR LESS PARALLEL TO GROUND  

LESS PRAIRIE WIND EFFECT IN WABAKIMI; MORE PRECIPITATION, THUS MORE PEATLANDS INCLUDING STRING BOGS
LOTS OF LAKES TOO
        
ISLANDS ARE IMPORTANT NEST SITES FOR NESTING COMMON LOONS, HERRING GULLS, AND COMMON TERNS
SAFER:  FEWER PREDATORS FOR GROUND-NESTING BIRDS

MOOSE AND CARIBOU GO TO ISLANDS TO GIVE BIRTH – SAFER SITES



NOTES FOR WEEK 7 – use your Nature Guide to Ontario too!

LAKE SUPERIOR BOREAL FOREST:
Highest elevations in Ontario:  cliffs rising 700 m above sea level (250 metres above the rest of the land in this area)

Diverse part of Boreal.  Why?  
Has typical boreal forest species: Black Spruce in lower sites, but Balsam Fir and White Spruce more common 
Jack Pines common sandy and well-drained sites; Typical boreal forest birds and mammals (the weasels, Gray Jay, Spruce Grouse, Boreal Owl. etc) But also many other species found not farther north: also some not found farther south
Rich biodiversity due to four main factors:  

A)  temp:  farther south: average daily temp + 1 to +2;  
    longer growing season, more decomposition of dead plants, thus more developed soil but start seeing some dominant species from Great Lakes -St Lawrence forest region:  eastern white cedars, white and red pines, sugar maple are all present in small numbers but are not dominant here

Greater variety of shrubs: Mountain-ash, mountain maple, red-osier dogwood, 
Ground cover more diverse - bush honeysuckle, twinflower in southern part
Trees more diverse, birds more diverse ie:,  Black-throated Green Warbler 

More soil, more soil organisms including moles:  Star-nosed Mole more common

Temp affected not only by distance from equator (N - S) but also by size of the body of water – slow to freeze - keeps winters slightly warmer = maritime climate

B) rocks:  more rebound, more relief
Geological history old, part of former mt range; had volcanic; thus, more relief: get temperature differences along elevation gradient

Also different rock types – most acidic, some basic, not limestone but volcanic basalt and diabase sills = basic pH
Plants like Kalm’s Lobelia, Shrubby Cinquefoil, Ninebark grow here and on limestone farther south

Then on rocks find plants that like the minerals but also like cold temperatures:  Alpine Woodsia,   Butterwort  
But these are also found much farther north = Disjuncts 
How did these get here?
During glacial episode, arctic and subarctic conditions near edge, glaciers retreat north as climate warmed, land rose (isostatic rebound) 
      habitat no longer suitable and arctic plants “migrated” north.  But along north shore, pockets of cold habitat sustained populations
Through time, these became more and more isolated from the rest of population, Left behind from glacial days = glacial relics 
When separate from rest of main population = disjunct population

Not just elevation - also effect of lake is reason for disjunct species being here:

C) Lake Superior is the largest and deepest freshwater lake in the world
One big chunk of water:   82,100 sq km; 410 m deep – Superior is an inland sea 
This huge body of water has dramatic effect on southern boreal forest
Because of depth and size, great influence on land;  Slow to warm = heat sink - keeps summers quite cool = coastal summer
Plus strong winds, cold blowing along lake in summer = subarctic-like conditions

Combo cool summers & high elevation along north shore = alpine or subarctic species growing there such as Alpine Woodsia
Cliffs have thermals;   great for migration of hawks; small birds follow shoreline and concentrate in points such as Thunder Cape (banding station here)
Peregrines formerly and now currently nest on cliff ledges:  DDT almost wiped them out; captive breeding program helped get them re-established

Lake Superior also creates habitats:  It is a force:  high winds – effect on water tremendous = huge waves, ocean-like rollers water today lake Superior still moves and sorts material along shoreline 
Beaches: 1) cobblestone beaches  
    2) sand beaches - sand dunes 
Large sand dunes present in a couple of sites, particularly mouth of Pic River and Pukaskwa National Park: 187,000 hectares
Fascinating for geology - rugged terrain, waterfalls, steep valleys, faults, lava pillows, lots of glacial deposits
Glacial relics: Encrusted Saxifrage, Butterwort, Crowberry (recall it is found in tundra) and many boreal species 

In sand dune areas, disjunct and glacial relic species of note:
        1) American Dune Grass - recall found along edge of Tundra
        2)  Sparrow's-egg Lady's-slipper – also found in Hudson Bay Lowland 

On sand dunes also find one very unusual plant = a thistle found only here and south along n. Great Lakes shores and nowhere else in world:   ** Pitcher’s Thistle = Great Lakes Endemic 

D) water:  rivers, streams flowing south into Superior all create habitat
(Height of Land) = rivers are fast flowing due to elevation:  carry and sort material.    All add to diversity of sites

CLAY BELT BOREAL FOREST:
From Hearst to Timmins to Cochrane and north = Generally flat to gently rolling plains
Lots of clay = deposited by Lake Barlow-Ojibway (Ojibway-Barlow) 8 - 9,000 years ago.  Lake formed at foot of northward-retreating ice, dropped sediments, especially clay.  Clay derived from limestone rock to north of the Clay Belt region

Calciphilic plants are present:  some southern (Wood Lily), others northern (Bird’s-eye Primula)

Clay = poor drainage = saturated with water;   Lots of water = lots of wetlands 
But not much peatland because the water is warmer, has more nutrients, has more nutrient cycling
Thus richer waters = more aquatic plants – moose and beavers are common
Cattail Marshes – major habitat
Also lots of Sedge Fens and Wet Sedge Meadows 
 
Cattail Marshes are productive feeding and nesting grounds for diverse array of puddle ducks (filter feeders) 
here also Cattail Marsh birds:  American Bittern
Pied-billed Grebes:  lobed toes, divers
Virginia Rails: bodies compressed laterally, long toes
Swamp Sparrows also in cattails

Skimmer dragonflies are a major group of odonates
More frogs present, including Mink Frog:
  
Soils, somewhat calcareous = richer for nutrients, affects vegetation; find trees and other plants rep of GL-SL Forest Region: 
E. Hemlock, e. White cedar, yellow birch, black ash, American elm    
More shrubs - mountain maple; understory is diverse, 

Cedar swamps are present: Showy Lady’s-slippers grow in them

Sedge fen and meadows:  Cottongrass, Bog Bean
Sora (a rail)
LeConte’s Sparrows:  also found in hay fields (due to richer soil and flat terrain, farming is done in parts of the Clay Belt

At northern edge find sand dunes left behind by Tyrrell Sea!



SOME NOTES WEEK 8
Please rely on your course notes and texts for full coverage

Great Lakes – St. Lawrence Forest Region
CHARACTERISTICS:  
1) Presence of White Pine and Red Pine 
	White Pine:  5 needles in cluster, foliage spread out in sweeping branches; gray bark
	Red Pine:  2 long needles in cluster, foliage in clumps; pink bark

2) Different from other forest regions because it lies on TWO PHYSIOGRAPHIC REGIONS

3) Mixture or blend of Boreal Forest and Carolinian Forest Region flora and fauna
4) Many species reach their range limits in this forest region

Characteristic Trees:  Sugar Maple, Yellow Birch, Red Oak, White Pine, Red Pine, plus boreal forest species (Black Spruce, White Spruce, Balsam Fir)

Algonquin Provincial Park Park – perfect example of eastern part of the Great Lakes – St. Lawrence Forest Region on the Canadian Shield
Established 1893, oldest Prov. Park in Ont;  huge >3000 square miles, 8,000 sq km. 3rd largest park in Ont.
rich biodiversity: vascular plants: >1000 species; birds: > 270 species;  mammals: 46; herps: 30 
Algonquin’s mixture of northern boreal and southern Carolinian habitats gives rise to rich biodiversity, plus east to west side differences

Algonquin lies completely on a special dome of Canadian Shield known as the Algonquin Highlands or Algonquin Dome
geologial history:  about 1.5 billion years ago, huge body of molten magma intruded the overlying sedimentary rocks,  hardened = Algonquin Batholith.  Batholith= an intrusive igneous (= magma) body >100 sq km
major mountain building period peaked 1 billion years ago  several times upwarping of bedrock,  intense heat and pressure 	
The rocks metamorphized to gneissic, formed base of mountain range estimated to be higher than present day Himalayas
Then during  >1 billion years of erosion,  20 - 30 km of softer rock eroded away, revealing the present-day gneissic and granitic rocks that once formed the base of the mountains.

Presentday elevations - highest on West Side 1800 - 1900 feet (600 m); 600 feet (200 m) in east.   
The dome effect is important – it affects the Park in several ways:
1) water flow:    because of dome, waters flow in all directions:  
	east (Petawawa, Bonnechere rivers);     west (Oxtongue = Muskoka River) 
north (Amable du Fond River);  south (Madawaska River)

2) west side elevation affects temperature and moisture distribution in the park
higher elevation in west = cooler in west;   frost-free = 84 days
east side: warmer;  frost free = 105 days
Western highlands interrupt moist air flowing from Georgian Bay = slight rain shadow effect:
west = annual precipitation of  100 cm (33% snow)    
east = annual precipitation = 90 cm (26% snow)
Differences in growing season and precipitation affect the plant distribution and add to the park’s biodiversity

3) the difference in elevation affected the distribution of glacial deposits:  like all of Ontario, Algonquin glaciated several times.  
Glacial material deposited two ways:
 a)  directly dropped off by ice = glacial till.  Formed a thin layer of till of varying thickness over the bedrock, primarily on the west side hills
  b) rivers draining from melting glacier and glacial Lake Algonquin carried particles.
     water flows through areas of low elevations, east side lower, large glacial river flowed over much of it; water deposited sorted materials 
sand was dropped off where rivers widened and current was less = outwash plains

An especially big outwash plain on the East side resulted from a great river (a Glacial Spillway) that drained glacial Lake Algonquin (precursor to lakes Huron and Michigan) into the Champlain Sea through the Fossmill Outlet 
Petawawa River ( including Cedar Lake, Radiant Lake, Lake Travers, Grand Lake) was part of the path of this giant river that carried as much water as one thousand Niagara Falls!     ,
  
Different soils have different characteristics:
Physical:  glacial till = poorly sorted jumble of rock and mineral fragments various sizes, unsorted, includes very fine silt
   outwash plain:  sorted to size by water, end up with uniformly-sized particles (i.e. sand) deposited farther than large rocks and boulders
Effects: till traps moisture - (see Bat Lake trail guide);   sand deposits drain readily - evenly sized particles with gaps between lets moisture through and the sand dries out quickly.  
Because of these differences in soil type and temperature and precipitation there are major differences in plants from east to west

West Side:  high upland slopes primarily covered in Sugar Maple, Yellow Birch, and primarily on south facing slopes American Beech
Sugar Maples – shade tolerant, long living, self-replacing = Climax
Cool damp sites, especially north-facing = Eastern Hemlock groves

Shrub understory is well developed - Beaked Hazel is common. Also Striped Maple and Hobblebush 
In the hardwoods spring ephemerals are common - Red Trilliums are abundant, Painted Trilliums too:  White Trilliums are very rare 
Parasitic: Indian Pipe 

Three layers of life:  Canopy; Shrub Understory; Forest Floor
Sugar Maples are dominant, their leaves are a main food for maple spindle gall mites, maple blotch leaf miners, maple spanworm caterpillars, etc.
birds:  Scarlet Tanager, Red-eyed Vireo;  Eastern Wood-Pewee;  Gray Tree Frogs (canopy), Wood Thrush, Black-throated Blue Warbler (shrubs);  Ovenbird (forest floor);  

Hemlocks grow on cool, north slopes:  Black-throated Green Warbler, Yellow-bellied Sapsucker, Pine Siskin

Pileated Woodpeckers eat carpenter ants in old trees; their nest holes are homes for Northern Flying Squirrels and many birds

Logs; Nurse logs for Yellow Birch; ground fires can also allow yellow birch seeds to reach the ground

Red-backed Salamanders use rotting logs for egg-laying; Spotted Salamanders dig in ground

Maple keys are food for Eastern Chipmunks, Deer Mice, Woodland Jumping Mice; these are eaten by Martens, Barred Owls

Nuts of American Beech and Beaked Hazel are food for Black Bears

The entire forest region is famous for its colours
Primarily the maples:  pigments already in leaves, at end of season chlorophyll breaks down, reveals colours;  exception is red:  anythocyanins produced, extend leaf life, more reclamation of nutrients
Red Maple has male and female trees:  Leaves of male trees turn red, those of the females turn yellow in the fall
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Algonquin Highlands is part of the Great Lakes – St. Lawrence Forest on the Canadian Shield
Algonquin Park is on the Algonquin Dome

Differences in East and West Side of Algonquin Park:  
West is high upland slopes primarily covered in Sugar Maple, Yellow Birch, and primarily on south facing slopes American Beech
Also Red Maple:  Moose eat the bark in late winter
Cool damp sites, especially north-facing = Eastern Hemlock groves
Shrub understory well developed - Beaked Hazel is common. Also Striped Maple and Hobblebush, 
In the hardwoods spring ephemerals are common - Red Trilliums are abundant, Painted Trilliums are common:  White Trilliums are rare 
Parasitic: Indian Pipe 
Sugar Maples – shade tolerant, long living, self-replacing = Climax

Three layers of life:  Canopy; Shrub Understory; Forest Floor
Sugar Maples are dominant, their leaves are a main food for Maple Spindle Gall Mites, Maple Blotch Leaf Miners, Maple Spanworm caterpillars, etc.
(canopy): Scarlet Tanagers, Eastern Wood-Pewee;  Gray Tree Frogs 
(shrubs):  Wood Thrush, Black-throated Blue Warbler 
(forest floor): Ovenbird, Ruffed Grouse 

Hemlocks grow on cool, damp sites such as north-facing slopes:  Black-throated Green Warbler, Yellow-bellied Sapsucker, Pine Siskins
They can start after fire or by growing on logs and stumps

Pileated Woodpeckers eat carpenter ants in old trees; their nest holes are homes for Northern Flying Squirrels and many birds
Logs; Nurse logs for Yellow Birch; ground fires can also allow Yellow Birch seeds to reach the ground; Red-backed Salamanders use rotting logs for egg-laying

Sugar Maple keys are food for Eastern Chipmunks, Deer Mice, Woodland Jumping Mice; these are eaten by Martens, Barred Owls, etc.
Nuts of American Beech and Beaked Hazel are food for Black Bears

Western hardwood forests are similar to original forests but there is one major difference:  gone are the giant White Pine component, towering trees were logged
These were giant trees - 120 cm in diameter (5 feet!), 35 m tall (100 feet)
Sites left:  Crow River and Dividing Lake; and also found along Big Pines trail 
The pines likely started growing in early successional stages after fires

The entire forest region is famous for its colours
Primarily the maples:  pigments already in leaves, at end of season chlorophyll breaks down, reveals colours;  exception is red:  anythocyanins produced, extend leaf life, more reclamation of nutrients
Red Maple has male and female trees:  Leaves of male trees turn red, those of the females turn yellow 

East Side – receives less precipitation, has lots of sand (glacial outwash plains from the river that flowed through the Fossmill Outlet and drained glacial Lake Algonquin), and lower elevation = warmer, drier; also shady, acidic
Understory = lichens (Reindeer Lichens and others) and Clubmosses; 

Wildflowers adaptations for shade:  large leaves,;  examples:  Pink Lady’s-slipper, Bunchberry (colonial growth), Clintonia  
Blueberries grow in open sunny areas 

Pine needles are food for: Sawflies, Imperial Moth caterpillar
Insects are food for gleaners such as Pine Warblers
Pine seeds food for - Red Squirrels, Red Crossbills 

Poplars (Trembling Aspen, Largetooth Poplar) are also common: their leaves are food for Canadian Tiger Swallowtail and Luna caterpillars

On rocky hilltops - almost pure stands of Red Oaks – Black Bears eat their acorns in the fall to get fat for winter

Petawawa River supports animals not found on west side:
Fish:  Muskellonge, Channel Catfish, Walleye due to connection to Ottawa River
In this river Herps are different too, not on West Side:  Northern Water Snake, Pickerel Frog; Wood Turtle = endangered species 

along Petawawa River also find wildflowers not found on West Side:  Cardinal-flower,  Purple-fringed Orchid.  These are both calciphiles:  
Found here because more basic conditions due to: 
1) Petawawa River lies along a fault line
Geological Faults:  fractures along which adjacent rock masses slipped past one another because of external pressure stress 
Faults often have minerals seeping or percolating out of crevices; lime contains calcium and leaches out

2)  second reason is there is some limestone in Algonquin Park 
just north of Cedar Lake near Brent find limestone calciphilic plants such as Bulblet Fern,
along Cedar Lake and in Brent Crater is the only extensive area of sedimentary rock in Algonquin Park
Brent Crater:  created by meteorite crash; sedimentary rock in bottom; two lakes in the crater - Tecumseh and Gilmour - both have high concentration of bicarbonate, substance derived from limestone 
see Brent Crater trail guide for more information on this important site


also find calciphilic plants on the walls of Barron Canyon 
spectacular gorge on Barron River;  cliffs 100 metres high
**Read the Barron Canyon trail guide for more information 


why calciphiles here?  Barron Canyon is a geological fault
faults have scarce chemicals and minerals percolating out  from tiny fissures (cracks) in walls
calcophilic plants: several ferns – disjunct populations
also some calciphiles  that are usually found much farther north:  elegant sunburst lichen Xanthoria  
and Encrusted Saxifrage (this is an arctic/alpine plant Hudson Bay, also found in Sleeping Giant)
Disjunct population of glacial relics here on Barron Canyon cliffs because of the effects of cold glacial water pouring through the canyon – cold water was a factor long after the land had warmed;  in shady nooks can find ice even into July during some years

Also interesting birds in Canyon:
1)  boreal birds: Common Ravens on ledges, Yellow-bellied Flycatchers reflect cold nature of canyon
2)  cliff-nesting Barn Swallows and E. Phoebes natural nests – serious decline in swallows and other aerial foragers in recent years

Eastern White Cedars along Barron River – winter food for White-tailed Deer
Deer food for Wolves

Deer absent from this area originally
Became abundant by early 1900s due to improvements in habitat (logging, fire) and because wolf numbers were decimated by hunting

Also:  new theory by Dan Strickland:  original forest had Gray Wolves and moose, no deer.  The Gray Wolves kept the deer out of the Algonquin region (deer were easier to kill for the wolves).  But early loggers changed the forest, opened it up, killed the wolves.  Deer moved north not only because there was more food but also because the large Gray Wolves were gone.  
Major studies performed on the wolf:  first by Pimlott et al 1958 – 1965; then Theberge in 1980s, 1990s;  currently a new study -  Brent Patterson
How study? 
1)  population size - tracks: aerial surveys, howling 
2) diet - kills, scats
3) movements, range size, dens – radio telemetry
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what found:
both studies:  diet mostly three species: White-tailed Deer, Moose, Beaver
around 1960 (Pimlott) the diet was: 80% deer, 10% moose, 10% beaver
thirty years later (Theberge) the diet was: 33% deer, 33% moose, 33% beaver 
why change?  Availability of prey
1) succession – due to Park history of logging and fire, lots of young growth ideal for deer
Now, changing forest, maturing, no fires - fewer deer, thus fewer for wolves to eat
2) increase in moose - due to moose expansion south that may be tied to interaction with brainworm (recall the deer parasite) (deer declined, less parasite)
lots of deer, fewer Moose;  decrease in White-tailed Deer, less parasite = increase in Moose

For years it was known that Algonquin wolf was smaller than Gray Wolves farther north average male 28 kilograms, female was 25 kilograms.
First believed to be a small race of Timber or Gray Wolf:
Recently DNA analysis revealed the Algonquin wolf is more closely related to the Red Wolf, an endangered species in southern USA.  Recently given the name of Eastern Wolf
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ALGONQUIN WOLVES CONTINUED:

For years it was known that Algonquin wolf was smaller than gray wolves farther north average male 28 kilograms, female was 25 kilograms.
First believed to be a small race of timber or gray wolf:
Recently DNA analysis revealed the Algonquin wolf is more closely related to the red wolf, an endangered species in southern USA.
ONH WINTER 2006/2007 WEEK 9 LECTURE 1

recently given the name of Eastern Wolf

Major studies performed on the wolf 
- first Pimlott et al 1958 – 1965; then Theberge in 1980s, 1990s;  currently a new study -  Brent Patterson
how study: 
1)  population size – tracks, aerial surveys, howling
2) diet – examine kills, study scats
3) movements, range size, dens – radio telemetry

what found:
both studies:  diet mostly three species: deer, moose, beaver
around 1960 (Pimlott) the diet was: 80% deer, 10% moose, 10% beaver
thirty years later (Theberge, Patterson) the diet was: 33% deer, 33%moose, 33%beaver 
why change?  Availability of prey
why change in availability?
1) succession – due to Park history of logging and fire creating open, young growth that was ideal for deer
Now, changing forest, maturing, no fires - fewer deer, thus fewer for wolves to eat
2) increase in moose - due to expansion south
why expansion - may be tied to interaction with deer parasite
lots of deer, fewer moose;  decrease in deer, less parasite = increase in moose

Also:  new theory by Dan Strickland:  original forest had Gray Wolves and Moose, no White-tailed Deer.  The wolves ate moose and kept the deer out of the park region for they were easier to kill than moose.  But early loggers changed the forest, opened it up, killed the wolves.  Deer moved north not only because there was more food but also because the large Gray Wolves were gone.  The deers’ own predator, the Eastern Wolf (a northern race of Red Wolf) came with them and is there today.

Eastern Wolf ecology: live in social groups year round = packs 
mate late Feb, den in early spring, pups moved to summer rendezvous sites at beaver meadows, peatland edges.
Here lots of howling – howling used for communication;  

Wolves respond readily to human imitations. In August Algonquin Park holds Public Wolf Howls 
one also held at Bonnechere Provincial Park (I lead this one on the 3rd Saturday in August (see their website))

Peatlands are important for moose and wolves: Moose use low peatland areas in fall during mating season; wolves use for rendezvous sites

Overall, all of the park is still higher than land all around it especially on west side – gives colder climate, especially in lower areas of the Park
Cold, wet, acidic conditions allow boreal forest habitat to occur in low areas: lots of peatlands, called bogs but many are poor fens
here Pitcher-plant, Round-Leaved Sundew, Leatherleaf, Labrador Tea, Black Spruce, etc., and the animals this northern habitat supports:  
most of these animals are near or at southern range limits: Gray Jay, Boreal Chickadee, Spruce Grouse, Black-backed Woodpecker; even Great Gray Owl has nested in Algonquin

Beaver ponds are still water habitats; permanent slow-moving water = LENTIC habitat 
LAKES are another type of LENTIC habitat
See Peck Lake Trail Guide

Lakes are a major feature of Algonquin Park - more than 1000 lakes; also abundant through rest of Great Lakes – St. Lawrence Forest Region 
why so many lakes in region?  There are many on the Canadian Shield because of all the relief  (lots of hills and valleys, pockets to hold water);
many created when glaciers melted

Many lakes are small, no bigger than a beaver pond but different in that lakes are much deeper and larger
Deeper water gives rise to one very important distinction: it is layered or stratified seasonally for light, temperature, and dissolved gases 
1) temperature: through year, lakes tend to have two different temp profiles
 one is where all the water is at the same temperature: in winter surface freezes:  ice on top, cuts off wind, most of lake steady at 4 deg C. except near the surface, where it is close to 0 deg.

spring : ice melts, surface heats up to 4 deg;  winds cause current in lake = water circulates top to bottom = spring turnover 
the other is  layered or stratified water temperature: in summer the top of the lake warms up more than the bottom, warm water is lighter and stays on top - no more mixing occurs;  lake water becomes uniform temp to about 4 meters;  below 4 metres, temp drops off rapidly to bottom 
1) warmer upper lake = epilimnion   
2) colder lower lake = hypolimnion  
3) transition zone in between = thermocline with large temperature variation
layers stay all summer then in autumn, - surface water cools, windy season, uniform water temperature; eventually currents that once again reach to bottom = fall turnover

turnovers two important effects
1) mix temperature in the lake  - again uniform temperature through lake
2) bring oxygen from surface down to lower depths
the two turnovers can be thought of as the lakes taking two deep breaths every year

the different regions of lake have different properties as well as temps:
 epilimnion - more light, warmer, better for photosynthesis; most takes place near surface – algae.  Turnovers help algae by bringing nutrients up to surface

water plants, same as terrestrial, need a number of essential nutrients : carbon, nitrogen, and phosphorus.  
carbon and nitrogen generally more abundant  
phosphorus very limiting in water, limits rate plants grow and thus productivity of ecosystem
productivity = amount of carbon fixed in a given time, in other words, amount of new material produced by plants in a given time

as in beaver ponds, in order for plants to use phosphorus it must be transformed from organic P in dead plants and animals by bacteria in bottom sediments to dissolved inorganic phosphate - mud generally anoxic, good for phosphorus fixing
in summer stratification, phosphate stuck in bottom mud
trapped until turnover occurs - mixing releases phosphorus to water

in shallow lakes where stratification short-lived, wind currents stir sediments and let phosphate mixing occur, but stops new breakdown 
calm days, layers form and phosphate builds up until current frees
more available phosphate = more plant growth = more dead plants =  more breakdown on bottom = more phosphate for system
in shallow lakes, repeated alternation of calm and mixing that leads to self-fuelling cycle of increased plant growth = why shallow lakes are more productive than deep lakes (why more plants and algae in shallow lakes than deep lakes!)

Large lakes have waves against shore = current, thus find some of the same shoreline plants in shallow water as in streams with moving water
 i.e., pickerelweed
In calmer water get same plants as in beaver ponds i.e., water-lilies – hence moose come to feed for sodium
As lakes are deep, most animals are near or along the shore:  Mink and Great Blue Herons hunt frogs and fish near the shore; Spotted 	Sandpipers along rocky shores
fish: depending on lake productivity, nutrients, temp, etc.  In Algonquin, lakes on Canadian Shield - Lake and Speckled Trout dominant fish
many have isolated populations, unique genetics.  Date back to glaciation when many lakes were linked, then waters receded, fish became isolated populations
Fish attract fish specialists: Otters, Common Loons, Common Mergansers



Other aquatic habitats are streams and rivers = moving water = LOTIC environments
See Whiskey Rapids trail guide
Moving water presents a couple of advantages to its inhabitants:
1) oxygen is plentiful
2) water carries lots of food - organic particles for filter feeders: Net-spinning Caddisflies, Black Fly larvae; Fresh Water Sponges 

Current presents challenges:
 1) temperature affected quickly by external factors
- spring, melting snow keeps water temp lower than air temp
- summer - rainstorm, sun causes increase in temp 
2) carries material - often turbid - mixes nutrients evenly through water - oxygen content at or above saturation
3) shoreline trees shade water, keeps water temp lower  
4) winter temperatures not much below 0 (ice buffers temperature plus movement)
5) the characteristics of the bottom are partly due to the speed of the water: the faster the water, the larger the particles carried away (water sorts material!)
>50 cm/sec = a stony bottom; 20- 40 cm/sec = a sand bottom;  < 20 cm/sec = a silt bottom

Chemical traits:  most stream and river water originates from rain;  rainwater percolates through soil and the quality of water entering lowing waters affected by soils it passes through
  - if thick soil base, picks up calcium and other minerals
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- if peaty soil or bare rock, nutrient poor and acidic, also brown, because of all dissolved organic matter
explains why many Algonquin Park and Canadian Shield streams in general look like strong tea
Algonquin Park is typical of much of Great Lakes-St. Lawrence forest region on the Canadian Shield:  be sure to go and see it!

Main problem is CURRENT:
Plant adaptations to overcome current:
1) tough, flexible stems, bend in current 
2) small and slender leaves 
3) rooted to bottom =  strong roots 
4) grow where there is less current (eddies, backwaters):  i.e.,  Pickerelweed

Animal Adaptations to current: 
a) physical:	
  1) small size 
  2) flattened or streamlined bodies 
  3) hooks and grapples most have well-developed tarsal claws to grip rocks:  most insects - stoneflies, mayflies, dragonflies
  4) friction pads and marginal contact; flattened ventral surface or edge of body make tight contact with substrate: stoneflies
  5) hyrdaulic suction pads: found primarily on leeches
   6) silk and silky secretions: a common adaptation for attaching to stones or other objects; Net-spinning Caddisflies; also Case-building Caddisflies. Blackfly larvae: silk produced in large salivary glands, makes tangled mat on substrate – larva attaches to this with hooks on its prolegs, hangs in current to feed,  moves by bending over and building a new net, hooks on front proleg, then moves its back onto it.   Has a safety line in case it slips.
   7) behavioural: main one is to avoid strongest current: stay near bottom: most bottoms have boundary layer 2-3 mm where there is little or no current
        Also areas of still water especially under or behind rocks;   
Rocks are vitally important – replace if you move them, do not build Iknukshuks – always dismantle these if you do find them (but leave them in the far North where they have significance)


Algonquin Park is typical of much of Great Lakes-St. Lawrence forest region on the Canadian Shield:  be sure to go and see it!

Other regions of the Great Lakes – St. Lawrence Forest Region on the Canadian Shield
1) Frontenac Axis or Frontenac Arch = a narrow neck of Canadian Shield that eventually crosses the St. Lawrence River between Kingston and Brockville;  there are Lowlands on either side of the Axis  
Frontenac Axis is part of the Great Lakes-St. Lawrence Forest Region; similar in some ways to Algonquin but very different in others;
unusual mixture of species:  has typical Canadian Shield species including balsam fir, eastern hemlock, sugar maple, white pine, red oak, American beech,
 yellow birch 
then calciphilic plants: white trilliums, poison ivy  – these prefer basic soils
why?  Because there is some marble (this type is more correctly called crystalline limestone); metamorphosed limestone has lots of calcium

It also has plants typical of the Carolinian Forest Region to the south:  Shagbark Hickory, White Oak, Prickly Ash, Bladdernut, Deerberry, Pitch Pine
Carolinian animals:  Ribbon Snakes in beaver ponds, Five-lined Skinks, Black Rat Snakes, Cerulean Warblers, Red-bellied Woodpeckers

Frontenac Axis = recognized as special part of the world by UNESCO = United Nations Educational, Scientific and Cultural Organization: declared a World Biosphere Reserve in 2002 = Thousand Islands – Frontenac Arch Biosphere Reserve   

2) Lake Superior Great Lakes–St. Lawrence Forest Region has many more boreal aspects, even a bit of subarctic.  But also has the typical species that define the Great Lakes – St. Lawrence Forest Region
Lake Superior Provincial Park. (just south of Pukaswka Nat. Park) sits on the dividing line between the Boreal and the Great Lakes - St. Lawrence forest regions: 
It has boreal species in the north part of the park and shade-tolerant hardwood forests in the southern part of the park with sugar maple, yellow birch, red and white pines
spectacular shoreline:  similar to Pukaskwa:  dramatic rocks, volcanic basalt islands house diverse plants many of which are in the Superior Boreal
 including disjunct northern plants:  butterwort 
Famous granite rock at Agawa Bay in this park has aboriginal pictographs

3) Western or Prairie Great Lakes-St. Lawrence Forest Region:  lies to the west of Lake Superior near Lake of the Woods / Rainy River  
It is a most unusual part of Great Lakes - St. Lawrence forest region:  It is situated quite far north so it has boreal species such as Great Gray Owl  
Then it has flora and fauna typical of the Great Lakes-St. Lawrence Forest region such as White Pine and Red Pine
And it has species not typical of either the Boreal Forest or the rest of the Great Lakes-St. Lawrence Forest Region = prairie species
It is very flat:  although it is on the Canadian Shield, Glacial Lake Agassiz left behind large clay deposits = flat and rich (calcareous).  
          Much of the prairie and forest has been cleared for agriculture
The warm, dry prairie winds bring a prairie component:  Indian Paint-brush  
   prairie birds: Black-billed Magpies, Western Meadowlarks, Sharp-tailed Grouse, Sandhill Cranes; Marbled Godwits (prairie sandpipers) 
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Frontenac Axis = recognized as special part of the world by UNESCO = United Nations Educational, Scientific and Cultural Organization: declared a World Biosphere Reserve in 2002 = Thousand Islands – Frontenac Arch Biosphere Reserve   

Lake Superior Great Lakes–St. Lawrence Forest Region has many more boreal aspects, even a bit of subarctic.  But also has the typical species that define the Great Lakes – St. Lawrence Forest Region
Lake Superior Provincial Park. (just south of Pukaswka Nat. Park) sits on the dividing line between the Boreal and the Great Lakes - St. Lawrence forest regions: 
It has boreal species in the north part of the park and shade-tolerant hardwood forests in the southern part of the park with sugar maple, yellow birch, red and white pines
spectacular shoreline:  similar to Pukaskwa:  dramatic rocks, volcanic basalt islands house diverse plants many of which are in the Superior Boreal including disjunct northern plants:  butterwort 
Famous granite rock at Agawa Bay has aboriginal pictographs


WESTERN OR PRAIRIE GREAT LAKES-ST. LAWRENCE FOREST REGION: west of Lake Superior lies a most unusual part of Great Lakes - St. Lawrence forest region:  Lake of the Woods / Rainy River 
It is situated fairly far north so boreal species are present ( ie. Great Gray Owl) but has a mix species not typical of Boreal Forest or Canadian Shield flora and fauna
Main factors:   although on Canadian Shield, Glacial Lake Agassiz left behind large clay deposits = flat, rich (calcareous)
2) warm, dry prairie wind 
thus, prairie component:  Indian Paint-brush;  prairie birds: Black-billed Magpies and  Yellow-headed Blackbirds, 
also Am. White Pelicans are common;  prairie gull: Franklin’s Gull ; prairie grouse:  Sharp-tailed Grouse; prairie sandpipers:  Marbled Godwits, American Avocets 
Prairie mammals:  Franklin’s Ground Squirrels, White-tailed Jackrabbit;  even Badger–  Coyotes common – first entered Ontario here in 1900
Sandy islands:  Sable Island, nesting of Piping Plovers (endangered species) here in Lake of the Woods Prov. Park.

One other noteworthy part of western Great Lakes - St. Lawrence forest region with prairie relics:  Stanley – Hoary Puccoon:  prairie relicts are here because of the Hyspithermal 
see Nature Guide to Ontario 

Great Lakes–St. Lawrence Forest Region on Lowlands = Great lakes–St. Lawrence Lowlands (Physiographic Region) 
divided into two sections by Frontenac Axis:  Great Lakes Lowland to west of the Axis and Ottawa-St. Lawrence Lowland to the east 
Both are on sedimentary limestone and thus calcium is plentiful and there are many calciphilic plants such as Poison Ivy
also low, lots of clay in some areas because of Champlain Sea;  lots of clay = lots of standing water – much of lowlands cleared for agriculture
wettest areas still relatively forested 

Lowland has lots of wetlands because:
1)  relatively flat due to sedimentary limestone
2) Champlain Sea - left large beds of clay

Wetlands here are richer, warmer, more decomposition.  Another type of wetland that is much less common over most of Canadian Shield = Cattail marshes are common, especially along rivers; generally shallow water systems dominated by cattails: roots form floating mats 
Cattail marsh:  in early spring gets flooded: covered in water, lots of organic material on the bottom;  decomposed by anaerobic bacteria, 
then late summer drawdown of water;  drawdown =  exposes mud (like a beaver pond drying out), aerobic bacteria work on nutrients, then the marsh floods again in spring
IMPORTANT:  this annual periodic flooding and drawdown separates marshes from lakes and ponds

larger herbivores including beavers (eat roots) and Muskrats eat stems
Muskrats – not rats – like beavers they are rodents highly adapted for water;  not fully webbed feet, but hind toes are heavily fringed with hairs;  tail flattened from side to side (laterally) for steering
build dome houses of cattails and other plants but no sticks**,  usually used for only one year,
one of main predators = Mink, also Great Horned Owl – the owls nest in woods not in marshes but come to marsh to hunt muskrats at night
cattails food for small animals too:  caterpillars including caterpillars of Cattail Moth
marsh birds:  Red-winged Blackbirds, Marsh Wrens (good name for marsh bird!) both are polygynous
insects such as Midges are food for Skimmer dragonflies, Bullfrogs and Leopard Frogs food for Northern Water Snakes: frogs are food for several birds:  Great Blue Herons,  American Bittern:  also endangered species Least Bittern (tiny)
Other typical marsh birds: Virginia Rails – long toes for walking on mud and plants;  thin as rail = adaptation for walking between cattails
Cooper Marsh near Cornwall is an excellent marsh to visit

One habitat still relatively common in Lowland is Eastern White Cedar woods or swamps 
Cool, damp cedar woods are great for many calciphilic orchids including Striped Coralroot, Yellow Lady’s-slippers and Showy Lady’s-slippers 
(Purdon Conservation Area is famous for having thousands of Showy Lady’s-slippers)
Plant adaptations are for shade (large leaves, mycorrhizal associations – saprophytes, parasites)

REMINDER:  Sparrow’s-egg Lady’s-slipper = subarctic, Hudson Bay Lowland Forest Region, and Disjunct in Lake Superior Boreal;  Pink Lady’s-slipper = acidic coniferous woods; Yellow Lady’s-slippers and Showy Lady’s-slippers = basic cedar swamps in Great Lakes-St. Lawrence Lowlands

Very few peatlands due to warm conditions and richer basic conditions:  
1)  Mer Bleu – Ottawa east end ;  has rare Spotted Turtle 
2) Alfred bog:  Spotted Turtle also;  special plants:  Gray Birch, Massachusetts Fern 
Some fens:  Richmond Fen and White Lake fen have many orchids and other special organisms as per the class lecture
 
FORESTS IN THE LOWLAND ARE LARGELY GONE WITH SMALL POCKETS OR FRAGMENTS LEFT.
Forest Fragmentation creates problems:  
1) smaller area – some animals need larger area
2) lack of recruitment (other members of same species unable to reach the fragment of habitat due to its isolation)
3) predators, especially ground predators such as foxes, skunks, and house cats are able to penetrate into the woodlots
4) brood parasite - Brown-headed Cowbird – also can penetrate deeper and affect birds such as Ovenbirds
Wild Turkeys may also be having a negative effect on animals living in forest fragments

New habitats are formed:
Agricultural development creates field habitats 
1)  grasslands:  open sunny sites:  hayfields are open, sun-drenched habitats very much like prairie grassland
some ground nesting birds now more common:   Savannah Sparrow, Bobolink, Eastern Meadowlark 

2)  grazed fields good for two ground-nesting sandpipers:  Killdeer, Upland Sandpiper 
two types of grouse live in fields:  Gray Partridge, Ring-necked Pheasant  (both are non-native, Introduced species)

3)  tilled or ploughed fields:  very much like tundra coastal mudflats:
autumn:  used by migrating Lapland Longspurs, Snow Buntings, American Pipits and migrating shorebirds: Plovers, Canada Geese 
corn fields also good too for geese, migrating blackbirds 

4)  fallow or old fields = another habitat
many plants are non-native or alien:  known as weeds = generally non-native or alien plants growing where you do not want them to grow!
two other definitions:  a weed is a victim of prejudice;  a weed is a plant whose virtues have not yet been discovered

often get shrubs growing through old field – looks not unlike tundra with willow thickets, thus get some seed eaters from tundra in migration and winter:   Am. Tree Sparrows and Common Redpolls both feed on seeds in fallow fields 

Main herbivores:  
a)  Groundhogs 
b) *** Meadow Voles can be common:  food for Red fox and Coyote 
voles active year round, thus food in fall and winter for northern hunters such as Rough-legged Hawks, Snowy Owls, 
and from boreal forest – Northern Shrikes, Northern Hawk-Owls, Great Gray Owls
White-tailed Deer also benefit from old field habitat

5) old fields can simulate burntlands
dead trees part of ecology and cavity nesters too,  Eastern Bluebird (nest boxes do quite nicely)

Many plants in old field have adaptations for seed dispersal and plenty of sunlight (as in 1902 notes)  



NOTES WEEK 12
NATURAL HABITAT IN GREAT LAKES-ST. LAWRENCE LOWLAND = FLAT LIMESTONE PAVEMENT WITH THIN SOIL = ALVAR; RARE HABITATS WORLDWIDE – ALVARS FOUND AT ALMONTE (BURNT LANDS), KEMPTVILLE
A NUMBER OF SPECIAL PLANTS FOUND ON ALVARS: FRINGED GENTIAN; RAM’S-HEAD LADY’S-SLIPPER
A BIRD ASSOCIATED WITH ALVARS = LOGGERHEAD SHRIKE:  ALSO NESTED IN EARLIER TIMES ACROSS LOWLAND IN FIELD HABITAT TOO, NESTED IN HAWTHORNS – IMPALES PREY; NORTHERN SHRIKES USE THE SAME HABITAT IN WINTER

HUMAN DEVELOPMENT AND URBAN SITES:  PROVIDE NEST AND DENNING SITES (BUILDINGS) AND FOOD:  OUR GARBAGE AND PEOPLE LIKE TO FEED ANIMALS
SEVERAL BIRDS COMMON: HOUSE SPARROWS, EUROPEAN STARLINGS, ROCK PIGEONS – ALL NON-NATIVE, BROUGHT TO NEW YORK BY FANS OF SHAKESPEARE (1890S); PIGEONS ATTRACT PEREGRINE FALCONS, NOW NEST IN MOST MAJOR CITIES IN ONTARIO
SOME MAMMALS DO WELL:  GRAY SQUIRRELS, SKUNKS, RACCOONS, COTTONTAILS, EVEN RED FOXES & COYOTES
ANOTHER URBAN ATTRACTANT:  ORNAMENTAL FRUIT TREES PLANTED FOR FLOWERS IN SPRING
   IN WINTER GREAT FOR FRUIT-EATERS SUCH AS AM. ROBINS AND IRRUPTIVE SPECIES = BOHEMIAN WAXWINGS 
PART OF URBAN HABITAT IS BACKYARD WHERE TWO FACTORS ATTRACT CERTAIN BIRDS: WINTER FEEDERS AND CEDAR HEDGES: IMPORTANT FOR NORTHERN CARDINALS AND HOUSE FINCHES 
FEEDERS ATTRACT LOTS OF SMALL BIRDS IN WINTER THAT ATTRACT HAWKS:  BIRD HAWKS SUCH AS COOPER’S HAWK AND SHARP-SHINNED HAWK HAVE CHANGED THEIR MIGRATION PATTERNS AND WINTER FARTHER NORTH BECAUSE OF BIRD FEEDERS

EXTENSIVE ALVARS ARE ALSO FOUND IN THE OTHER LOWLAND THAT LIES ACROSS THE FRONTENAC AXIS  = GREAT LAKES LOWLAND – SIMILAR TO OTTAWA-ST. LAWRENCE LOWLAND BUT FARTHER SOUTH,  WARMER, PLUS EFFECTS OF GREAT LAKE MODERATE ITS CLIMATE AND SO FIND DIFFERENT SPECIES HERE  

ISLANDS IN THIS PART OF ONTARIO SERVE AS JUMPING OFF POINTS FOR MIGRATING BIRDS: UNLIKE THE THOUSAND ISLANDS, THESE ARE MADE OF LIMESTONE.
AMHERST ISLAND:  OLD FIELDS = MEADOW VOLES, CORE OF CEDARS AND JACK PINE PLANTATION ARE ROOST SITES FOR OWLS IN WINTER
SOME WINTERS ARE GREAT HERE FOR WINTER RAPTORS AND OWLS:  BOREAL, N. SAW-WHET OWLS

PRINCE EDWARD POINT – GREAT FOR MIGRATING BIRDS: AT THE TIP OF Point Traverse IS AN IMPORTANT BIRD BANDING STATION –THE AREA IS A NATIONAL WILDLIFE AREA  
NAPANEE PLAINS – HOME TO UNUSUAL SPECIES:  EASTERN RED CEDARS VERY COMMON – FOOD FOR OLIVE HAIRSTREAK RED CEDARS ARE NEST SITES FOR LOGGERHEAD SHRIKES 
FLOWERS:  PRAIRIE SMOKE – BEAUTIFUL FLOWER AND SEED HEADS 
INTRODUCED ANIMALS:  EUROPEAN HARE, RING-NECKED PHEASANTS ARE  FAIRLY COMMON 
PRINCE EDWARD POINT IS FASCINATING AREA – POINT OF LAND JUTTING OUT INTO WATER 
SURROUNDED BY LAKE ONTARIO, CLIFFS ON EAST, LARGE SAND DUNES ON WEST (SANDBANKS PROVINCIAL PARK)

ALVARS ARE ALSO COMMON IN ANOTHER PART OF GREAT LAKES – ST. LAWRENCE FOREST REGION ON THE GREAT LAKES LOWLAND:  THE BRUCE PENINSULA and MANITOULIN ISLAND

 EFFECTS OF GREAT LAKES ARE PREVALENT HERE
1) MILDER WINTERS - MORE FROST FREE DAYS (140);  
2) MOIST - WESTERLY WINDS OFF GREAT LAKES
CALCIUM-RICH SOILS, LOTS MOISTURE, MILD WINTERS = EXTREMELY RICH DIVERSITY OF PLANTS 

FAMOUS FOR FERNS - 50 SPECIES, SOME VERY RARE IN CANADA:  
FAMOUS FOR ORCHIDS - 44 SPECIES OF ORCHIDS GREATEST DIVERSITY IN ONTARIO  
PLANTS FROM ALL REGIONS:  SOUTHERN: YELLOW BIRCH, AMERICAN BEECH, PUTTYROOT; WESTERN = CALYPSO, INDIAN PAINTBRUSH; NORTHERN = BUTTERWORT, ALASKA REIN ORCHID = DISJUNCT POPULATION; EASTERN = BEACH PEA, SEA ROCKET
BECAUSE OF REMARKABLE DIVERSITY BRUCE PENINSULA IS CALLED “THE GARDEN OF NORTH AMERICA”  

WHY?  THERE ARE LOTS OF HABITATS (WITH LIMESTONE (DOLOSTONE) UNDERLYING ALL OF THEM)
a) TYPICAL GREAT LAKES-ST. LAWRENCE FOREST – 
b) ROCKY COASTLINE IN NORTHERN BRUCE, MANITOULIN ISLAND - COLDER,
        RELICT ARCTIC PLANTS – BUTTERWORT; ONE OF 10 SPECIES CARNIVOROUS FLOWERS FOUND HERE
c) FENS WITH GRASS PINK, PITCHER PLANTS, AND PRAIRIE SPECIES:  INDIAN PAINTBRUSH,  LITTLE BLUESTEM 
d) COASTAL SAND DUNES MARITIME PLANTS  SUCH AS BEACH PEA; 
	AND ** PITCHER’S THISTLE AND **HILL’S THISTLE – BOTH THISTLES ARE GREAT LAKES ENDEMICS
e) ALVARS ** TWO GREAT LAKES ENDEMICS FOUND IN THIS HABIAT; DWARF LAKE IRIS; LAKESIDE DAISY (PLUS A MOSS)
f)  CLIFF HABITAT:  BRUCE PENINSULA IS ON LOWLAND AND VERY FLAT FOR MUCH OF IT YET FAMOUS FOR TOPOGRAPHY WITH SPECTACULAR RELIEF = THE NIAGARA ESCARPMENT	
OVER 700 KM LONG CLIFF ESCARPMENT FROM NIAGARA RIVER (WHICH IS IN THE CAROLINIAN FOREST REGION) TO BRUCE PENINSULA AND MANITOULIN ISLAND
MANY RARE CALCIPHILES FOUND ON LIMESTONE CLIFFS INCLUDING HART’S-TONGUE FERN - BIGGEST COLONY IN NORTH AMERICA
ON CLIFFS ARE DWARF WHITE CEDARS ** OLDEST TREES IN NORTH AMERICA, SOME MORE THAN 1000 YEARS OLD
	
BRUCE PENINSULA ALSO HAS A SPECIAL ANIMAL: MASSASAUGA RATTLESNAKE  = ONLY POISONOUS SNAKE IN ONTARIO 
       THIS SPECIES IS ALSO IN THE CAROLINIAN FOREST REGION BUT IS MOST COMMON HERE
BRUCE PENINSULA IS A VERY SPECIAL PART OF GREAT LAKES–ST.  LAWRENCE FOREST REGION AND IS UNESCO SITE = NIAGARA ESCARPMENT WORLD BIOSPHERE RESERVE
READ IN Nature Guide to Ontario:  BRUCE PENINSULA NATIONAL PARK;   MANITOULIN ISLAND 

LAST FOREST REGION IN ONTARIO: THE CAROLINIAN FOREST REGION
MOST SOUTHERLY AND 2ND SMALLEST (TUNDRA BELT IS SMALLER BUT OF COURSE IT HAS NO CANOPY TREES)
THE CAROLINIAN FOREST REGION ALSO CALLED CAROLINIAN ZONE OR DECIDUOUS FOREST REGION AS IT IS A CONTINUANCE OF THE EASTERN DECIDUOUS FOREST IN USA 

MAIN CHARACTERISTICS:
1) TINY SIZE, AREA IS <O.25% OF ALL CANADA 
2)  INCREDIBLY RICH BIODIVERSITY
 >2000 SP PLANTS:  TREES - > 70, POSSIBLY 100 SPECIES = 2 X GL-SL (60), 3X BOREAL 
>400 SPECIES OF BIRDS RECORDED, MORE THAN 200 NEST HERE
>50 MAMMALS;   46 HERPS;    >125 FISH
UNLIKE GREAT LAKES-ST LAWRENCE FOREST REGION, MANY SPECIES OF PLANTS AND 
 ANIMALS ARE CONFINED TO THIS FOREST REGION; MANY REACH NORTHERN LIMITS HERE
	EXAMPLE: HERPS: FOWLER’S TOADS, SPINY SOFTSHELL

WHY SO MANY SPECIES?  
a) WARMEST PART OF ONTARIO AVERAGE DAILY TEMPERATURE = +8 TO +9 DEG C 
(THE +8 ISOTHERM IS THE NORTHERN BOUNDARY OF THE REGION) 
b) LONGEST GROWING SEASON IN ONTARIO 
c) PRODUCTIVE SOIL 
GLACIERS DROPPED OFF LOTS OF MATERIAL - MORAINES PRIMARILY
THEN GIANT LAKE WHITTLESLEY COVERED MOST CAROLINIAN REGION, SMOOTHED OUT THE GLACIAL DEBRIS, LEFT CLAY BEHIND IN THE HOLLOWS, AND THE RIVERS FLOWING INTO THE LAKE LEFT BEHIND HUGE SAND PLAINS 
** PRESENTDAY CAROLINIAN FOREST REGION 87% UNDERLAIN BY CLAY OR SAND PLAINS
        GREAT FOR DIGGERS:  BADGERS AND EASTERN MOLE FOUND IN THIS FOREST REGION
3) RARITY: GREATEST NUMBER OF RARE AND ENDANGERED SPECIES IN CANADA  
          >30 PERCENT OF CANADA’S THREATENED, RARE, AND ENDANGERED SPECIES 
 COSEWIC - COMMITTE ON STATUS OF ENDANGERED WILDLIFE IN CANADA DESIGNATES SPECIES STATUS
WHY SO MANY RARE SPECIES?    
	 a) SMALL SIZE
b) LOSS OF HABITAT – FOR EXAMPLE, ESSEX COUNTY HAS ONLY 2% OF ITS FOREST LEFT
c) NORTHERN LIMITS FOR MANY SPECIES, MORE COMMON IN SOUTH
            
MAJOR NATURAL HABITATS WITHIN REGION:
1)  DECIDUOUS (CAROLINIAN) FOREST: 
 MOSTLY DECIDUOUS HARDWOODS, ** FEW CONIFERS, NO WHITE SPRUCE OR BALSAM FIR; SOME HEMLOCK, E.WHITE CEDAR – SPARSE, ONLY IN N SECTION BUT WHITE PINES ARE COMMON!

VERY LITTLE OF THE ORIGINAL FOREST REGION IS UNALTERED
MOST COUNTIES LESS THAN 10% ORIGINAL FOREST LEFT; ESSEX COUNTY = LITTLE OVER 2%

IN THESE TINY FRAGMENTS OF FOREST ARE FOUND SOME VERY SOUTHERN TREES: SASSAFRAS, HACKBERRY, TULIP TREE, HACKBERRY IS FOOD FOR HACKBERRY BUTTERFLY, SOUTHERN SHRUBS: SPICEBUSH (SPICEBUSH SWALLOWTAIL), WITCH HAZEL, RICH DISPLAY IN SPRING EPHEMERALS INCLUDING MAY-APPLE
* IMPORTANT FEATURE OF THE FORESTS = ABUNDANCE OF VINES:  VIRGINIA CREEPER
BRISTLY GREENBRIER, WILD YAM, TRUMPET CREEPER, SUMMER GRAPE, MOONSEED, EVEN POISON  IVY GROWS AS A VINE

MANY ANIMALS ARE FOUND HERE BUT NO FARTHER NORTH IN ONTARIO (REACH THEIR NORTHERN LIMITS IN THIS FOREST REGION);   
	OPOSSUMS, WHITE-EYED VIREO, HOODED WARBLER 
	AND SOME ENDANGERED BIRDS:  ACADIAN FLYCATCHER AND PROTHONOTARY WARBLER 
OTHER HABITATS: 
2)   FRESHWATER MARSHES – SWAMP ROSE MALLOW FOUND HERE AND NO OTHER PLACE IN CANADA
	3)  GREAT LAKES – LOTS OF SPECIES OF FISH, INSECTS
	4)  ALVARS 

5)  PRAIRIE:  SEVERAL TYPES 

OAK SAVANNAH – DOMINATED BY OAKSINCLUDING RED OAKS, GRASS UNDESTORY
PINERY PROVINCIAL PARK: LOTS OF OAK SAVANNAH
MODIFIED BY LAKE HURON 
SERIES OF DUNES AND OLDER DUNES – DIVERSITY INCREASES AS YOU MOVE AWAY FROM THE WATER AND GO INLAND TO THE OLDEST DUNE RIDGES
SAND DUNES COLONIZED BY BEACH GRASS – EXTENSIVE ROOTS STABILIZE SAND
OTHER PLANTS:  BEARBEARY SPRAWLS ON TOP OF SAND
SEA ROCKET – SUCCULENT (RETAINS WATER)
GREEN MILKWEED AND ORANGE MILKWEEDS 
JUNIPER, RED CEDARS EVENTUALLY COLONIZE
THEN FINALLY OAKS AND WHITE PINES GROW
SHRUBS: WITCH-HAZEL. NEW JERSEY TEA
FIRE BURNS OFF UNDERSTORY AND SHRUBS – OAK SAVANNAH IS A FIRE-DEPENDENT HABITAT
N. PINE BARRENS TIGER BEETLE HERE

TALL GRASS PRAIRIE
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OJIBWAY PRAIRIE PROVINCIAL NATURE RESERVE; ALSO TALL GRASS PRAIRIE ON WALPOLE ISLAND 
	** MORE THAN 100 SPECIES OF RARE PLANTS IN CANADA ARE FOUND IN PRAIRIE REMNANTS 
TYPICAL TALL GRASS SPECIES:  PRAIRIE CORD GRASS, BIG BLUESTEM, AND INDIAN GRASS CALLED TALL BECAUSE THEY ARE REALLY TALL = 3 TO 4 M TALL

UNLIKE IN A FOREST, PRAIRIE FLOWERS PEAK IN BLOOM NOT IN EARLY SPRING BUT IN LATE SUMMER
PRAIRIE SPECIES INCLUDE:  CULVER’S ROOT, BLAZING STAR, PRAIRIE DOCK, PRAIRIE FRINGED ORCHID 
WALPOLE ISLAND: TALL GRASS PRAIRIE 
ALSO SHORT GRASS PRAIRIE (MEADOWS) WITH SMALL WHITE LADY’S-SLIPPER (ENDANGERED SPECIES)
PRAIRIE HARBOURS WESTERN ANIMALS: ******BADGERS IN HALDIMAND-NORFOLK COUNTIES (DID NOT MENTION IN CLASS BUT KNOW THAT THESE PRAIRIE ANIMALS ARE FOUND IN **** SOUTHWESTERN ONTARIO AND IN LAKE OF THE WOODS REGION

WHY PRAIRIE IN ONTARIO?     5,000 YA MAJOR WARMING TREND = HYPSITHERMAL, DURING IT PRAIRIE SPREAD NORTH INTO SOUTHWESTERN ONTARIO
**PRAIRIE ECOSYSTEM IS DRIVEN BY FIRE: 
1) FIRE BURNS OFF ORGANIC MATTER THAT PREVENTS SOME PLANTS FROM GROWING
2) REMOVAL OF SURFACE ORG LAYER LETS SOIL WARM EARLY, DRY EASILY 
3) SUPPRESSES SHRUBS AND YOUNG TREES THAT WOULD CREATE SHADE;  OLDER OAK TREES FIRE RESISTANT, SCARRED BUT LIVE

CONTROLLED BURNS ARE USED PERIODICALLY TO REGENERATE THE PRAIRIE
WARM AND DRY IN HYPSITHERMAL – THERE WERE LIKELY MORE FIRES CREATING AND MAINTAINING PRAIRIE HABITAT; EARLY NATIVES BURNED THE HABITAT TOO
EARLIER IN TIME THE PRAIRIES WERE MUCH MORE EXTENSIVE - PRAIRIES SHRUNK AS CLIMATE COOLED, EVENTUALLY AGRICULTURAL FIELDS 	REPLACED PRAIRIE
 BY MID-1800s, 390 SQ KM OF PRAIRIE LEFT IN THIS REGION; NOW A MERE 175 HECTARES 
PRAIRIE STILL FOUND NEAR WINDSOR: OJIBWAY PRAIRIE NATURE RESERVE; SOME ALSO ON WALPOLE ISLAND 

6)   SAND DUNE/BEACH COMPLEXES – SEVERAL LARGE SAND SPITS IN LAKE ERIE:    ALWAYS SHIFTING DUE TO CURRENTS,
	 RIDGE AND TROUGH PHYSIOGRAPHY LEADS TO WOODLAND SLOUGHS BEING FORMED
SHORELINES ARE STILL CHANGING - ISOSTATIC REBOUND AT EAST END STILL IS CONTINUING AT FASTER RATE THEN AT THE WEST END - WATER DRAINS AT EAST – LAKE LEVELS ARE RISING
FARTHER WEST, OLDER SHORELINES SUBMERGED BECAUSE WATER IS RISING ½ M PER CENTURY
    A) LONG POINT: MOST EASTERLY.  RUNS 32 KM OUT INTO LAKE
SHORELINE SANDS MOVE EASTWARD, OFFSHORE CURRENT CARRIES MATERIAL TO THE POINT FROM THE WEST SIDE 
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LONG POINT HAS SOUTHERN FLORA, YET SOME NORTHERN HERE TOO BECAUSE FARTHER OUT INTO LAKE - MORE MARITIME CLIMATE
COOLER BECAUSE DEEPER COLDER WATER, ALSO WEST WINDS PUSH ICE STACKS ON EASTERN END, SOME YEARS THESE STAY UNTIL LATE 	MAY AND DEPRESS THE TEMPERATURE

LONG POINT IS FAMOUS FOR ITS MARSHES AND WATERFOWL MIGRATION; ALSO LAND BIRD MIGRATION - LONG POINT BIRD OBSERVATORY BANDS THOUSANDS OF SONGBIRDS EVERY YEAR, ALSO N. SAW-WHETS IN FALL 
LONG POINT IS A UNESCO SITE:  LONG POINT WORLD BIOSPHERE RESERVE

B) RONDEAU PROVINCIAL PARK – ITS SLOUGHS ARE ONE OF LAST PLACES PROTHONOTARY WARBLER NESTS IN CANADA

C) POINT PELEE SOUTHERNMOST TIP OF CANADA = NATIONAL PARK
PELEE TIP POINTS STRAIGHT OUT FROM SHORE 16 KM; ONLY WEST SIDE HAS RIDGE AND TROUGH PHYSIOGRAPHY
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15% PELEE VEGETATION IS UNIQUE IN CANADA
MIXTURE OF HABITATS:  DRY HACKBERRY WOODS, SWAMP FOREST
	HOP-TREE FOOD FOR GIANT SWALLOWTAIL  
LARGE FRESHWATER MARSH - SWAMP ROSE MALLOW GROWS HERE
SANDY OPENINGS, OLD FIELDS = PRICKLY PEAR CACTUS GROWS
FAMOUS FOR BIRDWATCHING IN SPRING, LAKE REALLY MODIFIES THEIR CLIMATES, KEEPING COOLER IN SPRING = HOLDS BACK VEGETATION - NO LEAVES IN MAY- GREAT FOR BIRDWATCHING;  ALSO GREAT IN FALL FOR MIGRATION
ALL THREE SPITS AR  IMPORTANT STOPOVERS FOR MIGRATING BIRDS AND OTHER ANIMALS INCLUDING MIGRATING MONARCHS (IN THE AUTUMN ONLY) AND DRAGONFLIES (GREEN DARNERS)
 PROBLEMS:   RISING WATER, HIGH WINDS, LARGE TREES BLOWN OVER; WHITE-TAILED DEER EAT ALL THE REGENERATING GROWTH ISOLATION – NO RECRUITMENT

A SPECIAL PART OF CAROLINIAN FOREST REGION IS PELEE ISLAND:  IN LAKE ERIE. LIES DUE SOUTH FROM POINT PELEE 
**A NUMBER OF SPECIES FOUND ONLY ON PELEE ISLAND AND NOWHERE ELSE IN CANADA:
1) BLUE RACER - ONLY 200 LEFT, GREATEST THREATS ARE DEVELOPMENT, RELEASE OF WILD TURKEYS THAT MIGHT EAT THE BABY SNAKES
2) *** FOX SQUIRRELS – ONLY FOUND ON PELEE ISLAND! (KNOW THIS SPECIES THAT I DID NOT MENTION IN CLASS
CAROLINIAN FOREST REGION REALLY FASCINATING PART OF ONTARIO, SMALL BUT FASCINATING

WHAT A PROVINCE!  REMARKABLE!  EXPLORE IT!
I SINCERELY HOPE YOU DO YOUR VERY BEST ON THE FINAL EXAM, AND SEE A LOT MORE OF THIS AMAZING PROVINCE OVER THE YEARS TO COME.

GOOD LUCK and A++++++++  to you!

Michael Runtz
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