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A Abstract

lmpendlng ‘mineral development of the Macmullan ‘Pass/SheIdon Lake region
prompted the Yukon Government to undertake a biophysical inventory of the area. A major
objective was to map soils, surficial geology and vegetatlon The data collected for use in
" the vegetatton component of thls mventory are presented and discussed-in this thesis. The
ob{ectlves were to 1) classify and 2) describe the vegetatlon communmes of the area, and‘
3) postulate on whlch envuronrhental factors coutrol the distribution-of these commumtles '

'* Four hundred and fifty- four sites, located in ca. 13.000 km were surveyed for
floristic composmon species cover and' physncal si’ 2 properties. To aid in analysis the data :
set was lelded into three ecological zones: 1 forevted 2) non-forested subalpine and
alpine, and 3) non-forested below treelune. Each zone was analyzed separately. Sites were
- classified using complete-linkage cluster analysis. Sites and species were ordi'nated using
’ detrended correspondence analy5|s (DECORANA). Site position along the ordination axes
was COrrelated with envnronmental varlables to determine major controlling envuronmental. v
factors.

Twenty- esght communlty types (CT) and 42 tentative community types (TCT) were .
recogmzed 9CT'sand 21 TCT s in the alplne/nonforested subalplne zone; 12 CT'sand 8
TCT s in the forest zone; and 7 CT's and 12 TCT's in the below treeline, non- forested
;zone Soil moisture appeared to be the major controlhng enwronmental factor in both of

. the non-forested zones. whlle soil pH and nutrlent status appeared to be the major

controlling factors in the forested zone. -
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o Y Introduction . &
The data used- in this thesis vWere collected for use in a biopnysical inventory Q
l program under‘taken by the Department ot Renewable Resourcesy Government of the |
Yukdn, under the auspices of the Canada-Yukon ' Territorial Subsidiary Agreement on
Renewable Resource Development. This agreement signed in April 1979 by the federal
departments of Indian and Northern Development (DIAND) and Reglonal and Economic
Expansion (DREE), and the Yukon Terrltorlal Governrﬁent allowed these partles to finance
'and initiate programs that would expand the resource mformatlon base to aid in the
planning of social and economic development and the management of the terrltory s
natural resources. lmplementatlon of these projects was the responsibility of the Yukon
Government (Davies et. al. 1983). '
: Program | of the subsidiary agreement, entitled "Renewable Resourge Information
© and Analysns was intended to provn’de information pertalnlng to renewable resources
located -in hlgh priority areas of the territory. Hugh prnorlty areas were indentified by the
'Program | Subcommittee which determined that comprehensive resource inventories
should be carried out in such areas. The inventory was to provide standardlzed resource
basellne maps at a scale of 1:100,000 to be utlllzed in the preparatioh of reglonal plans.
The Macmillan Pass/SheIdon Lake region was recognlzed as a hlgh priority area,
mainly because o?f its high potentlal for mineral development. The decnsmn to inventory the
area was made durmg the sprlng of 1981 when there was much mlneral exploratlon
activity in the area. Amax Northwest Mining Company Ltd. was and still is, conS|der1ng
development of a tungsten deposit (MacTungl located on the border between the Yukon o
and the Northwest Territories (Amax-1978). Two other promising properties for potential '
mineral development were the Jason property, then owned by Pan Ocean Qil, and the Tom
property owned by Hudson Bay Exploration. These are lead-zinc- sllver properties SItuated /
close to Macmillan Pass along the Canol Road. There were, and still are, numerous other
mineral claims staked, many of them by large mining concerns such as Union Carblde,
Canada Tungsten, British Newfoundland, Cominco Ltd., and Noranda (Claim ownership
maps, 1984). | | \ |

- The possihility of three operating mines, ‘with associated mills, townsites, airstrips

r

" and roads, necessitated a resource inventory program. A resource inventory with surficial

f

1 ' d
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geology soils, vegetatlon "aquatics and archeology components was carried out by the
Department of Renewable Resources between June 15 and August 25, 1981. The author
was responsible for planning and con,ducting the vegetation component of the inventory.

)

1.1 Statement of Ob]ectives
\

The objectives of this study were 1) to cIassufy and 2) describe the vegetation

,\\\ communities of the Macmil\an Pass/ Sheldon Lake area of the the Yukon Territory, and 3)

To elucidate the major environmental factors contrdlling the dlstrubutuon of these

A \ -
communmes and their associated species. '



K /2. Study Area o "

2.1 Location

The Macmillan Pass s_tudy area is located in the east-central Yukon, between 129" .
and 132" W dlongitude, and 62° 3Q"énd 63" 30" N latitude. (Fig. 1 ahd App. VI It is
bounded on the east by the -.Northwest Territories bord.er, geographically the cont‘inental
divide. It is approximately 13,000 km? in erea. The North Canol Road, from Ross River,
Y.T.. to Norman Waells, N.W.T., bisects the study area from southwest to northeast. The
ro.ad crosses the Yukon River-Mackenzie River divide at Macrnillan Pass situated on the
Yukon-Northwest Territories border. The area is relatively uninhabited at present except
for a few mining camps, a highway maintenance camp near Sheldon Lake, a trapper's eabin
at Dewhurst Creek, and a big game outfitter's camp on Keele Lake.

There are numerous smal! lakes in the study area. Niddery Lake drains into the Hess
River,’bragon Lake into the Riddell Rivver; Itsi Lakes, John Lake, Lewis Lake and Sheldon

3

Lake into the Ross River; and Fuller Lake into the South Macmillan River.

2.2 Physuography v ' . ' -

The study area encompasses parts of the Selwyn Mountain and Eastern Yukon
Plateau ‘physmgraphlc ‘units of Bostock (19(_35). Within the study area, -the Selwyn
Mountains are subdivided by the ‘Ross River into the Hess Mountains to the north and the
Logan Mountams to the south. The Eastern Yukon Plateau, which extends far into the
. Selwyn Mountains in the area between the Hess and Logan Mountalns is subdivided lnto
the Macmlllan and Pelly Plateeus roughly along the height-of-land between the Macmillan
and Ross Rivers (Fig. 1). |

Drainage is generally to the southwest into the Yukon Fhver system via the Hess,
) Macmlllan Ross, Pelly and Prevost Rivers. The terrain is charactenzed by hlgh rugged
mountains rnsmg tq the continental' divide in the no\(theast but becomes more gentle and
" rolling in the plat‘eau region towards the southwest corner of the study area. Maximum . -

relief ranges from 850 m elevation ASL in the southwestern valley bottoms to 2952 mat,

the summit of Keele Peak in the north-eastern corner. - .
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Figure -1. Macmillan Pass/ Sheldon Lake study area location. Two .z < rsiograohic
regions occur in the study area: the Eastern Yukon Plateau region, reoreser  ~ v the -elly

Plateau: and the Selwyn Mtn. region, represented by the Hess and Logan M
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2.3 Geology

N

The geology of the study area is very complex W|th Paleozmc shale and chert

predominating (Abbott,.pers. com.} . In the extreme northeast corner near Keele Peak and -

_in the southwest corner Proterozoic sedimentary and minor volcanic strata are evident.
L4 .

Cretaceous granite intrusions are cémmon and form the major peaks such as Mt. Sheldon,

Keele Peak, and the Itsi Range Along the eastern edge of the study area near the

‘ Northwest Territories border, dolomlte and limestone, more typacal of the Mackenzie
“Mountains, may be found These result in basic sorls atyplcal of the.rest of the study aréa
b«(Abbot ‘pers.com.). Quaternary unconsolldated glac1al and alluwal deposnts blanket the

' 'maJor valleys to ca. 1000 m (Roddick and Green 1861).

The plateau portion of the study area is mostly drift-covered and underlain’ with

two major bedrock types: Paleozoic' chert and'shale in the north, central and east of the

plateau; and older Proterozoxc shale and slate south of the South Macmlllan River and west
of 131" W longitude. The Iatter area contatns a dlscontlnuous band of crystalhne limestone
located between the South Macmillan and Riddel! Rivers. Late Mesozom granitic intrusions,
composed mostly: of granodiorite are infrequently scattered throughout the plateau,"
notably at Mt. Sheldon. In the extreme southwest corner of the study area, more recent
Cenozonc volcanic flows of andesite, dactute and basa!t overlle the deforr?ted paleozoic
strata (ROddle and Green 1961).

Except for bar|te noted at several Iocatnons |n the chert and shale north of the
South Macmlllan aner no known mineral deposnts of economxc |mportance are present in
the plateau region (Roddlck and Green 196 1. ' '

Bedrock types of the Selwyn Mountains are predommately Paleozmc shale chert
and. argllhte (Blusson 1971, Cecule 1982), also charactenstlc of the adjomlng plateau

Proterozmc slate and phylllte are found in-the Keele Peak reglon From Macm;llan Pass °

' trendm‘g northwest across the Nlddery Lake Map Sheet, bands of mtermlttent Devonlan to:

Mnssnssxppxan “shale, slltstone chert and chert pebble conglomerate occur. Devoman

faulting and subsequent folding’ near Macmlllan Pass has produced a complex zone termed

_the "Macmillan Fold Belt” (Abbot 1982), which ‘contains several bedded barite and

lead-zinc-silver barite deposits, some of possible economic importance.
, - . .

1Abbott, - Grant. Geologist, ‘Indian and Northern Affairs, Whitehorse, 'Yukon



- 2.4 Su'rf‘icia\.",Geology

~ 2.4.1 Glacial Features |
The Macmillan ‘Pass study area was extensively .glaciated by the MachnnéIl '
. advancé during the late Wisconsinian. ice flowed westward from the Selwyn Mountains in
the form of valley glaciers (Hughes et.al: 1968, Bostock 4966). _Glacjal deposits are
widespread at elevations of less than 1200 mbut erractics have been found as high as
ﬂ 1500 m in the western portion of the study area (McKenna 1983). Common terrain types
resulting from thg McConnell glaciation are glacial till. glacio-lacustrine deposits, and
hummocky ice-confact deposits (Morison pers.com.)? '

Two types Qf till occur, a silty-clay, grey till common in the northern half of the

, study. area, and a silty-sand, brown ftill occurring southwest of Mt. Sheldon and
océasionally overlying t,he grey till in the north (Morison pers.com., Mollard 198;2). in the
north, till covering the slopes is very thin, with numerous bedrock exposures. Till deposits
are generally thicker south of the South Macmillan River (Oswaid and Sehyk 1877,
McKenna 1983). Many of the morainal deposits ha\;e been reworked. On moist lower and
midslopes seepage in the channels and rills has resulted in some sorting of the sand and
silts. A thin and Iééally discontinuous surficial veneer of reworked loess, consisting of
peat and organic siit, sometimes overlies the till (Mollard 1982).

‘Over ten meters of silty glacio-lacustrine deposits occur along the Hess Rivér, a
result of damming of the Heiss and South Mac.millan‘Rivers by ice and bedrock ridges
during deglac'iatioﬁ\,(McKenna 1983). In addition, glacio-lacustrine clayey silt and-fine sandy
silt deposits occur in level basins along the Canol Road corridor (Mollard 1982). |

| A high proportion of the valley ]andforms found in the study area are icé-‘cont'act in
origin. Cha‘racteristical}ly the sands and Qravels exhibit a hummocky, ridgy or kettled
appearance. Co_rﬁmon.landforms include eskers, kames, kame terraces, kame deltas,

eskers, and short eskerine ridges (Mollard 1982).

i,

*Morison, Stephen. Placer and Coal Geologist,. Department of Indian and Northern
Affairs, Government of Canada, Whitehorse, .Yukon. Mr. Morison was employed
by the Yukon Department of Renewable Resources and was responsible for

planning and conducting the surficial geology portion of the resource -inventory.



2.4.2 Pogt-Glgcial Features
‘39»: O}ﬁer landscape features caused by more recent processes are colluvial slopes,
rock r)glaciers, fluvial plains and organic te::rain. Extensive physical weathering, especially
J_tx).y frost shattering, of the shale bedrock of most.ridgetops has resulted-in ‘a colluvial
mantle on virtually every inclined mountain side. Tﬁis mantle, which characteristically
6ccurs as a veneer or thin bla/mket, reflects the lithological composition of the underlying
bedrock but often contains _réWorke;d loess and organic; material as well (McKenna 1983,
Mollard 1982). | | |
. _——  Fluvial sediments along the fl'oodplains of tr:e rivers and larger creeks consist
largely of sand, with greater and lesser amounts of gravel, silt, cobbles and bould‘ers.‘
Well-developed thermokarst terrain is characteristic of floodplains havi;wg a higher
proportion of clay, silt and fine sand (Mollard 1982). |

Organic deposits, represenfed mo_stly by fens, are found in nearly all
v poorly;drained are%s that are typically either level or gently sloping. The fibric and mesic
peat in these miné’rdtrophic fens may exceed 350 cmin thigknegs {(McKenna 1983)..

‘.
2.4.3 Permafrost Features _

'fhe‘ Macmitlan Pass study area falls within the zone of wide:spread discontinuous
pe‘r'ma_f.rost (Brovyn' 1967). High-ice permafrost is found near the surface of most mid and
. lower slopes and in thermokarsted silty :Iacustrine and alluvial depos'its. Permafrast is
probably present at depth undér most high ridges. well-drained knobs and coarse*and
medium grained glacio-fluvial and morainal deposits (McKenna 1983).

Notable permafrost features are open system pingos situated on the lower slopes
of mountains and valley sides, and ice-cored palsas in the valley bottoms. Strongly
expressed thaw.holes occur in thicker peatlands and give rise to peat platéaus witr_\
expanding collapse scar sides and degrading ice-rich peat plateau margins (Oswald and
Senyk 1977, Mollard 1982). | -

Solifluction lobes and terraces are confined to places where a thin coarse wéste

covers sloping bedrock, and where slopes are wet during the hot part of the summer.

Sohli,ﬂuction features are best expressed from 1300 to 1400 m (Mollard 1982).



At upper elevations, the more subdued terrain has -well-developed stone nets and

bare-center circles (Oswald and Senyk 1977).

2.5 Soils ' v

Soil parent materials within the study area are derived fro.m a variety of bedrock
sources and may vary in con)uctuon with bedrock lithologies. Soils associated with the
very common acid shales are very’ 'strongly to sllghtly acidic in reaction, while.those
associated with calcareous bedrock are moderately alkaline. Alluvial materials and
unfrozen wetlands are typ'cally neutral (McKenna 1983). ,

Brunlsollc soils, the most common great group in the study area, occur on a wide
range of medium- and coarse textured parent materials. Orthic Humo-Ferric Podzols are
formed in Well to rapidly drained acidic, coarse-textured glacio-ﬁluvialh alluvial, morainal
and collu\&al deposits. Where the process of . podzohzatlon is not well developed
Eluviated. Dystric Brumsols occur Regosolic soils occur on alluvial’ floodplalns and steep
coliuvial slopes where there is pernodnc deposmon of new materlals Cryosollc souls occur
when permafrost is present within one meter of the surface or two meters if the soil is
strongly cryoturbated Gleysols and Organic sp:ls occur on poorly drained sites (McKenna
1983). | ' o

A volcanic ash Iayer [ present in many soil profiles. Approxlmately 5 cm of ash,
orgnnatlng from Mount Bona in the St. Elias. Mountains some 1200 years BP, was
deposnted on the study area by preva«llng waest winds (Lerbekmo et. al. 1973) Since that
t'ne wind and colluvial redeposition has resulted in some areas with no ash, while others
have up to 15 cm The posntlon of the ash Iayer in the soil proflle varies. It often occurs
jUSt below a poorily developed LFH.horizon, while in some organnc soils it is buried benseath
30 cm of decomposed peat

Soil subgroups present in the study area are listed in Appendlx I

—
“;‘J .

) - 8



2.6 Climate |
The climate of the Yukon Territory is subarctic-continental charact‘erized.by daily.
and seasonal temperatﬁre extremes, low humidity, and- Iow to moderate -sporadic
precipitation. Mo:st mild Pacific air may occasnonally intrude |nto the typlcally cool dry air”
mass (Wahi n.d.) ' '
The Yukon has been subdivided into broad cllmatologlcal zones, whlch correspond
~ to major topographic features. The study area is iocated with the Ogilvie- “Mackenzie Mtn.

zone (Waht; n.d.) Long-term cllmatologlcal lnformatlon for this zone is Ilmlted Data

summanes are given in Appendix Il for Sheldon Lake, located in the southwestern portlon-

of the study area; Tsichu River Camp, located along the North Canol Road east of the. -

continenta| divide; and the town of Ross River, which lies to the southwest of the study

‘area in the arid Central Yukon Basin zone. - . : R

2.6.1 Precnpltatlon

* Ross River, situated in a valley lmmedlately north of the Pelly Mountains is affected
by a rain- shadow Precipitation is low, ca. 260 mm annually The rain- shadow effectv
appears to extend northward into the study area as far as Dragon Lake. Here the terrain
begins to rise more sharply and steadily towards_the massive barrier of the Selwyn and ’
Mackenzie Mountams Annual precipitation increases steadlly eastward due to the forced
rising of the air as it moves towar‘d's this barrier. Annual precipitation is ca. 530 mm at
Sheldon Lake, and. exceeds 600 mm along the. southwestern slopes of the Selwyns. This -
latter amount is over 100% more than is reCIeved at Ross Rlver Tsichu Rlver receives ca.

510 mm of precupltatlon annually, 300 mm as snow (Wahl n. d) Chmatologlcal data are

summarized in Table 1. : -_—

‘ Snow cover may have a sngnlflcant influence on vege ation (Jonasson 1981). The
h)i’ghe'r elévations of the Sheldon-Tsichu area _have a longer now .season and .a deeper -
snow]aack. Tsichu generally has 35 cm of snow .on the ground by the end of October,
reaching a maximum near 80 cm in April. In contrast, Ross River has only a trace of snow
on the ground at the end-of October, reaching a maximum o.f only 40 cm at the end of-
February. ThlS is reduced to only“a trace of snow on the ground by late April. Snow
avalanches are common in the sprlng especnally in the northeast corner of the study area.

1

.
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v,

Though there are no all-season meteorologiCal stations in the stucly area; crude
_ approxlmatuons of total annual premputatlon can by made. In generat, prec1p|tat|on
increases by 8% for every 100 m increase in elevation up to a maximum at the 1500 to

2000 m level, above ‘which there is a slow decrease with increased elevation-{Wahl

unpubl).

+

" 2.6.2 Temperature 71 ’ ] ; v

The Romwlble to great temperature extremes -b3. 4 to 33 3 :

C. Howeve/ temperature extreme? become more moderate towards the east. Due to

higher elevations, mean annual temperwes are lower at Tsichu River than at Ross River. it
/

lS slgmflcant however, ‘that the mean January temperature at Tsichu is -24.2° C, 5. 2

warmer &n at Ross River, and that summer temperatures in the Macmlllan Pass- TS|chu

: N
areaare 4 to wr than at Ross River. . .
The vertical € ange in temperature, which results in-differing temperatures at Ross

v

River and Tsrchu Rlver (lapse rate) can be used to’ extrapolate te peratures to the study
area. Between April and . October the lapse rate for the study ‘area is a ‘decrease in
- temperature ofBto 7 C per 1000 mincre - in elevatlon During the winter a reversal of.
~lapse rate-occurs: As day lengths decrease, cold air develops over all surfaces but tends
" to draln off the mountaln slopes into the valley bottoms (Wahl unpubl.}.
Thls reversal of lapse rate, termed thermal inversion, is dramatlcally evadent in the
- study area. Temperatures on the valley- floors range from -20 to -30° C but increase at a
.'h'rate of 3 to 5 c per lOOO m to temperatures ‘near -10 to 115° C at the 1500 m level,
where they remain iscthermal for another 1000 m and then begm to decrease at a normal
'lapse rate of 5° C per ‘lOOdmeters (Wahl Unpubl ). ' -

1 -

2.7 Vegetatlon

~ Within the Yukon Terrltory reglonal aspects of the vegetatlon have been N
documented by- Oswald and Senyk (1977) The ma Jor vegetational gradnents result in part.
from cllmatlc changes from west to east south to north and low to high aititudes, and. ln

- part from reglonal changes in edaphnc factors (Orlocr and Stanek 1879..

D 2



\ AT
The Macmlllan Pass. Sheldon Lake study areasfalls within the l\/layo Lake- Ross River
and ltsi Range Ecoreglons {Oswald and Senyk 1977, Be5|des thls very brief and general

description of the vegetation In these two’ecoregions. there 1s little mﬂformatlon on the

.
C

vegetation of the study area. -

Porsild {1945.195 1 dlscussed the flora ad;acent to the North Canol Road. Amax
(19-76l presented physiognomic vegetation types for the l\/lacTung property, Just 'north of
Macmiljan Pass. Moody (19801 described. very brlefly';y'the‘ vegetatlén commuﬁ@fs\of (hei
Jasoh/property west of l\/lacmlllan Pass along the Canol Roadj Brown {1983 described, n .
more detail. the vegetatlon of the .Jason property. Kershaw: (1983l descrlbed the
vegetation of that portlon of the ‘North Canol Plpllne rlght of- way east of the contlnental )
divide. |
The vegetation o_f'the sgudy area reflects the extreme environmental conditions in
‘ bvhich it occurs. Many valley tloors arev\not forested, hence there is-a lower as well as an
upper treeline. The u.pper treeline ls;betwqeen 1300 and l550 m. depending on aspect,
slope and latltude {Plate 1). The terraln below the upper treeline falls within the Eastern
Yukon Boreal Forest Region. while that above the upper treeline lies in the Tundra Reglon
(ROW‘e.1972._ | T ‘ ’ . . ' £
-The alpine tundra is characterized by ericaceous shrubs, llchens mosses: and
grasses. The non treed subalpine areas are charactef‘ZecL by shrub birch and willow -
communities. An outstandlng featire of both the subalpine and alplne zones is.. the’ .
~occurrence  of species “ich .. " NS, dornlnated by Festuca a/ra/ca and - or
Ca/amagros(/s canadensw S o wiae Lariety of forbs. -
Mid .and upper slopes below the upper treellne are. dommated by Abies /aS/ocarpa

(subalpme fir). Picea mariana (black spruce) domlnates on gentle lower slopes and some

valley floors P/cea g/auca (whlte spruce) is not as common as gither black spruce or.

- -

: subalplne fir, occurrlng on aHuvuaI plalns and in seepage channels on slopes. Pinus contorta

{lodgepole pme) common i the southern Yukon. is exceptlonally rare. Populus

ba/sam/fera (balsam poplar) is not well represented occurrlng on narrow floodplains and’
recent alluv1um Popu/us z‘remu/O/des (aspen poplar) and Betu/a occidental is (river bll’Ch)
occas’onally occur on south facmg slopes following flres Wthh occur frequently in the

study area.
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‘

" The treeless vegetation of the valley floors .consists predominantly of shrub
“birch-hichen: on well-drained knobs and se’dge “wetlands in the poorly'-draihed‘ kettles:

Patterned fens are common in thé"‘ wvlder valleys.

. 3 N R ‘ N N

1 -
. ’ \

. 3

Plate 1. This print illustrates three distinct zones occurring in the Macmilian Pass/ Sheldon .
Lake area: the alpine/non-treed subalpine zone: the forested, zone; and the non-tceed zone

which occurs below the upper treeline.

¢ .
- . R



3. Methods
3.1 Data Collection Methods

3.1.1 Pre-field Methodology
Durlng the sprung of 1981, prior to initiation of sumrner field work,
reconnaissance level .aerial photographlc mterpretatlon .was carried out usnng 1976,
: l 74.000, black and white panchromatic photography. A small gap in this. coverage
resulted in the use of 1978 1:54,000, black and white panchromatlc photography in the
' Fuller LaKe. area. Vegetatnon type delineation was based on dlfferences in photograph
‘ tone texture and color Each type or unit dellneated on the anr photo was referred to as a
polygon. Due to the small scale of photography and unfamlharlty of the area no attempt
was made: torndentlfy Jpolygons’ as vegetation commumtles prevnous to the fleld season
' A total of seven reconnanssance traverses were drawn on the air photos,
attempting to include as many visually different types on 2 varlety of landscape types as
. was practlcal Polygons were numbered along the traverse line to aid in recordung data in |
‘the field. Traverse locations are included in Appendlx Vil - .

»

3.1.2 Fleld Methodology - -

»

The traverses were flown throughout the sumrer using a Bell 206 Jet Ranger or.a
Hlller 12-E hellcopter Flying altltude was approximately 100 meters above the ground
Flying time for each traverse was approximately six hours. The Hlller 12-E was the more
suntable hehcopter due to mcreased visibility and slower speed

As each-polygon along the traverse-was located and flown over, a tape recorder

was used to'record the dorﬁinant species, including shrubs, forbs, graminoids, and
non- vascular spec1es when they could be. identified. The polygon was assigned an initial

vegetatxon communlty based on growth form and major species. Several initial vegetatlon' ‘

.commumtles were often recognlzable within one polygon.

Selectlon of communltles to be sampled was based on information gathered in the

. reconnalssance traversgs. An attempt was made to sample as many different ‘vegetation

~ community types as possible “within the constralnts of time and accessibility.. Most

T

~ ]
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sampling sites were accessed by ,helicopter, though as bmany as possible were placed -
within walking distance of the North Canol road. An attempt was made to minimize the
number of helicopter hours requnred per sampling site by choosing sites along a toot
traverse from mountain top to valley floor Cross-sectional representation of four such
traverses are presented in Figures 20 to 23. '

Actual sites to be sampled were selected as being typical of the vegétation
community following a walk-through ‘of the area. An attempt was mat:le to locatle the sites
close to the middle of the-commuhity to avold edge-effect. A total of 454 sites were
sampled. Site locations are shown in Appendix VI '
Site Description (‘

. At each site soils. vegetation, surficial . geology, and site descriptions were

completed. The site description was normally o.ompleted by two people. Time.required

" per site'was from an half an hourvto a rnaximur‘rl of an hour and a half, depending on site
, complexity. Examples of forrns used are in Appendix it

Site descrnptlon followéd that outlined by Walmsley et. al. (1980) Varlables
_descrlbed were location, elevatlon macro and meso aspect, percent slope, slope nature
macro and meso site positions, microtopography, seepage, exposure type, flood hazard,'
and soil perviousness and'drainage.,'Soil drainag‘e classes are those defined by the System
of Soil Classification forICanada {Can. Soil Survey Comm. 1978). Soil drainage classes are ‘
defined in terrhs b%: 1) actual moisture content in excéss of field moisture capacity. and 2)
the length of the period during which such excess ground water is present in the rooting
zone (Walmsley et.al. 1880). Soil pe;rviousness refers to the potential of a soil to transmit
water internally. It is a subjective pl\assification; inferred from soil 'structure, texture,
porosity, cracks, etc. Definitions of soil;raihage and perviousness are in Appendix V.

' The ecological'moisture regime (hygrotooe) was assessed for each vegetation site.
This is a relative ranking of site based on available moisture supplies ‘over the entire
grownng season.’ It is strongly correlated with the followmg site factors: slope posmon
slope igradient, soil dralnage soil texture 5011 depth, and the presence of an lmpermeable
layer The most influential factor is slope posmon (Walmsley et. al. 1980). Eight morsture
classes were defined starting with very xeric and gradlng through mesic, hygrlc and

’

hydr‘lc. All eight classes and their defmmons are, included in A;ﬁpendlx v.
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The vegetation description includes a list of plant species, separated into height
classes and growth forms, and their respective percent cover, recorded in a visually
estnmated 80 m?, circular plot {diameter=10m). The ten growth form classes are 'as
follows: tall trees (.TT) >5 m; Iow trees (LT), <5 m; tall shurbs TS, 1. 5 5.0 m; medium
shrubs (MS), 0.5 = 1.49 m; low shrubs (LS), 0.1 - 0.48 m; prostrate shrubs (GS), <0.1 m;’
forbs (FB), graminoids (GR), bryophytes (BR). and licheris (LN).

An attempt was made to develop a ‘complete species list for each site. However,
difficulty in identifying different specnes of Salix , Cladoneae lichens, Sphagna and minor
mosses precluded this. AII Sa//x speC|es were treated as one, as were all specnes of
Sphagnum. Cladoneae lichens were grouped as C/adonia spp. unless they had red podetla,
when =they were classed as Cladonia coc_c/fera . Minor mosses were often overlooked.
‘However, specimens of Sa/\/‘x, C/adon/'a and the minor mosses were colliected th.roughout
the study area in an attempt to obtain a complete flora. All species recorded in the study
area are listed in Appendix V. .

A variable plot timber crui'se w\as carried out in for_est?stands to obtain forest
structure data. Unfortunately, time constraints and lack Of eq‘uipment allowed timber
cruises in only half of the forest sites. Methodology was that described by Walmsley et.. ‘

. (1980). Basal arga (BA) was obtalned usnng 2 and 5 BAF metrlc prisms. Diameter at
‘/_breast he|ght (DBHJ was obtained using dlameter tapes Tree heights were ebtalned using
Suunto clmometers Stand age was determnned by boring the largest tree in the stand using’

an mcrement borer Growth rlngs were counted on the resultlng core.

A soil proflle description was made from a pit dug |n the centre of the vegetatnon

plot soils were identified to the soxl subgroup level, followmg the Canaduan System of . ’

Soil Classnfucatlon (Can Soil Survey Comm.. 1978). Average depth of the soil pit was 75
_cm, less where the ground was frozen or where Water or bedrock ‘was present. Samples
from each horlzon were. often collected for Iab analysns In many instances materlal was
collected from only one or’ two horizons |n order to..assist in identifying soil type.
' However an. attempt was made to have several complete profule descrlptlons for each
jmajor communlty type ‘ .

“The <2mm so:l fractions of the horizon- samples were analyzed by the Analytucal

Services Labratory Ag Canada Research Branch Ottawa for ‘pH (0. Ol M CaCly), %

L,
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_3.2.1 Classification of Plots
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organic carbori (dry ‘combustion induction. furnace method), % total nitrogen, exchangable

cations (me/ 100 g. Ca Mg, Al, permanent charge, neutral salt method), cation exchange

© capacity lme/ 100 g. permanent charge neutral salt, rapid method), % extractable iron and

[}

aluminium (sodium pyrophosphate method), electrical conductivity (MlelOS/cm, 1:5
soil:water paste) and particle size analysis (with pretreatment removal-’of carbonates,
organic solids and salts, dispersion in'sodium'hexametaphosphate using the pipette
method) (McKeauge 1979). ‘
N .
3.2 Data Analysus Methods

~ Mulitivariate analyses of community data provude a relatively efficient, ObjGC'(IVG

method for shifting the level of abstraction from raw data, convenlently collected in terms

of specnes abundance in samples, to communlty level properties such as community types :

and community gradients (coenoclines) (sensu Whittaker 1975). Such analy5is helps

concentrate redundancy, reduce noise, elucidate relatlonships and mdentlfy outliers wnthm

©

the data set (Gauch 1982).
The multivariate techniques used in the analysis of the Macmillan Pass vegetation

s

data were classmcatlon and ordination (Gauch 1982)

The large data set. (454 5|tes) necessntated its lelSIOn into three. subsets for

analysis: 1) ‘alpine tundra sites and non-forested (<10% tree cover) subalpme sites; 2)

'forest sites l>10% tree’ cover) and .3) non- forested (<10% tree cover) SItes occurring

sites (burns) that would presumably succeed to forest stands were classéd as such. +

Plots were classified using the sequential, agglornerative,‘ hierachical,
non-overlapping technique (SAHN) of complete-_linkage~'cluster analysis, available in the

\ . i - .
CLUSTAN 1C suite of computer programs (Wishart 1978) using actual % cover estimates

of species as the data base for a similarity matrix. This cluster technique is noted for

producmg tight clusters of similar plots (Gauch 1982).
" Hierachical classification groups similar’ plots together into classes and then groups

the -similar classes into Iarger classes, producing ‘a dendogram. Two advantages of a '

below the upper limit-of treellne Primary (recent aIluvnum) and secondary successional



hierarchy are 1) that a single analysis may be viewed on several levels, variously general or
" detailed. and 2) that relationships are expressed among the ‘.entities classified.
‘Agglomerative classification begins by treating ‘each plot as- a single cluster and combines
these ina hierarchy of larger and Iarger clusters until a smgle cluster contains all plots
(Gauch 1982, - S A )
Community coeffiCients or indices of 5imilarity (IS} were. calculated by CLUSTAN
for each cluster The IS for a cluster is the smallest smgle similarity coeffiCient between
two indiViduals Within that cluster Similarity of any two clusters was calculated by the .

following algorithm:.

PP Jq , Jq

‘where: U ‘- denotes the mean of variable | for cases, ,
, Jp comprismg cluster p. “

'This is a mathematical expreSSion of community similarity where Q.0 indicates that there
) 'is no species in common between plots and 1.0 indicates qualitatively and quantitatively
' identical plots. it is important to note- that replicate community samples {different samples-
_'from the same small homogeneous community) are rarely identical. They have average-
‘ Similarities of O 5 to 0.9, depending on sample size, the precision of measurements or'
estimates the number of species, etc.. (Gauch 1982)

Resulting clusters were ~“examined to determine if _they were ecologically

~ .

-meaningful groupings A cluster was consudered ecologically meaningful and thus a
community type when, it conSisted of Similar plots occurring on simitar site types. If a
. cluster contained stands that had Similar species composmon but occurred on differing
Site types it was broken down into the appropriate number of community types, or, in
some cases, subtypes This most often occurred when the sites were dominated by an
: ubiqUitous speCies that occurred over a Wide range of Site conditions . . ) '
Groups of four or more Sites were recognized asa community type (CT), whereas

smaller groups were regarded as tentative or possible community types (TCT) since the_

"' data were not adequate to accurately describe or delimit them..

-~
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Clusters that had plots occurring on’ similar site types and had similar species,
composition, but appeared to be V|suaIIy dlfferent due to the relative cover of one or
more spemes were classed as ‘a communlty ‘type with several 'phases’. Phases often
represent successional stages of a communlty ' ' A

Prevalent specnes were used to name and characterlze the communities. Names'
most often contaln the domlnant species from the two most dominant growth forms.
Where this would result in identical names for’ two communities, a third, species was
adde‘d..The physiognomically taller growth-form was alwa;/'s listed first regardless of
. relative percent cover. In mature .foreststands a tree species was always. used, usually in
conjunction with an understory species. '

3.2.2 Ordination of Plots and)Species

The purpose of ordlnatl‘on ls to summarize communlty data by arranging spec:es
and plots in a few dimensional space such that similar. entities are close together and
dissimilar ones are far apart. This results in species and plots’ arranged along.one to
several axes which may represent significant environmental gradients {Gauch 1982). |

Species and plots were ordinated using Detrended Correspondence Analysis
(DECORANA), an improved eigenvector technique based on reciprocal averaging (Hill
1879a). Both olots and species are positioned along the same four axes. An eigenvalu‘e. '
~‘and axis length are given for each axis. The: elgenvalue |nd|cates how mith of the total
variation in the data is accounted for by each axis. The unit of length, or ordination length
is termed the 'average standard deviation’ of species turnover or SD. As a generalization,
& full turnover in species composition of sites will occur in 4 SD. This distance‘ will vary
‘_depending o'n data-set noise. * The Ionger the axis the longer the community gradient
i:lGauchl 1982). | ‘ )

The three relatively dl"sjunct data-sub"set:s were analyzed -seperat'e'ly._ The

below-treeliné, non-treed data-subset was again split into two data sets, well-drained

Noise . is defined here as variation in species abundances not coordinated with
variation in other species’ ab nces. Noise implies uncoordinated and
apparently chance dlfferencesfn-gﬁdecnes abundances. The. biological causes of
noise include  chance distribution and establishment of individuals, animal activity,

. disturbance, and environmental heterogeneity at a scale not recognized in the
sampling technique. Noise also results from limitations in measuring or estimating.
specnes abundance and from statistical -limitations of finite samples (Gauch 1982).
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shrub communities and fen/bog temmunities.

3.23 Correlations with Environmental Factors
The environmental gradients associated with the ordination axes were determined
by correlating plot positions on the axis with environmental variables. Correlations were
determined using the Michigan Interactive Data Analysis (MIDAS) command CQRR (Fox and
Guire 1976). Semi-quantitative variables such as drainage and ecological moisture were
‘ranked. |
' Correlation with elevation was determined with elevatioh as recorded and
aspect-adjusted elevatlons Since steep southwest-facing slopes are generally warmest
| ~ and steep northeast- facing slopes are coolest in the northern hemlsphere {Geiger 1965).
and slope angle accentuates this dlfference plot elevations on greater than 10% slopes
were adjusted downward 100 meters on southwest ‘aspects, upwards 100 meters on
'northeast aspects, and not at all on on southeast -and northwest aspects. They were
'adjusted interpolated distances for intermediate slop'es and aspects, and not at all for O -
‘ 10% slopes of aII aspects La Roi and Hnatiuk:1980). \
QlAspect was transformed usmg the procedure proposed by Trlmble and Weitzman '
(1956) and modlfled by Beers Dress and Wensel (1971) Using a sine transformation,
southwest aspects which are the warmest receive a value of 2, and'northeast aspects a
value of zero: The scale then grades equuvalently in both directions $0 that both SE and
NwW recelve a value of l 0 | | B '
Slnce slope and aspect interact_in such«a way “that steep north- facung slopes
‘receive the Ieast solar r’a'diation, and south-_facmg slopes receive the most (Buffo et. al.
1972), a yariable, 'slope X aspect’, was computed. Southwest aspects were given a value
of 1. and northeast aspecfs a'-value of -1. SE and-NW were given a value of 0.001 (to
'avc‘{l'd multiplying by zero). The value for aspect was then rhblgi&lie’d‘by the percent slope.
Therefore’k steep southwest-facing slopes have the' largest “value, and steep
, northeast facing slopes the smallest (a negative) value. “This transformation is not ideal,
”because in reality,, depending on the time of Mwmref e solar angle, 100% SE

-slopes will recieve less solar radiation than 30% SE slopes.
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Soil variables, such as nutrients and pH were described by horizon, not by a
consistent depth in the profile. Horizons used in the correlation calculations' were those
with either plentiful or abundant roots. Where root abundance was not recorded,
unfrozen horizons above the depth of 15 cm were used. as this is the zone in which roots
were usually most plentiful. ' |

Scil pH was recorded both in the field (Hellige-Trulog method) and in the lab. As
samples from all profiles were not collected for lab analysis, a correction factor between
field ‘pH and lab pH was calculated through a simple linear regression. Soil pH's used in the
data analysns were lab pH and corrected field pH.

After the environmental gradients represented by the ordination axes were

determined, the clusters and communities were plotted on the XY ordmatlon fields. The

. posmons of the major specnes on the ordination space were examined to determlne thelr :

usual range of site conditions. These were checked usxng Chi- square tests of

indepedence, Student’s t-test and Mann-Whitney tests. Chi-square tests were used with

. qualitative attributes, such as slope positidn, to determine if a particular species occurred

more times than expected by chance on, for example, upper slopes. Student's t-tests
were used to determine if there was a significant dif ference within a quantitative variable
for sites with and without the species in question. Wher’e variances were not equal the
non- parametrlc Mann- Whltney and Median tests were used (Steele and Torrie 1980).

. For certain specles a comparlson of meané’)was used to determlne if the mean for
a variable was ygnnfncantly different between plots with different specxes e. g was the

%N of ‘the rootlng zone 5|gn|f1cantly different in plots with Pleurozium schreberi than in

plots with Hy/ocorn/'um splendens .

Duncan s Multiple Range test was used to determine if there were significant. ;

differences between the means of soil nutrients for different communlty types (Steele

‘and Torrie 1980). Data were analyzed by horlzon

"MIDAS was. used for all unlvarlate statlstlcal tests, except Duncan’s when SPSSx

was used For all statlstlcal tests, dlfferences were consxdered significant when alpha <

>

0.05. S - ‘ ; o



4. Alpine Communities

\

4.1 Overview of Alpine Com.m\‘mities : " e

The alpine zone and non-treed parts of the subalpine zone of the "Ma‘crnilfan Pass
study area are found between 1150 and 1890 m. This zone is defined as that area above
"the upper limit of treeline. It does not include sites with krummholz growth forms, which
are classed with the forest sites. The majority of sites are situated dn level to steeply
sloping morgdinal or colluvial veneers and. blankets, with predominantly imperfectly ‘to
: rapldly dramed Brunisolic and Regosolnc soils. Of 83 soll proflles 3 had water present at
depths of 10 to 100 cm., and 8 had frost present at depths of 10 to 25 cm.

The flora of this zone is relatively duverse One hundred and . forty nine (149)
~vascular spemes in 76 genera and 46 non- vascular species in 21 genera were recorded in

108 stands in terms of major growth forms there are 16 erect shrubs (including 3 tree
species), 13 prostrate shrubs, 85 forbs 24 grammonds '8 pteridophytés, 28 bryophytes
and 18 lichens.

< R : B :

- Bryophytes and fruticose lichens are the dominant growth forms in terms of plant
“cover-. Po/ytriehum juniperinum and Stereocau/on sp. are rather ubiq'ui,tous, occurring in
76 and 69 stands tespectively. The most common lichen is C/adina stel/aris, followed by
C(adina far;giferina , Cetraria nivalis , and Cetraria cucul/ata . Alectoria ochroleuca also
occurs frequently. Ne(ohroma arcticurh is the commoh foliose Iiehen, though Peltigera
' aphthosa also occurs. |

The most common ‘mosses after Po/ytr/chum /un/pef/num are Dicranum sp. and
Au/acomn/um palustre . Feathermosses are also common, with Pleurozium schreberi
occurring more often than Hy/ocom/um vsp/endens Sphagna are rare.

There |s a great diversity of forbs. Two of the more. ubiquitous are Artemisia
_arcticum and Gentiana glauca . Anemone spp and Senecio spp. are common. Forb
meadows, characterized -byi Mertensia pan/cu/ata . Senecio triangularis Veratrum
.viride , Aconitum de/phini'fo//'um.andv'De'/ph/'n/'um g/aucurn , are an interesting feature
" of this zone. Several of these s‘pec.ies are-.biogeographioally signifi.caht in terms of their .
occurrence in the stﬁdy area: Senecio triangularis and Veratrum viride are at or‘near‘

their northern limits of distribution, while Aconitum del phinifolium is at or near its

. . : 22"



4.2 Cluster-Analysis of Stands
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eastern limits (Polumin 1959). Mertensia ,banicu/ata . described by Porsild (1951) as a

1owland species common in l’ICh l/voods along river banks and on peaty soils, also grows

at alplne elevations i in the study area.

Graminoids ‘cover a significant portion of the ground in many stands.- Festuca.
a/ta/ca is the -most w:despreaa followed by Carex padoca{oa Hieroch/oe a/p/na and
Luzula parwf /0fa c

Vaccinium vitis-idaea is the most common prostrate shrqb, followed by Cassiope
tetragona and Empetrum h/grum . Dryas integrifolia occurs in only.eight' stahds. Salix

spp. are the dominant erect shrubs, occurring in almost half of the stands. Porsild (1951) . )

noted that Sa/ix barrattiana is the common species that forms thickets on well-watered

alpine flats, especially in areas where there is a great accumulation of snow. Sa/ix pulchra

.is the common willow on grassy slopes and gravelly river terraces. Amax (1976) found

that on subhygri.c to mesic , lower alpihe and subalpine slopes Salix commutata’is the

common willow, with S.-g/auca and S. barc/ayi being second and third in abundance. Sa/ix

pulchra and S glauca were found to be the most com}von willows-on submesic sites with
. RS O

coarse-textured soils. Vaccinium uliginosum and Betu/a g/andu/osa are common shrubs.»
Lycopodium al p('nurh and Lycopodium selago are commion pteridoohytes.

. \‘-

Results of the ,SAHN complete linkage cluster’ arlalysis are shown in - the

dendrogram in Fig. 2. Size -constraints of the clustering program necessi‘bated that those

‘specnes which ‘occurred only in trace amounts (<1% cover) in fewer than \lO% of the

stands were excluded from the mput data. The Iocatlons of the clusters on the DECORANA

ordmatlon are shown in Fig. 3.

- The resultlng 16 clusters are rather loose grouplngs of plots wuth similar specues _

composmon The clusters can be sorted into four major groups: . Ilchen dommated

'. 9,14, 15) bryophyte-dominated (2,5.,6, 10, 1 1) grammoud dommated (1 4 7.8), and shrub

dommated (3,11,12,13)." Environmental factors often vary cons:derably ‘within a cluster
and, therefore, each cluster may contain several distinct community types. Groups of four
or more sites are recognized as community types (CT's), 'whereas smaller groﬁps are

regarded as tentative or possible community types (TCT's) since the data are not adequate



to accurately describe or delimit them. Nine community types and 21 tentative community’
types are recognized. Site data and species cover data for each of fourﬂsites in the major'
community types are mcluded in Tables 2-5. ' . .

| Cluster 1 (IS= 343) consists of 3 plots dominated by Ca/amagrost/s canadensrs .
Hy/ocom/um sp/endens is the domlnant moss. Env:ronmental conditions are quiter

different among the stands and two TCT's are recognlzed Itis p0551ble that site 3 should
b

have been mcluded in the non- forested below treeline zone Thls cluster is most snmnlar to -

Cluster 2.

Clus;ter 2 (IS=.118) consists of 11 subalpine stands characterized by an almost

continuous bryoid mat, dorninated by Hylocomium sp/endens . Calamagrostis canadensis

. wh|ch characternzed Cluster 1 (CL #1), is rare. This cluster can by dnvnded into 1 CT,
characterlzed by MS Sa/ix sp. or Betula g/andu/osa and two TCT's, one charaterlzed by
Cassiope tetragona and one by the absence of shrubs and the dqrnmance of forbs.

Cluster 3, which consists of a smgle sste (72), is most snmllar tq Cluster 2. Cluster

-

3is dommated by Salix sp.

Cluster 4 (IS=.120) consists of 9 sites and is characterlzed by Festuca altaica . This
cluster contains one subalpine CT, and two TCT's, one of which can be cIassnﬁed as
subalbine and one as alpine: In addition to‘ Festuca a/ta/'ca . -the subalpine types are

- characterized by forbs or Salix sp and the alpine type by Cas.S/ope tetragona Cluster'4 is
most similar to Cluster 5. '

Cluster 5 (IS=.208) consists of 7 stands characterized by Pleurozium schreber/ .
Festuca altaica is common. These plots occur over a wide range of environmental
conditions, and four TCT’ s are recognized within it. '

" Cluster 6 is a loose ciuster (1IS=.130) similar to Clusters 4 and EJ It consists of 3
. sites, each a TCT, characterized by the dominance of Au/acomn/um sp. . The plots have no
other major specnes in common.. -

Cluster 7 (IS=.580) consists of two poorly dralned sites dominated by Care;(

aquat/'//'s . These sites should possibly have been included with the non-forested, below

treehne sites.

Cluster 8, which is most sum:lar to Cluster 7, con5|sts of a smgle site dominated by

Carex aquatilis and Tomenthy pnum nitens .

%
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" Cluster 9 lIS:' 1177V consists of 17 stands characterlzed by a high cover of C/ad/na

stellaris . Cassiope zerraoona 1S the most common shrub but does not occur m the low"

eievation stands This cluster contalns one dlstlnct C7 and 3 TCT s. It Is most sunilar to

Cluster lO

Cluster 10 (IS=.295) consists' of 11 sites characterlzed by high cover ‘values of

< Di¢ranum sp. and Po/‘ytr/chum /un/pe/‘,/num . Cassmpe ter/agona |s.‘usually present and’

" Cladina 516’//8//5 1S often present itis con5|dered aCT.

Cluster 11 (1S=.44 conslsts of 3 north facmg stands domlnated by Cassrope

1etraoona Po/vrr/chum /un/pef/num also occurs Wlth a relatlvely high cover. Cluster 11

IS most similar to Cluster 10. ‘
_ Cluster 12 (1IS=.143) s most slmllar to Clusters lO and 11. 1t conSlsts of 4 stands

characterized by a high’ cover of Dryas /ntegr/fo//a and Sa//x reticulata .- The specues '
characterizing Clusters 10 and 171 are rare.

Cluster l8 (1S= 232) conslsts of 5 well- dralnec sutes dominated by Betufa
glandulosa . Other spemes wnth lOO% constancv are. fmpozrum nigrum and Sal/x sp.
This cluster is most similar to Clusters. 14 and 15.

Cluster 14 (IS=.258 consists 0f 10 plots charaCterlzed by a high cover of:
A'/eczor/a. o.cihro/eu'ca.. . . o ' ’

Cluster 1: llS— 143l con5|sts of 10, stands characterlzed by a 'hlgh.cover of

' ‘Stereocau/on sp A/ecrona ochroleuca 1s often present Prostrate ericaceous shrubs are

A4
common ip
o -

Cluster 16 {1IS= 423l con5|sts of 9 sites domlnated by Po/ytr/chum /un/per/num

This cluster con5|sts of one communlty and two TCT s (sites 50 and 279).

12

‘-

4.3 Community Type Descriptions = .

4.3.1 Salix sp.'-Betula glandulosa/Hyl'ocomium s',plendens CT
CL# 2.15=.117.n= 731636465355372444 IR
SASP- BEGL/HYSP is a subhygrlc subalplne communlty occurring on level valley

floors and moderately sloping, lower to mld slope sites between 1370 and 1650 m. Soils

are typlcally slowly to rapldly pervuous mperfectly dralned Gleysols and Cryosols formed -

1

>
f



27,
. oh morainal blankets and venéers, Water was present in 4 of 7 §0i| profiles a,t depths of B
to 20 crn Frost.was pres,enf in 2 pr.of~illes at c.ﬂe'p'thsi of 16 and~‘1‘3 cm.
This community is characterized b'y a h{gh cover of eréct shrubs (1 2-34‘% 'x='\23%),
dor.mnate‘d by MS Sa//'x Sp. and/or Betu/a g/ahr/u/osa . _,Sa//x.s;p.' IS alvyays presen‘t,
though occasiohally n_trace améunts,. wheﬁ Bve‘tu“/a g/andu//osa is then .dominant.

Empetrum nigrum , Vaccinium witis-idaea , and V. uliginosum ‘are the common

ericaceous shrubs. Ledum 'pa‘/us,zre, may occasionally ‘'occur, but always, with a low cover .

‘ value: Festuca altaica and Carex,'podocarpa are common graminoids. There is an essentially

v

conpunu\dus‘biy0|d mat dominated by Hy/ocom/qrb s'b/endens:,. Sphagnurh sp"
Tormenthy pnumi nitens., ‘and 'PO/ytr/c/Ju/h /'un/'per-/'nu/h ‘m'ay.also be présgnt. C/ad//ja .

-

- mitis and C. ste//aris oftenoccur. "~ .. s Cor

' e, . =

'

-

Plate 2. SASP-BEGL /HYSP CT. Site 63, north flank of Keele Peak. (683" 32" 70".N, 130°
15' 00" W). Elevation - 1550 m, This site-was dominated’by TS and MS Sa/ix sp., and LS
Betula.glandulosa . Hylocomjum splendens was the.dominant bryophyte (40% cover).
Festuca altaica was the common, grass (20% cover). Twelve .species of forbs weg&’\
present, lichens occurred in trace amounts. Daté sampled - June 24, 1881,



o

. - ) ‘,_"‘
Plate 3. Regosolic Static Cryosol, Site 83. SASP-BEGL/ HYSP CT.
Water was present at 10 cm, frost present at 13 cm. A thin ash layer 1s present just.-
below the LFH. Date sampled was June 24. )

-
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4.3.2 Festuca-altaica/Forb cT’
CL¥ 41521207 ne6 43711568 197.376  * . .

FEAL 'FORB 15 typically-a mesic subalpine community type occurring on modera;(ely
to steeply slqp|ng sites. between 1370 and 1590 m. Soils are moderately pervious.
moderétel\f well to we!.!-drameﬁ Podzols and Regos.ol‘s formed on colluvial material. The pH
of the rooting zone ranges frbm,_ext}emely acidic (3.9 to very strongly acidic (4.9

" Within this community graminoids are usually dorﬁmant (18-77%, x=50%). Festuca
a/?afca‘ 1s the d‘omq»na‘nt(spemes with between 15 and 65% cover. C,:a/e,\j pqdocérpa s -
u'éu'éliy, pfesent with a low cover value. Forbs are numerous.: wifh Ep/"/ob/'um,

tlangust/'fb/,/um . Artemisia arcticum and Mertensia. pan;cu/f?fa bemng’ mosjf%:ommorx.
Lichens ’éqe rare or absent. Polytrichum juniperinum and Pleurozium schreberi may

occur. Ericaceous shrubs do not commonly accur but may be present.
\

' %

&

\
Plate 4. FEAL/FORB CT. Site 7/SW, of Emerald Lake, 63 27 90" N, 1317 23" 00" W
Elevation - 1590 m. This site is ominated by Festuca altaica (65% cover), and Epilobium
angustifolium (30% cover) and Mertensia paniculata (20% cover). Thirteen forb species
. were recorded. See Plate 5 for soils. Date sampled - June 27, 1981.
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Plate 5. Orthlc Humo- Ferrlc Podzol formed on a colluvnal blanket FEAL/FORB CT Site .
-71. Depth to the BC horizon was 74 cm. No ash layer was present , .

IS



'4.3.4 Betula élandulo'sa/Stereocaulon sp.CT

CL# 13 R 323 n=5:18,77,293,397, 398

31

C 4, 3 3 Festuca altalca/PontrlchUm jumpennum CT

CL# 16 1S= 538 n= 7256 312,317, 318 319, 374 375

FEAL/POJU is a mesnc subalpme and alpine communlty type occurrlng on south and ‘
west- facmg gentle to steeply slopmg sites between 1475 and 1708 m. Soils are typlcally |

moderately to rapldly pervious, moderately well to weII dralned Eluwated Dystrlc and

Orthlc Dystruc Brunisols, occurrmg on morainal parent materlal Occasmnally thlS type

. occurs on coIIuvial materlal.‘The pH \gf the rootxng zone ranges from.extremely to very

strongly acidic (3.5-4.9).

* The community |s characterized by a very, hlgh cover of bryophytes (60 80% :

x=70%),” with Po/ytr/chum juniperinum (45 65%) predommatlng P/eurOZ/um schreber/

‘and Dicranum sp. often occur, sometlmes W|th a moderately hlgh cover value Festuca

: a/ra/ca is the second dlagnostlc spec1es with a cover range. of 3- 40% but WhICh most

often ranges from lO to 20% tarex podocarpa has 100% constancy but a. very low

)..

- cover value Stereocau/on sp. always occurs, often with a high cover value Other‘
“fruticose llchens oceur, but always with a very low cover-value. Total hchen cover varies

conslderably from 5 to 35%. Forbs are not common, but those that occur most often are .

Irtem/sm arct/cum and Anemone spp.- Shrubs usually occur occasxonally with a cover

- value reachlng 30%. Erlcaceous shrubs are. most common though . Betu/a g/andu/osa and

erect ‘Salnces may occur.‘_.

BEGL7STSP is ‘typically a submesnc to subxerlc subalpme commumty occurring on

.gentle to steep svtes between 1500 and 1780 m. Sonls are typically moderately perwous
well- dralned Brunlsols and Regosols formed on colluv:um “morainal materlal or

.decomposed bedrock The pH of the rootmg zone is very strongly acidic (4. 7 4.9).

“This community -is dominated by LS or MS Betul/a g/andu/osa {30-70%), whuch is

‘ present as a contmuous cano,py or in small clumps mterspersed with lichens and
- graminoids. The only* other spemes present W|th 100% constancy afe Stereocaulon sp.
(2-30%) and Empetrum n/grum (<1-3%). Understory is vanable with lichens or grasSes' :

domlnant in the opemngs,_and bryophytes dominant directly under the shrubs. Common

\a

[EU IR PR



———_lichens in-additton to Stereocau/on sp. are Cladina stellaris . C.rangtterina and Cetraria

n/\?a//s Total I|chen cover varies from 5 to 0% (x=4 3% Low values occur-on sites

vvhere there are feV\ or no openings n the shrub canopy. Common mosses are

'P/emoﬁrum schreberr . which is common under the denser shrubs and Po/yvitrichum
quniperinum: . Gramunords are represented by Hrerochloe al pina and Arctagrostts

latifolra  which are especually common on hlgh elevat|on_5|tes,

SN

4.3.5 Cassiope tetragoda/Dicranum sp.-Polytrichum juniperinum CT
CL= 10 15= .295.n=1129 164.178.257.303.304. 323 439.440. 448 451
CATE DISP-POJU is a mesic to submesxc alpine community type occurrmg on level

to steeply sloping sites between 1470 and 1860 m. which s approaching the upper imits

of vascular vegetation. Soils are typically moderately pervious. moderately well to

. . 3 . .
well-drained Dystric Brunisols. Cryosols and Regosols may also be found. Water was

present in one of the soil profiles at a “depth of 45 cm. pH of the rooting zone Is
» . .

extremely to \fery strongly actdic (@.9-4.9‘-.
N

This 1s a bryophyte-dominated corrtmunrty (25-90°. x=60). characterized by a high

cover of Dicranum sp. . Polytrichum juniperinum (5-40%! is occasionally codominant

with Dicranum sp. but never surpasses it.

Prostrate shrubs are uommoniy represented by Cassmpe tetragona which usually
attains 4 cover of 20%. though 1t can be as high as 3:) . Vaccm/um vitis-idaea . occurring
with a low cover. s the second most cor[nrnon ericaceous shrub. Others are rarely
present. The pteridophyte Lycopod/um a/p/num often occurs. but usually wrth a lown
..cover value. Graminoids are represented by Festuca altaica and Luzu/a parw{/ora ‘both

occurring with a high constancy. but a low cover value Forbs ‘are numerous on

_low-elevation sites. W|th Artemisia arcr/cum and Gent/ana g/auca belng most common; but

very scarce near the upper |Imlt of vegetat|on vvhere species diversity of most growth'

forms IS Iow The dominant hchens are C/adina ste//ar/s C.-mitis and Stereocau/on sp.

Total lichen cover varigs from 5 to 5% (x=24%), and Is Iowest on high- elevatnon srtes

-

1\__-”
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Plate 6. CATE/DISP/POJU'CT, Site 29, Elevation - 1630 m. Situated on a NW facing
slope. with a weli-drained Orthic Dystric Brunisol formed on a coliuvial veneer.

Cassiope tetragona has a cover of 35%: Lycopodium al pinum a cover of 10%. ‘Festuca
altaica and Luzula parvifiora are the graminoids present. Dicranum sp. has a cover of:

 35%. Date sampled - June 18, 1981. -



4.3.6 Cassiope tetragona/Cladina stellaris CT _
CL# 9.1S=.298 n=17136.70177.24 1,326.332 429 446 349 !
| CATE CLST |sf\t\\/p|cally a submesic ubper s‘Iope alpine commL‘m‘rty, It occurs on
level to steeply slo‘puhg sites between .1430 and 1770 m Soils are usually well-araned
Dystric Brunisols and Orthic Regosbls found-on colluvium though morainal material and
bedrock also occur. pH of the.rootmg zone 1s extremely to strongly a‘adlc (4..3-5\-2), |
* This 1s a lichen-dominated community. characterized by a hlbgh cover o_lf Cladina
steli/aris (30-60%!. Other ichens which occur frequently. often with a high cover value are
‘Sée/eocau/oh sp. . Cetraria islandica . C. nivalis and C. richardsonii. Other .Cladoniae and
Cladxnae IiAchens occur infrequently. Total ichen cover varies f;'om 50 to 75% (x=65%.
Th.e dominant vascular species is Cass/ope ter}agona which has “a cover value -of
. 12-.30%. Other. ericaceous shrubs, with Vaccinium vitis-idaea beng most common. vare'
aimost always present. T‘otal shrub cover varies petween 20 and 40% (x=30%\." Festuca
altaica . Hierochloe alpina , and Luzu?é parviflora are common gram‘mouﬂs, whose totall«
coverage rarely . surpasses 10%. Pi)/yrr/chum jun/'pef/'n'um ts the most *éorﬁmon

bryophyte. occasionally achieving 50% cover.

-Plate 7. CATE/CLST CT, Site 326, ltsi Lakes, (62" 45' 50" N, 130" 19' 80" W). Elev. -
1750 m. The soil is a rapidly drained Orthic Regosol formed on bedrock. Date sampled -
July 28, 1881. o ’ T S STl
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4.3.7 Erlcace0us Shrub/Stereocaulon sp. CT
. CL# 15 IS~ 143 . n=10 49,78,96,127.147.196, 262 407 425 445
ERICAD/ STSP is typically a mesic to submiesic alpine community found on level to
| steeply sloping. sbutherly-facing slopes. Soils are bmoderately to fépidly pervious,
"moderately well to rapidly dra:ned Br’umsols “and Podzols. Th|s community occurs
predommantly on rock parent material. less often on colluvium or morainal materlal The
pH of the rootmg zone is extremely to very strongly aCIdIC (4.3-4.9). 7 A

Thls IS a Iuchen dommated commumty (25-95%. x=65), with both Ste/eocau/on sp.
) A(1‘:;)'-5O %), and C/ad/na stellaris (<1-45%) havmg 100% consgahcy Celrar/a n/va//s ) C.
cucullata and C- r/cha/dsom/ may als 0 achieve a relatively high ‘cover. Total bryophyte
ciover varies from 2 to 40% {(x=16%]. Those often present with high cover are Dicranum
sp. and Aulacomnium sp. . One of Empetrum nigrum , Vaccinium uliginosum . or V
vitis-idaeais present sometimes wnth a cover reaching 25% Grammmds are represented
by the two major alpme species, H‘/eroch/oe alpina and Festuca altaica . Common forbs

_are Artemisia arcticum and Gentiana glauca .

Plate 8. ERICAD/STSP CT. Site 96, NW of Niddery Lake, (3" 21" 40"N, 131731 40" W).
Elev. - 1490 m. Soil - O.HFP formed on bedrock. Date sampled - July 1, 1981. Dominant
shrub is Vaccinium uliginosum (20% cover). Stereocaulon paschale is the dominant lichen
(30% cover), Cetraria nivalis has a cover of 15%

L4
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4.3.8 Ericaceous Shrub/Alectorja'ochroleuca ct
CL# 14 1S-.258 n=10 46 89 90 109 150.254 335 340 354 447
This 1s a predominantiy submesic to subxeric alpme community type, occurring on

gentle to moderately sloping upper slopes and apices between. 1350 and 1730 m.

Aspect 1s usually south or west-facing. Soils are typicall moderately to rapidiy pervicus
P ¥ y y pidty

weli to rapidly drained Eluxﬂated Dystric Brgmsols. The pH of the rooting zone is extremely
acidic 13.8-4.4)" Parent material Is.usually morainal material or bedrock thoug-h both
coliuvium and aliuvium also occur.

This 1s a'~other hchen-@ommated community . with total lichen cover varying from

B L1

26 to 95°% (x=37). Alectoria ochroleuca 1s usually the dominant hchen. though it may
occasionally be codominant with Cladina stellaris or Stereocaulon.sp. . Stereocaulon sp.
and Cetraria cuc;’u#/aré are alwa_yé present often with av;élanvely high cover (<1-20°%;.
Cetraria nivalis 1s almost always present. with a cover yalue that may reach as high as
- 40%. Bryophytes are common, though therr total cover.(<1-65%, x=22) rarely exceeds
that of lichens. On north-facing slopes Dicranum sp.1s sometimes -domnant. Pleurozium
schreberi 1s 2 common bryophyte. but does ndt have as high a cc;nstarrcy as Dicranum sp.
or Polytrichum juniperinum ) Graminoids ate represented by Hrerochloe alpina . which
has 100% constancy and a cover value of <1-20%. LS and GS are common. Vaccinivm

vitis-idaea has 100 constancy. with a cover ranging from <1-25%, and 1s often the

dominant shrub. Occassionally Arctostaphy/os rudra . or more rarely Betula glandulosa or

Sal/x sp. are the dommant ‘shrubs. Forbs present In trace amounts are Anemone '

narcissiftora Gentiana glauca. and Pedicularis lavradorica .

«?



Plate 9. ERICAD ; ALOC CT. Plot 150. South of Niddery Lake, (63" 21" 00"N, 1317 21" 70"
W). Elevation - 1600 m. Soil'is a well-drained Orthic Dystric Brunisol formed &n bedrock.

sampled - July 11, 1881. S . ’ o

The site is dominated by Alectoria ochroleuca (50%) and Cetraria nivalis (40%). Date -



4.3.9 Dryas int\egrifolia;Salix reticulata CT
CL=z 12 1S=.143.n=4 17.61.62.421

DRIN-SARE 1s a submesic high-alpine community type occurring on I‘.evel ap|ces.'
and gentle to steeply slopmg upper slope sites between 1640 and 1880 m. This 1s

-

approaching the upper limit of vascular plant growth. and DRIN "SARE is one of the highest
community types. \‘ -
Exposed bedrock and L,o||uvnum are common on hlgher elevation sites. Soils are
typlcally moderately pervious, moderately well to vvell dranned Cryosols and Regosols
though at lower elevations Orthic Eutric Brunisols may be found On slopes the parent
material is colluvium. whlle on the ap|ces s decomposed bedrock. Frost was present n
one soil profile at a depth of 25 cm. This community type occurs on the most neutral s0|ls
in the Subalprne and alpine zone. with the pH of the rootlng zone being only shghtly acndlc
(6.1 In 3 of the sites. These sites occurred In the northeast corner of the study area. The
site wh[ch/had alow pH (4.9 was located In the very southwest corner of the study area.
This community 1s characternzed by the presence of Sa/ix reticu/ata {5- 3Q%) and

Dryas integrifolia (5- 15/0; Dryas -integrifolia . a calc'lp\hnle, ,Pa{ely occurs n other

community types. Ericaceous shrubs are rare. with Vacciniush spp. occurring sporadically.

and Empetrum nigrum never occurring. Forbs occur fre{quently, but not one species. 1s
. ; .
\

common to ali stands. Some of the forbs which do occix are Anemone drummondii .

Anemone multifida . Artemisia arcticum . Lupinus arcticus . and Potentilla unifiora .

Total forb cover is ca. 10%. The most frequently occurrm 'lxchens’ are Alectoria
ochroleuca and Cetraria nivalis . Cladomae and Cladinae i "hens are very rare or absent.
Bryophytes are represented by Dicranum sp'.' . s ..drozium schreberi ., and
Tomenthypnwn n/‘tens“ Total lichen and bryophyte cover varies greatly, from trace

amounts to 30%. /



Plate 10. DRIN-SARE CT. Site 62. North.flank of Keele Peak, (63" 52 50" N, 130" 16' 60~
W) Elevation - 1830 m. This site-is characterized by Dryas integrifolia (15%) and Sa/ix
reticulata (10%). Tomenthy prum nitens is the dominant moss. Soil isa R.SC, formed on a
colluvial veneer. Date sampled - June 24 1981 T : :

@
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4.3.10 Calamagrostisvcanaldensis/Hylocomiirm spleﬁdens TCT
CL# 1,15=.452,n=2:3,275 '. |

'CACA/HYSP is.a subalpine commupity type occurring on gently sloping sites wit_h
mdderafely well-drained Brunisolie soils formed oh alluvial materialls. Water was present.in
onég soil proflle ata depth of 95 cm . ' ~

This commumty is charactenzed by a hlgh covep of Ca/amagrost/s canadenS/s '
(30 50%). Forbs, especually Senecio . tr/angu/ar/s - Polemonium acutiflorum and

Ep//ob/um angust/fo//um , are. common.’ Hy/ocom/um sp/endens is the domlnant

' bryopHyte:

4.3.1i Veccinium uliginosum/Calamagrostis canadensie,TCT
CL# 1, n=181 e
VAUL/CACA is ‘a rarely occerringi submesrc, alp‘ine community occurring on a
steep, seuth-facing'site. The soil is a rapidly bervious', V\rell-drained Orthic Humo-Ferric
Podzol formed on a colluvial veneer. . ) | ‘ |
| This type is characterlzed by the dommance of Calamagrostis canadensis (45%
cover).- Festuca a/ta/ca is also present with a relatively high cover value. Vaccinium
uliginosum is the common LS, though Sp/raea beauverdiana is also present. Forbs are’
: numerous with Artem/S/a arct/cum and Pol/ygonum a/askanum belng most common; their

: combmed cover value is low (7%) Tomenthypnum nitens is the dominant moss though

Hylocomium sp/endens also occurs. Lichens are present in trace amounts.
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.4.3.12 Veratrum viri,dé/Hylocomium splendens TCT .

Ay

A

CL# 2,1S=.662, n=2:336.430

VEVI/HYSP is é subhygric, subalpine community occurring on gently to moderaté‘ly
sloping, north-facing sites between | 180 and 1440 m. Soils are slowly to moderately
p‘.ervious‘, imperfectly to moderately well-drained Eluviated Eutric Brunisols, and Rego
Humic Gleysois, formed on moréinal blankets. The ground is covered by an almost
". continuous bryoic{ mat; Hylocomium splendens is dominant, thoﬁgh Polytrichum
juniperinum and Aulacomnium sp. are common. D/j@:ranum sp. and Pleurozium schreberi
may also occur. Veratrum viride is the most/’.~ common forb, though £pilobium
angustifolium ,’ Artemnisia .arct/‘(;'u,m , .Senecio triangularis , and Valeriana capitata also
occur. Total fd'rb. coverage exceeds 30%: Festuca altaica and Luzula parviflora are thé’ v

dominant graminoids. Total graminoid cover is 10 to 20%. Lichens are rare.

Plate 11. VEVI/HYSP TCT, Site 336, West of Itsi Mtn. (62° 45’ 60" N, 130" 47" 50" W).
Soil is a poorly drained R.HG, occurring on a morainal blanket. Elevation - 1185 m. Thisis a.
forb-dominated site with 17 species present, Veratrum viride and Valeriana sitchensis
are dominant (10% cover). Date sampled - July 29, 1981. : :

(f-‘ .

o/

e
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4.3.13 Cassiope tetragona/Hylocomium splendens TCT
CL# 2, 1S=.885, n=2:190.426

CATE/HYSP is mesic alpine community occurring on steep, northérly-facing upper
* slopes. Parent materials are colluvium with moderately waell-drained, moderately pervious
Brunisolic and Regosolic soils. |

This community is ‘characterized by a high cover of Hylocomium splendens
{70-80%). It is floristically distinguished from the other communities in Clusfer 2 by the
- relatively high cover of Cassiope ‘tetragona (20-30%) and Arctostaphylos rubra (12-15%).
Fruticose lichens occur, but with a very low cover. Nephroma arcticum occurs with a
cover value of 4-10%. Forbs are common (10-30%), with Artemisia arcticum and -

Mertensia pan}/cu/ata occurring most often.
4.3.14 L‘Cassiope tetragéna/Festuca altaica TCT
CL# 4,1S=.196, n=3:26,220,221

CATE/FEAL is typically a submesic to subxeric alpine community occurring on level
‘to mdderately sloping southerly sifes, between 1670 and 1770 m. Soils are usually
moderate-ly well to rapidly drained Brunisols, formed on colluvial or morainal material.
Exposed soil and rocks are c'omrﬁon. The pH of the rooting zone is extemely to very
strongly acidic (4.4-4.9).

Within the community, Cassiope tetragona and Festuca a/ta/fca' are(codbmi}ants,
. with 10-20% cover. Lycopodium spp. always occur but with a low cover value. Dicranum
sp. is the common moss, though it has a low cover value. Polytrichum juniperinum may
occur. Fruticose lichens are present in trace amounts. luzula parviflora and Carex

podocarpa may be present in trace amounts. Artemisia arcticum and Gentiana glauca are

“the common forbs.

4.3.15 Salix sp.-Betula glandulosa/Festuca altaica TCT
CL# 4, n=1:222 ' ..

.This is a submesic, subalbiné community occurring on steep south-facing slopes.
Soils are rapidly pervious, rapidly drained Brunisols. pH of the rooting zone is evxtr"emely

acidic.



This eommunify is dif ferentiated from the other Festuca altaica communities by the
relatively high cover of MS Betu/a g/andu/osa and Salix sp. (15-20%). Common prostrate
shrubs are Juniperus communis (15%)- and Empetrum nigrum {10%). Pleurozium
schreberi and Dicranum sp. occur but with a low cover value. Fruticose Ilcheri\s occur in
trace amounts. Common forbs are Artemisia arcticumn and Epilobium angust/fo//um .

|
Total forb cover does not exceed 10%. ) : ‘
’.

'4.3.16 Salix sp./Festuca altaica TCT ' /
CL#3,n=1:72

Thisis a dlsturbed subalpine communlty occurrlng oI .‘: facing-slopes at

the bottom of snow-av"alanche chutes ~Though r&prébem’ . ",. ingle si_ie, it is .
rather ‘common in the north half of. the study areapTHe 8 ) e t/ély waell-drained,
Orthlc Dystrlc Brumsols formed on: bedrock SRt - . R, |

MS Salix sp. ‘is the domlnant specues (4 ) Festuca e/ta/'ce:’*‘fjbn/ ,eerué communis

. and Hy/ocom/um sp/endens are codominants (10%])in the understory. Common forbs are

Ep//ob/um angustn‘o//um . Mertensia paniculata and Artemisia arct/cum Total forb

cover is ca. 15%.

' 4.3.17 Ericaceous Shrub/Festuca altaica/PIeurozium schreberi TCT
CL¥'5, 1S=.275, n=3:126,168.230 '

ERIC/FEAL/PLSC is a mesic subalpine community occurring on . steep,
southerly-facing slepes Soils . are moderately to rapidly pervious, moderaiely to
vyfll dralned Orthic Dystrlc Brunisols and Ortho Regosols, formed on colluvnal matenal
The pH of the rooting zone ranges from extemely to very strongly aC|d|c (4.0-4.9).

The dominant non-vascular species within this community type is Pleurozium
schreberi , with a cover of 20-50%. Po/ytr}'chum juniper/'-num'or To‘menthypnwn nitens
.may also be present wnth a relatlvely high percent cover. Total bryophyte cover ranges
‘from 40 to- 70% Vaccm/um vitis- idaea and Empetrum nigrum are the common
erncaceous shrubs, with cover values of 6-50%. Festuca a/ta/ca has 100% constancy with
c:over values ranging from 5 to 25%. Forbs are common, with Artemisia arcticum a[yyays B

being present but, total forb coverage does not surpass 15%. Cladinae lichens are rare,



-
'

but Stereocaulon sp. may attain a relatively high cover value (15%).
4.3.18 Carex podocarpa/Pleurozium s"chreb‘erj TCT
CL# 5, n=1:341 - |

This is a mesic subalpine community occurrmg on gently sloping’ seepage sxtes The
soilis a moderately weIl drained, moderately pervious Ortho Humic Regosol formed on an
alluvial apron. ‘

The dommant specnes is Pleurozium schreber/ ‘with- 70% cover. Graminoids
dominate t’he vascular flora (60%), with Carex podocarpa . bemg most common.
Arctagrostis latifolia and Festuca altaica also#,‘attam a relatively high cover value (.1 0-15%).
Forbs are numerous with Polemonium acutiflorum and Aconitum del ,ohini folium

achieving the' highest cover value {(5%). Total forb cover is ca. 15%. Lichens are absent or

rare.

4.3.19 sp./PIeuroiium sch’re.beri_TCT o
. CL# 5, 15=.569, n=2:88.298 - - '

. This 1s a subhygric, subalpine community occurring on -gentle north slopes.
Elevation is ca. 1550 m. The soils are modera’tely wellt-drained Cryosols, formed on

oralnal materlal B

) SASP/PLSC is dommated by a bryoud mat. Pleurozium schreber/ |s the dominant
bryophyte (30-45% cover); Dicranum sp. and Po/ytr/chum /un/permum are common
(15 30%) Total lichen cover varies from 13 to 38 % with C/adina ste//ar/s belng most
common TS and MS Sallx are -common shrubs (ca. 20% cover). Betu/a g/andu/osa
Empetrum n/grum and Cass:ope tetragona also occur. Common grammonds are Festuca
altaica , ‘Carex podocarpa and Ca/amagrost/s canadensis . Total graminoid cover ranges
“from .9 to 19 %. Common forbs present in trace amounts, are Rubus chamaemourus:,

Artemisia arcticum , and Ped /cu/ar/s labradorica . - \
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14.3.20 S%hx sp. /Carex aquatllus/Pleurozlum schreberi TCT
cLes. ndinn o
. SASP/CAAQ/PLSC is-a hygric, subalpme communlty occurrung on a gen“tly slopmg' N :
' ‘ valley floor seepage site, with poorly drauned Organlc souls Water ‘was present |n the sonl'l ..
.-proflle at.a depth of 100 cm. . . ~. ' ‘ ' ‘ ' '
Bryophtes are the domlnant spemes \Mth P/eurozwm schrebew havmg a cover of
60%. Aulacomnium palustre , Sphagnum sp. ..Hy/ocomium sp/endens and several Ieafy
liverworts also occur. Carex 'aquatilis is the domlnant vascuI:r specnes with 50% cover.
MS Sa/ix sp. has a cover 6f 25%. Brown (1983) stated that Sa//;x\ glauca is the most
common willow in this type, while Porsild (195 1) stated that S. barrattiana is common in,

such habitats. Common “forbs are Veratrum viride , Valeriana spp. . and Senecio

triangularis . Their combined cover value is ca. 10%. Lichens are absent.

K
N

- 4.3.21 Carex aquatilis/Moss TCT
CL# 7 & 8, 15=.130,n=3:4,12,20
CAAQ/MOSS is a subhydric?' subalpine commenity type oceurring at or near
timberline on level to very gently sloping valley floors, between“l 180 and 1375 m. Seils
are very .poor_Iy to_i’mberfeé_tly drained Fibresols, formed on organic parent materiels.
CAAQ/MOSS is a species-poor community characterized by a high cover of Carex
aqueti/ is {40-60%). Either Sphagnum spv.‘ or Tomenthypnum nitens is the dominant
bryophyte. Other bryophytes v\}hich may be present are Au/acomnium sp. . Hylocomium
splendens , Paludella sqderrasaA, and Campanula stellaris . Total bryophyte cover often

equals 100%. Oecassional MS and LS Sa//ix sp. may be‘préeent.

o ‘ o

o

M 4 3.22 Betula glandulosa/Cladina stellaris;Stereocaqlon sp. TCT
f\'/CL#g 1S=.604, n=2:60,215
y BEGL/CLST STSP IS a subalpme cdmmunlty occurrmg Just above treeline on level
i sites between 1220 and 1250 m. Soils are rapidly to very rapldly dralned EIuvnated
Dystric Brunisols, formed on glacio-fluvial or morainal parent materlal. The pH of the

rooting zone is extremely acidic. | : .
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This community is dominated by lichens (80-95%). The mostls prominent lichen,
Cladina stellaris has a cover of 40-50%, while the cover: ef Stereocaulon sp. ranges
frem 25 to 30%. Total bryophyte cover 'values are highly variabie, ranging from 15-70%;
- with P/eurozmm schreberi and Polytrichum juniperinum being dominant. Betula
: g/andu/osa is present in either the TS, MS, or LS stratum with cover range of 25- 30%
CaSS/ope tetragona is absent which dlstlngwshes this community 'from the CATE/CLST
CT. which occurs at hngher elevations. BEGL/CLST-STSP is very snmlar to BEGL/CLST

which occurs below treeline.

4.3.23 B'etula glandulosa/Cladina stellaris-Hylocomium splendens TCT

CL#9n113 ' ’

BEGL/CLST-HYSP is a rare subalplne communuty found on a moderately, sloping

east-facmg site, at 1525 m. The soil is an lmperfectly drained, moderately pervious
" Brunisolic Static Cryosol. Frost was foung,.,in- the soil 'profile‘at 90 cm. The pH of the
; rootung zone is extremely acxdlc (4.0). | W v o .
This communlty is charactenzed by the hight cdver of C/ad/na stel/laris (40%), and
. Hyldcomium sp/endens (30%). Betul/a g/andu/osa is tbedomlnant shrub, though Sa/ ixsp.,

\
Cassiope tetragona , and other erlcaceous shrubs occur Festuca altaica is a common

gramlnold This type is dnstungu:shed from the BEGL/CLST STSP communlty by the hlgh '

cover of Hylocomium sp/endens and the absence of Stereocau/ on sp

T

~ 4.3.24 Cladina stellaris-Alectoria ochroleuca TCT, : s
x I

ar o ~ T~

CL# 9, 1S=.567, n—3-95 151, 240 PN
CLST -ALOC is a submesm alpine community occUrr’ing on gently sloping
southeast-facing slopes or Ievel sites between 1370 and 1560 ‘m. Soils are typically

moderately pervnous well- dralned Orthlc Dystric Brunlsols occurring on morainal or

' bedrock parent miaterials. The pH cf the rooting zone_ranges from extremely to very’

strongly acidic (3.8-4.7). - o

This is a lichen-dominated communlty distinguished by a hlgh cover of Cladina

ste//ar/s (30- 50%) Stereocau/on sp. may also be present with a hlgh cover. Alector/a .

g

.ochroleuca is always present, with a cover range of 10- 25% (x= 20%) Total lichen co”r

Ay

).

*
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values exceed 60% and may be as h.igh as 85%. Ericaceous Wcommon, with
Vacc‘/n/um vitis-idaea being most plentiful with a cover of 5-15% Graminoids,‘vﬁich are
often represented by Hieroch/oe alpina , have a modest oover never exceedlnvg 15%,
-and usually much lower. There is a low diversity of forbs, and those present occur in trace |
amounts. ‘ “ | o o //
) . e
4.3.25 Cassiope tetraéona/Polytrichum juniperinumlTCT
CL# 11,18=.538, n=3:69,135,452 | )
CATE/POJU is an alplne communlty occurrlng on submeslc gently to steeply
sloplng north-facing sites between 1430 and 1560 m. Soﬂs are typlcally moderately well
vto well drainéd Brunlsols and Regosols formed on coIIuvnum
oo Thns community is charactenzed by a very hugh cover of Cassiope tetragona
: (40 ~50%), which distinguusHes it from the other CATE communities. Vaccinium vitis-idae
_the only’ other erlcaceous shrub present occurs in.trace amounts. Cover of bryophytes
and lichens~- varues t:ons:derably Bryophytes usually have 'the higher cover value
Po/ayt;/chum /un/per/num occurs W|th both a high constancy . and h|gh cover value
8- 25%) D/cramfm sp may be present. but never w1th the high cover values found in the
e ‘ CATE/DlSP POJU CT. Au/acomn/um palustre may also have a high cover. Lichens are
.' repnesented by a the frutucose Cladina stellaris ., and follose Nephrqma arct/cum both
" of which oceur with hlgh constancy, and occaSIonaHy high cover. Gramunonds are
‘ 'represented- by low.covers of Festuca, altaica and Cal amagf_ost/s canadensis . ’

o

4. 3 26 Empetrum mgrumlPolytnchum juniperinum. TCT :

- "'r'. :

©

A -:'rl
5y

CL# 16 n—1 50

‘e ~

upper limit of treeiine at 1370 m . ._1,"‘- o . . , . a

ThlS commumty IS cHax:aéterlzed by ,ar hlgh cover of Po/ytr/chum funiperinum I -
(35%) C/ad/na ste/lar/s (15%) Empezrum n/grum (20%) and Cassmpe tetragona (15%) It:-/'

15 &:fferentlated from the other CATE communlty types by-the high cover of Empefrum '

N vgggrum Erlcaceous shrubs it present occur in trace amounts. Other bryophytes present
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are P/euroz;um schreber/ and Aulacomnium sp. . Numerous other lichens are present in

trace amounts Gramunmds are represented by a low cover of Luzu/a parwf/ora

\

4.3.27 Hlerochloe alpma/Polytrlchum junnperlnum TCT

CL({# 16, i=1:279
This is:a north facmg n’v&derately sloping, alplne sne that has. been recently

e . _f\
. burned. The grouﬁd l@{wdomlﬁatq,d by Po/ytr/chum /un/per/num }‘40%) H/Prorh/oe alpina
A e
is the dommant qrs nord Ca/amagrost/s canadencls s preserﬂ Cl‘he remalnlhg flora’
/l

e

‘consists of low am&m‘ts of Vaccm/um vitis: fdaea ;@rcm;um u//g(‘osum . Betu/a' .

g/andu/osa Spu'&e;i ‘tx;auverd/ana and £ p//ob/um angugt/fo/ /um Exposed charred soil

~and rock are present o G E S o
e : 5 );_ -'l,
. v .
4.3.28 Lycopodlum alpmum Aulacommun palustre sp. TCT e -‘--‘-:';v'l';“"_'
¥ 3 & :_‘ ’ v
L# 6 n 182 J - ) N ,
- Y4

. LYAL ALPA is a rare alplne commumty type occurring on a gently sloping.

. south- facing :site at 1685 m. The soil is a well drained Orthic Humo-Ferric Podzol

l

developed on a morainal veneer.‘ .
The site is characterlzed by a high cover of Au/acomn/um pa/ustre (50%)
Lycopod/um alpinum (30%) and a single erlcaceous shrub, Phy//odoce empetr/form/s

l20%) Luzu/a parwf/ora is the domlnant gramanId (10%) Llchens and forbs are present in
trace amounts L Jf ' ol
4.3.29 Senecio trl'a‘ngularis,‘/Aulacomni’una"gpelusftre TCT : . o oAy

CL#6, A=1: 179 , _
ThIS is a rare forb meadow commumty occ'urrmgk on, an |mperfectly dramed ,
seepage site on an alplne valley floor at 1800 m: - ‘ ’m, | -
" This communlty is characterlzed by an: extremely high cover, of Senecm
tr/angu/ar/s (75%) Other forbs with moderately high cover values are Valeriana capitata’,

Veratrum viride , and Polemonium acutiflorum . Lichens and ericaceous shrubs are

PR

absent.

2

W T
et
0
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- 4.3.30 Carex podocarpa/Aulacomnium palustre TCT

CL#G n=1:422

\\ [4

CAPO/AUPA is a rarely-occurring subhygric, alpwie community found o” a

moderately sloplng north-facing site. The soil is an imperfectly drainec Ortho Regosol,

" developed on ‘Kcolluvnal veneer. The . f the rooting zone is st'r.ongi\, - 2.2), but

(r=-.34%). !

Iess so than the majority of alpine soils.

This 1s a bryophyte -dominated commumty where Hy/ocom/um sp/endens and
Aulacomnium palustre are codomihants, each havmg 25% cover. Carex podocarpa is the
dominant graminoid-with 20% cover. Po/ y;onum alaskanum , Eriophroum angustifolium:;
and Hieroch/oe a/p/na are present in trace amounts. Po/ygonum bistorta and Oxytrop/s

maydelliana are the common forbs occurring with a relatively high cover value for forbs

(5-8%). Alectoria ochroleuca and Cetraria cucul/ata are the dominant lichens but have low

‘cover values.

4.4 DECORANA Ordination Results

The. 106 stands plotted agalnst the X and Y axes of the DECORANA ordlnatlon are
shown in Flgure 3. A dnagrammatlc model illustrating’ the relatnonshlps between the .

ordination axes and the:r correlated envnronmental variables is shown in anure 4 Site

4

coordlnates on the X and Y axes are give in Appendix VIi. All envnronmental varlables

" discussed below are significantly correlate d at alpha=.05. Soil variables discussed below

are taken from the rooting zone only. .

The X-axis represents a complex-gradient, which accounts for 67%'of the‘

variation in the vegetation. data It is strongly negatlvely correlated with soil drainage’

(r=-.60%) and ecolcgical moisture (r— .68%), which are strongly correlated with each other.

Y tis pOSItIV8|y correlated with the soil pH (r=+ 22) % clay (r=+.46), Ca r=+ .33), and Mg

(r=+ 32)

]'};t,e Y-axis, accountlng for 40% of the resndual variation, or 13% of the total =

!
{

variation is v/veakly, negatlvely correlated with slope x aspect (r—- 7*) and the C/N ratio

»

The Z-axls accounts for 30% of the re5|duaI vanat:on br 6% of the total variation. -

It too represents 2 complex-gradient with WhICh aspect (—- 29) and slope x aspect

i i K3

{

4



L

57

{r=-.43), are weakly correlated.
The fourtﬁ axis accounts for 24% of the residual variation, but only 3% of the total
variation and is therefore not used. ‘”
There is considerable overlap of the ’clueters when drawn-on the XfY ordination
. field (Fig' 3). The communities which are dominated' by lichens and submesic mosses
{Dicranum sp. ,Polytrichum j‘uniperinum ),‘occupy similar positions along the X-axis, but
different, but overlapping,. positions along-the Y-axis. SHRUB/ALEC occurs nearest the
origins of the X and Y-axis; it overlaps with the SHRUB/STSP COmmunity which, in turn,
_‘ dve%aps th the Cladina stellaris -dominated cluster. The communities wuthln this fatter
| stefa"vﬁush hava Stereocaulon sp. or Alectoria ochroleuca as the secondary lichen,
overla&m}h either SHRUB/ ALOC or SHRUB/STSP. The CATE/CLST communlty overlaps -

: W|th the CATE/DISP, FEAL/POJU and the CATE/POJU communities which occur above it

- on the Y-axis. This suggests that all these ‘communities have a similar- tolerance to soil |
' { drainage conditions, but that the CATE/DISP, FEAL/POJU, and CATE/POJU communities '
prefer cool northerly slopes.. Figure 6 illustrates the slope-aspect relationships of the

major communities. ) |

Along ‘the‘ X-axis, the lichen communities intergrade into those dominated By
feathermosses, forbs, or graminoids. Carex aqz)ati/is dominated communities lie at the far

" end of the X-axis. - . - ) O

The clusters with the lowest within—cluster similarity indices (IS values) tend to have
the w;dest amphtude on the X and/or Y-axis. Cldfster 16 (IS=.423) has one of the highest
_S|m|Iar|ty indices. and occupies the ordination field at the dry (near) end of the X-axis,
halfway up the Y-axis; its amplitude on both axes is relat;vely narrow. Thls is: m contrast to

. Cluster 1 (IS= 343) which has a very narrow amplitude on the X-axns indicating that the
dominant species in the cluster have a narrow range of tolerance to those enwronmental
variables represented by the X-axis, but a very wide amplitude en the Y-axis.

Clusterl 2, wh.ich is domindted by Hy/ocomium sp/ender(s: . has one of the lower
indices of sihilarity (1S=.1,18). It has a wide amplitude on both axes, occurring in the middle_;i‘.
of the ordination field, in the mesic to subhygric range of the moisture gradieat This

' cluster contains one CT ar ! two TCT s, one of which, VEVI/HYSP (1S=.662), Iles at the top

of the cluster and has a narrow amplltude on both the X and Y-axis.
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)

Figure 7 shows the geometric centers of the species on the X-Y field of the

DECORANA ordlnatlon These locations.of the species on the ordination field are sumnlar to

those of the clusters in which these species are dominant. The l(chen species occur near

the origin of the X and Y-axis, mducatnng that they usually occur on welli-drained, Jével or
southerly-facing sites. This 1s conflrmed by the Chi~ square tests of mdependence (Table
6).

Cassmpe tetragona occurs _higher on the Y-axis than do the‘ other comm.o.n

ericaceous shrubs Vaccinium vitis-idaea and Vaccinium u//g/nosum The Chi-square

than

18]
\.\3,?

tests of independence demonstrate that Cassmpe tetragona occurs more «:aﬁ.~

o w
i

expected on northerly sutes whule the two Vaccm/um spp. occur more often than

expsicted on southerly facing S|tes though all three species can be found on all aspects

.(Table 7)

Tab|e 8 shows the relationship between the major forbs and associated

.envnronmental varlables

Carex aquat///s and its assocuated fen species lie at the far end of the X axis,

where mousture, pH, and nutrient values are high.
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DECORANA Ordination: Community Types Above Treeline
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5. Forest Communities

W
5.1 Overview of Forest $|tes

The forest communmes of the Macmillan Pass study area are found from the valley

bottoms at 600 m to the upper:limits of tree line at 1600 m. The ma;orlty of the forest :

sites we' - ocated on level to strongly slopmg {0-40%) morainal, colluwal alluvial or

glacio-fluvial sstes ‘with. predominantly imperfectly to ‘well- dramed Brunisolic and-

Cryosolic soils. Out of a total of 192 soil proflles- 39 had a water table present at a depth

of 1to85cm, and 78 had frost present at depths of 6 to 30 cm.

i

The flora of the 246 sites consists of 144 vascular species in 62 genera, and 50

N4 ! '

non-vascular species in 21 genera. In terms of major growth-forms, there are 7 trees, 24

erect shrubs,’ 12 prostrate shrubs, 64 forbs, 25 grammords 12 pterldophytes 20 lichens

and 30 bryophytes The ma jor tree species in the study area are P/cea glauca, P mar/ana, '

and Abies /asmcarpa wnth Popu/us balsami fera, P. tremu/mdes and Betula occidental is '

occurring occasionally. Ma;or erect shrubs are Betu/a g/andu/osa, Ledum pa/ustre, Sa//x
spp. .and Vaccinium uliginosum. Salix glauca and S. planifolia are the_ willows
commonly assocnated with Picea mariana ;"Sa/ix /ongisty/is and S bebbiana are
commonly assomated wnth Picea glauca ; and S. barc/ay/ and S. /ang/sty//s are commonly

associated with Abies /aS/ocarpa Salix scou/er/ana, S. plan/fo/ ia, and S arbusculoides

are common on burnt- over Iands (Porsild 1951). Other less common erect shrubs are ‘

Betula ocmdenta//s Juniperus communis, Shepherd/a , canadensis, Spiraea

Be ‘jana, and Rosa ac;cu/ar/s 4The two most common prostrate shrubs are

Em/JLuUm n/grum and Vaccinium wt/s /daea Less common are Arctastaphy/os rubra,

Cas.s'/ope tetragona, L/nnaea borealis, and: Ox.y‘coccus m/crocarpus

"Ground cover on the forest floor Js dommated by llchens and bryophytes except :
for some burns, where forbs domunate The most commonly occurrlng frutlcose Ilchen is >‘.-~' A
C/ad/na stellaris, followed by C. mitis and C. rang/fer/na The most commonly occurrmg..

follose Ilchens are Peltlgera aphthasa ahd Nephroma arcticum. Commonly- occurrmg“

bryophytes are Hy/ocomium ~splendens, P/euroz;qm schreberi, Polytrichum

juniperinum, §phagnum and Aul/acomnium palustre.

v' “ | ) . ‘ | v - . . .‘~- z

67

Y



P

)

/ fewer than 10% of the sites sampled A. total of 155 specues were used. Locatlons of the

. cover data. for four sutes in each of the major communlty types are prespnted in Tables 9 -

R L R &

Oby elther P/cea g/auca or P. mar/ana Ground cover is dominated by Hy/ocom/r/n

_sp/endens The MS stratum is dommated by. ; Sa//? sp ﬁmpetfum n/grum s ‘the mq‘st .

: ..Lj'-,oc;wrrmg predomlnantly at Iow elevatnons on vallgy floors They are characterlzed by a | \

. R ‘~ : . 68
Grasses and sedges occurred mfrequently wuthm the forest stands The most
freQUently occurring spec:es were Arctagrost/s /at/fo//a Ca/amagrost/s cansdenS/s

Festuca a/ta/ca and Garex aquat// is, : ' . ' S . -

A complete constancy list of the vascular and.non- vascular specnes recorded in the

stands is found in. Appendlx V. Undoubtedly there are more specres in the forest

vegetatlon but thes® unrecorded .species are rare. There are probabl-y more unrecorded

non Vascular spemes than )(ascular ones. 0‘- ‘ .

W

W
sy

5.2 cluster A'nalysns of Stands e o ‘

Resulté,bf the SAHN complete Imkage cluster analySIs appear in thure 8 Specnes

daieted f

e. cluster analysns were 'those which occurred in trace amounts (<1%) in -

21 resultm%lusters on .the DECORANA ordlnatron are shown in Figures’ 10' -112 Slnce o

envuronmental factors may -vary W|th|n a cluster eacH clusfer may contaln several dlstmct - o
ommumty types (CT's) or ‘g’ubtypes (ST’ s) Groups of four. or more sutes are recogr;l?zed ‘
as communlty types. wh%reas smaller groum are ;egarded as tentatlve communlty types o ?3
T CT s)¥ Twelve CT's, and 9 LCT s were recogmzed in the forest zone. Slt,e and ‘species. . 55 |

'r*iv

‘.

Clus’tegs 1-8, and 14 QﬁﬂSIST of mature forestad sites, where tgs major separatlon

S

"I‘

among clusters is based on ground over. A - R . B!
" Cluster 1 is 2 tight. cluster (TS .410) conslstmg of 15 mostly subalplne sites. The
ground cover . IS domlnated by, Hy/ocam'/un sp/endens Ab/es lasiocarpa is the domnnant ! ,

tree: specnes occurrmg in one or more of the MS, TS LTorTT strata 4

Cluster 2 IS== 284) is a group of 51 SItes m Wthh the tree stratum is dommated

‘common prostrate shrub. * sl : . _ N

(' Clum (lS— 195) cc\msnsts of 23 masic. to submesm open structured stands, \

;hlgh cover of C/ad/na ste//arls The MS stratum is dommated by Betu/a g/ahdu/osa The

- ,’ B
e : :

[ : N . . G
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o " tree spec1es The other three stands have a svmllac

. " domxnates the MS stratum wuth P/cea ﬁ/agca P mar/ana or »Agyes /as:ocarpa doﬁukh & g,

gl ‘ 8 ; , u

. . ‘(ﬁ . k oy, ;'a

v . B} : “ .
/

TT stratum consists of P/cea mariana or Abies lasmcarpa

Cluster 4 {1S=.1 1&}7 contalns 7 loosely related sntes charam@rlzed by a high cover

. ng Empetrum n/grum Four stands are hﬁh elevatlon subalgfne sites where £. nigrumis

5 R
"the dominant species in the ground cover stratum arl&

: ms /aS/ocarpa 13‘ the dommant
."\t c

\(_(‘P‘

' vastly dlfferent S|tes One stand .5;5 Iow elevatlon burg g\

P here the ground cover- is
domlnated by E. n/grum regeneratlon is. P/cea mariana. 'One stand occurs on a level, low
elevatlon site, wnth organic soils, where ||chei§'%cur on dry. mncrOsutes aboVe the

mosses. The thlrd site occurs on a valiey. floor and is domlnated by Empetrum n/grum

- ) . " 3 o . RS
S .. i oy

: wuth P/cea mar/ana in the TT'stratum.” .~ ." : ' ‘ J R .
Cluster 5 (IS 24 2} consusts of 1@ sites domlnated by Sphagnum spp and C/adma ," :
] ste//aris . - ¢ . ¥ ‘ a f'.,.u‘ '
N N : By - ¢

Cluster & (IS-‘ 178) cons1sts of 25 predomlnantly subhygrlc to mesnc s;tes Gr,ound

is. domnnated by P/eurozwm sc.hreber/ and Sphagnum sp SAf Iow eIevahons _a ]
. ﬁ domnnant tre%sﬁbmes whlle at hngher elevatlons itis replaced by Ab/es SN
- ¥ '

dUm pa/ustre normany dommates the LS stratum ) g L ‘,'

Iy ..)J\....“;V )

the tree stratumﬂ = ' : . ez -
i

Cluster 10 (IS 097) consmt@~ 11 Ioosely linked, subalpme sites. Ground cover is
dommated by)E mpetrum nigrum and Po/ ytr/chum /un/per/num Ab/es /asmcarpa is the‘

domlnant tree specres occurrlng in the MS TS or 1T strata ._ ’ - - : C

.t

Cluster 11 (IS=, 149) consusts of 17 predommantly meslc subalpine srtes Ground
cover s normally dommated by P/eurozwm schreberi; though in three stands Ieafy C
hverworts and Cladlnae Ilchens are dommant and in one s‘?and Nephroma asct/cum is Lo
dominant. These four stands spht off the'main cluster at15=0.15.- ' |
Cluster 14 (IS .303) cons:sts of two alluvual sites where Pt///um cr/sta-castrens/s -
has a very high cover value. P/cea g/auca is dommant inthe TT stratum, LR A' _ e

Clusters 8, 9 12 “and 13 are recently burned-over. sites grouped mto loose

‘:'"clusters ' g e SomL T L \



» ey
A x
s, o
BN e
H Ut
. i i , W .
! S
- "
v 1
J [ . . i~
. L J
’ -4 Vg
LN . $ ) ¥
v te
S . . s
- . Nt . 1 .
' L v ¥ 4 . B
RTINS S,
J/' S
' b ” Y
‘ o N
. D » AR
: e
LS
‘ ' °
B “ v -
} . -

.Dendrogram of Forest Sites =~ = T ( )
. ) L . » -
COMPLETE-LINKAGE CLUSTER ANALYSIS _ S s
MACMILLAN PASS/SHELDON LAKE AREA, YUKON . - . o - o o P
) &®



Cluster 8 (IS:'.107) consists of 12, predominantly mesic. sites where ground
cover i dominated by Po/y’rf/'.c/wm juniperinum. The LS stratum is dominated by Ledum "~
palustre, and_the MS stratum by Betula gfandulosa. . '

Clu'ster 9isa Ioose cluster (IS=.169) of 5 sntes characterized'by a very high cover
Po/v(r/chum /un/per/num There are no other d -incstic species. - S
Cluster 12 (1S=.186) COnSIStS of 7 southerly- facvng mesic sites characterized by -
: Sa//x spp.- in the TS and MS strata. The ground cover is domlnated by forbs
Cluster 13 (SI1=.266) consists-of 3 sieeply sloping sites characterized by Festuca ¢
‘altaica. The MS stratum IS domlnated by Beru%/andulosa and Sa//x spp.. ‘
"Clusters 15 17 are @mall ciusters of early to mld successional stande H_(;Iuster 15
consists of two loosely ass%cxated 15=.2 18) south facmg steeply sloping snes The 7T

;(’ﬁiﬁz:‘! Stratum'is dom‘lnated by P/cea.g/auca. Popu/us spp. are also present. The ground cover is

""’fi{«;tﬁ, ' do'munated'by ?orbs

: ..G"“p.::"%acry suc"essnonal “alluvial* site on .a trlbggry of th w"o.
Hess Rlver The MS and LS strata aroe dominated by a “low cover &‘ Papurd: ba/sam/fefa L
e and ‘\?a//X spp Ground ‘caver is dor:lnated by’Srereocau/on sp ' f“
: - qo- ‘ "
Cluster 17 consusts of'one early eucces;onal alluyxal site on the Hess Rlver G:ojnd = ;

Cluster 16 consxsts o;

W)

) "eov’er.ns;dominated by Dicranum’ sp.. The'TS and.MS strata are dominated by a dense
cover of Populus balsamifera.and Salix spp.

. 5.3 Community Types ) : ) . ) ‘ . .
: Y .
5 3.1 Ables Iasmcarpa/Hqucormum splendens CT ) ° N

~

Ci# 1, IS 410 n=19:1,11,15,19,30.44.55,73, 82, 87 138, 198 258%74 280 282 - -
L
ABLA/HYSP is;a stable CT found predominantly on mesic, northerly facmg gemle

~

to steep (10 40%) mnd slope sites between 1160 and" 15625 m. The’ most common soils

.

. arplmoderately well to well dralned moderately pervious Brunisols, represented by Orth«:/

romialy y

i va . ) ./:‘" -
are also found Sons are very - strongly acidic- to. strohgly acidic; pH- of the r”ootmg zone

,:sxm Orthlc Eutruc and, E!U\uated Dysﬁrxo ;Brumsols :Pod;ols RegosoLs and Cryosols

ranges from 3.3 to 4.6. Soil texture ranges from clay loam to loamy sand. The dominant

terrain types are coarse-textured colluvial blankets and veneers, and morainal blankets.

...l)
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- Ci# 2, IS%lO n= 30 9,28,48,53,66, 75 85.94,120,133,1854
200, 2@9 8,243,247, 281 306,310,324, 330 390.428,442, 457,459,484, 485 491 -

(hePlGL/HYSP commumty is found predomlnantly on subhygruc to mesic, level to

l\

|mperfectly to m\oderately well dralned slowly to moderately pervnous Regostatnc
Cryosols Brunisolic Static Cr-yosols Gleysollc Static Cryosols, Ortho Statlc Cryosois and
Terruc Mesic Organlc Cryosols, are also found The next most prevalent groups are
Gleysols represented mainly by Rego Gleysols Frost was. present if. 18 of 28 soil
prof:les at depths of 8 to gﬁ cm Water occurred in six proflles at depths of 20 to 60
cm. The dominant parent material is alluvial plams veneers and blankets followed by
morainal blankets. Soil pH's in the rootmg zone are hlgherlthan in other communlty types,
rangmg from very strongly to sllghtly acidic (4.6-6.1) | o

R Th|s comepunity type can be separated into two ma;ory@ﬁtypes (ST lower” .
&\J -

ele:atlon sites.. found on alluvnum along the major rivers (ST

moderately sloplng s:tes occ“ulrrlng on morainal material {ST 2. 2)
:ST 2.1 sntes are characternzed by pure stands of whlte Spruce fhough rarely black

spruce may also occur Late successuonal sut%s may alse have Popu/us spp present '

ST 2.2 sites are normally dommated by whlte spruce, though one or possnbly both

v

black spruce or subalplne fir may be present. The white spruce typrcally assumes a black
spruce “like: growth form. - ', _ o '
"The understory of both subtypes is characterlstucally spemes rich. Sa//x §p

ajmost always present, often with a high cover value. Betu/a g/andu/osa ,ano

,nu

. nus crlsspa ’

occur less commonly Low shrubs whict are often. present are Vaccm/um u//g/nosum °\

Josa acicularis,. Ledum pa/ustre and Potent//@frut/cosa Shepherdig’ canadenSIs ‘and,

" Ribes triste often occur in assoc«atron vxlth Popu\/us sp.: Ground shrubs often present are -
Vaccm/um wt/s~/daea Empetrum n/gf&lm, Rubus chamaemorus, Cornus canadenS/s,‘

Arctostaphy/os rubra, and l_/nnaea borealis. }umerous forbs are present the ‘most .

" common bemg Mertens/a pan/cu/ata, Llupinus arct/cus Po/emon/um acut/fo//um, Pyro/a |

secunda, ‘and Senecio /ugens Subtype 2.1 sites often have a hxgher proportlon of grasses

*and horsetails present. in both subtypes, Hylocomium sp/endeps dommates the ground

N
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with over 55% cover The f l&sé lichen. Peltigera aphthosa is usually present with

Nephroma arcticum tending fto replace it on higher elevation sites. Cladinae and Ctadoniae

lichens may be present but ustially in trace amounts

5.3.3 Picea mariana/Hylocomium splendens CT

Cl#2. 15=.309 n=21 33 39,57J$,¥,7§9$,4108,1‘31‘13_,2 162 188.207. 213 255 288, \@\

343 364 366.385 406 472 482 ;‘ ‘

The PIMA- HYSP CT ‘can be separated into  two phases (PH' Phase 3.1

PIMA ;. HYSP, and Phase 3.2. PIMA HYSP-SPH. Both PH s occur on subhygric to mesic

_ sites over a wide efevational range (610-1220mi. Soils are predominantly poorly to

|r;nperfect'ly/ drained SIowly 1o m.oderatel‘y pervious Cryosols. and Gleysols: with
RegostatlcJ Cryosois belng most common. followed by Rego Gleysols. The pH of the
rooting zone ranges from ex‘tremely to moderately acidic (4.5-5.9). Frost 5)<as present n
10 of 18 soui proﬂles at depths of 13 to 52 cm. Water was present in 6 of the profiles at

depths of R to 85 cm.: l\/loralna' blankets and rolhng ‘morainal rn-aterlal are the dominant

. parent maternals ‘While both phases occur predornunantly on valley floors and lawer

"

- 3. based on tree height and basa

siopes the, PIMA HYSP&‘phase occurs on -level to strongly sloping sites. while the
P!MA HYSP SPH phase OCCurS on Ievel to moderately slopnng sites.

Both phases are characterized by domsnance of P/cea mariana in the tree-stratum,
b

and of Hylocomium sp/endens in the ground cover. In the PIMA HYSP phase the cover of
A

H. sp/endens ranges frorn 4%-90%. and Sphagnum from O- 20‘ In the PIMA ' HYSP- SPH
phase the range of Hy/ocom/um sp/endens IS onLy 30~ 507 wh:le ‘that ofSp‘zaJnum is

10 50%. Sa/ix sp. 1s always- present in both phases. often with a hxgh cover value.

-

Vaccinium uliginosum s often present, sometimes with hlgh ‘c(:over, \(0-20/0). Cladina

ste/laris is almost always - presemt— <] 1020%). Nephroma arcticurn 1§ the common
NS - ’ * :

foliose lichen. . o
- ' P

Tre% ages In both phases’ ragfrom 50 to 205 years. Productmty iscgreater |’n PH

ea. One tree in"'a PH 3 2 stand was 3 6 m .tall at 205

years of age Phase 3.2 may be a Iater successional stage of Phase 3 1 (’

-

~ . b

.

a
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5.3. 4 Conifer/Pleurozium schreberl CT

Cl# 7,15=.169, n=36:92,112,125,142,148,160,169,171, 176 223,229,246, 268
272,297.300,325,346,361, 368,37 1,388,400,409,413, 414,435, 443, 456 458
460,474,475,483,488,489

This community is characterlzed chlefly by the high cover yalue of P/euroz/um

" schreberi. Three-subtypes are recognized, based on the major tree specnes present ST

4.1, Picea mar/ana ST 4. 2 P ‘glauca and ST 4. 3, Abies /asrocarpa Betula g/andu/osa
and Vaccm/um ul /g/nosum are the predomlnant erect shrubs wnth Empefrum n/grum and
Vaccinium v1}§ idaea agaln being the common prostrate shrubs. Cladlnae lichens are
common with {I,‘/ad/na ste//ar/s occurring most often and with the highest cover‘ value
Nephroma afa}/cum and Pe/ t/gera aphthosa are common follose lichens. a

’ Thlsvﬁ‘edommantly ‘mesic communlty type occurs over a wnde elevational range )

(660 143 occupying a posmon |n the landscape from vaIIey ﬂoors to mid-slopes.
g P

Slopes are generally less than 20%. Soils are typncally moderately pervuous lmperfectly to

‘well- draﬁed Brunisols and Regostatlc Cryosols The ph of the rootlng zone ranges from. uf

’ extremely acnduc to moderately acidic (3"3 5.9). Parent materlals are typncally moralnal or

4
. . : Lt .l

-

aIIuvuaI o , ‘ R ) v - e ‘a

5

Picea: g/aucg,_s the domnnant tree species four*ld on the Iow elevatlon glacno fluvnal

and alluvnal sites (ST 4.1), where soils are slughtly less’ acndlc than in ST’ s 4.,2\\and 4. 3 ST

4.1 s very similar to the PlGL/HYSP community except that’ Hy/ocom/um §p/endens is

replaced by P/eurozyu,n schreber/ Picea mariana may be present. As wuth the PIGL/HYSP‘

rtl'g

commumty forb specnes are numerous some of the more common belng Pyro/a»

secunda, /.up/nus arct/cu:s Mertensia pan/cu/ata, and Petasites fr/g/dus Shrubs that‘ .

‘oceur in this subtype and in the. other P/cea g/auca communltles but rarely elsewhere, are',

Rosaa/ icularis, R/bes tr/ste and Shepherd/a canadenSIs Salix sp is more common ln
thlS ST than in the two others Grasses whlch occur commonly are Arctagrost/s /at/fo//a,
Festuoa al ta/ca and Ca/amagrost/s canadenS/s . e N

- Ab/es /asmcarpa ST 4. 2) is commqn at higher elevatlons on steeper slopes

>

'occurrmg on mode,ately well drained BI'UHISOIS wnth morainal parent material. it .is

~

: normally assocnated w:thlan lncrease in Hy/ocomfum sp/endens. Thls subtype differs from K

the ABLA/ PL[SC cT in that it hasa lower cover of Abies /aS/ocarpa (12- 33% cf. 24 70%);

2

Ledum pa/u.ﬁ?fe is common cf absent or rare; and chranum sp. is rare or absent cf
o v w



common.

Picea mariana is the most common tree in ST 4.3, which is found predommantly
on |mperfectly dramed Cryosolic sails. It may also be found on moderately well dramed

Brunisols and Regosols Parent material is usually morainal. In addition to bemg domlnated

by Picea mariana, this ST is separated from the other two by the occurrence of

Sphagvum sp and Rubus chamaemorus both of whnch are absent from the.other

.

5.3.5 Abies |as1ocarpalPIeuroznum schreberi CT  w

.
Ci# 11, IS=.14 ., n=17:91, 113 153,157,202,242,263, 285 320 327 337 357

38444145345 p T e T %

' ‘i:’ ‘x . guﬁ”::

The ABIA/PLSC CT Y Vecy;‘ stmllar to the ABLA/HYSP CT except that P/eurezzum

schreber/ rephces Hy/ocom/um sp/endens It is found predommaqtly on hlgh elevatnon :

(1 100 1500 m) mesuc slopes 3é%upym lower to upper. slope posmons wnth a vanety of
%w ¥ 9

,I

,aspects‘ -Soils are predomnnantly moderately well to well dranned Eluvnated Dystrlc

®

Brunlsols though lt is also. found on. P

rootlng zone is: extremery aCIdIC (3 4-4 ? he parent materlal is either moralnal colluvial

v or aﬂuvnal venesrs and blankets; LT

'x.'

} ‘ .
Abies laS/ocarpa |s the only tree specn&; occurrmg m thIS corgn'pumty type

typ;cally has between 25 and 70 percent cover, wrth the hugher cover’ valhes again due to -

uthe Iow stature krummholz ‘near the upper treelme The grOund cover is normally

‘ dommated by P/

‘, rarely Hypnum sF

‘-“Y

~ cf%%unant in pa‘ter‘i' , % , - & ,
X ! ) O ..
% The dommant treeé Jdn thé “TT stratum range in henght from 6 to 19 metres. The BA

'range ls 10 60 m’/ha Tree ages range from 120¢Q260 years ST

L , L,

‘ 2 ST i . - —

: ot « S I . §

. N PR AN .o¥

T\ N B . . \ R g Coet . ’ BTN
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dzols, Gleysols /and Cryosols. The pH of the .

i
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5.3.6 Picea mariana/Pleurozium schreben-Sphagnum CT

Cl# 6, IS=.178, n=25: 101,102,103,105,122,139,186,189,191, 192, 20§ 227
264, 277 292,296,305, 308,309, 328,367, 387,392,463, 464 ‘ v

g PIMA/PLSC-SPH'is a subhygrlc CT found predommantly on level valley floors or .

| : sp%s it often ha.s\a hlgh tover value in the MS st%‘jum suggestlng that Al /as;ocarpa. .

W

l

gentle north facnng lower slopes between 790 and 1440 m. The’ most comimon.soils are
slowly perm:as lmperfectly dramed Cryosols represented mainly by Regosolic Statnc
Cry@ols Fhe pH of the rootlng zone ranges from extremely to very strongly acidic:
"(3.5-4.9); the soil texture irom silty clay loam to sandy loam. Frost was present in 14 of .
19 profiles at depths of :7-39-cm Water was present in 5 profiles at depths of 18-44
cm Morannal blankets ancl veneers are the *common parent. lﬁnaterlal though orgamc
Iacustrme and colluvial materials are also found. _ ' _
Picea marfana is pormally the domunant tree wuthr;w this type. However at hngher '

]
elevatlons Abies /as:@carpa may occasuonally be a co- r’qﬁam and rarely the major tree

N
\.l oy

e'the cllmax domlnant on these sltes Tree ages

Eh “

henghtsrengmg from 5 S5to 12nf. g . ' MR v'k; 5

Ledum pa/ustre is the domnnant erect shrub, followed by Betu/a g/andu/osa ) '

Vaccm/um uli /g/nosum and Salix spp.. As» in the majorlty of the other commumty typas,‘
BT
&

Vaccm/um vitis- /daea and Empetrum mgrum are the most comMon prostrate shrubs
OOxycoccus—m/crocarpus |s also common Common forbs are Rubus chamaemorus and\

ged from 57 to 205 years, wuth.- Soa

¢ -

e

. »Petasnes fr/g/dus P/eWGZ/um schré*ber/ is the dommant moss occurrnng on all sltes !

¢

wnth cover values ranging from 20- 65%, wnth a mean of 41% Sphagnum also occurs on

every, snte w:th cover values rangmg from 16 to 65% and a mean ‘of 33% Hy/ocom/up

sp/endens D/cranl/m sp., and Po/ytr/chum /un/permum ar? gso present Cladlnae R

-+
llchens are normally present C/adlna_ste//ar/s is the most- common with: cover values

ranglng from <1 - 40% followed by C rang/fer/na and C m/t/s ; /___‘ s A
. K ; - . f' o - c
- , '. ;‘ ; ;" . [ /ZT’L—“" .
. S 5 e = e . )
[ ' N ?‘ o
® < y i / ';f’ N f !
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Plate 18 PIMA PLSC-SPH. Site 103. Mt. Sheidon (63" 48 30" N. 130" 60 00" Wi
Elevation - 950 m. Soil was a.R.SC. with frost at 20 cm. Date sampled - July 4. 1881.
Pleurozium Sschreberi (65°% cover! and Sphbgnum- sp. (25%) were the dominant
bryophytes. Rubus chamaemourus was the common forb (15% cover). ’

i



5.3.7 Picea mariana/Sphagnum-Cladina stellaris CT

lef 5 1S=.241 =18 2267 129 Mo 143 174 181 5206 210 239.333

/

383. 334 396 411435 436
The PIMA SPH-CLST CT 1s a subhygric community found predominantly on level
" . , “ -
valley floors or gentle northerly-facing lower slopes between 820 and 1220 m. The most

. common solls are sfowly per\)‘xous, poorly to xmper\ﬁectly drémed Cryoﬂszjls represented
by Gleyed Static. Fibric Organic. and Regosolic Static Cm;oslols: Soll pH in the rooting zone.
vérnes from very strongly ‘to strohgfy a‘CldlC 4.4-5.5 text(ures include ssllty clay loams
clay loams. -and silty loams. Frost was present in all profiles at depths of 6-44 cm. water
was present in 8 of 13 profiles at dep.ths of 6-44 cm. Parent materials are predominanitly
morainal and organlc blankets and veneers. . | i
P/cea mariana 1s the dcmnam tree species (5- 30°( cover). though both Ah/es
/astocarpa and Picea g/auca may be present. Trees In this communtity are somewhat’
younger. than those in the other CT s, w}t.h'ages ranging from 46 to 110 years: Heights
range from 4.5 10,10 m. - ’ ’
Species composition. in terms of erect and prostrate shrubs and forbs. i1s similar
to that of PIMA/PLSC-5PH. The major dif ference betweén these two CT's 1s the reia‘uve
percent cover o; Pleurozium schreberi, Sphagnum. and Cladina ste//é;/é.. In
PiMA SPH-CLST the cover range of‘P/euroz/um schreberi 1s €1-30% with a mean of
13%. In contras~t to 20-60%. with a mean of 41%.in PIMA 'PLSC-SPH. Sphagnum has -
20-80°% cover with a mean of 48% I DIMA SPH- CLST \'hﬂe n PIMA PLSC SF’H its
cover Is 16-25% with a mean of 33%. In PIMA SPH-CLST C/adina stellaris cover ranges
| from <1-60%. with a mean of 29%. while in PIMA ' PLSC-SPH it ranges from <1 to 40°%,

with a mean of 12%. . -
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Plate 19. PIMA/ SPH-CLST CT. Site 393, SE of Field Lake. 62° 38 20" N, 131" 09’ 00"

W), Occurring on a valley floor (elev. - 910 m.). soil is a T.FOC. frost was presentat 9 cm. -

Note the C/adina stellaris growing on tep of the Sphagnum. Date sampled - August 5.
1981. o . . . .
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5.3.8 Abies lasiocarpa/Empetrum nigrum/Polytrichlrm juniperinum C:T
Ci# 10, 185.20.0, n=9:51.92, 163,259,321,373,4399,.261,381 u

.' ABLA}EMNI/‘POJU community is a stabls community occurring at high elevations
(1125-1800m), predominantly on well-drained‘moderately;pervious Brumsol‘ic soils. The
- pH of the rooting zone ranges from extremely to very strongly acidic ‘(316-4.9). Sites are
' 'characteristivca-ny mesic to subxeric and oscupy positions in the lsndscape fronn lower
slopes to apices. The dominant terrain types are coarse-textured morainal and colluvial
blankets and veneers, though"this community also occurs on glacio-ﬂdvial and bedrockl k
. parent materials. | % . | “ )
‘ _ & : /
Abies /aS/oc?I& is the dominant tree species (15-50% cover). The highest cover
‘values are found in dense krummholz fir sites near treeline. Ground cover is dominated by
bryophytes, mostly Polytrichum juniperinum, though Dicranum sp. and Pleurozium
schreberi are also common. On the more open, vyell;drained, I,ower*elevat(on sites, where
k".&ummrzolz is rare or absent, Cladina stellaris is common. Empetrum nigrL)Jm is always
pres~nt, obtaining its highest cover values on the more open sites where Betu/a
g/andu/o 5a also has a tendency to occur. Grasses and forbs are notably absent from this

-, community type. f

5.3.9 Abies lasiocarpa/Empetrum nigrurn CT
Cl# 4,1S= 190, n=4:27,37,93.408. )
The ABLA/EMN!I community type is found hredominantly on steeply sloping.
‘ south-facing, ‘mesic  to subme:sic sites. Soils are typically moderately-well ana '
well-drained, 'moderatel.y pervious Eluviated Dystric Brunisols. Orthic Humo-Ferric Podzols -
and Orthic Eutric Brunlsols also occur. Soil pH of the rooting zone ranges from extremely
acidic to strongly aC|d|c (3.8-5.2). Parent materials are predomlnantly moralnal veneers,
however; colluvial and glacio-fluvial materials are also found. Elevation ranges from 1220

“,to 1560 m. .

-

This community. is- characterized by having Empetrum nigrum present with a high

\

cover value. Either Cl/adina mitis, C. stellaris, or Stereocau/on sp. are also abundant.
!

Betula glandulosa and Vaccinium u//g/nosum are commonly occurrlng erect shrubs

Lycopodium spp. are common. Polytrichum [un/per/num is present on all sites;

<t

S
T



’
| feathermosses may occur. Abies /asiocarpa is the dominant tree species, occurring on the
higher elevation, south- facung sites. It may reach helghts of 12 m. T
A major floristic difference between this community and ABLA/EMNI/POJU is the»
cover and growth form of Ab/es (aS/ocarpasABLA/EMNI is a more open community with .
A. lasiocarpa having a cover value of 10-30%, with a mean of ' 16%. while in
A ABLA/EMNI/POJU ‘the range is from 16- 52% with a mean of 30% In the Iatter CT trees
tend to have a krummholz growth-form. : : :
5. 3‘ 10 Abijes Iasiiocarpa Picea\mariaha/CIadina stellaris CT

Ci# 3,15=.195, n=28:21,84, 99 104,114, 116 121,123,134,167,
180.184,193,211,237, 267 2899,334,345,350, 352, 359,369,395, 403, 405,473,476

"The ABLA-PIMA/CLST community type is found on mesic to submesic, level to
gently sloping sites between 859 ahd 1500 m. The most: cc.A)mmop soils aré well-drained,
moderately pervious Eluviated Dystric Brunisols and Orthic Humo:Ferric’aPodzols. Soils in
the rooting zone are extremeiy to strongly acidic (3.6-8.2); texture ranges from silty loam
to sandy loam. Parent materials are prefjominanfcly glacio-fluvial and morainal blankets and
veneers. . ‘ | -

Two phases occurn within this community type: PH 10.1, ABLA-PIMA /CLST, and PH
10.2. ABLA- PIMA/PLSC CLST. PH 10. T |s very similar to, and is perhaps a later
succesional stage of the BEGL/CLST CT f0und in-the non- forested zone. Any of the three
conifers may be present, with a comblned cover value of 10 30%. Betula g/andu/osa,
Vaccinium uliginosum, and Ledum pa/ustre are the common erect shrubs. Empg:*trum
nigrum and Vacq/nium v./'ti's—/'daea are common prostrate shrubs, with Cassiope tetragona
present at higher elevations. The ground ‘cover is domin;ated by C/éd/"/?a~ stellaris
{30-80%), :chough C. rangiferina, C. mitis, and Cetraria nivalis occur commobnly, but with
a lower:cover value. Hy/ocomibm'sp/endens, ‘Pleurozjum schreberi, Dicranum sp and
Po/ytfichum juniperinum often occur but always with individual species cover values-'t')f.
<30%. Feathermosses reach, their highest cover values on sites with a-relatively high treé
_cover, while Polytrichum juniperinum and Dicranum sp.‘ oécur on the more open sites.

Forbs, except for rare individuals of Cornus canadensis or Rubus chamaemorus, are

-

absent.
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PHOTC 2 o simuar 1 mast respects 1o the PTG T except that the mean cover o

3 st/ gt lower - and Phogs oz sehrehert Nas a cover rangmg trom 30t 70 Total

tree sover and pasa aréa are figher i Pri 100 which o possioi a later successiond
10 Hosever tee agos are similan i both.pnases  rangaing from

.

stage of the P+
103-205 vears sugaesting that the 2nd phase occur or mare Hroguclive and® o~ better

stocked sites
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5.3.11 Picea glauca/Ptiliun.\ crista-castrensis TCT
Ci# 14,15=.303, n=2:106,294 T

PIGL/PTCR is ararely eccurring community type found on level alluvial materials at
low elevatviens. It is* similar to the PIGL/HYSP alluvial ST exCept that Ptilium
crista-castrensis replaces Hylocomium sp/endens as the dominant feathermoss. Forbs
and grasses are numerous. Cladinae lichens and ericaceous shrubs are absent.

| .

5.3.12 Picea gllau‘ca-P'opul,us/Forb TCT
Cl# 15,15=.215,n=2:170,471 :

PIGL-POP/ FORB is another rare community type ocourring on mesic south-?acing,'
steep slopes at onjv elevations. This community type is charac;terized by the presence of
_ P/cea g/auca, deciduous trees (Popu/us tremu/O/des P. balsamifera, Betula
occidental is), numerous forbs. a low cover of feather mosses, and a complete absence

-

of lichens. This type probably succeeds to the PIGL/HYSP ST 2.2.

5.3,13 .Populus baisamifera/Salix sp. TCT
Ci# 16 & 17,15=.087, n=2:80,107
POBA/SASP is a successional CT found on low-elevation gravel bars along the ‘
major rivers and streams. Soils are rapidly pervious, rapidly drained Orthic Regosols.
_ Popu/us ‘balsamitera is the dommant tree species, and may be present in the MS,
TS, or TT strata depending on stand age. Sa// x sp. and Alnus sp are common-in the MS
| and TS strata. Forbs are numerous. Ground cover varies, again depending on stand a_ge and
" openness; open stands tend to have Stereocaulon sp.. while closed, older stands have
Dicranum. sp. and forbs. | o | ’
5.3.14 Picea mariéna‘/Empetrum_ nigrum TCT
Cl# 4, n=1:287 | '
ThIS arare submesic commumty occurring on a moderately weII drained Eluviated
Dystric Brunisol formed ona moramal veneer. Elevatlon is 1 150 m. -

i Spemes composmon is similar to that of SASP- BEGL/EMNI Shrubs of all growth

forms dommate the site (ca. 60% cover). £ mpetrum n/grum is the domlnant shrub (25%)
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Vaccrnium Q//g/ﬁ()SZJ/N (13°%) Lycopodium complanatum (10%). and Betu/a glandulosa
{12%) are also common. Trees are very scattered. Picea marianais the dominant species
(9% however. only half of this 1s accounted for by TT. Abres /asiocar pa {TT) contributes
2% to the t’otal tree cover. Hy/ocomium sp/en’dens'ls the dominant moss (12%:. C/adina

ste/laris s the dominant lichen. Forbs are scarce.

\ . : v
5. 3 15 Picea mariana/Cladina mitis TCT
\

.

CI 4 =137
| \ Jhls Isarare ‘submesic. low-elevation- commumty occurring on a fibric organic
‘ blankei\ Water was present in the soil proﬁle at 80 cm. frost at 90 cm. Soil pH of the
rooting \ipne 1s extremely acidic .(5.6), The surface of the organics (Spﬁagnum peati 1s
relati\}ety c\dfy and a dense growfh of Cl.admae hchens. C/adina mitiss dominant
with 40°c cover E 2s present are Polytrichum juniperinum (40%). Sphagnum sp.
10°o\ and Au/acomn/um palustre t10%). The LS stratum s domlnated by Ledum pa/ustre
and Vaccrnium u//g/nosuin. Empetrum n/'grum Is the dominant prostrate shrub.
This is an uneven-age stand In which the TT s have achieved heights of 5.5 m at 34
years. Total tree canopy cover 1s’less than 10%. Itis possibly a successional stage

following fire, though snags were not present. !

‘5.3.16 Betula glandul_osé/Ledum palustre/Polytrichum juniperinum CT
Cl# 8,1S=.107. n=10:35.738. 1.61 175.187.212.265.315.378.417 -

BEGL:LEPA/POJU Is a mesié 1o submesic community occurring prédémtnantly on
e ' ' .

level or north-facing gentle slopes that have been rgcently burned. It occupies position§ n

N

the landscape from valley floors to upper slopes at elevations from 670 to 1320 m. Soils
are typically moderately pervious. well-drained Brunisols, occurring on morainal material.

Fibric Organic Cryosols also occur.-Soil pH of the rooting zone ranges from extremely to

S

very strongly acidic (3.6-10.7}.

This community is characterized by a high cover of Ledum pa/ust\fg (5-26%) and
'Po/yz//'c/n'/m‘ jun/pef/num (15-40%). Betula glandulosa, (1-40%) ané Vaccinium
uliginosum (2-20%) are always present. Cladnnae and Cladonae Ilchens are also always
present. Dicranum sp is the most common moss, though feathermoss and peatmoss may

k .. . ’ v \ t
. v - . .



-

be present. Regeneration is normally Picea mariana. though Abies /asiocarpa occurs on |

the higher elevation sites.

»

~'Plate 22. BEGL/LEPA/PQOJU CT, S\te 35, Hess River. (63" 22' 60" N, 131" 40’ OO Wi
Elevation - 1050 m. A burned. commumty with Picea mariana being the regenerating
species. Betula glandulosa (12% cover) and Ledum palustre (15%) are the dominant

shrubs. Soil is an Qrthic Cryosol wijth frost present at 40 cm. Date sampled - June 19,
© 1981,

<
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5.3.18 Populus tremuloides/Polytrichum juniperinum TCT
Ci# 9 IS .284,n=2:118,402 oA , ' o

- POTR/POJU is a submesic to subxeric communsty type, occurring on recently
burned, south-facing,.moderately tlt steeply sloping sites, bet“ween 1000,and 1160 m.
Soils are well-draine‘d Orthic Eutrid Brunisols or Orthic Regosols fermed on colluvial or
bedrock pare'nt material. ) ‘

 This community is characterized by a high cover of deciduous trees. Popu/us
tremu/o/des is most common (15-45% cover, but Betula oec/de’nta//’_s (TT) may also be
present with a relatively high cover . Ericaceous shrubs are c.o'mmon, but have |with low
cover values. Forbs are numerous. Po/ytr/churn jun/'per/'nurn is .the dominant moss
{15-50% cover);-other species occur.only in trace amounts. Cladoniae lichens are present
in trace amounts. A ‘
5.3.19 Ledum palustre/Peltigera abhthosa TCT
Cl# 8,15=.366, n=2:416,470
; LEPA/PEAP is a loose association of two‘burned sites characterized by a
dominance of Ledum palustre in the LS. stratum and a high ground cover of Peltigera
'aphthosa Deciduous trees (Betu/a occvdenta/ s, Popu/us tremu/mdes) are dommant irfithe
TT stratum. Sa/ix sp. is present with a Iow cover_value in the MS stratum. Forbs are
numerous. Feathermosses and Cladoneae Iichens are present with a low cover value.
Florlstlcally this CT most closely resembles Begl/Lepa/ Poju. V_ |

The two sstes occur on Iow elevation (820 860m) occurrmg on rapudly to very.

rapidl dralned, rapid ervious Brunisols, formed on hummock lacio-fluvial . parent
picly dral pialy p _ oS, 19 Yy g9 p

material.
. . A‘ ‘ ' ' ) {/—‘\/
5.3.20 Betula glandulosa-Salix sp./Festuca altaica TCT . _ /./
~ Cl# 13, 1S=.266, n=83,138,286 ' . 4

BEGL-SASP/FEAL is a mesic CT occurring primarily on very steep south-facing -
slopes that have been recently burned ‘Soils are moderately well to well- dramed
moderately perv»ous Dystruc Brunisols, occurring on colluvnal parent. materlal The pH of

LY

the rooting zone is extremely to strongly acidic (3:8-5.2). -
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'

’

. Festuca altaica is the most dominant sp"eéies in the understory with 10 to 30%
cdver. 'F)o‘rbs { Ep//ob/z)m angustifolium, Cornus canadensis, Lupinus arcticus, Petasites
frigidus) are numerous Lycopodium alpinum and L. annotinum are usually present.
Beru/a gl/andulosa and Salix sp. dominate the MS statum Abies lasiocarpa, Picea g/auca

and Betula occidental is may occur in the TT stratum.

5.3.21 Salix sp.-Betula glandulosa/Empetrum ﬁigrum.‘TQT
Ci# 4, n=1:291 4

This is a rare, old-burn community where the dominant specie.s in the ground éover
-strafum is Empetrum n)'jrum (35%), though Cl/adonia sp., Dicranum sp.. Polytrichum
jun‘iper/‘nu;n and Nephroma arcticum also occur with relatively high cover values
(15-20%). The TS and MS strata are dominated by Sa//x sp. and Betu/a gl/andulosa. The LS
straturﬁ is dominated by Ledum palustre. Regeneratipn is Picea mariana. -

This is. a mesic community occurring on  a moderately pervibus,

imperfectly-drained Orthic Dystric Brunisol at 1 130 m on a level site.
5.4 DECORANA Ordination Results

5.4.1 Distribution of Communities and Sites

, The 245 forest stands plotted against the X and Y axes of the Decorana ordination
are shown in Figures 10 - 12. The XY coordinates of the sites are given in Appendii VIl
‘The first, second and thirg axes wére found to represent complex-gradients (Fig. 9). (All
correlations listed below ’ar,e significant at alpha=.05, a ' infiicates significance at .
alpha=.01. Sbil nutrient variables discussed are for the rooting zone only.

The X-axis, accounting for 44% of the variation in the dat(a, was positively
correlated {r=.49% with soil pH, and but weakly correlated with slope angle {r=.30%},
. aspect (r=.24#%), slope X aspect (r=.26), Mg (r=.35%), Ca (r=.23%), and % clay (r=.25%). The
Y-axis, -accounting accountihg for 31% of the, residual variation, or 21% of the total
variation, was sign;ficant‘ly positively correlated with soil drairiage (r=§43*')>, ecological
moisture (r=.50), elevation (r=164*), and % sand (r=.34%), and negatively correlated with pH

r=-.32), C/N ratio (r=-.23%, Mg (r=-.33%), and Ca (r=-.31%). The Z-axis, accounting for
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4

6.4% of the total variation was also significantly. positively correlated with drainage

o~ ' . . . \
{r=.22%), but was'Negatively correlated with elevation |

=.18%), Axis 4 accounted for 5.7%
of the total variation in the data but was not significantly correlated to any of the.‘
lparameters examined, and was, therefore, not used. '

There was clonsiderable overlap among commu \itiés when drawn on the XY
ordination field (Figs. 10-12). The /stands nearest the- origin are clustered into the
PIMA 7 SPH-CLST én‘d PIMA /SPH-PLSC CT's, occurring 6n low elevation, low pH, poorly
drained sites (Fig.. 10). These two CT's occup‘y similar positions ?Iong the X-axis, which

represents a gradient from low to high pH, but PIMA / PLSC-SPH community has a much

o .

broader amplitude on the Y-axis, which represents a com;')'lex-gradient from poorly
drained to well-drained soils, and from low to high elevations (Fig. 9) .

Contin'uing up the Y-axis, the CT's intergrade with one another; with Sphagnum and
Picea mariana becoming less dominant as drainage improves and elevation increases, and
‘being replaced by Abies /asiocarpa, Pleurozium schreberi, and Cladina stellaris. -
ABLA-PIMA/CLST:' occupies the extreme left of the X-axis, halfway u vthe Y-axis,
indicating that it occurs on mid-elevation, mesic, extremely acidic sitéé (Fig 1 X _

Along the ;5H gradient (X-axis), near the lower end df.the Y-axis, the foliowing CT's
and ST's'intergrade with each other as pH inc}eéses: PIMA./‘SPH, PIMA/PLSCiPI\CiL/ PLSC,
PIMA / HYSP-SPH, PIMA/H?SP, PIGL/HYSP, PIGL/PTCR, and POBA/SASP. ABLA/HYSP
occupies a position simil:é'r to that of PIGL/HYSP along the pH gradient, but occurs on
better-drained soils, at higher elevations, and lies at the extreme top right of tHe ordinationm‘
field. The placement of the PIGL communities on the ordination axes is shown in Figure 12.
The nutrient status of the communites is summarized in Tébles 15 - 18.

The X-axis is weakly correlated with slope, aspect and slope x aspect, suggesting
that the communities (PIG‘L) laying to the right occur on more sloping, southerly-facing
sites than those laying to the left (PIMA). Slope-aspect relationships o% the major
communities are illustrated in Figure 13. '

‘ The burned stands did not appear on the ordination as outliers, but are grouped
together with the mature stands. The SASPE/ FEAL and SASP/FORB communitics occurred
in the safne’sector of the ordination field as the PIGL/HYSP community and, based on’

species composition and site factors, one can predict that they will succeed to this
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community.
The BEGL/LEPA/PQOJU burn community overlaps several communities, occurring

at the lower left of the XY field. The direction oflsUc'cession of these stands is variable,

depending on site conditions.. However, Picea mariana is likely to be the dominant tree

species, and Pleurozium schreberi, Sphagnum, or C/adina stellaris can be expécted to .

be the dominant grdund cover, in the climax communities.
The LEPA/PEAP community falls with'in the area occupied by -the
 Hylocomium-dominated communities, and will probably succeed to either PIMA/HYSP or

PIGL /HYSP.

)
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DECORANA Ordination: Forest Sites, Black Spruce _

. -y - . R -
,».Y , < . ’ ( [.‘ﬂ Post-Burn Seral Communities { Non-Forested ))
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Fugure 10 Locatlon of the Black spruce CT's, TCTs and STs on the DECORANA
ordination field.: It is likely that the post-burn seral communities will _succeed to black
spruce communities. The -axes_units are the average standard deviation of specnes
turnover. Sute coordinates are in Appendux Vi, .
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DECORANA Ordination: Forest Sites, Subalipine Fir
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Figure 1 1. Location of the Subalpine fir CT's, TCT's, and ST/s; and seral communities likely

to sudceed to subalpine fir on the DECORANA ordination axis. THe axes units are the.

average standard deviation of species turnover. Site coordi?ates are in Appendix VI. -~
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s g
PIGL/HYSP~Morainal " PIGL/HYSP- AHuvial " ABLA/PLSC

ABLA/HYSP ' PIMAJHYSP .~ CONIFER/PLSC

‘PlMA/pLSC.-seH‘ " .PIMA/sPH-CLST . .. . ABLA-}PIMA/CLST.

Flgure 13 The aspect and slope {%) dlstrlbutlon of the major forested commumty types.
The shaded areas represent the range of slope and aspect dnstnbutnon of the sn';es withiry
the commumty
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5.4.2 Distribution of Species ‘ C , T

Figure 14 shows the distributional centers of the species on the XY field of the
DEC_ORANA ordination. The axes represent the same complex-gradients as in the stand
ordination. ‘

The three m‘ajor coniferous tree species are widely‘ separatﬁed on the ordination

" field. Picea mariana occurs nearest the origin of the XY axes, suggesting that maximum

" cover is acheived on poporly-.drained, Iow-elevation nutrient-poor sites. Chi-square tests
of independence verify this (Table 19). Picea mariana , though occurring on a wide range
of site conditions, is not independent of the Site variables 1t occurs on very poorly to
well-drained soils, but more often than expected by chance on very poorly to imperfectly
drained soils. Picea mariana also occurs more, often than expected on Cryosolic goils, and
on organic and morainal parent rnaterials_. Its presence also depe]nds on slope position,
occurring rnore often'on_ valley floors and lower slopes; and slope angle, where it occurs
more often on level and gently-sloping sites'. Its presence is independent of slope aspect.
Picea mariana cover is Significantly negatively correlated With elevation (r=-. 48*)

P/cea g/auca in contrast, occurs near the far end of the X axis, indicating that it
prefers better drained, more nutrient-rich sites, with more neutral pH's than Picea
mariana . As‘wuth P/cea mariana , Picea g/auca occurs over a ‘wide range of sute
conditions but its distribution is not necessarily independent of these site conditions. n
contrast to. P/cea mar/ana it occurs Significarltly more: often than expected by chance on
level, south, southwest, and: southeast- facmg slopes (Table 19) While it occurs over a
wide elevational range (650 1485 m, x—1070 m), it occurs S|gnificantly more often than
expected on valley floors and lower slopes. Its cover is wez;kly and negatively correlated

 with elevation (r=-. 26*) it also occurs S|gnificantly more often on than expected on
Cryosolic soils and aIIuvual parent material, but its presence is independent of sonl drainage.
‘. The third conifer species, Abies /asiocarpa , which occurs in 54% of the stands,

‘ _fa’lls between P/'cea mariana and Picea g/auca on the X-axis, but well above them, halfway
A‘ up the Y;axis The later axis represents a complex-gradient of inc¢reasing elevation, be‘tter

‘soil drainage -and decreasmg pH. Abies /a.S/ocarpa presence depends ‘upon slope position

Aand steepness it occurs sugnificantly more often than expected on gentle to steeply

sloping mid and upper- slopes, and rarely on valley floors (Table 18). The cover of Abies .
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lasiocarpa is strongly correlated with elevation {r=+.60%). Its presence appears to be
independent of aspect, for it occurs equally often-on NE- and SW-facing slopes. This,
spécies occurs on all éoil iypes and parent materials, but more often. than expeéted on
Brunisols, Podzols, Regosols, and coll;JviaI‘ or morainal materials. The presence 01; Abies
lasiocar pa appears to be largely independant of soil ﬁutrient statqé. There is no significant
| difference between sites with and sites without Abiés /asiocarpa with regard to Ca, Mg,
and C/N. ’

Shrubs which have been examined are Betul/a g/éndulosa , Cassiope tetragona ,
E mpetrum nigrum , Vaccinium uliginosum Vaccinium vit/'.s-idaeauand ledum pa/uS((e .
Béfu/a g/an;du/osé is the most ubiquiio);Js shrub species, occurring in 73% of the sites;.ii
seéms ind.eper’\dent of most site and soil parameters examined. It does occur more often
than-expected, h_ow.ever, on level and northerly-facing sites. On the XY ordination; field, it
occurs midway along-fhe X-axis, and hear the bottom of the Y-axis, in the vicinity of
Ledum palustre and other ericaceous shrubs.'

Chi-square tests of in'dependance demonstrate that the-nﬁajority of "he ericaceous
speciés have a tendency to occur on jow-elevation sites, independent of aspect, while
Cass/opé tetragona occurs more often than expected on high-elevatibn, north-facing sités

(Table 19). The positioning of these species on the ordination field also indicates this.
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Figure 14. DECORANA ordination of Species in the 246 sites located in-the forest zone.-
The X-axis was most strongly correldted with increasing soil pH and nutrient status, the
Y-axis with increasing elevation and soit drainage. The labeis are the first three letters of
the genus and species. Complete speciés names are in Appendix VIl. Axes scales are in
units of average standard deviations of species turnover.
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The major feathermoéses, Hylocomium splendens and Pleurozium schreberi
are ‘similar with regards to distribution o'f site factors, being independent of all those
examined. except monsture Both- specues occur more often than- expected on poorly to
imperfectly drained sons (Tabie 20). The cover of P/eurozium schreber/ is also weakly and |
negatively, correlated with elevation. While these two species occur on similar locations in .
the landscape, they differ with regards to soil nutrient status. The eoncentratione of Ca
end Mg are significantly higher on sites where Hylocomium splendens is present than bn
sites where it is abseht. Sites with P/eurozium schreberi have lower, but not significantly,
values of Ca and Mg than sites without. In addition, the values of Ca and Mg are
S|gn|facantly lower under stands where P/eurOZ/um schreberi is present than where |
Hylocomium splendens is present. This difference m soil nutrient status is ref,lected by
the specie's and site ordinations where Hy/ocomiu}n sp/endens and Hy/ocem/'.i/m
splendens -domunated communities occur further along the X-axis, which represents

increasing nutrlent status than do P/eurozwm schreberi and P. schreberi-dominated’

- communities.

The two common foliese Iicheﬁé‘," Peltigera apnthosa and Nephroma erct/eum .
occur over a wide range of site conditions, but have significant preferences. Nephroma
arcticum , whose cover is weakly but significantly correlated with elevation, has a marked .
preference for mid- and upper-siope, ‘northerly-facing sites. This is in contrast to
Pe/t/'gera aphthosa , whose cover is not correlated to elevation, and has no apparent
preference for slope position, but occurs more often than expected on southerlby-fa'cing
slopes (Table 20). | '

The three major Ciadinae lichens, C/ad/ina stellaris C. mitis, and C. rangiferina
all occur near the ori_gin. of the X and Y. axes, indicating that they are most abundant on-
low-elevation, nutrient-poor, acidic, poorly drained sites. This is verified by the Chi-square
tests of independence (Table 20). Cladinae lichens are commonly associated with dry site

conditions, but within the study area, they are often associated with Picea mariana and

Sphagnum sp. , where the lichen occurs on the dry microsites offer'ed by the surface of

the Sphagnum hummocks.
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6. Non-Fore cad Eelow Treel.inB

6.1 Overwew

‘ The vegetatlon comprlsmg this group consists of stable communmes that occur

below treelune but Wthh have less than 10% tree cover, often due to elther a.shortage or

excess of soil moisture. The majority of the stands occur on |evel or gently sloping valley

floors, ahd opcasuonally Iower slopes, from 760 to 1480 m. o k
The flora of the 102 stands consusts of 123 vascular species in 59 genera ‘and 44

non- vascu‘(ar speues in 26 genera. In terms of major-growth forms there are 6 trees; 19

- . erect shrubs, 8 prostrate shrubs, 60 forbs, 22 grammonds, 8 pteridophytes, 20 lichens,

and 24 bryophytes
The communities wuthln thls group can be placed mto two major ecologxcal

subgroups mesnc to subxerlc commumtles that occur predommantly on moderately well

to rapidly dralned gIacno fluvial and morainal- matersal and mesnc to hygric communmes thatv

occur predelnantIy on very poorly to |mperfectly dramed alluvial- and organlc material.

'The spec1es composmons of these two subgroups are drastlcally dsfferent {See Fugure 17).
" In' the mesic-xeric subgroup the major. erect shrub is- Betu/a g/andu/osa .

Prostrate ‘shrubs are not. common The .ground is covered with an almost contmuous

- -~

bryoid mat, domlnated by-C‘/ad/na stellaris . Po/ytr/chum juniperinum is the dommant

bryophyte irl the mat. Forbs are not common.

Within the mesic-hygrio subgroup fens and grasslands are common. Sa//x spp. are

the major erect shrubs. Porsild (185 1) found that Sa//ix barc/ayi and S. pu/chra are the

common willows in’ these habitats. Less common shrubs are Betula glandulosa , Ledum

k “palustre , 'Potenti//a fruticosa , and Vaccinium uliginosum . Prostrete shrubsl are rare.

Festuca a/ta/ca and Carex aquatil/is are the dommant grammonds Others that commonly

" occur. are Ca/amagrost/s canadensis and Arctagrost/s /at/ foli ia. Carex rostrata is common

in the v:cumty of Sheldon Lake Porsnld {1951 recorded lt occurrmg there, but d|d not find

it further north. In the present study it was not found further north but it dld occur further

" east on a Irlbutar.y of the Prevost River. Forbs, which usually occur in assocuatnon with

Festuca altaica are numerous. The do’.rnina‘nt bryo‘thtes are Sphagnum ‘sp.

Toménthypnum nitens., and Ad/aco_mniu palustre . Lichens are not common.
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6;2 Cluster Analysis of Stands

» . ’ . . ) .
‘ Results of the SAHN complete linkage cluster analysis based on total species cover . .

data are shown in Figure 1%. Loeations of the major clusters on the DECORANA ordination,

field'are shown in Figure 17. Since environmental faetors may vary within a cluster each;
cluster fnay contain several community;types or subtypes. Groups of four or more sites - .
are recognized as community types (CT's), whereas smaller groupi are regarded' as
tentati;/e‘communi{y types (TCT's). Site and species cover data for four sites in each of
the CT's are presented in Tables 21 - 24 |

Clusters 1 to 4 con3|st almost exclusively of mesic to xeric sites characterized by
a high cover ef MS Betu/a glandul/osa and a continuous bryoid mat. The separation
between the CI{JS'(BI’S is based mainly on the relative abundance of lichens and mosses. /\/‘\f"

Cluster 1 (ISz. 197) which consists of 7 Betu/a g/andu/osa /Hylocohwum
sp/endens domlnated S|tes is comprised of one CT ‘and two TCT' s, each of the Iatter
havmg a s|ng|e snte

Cluster 2 (1S=.507) is much tlghter and consists of 11 sites where P/eurOZ/um
schreber/ is the domunant bryophyte. '

Cluster 3 (IS= 474) consists of 4 sites. Po/ytrichum /un/per/num is the dominant
bryophyte and C/ad/na stellaris is absent ‘

Ciuster 4 (IS— 136) -consists of 32 Betu/a g/andulosa /C/ad/na stel/aris stands
that c;n be considered a CT and one TCT, dominated by_Festuca a/taica . »

Clusters 5 fe_ 13 cc_;nsist ‘of loose groepihgs of mesic to subhydric sites dominated
by either ‘grarhihoids‘"or Salix spp.. Cluster 5 (IS=.156) is a loose grouping of stands

- characteriied by athigh cover of Sa//'x sp. - It contains two distinct communities’: |

8 Cluster 6 (IS=.469) consists or four  stands, dominated by Sa/ix sp.o and
Hy/ocom/um s,a/endens It contains one CT and one TCT. -

Cluster 7 consists of only one forb- dommated site occurrlng on an alluvual gravel
haf. It is most similar to Clusters 5 and 6. i . '

Cluster 8 (IS=.145) vyhich is most similar to Clusters 9 and 10, consists of 13
sta‘nds characterized by & high cover of Carex aquatilis . 1t consists of a major community

type and a TCT. It is difficult to distinguish plots in this cluster from those in Clusters 5 and

10 -
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Cluster 9 consists of ¢ne poorly dralned site, characterized- by a hlgh cover of

.C/ad/na mitis .

" Cluster 10 (IS=.204) consists ov'f/ 6 stands, characterized by a high  ver of

- L

Sphagnum sp. . o : L ' _ o 3

Cluster 11 (IS=.281), consisting of three stands lS dominated by Festuca altaica ,
and is most similar to Clusters 12 and"13.
Cluster 12 (IS=. 174) consists of two stands domlnated by Arctagrost/s /at/fo//a

Cluster 13 (IS= 434) conslsts of two’ specues poor stands dominated by Carex ’

rostrata .

6.3 Community Types

'6.3.1 Betula glandulosa/Pleurozium schreberi CT

" Ci# 2, 1S= 507 n=1 1 16 54,203,204, 238 339,347, 349 447, 462

- ’

This is a commonly occurrmg .stable, mesic-to- submesui-, comrnunity found

T~ -
-/ predominantly- on glacio- fluvnal or moralnal ‘materials situated in valley bottoms. Elevatron
-
A‘\' ranges from 840- 1470 m. Sonls are predomlnantly moderate to rapldly pervnous* well

drained Dystric Brunisols and Orthlc Hum@Ferrlc Podzols. The pH of the rooting zone is

extremely to strongly acndlc {3.6-5.2)

ThlS community lS characterlzed by a well developed MS stratum consxstlng almost

- exclusively of Betu/a g/andu/osa and a well~ developed bryO|d mat. P/eurozwm_

schreber/ is the dominant bryophyte (25 60%) cover. Po/ytr/chum /un/per/num is almost

always present often wrth a hlgh cover. value. iedum pa/ustre and Vaccm/um u//g/nosum A

¢

are occaslonally present ‘in the’ LS stratum wuth Empetrum nigrum belng the common -

prostrate shrub. Forbs are rare, with Cornus canaden.s‘/s occurring most often; but in trace
amount.s Festuca a/ta/ca is the common gramln0|d WhICh if present has a low cover,
value. There Is a l’lCh lichen flora with C/ad/na stel/aris being most common, followed by
Stereocaulon ,sp. C/ad/na rangiferina , and trace amounts of Cetrar/a n/va//s, C.
/s/and/ca and C. cucul/ata. NumerOus Cladoniae hchens are present Whlle Ilchens are

numerous, the cover of the bryophytes is usually hngher

7

/



6.3.2 Betula glandulosa/ Hylocomlum splendenq cT

Gl 1 iS: 247 noB 2224245 5 Go8: 169

BEGL HYSP is a submesic te mesic community oc curring on well dramned Eluviated

Dv M" Br_Lm.:sols and Orthnc Hume-Ferric Podzols formeo. on glaaofluwa*‘mateuafs

’

.Elevatron ranges from 839 to ’)o() m:. - .' ' o .

- c

This eommumtv s characterized by a well developed MS stratum consisting ’

‘v

" exclusively of Betula g/annu/nsa 20-50% cover' and a well—,de\_/eloped bryoid mat

0

) dommated by . ‘Hyiocomiun splendens 115:65° cover:. POl fchinn:  Luni peringi: s

alwavs oresent (5740(: (fover' ano'occasaonally |s" the dominant bryophyte.” Lichens
constltute a sugmfxcam eomponem of the bryoid mat i3-25% cover x: 35%:. Cladina
sze//aus Is most common thouah C mrts or C /am;//e/ma 's sometimes the gominant

Irehen Tr,ace amounts of Cetratia n/va// C. LULU//?’H and /5/8/7’]!((1 sare o ten

* <

'presem Sa /5 sp ang Va c/n/w, U//a/nowm may be present’in me low shrub strtum

with V. vitrs il aea bemg the common p*ostrate shrub occu*rmg prostrate shrub. Cover

of these species is low. Forbs and” grasses are rare .However Festues altaica and.

Calamagrostis canadens/s may Occasionally attain a cover of ca. 10°¢.

N

Plate 24. A well- dramed E. DYB on a glacio- fluvral terrace. Site 2, BEGL /HYSP CT. Horlzon
order is.as follows L, 4 - O'cm; 1C-(Ash). 0 - 5 cm; Ae 5-8cm; Bm, 8- 16 cm: BC. 16 -

'33cm, 2C. >33 cm. . N



Plate 25. BEGL/HYSP CT. Site 2, (63" 06 50" N, 130" 14 20" W). Elevation - 1?1200 m. A
mesic site dominated by Betu/a glandulosa (50% cover). The cover-of Cladina stellaris is
459, while Hylocomium splendens and Polytrichum juniperinum have 30% cover. Soil

profile’is shown in-Plate 24. Date sampled - June 17, 1881.

~



126
[

6.3.3 Betula glandulosa/Cladina stellaris CT o

Ci# 4.1S=.195, n=32:5.7, 10,2’3'24125,40,56, 110,128,166,173.194 201,216,236, . ]
249.250,266,269,271,289,331,342,348,386,389 427, 432,433,465 ‘

This a 5 commonly oc'currjng‘mesjc to submesic community found on sites very

similar to those s‘up'porting BEGL./PLSC. Elevations range from 760 to 12‘5(5‘ M.
h‘is community is very similar. in species compos'itic;n'to ._B‘EGL/PLSC except that
the‘a‘cryﬂbt_c_)gamic mat is4c'jominat'ed by Cl/adina, sre//al_rv/'s . which has a cover of 20-80:36.
Feather mosses occur often. Pb/ytr/chur'n jum"perinum is present with 100% cor?stancy.

There may be numerous. openings within this community where shrubs are absent.

.

* Plate 26. BEGL/CLST CT, Site 24, 63" 17' 00" N, 130" 30’ 00" W. Elevation - 1170 m.
Site is dominated by C/adina stellaris (60% eover), and Betul/a glandul/asa (35% cover).
Cladina . rangiferina and Steréocau/on sp. each have: 10% cover. Polytrichum.
juniperinum has 20% cover. Eight other species are present in trace amounts. Date -
sampled - June 18,:1981. o , :

: \
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6,.3.«1 BetUIa glandulosa/Polytrichum juniperinum CT
Ci# 3, 1S= 474 n=4:155,302,362,486

- This a subhygrlc to mesic community found ona varlety of moderately well dramed

" soils formed on alluviual or morainal materlal Elevatuon is from 915 to 1250 m

This- community. is dif ferentiated from the previous_,BEGL communities by the

dominance 'of Polytrichum juniperinum (40‘-6070) and the almost COranete absence of

Cladina stellaris . Sphagnum sp. and assogjated 'species_'may be 'p'resent,v‘Erica'ceous

.shrubs are common. Rumex arcticus ., Aconitum del phinifolium and Anemone }qarvif/ora

are occasionally present in trace amounts. !1
il

'6.3.5 Sallx sp. /Grammmd/Sphagnum sp CT )
.'CI# 5 IS— 156, n=13:8, 59 214, 217 225 244 311 344, 353 365, 391 431,461

Thls IS typlcally a hygrlc to subhygrlc fen communlty situated on level to

J

‘moderately sloplng seepage s:tes between ‘850 and 1350 m. Soils are typlcally slowly to

moderately pervious,.very. poorly to |mperfectly dramed Gleysols pccurring on alluwal or

Iacustr:ne parent mater|a| or Organlc sonls occurrmg on organic parent material. Water

‘was found in 9 of 13 soil proflles at depths of a to 70 cm. Frost was found in two

profules at depths of 60-70 cm. S , o : .
Thls & rather loose communlty charactenzed by a hlgh cover of Sa//x sp (25-80%)

in the MS or LS strata. Betu/a g/andu/osa and Vaccm/um u//g/nosum octcasionally occur.

A herb stratum, dominated by gram:n01ds is most often present with Carex aquat///s

belng most prominent wnth a mean cover of 31% and a constancy of 50%. Ca/amagrost/s ;

canadensis, Carex canescens and Festuca altaica occaslonally replace Carex aquat///s s

Sphagnum sp. is the most common bryophyte w1th 90% constancy and a mean cover of

30% Au(acomn/um pa/ustre is also- very common Cladlnae and Cetnaro:d lichens are

absent Pe/t/gera aphthosa and Peltigera can/na often pceur but with trace cover values.

' There is not a high dlversrty of forbs. The most common are Ep//obIUm angust/fo//um

Potent// /a pa/ ustre ; and Rumex arcticus .
‘ ' ' “y
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Plate 27. SASP/GRAM/SPH CT. Site No. 225, (63" 01' 20" N, 131752’ 90" W). Ejevation
- 1140 m. A hygric community dominated by MS‘Sa/é‘x sp. (40% cover), and Sphagnum
sp.. Total graminoid cover is 25%. Six species of forbs are .present with Potentil//a
palustre having the greatest cover (5%). Date sampled - July 16, 1981.
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6.3.6 Salix sp./Cart;x aquatilis C;T' ' v
Cl# 8,15=.226, n=12:38,117,124,141, 165,234,260,264.316;358;438,479
, Thi's "is a hygrivc‘: to subhygric fen cdmrﬁunity occeurring on level yalley floors,
-between 850 and 1470 m. Soils are bqorlly to \'/eryAp‘oorly'-drained, moderately to sloyvly
‘ pe_rviohs Gleysols, formed on alluvial plain‘s‘, and C.)’rganic soils formgd on organic parent .
materials.’Wéter was pi'esent in all soil profilas', occurring from a depth of 60 cm to free
:tanding ‘s‘.urface water. Frost was hot present. The pHof the rooting zone‘rahge,d from
very strongly to moderately acidic 4. 8-5.8).

This community is characterlzed by a high cover. of Carex aquat/I/s (30- 80%) MS
.Sa//x sp. IS comn:wn havmg a mean cover of 25% and a constancy of 85%. Au/acomnium
palustre is the dom nant bryophyte, W|th a constancy of 75%, and a mean cover of 18%.
_' Leafy Ilverworts aZd Mn/um sp .are common. Sphagnum sp occurs occas:onally Forb -
species . are numerous, wuth Acon/tum de/ph/n/fo//um Rumex arcticus , Potentilla.

palustre and Senecio tr/angu/a(/s belng the'most common, though none have greater than

" 50% constancy, and all have low cover values:



Plate 28. SASP ' CAAQ CT, Site 38, SW of Keele Peak, along 5 creek. (63" 13 80" N,
130° 46 80" Wi. Elevatinon - 1350 m. This site is-dominated by MS Sa//x sp. {25% cover!
and GS Sa/ix reticulais (25% cover). Carex aquati/is is the dominant graminoid (30%
cover) and 7omenthypnurn nitens’is the dominant bryophtye (40% cover). The soill is a
Cumulic Humisol. Water was present at the surface. Date sampled - June 21, 1981.
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6.3.7 Carex aquatills/Sphagnum sp. CT
Clt# 10.1S=.207.n=5 183,267.329,410,437
' This a a hygric fen coanunity found on level valley floors between 1000 and

1300 meters. Soils are typically moderately tdslowly -pervious, very poorly-drained
Mesisols and Fibrisols formed on organic blankets. Rego Gleysols also occur on alluvial
plans. Water was found in 3 of the 4 soil profiles at depths of 1 - 15 cm. pH of the
rooting zone rar\ges: froﬁx very strongly to modefate}y acidic (4.7-5.9).

| This comrﬁumty is characterized by a high cover of Sphagnum sp. (30-80%) and"
'Carex 'aquati//'s {10-30%}.-The MS stratum is represented by either Be!’tu/a glandulosa |
which s mo.st common, or Salix sp. . Aulacomnium palustre is common wi;ch a constancy
of 80%. and a mean cover of 14%. Lichens are rare or absent. The GS stratum is
represented-by Oxycoccus microcarpus . w‘hich is always present but in trace amounts,

and Vaccinium uliginosum which has a constancy of 80% but low cover values.

Plate 29. CAAQ/SPH CT. site- 328, occurring on a very poorly drained organic veneer,
overlying a silty-clay parent material. Elevation - 1035 m. This community is dominated by
Carex aquatilis (35% cover) and Sphagnum (80% cover). 62- 51" 30" N, 130 00" 40"
Date sampled - July 28, 1881. :

§
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6.3.8 Salix sp. /Forb TCT

CI#BIS 721, n274199 .
This is an uncommon community which occors in dralnage channels on steep south-

-and west-~facing slopes.'SOIIs are imperfectly dralned El‘uvuated,Eutrnc Brunisols and Orthic

Regosols formed on alluvial veneers. The pH of the rootlng zone is slightly less acidic than

is normal, ranging from very strongly 'to moderately acudnc (5.2-5.9). Water is present ih

"+ the sonl profile at a depth of 60-70 cm.; frost was found |n one profile at a depth of 70

v
’

cm. , ) o ‘ » )

ThIS community is characterlzed by a dense TS stratum composed entlrely of Sa//x

sp. ., and by a well- develped LS and herb stratum. Two LS species present, which rarely

occur elsewhere are Ribes tr/ste and Rosa acicularis . Common: herbs are Mertensia’
\ -

: pan/cu/ata Solidage multiradiata , £ pllob/um angust/fo//um ., and Cornus ganadens/s .

Ca/ggnagrost/s canadenS/s is always present.

Plate 30. SASP/FORB TCT, Site 74, (63" 27" ‘30"N"131° 23' 70" W). Elev. - 1100 m. SW
of Emerald Lake, in a steep S-facing drainage channel..lt is dominated by Sa//x sp: (60%
-cover). Other shrubs are -Ribes triste , Rosa aC/cu/ar/s and Rubus /daeus : Soil - E. DYB

formed on alluvium. Date sampled June 27,1981.

J

)



" inthe soil profile,

139

- 6.3.9 Salix sp./Hylocomium splendens TCT ,; \
Clt 6, 1S=.726, n=3:208,383,467 ) o |
SASP/HYSP is a hygric to mesic fen community occurring on level vélley floors .
from 8390 to 1400 m. Soils are |mperfectly to poorly-drained Gleysols. The pH of the
.rootlng zone ranges from very strongly to strongly acidic (4 9-5.2). Water is often found

-

This community is characterized by a well-developed MS or TS stratum, dominated

s

by Sa/ix sp , and an almost continuous bryoid mat, dominated by Hy/ocomium splendens
:‘ In 'addition;s there is a relatively well-developed rich herb stratum with Carex aquatilis |
-.'C_a/amegros‘t‘/s canadensis , Mertensia ,banicu/ata , Festuca altaica , Senecio triangularis ,
Rubus chamaemourus * and Epi/ob/'um a(zgustifo/ium being some of the more common
‘species.uOther bryophytes which may be present ere Aulacomnium palustre , Sphagnum
- sp , Po/ytr/chum juniperinu\m , and leafy liverworts. Lichens are rare or absent.
‘:6 3.10 Festuca aItaaca/Sphagnum sp. TCT
Cl# 10, n Lseo - L. '

This is a rare bog community located in the Dragon Lake area. It occurs on- a
poorly dramed Cumullc Mesnsol in an opemng ina PIMA/ SPH communlty

It IS characterized by the unusual combination of Festuca a/ta/ca and Sphagnum
'both present ‘with a cover of 25%. Other mosses Wthh also occur are Tomenthypnum
n/tens Scorpidium 500/rp10/des Pleurozium schreberi , and Aulacomnium pa/ustlite .
Occurrmg in the poorly-develpped LS stratum, is Chamaedaphne ca/ycu/ata which is rare
i&sewhere in the study area Menyanthes tr/ foliata is the dominant forb. Cladinae lichens

are present but with a low cover value. Occasionally MS Picea mariana is present.
6.3.11 Festuca altaica/Forb TCT
- Ci# 1 1 IS 281 n= 3 226 301,418

v

t

Thls I§"“‘ mesm valiey floor communlty occurring on moderately pervious,
rﬂoderately well- dralned Gleysols and Brunisols, formed on alluvial or glacuo fluvial

_ material It occurs over a narrow range of elevation, between 900 and 990 m.

¢

' ~



. 6.3.12‘Festuc'a altaica/Cladina stellaris TCT

140
) , : : o .

Species within the community belong to three major growth forms grammond

* forb, ‘and bryophyte. Festuca altaica -is the dominant grass (35~ 80%), though'

Ca/amagrost/'s canadensis may also be common. There is a rich diversi}ty.ofnforbs, though .

Po/emon/um acutiflorum is the only species with 100% constancy Rumex arcticus .

Senecio triangularis , and MertenS/a paniculata are ‘common. Bryophytes occur in all

plots, ‘buf there is no characteristic species. ThIS' communlty is very similar floristically to

the FEAL communities found in the subalpine zone.

Cl# 4,n=1:270

This is a rare, mesic community type, found at 1100 m on a level-alluvial pléin. The :

\

soil is a moderately- well drained Orthic Regosol.

This community is characterized by a rare combnnatlon of Festuca a/ta/ca (30%) and '

s

Cladina stellaris (70%). Numerous other Cladinae and Cladoniae lichens are present. Forbs .

are numerous, with Aconitum del phinifolium being mosticommon (2% cover). Whil‘é this

~ o

>~ community is clustered with BEGL/CLST it is physiognomically most “similar  to

"

FEAL/FORB.

Piate 31. FEAL/CLST TCT, 62" 55' N, 131" 13' 50" W. Elev. - 1090 m. Date sampled -
July 21/81. | , |



-

Cl# 12, 1S=.174, n=2:351,363

~ soil profiles at a depth of 3 - 30 cm.
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| 6.3.13 Festuca altai ium splend
| Festuca a tanca/ﬂylocomlum splen ens‘:rfs -
Cl# 4, n=1:290

This is a rare community characterized by the high cover of Festuca ,é/ta/'ca_ and

Hy/pcbn;i'um splendens . The hiéh cover of .Higlo.com/'um splendens causes this stand to

be clustered with SASP/HYSP. However, it appears on sites similar to those occupied by
FEAL/FORB, and, except for the Hy/oco}nium splendens , has a very similar species

composition®™ o
. \

v

6.3.14 Arctagrostis latifolia/Forb TCT

’

" This.is a valley tloor-community-occurring in fhe southeastern section of the stUdy '
area in the Prevost and Ross River drainages. It occurs on moderately pervious, ..

.imperfectly to poorly-drained Gleysols formed on alluvial material. Water is present in the

i
H

This community is dominated by graminoids and forbs, and is very similar in.

"species compostion to the FEAL/FORB community. However Festuca altaica is replaced

by Arctagrostis Jatifolia and Poa lanata . The férb and bryophyte components are very

" similar. ARLA/FORB “also differs from FEAL/FORB in that ' it occurs on more

po.orl.y.-draine'd soils.
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© 6.3.15 Carex rostrata TCT
Cl#t 13,15=.434, n=2:.301,412
J “This is.‘ a low-elevation, valley. floor communit\; occurring in the Sheldo;w Lakes area.
It is found on very poorly-drained Gleysols. formed on alluvia“l. material and Cumulic
Fibrisols formed on organic materials. Water is present at the soil surface. |

This is a species-poor community (x=6). dominated by Carex rostrata . Forbs are

rare or absent. Mosses (Mnium sp. . Calligeron giganteumn ) may be presenf. Salix sb.

and Betula glandul/osa may be present in trace amounts.

Plate 32. CARO-TCT, Site' 307;'Mt. Sheldon area, (627 41' 40" N, 131" 08’ 00"). Elevation -

920 m#¥nly two species were recorded at.-this site, Carex rostrata (50% cover).and
. Potentftla palustre (1% cover). The soil type is a-Rego Gleysol occurring on an alluvial
~ plain.¢20 cm of mesic peat overlay a gleyed C horizon. Date sampled - July 25, 1881. .

e
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6.3.16 Betula glanflulosa/Carex rostrata TCT
Ci# 1,n=1.338

This is a rare, Iew-elevation, valley floor community very similar to. the Carex'
rostrata corrjmunity and occurring on similar sites. Species composition ‘is very similar
except BEGL/ CARO has Betu/a g/andulosa present with a cover of 30%. It is found in the
southeastern pbrfion‘ of the study area, along a tributary of the Prevost River.
6.3.17 Alopecurus aequalis/ Tomenthypnum nitens TCT
Ci# 8, n=1:401

This is a rare, subhydric fen'comrﬁunity located in the Dragon Lake area. It
occurred in a valley bottom on a poorly drained organic soil. Water was present 5 cm

below the surface.

This ‘community is dominated by gramnnonds with Alopecurus aequalis havmg a
cover of 40% and Carex aquatilis of 25%. Tomenthy pnum nitens is the dominant moss_
with a cover of 25%. Sphagnum was present in trace amounts. LS were represented by a

sparse cover of Betul/a g/andulosa and Andromeda polifolia . Forbs were rare, and

present in trace amounts.

6.3.18 Epilobium latifolium TCT
n=1.CH# 7

This~ is a rare community found on recent alluvial plains along major streams. Soils -
are Cumulic Regosols.

The community is characterized by a diverse forb stratum dominated by. £pi/obium
/atifolium . Other forbs are Ep//ob/um angust/fo/ ium, Artem/.s‘/a arcticeum , Po/ygonum
viviparum Pyro/a secunda , and Achillea borealis . LS Sa/ ix.sp. and Betu/a glandulosa
are present in trace amo_unts. Drepanoc/adus sp. and Po/ytr/chqm juniperinum are the

common mosses. Lichens are absent.
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6.3.19 Ledum palustre/Cladina mitis TCT
n=1CI# 9
This is a rare bog corﬁmunity occurring witﬁin a mosaic of forest communities in
| the Hess River drainage. It was found on a poorly-drained Terric Fibric Organic Cryosol,
with frost present at 90 cm. |
T it is'charac;terized by an almost continuous bryoid mat dominated by Cladina mif/s
growing-on the dry ‘miéro;ites pn;ovided by Sphagnum sp. and Aul/acomnium pa?ustre .
There is a well-developed low shrub and herb stratum, dominated by‘Ledum palustre .
Forbs are rare, with the exception of Rubus chamae//r’/;ourus . Nurﬁerous species of

Cladoniae lichens occur. Picea mariana occurs in trace amounts in the MS stratum.

o~
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6.4 DECORANA Ordination Results
| The 102 stands plotted against the X and Y axes of the DECORANA ordination are

shown in Figure 17. The X-axis, which‘accounts for 80% of the variation within the data
represents a complex-gradient. (All correlations cited below are significant at a=.05, a+
indicates significance at a=.01.) It is positively correlated with increasing soil {r=-.79%) and
ecological moisture (r=-.84) classes. It/is also positively correlated with elevation (r=.23),
C (r=.65), N(r=.71%), C/N(r=.33), Ca (r=.68%), Mg (r=.65), and pH (r=.40).

The Y-axis, which accounts for 34% of thé residual variation, or 7% of the total
variation was negatively correlated with pH (r=-.2é) (Fig. 16)

The third and fourth axes accounted for so little of the total Variation that they
were not examined. |

When plotted as r_eétangles on the X-Y ordination field, the communities formed
two distinct groups: the mesic to subxeric Betu/a g/andulosa communities lying at the dry,
nutrient-poor left end of the X-aéds; and the mesic to subhygric willow and graminoid’
comm . ities occurring at the pooriy drained,- nutrient-rich right end of the X-axis. Lying
midwa)yletwéen these two major groups is the mesic FEAL/FORB. community {Fig. 17).

Within the Betu/a g/andulosa group there is little over‘lap between communities .bn )
the X-Y ordination field. BEGL/MOSS CT's lie further along the X-axis than the BEGL/CLST
community suggesting that they occur on moiéter, mor"e nutrient-rich sites. Howaever,
when the BEGL CT's ;re ordinated separateiy', there is no correlation between the axes and
~ the environmental variables examined (Fig. 18). The X-axis accounts for 26% and the Y-axis
accounts for 15% of\the total variation in the data. |

Withih the subhygric group there is considerable overlap between the major
communities, especially along the X-axus suggesting that the nutrient, pH, and moisture
requirements of the commumtles are similar. Along the Y-axis, SASP/HYSP is well
separated from CAAQ/SPH, occurrmg at the opposuto end of the Y-axis. Between these
communities lie the SASP/CAAQ and SASP/ GRAMINOID/SPH communities which overlap _
conS|derably along both axes.

When the hygric commumtes are ordinated separately the ecological relatlonshlps
among them communities are clarified. (Fig. 19). The X-axis (SD=4.5) of DECORANA
ordihation accounts for 80% of the variation within these communities. It is a complex

’
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gradient, positively correlated with soil moisture (r=.44), C (r=.64%), N (r=.52%, C/N
r=.38%), Mg (r=.53%), Ca (r=.57), and % clay (r=.31)..1t is negatively correlated with
elevation (r=-.35) and %sand (ﬁ=-.4 1). | |

The Y-axis accounts for 34% of the residual variation or 13% of the total variation
in the da.ta. It is a‘complex-gradient positively correlated with slope (r=.52%), and,
negatively correlated with dr'ainage (r=-.44%), N (r=-.32), Mg (r=-.28) and ele\)ation
(r=.-42%). | - |

It may be inferred that commumtnes or stands lying near the origin V\QII have a
tendency to be more level, hugher elevation sites than those Iylng at_
or Y-axis..In addmon those lymg at the top of the Y- axrns w;l m eper,_ more

nutruent-poor better-drained- s:tes The SASP/ GF%AMINC”E/,,QX> i AQ, and

ends of the X

,CAAQ( SPH communities  again overlap along.,__, tjhe N the

SASP/GRAMINOID/SPSP and CAAQ/SPH communities are*ss along. the Y-ais.”
’ - 2 . : 5 . :
’ C B : ’ ’ . ',%&%‘. R i
Y 7%
p 4
Yo a
Wy %
g P
o
ol
X
Soil Moisture 807,

$ High
N, Ca, Mg, pH,C/N.

Figure 16. A diagramatic representation of the first two axes of the DECORANA
ordination and correlated environmental variables. The X-axis accounts for 80% of the
variation in the vegetation data.
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DECORANA Ordination:
‘Below Treeline,Non-fqrestgd Sites - |
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Figure 17. Location of the 102 below treeline‘, non-fcrested sites and the community
‘ypec and tentative community types on the DECORANA ordination field. The submesic
BEGL-dominated communites. lie to the left; the fen communities to the right. The axes

uits are the average standard deviation of species turnover or S.D. Site coordinates on
the axes are in Appendix VL. ’ - N : oo
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DECORANA O.',rdin_ation: Nontreed,Subm_esic Sites
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Figure 18. Locatlon ‘of the 52 BEGL- dommated ‘sites and community types on the
DECORANA ordination field. Site coordmates are in Appendix VI. _
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Fugure 19. Location of the fen commumtles on the DECORANA ordnnatlon field. Site
- coordinates are in Appendix VI & , . . ‘ o

-



"
\ : * 7.Keys to Vegetation Communities .
Usvng the dlchotomous keys given below, most of the vegetatlon of. the Macmlllan

Pass/ Sheidon Lake area can be identified to community type, Eighty-five percent of ﬂte

sites were placed in the correct commumty using the keys. Quantitative dominance of both

physiognomic classes and species are the major criteria in the key.

Y

& .
1. Site has 10% or greéater cover of tree species. Key 7.1
1. Site has less.than 10% trees or trees are absent. 2
2. Site is a recent burn that prevnously supported tree spemes ' ‘Key 7.1
snags are present. .
) 2. Site occurs above the upper limit of trees. - * Key 7.2
2. Slte occurs below the upper limit of trees '- o Key 7.3
\
- 7.1J$ey to Forest Communities
g _ K
1. Sste arecent burn recognlzable by snags, fire scars, etc.. . 18
1 Sitéa treed stand or an early prlmary successional stand : 2
2. Ground cover 's domlnated by prostrate shrubs forbs or = 17
) grasses oo -

2. Ground cover is domlnated by bryophytes or lichens. g 3
3. Ground cover is. domunated by lichens. 4
3. Ground cover is dominated by bryeph:=s. 7
v . 4;4‘,S|te an early successmnal river grave! bar, Decidious trees. ~_ Poba / Sasp
4. Not as above. : v R -5
5. Ground cover is domunateﬁ by Stereocaulon sp..or Cladina ' 26

- mitis. : , ' ,
5. Ground cover is domlnated by C/ad/na stellaris. B . S <

6. Sphagnum with’ < 10% cover, if present -~ " Abla-Pima/Clst-ll -
6. Sphagnum present with > 25% cover. R - .Pima/Plsc-Sph
: 7.'Ground cover is dominated by Pq/ytr/chum /un/per/num° Abla/Emni/Poju

. -»  Aulacomnium sp. occqsnonally go-domunant. Empetrum
- -nigriimpresent, tree spameﬁ ls’»Ablq,sJaS/ocarpat . ¥ o

7. Ground ~ cover. mfﬁat;ed # Féathermosses +/or ; 13

%N %

- Sphagnum +[or. D/cranum.

: . ) Ptilium crista-castrensis. . B &
g S 8. Ground cover dominated by ﬁiﬁwozwm schfeber// +/or, T 13
: Sphagnum +lor D/cranum ; ; L s - - 4
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15,
16.

.20

20.
21.
21

22.
22.

23

16

oo ©w W

. Ground. cover dominated by Pti/lium crista-castrensis,
Picea g/uaca is dominant tree species. .
. Ground cover dominated by Hylocomiun sp/endens.

. P/eurozmm schreber/ has 25% or.greater cover
. P schreber/ has less than 25% cover.

. Abies lasiocarpa is the domlnant tree specles
- Picea sp. are the dorhlnant trée specnes

. P/cqu/auaa is the’ dommant specues in the TT stratum.

. P.mariana is "thg. dominant tree  species, or

P. maf/ana/Ab/e< /asmca/pa are',,o dommants

. Decudsous tress pre Li;bmmanﬂn the tree stratum
. Conifers are ddmln yltrees R ’

CEEN)

..Cladina stel baris Wrﬂ ent with 30% or greater cover

. C. ste//ar/s absent ,Qfmyesent with <20% cover. W%

. Abies /asmcarpa )s t.he dommant tree specues ground%:ovar

2 ;
10/o cover. - R

- "‘l

P/cea sp. are the dom/nanr rrees o ,; A '_'

Ground cover dominanted by P/eurozwm shereber/ and

Sphagnum whtch IS usuaHy assocuated w;th C/adma'

stellaris.,
;Ground cover is, dom;nated by P/eurozwm schreber/ ,

R Spﬁagnum if present has a cover of <25% “and is' not

17
17

18.-
18.

18.
18.

23.

assocuated with Cladina. ste//ar/s

Ground cover dominated by Empetrdm n/'grum. .
Ground cover dominated by forbs or grasses.

Ground cover dominated by Ca/amgrost/s canadens/s
Ground cover dominated by forbs Popu/us sp. present

Ground cover dominated. by Bryophtes or C]adunae lichens.

L'

‘ follose lichens.

e

Hylocomiun sp/endens covers >’ 30% of the ground
H. splendens has < 30% ground cover .

Cover of Ledum pa/ustre is < 10%
Cover of L. palustre is. greater than 10%

Cover of Nep?ﬁ‘ma arcticum'is < "15%.
Cover of N. arcticum is > 15% cover

prasent(10-30%), both Betu/a g/ano’u/osa + Sa//x sp. are
present. .
Above condldtlons not met

4

. . o B - A
T 4

~ dominated by’ ‘Pleurdzium-schreberf, or rarely Dicrahum .-
- sp., Picea sp..are not present. Sphagnum if present" has <.

Dominant ground cover is'a mlxture of forbs, grasses, or _

"

Epilobium angust/fo//um present(2 25%) Festuca a/ta/ca

- 1B

- Pigl/Ptct
. 0
Coni/Plsc

11
" . Abla/Hysp
: 12
. Pigl/Hysp
Pima/Hyio
R Poba/Sasp
Jf» o ‘f' 't‘ 14
Abla lea/Clst
) 15

@

29
. 16
Coni/'7il'°lsc

28 .

18 .
" Pigl/Pter
. Pigl-Posp/Forb
' 20
.24

_ Pima/Hysl
. 27

e

Potr/Poju  4-»-
' .22 hE

‘BegllLepa/ Po'ju ‘
Sasp-Begl/Emni

% Begt-Sasp/ Feal



- .24
" 24

»,

25,
25,
26.
& © 26,
27.
27.
28.

28

7.2K

1.

-

S —_
—_

3

OO WO @ N~ O O O bh wWWw NN,

.

. Salix (TS or MS) present 'with >15% cover,. | :
..Salix present with less than 10% cover, Ledum palustre .
_present with > 15% cover, Peltigera apthosa present with
> 15% cover. _ g
Abies lasiocarpa is the dominant tree species.

Picea mariana is the-dominant tree species, Sphagnum is
present. ) '

4

The cover of Sphagnum is greater than that of Pleurozium
schrebeni. ;
The cover c®P/eurozium schreberi — ~eater than that of
Sphagnum, or the two are co-dominari.. .

Abies |asiocarpa is the dominant tree species.
Picea mariana is the dominant tree species.

A.lasiocarpa present with > 35% cover.
. A. lasiocarpa present with < 30%.cover .

ey to Cbmmunities'Occurring Above Treeline .

Area a recent burn, recognized by charred soil, exposed
burn roots, etc. ‘ '
. Area not arecent burn

. The dominant species is a moss or liche=
. The dominant species is a vascular plant

v~
>

e

. Area dominaated by lichens
. Area dominaated by bryophytes

. Cladina sté]laris is the dominant lichen
. Alectoria sp. ot Stereocau/on sp. is the dominant lichen -

shrubs ;

. Ericaceous shrubs are the dominant shrubs

. Cassiope tetra gona is the dominant shrub
. Betula glandulosa is the dominant shrub

. Stereocaul/on sp. has greater' than 20% cover
. Stereocau/on sp. if present has less than 20% cover

. Alectoria sp. has greater than 10% cover .
. Hylocomiun splendens has greater than 20% cover

. Alectoria sp. present with greater than 10% cover - :
. Alectoria sp. absent or present with less than 10% cover

. Stereocatilon sp. présent with greater than 30% cover |
. Stereocau/on sp. if present has less than 25% cover

. Stereoéati/on sp./is the dominant lichen

. Alectoria ochroleuca is the dominant species

i
i . -

e

. Betul/a g/andu/osa or Cassiope tetragona are the ‘dominant

1862

Begl-Sasp / Forb
Lepa/Peap

Abla/Emni
Pima/ Clst

Pima/ Sph-Clst’

=¥

Pi— -2 -3ph

Abla/Emni
Pima/Emni/Clst

Abia/Plsc .
Co_oi /Plsc -

Heal/Poju
.

\A 3

27

4
12

-5
11
r 6
9
Cate/Clst
&

Begl/Clst/ Stsp
‘8

Cist/ Aloc

Begl/Clist

.10
Ericad/ Aloc’

Begl/ Stsp
Clst/ Aloc

Begl/ Stsp
Ericad/ Aloc
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12.
12.

13
13.

14.
14.

15.
15.

18{

ighrt s or grasses are the dominant vascular species

19
18.

23.
23.

24.
24.

25,
25,
26.
26.
27
27.

- 28.
28.

Feather mosses are the dominant mosses
Mosses other than feather mosses are dominant

Hy/ocom/um sp/endens is the dominant moss
Pleurozium schreberi is the dominant moss
Shrubs are the dominant vascular species 2
Forbs are the dominant vascular species

Cassiope tetragona is the dominant shrub .
Betuld glandulosa. and/or Sal/ix sp. are the dominant
shrubs . ‘

. MS Salix sp. are present .
. Not as abpve, forbs are the dominant vascular species

. Fruticose lichens are present
8 C»agex aquat///s is the dominant vascular species

ga;e uarv V7is is the dominant vascular species

Tom" b um nitersis the dominant moss
Sphagna are the dominant species

. Aulacomium sp. is the dominant moss ‘
. Polytrichum sp. or Dicranum sp. is the dominant moss

. Senecio triangularis is the dominant species
. LS or GS dominate the vascular species - s

..Dryas integrifo/ia and Carex podacarpa are present
. Phylodace empetriformis and Luzu/a parviflorus are

present

Dicranum sp. is the dominant bryophyte
Pol ytr/'chum sp. is the dominant bryophyte

Aleatoria sp is present with. 10% or greater cover
Alectoria sp. is absent or if present has less than 10% cover

o

C/ad/naste//arfs present with +15% cover = &
C. steflaris absent or present with a .low cover value,

. Festuca present

Empe;rum nigrum present with +15% cover, Festuca .

absent
E. nigrum, if- present has a cover of 5% or less, /-'estuca

present

Grasses or forbs are the dominant species
Shrubs are the dominant species

Grasses are the dominant species
Forbs are the dominant species, Festuca altaica present

-
~

Sasp/Caaq/Plsc

153

13
18

14
16

15
Vevi/Hysp

Cate/Hysp
Sasp/Begt/Hysp
17
Capo/Plsc
Sasp/Plsc
19
20

Caaq/Moss
Caaq/Moss

21
23

Setr/ Aupa
22

Capo/Aupa
Lyal/ Aupa

24
25
. ‘Ericad/ Aloc
- Cate /Pisp/Poju
26
=Feal/Poju
Emm/ Poju
C,jate'/ Clst
28
33

29
Feal/Forb



29
29

30
30

31
31

32
32

33
33

34
34

35
35

36
36

37

37

. 38

38

~

39
39

40
40

41
41

42
42

43

43

44

44, Hesplendens not present

. Calamagrostis canadensis is the dominant gi'ass
. Festuca altaica is the dominant grass

_ Shrubs are rare or absent, forbs common

. Vaccinium uliginosum is common

. Forbs are common, shrubs are rare
. Betula glandulosa or Cassiope tetragona are the dominant

shrubs

. Cassiope tetragona is the dominant shrub
. Betula glandulosa is the dominant shrub

. Ericaceous shurbs are dominant -
. Other shrubs are dominant

. Ericaceous shurbs excluding heathers are dominant
. Heathers are dominant

. Arctostaphylus rubra is common
. Vaceimum vitis-ideae is common

. Phy!lodoce empatriformis is the dominant shrub

. Cassiope tetragona is the dominant shrub

) Fesiuéé'altaica present with + 10% cover

. Not as above, mosses or lichens are common

. Lichen:s‘are the dominant non vascular species
. Mosses are the dominant non vascular species

.'Potytrithum sp. or Aulacomnuim sp. are dominant mosses
. Dicranum sp. is the dorminant moss

. Dicranum sp. is present with 20% or greater cover
. Dicranum sp. is absent or present with less than

. Dryas integrifolia and Salix fetiéu/ata are the dominant

shrubs

. Salix spyor Betula glandulosa are dominant shrubs

. Betula gl/andulosa is th.e dominant shrub
. Salix sp. is the dominant shrub

. Hylocomnium sp/en'déns present with +20% cover
. H. splendens not present '

. Hy/ocofnnium splendens present . -

g

e

\

20% cover

N

A4
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30
31

Caca/Hysp
Vaul/Caca

Feal /Forb
Cate/Feal
Sasp-Begl /Feal

34
41

35

36

Lyal/.Aupa
Eric/Feal/#isc

Lyal/ Ausp

Aty

37

Cate/ Feal
38

Cate/Clst
39

- 40
Cate/Disp/Poju

Cate/Disp/Poju
Cate/Poju

Drin/Sa_re »

42

43
44

Sasp-Begl/Hysp
Begl/ Stsp

. Sasp-Begl!/Hysp

- Sasp/ Feal
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7.3 Key to Non-Forest Communities Below Treeline
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. Site is a mesic to xeric site,

gl/andulosa, and’'a cryptogamic mat.

. Site not as above.

. A lichen has the highest cover in the cryptogramic mat.

. A bryophyte has the highest cover in the cryptogramic mat.
. A foliose lichen is the dominant lichen.

LA fruticose lichen is the dominant lichen.

. Cladina stellaris is the dominant lichen.
. Cladina mitis is the dominant’ lichen.

. Polytrichum juniperinum has the hlghest cover of the

bryophytes.

. A feathermoss has the hsghest cover in the cryptogamnc
mat.

. Cladrina stel/aris is present with >30% cover.
. C. ste//ai/s is absent or rare. .

. Pleurozium schreberi is the dominant moss; .C. ste/laris has

<35% cover.

7 Hylocomiun sp/endens is the dominant bryopyte.

8. Salix sp. and/or Betul/a g/andu/osa are consplmous >20%

O wWww o

—_——
—_

NN

13.

cover.

. Not as above.

. Betu/a g/andu/osa is the dominant shrub E o .
. Sal/ix sp.ig the dominant shrub. . ’

. Carex rostrata is the dominant graminoid.
. C. aquati/is is the dominant graminoid..

. A bryophyte has the highest cover value.
. A vascular species has the’h‘ighest cover value

. Hy/ocomiflm splendens has the highest cover va/ue

. Sphagnurn has the highest cover value. )

. Drepanoc/adus sp. has the highest cover value. . .
12. :

Tomenhy pnum sp. has the highest cover value.

. C. aquatilis is the domlnant species,Sphagnum has <20%

cover.

C. aquatlis is the dominant specnes Sphagnum present with

-, >25% cover.

14.
14.
- groen/and/cum dominant shrub.

15.
15/

A vascular specnes has the highest cover value ' o
Cladina mitis present with very hsgh cover,. Ledum
Forbs are domlnant Epilobium /atifolium is common
Graminoids are dominant.

1, —~,
}

dominated by Betu/a

" Sasp/ Gram/
Sasp/Gram/ Sph
-Sasp/Caaq

1565

w ® N

Begl/Hysp
' 4

Begl/ Clst

~ Begi/Hysp

6
7
Begl/ Hysp
Begl/Poju
.Begl/Plsc

Beg!/Hysp

9

14

10
11

“ Begl/Caro

Sasp/Caaq

12
13

Sasp/H gsp
ph

Sasp/ .Caaq

Sésp /Gram/ Sph

15
23

Epla

X




16.
16.

17.
17.

17.

18.
18.

19,
19,

20.
20.

21
21.

122,
22.

23.
23

A g.rass., species has the highest cover value.
A sedge has the highest cover value.

Festuca a/tqi};a .,xs the dominant grass.
Arctogrostis latifolia has >10% cover. Poa /anata often

‘present.

Alopecerus aequal is is the dominant grass.

Forbs are common.
Non-vascular species are common.

Bryoph\}tes are présent with a high - ’vér,
Lichens are present with a high cove. .
1

. |
Sphagnum is present. , : .
Hylocomium is present.  ° o R
Cladina stellaris is dominant lichen.
C. mitis is dominant lichen.

& v
Carex rostrdais the dominant sedge.
C. aquatilis is the dominant sedge.

Cladina mitis present with a high cover value, Le-du”m., is -

dominant shrub. 0 A
Cladina stellaris is present with >50% cover. -

W, Lints

i
NG

‘Sasp/Caaq
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17
24

18
Arla/Forb

Alae’ Toni

Feal/Forb
18

20
21

Caaq/SpH

Sasp/Hysp

Feal/Clst
Feal/Forb

Caro

Lepa/ Cimi

: L,Begl/Clst

<a

W
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8. Discussion
8.1 Environmental Gradignts- ), o
Most researchers recognize that vegetation patterns reflect several COmplex

environmental gradients. This is shown by the DECORANA ordination results where each

. axis is correlated wnth several environmental factors.. The factors that are most strongly

orrelated with the axes are cons:dered to be the ones which have the greatest effecton -

specues distribution. ThIS approach in mterp?@tatlon is compllcated by the fact that
)
variation in species composltlon,ls associated with many mter related ,factors that cannot-

. be considered independently." It is diffléult to assess two factors (e.g. soil pH and, Al)

which are correlated with different perpendicular axes and infer- that they are independent.

In some instances the X and Y axes were correlated with each other Therefore, the reader
is cautloned to consider the relationships between specues and communlty distribution and
envnronmental factors discussed ln this section and the preceedlng,Results as hypotheses:

requiring further testing, rather than as established cause-effect relationships‘.

' 8. 1 1 Forest Commumtles

Elevatnon and mmsture are perhaps the most frequent correlates of varnatlon in

,mount_am vegetation. Several other factors which may be locally significant include soil

“depth, soil texture, wind exposure, and snow related phenomena (Peet 1981). del Moral

and Long (1977) found that, air temperature prlmarlly as it affects snow depth, controls ,

" most varlatlon in the mature forests of the western Washlngton Cascades Patten {1963)

stated that in the Madlson ‘Renge, Montana a hlgh percentage of the varlatlon m the

o~

vegetation was accounted for by a group of envnronmental factors the most |mportant

"being permanent w1lt|ng point and clay content of the soil, both;;of'whlch have a direct

mfluence on soil moisture. Eis (1962) found that sonl monsture groundwater and soil

permeablllty combuned accounted for 79% of the varlatlon in plant commumtles located i in

. the Vancouver, B C area. Beese (1980) found that mousture availability had the hlghest :

correlation W|th specnes dlstrlbutlon on the east coast of Vancouver lsland
Wlthm the . boreal taiga . zone, major envnronmental gradlents are somewhat

different from the mountam areas The |mportant env:ronmental factors controlllng

N
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vegetation community disfribution in the taiga of central Alaska appear to be soil
temperature, soil moisture and soil nutrient status. Forest sites extend over a wide
envfronmental gradient, but can basically be divided into 1} cold, wet black spruce sites,
with low nutrient availability, usually underlain by oermafrost, and 2) warm, V\fell-drained.
mesic white spruce sites and their successional stages‘ on perma‘frost-free soils (Viereck
et.al. 1983, Yarie 1983 J

Jeglum (1974} found that moisture-aeration and nutrient regimes explained a large

portion of the variation in minor vegetation and tree growth on black spruce peatlands in

the taiga of northern Ontario.

The major environmental factors controlhng vegetation W|thm the forested zone of

the study area appear to be neither elevatlon nor soil moisture. The X-axis.of the

DECORANA ordlnatlon which represents the Iongest community gradient (3.3 SD) and

accounts for 44% of the variation in the vegetation data, is highly correlated wnth soil pH

and nutrients (N, Ca, Mg). Elevation, drainage, and depth to permafros} are most correlated .

|
1
|

vegetation data. o 2 «

A number of workers have used single-factor meaSurements as correlated

indicators or parameters of soil nutrient status and have described the distribution of

vegetation along these gradlents ‘The most widely used varuables have been pH, electrical
conductuvuty calcium, potassium and l%ogen (Wali and Krajina 1973).
Pearsall (1952) regarded pH as the single most useful measurement that could be

made for ecological purposes. Soil pH is irnport_ant in .determining plant distribution

‘primarily as it affects nhutrient availability (Brady 1974). Low Apva_ results in increased

solublhty of certain heavy me;tals (e.g. Al, Mn, Fe, Zn) in the soil. Hydrogen ions and these
metallic ions compettef‘for‘ sonl cation exchange sites, displacing other essential catnons
such as calcium and magnesium, which are subsequently feached from the soil (Bartuska
and Ungar 1880). ‘ ‘ '
CaIcnum WhICh is required for’ tree nutrition in small amounts (Heilman 1979),

affects forest tree growth directly as a ‘plant nutrient and nndlrectly by affecting soail

' reactlon and other properties, particularity in amehoratxng the effects of .excessive

amounts of Na, K, Mg, AI Mn and others that may become toxic to plants (Wilde 1958, in

%

‘with' the shorter Y-axis (2.76 .SD), which accounts for 21% of the varjation in the.

1

~.
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Wali and Krajina 1973). Calcium is by far the most widely used indicator of soil nutrient

status (Wali and Krajina 1873).

Henlman {1979) considers. nltrogen to be the most important of the soil-derived

, *nutrients in forest soils of the Douglas-fir Regnon Nitrogen in sons is mostly contamed in

c,
’mlcroorganl.,ms through the process of hitrogen mineralization, in order to be used by

the org@wﬁs Sraction, and must be converted .to morganlc form by the actions of

. l

plants. Factors reducmg N mlnerahzatlon rates are cold soil temperatures very h:gh or low

soil moisture contents, inadequate soil aeration and a high ratio of carbon to nltrogen (C:N

ratio). High C:N ratios (i.e. above 25 - 30:1 in the mineral soil) indicate low-availability .of '

nitrogen to plants.

Exchahgeeble aluminum was correlated with the Y-axis of the DECORANA
ordination of the forest sites. Multiple-range tests indicate that the Al of the B horizons
was mgnufxcantly higher in ABLA CT's than in the othés forest communities (Table 16).
Aluminum is not an essential plant nutrient, but may be toxic to plants in-highly acidic soils.
Most tree species appear to be tolerant of, aluminum but research shows it may be toxic to
the roots of some trees (Heilman 1979). Hoyle (197 1) found that yellow birch root (Betu/a
alleghaniensis Brltton) is inhibited by Al in: the lower substrates. However the data

indicated that the severlty of Al toxicity varied with macronutrnent deflmency. Bartuska and

~ Ungar (1980) found that high levels of Al (5.35 meq/ 100 g) were not toxic to Betula

nigra. ln the present study exchangeable soil AI was highest in the ABLA/ HYSP CT
(x=3. 73+3 22). The naturally high levels of Al under the ABLA CT' s could have important
|mpl|cat|ons for revegetatlon of mountain siopes following mlnmg activity.

The DECORANA ordination (Figs. 10 - 12) and multiple range-tests (T;fft'es 15 - 18)

suggest that 1) whlte spruce CT $ occur on-more neutral nutrient-rich sites than .black

spruce and subalpme fir . Cﬁs and 2) subalpme fir CTs occur on mo acidic,
nutrient-poor sites than black spruce CT s. ltis generally held however that subalplne fir

requures more nutrients than black spruce (Kra;ma 1979) The data presented in this thesis

/

do not necessarlly contradict thls contention. Nutrients on the black spruce sites may. not '

be available to the trees. WaI| and Krajina (1973) found high levels of calcium undePblack
spruce commumtles but stated that the black spruce sites had low base saturation, hence it
is doubtful if all thecalc:um at these sites was reaanY.avallabIe. The high soil moisture

~
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content and low soil temperatures of black spruce sites will reduce N mmerallzatlon. and’('

therefore reduce the fraction of the total nitrogen that is available to plants.

It must be noted that the. plant/soil relationships determined here- are based-
exclusively on the mineral soil horlzons Kimmins and Hawkes (1978) found that 88% of
the overstory fine root tlps occurred in the forest floor (LFH horizon) and the Ae horlzon
Weetman (1968) found that continuous feathermoss carpets which grow on a cumulatuve
layer of raw humus had intense black spruce rooting at the base of the moss carpet where
it was decomposing. He surmised that feathermosses prob.ably represent one of the
major sources of nitrogen for trees. Given the above, correlations between the ordination
axes and the nutrients of the LFH may have produ'ced different resuits.

A comparison of soil nutrient status between sites within this study and soils of

- other forests, especially those in British Columbla did not reveal major differences. (Table

25) However, it should be noted that souls arf/p_rgbably more developed in the southern
areas, resultlng in deeper horizons,-and thus a. I}ger nutrlent pool ’
Itis interesting that the X-axis of the forest Slte ordination, which represents a
gradinnt from PIMA/SPH CT's to PIGL/HYSP CT's, is not correlated with depth of
pel’maf'rost or soil drainage. Viereck et.al. (1983) stated tha in central Alaska white spruce
is found 'on better drained. permafrost free sites. This is not. the situation if the present |
;atudy where white spruce occurred on poorly drained, frozen soils (Table 19). Soil
dralnage and depth to permafrost were: posxtlvely correlated with the Y axis, which
represents a gradlent from PIMA/SPH CT's to ABLA/PLSC CT's. The PlMA and PIGL -
.communltnes have consuderable overlap along this graduent It should be noted that the'
thickness of the active layer was recorded on dlffermg dates thr0ughout the summer:
therefore thaw depths are only approxlmate as the actlve layer will not be as thlck in early
June as it would be in late August
k A notable result of the. DECORANA ordination was the distribution of the burned
sites on the ordination field. They did not occur as outliers, but I.ay within the boundaries
“of the comn‘xunitles to which, based on present species composition and site factors, they
are likely to succeed to. Since there are vast tracts of burned land within the Yukon where

. the orlglnal community i5 not known an ordlnatlon of burned and adjacent unburned sites

could prove to be a useful tool in predlctmg successional trends and climax communities.

»y
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" ombrotrophic to mlnerotrophuc wet to -dry, and mire -margin to mire expanse Vitt and

“of the gradient, while the Carex rostrata community occurs at the wet end. The position of

8.1.2 Non-forested Below Treeline Communities

8.1.2.1Fens

in the non-forested plots below treeline the major controliling factor appears to be

soil drainagé. This is not unexpectei;! in view of the rather disjunct nature of the data set,

\

which is readily divided into two major categories: weli-drained outwash communities

consnstlng primarily of Betu/a/llchen types and poorly dralned Carex fens
Wl .

o
v

:Fens are mires in which the vegetation is influenced by geogenous water (ground

water which is in contact with mineral soils) (Horton and Vitt 1979). The Fennoscandian’

school of mire ecology suggests that there are three environmental gradie‘nts which are
considered to be of primary |mportance in relation to mire vegetatlon These gradients are
Slack (1975) found that in mlres bryophytes are more sensitive mdlcators of . the
above- mentloned environmental gradients than are vascular plants’ aHorton and Vltt {1979)
verlfled -this W|th data from the Carlbou Mtns of northern 'Alberta They found that
Sphagna are sensitive indicators of subtle changes in the envnronmental gradients of
moisture, trophic status and exposure Of these, the variation from rich to poor and from
wet to dry are the ‘more ‘significant parameters, with mousture being the prnmary factor

controlling the dlstrnbutlon and abundance of the Sphagnaspecies.

Unfortunately within the present study, Sphagna were not ndentlfled to specues .

Tt

The pH electrical conductivity and nutrnent status were collected for the assocnated soils,

not the  mire water which is more -important to mire species (Wali and Kra;ma 1973).

Because * ociated bedrock and mineral spils are acidic and rather nutrient-poor one

can probac., ..rer that the fen water is, ohgotrophlc to mesotrophlc reflectlng the nutrnent

status of the underlymg mineral materials. Hortor? ahd Vitt (1979) state that the greatest_

_bryophyte diversity is found in poor fens, suggestmg that .bryophyte specnes rlchness

espemally Sphagna, should be quite hlgh in the Macmlﬂan Pass area.

The DECORANA ordination placed the mire stands along a complex gradlent
correlated with decreasing soil drau‘nage and mcreasmg_ nutrlenthtatus of the assocnated h

~ soils (Fig. 19). The relatively better drained SASP/ HYSP. community occurs at the dry end

the CARO cornrnunity at the far end of the X-axis suggests that Carex rostrata prefers ~
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o envvronmental

:8 1.3 Alpme and Non-forested Subalpine Communmes - P

TN
. species. Sonl pH and. avallable nutrients play a mtnor role. Snow depth Wthh is often

¥ ou
AN

‘;\l“%

mouster more nutrnent rich sltes than Carex aquatilis. :

[ .. 164

~lt-would appear that soul dralnage nutrlents and depth to water table are.the most

|mportant envnronmental factors assocnated ‘with the fen commumtues However a

‘ complete bjyophyte specnes list ahd nutrlent status of the- water would help clarnfy this.

L B
L. 1
N o

8 l 2.2 Shrub Birch/Lichen Commumtles
’ The ordlnatlon of the Betula shrubland communltles dld not reveal any

factors whnch mlght control commumty composltlon and specues ’

dlStrlbUthf‘l (an 18). The gradlents are short (2.0, 2 2 SDj) and*account for only 26% and

.,jl 5 of the tlon in the data

J
When -the Betu/a communmes were ordlnated with the wetland communltles the

BEGL/CLST CT"o ul-l-ed at the left end of, the X-axis. " while the BEGL/MOSS CT's
occurred’ ufurthergi;

it, suggestlng that- mousture pH and nutrlents may be mfluencnng
specues combposltlon (Flg 10 However none: of these varlables was correlated W|th the g

axes of the separate Betu/a/ llchen ordlnatnon It is possuble that the dlfferences in specnes

M

composmon may be due to success1onal turnover Clad/na ste//ar/s is shade -int&lérant
dl‘

(Kershaw 1977) Over time the feathermosses may outcompete the |ICh8nS under the

&

- Betula g/andulosa canopy (see discussion of commmmes 8. 2 3. . P \ ' Lo

e .
L] Q C o “

- - ' . . - . .

. o

Seott and Bllllngs (1964l stated that low temperatures are generally a‘t:cept’éd as
the most |mportant faotors llmmng plant growth in the alplne tundra reglon Qhey notedh
that other factors |mportant to alplne tundra pl;nts are summer air, and sonl temperatures
depth,and durat:on of snow, length of growmg season, avallable soil mousture wmd soil -
development and soil depth -and fertllrty

Jonasson (1981) found that the dnstrlbutlon of winter snow is the most lmportant
factor controlllng the composmon of plant communltles and the d|str1but|on of most plant -
populatlons of the Iow alpine Betula nana heaths in northernmost Sweden

In both the alplne and non treed 5ubalp|ne zofies in the study area, monsture sgems - 1

N

to bL ‘the primary enwronmental factor ‘pontrollmg the d:strlbutlon and abundance of *'\\\k

»
9"

cOnsndereQ,Important in: alpme specnes dlstrlbutton could qpt be consndered in the present )

! .“» }
P - A
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| 1981, Senyk et.al. 1981 Oswald et al 1983 Boyd 1983). Further afleld but still in the: (’

' 8 2 Cornmunlty and Specles Dlstrlbutlon IR SRS B
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vstudy However‘l soil drainage and u oglcal mo?sture are often related to s:’low depth.

Specnes norrnally considered tofbe chlonophobous such as A/ector/a ochro/euca Cetraria
' cucu//ata C. nivalis and Vaccm/ym u//g/nosum lie near the origin of tlymx Y axes, with
‘those z?gonSldered to be chlonophnhous such asﬁassmpe tetragon‘% Po/ytr/chum sp..-and

3‘\} Veratrtim viride lie at the far ends of the X- Y~axes suggestm

at qnow depth maﬁy be an
SR l.v
|mportant factor (Larson and Kershaw 1974 Jonasson 1981 IR > '

““Brown (1983) studied the relattonsﬁiﬂ% between -vegetation® : pes and the physical

. o
|
envuronment on a small parcel of land in the subalpme and alplne zones hear Macmlllan Pass

{the Jason property) He found that the basic env:ronr%e ctors that result in dlfferent

vegetation types are climate, as mfluenced by elevation, and geologlcal substrate The

ol

mfluence of substrate was more sngmflcant than the local C|ImatI_C/ mflaence of sldpe ¥

v

'aspect North- “and south facing slopes of mountains’ with sumllar substrates were more

similar to each' other than" were slopes of* snmllar aspect ‘gn mMountains w_lth dlffermg

\ North slopes wntfma pyrltlc shale substrate (acndlc) supported mostly llchen and

«

"\vegetatnon pattern R f oo j‘ S S _' .

Ba

o . .- C i . .' “ .
TAL b .
e v ' A

The ma]orlty of the vegetatlon commumty research conducted in the boreal forest
J

"reglon of the Yukon has been carrled out in %.southwestern and south- central portion of _

the terr:tory south of Beaver Creek (62 5 N) and west of Wolf River (133 E) (Douglas

- 1974, Orloci and Stanek 1979 Oswald and ng 1980, Stanek 1980, Oswald et al )

" western poruon of 'the boreal forest vegetatlon studles have been conducted along the

Dempster H:ghway Corridor: in ~the Caribou” forest reg|on of northeastern Brltlsh
_Columbla, and various areas of Alaska (Stanek et. al. lSBl Trowbrldge %t al: 1983

‘Neiland and Viereck 1977, Dyrness and Grigal 1979).

“7
o
)

3

atnon, whlle north slopes wuth a non- pyrltlc Ilmestone shale (calcareous) 751}
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occurs on sites such as poorly dramed bogs where one would norrlnally expect black 'O’

© that Trowbrldge et al. (1983) stated: that black spruce appears to be ﬁbsent or very rare in -

'ocwrrgtce of llmestone bedrock and alkalmeéonls as black. spruce,. has galmphobm N

, | | 166
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8.2.1 Tree Species Distribution .‘\?

. PR o L . i
The most hoticeable di‘fference between the vegetation of\f'MacmiIla»ﬁv Pass and the
so:thwestern Yul/con and northern Br\tash Columbla is the dlstrlbutlon and abundance of the . "

major tree spec«es Wlthln the Macmlllan Pass area black spruce ‘and subalplne fir are the
major tree specues“\Nhlte spruce is of Biser |mportance aspen and balsam poplar have a
llmuted dlStl’l‘b.TUthl'l and lodgepole pine is exceedmgly rare. “This is - in- contrast to the
Southern Lakes area where whlte spruce is the most common tree specues Qceurring on
wrtually aIl sites, except very wet or dry ones, from the krumrﬂholz forn% of‘bsubalplne -

sntes ta: thya highiy productnve alluwal sites and rivers and lacustring baslns (Oswald and' K:ng,,

' 1980b Boyd 1983) Black spruce however is not common |n the southern -Yukon

IR GR
occurrmg most commdnlyv in the Burwash Uplands -Beaver Creek‘ area and the Nis .4;&
- -(,‘ » it
Rlver Wolf River area Throughout the rest of the southwestern Yuk,pn whlte spruce o¥
~'3: RN

ey ,:..

spruce. The. absence of black spruce can, possnbly be«txplamed by the more fg&gquent

X

tendencies (Morlson pets. comm:: Ravies et. al 1983 Krajlna 1969) Itis relev&t’t) ) note e

. the- western portuon of the Boreal White Spruce-Black Spruce éogéﬁchmatlc Zone in the

'.0

Prlnce Rupert Forest Reglon of Brltbsh Columbla o e .'fb. . e . \?

degepole plne Wthh is Vlrtually absent from Macmlllan Pass |s ‘a common L

o &

K

8.2.1.1 Black Spruce’-

a h

e Black Spruce |s the most common tree species in the Macmlllan Pass area, where |t

. occurs on a ‘wide varuety of site types. from very poorly to well- dramed sonls pr‘:marlly on

'Ievel to gently sloplng lower slopes and valley floors.

Krajina (1969) described black spruce as a, subhydrlc to hygruc submontane
submesotrophlc stenotrophyte (growmg on a: narrow range of. nutrlent avaikability). It is

well adapted to a mlcrothermawld contnnental -humid, submontane to montane, ”boreal_ -

_ forest climate. It is a highly frost-resistant tree more tolerant to the pressure of an

- - @xpanded valume of ice on the roots than |s'whnte spruce. Black spruce is shade tolerant,

£
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but on xeric to subxerlc s:tes lt is: shade requnrnng
7 1 . .,#h)
: Krapna (1980) stated that black spruce does not require as much calcuum and

4 *

magneslum as does Whlte spruce ThIS is supported by the ['= “CORANA ordlnatudh where

the blabk sprulce communmes occur at the nutrient- poor e 'd of the X-axis, whlle white

spruce o_ccurs at the nutrient-rich end. ' o o Mg i

) Krajina (1980) described black spruce as the  .c chmax in the Boreal W ite |
spruce-Black Spruce Zone in British Columbia. It the prnncrpal successnonal
: . following fire on both poorly and well-.drained s'itevs in the study area. Nelland and Viereck |

{1977) stated that in Alaska, once black sprude stands \mth moss and peat mats 15 to 30 :

cm deep have developed most flres» will be followed by regeneratlon of much the same

communlty as that whnch burned in sites where the organlc matter burned down to. mineral

. material both blrch and aspen can sometimes mvade but several factors tend to
) g{,{x | : perpetuate bhck spruce 1) tl:?elr semi- serotmous cones .2) the tendency for layered ‘ §
. ) “branches to remagp allve in unburned moss and Iltter and 3) the failure of fire to burn to R

ST mlneral SOI| in the cold usually wet moss and peat layé?rs Within the present stddy the

presence of black sbruce reg

ra{glon on well dramed sntes wnth exposed mineral: soul

may beﬁ@e to alack ofa local
o T ‘ T S S
o 8 2 1 2Wh|te Spruce R Sy o

&g‘}} .
)\ o
Sty AR R

b1
occur on imperfectly- dra:ned aliuvial material, @ould possibly be controlled by the low -

RS

d sou;ce for whnte_ eprucle_.

LR

"

The limited dlstrlbutlon of white spruceﬂn the present study a‘rea where it tends to -

nutr:ent status of-the 50|I Krajlna (1969) descrlbed white spruce as a mesic to subhydrlc
sxﬂ:eutrophlc eurytrophyte meannng that it occurs over a wide range of nutrient regimes,
. but grows best on subeutrophnc edatppes whgre it can obtain an adequate supply *of Ca,
e Mg and N. It cannot oompete w1th black sprug:‘e in ollgotrQRhlc anc submesotrophlc bogs
. Sutton (1969) stated that moderate fertlllty is needed. for ‘good growth and that nutrient
defucuencues depress its growth more than that of black spruce.. ‘ S ' ' e
_ Gllmate should. not“be a lnmmng factor as. whlte spruc_e i the mpst northerly
occurrlng tree in the Canaduan boreal fores&(Sutton 1969)‘and is hlghly frost resustant
., (Krajina 1969) However the range -of sites accommoditmg whlte spruce become more

limited thh increasing severity of chmate northwards, where sutesAare‘ characterized by

good drainage of fertile soils (Sutton 1969). : o _ .
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b Itis therefore postulated that the dlstrabutlon of white spruce in the Macmlllan Pass '
study‘area is controlled prlmarlly by soil fertility.. This hypothesis is supported by both the
species and'st:‘ind ordinations where white spruce communities occur at the hutrient-rich.

‘ high pH end of the complex -gradient. .lt is also supported by statistical tests, i.e. sites-with
W ‘- white spruce are more nutrient- rlch than sites without white spruce.

Slope aspect may be a minor factor in 1nﬂuencmg the dfstrnbutuon of whnte spruce

; Chu-square tests of mdependence demonstrated that white spruce occurs more often than

expected by chance on southerly-facing slopes and ’Ievel 5|tes (Table 19) Thls is also

AR ‘indicated by the ordanatuon where slope aspect is a munor component of the “

l‘ M

complex® gradnent . T ' W

» e
8 2:1.3 Subalplne Fir v, ‘

- . qm’( Whlle subalplne flr is the common treehne specnes in the Mac)mlllan Pass area it is
‘ ¢ abs.ent from alarge portlon of the southwestern Yukon, where white spruce is the treeline
N ?m lspecnes This difference can ppSs:bl;{b&axpialned by climate. Subalplne firis a mewto-
'eubhydrlc subeutrophyte prefer;/ W?"ﬁothermal contlnental humid c.lln‘ate\ywth a
short vegetatlve season (Krajlna 1969) As,most of*the southwestern ﬁ:kon faWw thg"
rain shadow~of the St. Ehas Mtns wralnfall is conslderably Iess than in Macmman Pass (Wah! u) rE
. : - nd) Subéfplne flr does, however occur in the southwest cor)ner of the Yukon ‘where it -
‘benefuts from the Pacific mfluence and |n the south central Yukon where the rain shaldow':‘ )
. Ca#” effectis lessened. o - L . |

Subalpine fir is extremely shade tolerant, and is highly'frost resistant. Its @5st L :

LA

growth |s achieved on soil high in Ca and Mg Krajina 1969) However in thls study, sites "

n '{" . .-
with subalplne fir do not have sngryflcantly higher levels of Ca and Mig than sites without '

]

subalpme fir. ~ : : L - . >

The presence of subalpnne fll’ in Macm|llan Pass may explaun the dlscpepanmes n

-

the upper-hmlt -of tree growth between the study area (1300 m) and the southwestern

Yukon (1000 m), where white spruce is the'common treehne spec-es (Oswald et al. 1980).
~ /
gj te‘noteworthy that subalpme fxr is approachmg both its northern and eastern

.

e ‘J’W °
CoTm hmnté*ﬁf occurrence in the Macm:llan Pass area'(P/orslI‘d and Cody 1982) ¥ ~‘,“ _.i.y Sy

‘/4 -

D
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8.2.1.4 Lodgepole pine

The almost complete absence of Iodgepole plne from the study area is not easily
explained.’ L.odgepole pine was observed only once in the study area, on a weII drained
southeast-facmg site (1175 m) between Lewis Lake. and the Canol Road, near the southern
boundary of the study area. Porsﬂd {1951) noted that pine was totally absent on the lower

Ross River and the Pelly Rlver near the townslte of Ross River. However,&%’e recorded a

Fa

) few isolated groups of trees in the Ross aneL’ Valley between Mile 174 and 178 of the

B
il

Canol Road, thch is Just south of the present study area.
Kra;una (196@) ‘described Iodgepole pine_as occurring on xeric to subhyd‘ric
oligotrophic to mesotrophlc sites, where Ca is not abundant in ‘the top soil horizon: it

requires less nutrlents than white spruce (Sutton 1968). Lodgepole pine is frost ‘hardy, and

- its general cllmatlc amplltude is the wudest of any- coniferous tree in Brltlsh Colum%a

(Kranna 1969). It has been observed as far north ln the Yukor%ms 64°20' Iatntude and at -

elevatsons up to 1700 m (Zasada et. al 1977) Therefore nelther nutnents nor cllmate

ad

' should prevent Iodgepole plne from occurrlng on the better drained sntes ln the Macmlllan

communmes |n WhICh the trees occur are snmrlar Dsrect kcomparlsons are often difficult

-Pass study area. lts,(absence may be expﬂamed hlstorlcally i the specxe "

N nge to its ecologlcal Iumrt after the 1ast glacial retreat lsolate&"*pln

4

ckets suggest ‘

-

that they may have survwed the last ice age on nunataks (Oswald pe[s comm) Pme ISy

absent in mteruor Alaska. However mmal trials wuth seed collected near Whrtehorse

y ihdicate that it grows well near Falrbanks (Zasada et.al. 1977).

a \
~

-
<

8.2.2 Comparison to Plant Communities of Other Regions |

8.2!2 1‘Treed‘Communities -

: Wh|le the relatlve distribution ,of«the major tree spemes is dlfferent Between

Macmillan Pass and the southern Yukon and northprn Brltlsh .Columbia, many of the -

r,

"d'u to dlfferent methods of synthesmng and namlng communltles. '

e Y
L - ‘

-

a. WhltespruceCommumtles . S s EeLLT 2 Lo e --' %?\g

, B, L

White spruce/feathermoss forest is the mosf common general vegetatlon type

occurring in the southwest-southcentral Yukon and northern British Columbia. It oceurs on

>

8 L . » .‘.
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a wide variety of habitats b’u_t,rarely on imperfectly drained Cryosqlic solls.as is common in:

"the Macmillan Pass area. : v‘ . ‘ - - -
o Trowbridge et.al. (1983)' described White Spruce-l\/loss subassociations occurring *
LLooin northern Brltnsh Columbla nn the Prlnce George ‘boreal forest reglon These |
ggggssoclatlons are dommated by whlte sprUce and- feathermosses They have a poorly

“develobed shrub layer\‘i&vnth Ledum gfoen/and/cum domlnatlng in: the east and .S‘hepher(f/a

canadenS/s/V/burnum edule domrnatlng in the west. They typlcally occur on moderately

\

; % the study area. except that theyt,appear to have fewer understory specnes The whlte.‘ .

e ‘@/?;Epruce/feathermoss types in the present study dccur on¢more poorfly dramed Cryosollc‘,_ :
A and Gleysollc soils. The alluvial whlte spruce/feathermoss 5ubtypes appear to be most

. _lf")'.'- ’ o » N o
snmllar to Troyvbrndge :*et al.'s Whlte S ruce/HorsetalI assoc1at|on wh(;;h 'occurs on

r%tg@s Regosols and Gleyed subgroups '

"moderately well to~well-dral

developed on flood plams ,T

te//a nuda are common in. the herb layer WH]Ie o

7

e:x?f .subtype in that Pyro/a sea%zda ,

o ' L o

- Mn/um sp is commonin the bryophyte stratum. - e

“‘/\ : . L
Nelland and * Viereck (1877) deserlbed a Boftomland White “o Spruce
Rose- feathermoss communlty which occurs.in most regions of mternor Alaska lt 1s~very
__similar to the alluvual PIGL/HYSP and PIGL/PLSC subtypes descrlbed m ‘the present study

Hy/ocom/um sp/endens, P/eurozwm schreber/ and Rhyt/d/ade/ phus ir/quetrus are the

e ILQ'J

ceﬁnmon mosses formxng a mlck carpet on the forest floor Rosa at:/cu/ar/s is the most
3.‘ \ * common shrub, followed by Viburnum edu/e and A/nus cr/spa The most lmportant hgrbs
are EqU/setum sp.. Linnaea borea//s Geocaulon lividum and Pyro/a spp. This Alaska
communuty is considered a successnonal stage between balsam poplar and black spruce.
Nelland and Vlereck also described an Upland Whlte Spruce type, . occurrmg“on slopes

_:xte/gmg“Up to treeline. lts understory varies dependmg on tree canopy COver Salix,

common shrubs. Hylocomium splendens and P/eurozwm schreberi are the ‘most

type would appear to

abundant mosses though Dicranum fuscescens is common. Thi

occur on better drained sites, and does not readily translate into any of the commumtles in

awell to well- dramed acidic Luvisols or Brunisols formed on moralnal or fluvml materuals g

'l;gese subassociations are most similar to th&i&noralnal PIGL/HYSP subtype occurrlng in oL

diftets. from tlle whlte spt-ucla/@athermoss

/-‘l/nus Vaccinium u//g/nosum, Empetrum nigrum, and Vaccm/ m vitis- /daea are - -



'occurrlng in the East Kluane area of the Yukon Many of these are

Highway. Hed q%mzed elght white spruce types, three of whncH”(PIGL/HYSP/PEPA
/PLSC PEAP. and PIGL/SAL!X AUPA/HYSP) are s%ttlar to- the white

PIGL/ COCA/

spruce/feathe Qs communmes occurrmg in the present study. All of Stanek's '

communities have S veral phases, and occur on a wide range of drainage conditions from
impeded to well-drdined. ™~_ ' '

bouglas (1974) recqgnized six white spruce communities in the Alsek River Region
of Kluane National Park-Y.T. One of these communities,. V_White spruce/ Shepherdia (closed
phase) translates to the PIGL/HYSP community found’in the present study. tttoccur‘s' en
somewhat different sites. i.e. welagramed mesic to moderately dry glacxa[ tlll and alluvial

and Iacustrme deposits. Shepherd/a canadensis replaces Salix sp. as the taII shrub Forb

- _,and fow shrub composmon is similar. The ground is carpeted by a continuous bryo:d mat

'dominated by Hy/ ocomium splendens and Drepanoc/adus uncinatus. v

Oswald et al. (1981) described a total of 61 white spruce cg}g}ﬂ'ﬁumty types

White spruce/ feathermoss White spruce-Balsam poplar/ .S‘hepher,' '
/feathermossﬁ(jnd White spruce-Balsam poplar/ A/nus/feathermoss dre the most snmllar
to the white spruce/feathermoss communmes des&mbed from the present study

oot

Boyd (1983) recogmzed 12 white spruce commumtles occurrlng in the “Southern

‘Lakes' Regions of the Yukon. White spruce/ Featherrnoss is most closely.related to the

‘morainal PI'GL/HY&SE' subtype, while White spruce/ Equisetum is most sirnilarlto the alluvial

¥

PIGL/HYSP CT. ) [
5 o ‘5.7"

‘While  only four- white spruce' communities, three of them; whlte

spruce/ feathermoss types could be recognized in “the Macmillan Pass study'area

o

numerous other whlte spruce tybes occur in the southe‘ﬁ&gkaon and northern B,C Somé. .-

of t €e are similar to the black spruce corﬁhur{ltneS\{n the study area, except that white

-.spruce replaces the black spruce. White spruce ommuqmes totally’ absent .from the stufly

drea are those occurring on better drained: suteskY such as Whlte Sp;uce/Bearberry, White
Spruce/ Grass, WhltevSpruce/ Lichen, Whlte Spr\ce/— ryas-and Whlte Spruce/Soapberry'
(Os‘wald et al. 1980, 1983). Shepherd/a canadensis, Arctestaphy/os uva—ursi,l and Dfyas

’ = . -
.
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2

spp. are all rare in the study arez‘C “The occurrence of Dryas spp. and Shepherdia

i

A canadensis is restricted to neutral or Icareous sonls.

\ a-

b Black Spruce Communities

Black spruce- domlnated communmes are common in Alaska, the northern and
gastern Yukon and northeastfrn grmsh Columbia (Neiland and Vlereck 1977; Trpwbrldge
1983; Stanek et.al. 1981; Lbswald et aI 1‘980) Six . black spruce communities weri@
‘tecognized in the Macmillan Pass area. ' o ' ‘ \

Dyrness and Grigal (1979) recognized four black sprut:e communities along a 3-km

e

: | a3 transect near Fairbanks, Alaska. Their closed Black Spruce/Feathermoss communlty
which occurs on poorly drained permafrost soils, is most snmllar to the PIMA/HYSP Phase
! communlty in the present study. An open Black Spruce/Feathermoss communlty is
p055|bly snmnlar to the ABLA PIMA/ PLSC- CLST phase of the ABLA-PIMA/CLST commumty
A transutlonal zone open Black. Spruce/Sphagnum communlty appears to be lngermedlate '

i hetween the PIMA/SPﬁ CLST and PIMA/PLSC SPH communltles One commumty Black

Spruce woodland/fr/opborum does not have a: counterpart in the présent study area.
o Stanek (1980) descrlbed two black spruce communities occurring along the: Alaska
' nghway T in the Waﬁlsley ‘ Lake Ecoreglon ' P/cea \ marianalLedum

groenland/cum/ Hy/ocom/um sp/endens.and P/cea mar/ana/Ledum pa/ustre/ E r/ophorum

> \_!

vag/natum/Au/acomn/um palustre. The former communlty “which occurs on level to
_ moderately slopmg permafrost sites, is very 5|m|Iar to the PIMA/HYSP communlty found

in the present study The Iatter community does not have an equwalent in the present;

-

study " _ o g . S D

~

. : Boyd (1983) descrlbed three black spruce commumtles ‘Black Spruce/ Ledum,
\
Black spruce/Bogmoss and Black Spruce/Sphagnum, which occur in the S thern Lakes

.region of the Yulfon Black Spruce/iﬁ"m is most similar to PIMA /PLSC-SPH and Black .
[ N i e
Spruce / Sphagnum closely resémbles PIMA/ SPH-CLST. . . '
5 )
Trowbndge et al. (1983) reco?ed four Black Spruce assocuatlons Lodgepole

Pme Black ‘Spruce- Feathermoss, Blac Spruce Labrador tea—HorsetarI Tamarack-Black
Qruce Moss and Black Spruce Bog; occurring in northeastern Bl’ltlsh Columbla The
b1

assocmtlons dominated by lodgepole pine and tamarack do not have counterparts in the
. . R ) ‘ :

-

4

R



173

Macmillan Pass arpa, as knei.thery of these species occurs thers. However Jthe Lodgepole
Pine-Black spruce assocxatlon is possnbly very similar to tt;e PLS(”: F“hase I of the'
| ABLA-PIMA/CLST communnty P/eurdk‘alm &phreber/ is the dommant moss in both
regions. The shrub Iayer is srmller q%ﬁmt Arctostapﬁy/os uva-ursi, which is domlnant

in the B.C. assocuatlon is missnng from Macmlllan Pass. Soil type, dramage and parent

e ) . ‘\ )/

AL

<

c. Alpine fir Communities

E "Descriptions' of subalpine fir communities are not common for the region north of

5

. the 6‘6th paraliel.

_ Oswald et aI (1983) stated that subalplne f|r is the dominant tree |n the lower

subalpine zone in the eastern portuon of the Carmacks Ross Rlver area Y.T. The

understory congigts of shrub birch- w:llow/luchen where trees are well- dlsperied l.edum'.

[
groen/and/cum becomes a principal specues on moist, usually cooler snteSqW re tree ,

n,l

cover is dense (60- 70%) feathenmosses may be-the prlmary understory coi esnc .

w
sites, brown mosses oh'more mo:st sites and hchens on drier sltes " * R

The two major subalpine fir communities ‘présent in the «eastern ‘half of the
" Southern Lakes area a}e Subalpine Fir / Feathermoss and Subalpine Fir / ShrUb Birch/Lichen
(Boyd 1983). Nelther he latter commumty nor the Subalpine Fir/ Shrub Birch descrlbed by

Oswald et al. (1983) were recogmzed in the Macmrllan Pass region.

18.2.2.2 Feathermoss Cdmposntlon of'Forest Commumtles '

t

- ‘ .
The understory Z: many of the forest communmes |s doTnmated by feathermc;f

“However many researchers do not dtstmgu:sh between the various species. _ Cop

Oswald et al. (1981) found~ that Hykocomium sp/endens is the dommant

\
~feathermoss in the East_ Kluane area, except in the centzt and ,y,y;mstern sectlor§ where
- - el :

Thuidium ab/et/num is the dominant moss. They suggest that thlsadlfference could bedue 3

to differing so:l alkalm‘lty Douglas (1974}- n’the Alsek aner valley, !found Hy/ocom/um

splendens and Drepanoc/adus uncihatus under well drarned white spruce, and Pleurozium

s



schreberi and Hylocomium sp/endens on more poorlv dramed white spruce sites. Vierack .v,‘-‘f.
et al. (1983) in interior Alaska found H @pm&&@’&s Was abundant in-both black and white )
spruce stands, while P. schreberi, although occg\rrlng in most whlte spruce stands was
the dominant feathermoss‘w?t most black spruce stands. Skre (1979) -found that near
Fairbanks, Alaska, the relatlve cover of Hylocomium sp/endens was highest -on -
nutrient-rich, white spruce sutes while the relative cover of P/eurozwm schreberi was
highest on nutrient-poor black spruce sites wuth permafrost soils. |
The present study supports thg}fmdmgs of Skre and Oechel (1979} and Viereck
et.al. (1983). Hy/ocom/um splendens and Pleurozium schreber/ are the dominant
Q feathermosses, with . sp/endens more often associated with whité spruc{e and A.
'schreber/ W|th black‘ sg&uce The cover’ of H sp/endens is significantly and posmvely
corrélated with the cover of Picea g/auca (r— 43) and. Abies /35/ocarpa {r=. 29) but not
w1th the cover of Picea mariana (r=-.03). The cover of P. schreberi is postnvely and '
significantly cOrreIated with the cover of Picea mar/ana (r=.30), but not with the cover of

= Picea g/auca (r-—- 14) or. Abies /asmcarpa r=. 10).

Lee and La Roi (1979) have demonstrated that P/eurozwm schreber/' i
‘A .

o promlnent at hlgher elevatlons as is Hy/ocon;/um sp/endens . In the present Study the o
coVer of these two feathermosses was not signficantly correlated with efévatlon wuthm

the forested zvone HoWever the mean elevatlon of sites with P/eurozrum schreber/ is
sngmflcantly lower thaﬂ'ggg mean elevation of the forestgd sites (Table 20).

| ft |s of mterest to note that Hy/ocom/um sp/endens occurs on Iess acrdlc more’ .
nutrlent rich sites than ‘Pleurozium schreber/ All Hy/ocomlum communities lie at the hlgh )
pH nutrcent-rnch end :of the X-axls of thestand ordmatuon This could prove to have

management lmphcat:ons aIIowmg resource workers to recogm:es po@ vs moderately'

%ch sites in the fleld Skre et al. (1983) stated that the nutr‘ents avallable to mosses -
o *

-
]

epends on’ tbe :x'\utnent status of the soul successnonat stage of the communlty and
RS Oy

md:rectly o’h tree cover slope/ and aspect of the site: However they do not state. the s

pathway by Wthh more fertile soil mak'es more nutrlents available to the feathermosses
o X "t.
. Tamm (1953) demb‘nstrated “¢hat feathermosses do not recelve nutrlents from below but,

are supf:llednutnents fromqatmosphenc sources and tree Ieachate carrled to the moss by

Craimy . . SR , ' o 4

B
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8.2.3 Non-Foreste’d Below Treeline Communities _ ’ .
Trembllng Aspen/Grass Trembling Aspen/Sage Pine/Lichen,  White:
Spruce?Luchen and Sage/Grass communmes which_ occur in, the southern Yukon on .
well drained, coarse textured glacial outwash south- facmg slopes of kames and on .
floodplain terraces\(OswaId et-al. 1980, 1983) are absent from the study area; they are
replaced by BEGL/CLST and BEGL/MOSS commumtnes dominated in the shrub Iayer by’
Betula g/andu/_osa.: The ground-,ns covered by an extensuve_ bryoid mat, domlnated by
Cladina stellaris, or oc“casionally by'feathermosses with a high compon'ent of . C.
stéllaris. .- '{“h.,' S . - : I N
Many authonﬁ have des%rlbed open Ilchen woodlands in the eastern borseal forest .
region that seem to{Be ecologlcally very snmnlar to the BEGL/CLST,community in the study
area except that ck spruce replaces- the shrub birch (Kershaw 1977). There is general - -
"agreement amo% “the early researchers Hustlch Fraser, and Aht| that: 1) the lichen
- wbodland is Iarlel,/ dominated by C. stellaris; 2) it probably represents a Iong term phase )
-dyring the rec‘&very sequence following fire, as C. stel laris is the slowest-growung of the g
C/ad/nae Ilchens -and ‘3) it is restrlcted to dry coarse- textured areas such as elevateﬁ

nt;

deltas glacxofluvnal deposnts river terraces rldges plateaus etc., where the growth and

abundance of assocnated\&ee specnes is reduced to such an egtent that the growth of i .
a

‘ste//ar-/s, which is- shade mtolerant, is not restricted by competltnon for hght Kersh

' Ahtl (1367 in Kershaw 1979) suggested that Optlmal Ilcheh growth is depehdent .

on high humidity as lichen metabollsm is dependent on thallus moisture. In addltlon he
suggested that durmg lichen establlshment soil pH is lmportant with acidic soﬂs. bemg

preferred neutral soils belng tolerated, and calcareous soils avmded T l 3.

These condltlons i. e hlgh humndlty and coarse-textured acidic sail, occurun the

-

study area, and imply that lichen woodlands should occur. The reason black spruce IS

replaced by Betu/a g/andu/osa to form llchen shrublands can only be. postulated upon lt

-

could possrbly be due to dralnage 'so extreme that black - spruce cannot become

establlshed Howe\/er Kersﬁaw and Fleld (1975) have demonstrated that Ivchen mats alter .

o wh [

the:r micro: envnronment actlng as'a soil mulch Soils beneath the mat ‘were found to be at:

7%y

i

.. . . e

»

fleld capacnty throtughout mast “of the growmg 'season, and sonl temperatures were |, i
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considerably cooler than similar areas where there was no lichen mat. These cooler soil
temperatures could possibly offset the increased soil moisture and prevent the 'successful
stabllshment of ' spruce seedllngs Fisher (1979) found that a mulch of C. ste//ar/s

sngnlfucantly reduced growth as well as N and P concentratlons in black Spruce seedlmgs

- though it drd not retard - germlnatlon He concluded that poor growth of conifers on

G/ad/nae-domlnated sntes is partially due to an allelopathle'lnfluence of the I|chen.
Ano&mr factor which could p055|bly limit tree growth is decreased nutrient status
‘tuple rangg tests have demonstrated that BEGL shrublands have sugnlflcantly tower

lents than the forest comrnunltles (Tables 15- 18)

h . .

‘ suggests that possibly the BEGL/ M,OSS cT s; :

Fire does not appear to play a role in the absence of conifers from the llchen
shrublands as snags were nhot observed However it. could play ayrole in n*jammg the
Jichen cbmponent of the shrub’lland ker@_haw l]977‘7 soted that wnthout flre the C/ad/na

o
N woodlands wquld develop a greater tree densrty leadmg eventually/te—a—manopy

This would result in the replace t of the photophlllc llchens b)l shqde tolerant

feathermosses The exlstence of %EGL/ MOSS communuty wuth a hlgh component of
d

‘ llchéns occurrlng on sltes very S|m|lar to those where BEGL/CLST communltles occur

later successnonal’ stage of BEGL/ CLST

Kershaw ‘( 1'983) descmbed a Betu/a g
A A :
which occurs along the Canol Fload at Iower elevatnons on the Northwest Terrltorles side

N

. of the dwnde The common moss Jspemes mcl&ﬂe Hy'/ecom/um sp/ef:dens and

) Terrlt% could not b.e found”

g A,

'Po/ytr/chum Spp-, but not P/euroz/um schreber/ Wthh was common |n the present

study leferences in shrub heaght were attributed to dlfferences in snow depth and’
i Py - B » . . .

exposure lKershaw 11 ‘ A

References to~

ki chen communities occurring, elsewhere in the Yukon
' N . . - - X i A N .L.‘ "A ., Ay

R T

' 8. 2 4 Arplne and Non-forested Subalpme Communltles o

/ad/na sté//ar/s Moss. commumty .

v . By . .

.

The leme arld nhon- forested subalpuqe vegetatlon o‘f the Macmlllan Pass areazls v

' most easvly made comparable to fhe vegetatlon communmes of other researchers both '
wrthln and outsrde the present study drea, if ‘the comr,numtnes are g_gouped mto broad B

heterogeneousj assemblages based on growth form Theseligroups are as follows__"

\.“3,;

oA
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- heath and bryophyte heath commumtles The better dralned more exposed sntes are'

W C/ad/na ste/ /ar/s Vacc:/n/um u//g/nosum V wt/s-/daea and Arctostaphy/os lubra aré the,"

L (snowde\pth amphtude (Jonasson 1981) f R va

- more sporadlc cover of Cladina mitis, C. rang/fe(/na and Cetraruond Itchens

‘38242AlplneHeath S | l ,l

‘
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_subalpine shrub, alpine heath, moist forb-graminoid, gramir\oid-moss?’,and watland

communities. o ' T
¥

8.2.4.1 Subalpine Shrub Communmes

[V

t The subalpine communities are characterlzed by medlum helght shrub&‘ Betula’: ’

g/andu/osa is prl‘sfhment on the better drained sites, )(vhule Salik Spp- are- common on

moist sites, espec&ally snow-melt . depressnons Und,erstory is . varlable dependlng on
o

dramage gﬂyopﬁ’tes especially P/euroz.lum schreber/ and Mylocomium sp/endens are

common’ associates of Sa/ix’ spp. Luchens or submesuc mosses (Po/ytr/chum sp.)"are -

ommon associates of Betu/a on gently’ slopung qoarse textured sites, while grasses,
2

especually Festuca a/ ta/ca and Ca/amagrost/s canadensls are common assocuates on steep,

south fachg slopes . ,‘

B

LT Both Brown (1983) and“ Amax (1979) descrlbed Blrc@ g:hen shrublands wblch are .

‘most sumnlar to the BEGL/@LST/STSP commumty descrlbecgn"{plns study Ozwald et al.

0 3

(1983 % 1981b) cnd Boyd (1983) described’ snmll

elsewhere m the Yukon except that the thlck carpet of C/adéfna ste//ar/s is replaced by'a

p* &

Y

r

»

"~ The alplne heath communmes can be subdl\hded |hto two majqr groups llchen

domlpatep by ‘lichen heath the prevalent llt:hens whlclgnlalmost completely carpet the

ground are A/ector/a ochro/euca, Stereocau/on spp Cetrar/a spp and, more rarely,j”

domlnant heaths Commonly assocuated grammouds are H/eroch/oe a/pﬁyq and "at lower

o P
"/

elevatlons Festucaa/ta/ca . %*‘“-- R /

«.\

’ Vaccrn/um u//g/nosum A/ector/a achro/euca, Cetran/a cucu//az;,a, ‘and C n/va//s .

i

' are consndered chlonophobous specres (Larson and Kershaw 1974/ Jonasson 1981).

Vaccmlum wt/s /daea and Stereocat//on pascha/e aré descrlbed as specnes wnth a ‘wide

v
PO o
- Chi-square tests ofa jndependence mdlcate that Vacmn/um u//ginosum,/tv
- bj‘
vitis- /daea and Festuca. altaica occur more often ~than expected by chance ’on

i

ubalpme commumtles from

&y
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southerly-facing slopes, while A/eézoﬁa ochroleuca, Stereocaulon spp. and Hieroch/oe
a/,b/'na occur more often than expected on apices and upper’slopes on pcorly developed
soils. The preference of Vaccinium spp. for southerly aspects is in contrast to the site
prefef'ence found below treeline, where V. u/iginosum is significently more corﬁmon on
east, north, and level sites and V. vitis-ideae occurs independently of slope aspect {Tables -
7 & 19). Porsild (195 1) described V. u/iginosum as a common species of the southeastern
Yukcn where it occurs on a great variety of-habitats and w!lere, accordingly several
ecological forfhs"occur. A tall, large-leaved %orm__ occufs in-the lowlands in wet areas,
while a more or less prostrate form is founc; on rocky ledges in the mountains. Pofsi]d and
Cody (1980) described it as common on acidic soils, in dr'y as well ae moist ‘plac . )
Vacc/'nium vitis-idaea is described by Porsild (1é51) as one of the most common
piants of the Canol area, rarely labsent in muskegs, spruce forests, heaths, sunny cliffs,
etc., and by Porsild and Cody (1980) as dominant on open, acid and turfy sites..
{ Amax (1979) and Brown (1983) described lichen-heath communities which differ
from the cnes\ described in this study in thet Cassioppe tetragona is often the dominant

heath.

M .

Within the present study C. tetragona was more often associated with a thick

carpet of bryophytes forming bryophyte-heath communities which, though occurring on

. all aspects, are most common on northerly-facing sites and shaIIoYv_ depressions. Polunin
{1959) described C. tetragona as abundant almcst everywhere in dry exposed situations in

“the arctic and arctic-alpine areas of the northern hemisphere. In contrast, Porsild (‘195_1)
describes C. tetragona as common on north-facing alp.ine slepés and in other places such

as timberline spruce and fir forests.where the snow remains late. Amax (1979) found that

Cassiope tetragona occurred on all aspects within the Macfung area, { a mining proparfy :

located along the Yukon-Northwest Territofies border, just north of Macmillan Pass), and

,suggesfc'ed that Porsiid found it predominantl'y on north slopes because he botanized\at

lower elevations. However, Chi-square tests of indepen.dence demonstrate that while

Cassiope tetragona occurred on all aspects in the present study, it occurred more often

than expected by chance on north facing slopes (Table 7). Oswald efl. (1983) stated that

it occurs sporadlcally in many of the alpine communities in the Carmacks-Ross River area,

but becomes prominent to dominant in any areas where snow accumulates and is siow
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meiting.

Alpine communities dominated by Cassiope tetragona are not noéted as being
common elsewhere in the Yukon Territory. The Iicheﬁ-heath tundra in otheryregions of the
Yukon ar;d on the Northwest Territories side of Macmillan Pass are diff@rentiatred from
those described in this stu{y by hav'ing"Dryas i/;tegrifo//a as a dominant spe?cies {Oswald

etal. 1981, Kershaw 1983).

8.2.4.3 Forb-Graminoid Communities
An interesting feature of the alpine-subalpine vegetation is the occurrence ©°

species-rich forb-graminoid meadows. Porsild (195 1) describes these meadows in the

»

following manner: p

"Peculiar subalpine meadows or prairies were noted chiefly in the valleys of the
Ross and Macmillan Rivers and.are believed to be remnants of former and more
extensive grasslands. They were invariably found on well-drained fértile soils
up to the 4000 ft level. A number of grassland species are peculiaf to these
meadows and were not noted elsewhere along the Canol Road.” i '

and

"Of the large number of plant cpmmunities occurring above timberline. the
most remarkable and interesting are the rich alpine 'flower gardens’ peculiar to
favourably exposed plateaux and gentle slopes on weli-drained soils fed by
water from snowdrifts or water stored in the thick mantle of well weathered
soils of these upper slopes. Herg at elevations between 4,500 and 5,600 ft.

the richest and most interesting assemblages of plants were found.” . =~
Above-treeline communities described -in this, \itudy which fall- into this

subalpine/ alpine meadow ’flov‘ver‘ gardeﬁ' category are :CACA/HYSP, VEVI/HYSP,

_ FEAL/FORB, CAPO/PLSC and SETR/AUSP. Commuhities bélow treeline which also fit into

this category are FEAL/FORB, ARLA/FORB and FEAL / HYSP.

Similar communities have been described by oﬂ;e-r researchers. Brown (1983)
described a forb meadow community with the most common species being Senecio
tr/angu./arisland Valeriana sitchensis. Amax (1979) described two su‘c;w communities;
Moist Forb Tundra (1480 - 1675 m) and Mesic Forb Tundra (1525 - 1830 m). The Mesic
Forb Tundra is somewhat different from the communities described in the pre;ent study
where luzul/a arcti;a, Arteme%/a a(ctica and S)'_bba/d/a procumben:s are not dominant
species as Amax found. The Moist Forb Tundra is more similar to the communiti_es
de;cribed here, havihg Mertensia pénicu/ata and Senecjo triangu/aris as the most

abundant species. Third in abundance ‘is Myosotis alpestris which was not commonly
L ~ .
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‘

recorded in the study area. As with the communities describéd in the present study, these ,

communities have a well-developed moss-lichen layer with >40% coverage. The dominant
bryophytes in the Mesic Forb Tundra are Po/ytrichum }'un/'per/'num and D/oranum
elongatum, while Hylecomium splendens is dominant in the Moist Forb Tundra. Unlike the
present study graminoids'do not contribute ‘significantly to the flora of the Moist Forb
Tur1dra. ' ' : o

‘Kershaw (1983) did not describe similar forb communitiés along the Canol Road
east of the .MacAmiIIan' Pass divide. Oswald et al. (1983) described herb_meadow‘sl occurring
on nutriermt-rioh perpetually rnoist to wet, topographically prc;)t:'cted sites in the

Carmacks Ross River area of the Yukon. Carex and Er/ophorum are often dominant, but

the strlkmg fgature is the profusmn of forbs of WhICh Acon/tum So//dago, Ped/cu/ar/s’

Anemone, Campanula, Senecio, Er/geron, Artemisia, Po/ygonum, .Saxifraga and -

Ranunculus are the common associates.

8.2.4.4 Graminoid/Moss Communities

Graminoid/ moss communities are a less significant component of the Macmillan -

Pass alpine vegetation, and are often very similar to either of the moss-heath or subalpine

shrub communities, except that the cover of graminoids is much- higher. In one such
community, FEAL/POJU (1IS=0.538), the plots are grouped togeth'er because of high cover

. values of Festuca a/taica and Po/ytr/chum /un/per/num both rather ubiquitous species.

However, despute the rather h»gh 1S, these plots appear visually quite different from each

other, and occur on markedly different sites. ' )

The CTAPO/AUPA community occurs on more pborly drained sites {mesic to
subhydric). It is' similar to th.e Graminoid Moss Tundra, “thé Sedge-Moss Tundra and the
Miscelloneous Moss-Carex podocarpa communities described by Amax (1879), Brown

(1983) and Kershaw (1983). . . .

8.2.4. 5 Waetland Communities. . ‘ - o s 5

Wetland subalpme communities S|m|Iar to those described in this study have also

been described by Amax (1979) and Brown (1983). However, they record a higher cover

of £ r/ophorum species than found iy the present study. Kershaw (1983) did not recorded

similar communmes occurring east of the, Macmlllan divide. Oswald et aI {1983} noted the

s

<
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&yv%ere there is both an upper gnd lower treeling., The narrow valley floors are
‘ :
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occurrence of subalpine wetlands in the Carrnad(s Ross Rlver area, but descrlptuons of

\

‘such subalpine communities are not found for the remainder of the southwestern Yukon.

v

8 3 Landscape Proflles . ) ‘ ! .

- Figures 20 to 23 illustrate the placement of some of the major communlty types in
the landscape. These cross-sectional diagrams are based on sites described during foot
traVerses down slopes. . ’

Flgures 20 and 21 are typical of the termain in the Hess Mtn.. PhySIographnc region,

characterized by poorly drained alluvium syupPOrting willow communities. Figure 20 and

Plates 33 to 45 illustrate the change in soil dévelopment and drainage down a slope: the

alpine zone is characterized by an Orthic Reg©so! Oc:curring on a steep colluvial siope;

well- dram}ed Brunisols occur on the moderately stegp upper and. msdslope supporting
subalpine fir; and moderately well drained Bruhlsols occur on the gentie lower slope
suppprting white spruce. Recent alluviul mater'aI along the edge of an intermittent stream
is sandwiched between rapidly drained; coarse thtured glacio-fluvial material.

*

Figure 21 lllustrates a cross- sectlonal diagram of a narr0w 5ubalplne valley on the

southwest-facung flank of Keele Peak. The alplne slope, though colluvium, is stable enough '

/
_“for Brunisolic SOI|S to have developed. Elevaﬂon and climate are such that subalpine fir

. survives in a krummholz form (See Plate 2 in Results). Glaciofuvial material is absent from

the valley floor.

Fvgure 22, also occurring in the Hess Mtn. PhySlographuc reg|0n is somewhat .

different from the proceedmg two profilgs in that |t is lacking a lower tresline. lt :

representsva northwest-facing proflle down the flank of Keele Peak across-a lacustrine .

plain to the Hess River. The alpine zone is doMinated by Cassiope tetragona , which has a
tendency to occur on northerly-facing slopes: Subalpme fir otcurs on the gently sloping
mid and lower slopes. The undif ferentiated Parent material is p055|bly a beach ridge
resulting from the lake formed when the Hess River was blocked during deglacnat:on. Black

spruce occurs on the Iacustrme materual fOUnd on the Iower slope and the valley floor. The

lower slope is somewhat better drained than the valley flor, supporting a PIMA/HYSP

community formed on a Regosohc Static Cryosol, while the valley floor supports a

t
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PIMA / SPH-CLST community where the spruce are more sparse. The soil is a Gleyed Static

Cryosol.

Figure 23 is typical of the more gently rolling terrain of the Pelly Plateau

physiographic rezion. Thé alpine zone is cPacacterized by relativ_eI;/' well-developed

Brunisolic soils occurring on morainal material. The gentle upper and midslopes support

§ubalpine fir, the mid and lower slopes support iblack spruce. The. valley floors are

dominated by fens.'The édges. of thé fens are typified by 'an imp';er-fectiy to poo‘rlly drained

orgénic veneer grading into a v'@ary pborly ’draine;d mesic graganic blanket and finally into
. « ,

. free standing water.
' .

!

v
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Plate 33. This photograph shows
Zones are as follows:

This pﬁofograph and t

the slope illustrated diagramatically in Figure 20.

A - ERICAD/FEAL/PLSC TCT

B - ABLA/EMNI/POJU CT

C - ABLA/EMNI/POJU CT

D - CONIFER/PLSC CT, PIGL 5%
E-BEGL/PLSCCT

F-SASP/CAAQCT
hose.in plates 33 - 44 were taken on July 18, 1981.

184



LY
L]

Plate 34. ERICAD FEAL PLSC TCT. Site 230 1760 m. This site 1s dominated by Festuca
" altarca (25°. covery Pleurozium scnreberi s the dominant bryophvte 20°% cover:. Shrubs
.present are Vaccrnium uliginosum V. vitis-idaca, and Empetrum nigrum . Total shrub
cover 1s ca. 15%. Artemisia arcticuniis the dominant forb 16° cover:.

’ “[

Plate 35. Orthic Regosol. Site 230. Horizon order 1s as follows

LFH 5. - 0 cm. 10YR 2 2 m. abundant fine, very fine and medium roots.

BC O - 28 cm. 2.5Y 4 3 m silt loam, granular, very friabie. abundant very fine. fine and
medium roots. angular and subangular gravel and cobbles

CB 28 - 60 cm. 2.BY 4 2 m silt loam plentiful very fine ang fine roots. angular and
subangular gravel and cobbles. '

Plate 36. ABLA EMNI'POJU CT Site 231 1760 m. The ground cover in thus site 1s
dominated by lichens and prostrate shrups. Stereocaulon paschale is the dominant lichen
i12%%) cover C/adina stellaris s almost as common (8% coverl. Cassiope tetragona {15%:i
and Empfy'um nigrum (7% are the common shrubs. Polytrichum juniperinum.is not
prominent/on this site {2% cover:. Trees are scattered.
»
/

Plate 37. Eluviated Dystric Brunisol, Site 23 1. Horizons are as follows

L.2-0cm..

Ah O-2cm.. 10YR2 1m. silt loam. plentiful fine and medium rocts.

Ae. 2-4cm.. 10YR5 2 m loam, few fine and medium roots.

Bm. 4 -7 cm.. 10YR 6 6 m. loam. few fine. medium and coar'se roots.

ClAshy 7 - 12 cm. 10YR 7 2. lcam. few fine and mediumroots.

Ah 12 - 18 cm.. 10YR 3 3. loam. plentiful fine and medium roots.

Bm 16 - 43 cm.. 10YR 5 5. loam. few very fine and fine roots. angular and subangular-
gravel. !
BC. 43 -60 cm.. loamy sand. very few very fine roots. angular gravel and cobbles.
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Eoate -f 4SS EMN. PCUU CT Sie 232 Ta80'm Trus site occurs fuither dowg e

e Dicranust sp being promment (25% cover: Cassiope tetragona 1s tacking ahd:

Fripotram nigram 187 cover s the demimant shrub ..

Plate 39, Orthe Dystric Brurise: Site 23z, This soil i1s not as well-develcped as the
Bruniso! further up the s‘.ope@ly a thin FH 1s present over the ash layer whick is 9 cm
thick. ’ !

- )
v

Plate 40 CONIFER PLSC CT Site 233 1340 m. This is a leve' site situatec on the lower
slope. Prcea glaucas the dominant tree species 10+ cover: though bath Prcea mariand
i3°: and Abies lasiocarpa (27w also occur. The grounc is carpeted by & mixture of

Hy/ocomium splendens and Pleurczium schrederi .
3

Plate 4 ' Orthic Eutric Bruriso! Sie 233 This son s differentiated from the preceeding
sotls by the thicker LFH hor:zon. Horizons are as follows
LE 14 >-Ccm. 10YR2 2 abundantvery fine fine medium and coarse roots

L
Cifsh: O-6cm. 10YR7 2 locam amorpnous few very fine and fine ropts.”
se B-1Tcm. 10YR3 ".© ioamy sand single granecd fe.. very fine and fine roots.
BV 15-3" cm. 2.5Y 3.5%3 icamy sand- single grainec - ' .
C 31-47cm. 2EY3 1 loamy sand. : ' '
R >47cm
\‘\

slor. tha~ o previeus ABLA site trees are less scattered Freva glauca 5. prefent i\
TIaCu@T A es LS00 nes the 4omMant species The hichens are replaced gy _bvropﬁies D
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Plate 42. BEGL/PLSC CT. Site 235, 1250 m. This is a typical submesic BEGL community.
"The understory is dominated by C/adina ste//ar!s (30% cover) and Pleurozium schreberi
(55% cover). Forbs are absent and Festuca a/ta/ca occurs in trace amounts. )

Plate 43. Eluviated Eutric, Brunisol. Site 235. Little soil development has taken place smce
the ash was deposited. Horizons are as follows: ' '

LF. 3-0cm. =~ T i .

ClAsh). O - 8 cm.. 10YR 7/ 2, loamy sand. plentiful very fine and fine roots.

- AH 6 -7 cm . 10YR 2,1, loamy sand. plentiful very fine and fine roots. subangular and
subround gravel. ' '

Ae 7 - 17-¢cm.. 10YR 5/2 loamy sand, few very fine and fine roots. subangular and
'subrounded gravel. ’

Bm, 17 - 27 cm., 10YR %/8, loamy sand, few very fine and fine roots, subangular and
* subrounded gravel. ‘ .

BC., 27 -50cm., 10YR 5/6. loamy sand.

Plate 44. SASP/CAAQ CT Site 234. 1250 m. A hygric fen community dominated by
Carex aquatilis (70% coverl. Shrubs present are Sa//x sp. {20% covés). Potenti//a
fruticosa (4% cover) and Betu/a glandulosa (< 1% cover).

\

’ " i

Platé 45. Rego Gleysol. Site 234 .-Horizon order is as follows:
OM. 18 - 0 .cm. Abundant fine and very fine.roots.

C. 0726 cm.. 10YR8/2, loam, plentiful fine and very fine roots..
Cg. 26 - 39cm., 10YR 4/ 1, 7.5YR 4/6. silty clay loam.
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‘8.4 Data Analysis Methods
. \

Before data analysis coutd pro.ceed, the data were kéypunched directly from the
field forms. The forms used in the study had been désigned by the biophysical inventory
staff. The form design Wlas to have been such that 1) the field forms were easy to ulse in
the field, 2) data keypunching could proceed quickly and éasily, and 3) that the input data
were in a us“e.'able format. It was hoped that other reséarchers working in the Yukon would

i

use the forms so that data was collected in a consistent and comparable manner.

Unfortur'uat.ely a biostatistician was not consulted during the design of the forms or during
the formatting for keypunching. While the 'form's were easy to use in the field, the
keypunchers found them very difficult to work with, and éonsequéntly took 6 months to
enter the ‘data. Another thfee‘months were re"quired to reformat ana visually edit the data.
The use of the ‘field forms used in this study is not recommended if one wishes to enter
data directly in‘to a ‘cémpqter from the forms. However, if the forms are used and

corﬁputer entry is desired, it is strongly recommended that the user format the data to

meet his specific needs rather than use the input format specified by McKenna and Davies

(1983, | ‘ ,

Initially _sevef_al clustering techniques were used incl:luding: 1) COMPCLUS a
nonhierarchical clustering technique designed for rapid, intitial clu‘sterving of large 'data sets’
{Gauch' 1978); 2)TWINSPAN, (two-way indicator species analysis) a divisive, h'ierarchical
clustering technique, basqd on recipro‘c\al averagirlg (Hill 1879b); 3) minirﬁum_ variance |

cluster analysis, an agglomerative hierarchical technique,- with standardized and

non-standardized (raw) species cover values as the data base for a Euclidean distance

matrix; and 4} complete-linkage cluster anarlysi‘s, an agglémerative heirarchical techriiquie, '

.using non-standardized species cover values as the data baseefor a similarity-matrix.

TWINSPAN was the initial clustering technique used. It was chosen hecause it is a
divisive hierarchical technique which asj an advantage over agglomerative techniques in that
it uses all available information at the irJitiaI stage (Williams 197 1). It begins with all sampleg
together in a singie cluster and successively divides the Earﬁples‘ into a hier9rchy of smaller
and smaller clusters (Gauch 1982). | ‘

TWINSPAN Was rejected as a suitable clustering program ffor the fo|loyving

reasons: 1) the large data set resulted in difficulties in assimilating the information in the
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output, 2) it did not appear to give ecologically meaningful grougings. and 3) the resuilting
. clusters are not arranged into a dendrogram, making comparisons between successive
runs which used different input parameters very tedious and time-consuming, especnally
when working with a large data set.

sBecause of the problems of assimilation resulting from a large data set, and
because many clustering programs cannot handle large data sets, COMPCLUS was used in
an attempt to divide the data intom'wanageable subsets to be used in further analysis.
Several problems were encountered. It is necessary to decide the number of clusters
desired ln the output before the ;nalys1s which requnres a good intuitive understandmg of
the data se’t properties. As with TWINSPAN it was difficult to assimilate the information in
the outpu* and to compare output from different runs. As COMPCLUS starts clustering by
picking a sample -at \r'andom, and clusters samples within a user-specified radius of that
sampie, the use of different randon numbers results in differing classifications. Because
of the sequence in which cluster centers are selected samplés may be misclassified, being
closer to the center o% an adjacent cluster than to the center of‘its own cluster. There is
no method of identifying misclassified samples.

Despite these pnoblems, the results from COMPCLUS appeered togbe reasonable.
However , it was difficult to ascertain which runs gave better results, and whether more
or less clusters would be more apbroprjete. Also the outp'up resulted in composite stands
tnat subsequéntly could be analyzed using other CEP proérams. However }neoutput was
net such that the stands within these composite clusters could be further anafﬁed.\

Therefoare, COMPCLUS was abandonéd and the data set was divided into the\‘\t\h\ree\
ecologically useful subsets of forest.ed no‘n-f‘oarested below-treeline , and-
_ alpine-nonforested subalplne sites, to be analyzed us;ng the methods avaulable in the
Clustan 1C suite of computer programs (Wishart 1978).

Two hierarchical, egglomerative clustering. techniques were attempted: 1) minimum.
variance cluster analysis with standardized and nbnstandardlzed (raw) speC|es cover values
as the data base for a Euclidean dlstance ldlssumllarlty) matrix; and 2) complete-linkage

cluster analysis using nonstandardized species cover values as the data base of a similarity

. , ‘
. matrix calculated by a:numerical equivalent of Jaccard's coefficient of similarity (Wishart

1975, | N :
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Standardization of the da_ta', a procedure often recommended (Wishart. 1975,

- Gauch 1982), resulted in an unacceptable amount of chaining with the clusters and was

abandoned.” Minimum -variance cluster analysis with raw data giave similar, but not as

-acologically meaningful clusters as those resulting from complete-linkage cluster analysis,

which was deemed to be the more suitable clustering technique. The suitability of the two
clustering techniques was assessed by visually examining the sites grouped into clusters,
and by plotting the clusters, in the f“o'rm of rectangles on the DECORANA site-ordination
field. The clustering technique which produced the tightest groups (sr'nalAIest rectangles)
with the least amount of overlap on the ordirjation field was considered the best clustering
technique. The poorer results of the minimurﬁ-variance cluster analysis weré probably
caused \by the use of the Euclidean distance matrik, which clusters _dn the basis of
dissimila‘rit‘y,' not similérity between stands. Both of the abo;/e clustering metHods gave

good results for the alpine/ subalpine non-treed zone; howeyser, complete-linkage cluster

analysis was used in order to be consistent.
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9. SUMMARY and CONCLUSIONS .

This study was conducted in the Macmjllah Pass/Sheldon Lakes area of the
east-certtral Yukon Territory as part of a larger biophysical mapptng project carried out by
the Yukon Department of Renewable Resources in response to proposed mineral

: development in the area. The main purpose of this thesis has been to cla551fy the .
vegetatzon of the area, and to elucidate relationships between\ the vegetation and
envnronmental factors. ,

Sampling sites were selected 1) after reconnaissance traverses were flown over
the -area. and 2} initial vegetation communmes were ldent:fned along the traverses on
already delineated 1:74,000 black and white aerial photographs At each sampling site, all
species were listed and percent cover was estimated. A sonl pit was dug. the soil was
identified to the supgroup level, and soil samples were, collected for analysis. Site
information was collected. ‘ | \

7~ Vegetation units (syntaxa) were generated using complete-linkage ‘clus_ter analysis
/(C/LUSTAN). Plots and species were ordinated using detrended correspondence "artalysis B
(DECORANA. | b |

Based on mformatlon collected from 454 plots atotal of 28 community types and
42 tentative community types were recognlzed 9 CT's and 21 TCT's in the
.alpine/nonforested subalpine zone; 12 CT's and 8 TCT's-in the forest zone; and 7 CT's
and 12 TCT's.in the below-treeline, non-forested zone. B .

The alpine-subalpine zone was the most heterogeneous with 208 species
occu'rringq.vin 104 plots. The major vegetation- community types can be summarized py
grouping the communities into_ broad physiognomic groups based on l’growth-form. These
groups are as follows: subalpine shrub. lichen heath, moss heath, rrtoist forb-graminoid.

tundra, graminoid moss tundra and wetland ~~mmunities.

The forest communities were more . zneous, with 133 species occurring in

246 plots. Community types were diffe znti re on the relative abundance of the

same species rather than on different eicToiN . vegetation of the zone can bev

summarxzed by- group{ng the communities intc ar ' segetation community types, the-

important ones being: white sprucé/feathermcse ,imoir fir / feathermoss, black

) spruce/ feathermoss,  black spruce/sphagpdrn, < rer/ic -feat”~~moss cand
97
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successional burn types. . .
The below treeline, non-forested zone, which had 153 species in 102 plots,
consisted of two major ecological groupings: submesic lichen shrublands, and fen

wetlands. Occasionally, graminoid meadows similar to those found in the subalpine occur

“

here.

Based on tHe DECORANA ordination and subsequent correlations of environmentai
factors with the position of plots on the ordination axes, the study generated a number.of
hypotheses concerning relati'onships between community typeé, species disfributibn and
environmental factors. Selected hypotheses are listed below.

1. Soil pH, nutrient status and elevation are the major envnronmental factors controliing
the dlstrxbutlon of communities and species in the forest zone. ' 1

2. Mo:sture and, possibly, snow depth are the controlling environmental factors in the
alpine-non-forested subaipine zone. 4

3. Soil drainage and nutrient status are the factors controlling species distribution in the

fen commumtles

The DECORANA ordmatlon proved to be a very useful -tool for elucidating the .

relationships between communities and their environments. In some instgpces it was
necessary to do an ordination, remove the obvious outliers, as suggested by Gaﬁuch
{1982), énd then re:ordinate the data set to obtain satisfactory results.

It is‘notable that within the forest zone, sites that had been burned did not occur as
outliers on the ordination field, but fell Within the boundaries of the stable community
types which , based on environméntal factors énd species composition, will most likely
succeed them. There are vast tracts of burned land within the Yukon whefe the original
community is not known.. Ordination of burned and adjacent unburned communities could

be a useful tool in predicting the successional trends and climax communities on these

.burned lands.



l "

Literature Cited

Amax Inc. Environmental Serwces Group 1976. Environmental report on the Macmillan
Tungsten property, located ih the Northwest Territories and the Yukon. Amax
Northwest Mining Company Ltd., Vancouver, B.C.

Abbott, Grant. 1982. Structure and stratigraphy of the Macmillan Fold Belt: Evidence for
Devonian faulting. Dept. of Indian and Northern'Affairs Open File. ¥ .

Bartuska, A.M. and |LA. Unger. 1980. Elemental con"ée’fc{trations ‘in plant tissues as
influenced by low pH soils. Plant and Soil 55:157-161.

Beak Consultants, 1980. An initial environmental assessment of the Jason Property,
Macmillan Pass area; Yukon Territory. Unpublished report submitted to Pan Ocean Oil

Ltd.

Beers, T.W., P.E. Dress and L.C. Wensel. 1966. Asbect transformation in site productivity
research. J. Forestry 64(1):691-692.

Beese, W. 1980. Ordination of forest communities on Vancouver Island. /n: Proceedings
of the ecological data processing and interpretation workshop. Victoria, B.C.
November, 1980. B.C. Ministry of the Environment.

| Blusson, S.L. 197 1. Sekwi Mountain map-area, Yukon Territory and district of MacKenzie.

]1 . Geological Survey of Canada Paper 71-72.

Boyd C.N. 1983. Vegetation In: Resource Inventory, Southern Lakes, D. Davies, C.E.
Kennedy and K. McKenna, £ds. Dep. Ren. Resources, Whitehorse, Yukon.

Buffo, J., L.J:\Fritschen and J.L. Murphy, 1972. Direct solar radiation on various slopes
form O to 60 degrees latitude. USDA Forest Service, Res. Paper; PNW 142.

‘Bostock, H.S. 1965. Physiography of the Canadian Cordillera, with special reference to
the area north of the 55th parallel. Geological Survey Memoir 247. Dep. Mines and
Research, Ottawa.

Bostock, H.S. 1966. Notes on glaciation in central Yukon Territory. Geological Survey of
Canada. Paper 65-36.

Brady, N.C. 1974. The, natire and properties of soils. 8th ed. Macmillan Publlshnng Co.
Inc., New York. .

Brown, Glenn. 1983. The vegetation and flora of the Jason property, Macmillan Pass,
Yukon Territory. Aberford Resources Limited, unpublished report.

Brown, R.J.E. 1967. Perma frost investigations in British. Columbia and Yukon Territory.
NRC Tech. Paper No.253, Ottawa.

Canadian Soil Survey Committee, Subcommittes on Soil Classification, 1978. The Canadian -
System of Soil Classification. Can. Dept. Agric. Publ. 1646, Supply and Services
Canada, Ottawa, Ont. 164 pp. '

Cecile, M.P. 1882. The Lower Paleozoic Misty Creek embayment, Selwy&n Basin, Yukon
and Northwest Territories. Geological Survey of Canada Bulletin 335.

Claim ownership reference maps. 1984. Dept. of Indian and Northern Affairs. )

Davies, D., C.E. Kennedy and K. McKenna, £ds. 1883. Resource Inventory - Southern
Lakes, Yukon Dep. of Ren. Resources, Whitehorse, Yukon.

198



‘ o ‘ 200

del Moral, R. and J.\; Long. 1977 Classifiation of montane forest community types in the
Cedar River dralnage of western Washxngton U.S.A.Can. J.For. Res. 7:217-225.

Douglas, G.W. 1874. Montane zone vegetation of the Alsek River region, southwestern
Yukon. Can.J.Bot. 52: 2505-2532. : o

Dyrness, C.T. and D.F. Grigal. 1979. Vegetation - soil relationships along a spruce forest
transect in interior Alaska. Can. J. Bot. 57:.2644-2656.
/
Eis, S. 1962 Statlstxcal analysxs of several methods for estimation of forest habitat and
tree growth new Vancouver. UBC Faculty of Forestry Bull. 80, 104p.

Fisher, R.F. 1979. Possible allelopathic effects of reindeer-moss (Cladonia) on Jack pine
and White spruce. For. Science-25(2):256-260. .

Fox, D.J._and K.E. Guire, 1976. Documentation for MIDAS. Statistical Research
Laboratory, The University of Michigan. .

Gauch, H.G. 1979. COMPCLUS -- A FORTRAN program for rapdid initial clustermg of large
data sets. Ecology and Systematics, Cornell University, Ithaca, New York. -

Gauch, H.G. 1982. Multivariate analysis in community ecology. Cambridge University
Press. ‘ .

Geiger, R. 1965. The climate near the ground. Translated from the fourth edition in
German. Harvard University Press, Cambridge, Mass., U.S.A,

Hale, M.E. 1968. How to Know. the Lichens. Wm. C. Brown Company Pubhshers

Heilman, P.E. 1979. Minerals, chemical properties and fertlllty of forest soils./n: Forest
soils of the Douglas fir region, P.E. Heilman, H.W. Anderson and D.M. Baumgartner
eds.; Washington State Unnversrty

Hill, M. O., 1979a. DECORANA. A FORTRAN program for detrended correspondence
analysis and reciprocal averaging. Ecology and Systematics, Cornell University, Ithica,
New York.

Hill, M. O., 1979b. TWINSPAN A FORTRAN program for arraryging multivariate data in a
ordered two-way table by classification of the individuals and attributes. Ecology and
Systematics, Cornell University, Ithaca, New York.

Horton, D.G., D.H. Vitt and N.G. Slack. 1979 Habitats of circumboreal-subarctic Sphagna:
A quantltatxve analysis and review of specnes in the Caribou Mountains, northern
Alberta. Can.J.Bot. 57: 2283 2317. ‘ |

Hoyle, M.C. 197 1. Effects of the chemical environment on yellow blrch root developr-’Lent
and top growth. Plant and Soil 35 623-633. |
|

Hulten, E. 1968. Flora of Alaska and Neighbouring Territories, A Manual of the Vascular
Plants. Standford University Press.

Hughes, O.L., R.B. Cambell, J.E. Muller and J.O. Wheeler. 1969. Glacial limits and flow
patterns Yukon Territory south of 65 degree. ncrth latitude. Geological Survey of
Canada, paper 68:34.

Jeglum, J.K. 1974. Relative influence of moisture-aeration and nutrignts on vegetation and
black spruce growth in northern Ontario. Can.J.For.Res. 4: 114-126

Jonasson, S. 1981. Plant.communities and spe'cies distribution of low alpine Betul/a nana
heaths in noerthermost Sweden. Vegetatio 44: 51-64.



201

Kershaw, G.P.  1882. Long term consequences in tundra environments of the CANOL
crude oil pipeline,project, N.\W.T., 1842-13945. Ph.D thesis, University of Alberta.
Edmonton, Alberfta.

Kershaw, K.A. 1977. Studies on lichen-dominated systems: An examination of some
aspects of the northern boreal woodlands in Canada. Can.J.Bot. 55: 393.

Kershaw, K.A. and G.F. Field. 1975. Studies on lichen-dominated systems XV: The
temperature and humidity profiles in a C/ad/na al pestris mat Can.J.Bot. 53:
2614-2620. . :

Kimmins, J.P. and B.C. Hawkes. 1978. Distribution and chemistry of fine roots in a white
spruce - subalpine fir stand in British’Columbia: Implications for management.
Can J.For Res. 8(3): 265-279.

Klinka, K., M.C. Feller and R. K Scagel 1982. Characteristic® of the most productive
ecosystems for the growth of Engeiman spruce (Picea enge/mannii Parry ex.
Engelm.) in southwestern British Columbia. Land Management Report No. 9, ISSN
0702-9861, Province of British Columbia.

Krajina, V.J. 1969. Ecology of forest trees in British Columbia. /n: Ecology of western -
North America 2(1), Unversity of British Columbia.

]

La Roi, G.H. and R.J. Hnatiuk. 1980. The Pinu&g ntorta forests of Banff and Jasper
National Parks: A study in comparative syn cology and syntaxonomy. Ecologlcal
Monographs 50(1):1-29. -

—~

Larson, D.W. and K.A. Kerhaw. 1974. Studies on lichen dominated systems. VIIi.
Interaction of the genreral lichen-heath with' edaphic factors. Can. J. Bot.:
52:1163-1176. : : ' '

 Lee, T.D. and G.H. LaRoi. 1979. Gradient analysis of bryophytes in Jasper National Park,
Alberta Can.J.Bot. 57: 8914-925.

Lerbekmo JR.. J.A. Westgate, D.G.W. Smith and G.H. Demon. 1975 New Data on the
character and history of the White River volcanic eruption, Alaska. Quaternary
Studies, The Royal Society of New Zealand, Wellington. pp 203-208. o

A

McKeague, J.A., Ed., 18978. Manual on soil sampling and methods of analysis. Prep:
Subcommittee on Methods of Analysis of the Canada Soil Survey Committee,
Canadian Society of Soil Science. n

McKenna, K. 1983. Terrain types of the Macmillan Pass area. Unpubl. Rep., Dept. of Ren.
Resources, Y. T.G, Whitehorse, Yukon.

McKenna, K.* and S. Davies, i983.~ Resource Inventory: Macmillan Pass field form
documentation. Dept. of Ren. Resources, YTG, Whitehorse.

Mollard, J.D. 1982. Terrain analysis study, North Cano! Road, Yukon Territory - Ross Rwer
to Macmiilan pass. Dept. of Public Works Canada, Whltehorse Y.T. .

Neiland B.J. and L.A. Viereck. 1977. Forest types and ecosystems. /n: Symposium:
North American forest lands at latitudes north of 60 degrees. USDA Forest Servnce
Fairbanks Alaska. .

Orloci, L. and W. Stanek. 1979: Vegetation survey of the Alaska Highway, Yukon
Territory: Types and Gradients. Vegetatio 41(1-56)  *- )

Oswald, E.T. and J.P. Senyk. 1977. Eporeglons of the Yukon Terrltory Fisheries and
Environment Canada.

Oswald, E.T.,'B.N. Brown and R.K. King, 1981. Vegetation of East Kluane Planning area. "

7



- . | 202 \

Can. Forestry Service, Pacific Forest Researc Centre, Victoria, B.C. .

Oswald, E.T. and R.K. King. 1980. Vegetation and forest analysis of the Lake Laberge
Ecoregion by remote sensing. Can. Forestry Service, Pacific, Forest Research
Centre, Victoria, B.C. .

Oswald, E.T. and R.K. ng 1983. Vegetatlon and fuelwgod|assesment of the
Carmacks-Ross River area, Yukon Territory. Canadian Fore ry Service, Pacific
Forest Research Centre, Victoria, B. C.

Patten, D.T., 1963. Vegetatnonal pattern in relation to environn'renfs in the Madison Range,
Montana. Ecological Monographs Vol 33(4):375-406 .

Pearsall W .H. 1952. The pH of natural soils and its ecologlcal sugmflcance J.s \’l Science
' 3:47-51. . ‘ ..

Peet, R.K. 198 1. Forest vegetation of the Colorado Front Range. Vegetatio 45: 3- 75

¥

Polumin, N. 1959. Clrcumpolar arctic flora. Clarendon Press, Oxford, 5 14p.

Porsild, A.E. 1945. The alpine flora of the east slope of MacKenzie Mountains, Northwest
Territories. Nat. Museum of Can. Bull. No. 101, Biological Series No. 30 » -

Porsild, A.E. 1951. Botany of southeastern Yukon ad;ac‘ent to the Canol Road. National
Museum of Canada, Bull. No. 121.

Porsuld, A. and W. Cody, 1979. Vascular plants of the Contlnental Northwest Terrltorles-
Canada. National Museums of Canada, Ottawa.

Roddick, J.A. and L.H. Green. 196 1. Sheldon Lake map. Yukon Terrltory Geologlc Survey |
of Canada:

Rowe, J.S. 1972.'Fore_st Region’s of Canada. Dept. Environh. Can. For. Serv. Publ. No.
1300. ‘ . ’

Scott, D. and W.D. Billings. 1964. Effects of environmental factors on standing crop
productjagty of an alpine tundra. Ecological Monographs 34{3): 243-270.

Senyk, J.P., E.T. Oswald, B. Brown, T. King. 1981. Ecological Land Classxflcatlon and
Evaluation of the Kusawa Lake Area; Yukon Territory - East Kluane Planning Project. .
Dep. of Ren. Resources, YT G, Whitehorse, Yukon.:

Skre, O. and W.C. Oechel. 1979 Moss productron in a black spruce P/cea marina forest
with permafrost near Fairbanks,“Alaska as compared with two permafrost free
stands. Holarctic Ecology 2:249-254. ,

Skre, O., 'W.C. Oechel and P.M. Miller. 1983. Moss Ieaf water content and solar radiation
“ ina mature black spruce forest in central Albaska. Can.J.For.Res 13: 860-868.

Stanek, W. ,1980. Vegetation types and ‘environmental factors associated with Foothills -
' Gas' Pipeline Route, Yukon Territory. BC-X-205,, Pacific Forest Research Centre,
Can. For. Serv Victoria, B.C.

Stanek W., K. Alexander and C.S. Simmons. 1981. Reconnaissance of vegetation and
soils along the Dempster Highway, Yukon Territory: |. Vegetation types. BC X-217,
Pacific Forest Research Centre, Can. For. Serv., Victoria, B.C.

Steele, R.D.G. and J.H. Torrie. 1877. Prlnc:ples and Procedures of Statnstlcs McGraw-Hill
Book Company, Inc. ;

Sutton, R.F. 1969. Silvics of white spruce (Picea glauca (Moench) Voss). Dépt. of®
F|sherles and Forestry, Forestry Branch Pub. No. 1250

i



203

l

Jamm, C.0. 1953. Growth, yield and nutrition in carpets of a forest moss(Hy’/ocom/'um"
splendens). Meddelanden Fran Statens Skogsforskningsinstitut 43:1-140.

Trowbridge. R., J. Pojar and T.Lewis. 1983. Interim classification of the boreal white and’
.. black spruce biogeoclimatic zone in the Prince Rupert forest region. B.C. Ministry of
Forestry, B.C. ' :

. Trimble, G.R. and S. Waeitzman. 1956. Site index of upland oaks in the northern
Appalachians. Forest Sci. 2:162-173. _ o

Viereck, L.A., C.T. Dyrness, K. Van Cieve, and M.J. Foote. 1983 Vegstation, soils, and
forest productivity in selected forest types of interior Alaska. Can.J.For.Res.
13:703-720. : o ,

Vitt, D.H. and N.G. Slack. 1975. An analysis of the vegetati. . of Sphé num-dominat‘e‘d"
kettle hole bogs in relation te environmental gradients. Can. J. Bot. 53:332-353. -

-

Wahl, H., n.d. Climate of the Yukon, unpubl. draft manuscript, on file, Dep. of the
- Environment, Whitehorse, Yukon. NN .

Wali, MK. and V.S. Krajina. 1973. Vegetation-environmental relationships of some
sub-baoreal spruce zone ecosystems in British Columbia.  Vegetatio 26(4-6):
237-381. . o S T | .

Walmsley, M., G. Utzig, T. Vold, D.'Moon ahd J. van Barneveld, -eds. 1980. Describing
ecosystems in the fieid. RAB Technical Paper 2. B.C. Ministry of the Environment,
Victoria, B.C. : ‘ ‘

Weetman, G.F. 1968. The relationship bétweenﬁ‘eatherm‘oss growth and nutrition of black
spruce. in:Proceedings of the Third International Peat Congress, Quebec. Canada.

' Williams, W.T. 1871. Principles qf clustering. Annual Review of Systemaﬁcs’, 2:303-26.
Wwilde, S.A. 1958. Forest Soils. Ronald Press, New York.

. Wishart, D. 1978. CLUSTAN User Manual, 3rd. Ed. Inter-Uni’vers‘ity /Research Councils -
. Series, Rep.No. 47. . L ‘ '
‘Yarie, J.1983. Environmental and successichal relati_onships of the"forést communities of

the Porcupine River drainage, interior Alaska. Can. J. For. Res. 13:721-728. .

, Zasada, J.C., K. van Cleve, R.A. /Wernel:,'.J.A; McQueen, and E. Nylénd, 1977, Forest

biology and management in high-latitude North American forests. /n: North -
. American Forest Lands at Latitudes North. of 60 Degrees. University of Alaska,
Fairbanks, Alaska, USA. ' ' —



" N : '( -, \ s )
; o ‘ )Appendix I. Soil Subgroups found in Study Area .
P ‘ 0 Soil nomenclature follows the Canadian System of Sml CIassnfucatlon Canadnan Soil Survey
Committes, Subcommmee on Soil CIass:flgation 1978,
! L . ' .
.‘\ - //-‘VT\, """" -
- Ny {. A\ ! . ,
' ™~ J ‘.
i [
K 4
(*4 ) T
. N . u‘ "
—
\, -
\ . |
[ @ :
= [
@ 204 .



0

Orthic' Regosol

Appendix |. Soil Subgroups
Name

Orthic Melanic Brunisol
Orthic Eutric Brunisol
Eluviated Eutric Brunisol
Orthic Dystric Brunisol
Eluviated Dystric Brunisol
Gleyed Dystric Brunisol

Orthic Turbic Cryosol”
Regosolic Turbic Cryosol
Gleysolic Turbic Cryosol
Orthic Static Cryosol
Brunisolic Static Cryosol
Regosolic Static Cryosol
Gleysoiic Static Cryosol
Fibric Qrganic Cryosol
Humic Organic Cryosol
Terric Mesic Organic Cryosol
Terric Fibric Organic Cryosol

°

Rego Humic Gleysol
Orthic Gleysol - -

Rego Gleysol :

. Terric Fibrisol

Mesic Fibrisol -
Cumulo Fit. I
Typic Mesi.

Terr ~ Mesic i i. 50l

Typic Mesisol
Cumulo Mesisol -
Terric Mesisol

A

Cumulo Humisol

Orthié Ferro-Humic Podzol
Orthic Humo-Ferric Podzol

Cumulic Regosol
Orthic Humic Regosol

=4
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Abbreviation

O.MB
O.EB
E.EB
0.DYB
E.DYB
GL.DYB

0.TC
R.TC
GL.TC
0.5C

+ BR.SC

R.SC
GL.SC
FI,OC
HU.OC
TME.OC
TFI.LOC

0z
22285
mMZmT
m
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Appendix Il. Data Summaries from Three Meterological Stations

Ross River is located southwest of the study area, Sheldon Lake is located in the
southwest:of the study area, and Tsichu River is located east of the study area, on the
NWT side of the continental divide. '

'Q/

Data are from Wahl H., Climate of the Yukon, unpublished draft manuscript, Department

-

of the Env:ronment Whitehorse, Yukon
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YUKON
tat 62°37'N, Lond 131°17'W, Elevation 884 m

Appendix II
SHELDON LAKE,

MARCH = APRIL

1959-1978 calc.

ocT NOV DEC YEAR -

SEPT
- 10.6
1 7730

AUG
9,

17.5:
B

JULY
20.0
3.9

JUNE
18.0
1.9

MAY
11.3
-3.6

FEB

JAN

TEMPERATURES
Mean Daily Max.
Mean Daily Min.
Mean Dalily

3

12

30.6 26.7

27

21.

Extreme Max.

30.6

28/76 30/76 t/76\ 1/75

28/77

Year/Datae .

No.

of Years

v

9
-21.7

9 9
-2.8 -10.0
30/75 29/70 30/74

9
-5.0
30/77

7
-17.8
5/71

Extreme Min. .

of Record
Year/Date

of Years
On Record

;

RECIPITATION
ean Rainfall

60.2 60.2 31

8.8

19.

TR
" 60.2

NIL

60.2

TR
48.8

Mean Snowfaltl

33.7

Megan Total Pcpn.

of Days of

Msrbl ppt.

No.

11

12

11

12

Mean Month End Depth

Of Snow on

46 .

184 .7

11.2
78

.7 81.0 1t

46
77

ppt.

Max .

77

70
20.

72

Year

25

10

ppt.

Min.

75 71 79 74

79

Year

[=1
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Appendix Ill. Fievld Forms

-~

) \
The following forms were designed by the Resource Inventory staff, Yukon Department

of Renewable Resources, 1982. For a discussion o‘rlw their use see 8.4 Data Analysis
Methods.

T
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Site Description
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Vegetation Description

ECOLOGICAL LAND SURVEY
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Vegetation Description continued

Government of Yukon

ECOLOGICAL LAND SURVEY

GROUND VEGETATION
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Appendix Il

Soil Description
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Soil Description continued
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Appendix il

« Surficial Geology Description

.

:
: ECOLOGICAL LAND SURVEY
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Appendix IV. Definitions of Soil Drainage, Soil Perviousness and Ecological Moisture

Classes

Definitions are those of Walmsley, et. al., 1980.
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Soil Drainege R

1.

218

Rapidly drained - The soil moisture content seldom exceeds field capacity in any
horizon except immediately after water additions. Soils are free from any evidence
of gleying or mottlung thor0ughout the prof:le .

Well drained - The soil m0|sture content does not normally exceed field capacity in

any horizon (except possibly the C) for a significant part of the year: Soils are usually
free from mottling in the upper 1 m, but may be mottied below this depth.

Moderately well drained - The soil moisture in excess of field capacity remains, for .

a small but significant part of the year. Soils are often faintly mottled in the lower B
and C horizons or below a depth of 0.7 m.

Imperfectly drained - The soil moisture in excess of field capacity remains in

subsurface horizons for moderately-long periods during the year. Soils are often
distinctly mottled in the B and -C horizons; the Ae horizon, if present, may by mottled.
Soils are generally gleyed subgroups of of mineral soil orders.

Poorly drained - Soil moisture in excess of field capacity remains in all honZons for
a large part of the year. Soils are strongly gleyed, prominent mo}tﬂﬁ‘g/may occur
thoroughout. So»ls are generally in the Gleysollc or Orgamc order. { .

Very poorly dramed Free water remains at or within 30 cm of the surface most of
*the year. The soils are/usually strongly gleyed. Soil are generally in the Gleysolic or
Crganic order.

Soil Perviousness

1.

2.

3.

‘Rapidly pervious - the capacity to transmit water vertically is so great that the soil
will remain wet for no more than a few hours after thorough wetting. The horizons
and soils have large and continuous connectlng pores and cracks that do not close
with wetting.

Moderately pervnous the capacity to transmitt water vertically is great enough that
the soil will remain saturated for no more than a few days after thorough wetting.
Most moderately pervious soils hold relatively large amounts of water against the
force of gravity, and are considered good, physncally for rooting and supplying

"~ water to plants.

Slowlygperwous - the potentialy to transmit water vertically is so slow that the
horizon
thorough wet‘ung

-

or the “soil will remam saturated . for periods of a week or more after’
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Appendix IV
Ecological Moisture Classes
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Appendix V. Species Occurring within the_Macmilian Pass /Sheldon Lake Study Area

Vascular plant nomenclature follows Hulten (1968-\ ”chens follow Hale (1969).

1. The number in the columns indicates the percent of the sites in which the spemes
was recorded.

2 + - indicates that the species was recorded in less than 10% of the stands in trace
amounts, and was deleted from the data analysis.

3.  #-indicates that the species was present in trace amounts and, was used in the daya
analys:s |

4 - indicates that the species, occurred in the study area but was grouped with other
specves for data analysis. :

Note: some species are listed under more than one growth- form e.g.. Betula
occidentalis) . : . .

Willows, grasses and eedges were identified by W. Cody Natiohal Herbarium,

~Ottawa; lichens by P.Y. Wong and bryophytes by R.R. Ireland,”"Museum of Natural
Sciences, Ottawa.
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TREES

' Pinaceae o o - | - Alpine: Treed Below
’ P/qus contorta Dougl ex Loud. var. /at/fo//a R ‘ o ¥

' Picea glauca (Moench) Voss . ' ’ : 21 31 +
Picea mariana (Mill.) Britt. ,Sterns & Pogg. - 12 49 L2
Abies/asiocarpa Hook.) Nutt . : . 10 55 17
vSaI‘ica_ce‘aAe - “ ' .
Populus balsamiferaL.ssp.bal samifera » o 2
Populus tremuloides Michx. o - . 1 3
Betulaceae -

N Betu/a accidental is Hook. )
ERECT SHRUBS
Salicaceae o o
Salix alaxensis (Anderss.) Cov. . T . o4 C ot
Salix bebbiana Sarg. : - , 4+t
Salix glauca L. ‘ con ' o ++ e+t
Salix /anataL.ssp. R/chardson// (Hook. ) A. Skvortro_ o : - ++ ++
Salix longistylis Rydb. " . : A ++
Sal {x myrtill ifolia-Anders. - : : ++ ++
Salix planifoliaPursh. 1 ' ++ T+t
Salix pulchra Cham. : L ++ ++ ++
Salix Scouleriana Barratt . T T 4 ++
Salix spp. '~ o . 52 64 42
Betulaceae v ' ‘
Betula g/ahdu/osa Michx. o ' '; : 72 73 30
Betula occidental is Hook:: - N : s v 1 v
Alnus.crispa (Ait.) Pursh : . “ 4
Al nus tenuifolia Nutt: T o R
Saxifragaceae
Ribes hudsoniahum Richards. . o * &
Ribes triste Pall. . ' . 3 11 .
Ribessp. - . , . _ o2 0
Rosaceae . ,
Spirea Beauverdiana Schneld 1 15 18
Rubus idaeus L. 1
Rubus sp. 1 *

" Potentilla fruticosa L. "4 3 3
Rosa acicularis Lindl. 3 17 3

- Elaeagnaceae
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Loy
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. Shepherdia canadenis (L.) Nutt.

Ericaceae

Ledum palustre |..ssp.decumbens (Ait.) Hult.

Ledum palustre L.spp.groen/andicum (Oeder) Hult.
Ka/mia polifolia Wang.

Andromeda polifolial.

Chamaedaphne calyculata (L.) Moench

Vaccinium uliginosum L.

Caprifoliaceae

V/burnub edule (Michx.) Raf.
PR@STRATE SHRUBS
Cypressaceae \

-~

Juni s.communis L.
Juniperus horizontalis Moench

Salicaceae . ' .. S
Salix arctica Pall.
Salix reticulatal.
‘Rosaceae

_ Dryas integrifolia M.Vahl
Dryas octopetala L. :

Empetraceae

Empetrum nigrum L. spp. hermaphroditun} (Lange) Bocher
_ Ericaceae

Phy!lodoce empetriformis (Sm.) D.Don

Cassiope tetragona (L.)D.Don

Arctostaphylos uva-ursi (L.) Spreng.

Arctostaphylos al pina (l..) Spreng.

Arctostaphy/os rubra (Rehd. & Wilson) Fern.

Vaccinium vitis-idaea L. spp. minus (Lodd.) Hult.
Oxycoccus microcarpus Turcz.

Caprifoliaceae \

Linnaea borealis L. ssp.americana (Forbes) Hult.

FORBS

Lil.ialceae

Tofieldia spp. .
Zygadenus elegans Pursh -

Veratrum viride Ait.spp. Eschscholtzii (Gray) Love & Love
Streptopus amplexifolius (L.) DC.

Orchidaceae

‘Spiranthes Romanzoffiana Cham.

++

35

38 |

25
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Saxi fraga oppositifo/ial.

Santalaceae
Geocau/oﬁ lividum (Richards.) Fern.

Polygonaceae"

. Rumex arcticus Trautv.
Oxyria digyna (L. Hill

Polygonum viviparum L.
Polygonum bistorta L.
Polygonum alaskanum (Small) Wight

Portulacaceae
C/laytonia tuberosa Pall.
Caryophyllacedse

Ste/laria longipes Goldie

Cerastium Beeringianum Cham. & Schlecht.
Arenaria capillaris Poir.

Moehringia /ateriflora(L.) Fenzl
Wilhelmsia physodes {(Fisch.) MCNBI“
Silene acau//s L.

R

Ranunculaceae

5 Del ph/n/ um glaucum S.Wats.

Aconitum del phinifolfum DC. ssp. del phinifolium
Anemone Richardsonii Hook.

Anemone parviflora Michx.

Anemone narcissiflora L. spp. interior Hult.
Anemone multifidaPoir.

Anemone spp.

Thalictrum sparsifliorum Turcz.

Ranunculus Eschscho/tziiSchlecht.

Ranunculus spp.

Cruciferae

Draba nivalis Liljebl.

Draba aurea Vah!

Parrya nudicaulis(L.) Regel
Crassulaceae
Sedurm rosea(L.) Scop.

Saxifragaceae

Saxjifraga flagel/aris Willd.
Saxifragatricuspidata Rottb.
Saxifraga exilis Steph.
Saxifraga nivalis L.
Saxifraga punctata L. ssp. Porsi/diana Calder & Savile |
Chrysosplenium tetrandrum (Lund) T. Fries
Parnassia fimbriatd Konig

Parnassia palustrisL.

Parnassia montanensis Fern + Rydb.

A
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.Rosaceae

Rubus chamaemorus L.

Rubus arcticus L. ssp. acaul/is (Michx.) Focke

Potentilla palustris (L.) Scop. o
- Potenti/la unifloraledeb.

Potentilla hyparctica Malte

Potentilla gracilis Dougl. g
Sibbaldia procumbens L,

Geum macrophy!lum Willd. ssp. perincisum (Rydb.) Huit.
Geum aleppicum Jacq. ssp. strictum (Aijt.) Claosen

4

Leguminosae -

Lupinus arcticus S. Wats.

Astragalus eucosmus Robins. ssp. eucosmus

Astragalus alpinus L. ssp. alpinus

Oxytropis nigrescens (Pall.) Fisch.

Oxytropis Maydel/iana Trautv.

Hedysarum al/pinum L. ssp. americanum (Michx.) Fedtsch.

Violaceae

Viola epipsilaledeb. ssp. repens (Turcz.) Becker
Onagraceae

£ ,é/' lobium angustifolium L.

Epitobium latifolium L

Epilobium /eptophy//un{Raf

L/meelllferae a
Heracleum lanatum Michx.

Cornacesae

-

Cornus canadensis L.
Cornus canadensis .. x suecica L.

Pyrolaceae

Pyrola asarifolia Michx.

Pyrola minor |..

Pyrola secunda L.

Moneses uniflora (L.) Gray
Primulaceae

Dodecatheon fr/g/dum Cham. &Schlecht
?Gentlanaceae

Gentiana g/auca Pall.

_Gentiana propinqua Rlchards

~ Menyanthes trifoliatal. v

Polemoniaceae

Polemonium acutiflorum Willd. , _ e
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Boraginaceae -

AM/oso't/'s al pestris F.W. Schmidt
ertensia paniculata (Ait.) G.Don

Scrophulariaceae

Linariavulgaris Mill. :
Veronica Wormskjo/dii Roem. & Schult.’

Lagotis g/auca Gaertn. ssp. minor (Wilid.) Hult.
Pedicularis'verticillatal.

Pedicularis labradorica Wirsing

Pedicularis Langsdorffii Fisch.

Pedicularis sudetica Willd.

Pedicularis capitata Adams

Pedicularis Kanei Durand

Orobanchaceae

: Bosc/miakfa rossica {Cham. & Schlecht.) Fedtsch.

Lentibulariaceae

Pinguicula villosal.

Rubiaceae '

Galium borealelL. 4
Valerianaceae

Valeriana capitata Pall.

Valeriana sitchensis Bong.

Campanulaceae

Campanu/a /asi ocarpa Cham.
\

. \
Compositae ‘v

"~ . Solidago multiradiata Ait.

Aster sibiricus L.

Antennaria monocephala DC.
Achillea borealis Bong.
ArtemnisiaTilesii Ledeb.
Artemisia arctica Less.

Petasites frigidus (L.) Franch.
Arnica /atifoliaBong. f

Senecio yukonensis Pors.

Senecjo atropurpureus (Ledeb.) Fedtsch.
Senecjo cymbalarioides Nutt.
Senecjo triangularis Hook.
Senecjo shel/donensis Pors. .
Sencie /ugens Richards.

Saussurea angustifolia ( Willd.) DC.
Taraxacum hyparcticum
Hieracium graci/e Hook.

Hieracium triste Willd.
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GRAMINOIDS
Gramineae

Hierochioe al pina (Sw.) Roem. & Schuit.
Hieroch/oe odorata (L..) Wahlenb.

Phleum commutatumGandoger var. amef/canum (Fourn’) Hult.

Alopecurus aequalis Sobol.

Arctagrostis /atifolia (R.Br.) Griseb.
Ca/amagiost/s canadensis (Michx.) Beauv.
Calamagrostis neglecta (Ehrh.) Gaertn.,Mey. & Schreb.
Calamagrostis purpurascens R.Br.
Calamagrostis spp.

Deschampsia brevifoliaR.Br. : .
Trisetum spicatum (L.} Richter

Poa alpinal.

Poa /anata Scribn. & Merr.

Festuca altaica Trin. _

Festuca brachyphy//a Schult.

Festuca rubralL.coll. -

Festuca-saximontana Rydb.

Festuca sp.

Cyperaceae

Eriophorum angustifol ium Honck.
Eriophorum spp.

Scirpus spp.

Carex leptalea Wahlenb
Carex praticol/aRydb

Carex canescens L MJ

Carex brunnescensAPers.) Poir.
Carex BigelowifTorr.

Carex aquatiTis Wahlenb. .
Carex podocarpa C.B.Clarke
Carex microchaeta.Holm
Carex concinna R.Br.

Carex vaginata Tausch

Carex rostrata Stokes

Carex membranacea Hook.
Carex rufinaDrez.
. Carex spp.

Juncaceae

Luzula parvifiora (Ehrh.) Desv.
Luzula arcuata (Wahlenb.) Sw.
Luzula confusa Lindeb. '
Luzula spp.

PTERIDOPHYTES .
Lycopodiaceae

Lycopodium selago L.

. Lycopodium annotinum L.
Lycopodium clavatum L.
Lycopodium al pinum L.
Lycopodium comp/anatum L.
Lycopodium spp.
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Equisetaceae

Equisetum scirpoides Mich.
Equisetum palustre L.
Equisetum silvaticum L.
Equisetum pratense L.
Equisetum arvehse L.
Equisetum spp.

. Athyriaceae

Cystopteris fragi/is (L.) Bernh.

BRYOPHYTES

Sphagnaceae

Sphagnum spp.

Difrichaceae

Ditrichum flexicaule {Schwaegr.) Hampe.
Dicranaceae

Dicranum acutifol ium (Lindb. and Arnell) C.Jens. ex Weim
Dicranum elongatum Schleich. ex Schwaegr.
Dicranum spadiceurmn Zett

Dicranum spp.

Pottiaceae -

Tortula ruralis (Hedw.) Gaertn., Meyer and Scherb.

Grimmiaceae

Rhacomitrium canescens var. ericoides (Brid.) Hampe
Rhacomtrium lanuginosum (Hedw.) Brid.

Miniaceae L
Rhizomnium spp. N ‘}

B{yaceae ‘

Pohlia nutans (Hedw.) Lindb.

| Aulacomniaceae -
Aulacomnium. palustre (Hedw.) Schwvaegr.

Aulacomnium turgidum (Wahlenb.) Schwaegr.
“Aulacomnium spp.

Meesiaceae

Paludella squarossa (Hedw.) Brid.

Bartramiaceae

Ph//onoi/s fontana (Hedw.) Brid.
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Fhilonotis fontana var.pumila (Turn.) Brid. S
Philonotis spp.

Thuidiaceae

Thuidium abietinum (Hedw.) Kind

Helodium Blandowii (Weab. and Mohr) Warnst

Amblystegiaceae

Drepanoc/adus uncinatus (Hedw.) Warnst.
Drepanoc/adus exannu/atus (B.S.G.) Warnst.
Drepanoc/adusspp. (Hedw.) C.Jens »
Campylium stellaturm (Hedw.) C.Jens
Scorpidium scorpioides (Hedw.} Schaegr.
Calliergon stramineum (Brid.) Kindb.
Calliergon sarmintosurniWahlenb.) Kindb.
Calliergon gigantium (Schimp.) Kindb.

Brachytheciaceae

Tomenthypnum nitens (Hedw.)} Loesk
Brachythecium spp. :

Entodontaceae
Pleurozium schreberi
Hypnaceae

Hypnum lindbergii Mitt.

Hypnum plicatu/um {Lindb.) Jaeg. and Saverb.

Hypnum spp.
Ptilium crista-castrensis (Hedw.} DeNot.

Rhytidiaceae

/

Rhytidium rugosum (Hedw.} Kindb.
Rhytidiadel phus subpinnatus (Lindb.) Kop.

Hylocomiaceae

N

Hylocomium pyrenaicum (Spruce) Lindb.
Hylocomium splendens (Hedw.) B.S.G.

Climaceaceae

Climacium dendroides (Hedw.) Web and Mohr.

Polytrichaceae

Polytrichum juniperinum Hedw.
Polytrichum commune Hedw.

- Polytrichum commune var. nigriscens Warnst.

_Polytrichum strictum Brid.
Polytrichum spp.
Unknown bryophytes

LIVERWORTS

Tritomaria guinguedentata (Huds.) Buch
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<

Barbilophozia kunzeana (Hub.) Gams

Ptilidium pulcherremum (Web.) Hampe
Ptilidium ciliare (L.) Hampe
Leafy liverworts

LICHENS

Parmeliaceae

Cetraria cucullata (Bell.) Ach.
Cetraria nivalis (L.) Ach.

Cetraria islandica (L.) Ach.
Cetraria richardsonii (L..) Ach.

.Cetrariaspp. /

Dacty/ina arctica (Hook.) Nyl.
Ciadoniaceae

Cladina rangiferina (L.} Harm

Cladina mitis (L.} (Sandst.) Hale and Culb.
Cladina'stellaris (Opiz) Brodo

Cl/adonia spp.

Cladonia coccifera

Cladonia uncialis (L.) Wigg.

Cladonia amaurocraea (Florke) Schaer..
Cladonia bellidiflora (Ach.) Schaer.
Cladonia cenotea (Ach.) Schaer.
Cladonia crispata(Ach.):F/ot.

Cladonia deformis(L.) Hoffm.

Cladonia ecmocyna (S.Gray) Leight.
Cladonia ecmocyna (S.Gray) Leight. var. intermedia (Robb.) Evans
Cladonia gracilis (L.) Willd. ssp. gracilis

Cladonia gracilis (L.) Willd. ssp. nigripes (Nyl.) Anhti
Cladonia gracilis (L.) Willd. ssp. turbinata {Ach.) Ahti
Cladonia phyl/ophora Hoffm.

Cladonia pleurota (Florke) Schaer.

Cladonia stricta (Nyt.) Nyl.

Cladonia sul phurina (Michx.) Fries

Peltigeraceae

F tigera aphthosa {L.) Willd.
Peltigera canina (L.) Willd.
Peltigera scabrosa Th. Fr.
Nephroma arcticum (L.) Torss.
Nephroma expallidum (Nyl.) Nyl.

Stereocaulaceae

Ste «acaulon tomentosum Fr.
Sterezcaulon paschalell.) Hoffm,
Stercocaulon spp.

Usneaceae

Alectoria ochroleuca (Hoffm.) Mass.
Alectoria nigricans (Ach.) Nyl.
Alectoria spp. -

Lobaria /inita (Ach.) Rabenh.
fchmadophila erictoreumn (L.)Zahlbr.
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Appendix VI*"DECORANA Ordination Site Coordinates
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Appendix VI

SN L e d a3t Haie mARnrDe ket m e e e

Above Treeline Non-treed Subalpine and Alpine Sites

DECORANA Ordination - Site Coordinates

. Site AX1 AX2 AX3 AXbL - ' I
"1 003 294 150 o 88 ' ‘g
2 ook \ 599 137 138 95 o
3 012 Loy oL 230 198
L 013 : 166 . 129 146 63 ! 1
6 017 N 316 112 296 289 -
7 018 - 172 -7 231 L8
8 020 601 162 163 30
. 9 026 121 235 194 146 ‘ : §
10 029 82 255 110 218 - g ’ : J
11 031 - 336 126 129 154 _ ;
12032 199 386 199 188 .. A
13 036_, . - 103 226 197 125 3
4 043 / 186 - 280 258 92 . . 3
16 0L6 2L 119 165 196 i
17 0L9 " 95 239 164 137 \ . p
18 050 113 221 182 13k . . .
19 060 . 74 87 169 99
20 061 231 37 297 37k
21 062 . 286 83 224 329
22 063 264 100 167 100
23 064 267 . 81 115 *87
2L 065 169 90 166 56 ~
26 - 069 133 340 131 186 N
27 070 91 212 85 126 ‘
28 071 216 18" 372 72 5
29 072 294 icC 276 0 »t
30 077 67 64 196 111
31 078 L8 101 177 155
32 081 262 116 132 129
33 088 . 170 175 201 . 132
34 089 5k 0 139 192
35 090 , 58 37 .16k 196 ;
36 095 . 11 123 16k 157 s ?
37 096 87 11k 172 122 :
38 109 : 76 300 165 149 :
39 111 325 198 276 72
Lo 126 174 164 246 132
L1 127 L8 105 174 166
L2 135 77 262 .108 158 - .
43 147 - " 51 109 156 106
44 150 . 0 75 185 244 . . —
L5 159 o 51 154 145 345 '
L6 158 24 169 327 121

L7 164 121 219 130 198




168
177

178 .

179
190
196
197
215
220
221
222
230
240
24
254

256

257

262

275

279

293
295
298
303
30k
312
317
318
319
323
326

- 332

335
336
340
341
354
355

372
37k

375
376

.382

397
398
Lo7
L21
k22
L25

L26 -
L29.

430
439
Lyo

128
51

93,

269

- 199

179
101

118

127
213
248

22

61

127

- 78

92
275
54
133
38

161

73

g2

121

139

87
122
101

18

54

30
210

1
224

L6
178

163

127

182
60

. 81

132

83
154
242

L7

212
25
218
S 54
92

113
229
229
k71
147
107

=166

130
252
260
104

110

108
227
15

168

257

290
207

12

190

170

212
180
172
191

284

236
220
178
219
102
224

169

85
139
184
188

206

213
224

3,

89
154
107
194
125
155
196

252

249
216

263
148
115
190

k9.

177

333

200
178
222
312

262

139
155

177

231

101 .

151
112

220

172
128
223
165
165
242

236

193
254
165
130
153
182
138
181

261
179
178 -

169

220

199
301
160
196
182

173

173
153
170

129
202
131
183

137

127

211
145
150
171

98

175

143
22
138

198 -

134
208
117
209
192
111
160
100
135
113

199"
153

108
140

170

157
187
172
137

211

134

151

184

164

108
117
145
151
107

142

]2
121
277
243
149
167
134
111
201

18]

232

'y
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110
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71
50
7h

- 82,

100

e

101

85"

165
236
176
257
260

6k

110
163
145
177
130
153
157
160

125
116

137

218
120
198
172

185

233
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ECORANA Ordination Coordinates

AX1 AX2
185 132
266 118
138 155
223 178
158 199
37 1715
L6 58
Bg 218
223 133
202 199
198" 69
122 65
79 235
165 50
180 225
287 50
257 95
102 209
116 209
183 9L
195 158
176 - 69
225 128
207 7h
87 53
224 160
225 106
11T 201
- 95 105
329 91
175 190
209 102
Le 9k
240 83
176 251
126 187
1.0 138
g2 177¢
248 103
-7 84
"R 55
o126
59 . °°
85 110
51 39
55 123
63 29 .

AX3

34
63
“80
48
L9
146
109
124
L3

15
103

T4k
161
137

L3
239

63
101

140

132
62
104

68

111

120

L2

6L

265
235
237
62
225
159
83
L
59
98
141
68

72

1

[e <AXe]

114

AXh

64
89
69
105

60
84
76

65 .

79
59
54

59-

83

212

6L -

112
86
65
87
76

83

56
88

= 80

52
41
24

160

75
134
60

81

92
137

130

102
72
8L
68
81
23
10
142
135
151

234



170
171
174
175
176
180
181
184
185

- 186
187

188
189
191
192
193
198
200
202
205

300

119
141
92
B6
46
33
91

247

Y96

203

95
263

73
177
164
216
165

83
158
150
172

73
- 31

ks
106
159
155
132
Ly
145
89
25
167
228

41

133

26
245
121

30
78
80

124

168
59

88

95

58
27
26
155
129

71

170
86
255
25

"y

103

224
g2
106
b
146

.97

272

20k
95 .

122
54
109

10k

127
110
84
L1
109-
L3
310

99

64
122
125
42
108
62
100
210
130
136
99
104
145
84
102
216
111
141
63
87
98

183
g0
89
53
68
98
Lo
70

162

161

‘149
154

k9

. 170

199
95

1

151

79

S 12k

10.3
14
88
51
53
58
71
115
233
109

118
101

97

115"

125

‘160

138
61
84
53

140

145

197

181
81
59

121
84

100

L9
71

111
54
52

130

105

123

131,

89
82
111
ke

235



102

103

104

105

106

107

108
109

110

111

112

113

114

115
116
117
118
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
iy
145
146
147
148

149

150
151
152
153
154
155

206
207
209
210
211
212
213
219
223
227
228
229
2131
232
233
237
239
242
243
246
247
248
255
258

259

261
263
2b L

265

268
272

27k

276
277
278
280
281
282
283
285
286
287
288
291

292

294

296

297
299

300

305
306
308

309

29.

116
50
67
3]
88

184

272
63
51

245

160
90

124

185
64

113

137

252

197

126

231

79
Lo

75

65
22
173
140
94
82
57
81
117
112
276
207
112
128
15
155
125
78
94
92
89
229
193
247
232
L3
135
86
81

181

171
95
193
220
93
172
51

170
113

112

79
143
21

30
136

L

15
70
37
84

113

83

99
122

133

"y

Y18

277

193
105
131
91
103
79

97
Y17
110
112

96
70
130
68
88
83
90
108
154
125
78
138
101
137
156
103
92
224
107
186
75
200
71
75
64
61
T4

15

95

196
117
717
139
132
78
75
72

199
164

238

99
96
81
110
202

122

166
151
102
111

93
128
105

236



156
157
158
159
160
161
162

163

164
165
166
167
168
169
‘170
171

172
173 .

174
175
176

177
178
179
180
181
182
183
184
185
186

187

188
189

190 -

191
192
193
194
195
196
197
198
199
200
201
202

203

20k
205
206
207
208
209

310
313
314
315
320
321
322
324
325
327
328
330
333

334

337
343
345
346
350
352
356 .
357
359
361
364
366
367
368
369
370
371
373y
3771 °
378
378
381
384
385
387
388
390

392

393

. 394

395
396
399
400
402
Lo3

Loy

Los
Loé6
Lo8

158
188
188
82
85
36
86

| 225

68
85
62
256
29
53
98
140
39
68
51
52
176
126
59
93
140
171
63
171

50

221
87
33
54
85
99
83
106

135

31
91

239

29
20
27

28
36

160
81
161
26
120
108

61
128
114
126
200
216
256

71
129
215

106,

80
54
91
233
120
206
85
109
173
188
220
100

103
108

170

162
156

B2
132

110

180
189
171

77

125 .

88.
166

52
93
86
122
111
65
62
128
72
126
126
L7
53
114
99

110
105
103
110

143
193

186

276
136
99
101
101
124
91
89
96
111
117
100
194
65

327
147

65
108
113

Thhy

517
154

w161
6k

136

139

111

95
170

122

119

130
160

101
152

.91

102
- 94
124
124

Ak

74
92
99
194
127
68
180
89
26
54
19
113
139

115
128
79
125
96
58

103 -

99
L7
175

102
98
128
63
76

2317
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210
211
212
213

214

215
216
217
218

219 .

220
221
222
223
224
225
226

227

228
229
230
231
232
233
234
235
236
237
238
239
240
247
242

243
244

245

246

409

b1

513
L1k
K16
L1y
428
b3k
L35
L36_
Wk
Lk 2

b3
453

L5k
456
457
458
k59
L60
463
b6k

" L66

L70
471
L72
h73
L7h
L75
L76
L82
483
L84
L85
L88
L89
491

81
31
92
88
155
L6
220
b3
128

33

91
230

117
86

123
264

75
277

56
62
233
192

269

145
10
60
93
ks

175
ol

250

224
70
kg

283

103

50 \gF*©
120 82
101 96
94 177
176 ¢ 119
157 73
78 89
107 7k
87 201
115 98
91 . 155
52, 74
60 148
23 169
36 208
86 107
51 9k
85 168
102 98
9o \164
BL 106
115 83
257 242
217 115
151 149
105 58
108 116
97 142
96 117
79 139
96 60
101 139
103 109
67 66
72 175
73 171
.. 68 63

238
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Appendix VI

cont.

Non-treed Below Treeline Sites

DECQRANA Ordination. -
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Site
2
5
7

-8
10
16
23
24
25
34
38
Lo
54
56
59
74

- 110

117
124
128
130
140

140
155

165 .
166
173
183
194
199
201

203

204

208 -

214,
216
217
218
224
225
226
23k
235

T 236

238

99
405

AX1
104
97
62
331
72

181

23

Site Coordinates

17 .

0

95
108

26
396
356

34
353
b3

L
142

85
427
132
386

62

L6

361

59

342

58
139
100
301
355

32
271
329
125

354

243
k15
91
57
110

Pd

AX2
143
132
152
203
170
235
166
169
154

205

125
137
233
169
190

28
174
100
198

184
274
229 .

207
218
159
174
178
360
19
29

202

228

234

13
24

171

204

0
110
239
199
163

1222

199
211

AX3
113
105
109
148
101
163

118

123
148
122
65
99
146
124
119
197
132
87
121
147
84
88
99
179
89
171
139

110
156

173
140

- 205

167

62
119
152

181

292

88
155
217

68
178

144

191

AXL

349°

352
330

239 |

303
389
336
338
343

266 -

386
340
321
328
291
210
329
374
k95

34k

230
245
455
346
412
349
333
265
352
245
321
383
343
314

320

345
294
219
354
266
L32
L18
373
338
367

.O

239



2k

245
2k9
250
260
266
267
269
270
271
284
289
290

301

302
307

311,

316
329
331
338
339

342

344
347
348

349

351
353
358
362
363
365
380
383
386
389
391
Lou

410

L2
L18
L27
L3
L32

L33

437
438
L7
161
162
165

L67
L68.

336
141
67
68
332

339
62
68
72

362

57

262
209
180
b99
388
1.2
365

221

94

81
33k
124

14
110
373
397
k29
123
259

375

279
3h

74
373
L22
382
L63
216
61
L13
16

- 35

297
Los
108

397
107

75

269
178

218

113

189

171

193
198
250
198
170

201,

120

1714_

229
147

208

205

240
317
1+

226

217
190

88
223
170
215
103
212
136
218

96

161

258

63
180
202

67
1794
2bo
208
131
202
253
177
171
295
174
217
147
230
202
26
156

145
109

154

88

154

127

155
185

180

155
134
111
196
186

68
141
150
103
141
122
170
175
116
198
130
147
314
164

136

174
2k9g
156
130

52
147
111
230

138
128
240
135

131

126
154
124
143
179
159

182

169
56

346
35k

352

300

b1k

346
289
354
370
363
3kl
334
381
401
331

314
ko9

320
31
297
361
356
292
374
334
335
L6
202
354
325
423
329
37k
375

348,

285

239 -

L58

399

125
Lo8
315
303
316
343
343
385
358

167 -
362

359
320

332

240
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N
102 469 152 .]7h 122 322
103 479 396 161 1566 357

10k 486 164 155 187 282
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Appendix VI cont,.
Non-treed Below Treeline Submesic Sites

DECORANA Ordination - Site Coordinates

Site AX1 AX2 AX3 AXhL
] 2 39 102 29 33
2 5 18 90 21 23
3 7 22 57 56 Ly
5 10 37 70 87 L
6. 16 173 76 15 25
7 23 31 11 72 61
8 24 36 6 67 57
9 25 36 3 b2 .72
10 34 101 124 1587 64
12 Lo 16. 83 36 .15
13 54 148 78 120 0
14 56 38 23 80 76
17° 110 L8 28 78 75
20 128 76 .23 66 56
23 14o 75 91 186 15 -
25 155 1556 102 73 67
27 166 9L 60 L9 84 .
28 173 63 k41 71 6l
31 194 99 26 68 51
33 201 - 91 Ly 95 30
34 203 202 61 66 33
35 204 150 ~ 48 99 27
38 216 6L 22 56 71
L1 224 0 126 3 14
L 235 150 . 30 64 35
L6 236 92 31 77 31
47 238 159" 7k 58 60
Lg 245 25 149 0 31
50 249 96 L8 59 5k
51 250 16 L 123 .91~
53 266 102 Lk 71 53
55 269 99 18 70 30
56 270 95 . 66 0] 95
57 271 127 34 60 55
59 289 63 43 67 L8
62 302 118 146 39 108
67 331 L9 38 95 109
69 339 140 L6 72 L8
70— 342 116 49 58 58
72 347 179 85 50 59 .
7 33 0 103
7%\*%h9 124 89 85 45
78 362 136 9k 88 80
83 386 83 57 54 54

84 389 50 57 148 33



90
92
93

98
99
101
102
104

b27
432
433
b7

Lo2

L6s
L68
L69g
L86

e

179

39
163
156
171
122
76
91
121

36
12
25

65

37
225
192

153

106

65
74
79

22
b5
11

L6
Lo
92
k9
L
37
61
71
146

243



Appendix VI

Non-treed Below Treeline - Subhygric Sites

DECORANA Ord4:;?>on - Site Coordinates
/

Si'te

8
38
59
7h
117
124
14
165
183
199
208
214
217
225
231
2Lk

260

267

©. 284

290
307
311
316
329
344
353

358

365
3837
391
Lo
Lo
k12
431
k37
438
Len

h67
479

cont.

AX)
167
97
177
131
75

113
118

85

207
124

L8
156

C L7

167
102
145

99
181

AX2

214

1237
"183

362
196

88.

109
130
96
344
287
144

207 .

181
152
160

63
127
228
268
198
176
118

99
244
215
176
201
229

294

132
195
149

163
240
280
178

AX3

206

123
166
97

159
102

22
138

79 .

56
145

101

AXL

102
118
114
104

87
113

120

128

k3

204
107
86
57
ok
717
90

79

244
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