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SUMMARY

The Peel River watershed of

the Yukon Territory is a hotspot

of arctic and boreal biodiversity

in Canada.  Essentially the

only large tracts of the ancient

realm of Beringia to be found

in Canada are in the upper

Peel River drainage and

surrounding areas such as the

Porcupine Basin.  During the

Pleistocene glaciations, the steppes of Beringia stretched contiguously from

eastern Russia to interior Alaska and the Peel River.  This productive landscape

offered a refuge for many organisms that subsequently colonized the

circumarctic after the ice receded.  The exposed Bering land bridge that

connected Asia to North America for millions of years provided a route for

important exchanges of organisms among the continents.  Many of the species

entering North America spread through eastern Beringia and then south along a

discontinuous “ice-free corridor” running along the eastern edge of the Rocky

Mountains.  The Peel River ecosystem stands at the junction of Beringia and the

ice-free corridor, and

was thus a

fundamentally critical

crossroads in the

distribution and

exchange of organisms

during the Pleistocene

and Holocene. 

The Peel River watershed’s role as biogeographical nexus has left lasting

influence on the biota found there today.  Many of the organisms in the

ecosystem are Beringian relicts, with higher genetic or morphological diversity

there than anywhere else in their ranges.  For example, mustelid carnivores,

voles and lemmings, shrews, collared lemmings, and hares all have high genetic

diversity in the eastern Beringian realm.  Arctic ground squirrels, purple

saxifrage, and fly agaric mushrooms may have originated here and then spread

to occupy much of the rest of the arctic.  Pockets of spruce, birch, cottonwood,

and larch trees survived the glaciations in eastern Beringia and subsequently

expanded to form the boreal forests of today.  The Ogilvie Mountains to the west

of the Peel contain dozens of moss species found nowhere else in the Yukon

Territory.  Ice dams formed during the Pleistocene blocked the flow of the Peel

River on two occasions, causing it to switch its flow to drain west into the Yukon

River.  This “headwater-switching” facilitated the exchange of aquatic organisms

between the Yukon and Mackenzie drainages, and the Peel River thus contains

representatives of both of these major river systems.  
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Ice dams formed during the Pleistocene blocked the flow of the Peel River on several occasions,
causing it to switch its flow to drain west into the Yukon River. This facilitated the exchange of
aquatic organisms between the Yukon and Mackenzie drainages, and the Peel River thus
contains representatives of both of these major river systems. Photo: Theresa Gulliver[ ]
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For example, the Peel River contains remnant Beringian populations of lake

whitefish, northern pike, arctic grayling, slimy sculpin, and lake trout that are

genetically distinct from others of their species in the rest of Canada.  

As a large, substantially intact ecosystem in western Canada, the Peel River

drainage is an important storehouse of Arctic and boreal diversity; because of

this, its ecological integrity should be safeguarded into the future.  There are

many other reports summarizing various aspects of the biology and

management of the Peel River watershed.  Information on fish and fisheries can

be found in VanGerwen-Toyne (2003) and Anderton (2006).  Kenyon and

Whitley (2008) provide an assessment of water resources.  Grizzly bear habitat

evaluations in the Peel watershed are available in several reports by the

Canadian Parks and Wilderness Society (Machutchon 1997a, b).  Green et al.

(2008) discuss the international significance of the Peel ecosystem from the

viewpoint of wilderness values and recreation aesthetics.  The Resource

Assessment Report by the Peel Watershed Planning Commission (PWPC 2008)

provides an overall summary of various biological and policy aspects of the Peel

River management.  Our goal for this report is to fill an information gap by

providing a review of what makes the Peel River ecosystem ecologically and

biogeographically unique.

PART I: NEXUS OF FLORAL + FAUNAL INTERCHANGE
Beringia

At the end of the Pleistocene, about 27-14 thousand years ago (Dyke et al.

2002), global sea levels were lower, connecting Asia and North America via an

exposed land bridge.  The contiguous region known as “Beringia” included what

is now eastern Russia, Alaska (USA), and northwestern Canada.  Beringia was

mostly ice-free (Brigham-Grette 2001) and served as a refugium for many arctic

and boreal organisms.  There were other glacial refugia around the northern

hemisphere during the Pleistocene, but Beringia was the largest and likely the

most important (Hultén 1937, Sanmartin et al. 2001).  Many arctic and boreal

organisms persisted and even diversified here and then spread throughout the

rest of the circumpolar region following glacial retreat (Hultén 1937). 

The landscape of Beringia was composed of graminoid and forb steppe (Elias

2001, Swanson 2006) with the grasses dominated by species of Elymus,

Festuca, and Poa (Swanson 2006).  There were also pockets of conifer forest

(Brubaker et al. 2005, Anderson et al. 2006), possibly in moist valley bottom

habitats (Zazula et al. 2006b), as well as deciduous trees and shrubs such as 

Populus, Betula, and Alnus (Brubaker et al. 2005).  The transition zones

between tundra and forest habitats were in approximately the same locations
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Slimy sculpin.[ ] Poa porsildii is another beringian remnant. Photo: Bruce Bennett[ ]



they are found in today (Bigelow et al. 2003).  While all of Beringia was likely a

mosaic of arid steppe-tundra, mesic meadows, and forest patches, eastern Beringia

was generally more mesic than the western part of the region (Elias et al. 2000).

Climate in Beringia during the previous interglacial period (~60-26 thousand years

ago) is thought to have been warmer than today, with mean July temperatures in the

western Yukon Territory about 5ºC higher than at present (Elias 2001).  But during the

last glacial maximum in the late Pleistocene, the region was probably cold and dry

with harsh winters (Elias 2001).  

Beringia supported a diverse assemblage of large ungulates; grazers of graminoids

and forbs included horses, yaks, mammoth, saiga antelope, and bison, while caribou

and woodland muskox consumed more lichen, bryophytes, and fungi (Fox-Dobbs et

al. 2008).  These animals were hunted by wolves throughout most of the Pleistocene

as well as large cats and bears for more intermittent timeframes (Fox-Dobbs et al.

2008).  The giant short-faced bear of eastern Beringia appears to have been a

specialist on caribou (Fox-Dobbs et al. 2008).  The Beringian steppe-tundra may have

been similar to the ecosystems of Alaska’s north slope today with higher plant diversity,

higher availability of nutrients (particularly calcium), and fewer anti-herbivore plant

defensive compounds than the Alaskan and Yukon interiors today (Walker et al. 2001).

The arid steppe-tundra of western and eastern Beringia was split by the more mesic,

shrub-tundra dominated region of the Bering land bridge (now mostly submerged).

This wetter zone acted as a dispersal barrier for some species of ungulates,

carnivores, and beetles.  For example, woolly rhinoceros were only found west of

this divide and North American camels, kiangs (a type of horse), bonnet-horned

musk ox, and short-faced bears were only found to the east (Guthrie 2001, Elias and

Crocker 2008).  

Yet the exposed land bridge of Beringia also facilitated the spread of many

organisms between Asia and North America.  This dry land connection may have

lasted for up to 2.25 million of the last 2.5 million years (Elias et al. 2000).  Moose

(Alces), elk (Cervus), arvicoline rodents (Lemmus, Dicrostonyx, Microtus), pikas

(Ochotona), hares (Lepus), grayling (Thymallus), and bears (Ursus) spread eastward

(Waltari et al. 2007).  Lineages of marmots (Marmota), shrews (Sorex), and

grouse/ptarmigans (Tetraoninae) spread westward; different clades of ground

squirrels (Spermophilus) spread in both directions (Waltari et al. 2007).  Other

groups may have had their initial development in Beringia and then spread outward

in both directions, such as species complexes of Saxifraga, Vaccinium, and Amanita

muscaria (Waltari et al. 2007). 
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Eastern Beringia, on the North American side of the Bering land bridge,

comprises interior Alaska and parts of the Yukon Territory.  Most of the Yukon

Territory was glaciated during the Wisconsinan advance.  Essentially the only

large portion of the unique ice-free refugium of Beringia to be found in Canada

today is the upper Peel River drainage and adjacent areas such as the

Porcupine Basin.  Much of the Peel River was glaciated during the Wisconsinan

and previous advances but the upper region, west of the Bonnet Plume basin,

remained ice-free (Hughes et al. 1981, Zazula et al. 2004).  The Peel River,

currently a tributary to the Mackenzie, was blocked by ice several times during

the Pleistocene, forming large lakes (Bodaly and Lindsey 1977).  On at least two

occasions these lakes overflowed around the north of the Ogilvie Mountains,

forming a contiguous watershed with the westward-flowing Yukon River (Bodaly

and Lindsey 1977).  These events allowed for exchange of freshwater

organisms between the otherwise historically-separated drainages of the Yukon

and the Mackenzie.  The aquatic biota of the Peel River is therefore quite

unique, being an amalgamation of species from both of the two surrounding

larger rivers, as well as species that spread north from the Missouri drainage

following deglaciation (Bodaly and Lindsey 1977).

Massive biotic changes occurred in Beringia following glacial retreat and climate

change at the beginning of the Holocene.  Most of the region’s megafauna were

extinct by 11-10 thousand years before present (BP), either through the actions

of changing climate (Shapiro et al. 2004), overhunting by humans (Alroy 2001,

Burney and Flannery 2005), or both (Nogues-Bravo et al. 2008).  The removal of

the large ungulates may have triggered or facilitated a strong shift in the

vegetation from graminoid and forb dominated steppe tundra (the “mammoth

steppe”) to mossy tundra (Zimov et al. 1995).  Mosses retain more soil moisture

than graminoids, so the Beringian tundra today is wetter than at the end of the

Pleistocene (Zimov et al. 1995).  With a shift toward warmer and wetter

conditions, shrub and tree species spread.  By 10,000 years BP shrub-birch

tundra dominated most of eastern Beringia (Szeicz and MacDonald 2001).

Conifer trees spread as well; by 8,000 years BP spruce had expanded upslope

in the Mackenzie Mountains east of the Peel River watershed (Elias 2001,

Szeicz and MacDonald 2001).  The early Holocene may have been warmer than

today, with thicker spruce forests and higher treeline (Szeicz and MacDonald

2001).
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The ice-free corridor
Beringia was an important biogeographic crossroads where organisms spread

from the old world to the new, and vice versa.  Much of this floral and faunal

interchange took place via a long corridor of mostly ice-free habitat that

connected the Beringian steppes to the ice-free regions of the continental United

States (MacDonald and McLeod 1996).  During the last major glaciation, the

Wisconsinan advance, much of interior Canada was covered by the vast

Laurentide ice sheet while the Canadian west coast was covered by the

Cordilleran ice sheet.  In between, the ice-free corridor stretched along the

eastern edge of the Rocky Mountains.  

While today the grazing animals of the northern tundra and the great plains of the

continental United States are separated by boreal forest, in the Pleistocene and

early Holocene they would have been linked by a corridor of grassy habitat

(MacDonald and McLeod 1996).  The ice-free corridor may not have actually

been a single contiguous path at any one point; much of Alberta was covered by

ice during late Wisconsinan glaciation, 28-15 thousand years ago (Burns 1996,

Levson and Rutter 1996).  Megafauna and conifer fossils show that Alberta was

used extensively both before and after the maximum Wisconsinan advance

(Burns 1996).

Organisms spreading north along the corridor towards Beringia and Asia, or south

towards interior North America would have had faced the Richardson Mountains

in the Bodaly and Lindsey 1977, Catto 1996).  Thus the Peel River was a critical

part of the ice-free corridor, maintaining a route that allowed species to disperse,

spread, and intermix.  The evidence of this role remains on the landscape today –

the Peel River contains a biogeographically unique mixture of organisms by virtue

of being located at the junction of Beringia to the west and the ice-free corridor to

the south.  While most of the Peel River drainage remained ice-free throughout

the Pleistocene, a glacial advance did occur in the Bonnet Plume basin, reaching

as far as Hungry Creek (Catto 1996).  On two occasions, ice blocked the Peel

River, forming large lakes in the watershed; these could have been temporary

barriers to the dispersal of terrestrial organisms (Catto 1996) but facilitated

dispersal and interchange among freshwater species (Bodaly and Lindsey 1977).  

The ice-free corridor has been extensively researched for its possible role in

allowing humans to disperse from Asia to the Americas.  For several decades, the

predominant theory of human arrival in the new world was that bands of large-

mammal hunters, the Clovis people, migrated down the ice-free corridor from

Beringia and rapidly expanded to occupy most of the unglaciated regions of North

America as well as spreading throughout South America.  But more recent

evidence casts doubt on this theory.  The earliest estimated dates of human

arrival in the unglaciated areas of what is now the United States have been

pushed back to >11,000 years ago, prior to the opening of the ice-free corridor

(Arnold 2002).  These revised dates also significantly pre-date remains in the

corridor itself (Beaudoin et al. 1996).  Moreover, precise dating of archaeological

remains in Alberta suggests that Clovis people colonized southern portions of the

ice-free corridor from the south rather than in a wave from the north.  A

predominant current theory hold that the earliest Americans arrived from Asia by

skirting the Cordilleran ice sheet along the Pacific coast (Fagundes et al. 2008).

An alternative hypothesis postulates that humans came from Europe via the ice-

free edge of the Laurentide ice sheet along the Atlantic coast (Bradley and

Stanford 2004).
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Mountains of Yukon’s Peel Watershed ecosystem stood at the junction of Beringia and
the ice-free corridor., and were thus fundamentally critical crossroads in the distribution
and exchange of organisms during the Pleistocene and Holocene.  Photo: Peter Mather[ ]



However, though the ice-free corridor is no longer generally viewed as the route

that humans took to initially colonize the Americas, the corridor was undoubtedly

important for the dispersal and colonization of many other organisms.  For

example, the opening of the corridor may have allowed an influx of Beringian

bison to reach areas in western Canada farther south (Wilson 1996).  

Current biota of the Peel River watershed
The Peel River flows into the Mackenzie, and drains 68,872 km2. It has three

tributaries arising in the Richardson Mountains to the north, the Caribou, Trail,

and Road Rivers, and six tributaries draining from the Ogilvie and Wernecke

Mountains to the south and west, the Ogilvie, Blackstone, Hart, Wind, Snake,

and Bonnet Plume Rivers (Green et al. 2008).  The Peel River ecosystem

comprises mountainous terrain mainly covered by boreal forest and tundra.  The

forests are primarily spruce (Picea spp.) with larch (Larix), paper birch (Betula

papyrifera), aspen (Populus tremuloides), and balsam poplar (P. balsamifera).

The shrubs are dominated by birch (Betula spp.), willow (Salix spp.) and alder

(Alnus spp.).  Large mammalian herbivores in the system include caribou

(Rangifer tarandus), moose (Alces alces), and Dall’s sheep (Ovis dalli).  These

animals are hunted by wolves (Canis lupus) and grizzly bears (Ursus arctos). 

The porcupine caribou herd, one of the largest in the western North American

arctic, calves on the coastal plain of Alaska but has part of its winter range in the

Peel River watershed (CPAWS-YUKON 2002).  The headwaters of the Bonnet

Plume, Snake, and Wind Rivers in the Mackenzie Mountains support the largest

herds of woodland caribou in the Yukon Territory, the Hart River and Bonnet

Plume herds, as well as the smaller Clear Creek herd (CPAWS-YUKON 2002).

The lower Peel River is important nesting ground for raptors such as peregrine

falcons (Falco peregrinus), gyrfalcons (F. rusticolus), bald eagles (Haliaeetus

leucocephalus), and osprey (Pandion haliaetus), while the north Ogilvie

Mountains at the west edge of the Peel watershed have high densities of nesting

golden eagles (Aquila chrysaetos). The Peel River serves as a migration route

for waterfowl, many species of which also nest in the wetlands of the watershed

(CPAWS-YUKON 2002).  The only two breeding populations of surfbird (Aphriza

virgata) in Canada are found in the headwaters of the Peel and Porcupine

Rivers (CPAWS-YUKON 2002).  

The Peel River contains several fish species that spawn in its waters and then

migrate to the Beaufort Sea; many of these are important subsistence food for

the local Gwich’in people (VanGerwen-Toyne 2003).  These anadromous

species include broad whitefish (Coregonus nasus), least cisco (C. sardinella),

arctic cisco (C. autumnalis), and inconnu (Stenodus leucicthyes) (VanGerwen-

Toyne 2003).  The Peel River also has reports of apparently stray anadromous

chum salmon (Oncorhynchus keta) (Stephenson 2006) and some reports of pink

salmon (O. gorbuscha) (Stephenson 2006).  More detailed information on fish of

the Peel River can be found in VanGerwen-Toyne (2003) and Anderton (2006).
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The Peel River drainage is a large, mainly intact ecosystem in western Canada,
and an important storehoue of arctic biodiversity.  Photo: Juri Peepre[ ]



PART II: BIOGEOGRAPHICALLY UNIQUE ORGANISMS
OF THE PEEL

Hultén (1937) initially suggested the ice-free realm of Beringia served as a

refuge for boreal and arctic biota during Pleistocene glaciations, and as a source

population from which the organisms recolonized the circumarctic during

interglacial periods.  This hypothesis has been supported for a number of

different taxa, which we review below.  Indeed, the formerly-contiguous region of

Beringia can be considered a critical glacial refuge and a hotspot of genetic

diversity for arctic and boreal organisms (Elias 2001, Cook et al. 2005, Geml et

al. 2006).  Nearly all of western Canada was glaciated during the Wisconsinan

advance (Marr et al. 2008).  The only large portions of unglaciated Beringia to

be found in Canada are in parts of the Yukon Territory, particularly the Peel River

drainage and surrounding areas such as the Porcupine Basin and Richardson

Mountains (CPAWS-YUKON 2002).  There are no known endemic species in the

Peel River watershed; this is to be expected, since arctic organisms generally

have very large distributions (Hultén 1937).  However, the Peel River drainage is

nonetheless an incredible storehouse of Canadian biodiversity by virtue of being

a large, intact ecosystem and the main representative of Beringia – the hotspot

of arctic and boreal biodiversity – in Canada.

Habitat features

The World Wildlife Fund for Nature (WWF) has demarcated biogeographically-

distinct “ecoregions” around the world.  The Peel River drainage spreads across

four ecoregions, the Northern Canadian Shield Taiga, the Northwest Territories

Taiga, the Low Arctic Tundra, and the Ogilvie-Mackenzie Alpine Tundra.  Of the

four, the Peel River is most significant for its coverage of ~20% of the total

global area of the Ogilvie-Mackenzie Alpine Tundra ecoregion (Green et al.

2008).  More detailed information on ecoregion coverage and other habitat

features of the Peel River can be found in Green et al. (2008).  

Fish

As reported above (see the Beringia section in Part I), the Peel River effectively

switched directions at least twice during the Pleistocene, affording opportunities

for dispersal and intermixing among the freshwater organisms of the Yukon and

Mackenzie Rivers.  Bodaly and Lindsey (1977: 388) report that, 

“The unusual Pleistocene history of the Peel River system of central Yukon

Territory in Canada has been of particular importance to the dispersal of

freshwater organisms…The evidence suggests that the Peel region is unique in

Canada in that it probably contains relict populations not only of fish but of other

animals and plants. These populations are of great intrinsic interest but are

potentially susceptible to destruction by man.” 
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Lake whitefish (Coregonus clupeaformis complex) survived the late Pleistocene

glaciations in Beringia and Mississippi refugia (Franzin 1974); following

deglaciation, individuals from the latter refuge spread north to occupy much of

the Mackenzie drainage (Bodaly and Lindsey 1977, Franzin and Clayton 1977).

Yet the only lake whitefish to occupy the Peel River drainage are in Margaret

Lake and the Quartet Lakes; they lack any surface connection to rivers of the

Peel drainage and show allelic signatures of a remnant Beringian population

rather than dispersal from the Mississippi refuge via the Mackenzie (Bodaly and

Lindsey 1977).  Likewise, slimy sculpin (Cottus cognatus), northern pike (Esox

lucius), arctic grayling (Thymallus arcticus), lake trout (Salvelinus namaycush) in

the Peel drainage are all of Yukon River origins (Bodaly and Lindsey 1977).  

These represent remnant Beringian populations and are thus genetically unique

from other Canadian members of the same species.  The Peel drainage

supports a mixture of long-nosed sucker (Catostomus catostomus) races from

Beringia as well as Mississippi ancestors (Dillinger et al. 1991).  Beringia served

as a refuge for long-nosed suckers (McPhail and Taylor 1999) and lake trout

(Wilson and Hebert 1998) during the Wisconsinan advance.  Beringia also

protected two separate populations of arctic grayling, a “north Beringia” group in

what is now northern Alaska and the Yukon Territory and a “south Beringia”

group in western Alaska and British Columbia (Stamford and Taylor 2004).  

Terrestrial vertebrates

There is substantial phylogeographic structure in mustelid carnivores (Fleming and

Cook 2002), voles and lemmings (Galbreath and Cook 2004), shrews (Demboski

and Cook 2003), arctic ground squirrels (Eddingsaas et al. 2004), collared lemmings

(Fedorov and Stenseth 2002), and hares (Waltari et al. 2004) in the eastern

Beringia, implying that these species persisted here during the Pleistocene

glaciations (Cook et al. 2005).  Indeed the arctic ground squirrel (Spermophilus

parryii) may have evolved in and be well adapted to the steppe-tundra habitats of

Beringia (Zazula et al. 2006a, Zazula et al. 2007).  The long isolation of Beringian

biota during the Pleistocene glaciations has resulted in unique coevolutionary

diversification of arvicoline rodents and their endoparasites in the region (Haukisalmi

et al. 2004).  In some cases these refugia served as source populations from which

organisms recolonized the arctic when the glaciers retreated, though in other cases

the Beringian populations did not spread but retained unique genetics that continue

to set them apart from other arctic populations.  For example, lemmings (Lemmus

spp.) show intraspecific endemism in Beringia that is detectable genetically but not

morphologically (Fedorov et al. 2003).  The arctic hare Lepus othus has a

monophyletic Beringian lineage demonstrating the genetic effects of this glacial

refuge for this species (Waltari and Cook 2005).  The distributions of L. othus and L.

arcticus meet at the Mackenzie River, suggesting that the two species radiated from

respective refugia in Beringia and the Canadian high arctic following glacial retreat
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(Waltari et al. 2004).  Though the Mackenzie River serves as the eastward

distributional limit for several Beringian taxa (Waltari et al. 2004), this likely arose only

subsequent to glacial retreat since most of the Mackenzie, other than the Peel River

drainage, was glaciated during the Wisconsinan advance (Bodaly and Lindsey 1977).

The genetic evidence of Beringian refugia can generally still be found in organisms

that do not disperse over large distances, such as the rodents, hares, and shrews

discussed above.  In contrast, gyrfalcons (Falco rusticolus) may have also survived

the last glacial maximum in a single refugium such as Beringia, but their dispersal

abilities are so great that they are now genetically indistinct across Canada, Alaska,

and Norway (Johnson et al. 2007).  Still other species colonized Beringia from the

south following glacial retreat, such as the southern red-backed vole (Clethrionomys

gapperi) (Runck and Cook 2005, Jung et al. 2006).  

Invertebrates

Morphological and genetic data show that species in the Ilybius angustior complex

(Coleoptera: Dytiscidae) diversified and radiated within the Beringia refugium

(Nilsson and Ribera 2007).  Small crustaceans in the genus Daphnia pulex species

complex form the basis for many aquatic food webs across Canada; this lineage

persisted and diversified in the eastern Beringia refugium and subsequently

colonized other parts of Canada (Weider and Hobæk 2003).

Plants

Several widespread arctic herbs have high genetic diversity in Beringia

compared to the rest of their range, including a Cassiope tetragona (Eidesen et

al. 2007), Saxifraga oppositifolia (Abbott et al. 2000), Vaccinium uliginosum

(Alsos et al. 2005), and Oxyria digyna (Marr et al. 2008).  Indeed, S. oppositifolia

likely originated in Beringia and spread from there to achieve its current

circumarctic distribution (Abbott et al. 2000).  The circumpolar Juncus biglumis

survived and diversified in several glacial refugia around the northern

hemisphere, including a radiation in Beringia (Schönswetter et al. 2006).

Another Beringian relict, Poa porsildii, considered vulnerable in Alaska and rare

in the Yukon Territory, is found in the upper reaches of the Peel watershed near

the headwaters of the Blackstone and Hart (CPAWS-YUKON 2002).  

Eastern Beringia, comprised of Alaska and the ice-free portions of the Yukon

Territory (primarily the Peel River drainage) also served as important refugium

for boreal trees.  While Beringia was generally a grassy steppe (Elias 2001,

Guthrie 2001), pockets of trees remained in the region and, when the ice sheets

melted, these trees spread to help form the boreal forests of today.  For

example, white spruce (Picea glauca) mitochondrial haplotype diversity is

currently higher in Alaska than elsewhere in North America, implying that eastern

Beringia served as a refugium for spruce (Anderson et al. 2006).
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The unglaciated parts of the Yukon Territory may have served as a northern refuge for

lodgepole pine (Pinus contorta ssp. latifolia) as well, with populations there retaining

unique haplotypes (Godbout et al. 2008).  Fossil pollen also indicates that eastern

Beringia contained remnant populations of Betula (birch) trees and shrubs and possibly

Populus (cottonwood) and Larix (larch) trees (Brubaker et al. 2005).  After the glaciers

receded, these refugia served as source populations from which boreal trees and shrubs

re-colonized the region.  Recently-discovered outbreeding Cypripedium passerinum

orchids from the Yukon Territory are likely a relict population from the Beringian refugium

(Catling and Bennett 2007).  Throughout most of the rest of its Canadian range, C.

passerinum are self-pollinating, an adaptation that probably facilitated rapid colonization

of newly exposed lands as the Pleistocene glaciers retreated (Catling and Bennett

2007).  

As elsewhere, non-vascular plants are less well-studied in Beringia and the Peel River

than their vascular counterparts.  Yet the Peel may contain several unique bryophyte

taxa.  The Ogilvie Mountains, forming the boundary between the watersheds of the Peel

and Porcupine Rivers, contain 96 species of moss that may occur nowhere else in the

Yukon Territory (Vitt 1976). 

Fungi

Fungi receive less scientific attention than many other taxa, but are critical

components of many terrestrial ecosystems, helping recycle nutrients and forming

mutualistic associations with plants.  A widespread and relatively “charismatic”

fungus, the fly agaric (Amanita muscaria) was recently found to actually consist of

three genetically distinct clades throughout its circumpolar range (Oda et al. 2004).

Yet all three of these cryptic lineages coexist in eastern Beringia; the region likely

served as a glacial refugium for the taxon, from which it diversified and subsequently

colonized the northern hemisphere (Geml et al. 2006).  Indeed, Geml et al. (2006:

237) state that, “…Beringia is not only the original and longest inhabited region for

many plant and animal taxa, but may represent a biodiversity ‘hotspot’ for high-

latitude ECM [ectomycorrhizal] fungi as well”.  Ectomycorrhizal fungi are soil-based

fungi that form mutualistic associations with plant roots, allowing vascular plants

greater access to nutrients and water. 
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PART III: CONCLUSIONS

A fundamental finding of the field of conservation biology has been that effective

conservation requires the protection of large landscapes (Soule and Terborgh

1999).  This is particularly true in boreal and arctic ecosystems (Weaver 2006),

where many organisms naturally occur at low densities and range widely.  The

Peel ecosystem is a large, mainly intact wilderness with great variation in

topography and habitat and harboring many unique organisms.  By virtue of

being the main Canadian representation of the Beringian biogeographic region,

it serves as a storehouse of biodiversity for the nation.  Green et al. (2008)

argue that the presence of the Dempster highway has degraded the western

portion of the Peel.  This may be true from the standpoint of wilderness

aesthetics, yet we feel that the entire Peel ecosystem is critical from ecological

and biogeographic perspectives.  Although roads have indubitable ecological

impacts (Forman and Alexander 1998), in the case of the Dempster highway,

these effects are likely to be relatively limited.  First of all, the highway is

seasonal.  Second, and perhaps most importantly, the road has not currently

been accompanied by major infrastructure development and associated

increases in human impact in the Peel watershed.  The road has facilitated

caribou hunting, but for many other species the ecological impacts of the

Dempster highway are unlikely to propagate very far past the actual roadbed.

This is not to say that building roads through wilderness areas is acceptable,

only that their creation should not serve as an excuse for further development.  

The importance of the Peel River ecosystem is not limited to its role in harboring

biodiversity and relicts of the past.  As discussed in this report, the Peel River

stands at an ecological crossroads, connecting boreal forests, arctic tundra, and

alpine habitats.  Given the pace of current climate change (Walther et al. 2002,

Parmesan and Yohe 2003, Root et al. 2003), the Peel River may once again

become a crucial corridor for the shifting distributions of species.  Probably the

best way that we can manage natural systems so as to ensure resilience to

climate change is through protecting large habitat areas and links between

different ecosystems (Honnay et al. 2002, Opdam and Wascher 2004, Heller

and Zavaleta 2009).  The Peel River is exactly such a place – large,

untrammeled, and providing linkage between different elevations, habitat types,

latitudes, and biomes.  Moreover, the Peel River ecosystem stands at the

northern terminus of the continental-scale habitat connectivity plan envisioned by

the Yellowstone to Yukon Project (Schultz 2008). 

It would be difficult to predict the extent to which any given development project

in the region would degrade the ecological resiliency of the Peel.  Yet the best

way to avoid the death-by-a-thousand-cuts is to prevent that first cut.  
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Taxon

Amanita
muscaria
complex

Cassiope
tetragona

Vaccinium
uliginosum

Juncus biglumis

Saxifraga
oppositifolia

Oxyria digyna

Cypripedium
passerinum

Common name

Fly agaric

Arctic white
heather

Arctic blueberry

Two-flowered
rush

Purple saxifrage

Mountain sorrel

Sparrow’s-egg
lady’s-slipper
orchid

Lineage (family)

Fungus
(Amanitaceae)

Vascular plant
(Ericaceae)

Vascular plant
(Ericaceae)

Vascular plant
(Juncaceae)

Vascular plant
(Saxifragaceae)

Vascular plant
(Polygonaceae)

Vascular plant
(Orchidaceae)

Beringian diversity

Genetic data show a
Beringian origin for
the species complex;
the highest genetic
diversity is still
found in Beringia.

Species originated in
Beringia, has the
highest genetic
diversity there, and
subsequently
radiated to a
circumpolar
distribution.

Beringian lineage
has 7 unique
haplotypes.

Genetic data show in
situ radiation in
western Canadian
glacial refugia.

cpDNA shows a
Beringian origin and
subsequent
circumpolar
radiation.

Genetic data show
high diversity in
Beringia.

A recently-
discovered
outbreeding
morphotype in the
Yukon Territory
suggests a relictual
Beringian population

Reference

Geml et al.
(2006)

Eidesen et al.
(2007)

Alsos et al.
(2005)

Schönswetter
et al. (2006)

Abbott et al.
(2000)

Marr et al.
(2008)

Catling and
Bennett
(2007)

Rangifer
tarandus

Lepus othus

Dicrostonyx
groenlandicus

Lagopus mutus

Coregonus
clupeaformis
complex

Cottus cognatus

Esox lucius

Thymallus
arcticus

Caribou/reindeer

Arctic hare

collared
lemming

rock ptarmigan

Lake whitefish

Slimy sculpin

northern pike

arctic grayling

Mammal
(Cervidae)

Mammal
(Leporidae)

Mammal
(Cricetidae)

Bird
(Tetraonidae)

Fish
(Coregonidae)

Fish (Cottidae)

Fish (Esocidae)

Fish
(Salmonidae)

Most extant caribou
share mitochondrial
genes from a
haplogroup that
persisted in Beringia
and Eurasia during
the Pleistocene.

Monophyletic
Beringian lineage
separate from other
lineages.

Haplotypes suggest
eastern Beringia
refugium during the
Pleistocene.

mtDNA shows
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to Aleutians.

Allelic frequency and
gill morphology
suggest a remnant
Beringian population
in Lake Margaret.

Morphology
suggests a remnant
Beringian population
in the Peel drainage

Morphology
suggests a remnant
Beringian population
in the Peel drainage.

Morphology
suggests a remnant
Beringian population
in the Peel drainage.

Flagstad and
Røed (2003)

Waltari et al.
(2004),
Waltari and
Cook (2005)

Fedorov and
Stenseth
(2002)

Holder et al.
(2000)

Bodaly and
Lindsey
(1977),
Franzin and
Clayton
(1977)

Bodaly and
Lindsey
(1977)

Bodaly and
Lindsey
(1977)

Bodaly and
Lindsey
(1977)
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