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Appendix 2,

Soil Types of Big White Mountain classified

according to the American, German and World

FAC/UNESCO Classifications
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Appendix 3.

Iron and Aluminum Determinations
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Appendix 4,

Class Limits for Environmental Variables




The limits chosen are based on the range of values present

for each variable,

Variable

Altitude

Slope

Humus .

Mineral Soil

Rock

Soil Depth

Sand

Limits

H 7500-7600 ft.
M 7H00-7500 ft,

L7400 ft.
25-40%
10-25%
0-10%
66-100%
33-66%
0-33%
12-18%
6-12%
0-6%
66 -100%
33-66%
0-33%
22-26 in.
17-21 in,
12-16 in,
68-80%
54 -67%
40-53%

HR O& O R & o X OIn o ®E @I E IO =

Variable

511t

Clay

pH

Ca (me/100g.)

Mg {me/100g. )

Na (me/100g.)

K (me/100g.)

Limits
39-h9%
28-38%
17-27%

8-11%

o E oo

e

4-7%

L 0-3%
H>5.5

M 5.0-5.5

L 4.5-5.0
H>0.8

M 0.5-0.8

L 0.2-0.5
H>0,18

M 0.10-0.18
L 0.02-0,10
H>0,18

M 0.10-0.18
L 0.02-0,10
H>0.25

M 0.14-0,25
L 0.03-0.14




Variable

CEC (me/100g.)

P (ppm)

Idimits
H>40
M 25-40
L<25
H 15-20%
M 9-14%
L 3-8%
H>0.5%
M 0.4-0,5%
L<0.u4%
H 12-14
M 8-11

L 4.7
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Appendix 5.
Statistical Analysis

in
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Table 81

F Values for Envirconmental Variables1

Variable F Value
Altitude 2.2
Exposure . 2,63**
Slope b6 "
Wind 15,7077
Relief 0.80
Erosion 8.617"
Hygrotope 4#.78**

B Humus 20, 44"
| Mineral soll ' 1.99%
Rock 20,11%*
Depth of soil 2.58°"
Sand 3.2&**
Silt 2.59"
Clay 4,53%%
pH 5.94™%
Ca 1.84%
Mg | 5.33%%
Na 2,.41*%
K . 3.99%*
CEC 3.637"
oM 3.86" " -
N 2.98"F
P 184"

1 Community degrees of freedom = 18; Erropr degrees of freedom b3
¥ Significant at 5% level, ** Significant at 1% level
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Table 83

Key to Environmental Variables

Variable
Altitude

Exposure

Slope

Wind
Erosion
Hygrotops
Humus
Mineral soil
Rock

DPepth of soil
Sand

Silt

Clay

pH

Ca

Mg

Na

K

CEC

OM

Assigned Number

1

oo =y W

L S e S e B S S R VN T I o R LR SR
O W O =~y w2 O

22
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Table 79
Sotl Molsture Parcentages for Selected Alplae Communfties .
Comuntty tortzon 173 ™ TR st mvatiaote Horlzon  July 6/63  July 18/60  Aug,3/60  Aug,20/69
- Antepnarla - Sibbaldia Association .
Antennaria - S$1gbaldla ~ Saltx Varfation A 39,1 241 15,0 A 55,7 3.4 12.1 6.8
(Plot 27 A |
¢ 26,7 1.1 15,6 c 606 38.5 243 16,5
Juncus parry! Assoctation A 3.5 20.6 15,0 A 55,2 33.3 e 188
\ (Flot 12 - 4) B . 15,2 1,1 B 4,0 BS M 2.2 :
¢ 16,7 10,5 6.2 B+t 36.5 8.2 18 54
Antennaria lanata Assoctation A 67.9 3.2 38.7 A 169,8 115.9 98,1 51.1
(Plot 4 - ) B B2 2.2 8.0 ) 67.9 0.8 807 A
. ¢ 13,9 6.3 7,6 ¢ 90,1 1014 4.6 19,0
FPhyllodoca - Antennaria Association
Priyllodoce ~ Antennaria Varigtion 4 49,2 21.2 28,0 A 9.1 . W2 58,9 .3
(Plot 5 - &) B M4 s o e B B 6 B4 42,2
¢ 23,1 8.2 14,9 B+l 7.9 56.6 88,6 82,2
Ables ~ Plcea « Vaceinlum Association A 59,4 30,9 28,5 A 531 8.6 12,3 14,4
(Plot 54 ~ 14) g 6.5 26.0 20,5 g 49,8 3.4 B2
: ¢ 1743 10,0 T3 ¢ 56,2 6141 B A
Valeriana - Castilleia Association .
Valeriana - Casti]lefa Variation A 54,1 45,5 B.6 At 245,5 182,3 27,9 47,8
; (Plot 38 - LA) _, w2 180 M50 @0 3T :
Larex nigricans Asseclation - ;
Larex = Polytrichadelphus Varfation COA 0.2 54,3 15,9 A 215,7 21,5 10,5 52,5
(Plot 2 - &) B 62,5 23,0 3.5 8 2.2 120.3 NI X N ”_

£91
-




Community

Juneys parryl Assoctation

{Plot 55)

Phyllodoce - Antennaria Asseciation

Phyllodoce ~ Apkdnnaria Vartation

(Plat 57)

Ables = Pleaz - Vapcind

utt Associatien

{P1ot B1)

Yalartana - Castllsta Assoctation

Yaleriana - Castillata Vartation

{Plot 80}

Corex nigricans Assoctstion

Larex - Polytrichadalphus Vartation

{Plot 56

Table 80

Soil Motsture Percentsges for Selscted Subalptns Communtt!es

ortzon /38 O Bate,  mvallable  Mortzen  Jdy e/60 sy 1858 A, 3/60 Aug,29/69
A 48,6 52,0 16,6 A 0.5 2.5 9.6 10,7
¢ 21,7 15,7 6.0 ¢ 13,7 16,8 - B
! Iy 29, 19,1 A B2 .3 53,3 4.8
¢ 3.0 13.2 25,8 o 90.1 .6 63.3 4.7
. e 78,7 8.0 32,2 )
A 66,4 .6 26.8 A 10,6 8.3 2.6 0o
B 58,3 21,3 3.5 B+C M9 gn0 52.7 .0
¢ 34,2 1ha5 19,4 ¢ 3.4 8.9 - 2.3
A - 9.1 64,6 10.5 A - 20600 303,49 257,49 223.1
¢ 23,9 13.3 10.6 C 136,14 54,8 W5 1084
A 3.8 20,4 16,4 At 60.5 50,0 17,6 141
22 .2 1.3 19,9 a2 49,7 51.1 12,6 30,1
¢ 32.9 14,1 18.8 83 48,1 64.6 43,3 36,7
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Tabte 77 .
Sunmary of General Environmental Variables for all Loamunities ¥
Hineral Seit i
Conmuni ty Altit, Expos. Slope Reliaf Wind Erosien  Hygrotope  Humus  Sofl Rock  Depth
Juniperus communts Assoctation L] S H siraight strong nong xsric L L H L
&

Antennaria - S1bbaldta Assoelstion -
Antennaria - Sibbaldla - Salix Variation “H SSH L straight-convex  very strong strong xerie L M H H
Carex phasocephaia Vartation ¥ SE L straight vary strong  modsrate xeric ¥ L L L
farex brewsrt Variat!ion # SSE i . canvex very strong  strong xeric ¥ H L i

Juncus parryl Assoclation 4 $ o stratghteconvex strong sltght subxeric ] " ] ]

Antennarta lanata Asscciation H ERE L hummacky noderate shight mesic H M t H

Phvllodoce - Antennaria Assoctation
Phyllodose = Antennaria Vartation # SSH H humnocky noderate nong nasic i L L H
Antennars - Vacciniun Yariation H § M, straight moderate none submesic H L L i

Plcea engelmannil Assecia®lon H ESE H straight siroag nona submesic # L i L

Ables lasiccarpa Association H (AT} H stralght-convex strong slight masic M L H £

Abies ~ Plcea - Vaceinium Assocfation # S H stratght . strong slight mesic I L L L

Ables ~ Valariana Association L WS H concave roderate nong subhygric 4 L L i

Garex spactabliis Associdtion H SSW ! straight modarate neng hygric H i L i

Valeriana - Castillaja Association
Valeriara - Lastilleja Variatiog L WSH M concave shight none hygrig H L L L

. Jrollius tazus Variation L WSW ¥ mﬁwwmmyﬁ.noanm<m slight none hygric H L L #

Garex nigricans Asscciation '

Carex = Polytrichadelphus Vardation H SE L straight-concave slight nons hygric H L L H
Juncus - Cerax - Drepanociadus Variation L] NN L straight slight none subhydric H L L i
Polytrichua norvegicum Association H - L straight slight nonie subhydric 4 ] M L

Orepanocladus exannuiatus Assoctation L - L cancave Vstight nong subhydric i L L K

f L« tow, M =medium, H = bhigh

See Appendix & for class Halts
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Community

Teble T8 c

1

Summary of Physical and Chemical Sofl Data' for all Communities

CEC OM

=

Sand St {lay pH Ca Hy Na

Juti perus compunts Assoctation

Antennapia ~ Sibbaldia Assaciation
Antenparia - Sitbaldia - Salix Varlation
Garex phasocephala Variation
Carsx breuer! ¥ariation

Juncus parryl Association

Antennaria lanata Association

Phyllodoce - Antenraria Association
Phyllodocs - Antennarla Vardation
Antennaria « Vaceinium Variation

Pices engslmannii Asscciation

Abies tasiocarps Association
Abies = Plcea - Vaccinlum Association

Abigs - Valertana Asseciation

Larax spectabilis Association

Yaleriang ~ Castilleja Association
Valerlana ~ Castiiloia Variation
Troltlus Yaxus Variation &

Carex nigricans Association
Carex = Polytrichadalshus Variation

Juncus ~ Carex ~ Drepanocladus Vartation

Palytrichum norvegicun Association

Brepanocladus sxannulatus Assoctat!on

! L=lor, H=nedlon, ¥« high
See Appendix & for class imits

=
=
po 2nd

H I, L L L L L

= L F— =
L L anad [ el B aes
= & omoEo=
™~ o om=oE o
Ll S
E S e
— == [anul e
[nall -
Ll - e

— L [ = [ — -
U e A
Ll
A -
ESE A - T i
I -
mom o= o= e
= r~ ™ o & o=~
= = o=m = ~ ===

@
—
-
=
m
=
fr-=

=
-
~
=
o=
EOED
0
o
=4
pra g

—
= = o
== o -4

L
i
L
L

=R = ox

L i L L
H H H H
H M L L
L H L L

= = = [ - O [ A S aal e az

= ™~ oo

= = — fv L = o = E= | A==

= oo

— — ~ =

451

— g




v . R - . o . .

Ewings Landing 13 m E >ﬁn ,waxmsmﬁ.@iwﬂma<mﬁqm.uac: awﬁ%f

Vernon 20m :
o/ /
L

11 o_e o

/i A
~ SO @gv#ai,
§ "\ qu

@ﬁ@wﬁ
Al

/,,
e o o AL

pocweglt |
4 \mﬁﬁi&z:ﬂ: i
IR 1/ &i PRON PARK
L \ Okana i
e Missig

e \\w /

Bormend ) A




9. Summary and Conclusions

The purposes of thls research were to obtaln data on veget-
“ation and environment 1in an alpine-timberline area, to produce
an ecogystematlic classification of the vegetation, and to detepr-
mine the environmental factors important 1n the differentiation
of the plant communities. The main results of thls study are
. summarized below:
(1) Pourteen plant associations, with nine variations, are
distinguished and described along a general gradient of increas-
ing meisture., The communities are compared with thoss desceribed

in other alpine and subalpine areas.

The Juniperus communls Association occurs over rock outcrops

on ridges and slopés in the alpine and low alpine areas.

The Antennaria lanata - Sibbaldia procumbens Assoclation

occurs on ridgé tops, primarily in the alpine area, The assoc-

iation is subdivided into three variations: Antennaris lanata -

Sibbaldia procumbens - Salix cascadensis Varlation, Carex phaeo-

cephala Varilation, and Carex breweri Variation. N

The Juncus parryl Assoclation occurs on south-facing slopes

in the alpine and low alping areas., It is less well developed
in the subalpine parkland, occurring there on slopes and ridges
with a southern exposure.

The Antennaria lanata Association occurs at the base of

slopes, on ridgés and on slopes in the alpine and low alpine
.areas,

The Phyllodoce empetriformis - Antennaria lanata Aasociation

ocours mainly'on slopes in the aipine, low alpine and subalpine
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parkland areas. The association is divided into two varlations:

Phyllodoce empetriformls - Antennaria lanata Varlation, and

Ahtennaria lanata ~ Vaccinium agopvarium Variation.

The Picea engelmannil Assoclation, represented only by one

plot, occurs on a ridge in the alpline area,

The Abiles lasiocarpa Assoclatlon also occurs on ridges in

the alplne area,

The Abies lasiocarpa - Plcea engelmannil - Vaccinlum scop-

arium Assoclatlon occurs mainly on ridges in the alpine, low

alpine and subalpine parkland areas.

The Ables lasiocarpa - Valeriana sitchensis Assoclation
occurs on seepage slopes 1n the subalpine parkland, -

The Carex spectabilis Assoclation occurs on slopes with

temporary seepage, mainly in the alpine and low alpine areas,

The Valeriana sitchensis - Castillela elmeri Association

occurs on seepage slopes in the subalpine parkland and, less
fregquently, in the alﬁine and low alpine areas. The assoclation

is divided into two varlations: Valeriana sitchensis - Castill-

eja elmeri Variation, and Trollius laxus Variation.

The Carex nigricans Assoclation occurs in snow basins,

depressions and tempérary ponds in the alpine, low alpine and
subalpine parkland areas. The association is divided into two

varlations: Carex nigricans - Polytrichadelphus 1lvallii Variat-

ion, and Juncus mertensianus - Carex nigricans - Drepanocladus

axannulatus Variation.

The Polytrichum norvegicum Assoclation occurs in- temporary

"ponds in the alpine arega.

»
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The Drepanocladus exanpulatus Assoclation, represented by

only one pleot, occurs as a narrow band around the edge of a

~temporary pond in the subalpine parkland. R
(2) Tne soils are classif;ed according to theCanadian system.

of 801l classification {Canada Soil Survey Committee, 1970).

The orders and soll types represented 1n the study area are:

‘Brunisolic - Alpine Dystric Brunisol; Regosolic - Orthic Regosol;

Podzolic ~ Sombric Humo-Ferric Podzcl, Scmbric Ferro-Humic
Podzol, Mini Ferro-Hgm;c g;dzol, and Orthic Humic Podzol; Gley;
solic - Rego Humic:bleysol, Fera Humic Gleysol, Orthic Humlc
Gieysol and Rego Gieysol The communities aésociated with each
soll type are presented in detall, with a discussion on the
lack of close correlation between soil types and vegetation
types. - ~

(3) The soils are‘generally shallow, with weak horizon develop-
ment (excluding the podzols), Soll development appears to be
proceeding slowly. Important chemical properties are the - 7
acidic pH, narrow carbon:nitroéen ratios, low catlon exchange

capacities, and very low amounts of exchangeable cations,

(4) The distribution of the: tree spécies in the area, together

with selected dlameter, height and age measurements, 1s discussed.

The krummholz groﬁih form of trees occurs on ridges in the alpine

area, while trees occur on ridges and seepage slopes in the

subalpine parkland. The subalpine trees are much older than -
those in the alpine area. It is suggested that there has been

a recent migration of tree specles into the alpine area. There 5

. are Insufficient data to correlate the migrations with a ' -
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climatic change,

(5) The cecurrence of conifer seedlings and shrubs in alpine

and timberline communities {exclusive of the sampled tree islands)
i3 presented. No conifer seedlings were observed in the tree
Iisland communities, More seedlings were found in the Antennaria-

Sibbaldia - Salix community than in any other.

(6) a synthesis table Including charécteristic specles and high-
presence species for all assoclations 1s discussed, In general,
bbth the characteristic specles and the high-presence species
follow the moisture-trend. Specles occurring in associations
for which they are not characteristic are usually much less
important in those associations. -

{(7) Floristic similarity indices were calculated a) between

all plots and b) between all assoclations and varlations., Simi-~
larity matrices are inecluded in the description of the communit-
_1e3 to show the vaiues_of plots within an assoclation. Plots
within an association_generallé have their highest similarities
to each other rather than to a plot 1n another association.
Variations of an assoclation show up clearly in the similarity
matrix. In comﬁaring'the assoclations and variations with each
other, the highest affinities of each community are presented.
In general, there is*a very low degree of similarity among the
cemmunities} It is concluded that the indices of similarity
support the classification system.

(8) The topographic-altitudinal relationships of the alpine

and subalpine communitles are presented,

(9) The environmental data are summarized for each community

as being low, medium or high (in relation only to the present
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data), 'The communities hf?a§rouped according to hygrotope,
and the envirennental factors are discussed for each group.
(10) a one -way analysis of varifnce was done for-each environ-
mental variable, All factors are significant at the 1% level
2xcept for mineral soil,\calcium and pPhosphorus, which are
significant at the 5% level, and relief, which is not signific
ant,
(il) Based on Duncan's New Fultiple Range Test, the environsent -~
-al factors which are significant in differentiating €ach commun-
ity are outlined. It is concluded that the general environmental
factars are more slgnificant in distinguishing the communities
than the physical and chemieal 801l properties. Hygrotope is
the most important of the general environmental factors,
(12) Soil moisture was studied fop a8 number of communities in
the alpine an&_;gbalpine parkland areéé. Availag;a water gener-
ally decreases withrdepth’ The amount of available water in
the surface and subsurface hoﬁizons is compared for corresponding
alpine and subalpine communitﬁp ‘A greater amount of avallable
water at depth is PG posed a8 an explanation for the better
grewth of trees in the 'subalpine parkland,

The actual fileld moisture values are discussed for each
community; A numbgr of the communities fall b;low pPermanent
wilting percentage for part of the Summer, and thus undergo
501l moisture stress, ‘

(13) A detailed discussion of vegetation zonation 1s presented,

It is concluded that the subalpine parkland area belongs to the

Engelmann Spruce - Subalpine Fir Zone, and the alpine and low
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*

alpine areas comprise the Alpine Zone. The Subalpine parkland ™
and parts of the low alpine area constitute the ;imberiine veget-
ation. The alpine zone _in the 3tudy area 1is not as well devel-
oped as on the coast or in the Rocky Mountains.

(14) It is concluded that much further work needs to be done in

order to properly characterize the alpine zone in British Colum- .

bila.
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medium (in the Picea and Abies Associations). Améng the physiecal

and chemical soll factors, calcium, catlion exchange capacity,
organic matter, nitrogen and phosphorus vary among the compuniy-

ies. Sand is high, while £ilt and c¢lay are low (medium clay in

the Abies - Picea - Vaccinium Association)., The pH ranges from

low in the Ables lasiocarpa and Abies - Picea - Vaccinium Assoc-

iations to medium in the other communities. Magnesium is

generally low {(the exception being the Abies lasiocarpa Assocla-

tion). Sodium is medium and potassium is low (exceptions for
both being the Picea and Ables Associations).

The hygric group contains five communities: the Ables -

Valeriana Association {(rated as subhygric), the Carex spectabilis

Association, both variations of the Valeriana - Castilleja Assoc-

jation, and the Carex - Polytrichadelphus Variation of the Carex

nigricans Associatién. Altitude, exposure, slope and soll depth
are the general environmental factors which vary among the
communities. Relief ranges from straight to concave, Wind 1s

moderate in the Abies - Valeriana and Carex spectabilis Assoc-

iations, and slight in the others. There is no evidence of
erosion in any of these communities. Humus is high (except for

the Abies - Valeriana Association), mineral soll is low (the

exception being the Carex spectabil;s Association), and rock is

low, Calcium, magnesium, potassium and cation exchange capacity
are the soil factors which are variable among the communitiles,
Sand ranges from high to medium, while silt and clay are low

(with the exception of silt in the Carex - Polytrichadelphus

Variation). The pH ranges from low to medium. Sodium ranges
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from high to medium. Organlc matter 1s high in the Valeriana -

Castilleja Associlation, and mediwm in the other communities.

Nitrogen 1s generally high (except for the Carex spectabilis

Assdciation), and phosphorus is medium (the exception being the

Valeriana - Castilleja Variation}.

Three communities make up the subhydric group: the Juncus-

Carex - Drepanocladus Variation of the Carex nilgricans Associat-

ion, the Polytrichum norvegicum Assoclation and the Drepanocladus

exannulatus Associaztion. Among the general envircnmental factors,

altitude is variable, Exposure is generally neutral (except for

the Juncus - Carex - Drepanccladus Variation}, slope is low,

relief is straight to concave, wind is slight, and there 1is no
erosion. Humus is high, mineral soil and rock are low, and soil

depth is medium (the exception in all cases being the Polytrichum

norvegicum Association). Among the physical and chemical soil

factors, sand 1ls low, silt 1s high and pH is high (the exception

in all cases being the Polytrichum norvegicum Association).

Clay is high, while organic matter and nitrogen are low (with

the exception of the Drepanocladus exannulatus Association).

Caleium, magnesium and potassium are all low (except for the

Juncus ~ Carex - Drepanocladus Variation). Sodium is medium,

while cation exchange capaclty and phosphorus are low.

The two variations of the Carex nigricans Assoclation were

placed in different hygrotope groups in the above discussion.
From Tables 77 and 78, it can be seen that these communitles do

differ from one another mainly on the basis of physical and

chemieal soil factors. This does not mean that the classification
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of these communities should be alterced, but merely indicates
environmental differences between them (which is helipful in sub-
dividing an association). It is interesting to note that the

variations of the Valeriana - Caétilleig Assoclation also differ

mainly due to soll factors. However, the variations of the

Phyvllodoce - Antennaria Association and the Antennaria - Sibbal-

dia Association differ equally in respect to both general envir-
onmental factors and physical and chemical soil factors.

A one-way analysis of variance was done for each environ-
mental variable {o determine which factors are significantly
different between communities. The F values are presented in
Table 81, Appendix 5. Altitude, exposure, slope, wind, erosion,
nygrotope, humus, rock, soil depth, sand, silt, clay, pH,
magnesiuwn, sodium, potassium, cation‘exchange capacity, organic
matter and nitFOgen‘are all significant at the 1% level. Mineral
s0il, calcium and phosphorus are significant at the 5% level,
Relief 1is not significant, In order to distinguish the commun-
ities which are significantly different on the basis of each
environmental variable, Duncan's New Multiple Range Test was
done, a test which has proved to be a very useful tool, The
results are shown in Table 82, Appendix 5. Based on this table, -
as well as Tables 77 and 78, the communities are discussed
below, mentioning (in order of importance) the group of envir-
onmental factors which are significant in differentiating each
community from all others,

The Juniperus communis Assoclation 1s best differentiated

by its low humus, high rock, xeric hygrotope and high slope. It
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1s somewhat less differentiated by its strong wind, high cation
exchange capacity and low pH.

In the Antennaria - Sibbaldia Association, the Antennaria -

9ibbaldia - Salix Variatlon 1is differentiated by its high rock,

strong erosion, xeric hygrotope, low humus and very strong wind.
Other less important factors are its medium pH, low nitrogen,

low organic matter and high sand. The Carex phaeocephala Varia-

tion 1s best separated by its medium rock, medium humus, xeric
hygrotope and very strong wind. Another less important factor

is its medium sand. The Carex breweri Varlation is distinguished

by its xeric hygrotope, strong erosicn and very strong wind,
and, to a lesser degree, by its medium pH and medium humus.

The Juncus parryi Asscciatiocn is differentiated by its sub-

xeric hygrotope, strong wind and medium humus, and, to a lesser
degree, by its medium rock and low pi.

The Antennaria lanata Association is best separated by 1ts

medium mineral soil and mesic nygrotope, and less by its high
soil depth, medium pH, low rock and moderate wind.

In the Phyllodoce - Antennarla Association, the Phyllodoce -

Antennaria Variation is best distinguished by its mesic hygro-

tope and, to a lesser degree, by its high humus, moderate wind,

lack of erosion and low rock. The Antennaria - Vacciniunm

Variation is best differentiated by its submesic hygrotope, and
less by its high humus, 1ow rock and moderate wind.

The Picea engelmannii Associatlon is separated by its sub-

mesic hygrotope and, to a lower degree, by 1its medium humus,

medium rock and strong wind.
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The Abies lasiocarpa Association is distinguished by 1itis

high cation exchange capaclty, mesic hygrotope, medium humus
and strong wind, and less by 1its medium rock, low pH and high

organic matter.

The Abies - Picea - Vaccinium Assoclation is best differ-
entiated by its mesic hygrotope and medium humus and, to a less-~
er degree, by its strong wind and low pH.

The Abies - Valeriana Association is separabted by 1its sub -

hygric hygrotope and medium hwmus, and less by its moderate wind,
low altitude and low pH.

The Carex spectabilis Associatlon is best distinguished by

its hygric hygrotope, and, to a lowen degree, by 1its high humus,

low rock, moderate wind and low pH.

Tn the Valeriana - Castille ja Assoclation, the Valeriana -

Castilleja Variation is differentiated by its hygric hygrotope,

and less by its high humus, slight wind, low rock and low pH.

The Trollius laxus Variation is separated by its high magnesium,

high potassium, hygric hygrotope and high humus, and, to a
lesser degree, by its slight wind and low rock,

In the Carex nigricans Association, the Carex - Polytrich-

adelphus Variation is distinguished by 1its hygric hygrotope,
slight wind and high humus, and less by its low rock, medium

s1lt and medium sand, The Juncus - Carex - Drepanocladus

Variation is best differentiated by its high pH,'low sand, high
clay and subhydric hygrotope. It is less well differentiated

by its high humus, slight wind, high silt, low organic matter

and low rock..
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The Polytrichum norvegicum Association is best separated

by its high clay, subhydric hygrotope, medium rock, neutral
exposure and medium humus, Other less important factors are its
low slope, slight wind and low organic matter.

The Drepanocladus exannulatus Association is best distin-

guished by its subhydric hygrotope and high humus, and less well
differentiated by its high pH, slight wind, low rock, nigh silt
and low sand.

From the above discussion, it appears that general environ-
mental factors ars more significant in distinguishing the commun-
ities than are physical and chemical soil properties. Except-

ions to this are the Trollius laxus Variation, the Juncus - Carex-

Drepanocladus Variation, the Abies lasiocarpa Assoclation and,

to some extent, the Polytrichum norvegicum Association. Fonda

and Bliss (1969) found that soil fertility levels had no effect
on community type distribution, Among the general environmental
factors, hygrotope is the only one which constantly contributes
highly to the differentiation of the communities. This fact
substantiates the statement made earlier that hygrotope 1s the
most important factor in delimiting the various'communities.

B, Soil Moisture

Séil molsture was studied in detail because of the prev-
lously-mentioned faet that hygrotopé is the most important
factor in distinguishing the communities. Two main aspects are
discussed below - available water and actual field molsture
values, Available water is considered to be important because

it is the only portion of the water supply which 1s actually
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available for plant growth. The primary imporiance in discuss-
ing the actual field molsture values is to see whether this
value is less than the permanent willting percentage, which would
cause soil moisture stress to the plants.

Tables 79 and 80 present soll moisture percentages for a
selected number of communities in the alpine and suﬁalpine park-
land areas.

As expected, avallable water generally decreases with depth
{Fonda and Bliss, 1969) in both the alpine and subalpine commun-

ities., However, available water in the Valerizna - Castilleja

Variation in the subalpine parkland is approximately the same

in the A and C horizons. In the Phyllodoce - Antennaria Variat-
ion, avallable water inecreases with depth in the subalpine park-
land. Available water also increases with depth in the Carex -

Polytrichadelphus Vériation, in both the alpine and subalpine

areas.,
The amount of avalilable water in the surface and bottom
horizons is similar in both alpine and subalpine communities of

the Juncus parryi Association. For the Phyllodoce - Antennaria

Variation, the surface horizon has somewhat more available

water in the alpine site, whereas the bottom horizon has higher

available water in the subalpine site. In the Ablies -~ Picea -
Vaceinium Association, the surface horizon has similar quantit-
ies of available water in both the alpine and subalpine areas.
However, both the B and C horizons have more available water in

the subalpine site., Since trees have deep rootling systems, the

greater amount of water avallable at depth may be an explanation
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for the better growth of trees in the éubalpiné parikland, In a
study by Patten {1963), availability of water was believed to

be assoclated with the most common limitigg factors for tree
growth and establishment in the particular study area in Montana;
It was further stated that if the availability of water were
increased, the forested areé would expand at the expense of the
non-forested areas., Available water in the surface horizon of

the Valeriana - Castilleja Variation is similar in the alpine

and subalpine parkland areas., For the Carex - Polytriq@adelphus
Variation, the surface horizon has similar amounts of available
water in <he alpine and subalpine sites; however, there is much
more available water in the subsurface horizoﬁ In the alpine
site,

The actgal fiéld moisture values for each community are dis-
cussed below., In general, moisture decreased throughout the

summer. For the Antennaria - Sibbaldia - Salix Variation, the

surface horizon fell below permanent wilting percantage (PWP)
from the beginning of August onward, while the subsurface

horizon remained above wllting percentage. In the Juncus parryi

Assoclation at the alpine site, the surface horizon fell below
PWP at the beginning of August, while the subsurface horizons
always remained above field capacity. At the subalpine site,
the éurface horlzon dried out below PWP from the middle of July,
and the subsurface horizon remained at or below wilting percent-

age for most of the summer. The Antennaria lanata Associlation

and the Phyllodoce - Antennaria Variation {in both the alpine

and subalpine areas) generally remained above field capaclty
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ghroughout the summer in the surface and subsurface horizons,

In the Abies -~ Picea - Vaceinlum Assoclation, the surface horizon

fell below PWP from the beginning of August onward, in both the
alpine and subalpine sites, The C horizon at both sites always
remalined above PWP, However, the B horizon in the alpine area
fell below wilting percentage for a period in Augusﬁ. Both
surface and subsurface horizons remained above f{ield capacity

throughout the summer in the subalpine Valeriana -~ Castilleja

Variation, due to the constant supply of secpage water. In the
alpine area, the surface horizon dried out below PWP during a
period in.August, there being less seepage on an alpine slope

than on a subalpine one. In the Carex - Polytrichadelphus

Variation, the subsurface horizons remained above PWP through-
out the summer, at both the alpine and subalpine sites. At the
subalpine site, the surface horiion fell below wilting percent-
age at the beginning of August, whereas at the alpine site this
did not occur until the end of August,

Thus, certain communities in the study area undergo soil
moisture stress, This has been reported in a number of alpiﬁe
areas (Klikoff, 1965; Johnson and Billings, 1962; Billings and
Bliss, 1959). In contrast, Bliss (1966) on Mt. Washington, New
Hampshire, and Bamberg and Major (1968}, working in Montana,
~ found soil moisture not to be critical.

C. Topographic-Altitudinal Relationships

In this section, the communities are discussed according
to decreasing altitude within the topographic categories of

ridges, slopes and depressions, This arrangement 1s essentially
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a reordering of the seqguence presented in section 4, in order
to show the relationships of the communities from a different
aspect. In general, snow cover would increase f(rom ridges,

which are wind-blown, to depressions with the greatest accumu-

lation of snow,

In the alpine arez, the Antennaria - Sibbaldia'ﬁssociation

oceurs on the highest ridges. According to Krajina (personal

communication), the presence of Sibbaldia procumbens indicates

that there is heavy snow cover on these ridges {perhaps as
cornices), contrary to the general snow-free condition existing
on ridge tops. This community is prabably subhygric at the

beginning of the vegetative season, becoming xeric at the end

of the vegetative season, The Picea engelmannii and Abies

lasiocarpa Assoclations also occur on ridges in the alpine area, -

but in mesic habitats. These three assoclations are not present

in the subalpine parkland., The Abies - Pic¢cea - Vaccinium Assoc-

iation, which is a mesic community, occurs on lower ridges in
the alpine and low alpine areas, and on high ridges in the sub-
alpine parkland., This association is, of course, much more
wildespread in the subalpine parkland,

Seven communities occur on slopes. The Antennaria 1anéta

Association occurs on very gentle slopes in the alpine area, but
is lacking in the subalpine parkland, It is a mesic community.
The hummocky terrain found in this association may be the result

of frost activity. The Phyllodoce - Antennaria Assoclation,

also mesic, is found on medium slopes in both the alpine and

subalpine parkland areas, The Juncus parryi Association occurs
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on scmewhat steeper slopes than the Phyllodoce - Antennaria

Association. It differs considerably from the latter in being
subxeric in hygrotope, and would have shorter snow duration. It
occurs in both the alpine ang subalpine parkland areas, but is

more prevalent in the alpine area. The Juniperus}communis Assoc-

lation, a xeric community, is found on very steep slopes in the

low alpine and alpine areas cniy. The Carex spectabilis Assoc-

lation is best represented in the low alpine area on slopes with
temporary seepage; it is pPractically lacking in the subalpine

parkland., It is a hygrie community. The Valeriang - Castille ja

Association, also hygric, occurs on Seepage slopes rich in
nutrients in the low alpine and subalpine parkland areas, This

assoclation is most frequent in the subalpine parkland. The

subhygric Abies - Valeriana Association occurs also On seepage

slopes in the subalpine parkland. This community is present on

the same slopes as, and adjacent to, the Valeriana - Castille ja
Association, but is much less_frequent.

The Carex nigricans Association, rated as hygric to sub-

hydrie, is found in depressions with a long duration of snow,

This community is common in the alpine, low alpine and subalpine

parkland areas. The Polvtrichum norvégicum Association, which

is subhydric, occurs in temporary ponds in the alpine area. It
has théllongest snow duration of all the communities, There is
a sorting of rocks in one plot, which may indicate the existence
of frost action., A similar habitat in the subalpine parkland is

cccupied by the subhydriec Drepanocladus exannulatus Association,

In this case, the pond dries up at a later date than in the
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Polytrichum norvegicum Assoclation.

D, Soil Types and Plant Communitles

In the community descriptions (section 4), the soils assoc-
iated with each community were mentioned., Very few communities
are confined to one soil type. In this section, the alternative
approach 1s followed: that 1s, the communitles assodclated with
each soil type are presented, None of the soll great groups
and only three subgroups are restricted to a particular commun-
ity. The use of both these approaches is helpful in providing
more information about the interrelationships of soils and veget-
ation,

Alpine Dystric Brunisols are found in elght communitiles,

mainly in the Phyllodoce - Antennaria Association (both variat-

ions) and in the Abies - Valeriana Association. Other commun-

ities with this soil type are the Carex -~ Polytrichadelphus

Variation of the Carex nigricans Assoclation, the Carex spect-

abilis Association, the Antennaria lanata Associlation, the

Juncus parryi Association and the Antennaria - Sibbaldia -~ Salix

Variation of the Antennaria - Sibbaldia Associlation,

Orthic Regosols occur in twelve communities, predominantly

the Juniperus communis Association, the Antennaria - Sibbaldia

Association {all three variations), the Valeriana - Castilleja

Variation of the Valeriana - Castiileja Association, and the

Juncus parryi Association. Less frequent occurrences are with

the Carex spectabilis Association, the Trollius laxus Variation

of the Valeriana - Castilleja Association, the Carex - Poly-

trichadelphus Varilation of the Carex 5igricans Association, the
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Phyllodoce -~ Antennaria Variation of the Phyllodoce - Antennarig

Association, the Abies lasiocarpa Association and the Picesa

engelmannli Assocliation.

In the Podzolic Order, Sombric Humo-Ferrlic¢ Podzols are

associated with six communities, mainly the Phyllodoce -

Antennaria Variation of the Phyllodoce - Antennaria Assoclation,

and the Juncus parryl Assoclation. The other communities are

the Antennaria - Sibbaldia Association (Antennsria - Sibbaldia -

Salix Variation and Carex breweri Variation), the Antennaria

lanata Association, and the Polytrichum norvegicum Assoclation.

Sombric Ferro-Humic Podzols occur mainly in the Abies -~ Picea -~

Vaccinium Association and the Juncus parryl Association. Other

occurrences are in the Carex spectabills Associatlion, the

Phyllodoce =~ Antennaria Variation of the Phyllodoce ~ Antennaria

Association, and the Carex - Polytrichadelphus Varilation of the

Carex nigricans Association. Of infrequent occurrence are Mini

Ferro-Humic Podzols, associated with the Antennaria lanata Assoc-

lation and the Abies laslocarpa Associaﬁion, and an Orthic Humic

Podzol found in the Abies - Picea - Vaccinium Association.

In the Gleysolic Oprder, the predominant soil type 1s the
Rego Humie Gleysol, which occurs mainly in the Valeriana -

Castilleja Association (both variations) and the Carex nigricans

Association (both variations). It is also found with the Drep-

anocladus exannulatus Association and the Polytrichum norvegicum

Association. The other soil types in this order occur very
infreguently. The Fera Humic Gleysol 1is associated with the

Valeriana - Castilleja Variation of the Valeriana - Castillefa
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Associgtion, and the Carex - Polytrichadelphus Variation of the

Carex nigricans Assoclation. The Orthic Humic Gleysol and Rego

Gleysol are both found in the Trollius laxus Variation of the

Valerlana - Castille ja Associlation,

Soils and vegetation have been considered as dependent
fariables, both dépending on the same group of ecoéystem factors,
according to the following equation (Jenny, 1941; Major, 1951;
Crocker, 1952): V and S = f (cl, o, r, p, t) where V is veget-
ation, S5 1s soil, and the factors are climate, organisms, relief,
parent material and time., Thus soils and vegetation are not
causally related to each other, A given set of environmental
factors p;oduces a certain vegetation type and a soil type.

It 1is interesting to note that the vegetation types and
s0il types found in.the present study are not very closely
related, The Canadian soil classification scheme for alpine
soils, as used here, Is essentlally tentative, as very little
work has previously been done in alpine regions, It isZ;he name
| of the soil, as such, which is Important, but the processes which
are acting to produce a given set of horizons which is of signif—
icance, Unfortunately, very little 1s yet known about soil
genesis In alpine environments. One reason for the lack of
correlation between vegetation and solls may be the relatively
young age of the area, not enough time having elapsed since
glaciation for the maximum development of the soils. Anocother
explanation may be the fact that physical environmental factors

(such as low temperature and frost activity) can reduce the

effect of the time element, thus slowing the development of the
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soi;s. Tt is also important to realize that the vegetatlion and
solls were-compar&d at different levels in their respectlve
classification systems. The vegetation unit used 1s the assoc-
1ation (or variation), which is very specific, while the soll
subgroup 1is a more generalized abstract category. A much closer
correlation between soll typeg and vegetatlion types would be
produced 1f the plant communities were compared with the soil
series, since the series is a specific unit of the landscape.

However, such & comparison was notl possible, as no detailed soil

map was avallable for the study area.
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8. Vegetation Zonation

Throﬁghout this thesis, reference has been made to alpine,
low alpine and subalpine parkland areaé. It is necessary now
to explain how these arecas fit into an altitudinal zonation
scheme,

The lowest area is the subalpine parkland, ranging in
altitude from ca. 7100 to THOO feet. This area is considered
‘as the upper part of the interior Engelmann Spruce - Subalpine
Fir Zone. This zone has been divided into three geographic
subzones, within which parkland areas occur at the higher alti-

tudes (Krajina, 1969). For the coastal subalpine zone, the

parkland area has been described as a subzone of the Mountain

Hemlock Zone (Krajina, 1965). The low alpine {ca. T400-7500

feet) and the alpine (ca. 7500-7600 feet) areas comprise the

Alpine Zone (after Krajina, 1965). The timberline vegetation

is composed of the subalpine parkland and parts of the low
alpine area, and 1s essentlally a transition area or ecotone
between the closed subalpine forest and the alpine zone.

Since there is such a small elevational difference between

the subalpine parkland and the summit of the mountain, it may

be suggested that the entire study area belongs to the Engel-

mann Spruce - Subalpine Fir Zone. According to Krajina (1959),

the Aléine Zone in the southeast of British Columbia extends

above 7500 feet. This would place the summit of Big White in

the alpine zone,

An examination of specles listed as characteristic for the

alpine and/or interior subalpine zones by Krajina (1959) revealed
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the following information about the flora of Big White: 56/73
vascular plants and 33/87 bryophytes and lichens on Big White
are characteristic of the alpine zone; 26 vascular plants and
10 bryophytes and lichens are characteristic of the interior
subalpine zone. Upon subtracting the number of species listed
as characteristic for both the alpine and subalpine‘zones (18
vascular plants, and 8 bryophytes and lichens), the revised
figures are as follows: 38 vascular plants ani 25 bryophytes
and lichens are characteristic of thaal?ine zone; 8 vascular
plants and 2 bryophytes and lichens are characteristic of the
subalpine zone, Therefore, floristically, the study area belongs
to the alpine zone. This conclusion can be considered valid,
since it is based on a list of plants characteristic of the
alpine zone as found throughout British Columbia. However, a
comparison can not be made from one geographic area, such as
the Rocky Mountains or the coast, to another, As Krajina (1959)
stated, "there are possibly several alpine zones which could be
separated on the basis of their phytogeographic and macroclimatic
characteristies."

The alpine zone hés been generally defined as the area
above timberline. However, timberline itself 1s variously
interpreted as being the elevation .of the forest line (the
upper edge of continuous forest), the tree line (altitude of the
highest stunted tree), or a point midway across the transition
zone between forest and alpine tundra (Daubenmire, 1955). The

definitive emplirical climatic data which are used by Krajina

(1965) to determine the alpine zone are the monthly mean
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temperatures being below 50°F throughout the year (after Kdppen,
1936). Unfortunately, there are no detailed climatic measure-
ments from the study area. However, climatic data from 014
Glory Mountain, to the south of Big White, indicate that its
summit {7700 feet) belongs to the alpine zone, This suggests
that the summit oleig White will also climatically’belong to
the alpine zone,

Much of the area studied is located in the transition area
between the forest and alpine regions, and is called timberline
vegetation. However, it is concluded that the upper part of
Big White Mountain constitutes the Alpine Zone, although it is
certainly not as well developed as it is in the coastal area or
in the Rocky Mountains. As there are no other detalled veget-
ation studies in al?ine areas of interior British Columbia for
comparison, no geneéa}izations can be drawn from the present
study as to the exact characterization of the interlor alpine

zone. Much further work thus needs to be done in this neglected

area of plant ecology in British Columbia,
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Q. Summary and Conclusions

A

The vpurposes of this research were to obtain data on veget-
ation and enviropment in an alpine-timberline area, to produce
an ecosystematic classification of the vegetation, and to deter-
mine the environmental factors important 1n the diffefentiation
of the plant communities. The main results of thls study are
summarized below:

(1) Fourteen plant assoclations, with nine variations, are
distinguished and descrlbed along a general gradient of increas-
ing moisture. The communities are compared with those described
in other alpine and subalpine areas.

The Juniperus communis Association occurs over rock outcrops

on ridges and slopes in the alpine and low alpine areas.

The Antennaria lanata - Sibbaldias procumbens Association

oceurs on ridge tops, primarily in the alpine area. The assoc-

iation is subdivided into three variations: Antennaria lanata -

Sibbaldia procumbens - Salix cascadensis Variation, Carex phaeco-

cephala Variation, and Carex breweri Variation.

The Juncus parryl Assoclatlion occurs on south-facing slopes

in the alpine and low alpine areas. It is less well developed
in the subalpine parkland, occurring there on slopes and ridges
with a southern exposure. |

The Antennaria lanata Association occurs at the base of

slopes, on ridges and on sleopes in the alpine and low alpine
areas,

The Phyllodoce empetriformis - Artennaria lanata Association

oceurs mainly on slopes in the alpine, low alpine and subalpine
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parkland areas. The assoclation is divided into two varlations:

Phyllodoce empetriformis - Antennarla lanata Variation, and

Antennaria lanata - Vaceinlum scoparium Variation.

The Picea engelmannii Assoclation, represented only by one

plot, oceurs on a-ridge in the alpine area.

The Abies lasiocarpa Association also occurs on ridges in

the alpine area.

The Abies lasiocarpa - Picea engelmannii - Vaccinium S5COp-

arium Associatlon occurs meinly on ridges in the alpine, low
alpine and subalpine parkland areas.

The %bies lasiocarpa - Valeriana sitchensis Association

occurs on seepage slopes in the subalpine parkland.

The Carex spectabills Assoclation occurs oOn slopes with

temporary seepage, mainly in the alpine and low alpine areas.

The Valeriana sitchensis - Castilleja elmeri Assoclation

oceurs on seepage slopes in the subalpine parkland and, less
frequently, in the alpine and low alpine areas. The assoclation

1s divided into two variations: Valeriana sitchensis - Castill-

eja elmeri Variation, and Trollius laxus Variation.

The Carex nigricans Assoclatlon occurs in snow basins,

depressions and temporary ponds in the alpine, low alpine and
subalpine parkland areas. The association is divided into two

variations: Carex nigricans - Polytrichadelphus lyallii Variat-

ion, and Juncus mertensianus - Carex nigricans - Drepanocladus

exannulatus Varlation.

The Polytrichum norveglcum Assoclation occurs in temporary

ponds in the alpline area.
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The Drepanocladus exannulatus Assdciation; represented by
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only one ploit, occurs as & narrow band arocund the edge of a

temporary pond in the subalpine parkland.

(2) The soils are classified according to the Canadian system

Ty
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of 501l classificatdion (Canada Soil Survey Commitiee, 1970).

The orders and soil types represented in the study area are:

Brunisolic - Alpine Dystric Brunisol; Regoscolic - Orthic Regosol;
Podzolic - Sombric Humo-Ferric Podzol, Sombric Ferro-Humic
Podzol, Minl Ferro-Humic Podzol, and Orthic Hunic Podzol; Gley-

solic - Rego Humic Gleysol, Fera Humic Gleysol, Orthic Humlc

Gleysol, gnd Rego Gleysol, The communities associated with each

soll tLype are presented in detail, with a discﬁssion on the

lack of close correlation petween soil types and vegetation

types.

(3) The soilé are generally shallow, with weak horizon develop-
ment (excluding the poﬁzols). Soil development appears Lo be
proceeding slowly. Important chemical properties are the

acidic pH, narrow carbon:nitrogen ratios, low catlion exchange

capacitles, and very low amounts of exchangeable cations,

(4) The distribution of the tree specles in the area, together
with selected diameter, height and age measurements, is discussed.
The kpummholz growth form of trees occurs on ridges in the alpine
area; while trees occur on ridges and seepage slopes 1in the
subalpine parkland. The subalpine trees are much older than

those in the alpine area. It is suggested that there has been

a reeent migration of tree species into the alpine area. There

are insufficient data to correlate the migrations with a




179
climatic change.
(5) The dccurrence of conifer seedlings and shrubs in alpine
and timberline communities (exclusive of the sampled tree islands)
is presented. No conifer seedlings were observed in the tree

i1sland communities, More seedlings were found in the Antenparia-

Sibbaldia - Salix community than in any other.

(6) A synthesis table including characteristic specles and high-

presence species for all associations 1s discussed. In general,

both the characteristic species and the high-presence specles
follow the moisture trend. Specles occurring in associations
for which they are not characteristic are usually much less
important in those assoclations.

(7) Floristic similarity indices were calculated a) between

all plots and b) between all assocliations and variations. 'Simi«'

larity matrices are included in the description of the communit-
1es to show the values of plots within an association. Plots
within an association generally have their highest similaritiles
to each other rather than to a plot in another assoclation.

Variations of an assoclation show up clearly in the similarity

matrix. In comparing the assoclations and variations with each
other,‘the nighest affinities of each communlty are presented.
In general, there is a very low degree of similarity among the
communities. It is concluded that the indices of similarity
support the classiflcatlon systen.

(8) The topographic-altitudinal relationships of the alpine

and subalpine communities are presented.

(9) The environmental data are summarized for each community

as being low, medium or high (in relation only to the present
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data). The communities are grouped according to hygrotope,
and the environmmental flactors aré discussed for cach group.
(10) A one-way analysis of varlance was done for each environ-
mental variable., All factors are significant at the 1% level
except for mineral soil, calcium and phosphorus, wh%ch are
significant at the 5% level, and relief, which is not signific-
ant,
(11) Based on Duncan's New Multiple Range Test, ﬁhe environment-
al factors which are significant in-differentiating each commun-
ity are outlined., It is concluded that the zeneral environmental
factors are more significant in distinguishing the communities
than the physical and chemical soil properties. Hygrotope is
the most important of the general environmental factors,
(12) Soil molsture was studied for a number of communities in
the alpine and subalpine parkland areas. Available water gener-
ally decreases with depth. The amount of avallable water in
the surface and subsurface horizons 1s compared for corresponding
alpine and subalpine communities. A greater amount of available
water at depth is proposed as an explanation for the betier
growth of trees in the subalpine parkland.

The actual field moisture values are discussed for each
community. A number of the communities fall below permanent
wilting percentage for part of the summer, and thus undergo
soll moisture stress, |
(13) A detailed discussion of vegetation zonatlon is presented.

It is concluded that the subalpine parkland area belongs to the

Engelmann Spruce - Subalpine Fir Zone, and the zlplne and low
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alpine areas comprise the Alpine Zone,' The subalpine parkland

and parts of the low alplne area constitute the timberline veget-
g

ation. The alpine zone in the study area 1is not as well devel-

oped as on the coast or in the Rocky Mountains.,

(14) It is concluded that much further work needs to be done in

order to properly characterize the alpine zone in British Colum-

hia.
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Appendix 1.

Checklist of Vascular Plants, Bryopnytes and Lichens
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The checklist of plants is arranged alphabetically. The

nomenclature of the vascular plants is according to Taylor (1966),

Hitchcock et al, (1955-1969), Hultén (1968) and Moss (1959).

The nomenclature of the bryophytes follows Schofield {1968a,

1968b), Crum et al. (1965), Schuster (1969) and Nyholm (1958).
o The nomenclature of the lichens is after Otto and Anti (1967),
%‘ Hale and Culberscn {1966) and.Bird (1966); Voucher specimens

of all plants are deposited in the herbarium of the Department

of Botany, University of British Columbia.

Vascular Plants

Abies lasiocarpa (Hook.) Nutt.

Agrostls thurberiana Hitche.

Agrostis variabilis Rydb,

Anemone occidentalis S, VWats.

Antennaria friesilana (Trautv.)!Ekman
~ Antennaria lanata {Hook.) Greene

Antennaria umbrinella Rydb.

Arenaria capillaris Poir. var. americana {(Maguire) Davis

Arenaria obtusiloba (Rydb.) Fern.

Arnica latifolia Bong.
Arnica mollis Hook.

Calamagrostils canadensis (Michx.) Beauv.

Caltha leptosepala DC.

Carex brevipes Boott.

=
|
E |

Carex breweri Boott.

Carex nardina Fries
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Carex nigricans C.A. Meyer
Carex phasocephala Piper
Carex pyrenaica Wahl,.
Carex pyrenaica Wahl. x Carex nigricans C.A, Meyer: intermedlate
Carex spectabilis Dewey
Castilleja elmeri Fernald
Castilleja rhexifolia Rydb.
Claytonia lanceolata Pursh
Deschampsia atropurpursza (Wahlenb.) Schule

Drvas octopetala L. var., hookeriana (Juz.) Breit.

Epilobiumealpinum L. var. clavatum {Trel.) C.L. Hitche,

Erigeron peregrinus (Pursh) Greene ssp. callianthemus (Greene)

Crong. .
,QEM/L’?L’&/':‘

Festuca brachyphylla Schultes vjftﬂaj%f“’wxﬂff

Festuca saximontana Rydb.

Gaultheria humifusa (Grah.) Rydb.
Gentiana glauca Pall.

Habenaria dilatata {Pursh) Hook.
Haplopappus lyallii Gray

Hieraciun gracile Hook,

Juncus drummoéndii E. Meyer

Juncus mertensianus Bong.

Juncﬁs parryi Engelm,

Juniperus communis L, var. montana Ait.‘
Kalmia polifolia Wang. var. microphylla (Hook.) Rehd.

Lupinus latifolius Agzardh var., subalpinus (Piper & Robins.)

C.P. Smith
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Luzula arcuata (Wahlenb.) Wahlenb.
Luzula glabrata (Hoppe) Desv.
Luzula glabrata (Hoppe) Desv. x Luzula wahlenbergii Rupr.
intermediate
Luzula parviflora (Ehrh.,) Desv.
Luzula spicata (L,) DC,
Luzula wahlenbergii Ru@r.‘
Mitella brewerl A. Gray
Pedicularis bracteosa Benth.

Phleum alpinum L,

Phyllodoce empetriformis (Smith) Don
Picea engelmannili Parry

Pinus albicaulis Engelnm,

Pinus contorta Loudon var. latifolia Engelm.

Poa cusickii Vasey Qar. purpurascens (Beal) C.,L. Hitche.
Potentilla diversifolia Lehm.

Potentilla drummondii Lehm,

Ranunculus eschscholtzil Schlecht.

Salix cascadensis Coeok,

Saxifraga bronchialis L. var. austromontana (Wieg.) G.N. Jones
Saxifraga ferruginea Grah,.

Sedum lanceclatum Torr,

Selaginella densa Rydb. var. scopulorum (Maxon) Tryon

Senecio triangularis Hook.

PRV S e Athannnd. e
A R o ————. _—S—. . VT——— . " a—

Sibbaldia procumbens L,
Silene parryl (S, Wats,) C.L., Hitchc. & Maguire

l Solidago multiradiata Ait,
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Stellarlia laeta Richards,
Trisetum gpicatum (L..) Richter
Trollius laxus Salilsb.
Vaceinium caespitosun Michx,
Vaccinium scoparium leib,

Valeriana sitchensis Bong.

Veratrum viride Ailt,
Veronica wormskjoldili R. & 3,

Bryophytes

Anthelia juratzkana (Limpr.) Trevis
ﬁa Aulacomnium palustre (Hedw.) Schwaegr.

Barbilophoziz barbata (Schmid) Loeske -

Barbilophozia hatcheri (Evans) Loeske
Barbilophozia lycopodicides {Na11r¢) loeske
Brachythecium asperrimum (Mitt.) Sull.
Brachythecium collinum (Schleich.) B.S.G.

. Brachythecium curtum Lindb.

Brachythecium starkei (Brid.) B.S.G.
Bryum bimum {(Brid.) Turn,
Bryum capillare Hedw.

Bryum muehlenbeckii B.S,G.

Bryum pseudotriquetrun (Hedw.) Gaertn., Meyer & Scherb,

Bryum sp.

Cepnaloziella rubella (Nees) Douin
Cephaloziella subdentata Warnst.
Cephaloziella sp.

Ceratodon purpureus (Hedw.) Brid.




199
Desmatodon latifolius (Hedw.) Brid.
Dicranella sp.
Dicranum scoparium Hedw. sens., lat, The spszcimens closely
resemble D, muehlenbeckii B.S.G., but are not identical
to it. They are thus retained within D. scoparium Hedw.,
in the broad sense,
Drepanocladus aduncus {Hedw.) Warnst.

Drepanocladus exannulatus (B.S.G.) Warnst.

Drepanocladus uncinatus (Hedw,) Warnst.
Grimmia alpestris (Web. & Monr,) Nees, Hornsch. & Sturm

Hypnum revolutum (Mitt.) Lindb,

Kiseria blyttii (Schimp.) Broth,
Lescuraea baileyi (Best & Grout) Lawt.
Lescuraea incurvata (Hedw.) Lawt.
Lescuraea radicosa (Mitt.) Monk .
Lophozia alpestris (Schleich.) Evans
Lophozia ? kunzeana (Huben.) Evans
Lophozia obtusa (Lindb.) Evans
Lophozia ? ventricosa (Dicks.) Dumort.

Mnium blyttii B.S.G.

Orthocaulis floerkii (Web. & Mohr.) Buch
Paraleucobryum enerve (Thed.) Loeske
Philonotis amerlcana Dism. ‘
Pohlia drummondii (C. Mull,) Andr.

i Ponlia elongata Hedw.

Pohlia gracilis (B.S.G.) Lindb.

Pohlia nutans (Hedw.) Lindb.
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Pohlia wahlenbergii (Web., & Mohr.) Andr.
Polytrichadelphus lyallii Mitt.
Polytrichum formosum Hedw.
Polytrichum juniperinum Hedw,
Polytrichum norvegicum Hedw,
Polytrichum piliferum Hedw.
Rhacomitrium canescens (Hedw.) Brid.
Rhacomitrium sudetic%m {Funck) B.S.Gi 1 éléiﬂékég%ﬁ+45/Lﬁ7i44i”
Scapania subalpina (Nees) Dumort. ’
Scapania undulata (L.) Dumort,
Sphagnum nemoreum Scop,
? Tetraplodon mnioides {Hedw,) B.S.G. -
Tortula norvegica (Web.) Wahlenb.
Tortula ruralis (Hedw.) Gaertn., Meyer & Scherb,
Lichens
Alectoria americana Mot,
Alectoria minuscula Nyl,
Cetraria ericetorum Opiz
Cetraria islandica (L.) Ach,
Cetraria pinastri (Sco?.) S. Gray
Cetraria subalpina Imsh.
Cladonia carneola {Fr.) Fr.
Cladonia chlorophaea (Florke) Spreng.
Cladonia coccifera (L.) Willd.
Cladonia deformis (L.) Hoffm.

Cladonia ecmocyna (Ach.) Nyl,

Cladonia macrophyllodes Nyl.
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Cladonia pleurota (F1drke) Schaer.

Cladonia pyxidata (L.} Hoffm.
Cladonia sp.

Cornicularia aculeata (Schreb,) Ach.

Icmadadophila ericetorum (L.) Zahlbr,

ILecidea granulosa (Hoffm.) Ach.

Lepraria neglecta {Nyl.,) Lett.
Omphalodiscus virginis (Schaer.) Schol.

Parmeliopsis ambigua (Wulfl,) Nyl.

Parmeliopsis hyperopta (Ach.) Arn.
- Peltigera canina (L.) Willd.

Peltigera canina (L.) Willd. var. rufescens (Weiss) Mudd

Peltigera lepidophora (Nyl.)} Vain.
Peltigera malacea {Ach.) Funck
Psoroma hypnorum (Vahl.) S. Gray
Rhizocarpon geographicum (L,) DC,

Solorina crocea (L.) Ach,

Stereocaulon alpinum Laur.

Umbilicaria hyperborea {Ach.) Ach.
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Fig. 20. Carex nigricans Assoclation, Carex -

Polytrichadelphus Variation, Plot T1.

; Note late-~lying snow. Photo taken

July 5,1969.
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Fig. 21. Soil profile of Carex nigricans Association, Carex -

Polytrichadelphus Variation, Plot 71, This soil is

classiflied as a Rego Humic Gleysol with H, Ah and

Cg horizons,

Fig. 22. Soil profile of Carex nigricans Association, Carex -

Polytrichadelphus Variation, Plot 77. This so0il 1s

classified as an Alpine Dystric¢ Brunisol, with an

Ah-Bml-Bm2-C horlzon sequence.
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b. Juncus mertensianus -~ Carex nigricans - Drepanocladus

exammuiatus Variation

This community is represented by only one plot (81). It
occurs In a temporary pond in the low alpihe area. The relief
shape is straight. Exposure is northwest, with a glope gradient
of 2%. Humus covers 96% of the ground surface, and rock 4%,
There is no exposed mineral soil, No evidence of erosion is
present. The hygrotope ranges from hydric to hygrilc.

The herb layer and the bryopbyte layer have similar cover-

age values, The C layer covers Usd of the area, and the D'layer

50%. There is thus a much lowery coverage of plants than in the

A type variation. The herbs grow mainly in large clumps, which

stand up above the water level while the pond is still in
existence,

The dominant species in this variation is Juncus mertensia-

nus, with a specles significance of 7. Of the important species
in the C layer listed for the association, the only one present

here 1s Carex nigricans, with a lower cover than in the type

varlation. 1In the D layer, several speciles differentiate this

variation: Drepanocladus exannulatus, which is lacking in the

type variation, Drepanocladus aduncus and Cephaloziella rubella, -

both of which are exclusive to this variation.
The soll 1s classed as a Rego Humic Gleysol. The soil

texture becomes finer with depth, unlike the Carex - Polytricha~

delphus Variation. The A horizon is a sandy loam, while the C

.hor@zon is a silt loam. The pH increases with depth; the values

are higher than for the type variation. Organic matter ang




Fig. 23. Carex nigricans Association, Juncus - Carex -

Drepanocladus yariation, Plot

mertensianus,

Fig. 2h. 5011 profile of Carex nigrica

81, Large clumps

are Carex nigricans, smaller clumps are Juncus

ns Assoclation, Juncus -

% Carex - Drepanocladus Variati
soil is classified as a Rego

Ah and Cg horilzons.

on, Plot 81. This

Humic Gleysol, with






nifrogen decreasc with depth, and carbon:nitrogen ratlios arc

narrow. The amount of organic matter present in the A horizon

is very 1ow., Fhosphoius and sodium deeressc With depth, as
described for the type variation, However, cation exchange
capacity, calclua, magnesium and potassium all increase in
amounts with depth., Ib the A horimon, calcium and magnesium
are present in greater guantities than in the type variation;

+

in the C horizon, there is more calcium, magnesium and potassiun.

Polytrichwa norvegicun Assoclation

(Ref. Tables 64, 65, 66, 67; Fig. 25)

Characteristic Combination of Species

Polytrichum norvegicum
Juncus mertensianus

This assoclation, which 1s represented by only two plots,
oceurs in temporary ponds in the alpine area. The reliefl shaps
is straight. The exposure is peutral, and thus there is no
slope gradient. Humus covers 15-75% of the ground surface,

mineral soil 0-15% and rock 25-70%, There is no evidence of

erosion. The hygrotope ranges from hydric to hygric.

The D layer is the conspicuous one, covering 60-80% of the
area. The C layer is very sparsely developed, coverage being
only 10%.

Polvirichum norvegicum 1s the dominant species, wlth an

average specles significance of 8. It is also the only constant
bryophyte. Lichens are practically lacklng, due to the wetness
of the site. The only two constant specles in the C layer are

Juncus mertensianus and Carex spectabilis, both with lower
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Table &4

General Environmant

Polytrichum norvegicum Association

! Plot No. 79 80
Elevation (ft.) 7575 7575
Physiography

' Landform B temporary DONRG
P I

Relief shape R s -4 1 K

Exposursa —neutral

Sleope gradient (%) o 0

Layer Coverage (%)
C layer 10 10
D lavyer 8O 60

Plot Coverage (%)

Humus 75 15
Mineral soil 0 ' 15
Rock 25 70
. Soil
) Hygrotope ——emm—hydric-hygric
Erosion none -

Horizon depth (in.)

Ah 0-5 0-5

Bf S5~1u -

Cg 14+ 5+
Classification Gleyed Sombric Rego Humic
Humo-Ferric - Gleysol

Podzol




if Table 65
Polytrichum norvegicun Association
[ Plot No. 79 80
’ Plot size (m”) 7 10 40
R Extent of type (m")} 10 ug
l Elevation (ft.) 7575 7575
' Altitudinal area & A
C layer Pres- Aver,
ence §pec%gs
Signifi-
cance
1. Juncus mertensianus 3.1 L,2 2/2 b
2. Carex spectabilis 4.2 2.2 2/2 3
3. Juncus drummondii - 2.2 1/2 1
4, Phleun alpinum 2.1 - 1/2 1
5. Poa cusickid 2.1 - 1/2 1
6. Carex nigricans - 1.3 1/2 +
D layer
Bryophytes
7. Polytrichum
norvegicum Dh 9.6 7.3 2/2 8
8. Anthelia juratzkana Dh - 4,2 1/2 3
9. Pohlia gracilis Dh =~ 4.2 1/2 3
10, Kiaeria blyttii Dh 2.3 - 1/2 1
11. Aulacomnium
i palustre Dh 1.1 - 1/2 +
- 12. Bryum sp. Dh - 1.1 1/2 +
i Lichens
13. Lecidea granulosa Dh 1.1 - 1/2 +

Total Species 8 8




Table 66

Soill Texture

Polytrichum norvegicum Association

Plot No.

Ah Horizon

Textural class

Sand (%)
Sitt (%2
Clay (%3

Bf Horizon
Textural class
Sand (%)
silt (%)

Clay (%)

Cg Horizon

Textural class
Sand (%)
Siltt (%)
Clay (%)

79

SL
70.8
22.8

6.u

SL
76.4
16.8

6.8

SL
72.0
21.2

6.8

80

LS
8§1.2
14.4

L.y

SL
72.4
15.2
12.4
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ot HNa.

Ah Horizon

Bf

Cg

pH

(%)
oM (2)
(1)

P Appa)

Ca (me/100g}
Mo (me/100g)
Ha (me/100g)
K (me/100g)
CEC {me/100g)

Hori zon
pH

¢ &
o (%)
Ho{8)
e/

P {ppm)

Ca {me/100q)
Yo {me/100g}
Na (me/100q)
K {me/100q)
CEC (me/100g)

Horizon

pH

c (D

o (%)

K (%)

4]

P (ppn)

£z (me/100g)

Mg {me/100g)

Na (ze/100g)

K {me/t00g)
(

CEC (me/100g)

Table 67
Sotl Chemical Analysis

Polyirichun nervegicun Association

79

[at]
[ R B T i B e T L T o TR oo ST S S 3,
P i e

- G TR

AL e B i v L)
N L =]

[ev]
[on]

-
v B v o SN

e

T O DD DAY e 6D L e W
D MM

.

-
-3 e N WD

*

-] Y o O L

i LT Y LN

—
e O3 0D CO LD Gad B €D~ O W
. . - 7 w . e e . -

L)

2 L2 - D Ln
O on RN

e

125




Fig. 25. Polytrichum norveglicum Assocliation, Plot

79. In foreground is transition to Carex

nigricans Assoclation. In background are

clumps of Carex spectabilis.
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cover values.

The floristic similarity index for the two plots 1s 53.

The solls are classified as a Gleyed Sombric Humo-Ferric
Podzol and a Rego Humlc Gleysol.

Texturally, the solls are fairly fine-textured., The A
horizon is either a sandy loam or loamy sand. The B horizon,
where present, is a sandy lozm. The C horizon is a sandy_loamﬁ

In plot 80, the texture becomes f{iner with depth,

L R R R SN .,

Table 67 presents the soll chemical data., The pH increases

with depth, and all the values are strongly acidic. Organic

matter and nitrogen decrease with depth, There is very little

organic matter in the Ah horizon of'plot 80. Carbon:nitrogen

ratios are generally narrow. Amounts of phosphorus, cation ex-
change capacity and exchangeable cations have no particular

é relationship with depth that can be judged from the two repres-
entative plots. The quantities of the cations are also varlable

between the two plots.

Drepanocladus exannulatus Association

(Ref. Tables 68, 69, 70, 71; Fig. 26, 27)

This association, represented by only one plot, occurs as
a narrow band around the edge of a temporary pond in the sub-

alpine parkland. The relief shape is concave. Exposure 1s

g

neutral and therefore there 1s no slope gradient., The entire

surface is covered by humus, with no mineral soll or rock.

o

There is no discernible erosion. The hygrotope varlies from

hydric to hygric.




R
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3 f

Table 68
General Environment

Drepanocladus exannulatus Association

Plot No. 82
Elevation {ft.) 7350
Physiography
Landform edge of temporary pond
Relief shape éoncave
Exposure neutral
Slope gradient (%) 0

Layer Coverage (%)
C layver 8
D layer 95

Plot Coverage (%)

Humus 100
Soil

Hygrotope hydric-hygric

Erosion none

Horizon depth (in.)

Ah 0-12
Cg 12+
Classification Rego Humic Gleysol

128
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Table &9

Drepanocladus exanrulatus Association

Plot No. ' 82
Plot size (m2) | x 5
Extent of type (n?) 5
Elevation (£ft.) 7350
Attitudinal area ' SP
C layer
1. Calamagrostis canadensis _ 3.1
2. Juncus mertensianus 2.2
D layer
Bryéphytes
3. Drepanocladus exannulatus Ph 9.6
b, Dicranella sp. Dh 4.1

5. Sphagnum nemoreum Dh 3.1

3
=
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The D layer is predominant, covering 95% of the area. The
C layer is very sparsely developed, with a coverage of 8.

Drepanocladus exannulatus is the dominant species, with an

average species significance of 9. Only two other bryophytes

are found here: Dicranella sp. and Sphagoum nemoreum. This

community is the only locality for Sphagnum in the research area.

The only two species in the C layer are Calamagrostis canadensis

and Juncus mertensianus. Calamagrostis is not found in any

other community.

The soil is classed as a Rego Humic Gleysol., Texture:
becomes finer with depth. The A horizon is a sandy loam, while
the C horazon is a silt loam. The pH increases slightly with
depth, but still remains strongly acidic. Organic matter and
nitrogen decrease with depth, and the carbon:nitrogen ratios

are narrow, Phosphorus, cation exchange capacity, calcium,

magnesium and pobtassium decrease in amounts with depth, while

sodium increases slightly.
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Table 70
5oil Texture

grepanocladus exannulatus Association

Plot No. 82

. Horizon : Ah Cg

Textural class SL SiL

Sand (%) B1. 4 38.0 |

silt (%) 34.8 59.2 . i

Clay (%) 3.8 2.9 !
Table 71

Soil Chemical Analysis

Drepanocladus exannulatus Assoclation

Plot No. 82

Horizon Ah Cg
pH 5.5 5.6
C (%) 6.6 2.5
oM (%) 11.u 4.3
N (%) 0.6 0.3
C/N 11. 8.

P {(ppm} ' 8. 6.
ca (me/100g) 0.22 0.186
Mg (me/100g) 0.03 0.01
Na (me/100g) 0.12 0.12
K - (me/100g) 0.08 0.06

CEC (me/100g) 24,6 21.7
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Fig. 26,

Fig., 27.

Drepanocladus exannulatus Assoclation, Plot 82, is

represented by the narrow, dark band around the
margin of the pond. In foreground 1s part of

Valeriana - Castilleja Assoclation, with Senecio

triangularis in flower, Photo taken Aug. 3, 1969,

301l profile of Drepanocladus exannulatus

Association, Plot 82, This soil is classified
as a Rego Humic Gleysol, with an Ah-Cg horizon
sequence., Photo taken Aug. 29, 1969, after pond

has dried out,.
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5. Distribution of Treec Species

This section presents information on growith hablts, distrib-
ution patterns, measurements of dlameter, height and age, and
occurrence of seedlings and shrubs of tree speciles, These data
are somewhat scahby, since they were not the major aim of the
research. Héwever, it is believed that they are of value,
particularly in Judging the future vegetation development of the
area; that is, forest versus open vegetatlon., More detailed
autecological work should be done on this aspect in order to
draw valid conclusions.

As mentloned previously, there are four tree species

present in the study area: Abies lésiocarpa, Picea engelmannii,

Pinus albicaulis and Pinus contorta. Pinus contorta was

observed only in one locality (a Juncus parryi community),
growing as a single very low shrub one and a half feet in

height (see Table T74). Pinus albicaulls is slightly more

frequent, but is still rare. Only two very low shrubs were
noted, the remainder of the occurrences being as seedlings.

Abies lasiocarpa and Picea engelmannil are thus the predominant

tree species.

l, Ables occurs mostly in low krummholsz

In the alpine area
colonies, while Picea occurs as solitary or a few clumped speci-
mens, usually taller than Abies and not growing in krummholz
form. In the subalpine parkland, Abies, ir particular, grows

much taller, and in some cases is as tall as Picea.

1 Throughout this section, "alpine area" includes the low alpine
area,
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In the alpine area, the free speciles occur on ridges,
which have less snow cover than the surrounding terrain, and
are thus free of snow earlier in the growing season, This is
the situation in a region of high snowfall, as in the coastal
alpine zone (Krajina, 1965)., In the subalpine parkland the trees
oceur not only on rldges but also on sgepage slopeé.

Table 72 presents the diameter, height and age measurements
made on the oldest specimens in each tree island community which
was sampled.,  Table 73 summarizes the ages., In considering

either the alpine area or the subalpine parkland, Ables lasio-

carpa is older than Picea engelmannii. The more interesting

L

comparison is that the subalpine trees are much older than

those In the alpihe areé. These ages, combined with the fact
that no dead wood was observed, suggest that there has been a
recent migration of tree specles into the alpine area. It was
hoped that these migrations could be correlated with a climatic
change, but there is insufficient tree mensuration and climatic
data to do this. Such a task would be a separate project in
itself., Franklin et al., (1966} have correlated tree invasions
into subalpine meadows in the Pacific Northwest with a warming
trend in the early part of this c¢entury. It is possible that

this may be the case for the Big White area also.
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Table W
Giarater, Helght and Age &eas.urwen{s1

of Abtes lasiscarpa and Pleea ennainannti

Blameter Helght

fee Hetght  Age Helght Estimated
Comaunt ty Flot Spectes Rangs {1n.) Range (L.} o8 {in.) {ft {yrs.)ai fet)  Bgo Qyrs)
Picea engelnanni! 49 (A)  Picea engel, - - 4,0 8 3% 2.0 it
Assoctation : ki 0.7
Abtes laslocarpa W {a) Ables laste, 13 2,58 3.9 3 52 2.5 193
Association __— 85 1.0
2.0 7 i1 2.5 80,
52 138
. 53 {4) &bles lasle. - -8 - 25 8 ki3 L0 $
: 8 £.5
1.5 6.5 T 2.0 88
. 8 1.0
Abtes lastogarps - Valeriana 56{SP) Bbtes laste 35 T4 5.0 10 3 2,5 58
sitehonsts Association 65 1.5
62 (5P} Ables laste. 1.5-8.5 S-15 ) 15 152 .0 152+
0 12 it 2.0 223
161 5.0
7 {5P) Ables laste. 0.8-8.0 5.18 8.0 18 % 3.0 11
kit 1.0
6.0 11 134 2.0 M
204 1.0
Ables lasiovarpa - Picea St {4} Ables lasio, 1-2.% 5.6 2.% 6 55 2.0 5%+
engelmanntl « Vacciniye 1.3 5 H 2.0 e
sgopariun Associatien Pices engel, 56 - 6.0 12 56 2.5 B0
s 0.5
y 6.9 10 52 2.5 £
: 57 1.0
I | 4 {LA) Abfes fasto, - . 1.5 55 2.0 53
: 38 1.0
2.0 5 k& 2.0 0
58 0.7
Picea engal. - - 7.0 1t 43 7.0 §7
58 1.3
0 1 k¥ 2.0 i3
4R 0.7
61 {SP) Abltes lasfo, - w 2.5 7 58 2.0 58+
2.0 1 ” 2.0 105
# 1.0
Pizea engel, - - 9.0 12 57 .o 91
T 1.8
10,0 13 1% 2.0 83
80 6.7
70 {SP} Ables lasto. 0.5-7 “3,5-18 T 15 139 2.0 0w
. 203 1.8
6.0 18 126 1.0 ki
189 2.9
Piesa angel, 0,8-8.5 5.5-18 9.5 18 21 ERY 1214
8. 12 55 0 105
y 8 1.4
! fqn of oldest trees




Table 73

Agelof Tree Species in Alpine ard Subalpine Parkland Areas

Species Area Average Range

Ables lasiocarpa Alpine® Th {6) 51-109

Subalpine 201 {7) ,98»315

Picea engelmannii Alpine 59 (5) 41-80
Subalpine 100 (&) 83-121+

1 Age of oldest individuals

2 Includes low alpine area

Table 74 shows the occurrence of conifer seedlings and
shrubs in alpine and timberline communities, excluslve of the
sampled tree islands., No conifer seedlings were observed in

the tree island communities. Picea engelmannil seedlings are

the most common, and they are scattered among four communities,

More seedlings were found in the Antennaria - Sibbaldia - Salix

community than in any other. This corresponds to the statement
made earlier that the tree specles ocecur mainly on ridges in

the alpine area, since this community occurs on ridges,
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6. Vegetation Relationships

Relabionships between the communitles on & vegetational
basis are presented in this section. In order to compare all
the associations with one another, a syhthesis table was
constructed (Table,?ﬁ) in which the major spécies are listed
with their presence and average species significancé values
shown for all associations. The associations are arranged
along a gradient of increasing moisture (as described in
section 4). In this manner, it is possible to show the floris-
tic distinctness of some assoclations and the overlap of species

in other asscciatlons,

The first half of the table (ddwn to Juncus mertensianus)
presents species which are characteristic of at least one assoc-
iation. The species which are boxed show the characteristic
specles for that pérticular association., The second part of

the table {(beginning with Selaginella densa) lists specles

which occur in at least one association with a presence of IV

or V {or corresponding fraction). The specles enclosed by

dotted lines are the high-presence species for that assoclation.
It ecan be seen that there 1s some overlap of specles in

the mesic associations, as expected, but in general, both the

characteristic specles and the high-presence species follow

the moisture trend. That is, there 1s a different group of

specles which 1s most important fbr each community, from the

dry assoclations through to the wet ones. Species occurring 1in

associations for which they are not characteristic are usually

much less important in those associatlons.
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Table 75
Syathasts Tabla for all Resoclalions
] 3
= = g 2 = = £
g 5 - P z - - z » = H =
3 & H E £ g : z = E g £ -
-3 + = s ¥ = by - . ] bt - = 3
3 - £ - - - X 2 z 2 ' £ z 3
z T & © % & = o - - = - = “u
: §£ ¢ ¢ %2 : T : L i i % i
g -5 ¥ .E = 5 = - - £ - £ g g
- = = P & = 2 2 E3 3 - P o =
Justpares comsunis 17,4 - - - - - - - - - -
Larnx phasxaphela ¥4 .l i+ [ -4 1.+ tHi - - - - "
Arenaria capliliaris ¥4 1.+ .2 -t r s 171 - -
Festucs brachyphylla 1A HE2 b+ S e iR “ -
Tortuia rurails - - - - 114 - - -
Peltigars nalazea - - fus - - - - -
&bl pocarpon geographicue - - - - - - - - -
Sibbaldla procunbens V.4 V.3 V. -1 ee AHL - -
{ebilfcarta byperborea - - - - - - - -
Alsctoris sinuscela - - - - - - - -
Palytrictus piliferus E PRI T4 w2 - -
Antennarla Tanata v.5 3 LR v, - -
Jaeus parryl V¢ V.2 V.4 - - - - -
Lectdea gramuloss ¥ V.4 g -1 HER 17,4 - -
g Salix cascadensis - @ f.+ - - - - -
;ﬁ;}ﬁ; Geatiama glauca - - - - - - - - -
E i Phylicdocs espetriforats - - - ¥.3 i, - - 2113 -
: Yaccintus scoparius A e Wi LY -2 e 334 -
Diecranua scoparium FLIR | - - - ¥4 - 1124 - -
Picea angalsannit - i+ - - - e - - -
Cotrarly plasstrl Hi+ - - - - - 1.+ - -
Abtes bastocarpa - - - - - - 738 -
Parneliopsts byperopta - - - - - -z ! 33 -
Sratea batifalta - - - - 11,3 - - - hTER -
Yaleriara sitchensts - - - - LR - - - 3/3.6 -
Polytrichadelphus lyalHT - .8 - 1.1 - - - /3.4 -
Carex spactadifis - i 14 FLA i¥.4 - 221 - 3.4 -
Casttile]a eloert - - - - t+ - - - 3.3 -
Aralta mollis - - - S - - - - - FIER] -
Erigsron paragrinus 1.4 - Hi 4 1144 ¥4 - e+ 14+ HERS -
Senecio triangutaris - - - - - - - - 7Ll -
Ranuncelus eschscholfzit - - - - - .- - - - -
Aotagonalus palustre - - - - - - - - - -
Philonotis americana - - - - - - - - - -
Brachythecium asperripmn = - - « - - - - -
Carsx nigricans - - e - .2 - - - - -
Daschampsiz alropurpures - - - - (LR - - - - -
Claytonta Jangectata - - 1.1 - £,4 - - - i3 -
Eptloblun abpinue - - - - - - - - - -
Polytrichus norvegicus - - - - il Cow - - - -
Juncus mertensianus - - - - M - - - - -l
Sataginelts densa Wz e o - H.s -1 - - - -
Sarblloghozla hatchert g5 A - [HAS for wd i - - -
Luzils splcata gy I"Wf’f" LU T (e -4 e - - -
Feltigers canina - ey Hs - f+ . - - - -
Irisetua splecatua 1 V.2 HLY - - -1 - - - -
Sadua lancegtatun - :W.! ! - - - - - - - -
Potentilla diversifalta HELY  pIvI] - - - - - [TERS - -
Haplopapous Tyally - VY, - - - - - - - - - - - -
Antennarsa webrinella - Tya, ET - - w1 - - - - - - - -
Cladonta zarnesta - :W,Z P R T T 3 o 190 e - - - 1,2 - - - -
Soloring crocea Hie  L¥2) Rl wal e -3 - LN - - - - -
Hisraciym gracile - - [RTLS - I - - i, v - Hig i+ 1EL. - -
Arenaris obtustloha Hie DRIV W W - -4 - - - - - - - -
Bgrostiz varladlis S wwar ow b - “t e . - . - - - -
Carex pyrenzica - - R :\?.6‘ 1+ - - - - 1,3 - - - -
Luzuls eahlenberg!d - - Hoe o Foalonnz - . - - - - o - -
Cetearta istandics - Hi1 Bt o jnd o e - - - - - - - - -
Ciadunta ecmocyns e W waz wwey TRR - - HA ] R LN - - - -
Lophazia aipestris o 1.+ - Wl [ H - - En,}; @.]___3 - e 181,2 - -
Catrarts sricetorus d¥. 5 i3 A 11,2 HiA -3 ?f?.i v AV 1.+ - - - -
Paraeliopsts anbloua o - - - - -2 L7 ij,'f,jj :‘Eﬁ.ﬂ - - - - -
tuptnus latifolius - - 1Y - 1.5 - - - 52!’3.3: - L+ - - -
Padieilarts practeess - - - - - - - - il - - - -
Luzula sp. - “ (1R - HA - - HLS 12735 - 181 Hae - -
Veratrun virlde - - - - - - - - ;3]3.3: - .2 - - -
¥italls broert - - - - - - - - HETERN - 1.1 - - -
Caltha Jeptosepala - - - - - - - - - - HIXY - - -
Juncus drussonds! - - - - - - - - - 105 DL N R (£ B £ A -
#hleus alptoce - - - - - - - 7o - Ly g L1t -
Troities Tanus - - - - - - - - - - :I\Lﬁt - - -
Varonlca sorsskistdil - - - - - - - - - HE g LY_.;; FHE ] - -
1Y
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Fleristic similarity indices between all the assoclations
and variations are presented in Table 706, The rationale for
using this technique has been discussed previously {section 4).
By this method, it can be shown that some communlitles have
higher similarities than others, The evaluation of the indices
is subjective, since there are no tests of significémce of the
differences for indices based on dominance {Mark and Burrell,
1966), Despite this limitation, however, general concluslons
can still be drawn from the indices. |

In Table 76, the communities are arranged in the order in
which they were described in section 4, Each community, with
its highest affinities, is discussed separately.

The Juniperus communis Association has very low affinities

with all the other communities. Its highest similarities are

with the Juncus parryi Association and the Carex phaeocephala

Variation, but even these values (27% and 26% respectively)
are not high enough to draw any concluslons,

The Antennaria - Sibbaldia - Salix, Carex phaeocephala

and Carex breweri Variations, which all belong to the Antennaria-

Sibbaldia Association, are arranged separately to show thelr

affinities. The Antennariz - Sibbaldia - Salix Variation has

its highest similarity with the other two variations, which is
what would be expected. The values are 63% and 45%. It has

some affinities with the Antennaria lanata Association, having

a similarity of 42%; this would be primarily through the pres-

ence of Antennaria lanata. The Carex phaeocephala Variation has

a similarity value of 63% with the Antennaria - Sibbaldla - Salix
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Variation, 36% with the Carex brewerli Variation, and 39% with

the Juncus parryi Assoclation. This variation is still consid-

ered to be most similar to the association in which it has been

placed, since the Antennaria - Sibbaldia ~ Salix Variation is

the type for the association, It is, however, not closely

allied with the Cafex brevweri Variation. It shows some similar-

ity to the Juncus parryi Associlation, but not enough to be

grouped with it. The Carex breweri Variation shows approximate-

ly the same similarities with the Juncus parryi Assoclation

(37%) and the Antennaria lanata Association (U2%) as it does

with the Antennaria - Sibbeslidlia - Salix Variation and the Carex

phaeocephala Variation (45% and 36% respectively). However, the

values are not high enough to warrant placing this variation in
another association,.

The Juncus parryi Association has 1fs highest similarity

with the Antennaria - Vaccinium Variation of the Phyllodoce -

Antennaria Association, with a similarity index of 50%. Other,

lower, affinities are with the Antennaria lanata Association

(44%), the Phyllodoce~ Antennaria Variation (38%), and the

Antennaria - Sibbaldia Associlation (38%, 39%, 37%).

The Antennaria lanata Association has its highest affinities

with the Antennaria - Vaccinium Variation (61%). This will be

discussed under the Antennaria - Vacciniium similarlties, This

association has lower similarities with the Phyllodoce -

Antennaria Variation (444), the Juncus parryi Assoclation (44%),

the Carex breweri and Antennaria - Sibbaidia - Salix Variations

(both L2g},
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The Phyllodoce - Antennaria and Antennaria - Vaccinium

Variations are classed 1nto the Yhyllodoce - Anftennaria Assoc-

iation. The Phyllodoce - Antennaria Variation is most similar

to the Antennaria - Vaccinium Variation, with a value of 62%.

It has much lower similarities with the Antennarla lanata Assoc-

iation (44%) and the Juncus parryl Association (38%). The

Antennaria - Vaccinium Variation has a higher similarity to the

Juncus parryi Association than the previous varilation, with an

index of 50%. This variation has its highest affinities with

both the Phyllodoce - Antennaria Variation (62%),which is the

type for the association, and the Antennaria lanatla Association

(61%). This fact corroborates the statement made in the descrip-

tion of this assocization that the Antennaria - Vaccinium Variat-

ion, while classified in the Phyllodoce - Antennaria Assoclation,

is best regarded as a transition community between this associa-
N,

tion and the Antennaria lanata Assoclation,

The Picea engelmannil Assoclation has low indices of simil-

arity with all other associations. It has its highest affinity

with the Abies - Picea - Vaceinium Association (38%), mainly due

to the common preséence of Plicea engelmannii,

The Ables laslocarps Association has affinities with the

Abies - Valeriana Association (53%) and the Abies - Picea -

Vaccinium Assoclation (44%). 1In this case, the similarity is

due to the common presence of Ables lasiocarpa.

The Abies - Picea - Vacclinium Asscociation is not too

closely allied to the other tree island communities, It does,

however, shéw its highest similarities with these communities:
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44% with the Abies lasiocarpa Association, 41% with the Ables -

Valeriana Association, and 38% with the Plcea engelmannli Assoc-

jation. These affinities are due mainly to the tree species,

This association alsc shows similarities with the Phyllodoce -

Antennaria Variation, but at a lower level (34%).

The Ables - Valeriana Association has 1ts highest affinity

for the Abies lasiocarpa Associlation, with a similarity value

of 53%, It has a lower similarity to the Abies - Picea -

Vaccinium Association (#1%€). It shows some affinities with the

Valeriana - Castilleja Variation (36%), due to the common pres-

ence of several meadow specles, such as Valerlana sitchensis,

Castlilleja elmeri, 3enecio triangularis and Veratrum viride.

The Carex speqtabilis Association has low indices of simi-

larity with the other communities, Its highest similarities

are with the Antennaria lanata Association (36%), the Antennaria-

Vaceinium Variation (36%)}, the Juncus parryi Association (34%)

and the Valeriana - Castilleja Variation (34%).

The Valeriana - Castilleja and the Trollius laxus Variat-

jons are grouped into the Valeriana - Castilleja Association.

Tne Valeriana - Castilleja Variation does have its highest

affinity with the Trollius laxus Varlation, the similarity

index being 52%. It also has affinities with the Ables -

Valeriana Assoclation and the Carex spectabllis Association,

but at much lower levels of similarity (36% and 34%, respect-

ively). The Trollius laxus Variation is most similar to the

Valeriana - Castllleja Variation (52%). It has quite low

affinities for any other community: 26% for the Ables -
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Valeriana Association, 22% for the Carex spectablilis Assoclation,

and 20% for the Phyllodoce - Auntennaria Variation. Thus, the

initial classification 1s supported.

The Carex - Polytrichadelphus and the Juncus - Carex -

Drepanocladus Variations are classified as the Carex nigricans

Association. It can be seen that the Carex - Polytrichadelphus

Variation has no high similarity to any other community. It

only has a 20% similarity value for the Juncus - Carex -

Drepanocladus Variation., The Juncus - Carex - Drepanocladus

Variation actually has a slightly higher similarity for the

Drepanocladus exannulatus Association (25%), but 1s included in

the Carex nigricans Association because of the high cover of

Carex nigricans. This assoclation is thus very homogeneous.

The Polytrichum norvegicum Assoclation has no high affin-

ities for any other community. The similarity values are all

extremely low, the highest being for the Carex nigricans Assoc -

iation (9% and 10%) and for the Carex spectabilis Assoclatlon

(9%). This community is also very homogeneous,

The Drepanocladus exannulatus Assoclation has only one

similarity value which 1s greater than 3%; this is a value of

25% for the Juncus - Carex - Drepanocladus Variation. This

value is due to the common presence of Drepanocladus exannulatus.

However, as mentloned previously, the Juncus - Carex - Drepano-

cladus Variation is retained in the Carex nigricans Associatlon.

Dahl {1956) gives some general rules for distinguishing

different associations, alliances and‘orders; This can be ex-

tended to variations of associations, in which case the
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variations of an association should have higher indices of simi-
larity with each other than with any other assoclation. Table
76 indicates that all the variations do fulfil this rule.

In general, there is a very low degree of similarity
among the communities. This substantiates the fact that they
are distinct groupings of specles, which are recogéisable in
the field. Thus, the indices of similarity support the classlif-
jcation system. Similar conclusions were reached by Dahl (1956)
and Bliss (1963). |

Many of the plant communities recognized on Big White
Mountain are ecologically comparable to ones described in the
mountains of Scandinavia, Scotland, the Unlted States, the
U,5.5.R., Europe, Alberta and other parts of British Columbla.

Juniperus communis communlties on exposed rock outerops -

have been described from the alpine zone of Garibaldi Park

(Archer, 1963), where Penstemon menziesii, which 1s absent on

Big White, is a co-dominant. This community 1s also found in
Washingbton and Oregon in the subalpine parkland (Franklin and
Dyrness, 1969). McVean and Rateliffe (1962) describe a compar-
able community in the low alpine zone of the Scottish Highlands,
in which Juniperus communis ssp. nana is the dominant,

The Antennaria lanata - Sibbaldia procumbens Assoclation

does not seem to have a counterpart elsewhere. Dryas octopetala

has a very limited occurrence in this assoclatlion. Dryas

octopetala communities have been described in Alberta, Colorado,

Montana, Scandinavia, Scotland, the U.S.S.R. and the Pyrenees of

Spain and France (Beder, 1967; Marr, 1961; Bamberg and Major,
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1968; Johnson and Billings, 1962; Dahl, 1956; McVean and
Ratcliffe, 1962; Sukachev, 1965; Braun-Blanquet, 19248). This

Dryas octopetala community is more widespread on calcareous

parent material since the species. is calcicolous. The presence
of aclidic parent material on Big VWhite thus explains its reduced

distribution in the area. Sibbaldia procumbens assoclations

have been described in Scandinavia (Gjaerevoll, 1956) and British
Columbia (Archer, 1963) as snowpatch communitvies. On Big White,
this community ocecurs on exposed ridge tops, Either these ridges
do have a heavy accumulation of snow, or else a different écotype
of the spgcies has developed here which does not requlre as

much moisture as provided 1n snowbeds.

The Juncus parryl Assoclation on Big White may be ecologic-

ally equivalent to the dwarf shrub heath-rush community, with

Juncus trifidus, found in the Presidential Range of New Hamp-

shire (Bliss, 1963). It is also comparable to the Juncus tri-
fidus association in Czechoslovakia, which 1s placed in the
order Caricetalia curvulae (Krajina, 1933). Since it is found
on warm dry slopes, it may be the community most comparable to
the alpine grasslands of Alberta and eastern Oregon and Wash-
ington. Alpine grasslands are typical of the east slopes of
mountains in western North America because of the raln shadow
effect produced there. Therefore, with regard to amount of
precipitation, Big White shows greater simllarity to the coastal
mountalns than to the Rockies.

The Antennaria lanata Assoclation seems to be unique to

the study area. An Antennaria lanata variant of the Carex
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nigricans Assoclation has been described in Alberta (Beder, 1967),
but the ecology of this community appears to be different,
since it occurs in snowpatches, Marr (1961) describes a Willow-
Sedge Hummock Stand-Type in Coiorado, which 1s ecologically

similar to the Antennaria lanata Assoclation in that the habitat

consists of hummoéks elevated by ice beneath them. The European
counterpart of this assocliation is found in the Caricetalia
curvulae of Braun-Blanquet and Jenny (1926).

The Phvilodoce empetriformis - Antennaria lanata Associat-

lon corresponds to the Phyllodoce glanduliflora -~ Vaccinium

scoparium Association in Alberta (Bedef, 1967) and the Phyllodoce

coerulea - Vacciniwn myrtillus community in Scandinavia (Dahl,

1956), A similar heath community is described in British
Columbia and Washington (Archer, 1963; Brooke, 1966; Peterson,

1964; Franklin and Dyrness, 1969; Kuramoto, 1968), which con-

sists of Phyllodoce and Cassiope mertensisna., It is interesting

that Cassiope is completely absent from the study area. The
European equivalent of this community is found in the Rhodoreto-
Vaccinion alliance of Braun-Blanquet and Jenny (1926) and
Krajina (1933).

The occurrence of krummholz and tree islands at timberline
is a well-documented phenomenon, The tree species present dep-
end on .the geographical area. Archef (1963) describes an Ables

lasiocarpa -~ Chamaecyparis nootkatensis association in Garibaldil

Park. This area was considered as transitional between the

coastal and interior alpine zones, Four tree 1sland communities

are distinguished on Blg White, all indicative of the interior
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zone: the Picea engelmannii Assoclatlon, the Abies lasiocarpa

Assoclation, the Ables lasiocarpa - Valeriana sitchensis Assoe-

iation, and the Abies lasiocarpa - Picea engelmannii - Vaceinium

scoparium Association., The latter association has been describ-
ed in Alberta by Ogilvie (1961),

The Carex spectabilis Association has been described in

the alpine zone of Garibaldl Park {Archer, 1963) and in the
subalpine parkland in Washington and Oregon {Franklin and
Dyrness, 1969). This community seems to have coastal affinities,

with no reported occurrences in the Rockles,

The Valeriana sitchengls - Castilleja elmeri Association

is similar to communities described elsewhere in British
Columbia, in Washington and the U,S.S5.R. Archer (1963) includes
such a community in an alpine meadow group. Fraser (1970)

describes a Valeriana - Lupinus - Epllobium angustifolium

community on seepage slopes in Garibaldi Park. A Valeriana

sltchensls community occurs In the subalpine parkland and in

the lower part of the alpine zone in Washington (Franklin and

Dyrness, 1969). Subalpine moist meadows with Valeriana, Troll-

ius and Caltha are described in the U.S$.S.R. (Sukachev, 1965).

The Carex nigricans snowpatch community is common in

North America, in both alpine and subalpine parkland areas. It
has been documented in Alberta (Beder, 1967), British Columbia

(Archer, 1963; Peterson, 1964; Brooke, 1966) and Washington
(Kuramoto, 1968; Franklin and Dyrness, 1969). Comparable

L aRaReeT e T

communities are the Polytrichum alpinum - Carex bigelowil

snowbeds in Scotland (McVean and Ratcliffe, 1962) and the Carex
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bigelowii association in Scandinavia (GJjaerevoll, 1956),
It is well k¥nown that bryophytes form the main cover in'

habitats with an extremely long snow duration. The Polytrichum

norvegicun Association on Big White has previously been des-

cribed in British Columbia by Archer (1%63) in the alpine zone,
Peterson (1964) and Brooke (1966) in the subalpine parkland.

Archer's assoclation includes Gymnomitrium varians as a co=-

dominant. This community is also known from Scotland (McVean

and Ratcliffe, 1962), where Dicranum starkel is a co-dominant,

Scandinavia (Gjaersvoll, 1956), Czechoslovakia (Krajina, 1933),
central Europe (Braun-Blanquet and Jenny, 1926) and the Pyreneces
(Braun-Blanquet, 1948).

Reference to the Drepanocladus exannulatus Assocociatlion was

found in a study byrDahl (1956) in Secandinavia and another

in the Tatra Mountains of Czechoslovakia by Krajina (1933).
This community does not appear to be very common, and has not
been previously described from North America.

It can be seen from the above discussion that although
floras differ considerably among geographical areas, similarit-
jies in environment produce comparable communities. In additilon,
many of the communitles distinguished on Big White are not only
ecologically but also floristlcally similar to those of other

alpine and subalpline areas.




7. Vegetation-Environment Relationships

This section presents relationships belween communities on
an environmental basis, No attempt is made to show causal
relations, as this is imposslble to prove without detailed
.autecologicai studies. The section is subdivided into four
parts:

A. An analysis of all environmental variables measured, with
the basic aim of determining which factors are important in
differentiating the communities

B. A detailled study of soil moisture for a number of alpine and
subalpine communities

C. A summary of topographic—altitudingl relationships among the
communities

D. A discussion of the communities associated with each soll
type

Successional relationships among the communitles are not
dealt with in the present study for several reasons, One is the
fact that the research was not organized for the purpose of
studying succession, as only distinct homogeneous stands were
chosen for analysis, If transitional areas had also been
studied, more could have been said about changes taking place
in the communities. Secondly, the vegetation of the study area
is @eveloped on parent material of uniform age. Thus, it is not
possible to produce a scheme showing changes 1n vegetation devel-
opment with different times since deglaciation, as was done by

Fraser (1970). Finally, it is believed that- the plant communit-

jes in such an alpine area are relatively stable and undisturbed,
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and the rates of development are slow, Therefore, in this
environment, the successional approach 1s of very limited use
(Dahl, 1956). On a larger scale, it can be speculated whether
forests will take over the alpine area, or whether the alpine
area will maintain itself. In section %, it was suggested that
there had been a recent migration of tree speciles ffom the sub-
alpine to the alpine area. There are insufficient data to deter-
mine precisely the direction of change in tree establishment,
It appears that in this ecotone area discontinuous chaﬁges in
climate may cause changes in forest development in a constantly
shifting pattern. However, accidental factors such as seed

production and dispersal are also imbprtant.

A, Analysis of Epvironmental Variables

General enviroﬁmental variables and physical and chemical
scil data are summarized for all the communitles in Tables 77
and 78. 1Instead of presenting actual values, the terms "high",
"medium" and "low" are useé. The limits for these terms (given
in Appendix 4) were chosen in reference to the present data only.
These general terms aré believed to be more useful for comparis-
on of the communities. The communities are grouped on the basis
of hygrotope, because it is considered to be the most important
factor in delimiting the various communities. The communities
are discussed in four groups: xeric, meslc, hygric and subhydric.

The xeric group contains five communities: the Juniperus

communis Association ,the three varlations of the Antennaria -

Sibbaldia Association, and the Juncus parryi Association (the
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latter is included even though its hygrotope is rated as sub-
xeric). Among the general environmental factors, exposure,
slope, erosion, mineral soll and rock vary among the communities,

Altitude 1s generally medium (except for the Antennaria - Sibbal-

dia - Salix Variation), relief varies from straight to convex,

wind is strong to very strong (in the Antennaria - Sibbaldia

Association), humus is medium to low, and soil depth 1s medium

to low. Among the physical and chemical soll factors, calcium,
sodium, cation exchange capacity, organic matter, nitrogen and
phosphorus are variable among the communities, Sand is generally
high, while silt and clay are low {the exception in all cases

being the Carex phaeocephala Variation). The pH ranges from

mediuvm in the Antennaria - Sibbaldia Asscciation to low in the

other communities. Magnesium is low, as is potassium (with the

exception of the Juniperus communis Association}.

The mesic group consists of six communities: the Antennaria

lanata Association, both varlations of the Phyllodoce - Antenn-

aria Associatlon (one of which is submesic), the Picea engel-

mannii Assoclation (rated as submesic), the Abies lasiocarpa

Assoclation and the Ables - Picea - Vacecinium Association,

Among the general environmental factors, exposure, slope and
soll depth are variable, Altitude ranges from high to medium,
ahd relief is generally straight. Wind is strong in the tree
island communities and moderate in the others. Erosion varies
from none to slight. Humus 1s medium in the tree island commun-
ities and high in the other two. Mineral soil is low, except

for the Antennaria lanata Assoclation, and rock is low to
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exposed (0-20%). There is usually some rock coverage (0-40%).
Thefe is no evidence of erosion. The hygrotope 1s placed as
submesic to mesic,

Two vegetation layers are present - the herb layer and
the bryophyte-lichen layer. The C layer has a high coverage,
from 75 to 95%. The D layer is falrly well developed, covering
hO-75% of the area.

The dominant plants in the C layer are Phyllodoce empetri-

formis, Antennaria lanata and Vaccinlum scopariuvm, Other con-

stant specles of lower coverage are Erlgeron peregrinus, Juncus

parryi and Slibbaldia procumbens, In the D layesr, Polytrichum

piliferum and Dicranum scoparium are the constant bryophytes,

while Lophozia alpestris, with a presence of IV, is also impor-

tant. Among the lichens, lLecidea granulosa and Cladonia ecmo-

cyna are constant.
The association 1s divided intc two variations:

a. Phyllodoce empetriformis - Antennaria lanata Variation

b. Antennaria lanata - Vaccinium scoparium Variation

Table 28 gives the floristic similarity indices for the
sixteen plots comprising the association. The two variations

are shown separately. The values are all very high, The

values are higher within each variation than between them.
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Table 28

Floristic Similarity Indices for the Phyllodocs empefriformis

Antennaria lanata Association

5 6 19 27 31 37 55 57 76 66 72 20 7 23 Ll 29

5 7L 79 82 83 78 68 76 75 Th 52| 65 58 67 63 61
6 73 75 72 76 52 59 68 60 50f 55 U2 47 L1 44
19 83 79 71 66 63 T4 63 52 67 62 TO 57 64
27 83 79 65 71 T4 72 55] 65 57 63 55 61
31 79 66 71 68 67 507 71 63 69 B0 68
37 54 67 76 68 53] 59 47 55 52 sk
55 60 59 61 52 59 60 59 50 54
57 68 72 56] 61 60 89 59 51
76 67 54 59 49 &7 53 {2
) 66 461 56 50 50 54 45
72 34 28 30 24 25
20 76 72 72 76
7 78 69 66
23 66 75
L1 Th
29

The variations are described below, by general habitat,
floristics and scil data.

a. Phyllodoce empetriformis - Antennaria lanata Variation

i
U

This is the type variation for the association. It occurs
on slopes 1in the alpine, low alpine and subalpine parkland areas.
Relief shape is predominantly hummocky, but can also be straight
or concave., Exposure is variable, and slope gradients range froﬁ
5 to 28%. The ground surface is covered by 70-98% humus, 0-20%
mineral soil and 0-15% rock. No erosion was Obse;ved. The
hygrotope is rated as mesic.

The herb layer 1s very well developed, covering 75-95% of

the area. The bryophyte and lichen layer has a coverage of 40-
75%.
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In addition to the dominant species listed for the associa-
tion, the following species are important in the differentiation

of this variation: Carex nigricans, Arnica latifolia and Clay-

tonia lanceolata in the C layer {these are‘lacking in the Anten-

naria -~ Vaccinium Variation); Dicranum scoparium, Lophezia

alpestris (both with a higher cover) and Cetraria subalpina

(which has a high preference for this community) in the D layer.

The predomlinant soils associated with this variation are
Alpine Dystric Brunisols (6), Other soils are Sombric Humo-
Ferric Podzols (3), Sombric Ferro-Humic Podzol (1) and Lithic
Orthic Regosol (1).

Soil texture (Table 29) becomes coarser with de?th. Samples
of the A and B horizons are classed as loamy sands or sandy loams.
The C horizon ranges from sandy loam to sand.

Table 30 presents the soill chemlcal data. The values for
pH are strongly acidlc, and increase slightly with depth.

Organlc matter and nitrogen decrease steadily with depth. Carbon:
nitrogen ratlos are generally narrow. The percentage of nitrog-
en in the B horizon of plot 19 is very low. Phosphorus, catlon
exchange capacity, magnesium and potassium decrease in amounts
with depth; calcium and sodium increase in some cases and dec-
rease in others,

b. Antennaria lanata - Vaccinium scoparium Variation

This variation also occurs on slopes, but only in the
alpine and low alpine areas. Relief shape is malnly stralght,

in contrast to the hummocky terrain of the Phyllodoce -

Antennaria Variation, Exposure varies, but 1s never northerly.
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Slope gradients are greater than in the type variation, ranging
from 13 to 25%. The ground 1s coversd by 58-94% humus, 0-2%
mineral soil and 6-40% rock. There is no erosion. The hygro-
tope ranges from submesic to mesic. |

The herb layer 1s still of high cover, being 75-30% of the
area, There is also a well-developed D layer, covering 50-60%,

There is a shift in the relative dominance of the major

species, with Phyllodoce empetriformis being reduced, and

Antennaria lanata assuming the primary role, along with Vaccin-

fum scoparium. Juncus parryli is also more important in this

community, Carex spectabilis and Arenaria capillaris have
higher values of average species significance in this variation
than in the type variztion. Although this community has been

placed in the Phyllodoce empetriformis - Antenparia lanata

Assoclation, it is probably best regarded as a transitiocn bet-

ween this association and the Antennaria lanzta Assoclation,

The soils are all classed as Alpine Dystric Brunisols.

S0il texture appears to be coarser than in the type varia-
tion, The A horizon samples are sandy loams, loamy sands or
sand; The B horizon consists of loamy sands or sands, while
the C horizon is predominantly sand.

The soil chemlcal data all appear to be as described for
the ﬁype variation, except that calclum 1s present in smaller

quantities in the B and € horizons of this variation.




Fig,

Fig.

Ll

12,

Phyllodeoce - Antennaria Association, Pnhyliodoce -

Antennaria Variation, Plot 31.

S0il profile of Phyllodoce - Antennaria Assoclation,

Phyllodoce - Antennaria Variation, Plot 57. This

soil 1s classified as an Alpine Dystric Brunisol,

with an Ah-Bm-C horizon sequence,
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Fig.

Fig.

i3.

14,

Phyllodoce - Antennaria Association, Antennaria -

Vaccinium Variation, Plot 7

Soil profile of Phyllodoce - Antennaria Association,

Antennaria - Vaccinium Vériation, Pilot 7. This

soll is classified as an Alpine Dystric Brunisol

with L-H, Ah, Bm and C horizons.
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Picea engelmannil Association

(Ref. Tables 31, 32, 33, 34)

This asscciation is represented by only one plot in the
study area. It occurs on a ridge in the alpine region. The
relief shape is straight. Exposure is southeast, with a slope
gradient of 29%. Humus and rock each cover 50% of the ground
surface. There is no mineral soll exposed. There is no evid-
ence of erosion. The hygrotope 1s rated as submesic,

There are four vegetation layers in the community. The
shrub layer covers 100%, the herb and bryophyte-lichen layers
each 159, and the epiphyte layer 5%.

The plot 1s composed of one Picea engelmannii individual

in the B layer, which has a specles significance value of G.
There are few specles in the other layers. Tne most Iimportant

species in the C layer are Carex phacocephala and Antennaria

lanata. Barbilophozia hatcheri and Polytrichum piliferum are

the most important bryophytes, while Cetraria ericetorum and

Solorina erocea are the dominant licheuns., There are Jjust two

epiphytes: Parmeliopsis ambigua and Parmeliopsis hyperopta.

The soil is classified as a Lithic Orthic Regosol, with an
Ah~-C-R horizon sequence, Texturally, the A horizon is a sandy
loam, while the C horizon is a loamy sand., The pH increases
from the A to the C horizon, but ié strongly acidic in both
cases. Organic matter and nitrogen decrease in quantity with
depth. The carbon:initrogen ratiocs are narrow. Phosphorus,

cation exchange capacity and the available cations decrease

from the A to the C horizon, with the exception of sodium,

Pl




Table 31
General Environment

Picea engelmannii Association

Plot No. 49
Elevation (ft.) 7600
Physiography
Landform ridge
Relief shape straight
Exposure SE
Slope gradient (%) 29
Layer Coverage (%)
B layer 100
C layer 15
D layer 15
E layer 5
Plot Coverage (%)
Humus 50
Mineral soil g
Rock 50
Decaying wood 0
Soil
Hygrotope submesic
Erosion none
Horizon depth (in.)
Ah 0-3
C 3-12
R 12+
Classification Lithic Orthic

Regosol

70
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Table 32
Picea engelmannii Association
Plot No. ” ‘ 49
Plot size (m") 5 6
Extent of type (m") 6
Elevation (ft.) 7600
Altitudinal area A
B layer
1. Picea engelmannii 8.7
C layer
2. Carex phaeocephala 4.2
3. Antennaria lanata 3.2
o 4, Festuca brachyphylla 2.2
% 5. Vaccinium caespitosum 2.2
6. Vaccinium scoparium 2.2
7. Agrostis variabilis 1.1
§. Antennaria umbrinella 1.1
g. Arenaria capillaris 1.2
10. Arenaria obtusiloba 1.2
11. Luzula spilcata 1.1
12. Selaginella densa 1.1
13, Sibbaldia procumbens 1.1
1. Trisetum spicatum 1.1
D layer
o Bryophytes
:ﬁ 15. Barbilophozia hatcheri Dh 4.2
16. Polytrichum piliferum Dh 4.2
17. Bryum capillare Dh 1.1
18. Pohlia nutans bh 1.1
"Lichens
19, Cetraria ericetorum Dh 3.2
20. Solorina crocea Dh 3.2
21. Lecidea granulosa Dh 1.1
22, Cladonia carneola Dh +.+
23, Peltigera canina Dh +.+
E layer
24, Parmeliopsis ambigua EB 2.1
25. Parmeliopsis hyperopta Ep 2.1
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Table 33

AT PR

Spil  Tewture

Picea engelmannii Association

R e

Plot No. u§ ;
Horizon Ah C
Textural class SL LS
Sand (%) 59.2 83.u4
Silt (%) 38.0 16.6
Clay (%) 2.8 0
* Table 3h

Soil Chemical Analysis

Picea engelmannii Assoclation

Plot No. 49

Horizon Ah C
pH 4.8 5.3
C (%) 10.2 2.6
OM (%) 17.6 4.4
N (%) 0.7 0.2
C/N 1u, 13.

P (ppm> 13. 4,
Ca (me/100g) 1.90 0.60
Mg (me/100g) 0.26 0.03
Na (me/100g) 0.02 0.03
K {(me/100g) 0.42 : 0.08

CEC (me/100g) 58.0 14.5
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which increases slightly.

Abies lasicocarpa Assoclation

(Ref. Tables 35, 36, 37, 38)
Characteristic Combination of Species

Abies lasiocarpa
Parmeliopsis hyperopta

This association, represented by only two plols, occurs on
ridges in the alpine area. Relief shape 1s either stralght or
convex. The exposure is southwest, with a slope gradient of
27-30%. Humus covers 55-65% of the ground surface, rock 35-40%
and mineral soll 0-5%. Erosion is slight or none. The hygro-
tope varies from submesic to mesic, |

The shrub layer occuples 95% of the area. There 1s a very
sparse herb layer, coverage belng 5-7%. The bryophyte and lich-
en layer is somewhat better developed, covering 5-30%. The
epiphyte layer 1s very poorly developed in one plot (only 3%
cover), but well developed in the other plot (30% cover).

The only species in the B layer is Abies lasiocarpa, with

an average species significance of 9. There are only two con-
stant specles in the C layer, both with very low average specles

significance values: Carex spectabilis and Sibbaldia procumbens,

No bryophyte specles are constant. Cetraria ericetorum and

lecidea granulosa are the constant lichens, both with very low

coverage. Among the epiphytes, Parmellopsis hyperopta, with an

average species significance of 5, and Parmeliopsis ambigua, with

a value of 3, are constant,

The floristic similarity index for the two plots of the
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Table 35

General Environment

Abies lasiccarpa Association

Plot No. “ 53 by
Elevation (ft.) 7550 7538
Physiography |
Landfornm i d g 2
Relief shape straight convex
Exposure SW SW
Siope gradient (%) 27 30

Layer Coverage (%)

B laygr 95 95
C laver 5 : 7
D layer ' 5 30
E layer 30 3

Plot Coverage (%)

Humus 55 65

Mineral soil 5 0

Rock 40 35

Decaying wood 0 0
Soil

Hygrotope ' submesic mesic

Erosion glight none

Horizon depth (in.)

H - 2-0
Ah 0-6 0-2

B - Bh 2-%
Bhf 4-12
BC 12-17

C 65-13 -

R 13+ 17+
Classification Lithic Orthic Lithic Mini
Regosol Ferro-Humic

Podzol




Table 36 : 75

Abies lasiocarpa Association
Piot No. 53 &4
Plot Size {n?) 30 2%
Extent of type () % 75
Elevation (ft,) 7550 7535
Aliitudinal area A A
tver.Species
8 Jayer Pressnce  Significance
1 kbies lasiocarpa 8.7 9,7 2/2 g
C laver
7 Carex spectabilis 1.2 2.2 2/2 1
3 Sibbaldia procumbens 4t 1.1 2/? +
4 VYaccintum scoparium - 3.2 1/2 2
5 Antennaria lznata - 2.2 1/? 1
B Larex phzeocephala - 1.2 1/2 +
""" 7 Vaccinium caespitosum - 1.2 1/2 +
8 Agrostis variabilis - s 172 +
9 Arenaria capillaris - +.1 1/2 +
10 Frigeesn peregrinus - ot 1/? +
11 festuca brachyphylla - +,4 172 +
12 Luzulz spicata - +t 1/2 +
I layer
Bryophytles
13 Tortula ruralis th - 5.2 1/2 4
14 Barbilophozia lycopodioides Bh - §,2 1/2 3
15 Bryus capillare gh - §,2 1/2 3
16 Barbilophozia hatcheri h - 3 1/2 2
17 Polytrichun piliferum oh - 3,2 1/2 ?
18 Bryum bimum Dh 2.2 - 1/2 1
19 Dicranun scoparium bh 2.2 - 1/? 1
20 Orthocaulis floarkii Oh 1.1 - 1/2 +
24 Brachythecium starkel ok - +,2 1/2 +
22 Lescursea baileyi bh - +.2 1/2 +
23 Lescuraca radicosa bh - +.1 1/2 +
25 Paraleucobryum ensrve oh - +.4 1/2 +
Lichens
25 Cetrariz ericetorun bh 2.1 +.2 2/2 1
26 Lecidea granulosa Dh 2.1 +.2 2/2 1
27 Cledonia macrophyllodes Dh - 1.1 1/2 +
£ layer
28 Parmeliopsis hyperopta Eg 6.1 2.1 2/2 5
29 Parmeliopsis ambigua Eg 3.1 2.4 ]2 3
30 Cetraria pinastri Ep - +1 1/2 +
Total Species ' 10 27
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Table 237
Soil Texture

Abies lasiccarpa Assoclation

Plot No., 53 by

Ah Horizon

Textural class LS LS
Sand (%) 80,8 73.8
Silt (%) 18.0 26.2
Clay (%) 1.2 0

B Horizon

Textural class - LS
Sand (%) - 72.7
Silt (%) - 27.3
Clay (%) - 0

C Horizon

Textural class LS LS
Sand (%) 7.2 78.0
Silt (%) 22.0 22.0

Clay (%) 0.8 0




Table 38 77
Sotl Lhemical Analysis
Ables Tasjocarps Assaciation
Plot Ko, 53 44
H Horizon
pH 4,6
c (%) - 27.8
o (%) - 47.8
¥ {8 - 1.7
c/n - 16.
P {ppm) ' - 25.
Ca {me/100g) - 7.40
g {me/100g) - 1,04
Na {ze/100g) - 0.02
K {me/t00q) - 0.76
CEC {me/100g) - 163.0
Ak Horizen
ph 4.7 4,2
£ {%) 9.8 17.5
o (3) 16,8 30.1
K8 0.4 1.1
o 23 16.
P (ppm) 15. 16,
Cz (me/100g) 0.22 1.63
§ Mg {me/100g) 0.67 0.37
g Na (ne/100q) 0,12 0.03
K (me/100g) 0.13 0.46
CEC {me/1000) 108.0 B1.5
e | B Horizon
nH - 4.4
¢ ) - 10,7
o (%) - 18.4
No{3) - 0.6
/N - 18,
P {ppm} - 1.
£a {me/100g} - 3.16
Mg (me/100g) - .67
Na({me/100g) - 0,04
K (me/100g) - 0.10
CEC {me/100g) - 50.9
£ Horizon
of 4.6 4.8
¢ (%) 12.1 8.1
oM (%) 20.9 1635
K {5 0.8 0.3
ki 15. 18,
P (ppa) 13, 11.
{a (me/100g) 0,08 0.19
¥g {ne/100g) 0.06 0.03
Ha {me/1000) 0.12 0.04
X {me/t 0.1 8,03
azﬁ((agfggﬁ;) 103.0 33.1
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association is 67, which is relatively high.

s.—-..l
4]

- The soi are classed as Lithic Orthic Regosol and Lithic
Mini Ferro-lumic Podzol., Texturally, all the samples {rom the
A, B and C horizons are loamy sands. Among the chemical data,
pH generally increases slightly with depth, all values being
strongly acidic., In one plot, organic matter and niﬁrogen dec-
rease in amount with depth; in the other, they increase. The
inecrease in organic matter is probably due to its downward move-
ment and accumulation in the very shallow soil. There should
be an ampie supply of nitrogen available for higher plants, as
indicated by the narrow carbon:nitrogen ratio., FPhosphorus,
cation exchange capacity, calcium, magnesium and potasslum dec-
rease in guantity with depth; sodliwn increases slightly. In

all the chemical data, there is a wide variability between the

two piots,

Abies lasiocarpa -~ Picea engelmannii - Vaccinium scoparium

Agsociation

(Ref. Tables 39, 40, 41, 42, 43; Fig. 15, 16)

Characteristic Combination of Speciles

Avies lasiocarpa

Picea engelmannii

Vaccinium scoparium

Dicranum scoparium

Parmeliopsis hyperopta

Cetrarla plnastri

This association occurs mainly on ridges in the alpine, low
alpine and subalpine parkland areas. Rellef shape varies from

straight to convex to concave, Exposure ls usually southwest,

with slope gradients of 2-25%., Humus covers 40-70% of the




79
Table 39
General Environment

Abies lasiocarpa - Picea engelmannii - Vaccinium scoparium

Associetion

Plot No. 51 sy 61 70

Elevation (ft.) 7540 75090 7350 7300
- Physicgraphy
Landform ledge e ridge
Relief shape convex to R .
concave straight straight goncave
Exposure SW SwW SW NW

Sleope gradient (%) 25 15 2 24

Layer Coverage (%)

e B laygr 95 85 95 35
C layer 7 60 LY 650
D layer 10 60 50 25
E layer 5 30 10 20

Plot Coverage (%)

Humus 70 65 40 60
Mineral soil 0 10 0 0
Rock 30 25 40 30
Decaying wood 0 0 20 10
Soil

Hygrotope mesic mesic submesic mesic
Erosion none slight none none
Horizon depth (in.)

Ah 0-4 g-4 1/2 0-3 0-3
] B Bh 4-12 Bhf 4 1/2- Bhf3-11 Bhf 3-12
J 14 1/2
C 12-18 14 1/2+ Cgll+ 12+
R 19+ - - -
Classification Lithic Sombric Gleyed Sombric
’ Orthic Ferro- Sombric Ferro-
Humic Humic Ferro- Humic
Podzol Podzol Humic ‘Podzol

Podzol




R R i .

Ahies latiogarp - 72

ces endelmannal! .« Vacelniun scopariyn Associatlen

Flot %o d w0
Plot Slze {22) 7 105
£xtent of type {a%) 7 105
Elevation (f1.] 8] 7500 7300
Altttudinal area £ 5¢
Aver Specles
g lager Presente  Sreelficsmce
t Ables lasiocarpa 1 8.8 ¥ H
_ 2 Plgea engelnanni) 7 &6 ¥ 1
£ bayer
3 Vecciniun seopariun ? 5.7 ¥ &
i Antennaria lznata Z 2.2 ¥ 3
§ Phyblodoce enpeirifornis 7.3 14 H
& Arenoria capillaris - v H
7 Lurula sp. 8.3 HE 5
8 Cargx phaeocephals - Fit 1
§ Festuca brachyphylla - 1 1
10 Stvbaldiz procutens - 111 1
11 Potertilla diversifelia - - 11 +
12 Hieraciun gracile - [ +
13 Erigeron peregrinug - - TH +
Bryophytes .
th Dicranys scopariun = 1.2 5.1 5.2 v [}
15 Polytrichun piliferus - 2.2 3 - v 3
16 Lopheria alpestris AN 3. - ¥ 3
17 Pohliaz nutans tr i 1.2 - H 5
18 Orihocaulis Floerkii R 4 24 - TH 2
Lichens
19 Cladonia ecrocyna = 2.2 1.1 i v h
20 lecides granuloss Im e 34 - v 4
21 Celraria ericetorus -3 1.1 - v 1
22 Solorina trocea z 4,4 - v 1
E Tayer
23 Parzeliopsis hypercpta it 2.2 i1 ¥ 3
24 Cetraria pinastri Ir 2 5.1 v 4
25 Paraeliopsis ambiqua i .2 i1 iy 3
Total Species (inel.sporadic:’ 31 14
Sporadlc Spectes Brackytheciun starkel £4(3.4)
C tayer Brepanccladus uncinatus 51{1,1)
28 Agrostis variabllis 54(2.2) iiae‘ria:ﬂ;tf;;i . ;?i?'g
27 Arenaria obtusilobs 54{1.2) gscuraea oaiieyl :
1: tophozia 7 kunzeana H1(4,1)
28 Larex spectabilis 54{1,2) :
. Pahlia elengata 54{3.1)
28 Deschanpsia atropurpurea w2 . .
0 Haplopaopus Tyallii §10+.2) Palytrichadelphus 1yaliii 6143.1}
31 Juncus parryi 58{2,2) Lichens
£ i.uz-uza spicata R 5?“'” Ciadonia carreola 54{3,4)
33 Satix cascadensis $:{2.2} .
H risetun spicatun §5{5.2} Cladonia chlorophacs 5421
28 " - Cladonia coceifera 51{1.1)
B layer Cladenia plesrota 55{1.1)
Sryoohy tes Peltigera malacea 5401,1)
TyoRty Stereccaulon alpinus Si{+,1)
3% Barbilopherie barbata $4{1.1) £ Vaver
36 Barbllophozia hatcherd 51(+,1) = LHET
37 Barbilophozia lycopedioida: B{4.1) Mectoris arericana 51{1.1}
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ground surface and rock 25-40%, Mineral soil is exposed 1n
only one plot. Decaying wocd occurs in two plots (10-20%).

There is generally no observable eroslon, The hygrotope ranges

g

from submesic to mesic, most plots being mesic.

Since this community is a tree island, the B layer is pre-

dominant, coverage being 85-95% of the area., The C layer is
mainly well developed, covering 7-60%. The D layer is also well
developed, with a cover of 10-60%. The E layer covers 5-30%.

The B layer is composed of two species, which are both

dominant in the community - Abies lasiocarpa, with an average

specles significance of 8, and Picea engelmannii, with a value

of 7. Vaccinium scoparium dominztes the C layer, with an aver-

age species significance of 6. The only other constant species

in the herb layer is Antennaria lanata. Phyllodoce empetriformis,
with a presence of IV and average species significance of" 5, is

important in most plots. Dicranum scoparium is the dominant

bryophyte, while Cladonla ecmocyna 1s the dominant lichen,

Parmeliopsis hyperopta is the only constant epiphyte. Cetraria

pinastri, though not constant, 1s conslidered a characteristic

species, because 1t reaches its highest cover value in this
association.
Table 41 gives the floristic simllarity indices for the
gour plots of the associon. The highest values are obtained

between the two alpine plots (51, 54) and between the two

subalpine plots (61, 70).
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Table 41

Floristic Similarity Indices for the Ables lasiocarpa - Picea

engelmannii - Vacecinium scoparium Association

51 54 61 1C

51 60 51 Ly
54 ‘ 56 b3
61 58
70

Most of the solils are Sombric Perro-Humle Peodzols. One

seil is classified as a Lithic Orthic Humic Podzol.

The subalpine soils are finer-textured than the alpine

solls., All the samples from the A, B and C horizons of the
subalpine solls are sandy loams, The alpine A horizons are
loamy sands; the B horizon is a sandy loam or loamy sand; the
C horizon is a loamy sand or sand.

Table 43 presents the soll chemical data. The pH values

are all strongly acidic, and increase slightly with depth.

Organic matter and nitrogen decrease steadlly with depth., The
carboninitrogen ratios are relatively narrow. Phosphorus, cation
exchange capacity, magnesium and potassium decrease 1n quantity
with depth; sodium Increases, while calcium decreases from the

A to the B norizon, then increases from the B to the C horizon,
Organic matter and nitrogen vary widely among the four plots,

Phosphorus and catlon exchange capaclty are simllar in the A and

C norizons., Calcium and so@ium are similar in the B horizon




Table 42

Seil Texture

Abies lasiccarpa - Picea engelmannii - Vaccinium scoparium
Association
Plot No. 51 54 51 70

Ah Horizoﬁ

Textural class LS LS SL SL
Sand (%) 79.6 73.6 71.6 69.6
Silt (%) 20,4 25.0 25.0 28.4
Clay (%) 0 1.4 3.4 2.0

B Horizon _
Textural class SL LS SL SL

Sand (%) 58.6 79.6 56.6 71.4
Silt (%) 38.8 18.0 41.0 21,2
Clay (%) 2.6 1.4 2.4 T

C Horizon

Textural class LS S SL SL
Sand (%) 74,6 89.0 58.0 70.4
Silt (%) ' 24 .4 11.0 32.0 20.0

Clay (%) ' 1.0 0 10.0 9.6




Table 43 4 Bl
Soil Chenical Analysis
-E Abiss lasioparpa - Picez engelmannii - Vaceinium scoparium hssociation
Plot HNo, 51 54 61 70
&h Hortzon
i 5.2 4.1 4.4 i1
¢ (5 13.2 6.8 12.8 9.7
o (%) 22.5 1.6 22.5 5.7
N3 0.7 0,5 0.8 6.5
C/N 20, 4, 16, 18.
P {ppm) 18, 7. 23. g,
€a {ne/100g) (.40 1.49 0.1 0,34
Mg (me/100g) 0.17 0.3 0,16 8.2
Nz (me/100g) 0,04 0.1 G.29 0.13
K {me/100q) 0,28 0.26 0,26 0,33
CEC (me/100g) 52,8 25,6 79.9 22.0
B Horizon
pH §.6 4.8 4,8 4.6
t & 7.7 8.2 6.2 5.2
oM (%) 13.3 14,1 10,7 10,8
No(%) 0.4 0.4 0.4 0.3
G/ 20, 26, 16, FAR
P {ppn) B, 3, 3, 3.
Ca (me/100g) 0.13 0.05 0.09 .07
Mo (me/100g) 0.04 0.03 0,03 0.03
Kz (me/100g} 0.04 0,12 0,13 0,13
£ {ms/100q) 0.0 G.04 .04 103
CEC (me/100g) 48,4 171 7.5 6.1
C Horizom
pH 4,7 5,0 4.8 L
¢ (&) 3.8 2.8 3.2 3.8
0% (%) 6.6 4.5 5.3 6.5
N5 0.3 3.1 0.2 9.1
£ C/A 14. 26, 18. 21,
P {ppn) 6. 2. 5, 3.
Ca {me/100q) 3.5 0.45 0,42 0,27
Sy Mg {ne/100g) 0,03 0,02 0.01 0,02
Na (me/100g) 0.10 0.15 . 0,27 0,14
K (me/100q) 0.02 0.02 0.02 0.04
CEC (me/100g) 37.3 1.6 12.8 1.5




Fig.

i5,

Abies - Picea - Vacciniun Association, FPlot 51.

Taller tree species is Picea enpgelmannii, In left

foreground 1s Antennaria - Sibbaldia Association.

Soil profile of Abies - Picea - Vaccinium

Association, Plot 54. This soil is classified
as a Sombric Ferro-Humic Podzol, with an Ah-Bhf-C

horizon seguence.
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only. Magnesium and potassium are fairly similar in all

horizons,

Abies lasiocarpa - Valeriana sitchepsis AssociatiOn

(Ref. Tables 4h, 45, U6, b7, 48)

Characteristic Combination of Species

Abies lasiocarpa

Valeriana sitchensis

Arnica latifolia

Polytrichadelphus lyallii

Parmeliopsis hyperopta

This association occurs on secpage slopes in the subaipine
parkland.. Reliefl shape is concave to straight. The exposure
is southwest, with a slope gradient ranging from 21 to 39%,

The amount of rock covering the ground surface is variable,
from 5 to 65%. Humus covers 35-75%, while there is no mineral
soll exposed. Decaying wood is present in two plots, with a
cover of 10-20%. No evidence of erosion was observed, The
hygrotope is rated as subhygric to hygric.

The shrub layer occupies 75-95% of the area. The herb
layer coverage varies from 20 to 80%. The bryophyte and lichen
layer is sparsely developed, covering only 10% of the plot,

The epiphytic layer is better developed, coveragegbeing 5-20%.

Abies lasiocarpa 1s the only species in the B layer, with

an average specles slignificance of 9, Valeriana sitchensis and

Arnica latifolia dominate the C layer, with average specles

significance values of 6 and 5, respectively. Other constant

species, of lower coverage, are Vacciniunm scoparium, Senecio

friangularis, Veratrum viride, Claytonia lanceolata, Castilleja
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Table ut
General Environment

Abies lasiocarpa ~ Valeriana sitchensis Associatien

i Plot No. 56 62 74

% Elevation (ft.) 7400 7300 7200

.?g Physiography

'% Landform ————e———SEEPAgE SlOpe

. Relief shape concave concave straight
Exposure SW SW SW
Siope gradient (%) 39 21 22

Layer Coverage (%)

B lavyer 85 85 75

C layer 35 80 20

D layer 10 10 10

E layer 5 20 20
Plot Coverage (%)

Humus 35 70 75

Mineral soil 0 0

Rock 65 20

Decaying wood 0 10 20
Soil

Hygrotope hygric subhygric subhygric

Erosion none

Horizon depth {(in.)

Ah 0-8 0-3 0-7 1/2
Bm 6-12 3-13 7 1/2-15% 1/2
, C 12+ 13+ 15 1/2+
Classification Alpine Dystric Brunisol
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Abies lasiocarpa - Valeriana sitcheasis Association
Plot Ho. 58 62 T
Plot Size (n?) i1 126 3
Extent of type (n?) i 126 3
Elevation {ft,) 74500 1360 7200
Attitudinal area sp SP SP
) Aver.Species
B layer Presence Significance
1 Abies Jasiocarps 9.7 9.8 8.5 3/3 g
£ layer
2 Valeriana sitchensis 8.3 B.3 4,2 /3 6
3 Arnica Tatifalia 5.2 6.2 4.2 3/1 5
§ Vaccinium scoparium 3.2 5.2 2.2 33 4
5 Senecio triangularis §,2 2,2 3.2 33 3
& Veratrum viride 2.2 4.3 3.2 3/3 3
7 Claytoniz tanceolzta 3.2 3.1 2.1 3/3 3
8 Castilieja elreri 3.2 3.1 1.2 3/3 3.
9 HKitella breweri 3.2 3.2 1.2 3/3 3
10 Luzula sp. - 1.3 2.2 2/3 §
11 Carex speciabilis 4.2 5.2 - 2/3 4
12 Phyllodoce empeiriforsis - .2 3.2 273 3
13 Pedicularis bracteosa - 3.2 3.2 2/3 2
14 Erigeron perearinus L. 3.1 1.2 2/3 1
15 Lupinus latifolius - 2.1 2.2 2/3 1
16 Arnica mollis 2.2 - 1.1 2/3 1
§ 0 layer
: Bryophytes
17 Palytrichadelphus lyallii  Oh 2.1 4.1 4,2 3/3 4
18 lophoziz alpestris ok 3 - 3.2 2/3 ?
E Jayer
19 Parmeliopsis hyperopia £y 2.1 4.1 4,1 i3 §
20 Parmeliopsis ambigua Eg 3.4 - 4.1 2/3 3
Total Species (incl,sporadics) 26 26 25
Sporadic Species
£ layer 33 Brachythecium curtum 56{2.1)
- a . 52 s
21 Anemone occidentalis §2(z.1) 3 Brachytheciun st?rkel (2.2)
. 35 Bryus 7 pseudotriquetrus 56{1.1)
22 Antennariz lanata 52(3.2) i
. RO 36 Cephaloziella sp. 74(1.1)
23 Arenariz capillaris 62(2.1)
s .37 Cerztodon purpurgus 1.1
24 DBeschampsia atropurpures %(1.1) . .
s - o 38 Dicranum scoparium §2(2.1)
" 23 Juncus drummondii 56(1.1} o s
) 39 Kiazeria blyitii 56(2.1)
26 Luzula glabrata 56(3.2) .
A 50 lescuraea incurvala 52(1.1}
L. 27 Ranunculus eschschoifzii B2(2.1) RO
) - 41 Ponlia gracilis 74(1.1)
28 Saxifraga ferruginea 56(1.1) .
. ; , 47 Pohlia nutans %011}
29 Sibbaldia procumbens 56{1.1) . .. 55(4.1)
30 Trollius lasus 56(2.2) 43 Ponlia wahlenbergii -]
P ’ 44 Polytrichum piliferum 74{2.2)
?'Q; 0 layer 45 Rhacomitrium sudeticum 56(2.1)
' 4 Scapania undulata 56{+.+)
Bryophyies
31 Barbilophozia hatcheri 62(+.+] Elayer
32 Barbilophozia lycopodicides 56(3.1} 47 Cetraria pinastri 62(4.1)
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elmeri and Mitella breweri, In the D layer, Polytrichadelphus

lyallii is the only constant bryophyte., Due to the wet condit-
ions, there are no ground lichens in this community. Among the

epiphytes, Parmeliopsis hyperopta is a constant dominant,

Table 46 presents the floristic similarity indices for the

three plots comprising the association., The values are reason-

ably high.

Table 46

Floristic Similarity Indices for the Abies laslocarpa -

. Valeriana sitchensis Association

56 62 7h

56 62 61

62 51

7h
& The soils are all classed as Alpine Dystric Brunisols,
% with an Ah-Bm-C horizon sequence.

Soill texture generally becomes coarser with depth., The A
horizon samples are classed as sandy loams or loamy sand, The
B horizon is a loamy sand, The C horizon ranges from sandy
loam to sand.

The soil chemical data are shown in Table 48, The pH is
strongly acidic in all horizons, and increases slightly with

depth. Organic matter and nitrogen decrease with depth. In

plot 56, there is still a considerable amount of organlc matter
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Table U7
Soil Texture
Ahjies lasiocarpa -~ Valeriana sitchensis Association
Plot No. . 58 62 74

Ah Horizon ,
Textural class LS SL SL

Sand (%) ' 76.0 63.0 68,0
$iltt (%) 23.4 33.8 31.2
Clay (%) 0.6 3.4 0.8

Bm Horizon

Textural class LS ‘ LS LS
Sand (%) 79.6 73.6 73.4
silt (%) 18.6 - 24.0 25.2
Clay (%) 1.8 2.4 1.4

C Horizon

Textural class S SL LS
Sand (%) 87.0 64,0 77.2
Silt (%) 2.2 31.0 16.6

Clay (%) 0.8 5.0 6.2




Table 48 R
Soil Chemical Analysis
Abies Yasiocarna - Valerianz sifchensis Assacistion
Plot Ho. 56 62 T4
Ah Horizon
ph 4,7 4,2 i.7
c {4 13.8 1.0 12.9
o o () 23,7 18,8 22,1
| Ko(%) 1.0 0.7 8.9
CiN 14, 15, 14,
P {ppm) 6 8, 12,
fa  (me/108g) 0.47 1,08 0.30
Mg (me/100q} 0,25 0,28 0.19
Ha (me/100g) 0.15 0,27 8,217
K (2e/100q) 0,34 8,30 5,34
CEC (me/100g) bbb 23,5 26.0
Bm Horizen
ph 4.7 4,1 4,8
¢ (%) 1.4 6.5 7.0
oM (%) 12,8 11.3 121
N (3) 0.5 0.4 0.5
G/N 14, 17, 5.
P (ppm) 1. 11. 8.
0z {me/100g) 0,39 0,38 .20
_ Mg (me/100q) 0,13 0,07 0.08
| Nz (me/100g) 0.14 0.12 0.15
X (ne/100g} 0,18 0.13 0,08
CEC {me/100g) 36.8 13.8 24,3
£ Horizon
oH 4,8 4,8 5
c (4 6.7 2,7 1.7
o (%) 1.5 4,8 3.0
N (D 0.4 8.2 0.1
C/N 186. i6. 14,
P (ppn} 8, 4, 7.
Ca (me/100q) 0,69 0.42 .36
Mz (me/100q) 8.13 0,02 6.02
Na (me/100¢) 6,26 8,19 0.15
: K {me/t00g) 0,16 0,04 0.04
vy CEC (me/100g) 19.3 8.3 12.0
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in the € horizon due to the shallowness of the soil. Carbon:
nitfogen ratios are narrow. Catlon exchange capacity, magnesium
and pobtassium decrease in quantity with depth. Calcium and
sodium decrease f{rom the A to the B horizon, then increase
somewhat from the B to the C horizon, Phosphorus decreases down
the profile in one plot, but in the others it increases from the
A to the B horizon, and then decreases from the B to the C
horizon. Organic matter, nltrogen and phosphorus appear to be

fairly similar among the three plots, whereas catlion exchange

capacity 1s variable. The values for calcium are simllaer only
in the B horizon. Magnesium is similar in the A horizon; In the

B and C horizons, plots 62 and 70 are close in value., Sodium

has simllar values in the B horizon; plots 62 and 70 are similar
in the A and € horizons, The three plots are similar in potass-
ium in the A horizon; only plots 62 and 70 are similar in the C

horizon,

Carex spectabilis Assoclation

(Ref. Tables 49, 50, 51, 52, 53)
Characteristic Combination of Species
Cérex spectabilils

Antennaria lanata
Polytrichum piliferum

HE ' This assoclation occurs on slopes with some seepage, malnly
in the alpine and low alpine areas., The relief shape 1s predom-
inantly straight. Exposure 1is south, west or southwest, with

slope gradients ranging from 9§ to 50%, Humus covers most of the

ground surface, from 70 to 95%, Exposed mineral soil is mostly
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Plot HNe.
Elevation {ft.)
Physiegraphy

Landforn
Relief shape

Exposure

Slope gradient (F) g

Layer Coverage (%)

C layer
D Tayer

Plot Coverage (1)
Humus
Hineral Soil

Rock

Soil
Hygrotope

Erosion

Horizon depth {in.)

L-H

Ah
B
¢
R

{lassification

Table 49 93
General Environment
Carex speciabilis Association
1 14 25 3 18
575 7500 7500 KLY %75
depression 1o
channel pe
straight straight straight straight straight
to concave to convex
SW ;) ] S# S
50 1" 25 28
65 88 96 85 80
20 5 35 5 40
70 88 a5 B 90
Z5 ? 0 ] 5
5 10 5 5 5
hygric subhygric subhydric subhydric submesic
none
1-0 - 3-0 - HAy B-T%
0-3 0-12 0-8 0-6 My 512
By 3-7 Bhf 1218 - - Br 12-1B
T+ 18+ & B-13 18+
- - - 13+ -
Alpine Sombric g Lithic Alpine
Dystric Ferro-Humic gr%hzci Orthic Dystric
Bruni sal Podzol #9080 Regosol Brunisol
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Tabla 50
Carex spectabblls Assoclation
Plat Ka. 1 14 i) ki 18 4
Flot Stze (r%) 0 2 20 u ki)
Txtent of type (=0) 110 n 3 k] %
Elevation {fl.} 7575 7500 7500 1Y [y
Altitudinal ares [ A [ L& SF
Presesce Avcr.S?ecics
L Tayer. Significance
1 Carex zpectabilis B¢ 9.5 B.& a4 8.4 ¥ 8
2 #Anternariz tanata .2 5.2 5.2 2.2 5.2 ¥ 5
3 Erigeron pereqrings 2.2 5.2 3.2 i2 3.2 ¥ §
4 Sibbaldia procylens 1.1 1.1 4.2 1.1 4.2 ¥V k!
§ Vaccinius scooarius 1.2 i.2 3.2 - 4.2 i k|
§ Arenaria capillaris - 31 2.2 3.2 1.2 Iy 2
T Juncus parryl - 4.2 - 4.2 5.2 HE i -
8 FPhleys alpinus 4,2 - §,2 2.2 - i k!
9 Larex pyrenzica 4.2 8.2 - - 1.2 il 1
10 Veronica worrskjeldii 1.1 - 3.z 2.2 - 1] H
11 Hiersciun gracile - - 1.4 1.2 3.2 il cg
12 Luzula spicala 1.1 - - LR 2.1 Hi +
13 Phyilodece erpetrifornis 1.2 - 1.2 1.2 - HEH +
14 Juncus gru-rondid 2.2 - 5.2 - - 11 3
15 Arnica neiliy - - 5.3 1.2 - 14 3
16 Carex nigricans 4.2 - 3.2 - - t 2
17 Potentilla diversifolia - - 4.2 - 1.1 i 1
18 Claytoniz lancenlate - 4.2 - - - H 1
i 18 Agrostis variehilis - - - 1.2 1.z H 1
! 20 Anternarla friesiana k4 - “ - 1.4 H R
21 Triselun spicalun - - 11 1.2 - il 1
22 Poa cusiekid 1.1 1.1 - - - 1 +
0 layer
Bryophyies
23 Polytrichun piliferun Dh 4.2 b4 1.1 3.2 3.2 v 1
26 Polytrichun juniperinus b - - k%4 2.2 5.2 1t 3
25 Polytrichun forzosus eI 1.4 Lz - - 1] H
25 Dicranus scopariuvn 0h 2.1 - 2.1 - - it +
2T Deszmatedon latifalius Ih - 11 - 2.1 - H +
28 [Drepanscisdus uncinatus oh 2.1 - 1.4 - . 1 +
25 Pohiia gracilis oh - 1.3 2.1 - - i *
Lichens
30 £ladenia carsesla gh 3.3 - 2.1 - .2 1N 2
3t Cladenlz ecoocyna gh - - 2.1 - 82 1 1
32 Lezidea granulcesa fih 11 - - R 2 1 1
33 Letrarts ericeloru- gh 1.1 - - - 2.2 H +
34 Stereccazten alpinun fh 2.1 - - - 1.1 H +
Total Species (incl.sporadics) 22 18 1 2 28
Sporadic Species
C lzyer B layer .
35 Arenariz obtusilehba 18{+,1) Srycohytes -
36 Arnics latifelia 32(1.2) 51 Barbilophozia hatcheri 28(2.1)
37 Larex phaeocephala (1.1} $2 Cephaloriella sibdeniata 14{+.+)
38 Descharpsta atropurpures 1411} 53 Ceratodon purpureus 5(2.1)
38 Festuca brachyphylla 18(4.2) $4 Kigeria dytiid 14{4.2}
40 Juncus reriensianus 26{1.2) 55 Lophozia alpestris FESRY
41 Juntperus connunis 15{1.+) 56 Orthocaytis floarkil 158{5.%}
- o 42 Lupinus latifelius 1{2.2) 57 Pohlia nutans 18{1.1}
- 43 Lurdla gladrata (1.2} Liches
44 Luzula wshlentergit 1(3.2} bohens
45 Luruls sp. 503,23 §8 Cetrarla sutalpina 28{1.2)
45 Saltx cascadensis 1(5.2) 59 Lladenta chlerophaca 26(2.1)
4T Serecio teiangularis 201.2) £0 Cladents deforals 76{1.1)
8 Silene parry! 39(3.2) 81 Cladenta sp. Aile,s)
% Selldago caltiradiata 18(4.2) 52 Peliigera canira - 18(2.1}

50 Vaceialun caessitosun 3_9(3.2) §1 Solerina cracea 18(1.4}




very sparse. Rock covers 5-25% of the arca. There 1s no evi-
dence ol erosion, The hygrotopc'?angcs from submesic Lo sub-
hydric,

The herb layer 1s predominant in this community, coverage
being 65-96%. The bryophyte and lichen layer is moderately
well developed, covering 5-40%.

Carex spectabilis, the dominant species, has an average

specles significance of 8, 1In the C layer, Antennaria lanata

is the subdominant, with an average speciec significance of 5,

Other constants are Erigeron peregrinus and Sibbaldia procumbens,

The only important bryophyte is Polvtrichum piliferum. None of

the lichens is of Importance in this wef habitat.

The floristic similarity indices for the five plots of the
associatlon are shown in Table 51, The values are lower than
was the case with many of the previously-described communities.
However, these plots all have their highest values of similarity

wilth each other rather than with any other association.

Table 51

Floristic Similarity Indices for the Carex spectabilis Associat-

ion

11 14 26 39 18
11 54 57 49 50
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Table 572
Scil Texture

Carex spectabilis Association

Plot No. 11 14 26 39 18
Ah Horizon H-~-Ahl Ah?2
Textural class SL, 5L SL SL SL LS
Sand (%) 66.8 50.2 58.0 65.0 54.8 78,4
silt (%) 33,2 49.4% 39,8 32.8 45,2  21.0
Clay (%) 0 0.4 2.2 2.2 0 0.6

B Horizon

Textural class LS SL - -

Sand (%) 82.2 170.8 - - 80.4
Siit (%) 17.8 27.8 - -

Clay (%) 0 1.4 - - 0

C Horizon

Textural class S S 5 ) LS
Sand (%) g2.4%4 99,0 90.2 85.4 76.0
silt (%) 7.6 1.0 9.8 1u.86 23.5

Clay (%) 0 0 0 0 0.4




Table 53 97 1

Soil Chemical Anslysis

Carex spectabilis Association

Plot Ho. 11 14 28 34 18
L-H Horizon Habihiy
pH - - 4,8 - £,5
c (&) - - 30.1 - 15,1
o (%) - - 51,8 - 75.9
N3 - - 0.2 - 1.0
C/4 - - 187, - 15.
P (ppa) - - 18, - 17.
Ca (me/100g) - - 4,50 - 0.10
Mg {me/100g) - - 1,20 - 8.2t
Na {me/1003) - - 0,25 - 0.32
K (me/160q) - - 1.09 - 0.44
CEC {me/100g) - - 163.0 - 96.5
&h Herizon
ol 5.8 4.6 b4 4.5 4.9
C (%) 16.1 16,3 12.1 12,1 5,6 .
oM (%) 27.7 28,1 20.8 20,7 9.7
K (§) 0.1 .8 3.5 0.5 0.3
C/N 134, 20, 21, 25, 18.
P {opn) 7, 20. 15, 13. 12.
Ca {ne/100g) 0.09 1.28 0.53 1,72 0.15
o (me/100g) 0,06 0,23 0,16 0.33 0,02
Na (ne/100g) 0.13 0,27 0.21 0.03 0.14
K {me/100g) 0.0z 0.54 3,10 0,44 8,04
CEC {ma/100q) 51.6 62,8 36.6 B34 48,6
8 Horizon 3
ph 5.1 4.1 - - 5.0 1
C (%) 7.5 7.6 - - 3.2 .
,, o (%) 12,9 13,1 - - 5.5
e N (%) 0.4 0.5 - - 0.1
;?ﬁif? /N 18, 17, - - 23.
P {ppm) k. 21, - - .
ca (me/100q) 0,29 0,04 - - 0.z22
Kg (me/100¢) 0.02 0.08 - ‘ - 0.01
Na (me/100g) 8,15 0.3 - - 0.7
K (me/100g) 0.03 0.25 - - 0,02
CEC {e/100g) 14,8 43.3 - - 13.6
£ Herizon
ol 5.0 5.1 8.1 4.8 5.1
c () 2.3 1.B . 5.k 7.4 2.1
o () 4.0 2.1 9,5 12,8 3.7
N{F) 0.2 .1 0.4 2.5 0.1
Wk 19. 26, 16. 14, 16.
P (opn) L, 5. 6. 48, 4,
Ca {me/100g) 2,26 0,44 0,38 6,69 0,43
¥g (me/100g) 0.02 0.0 .06 0.13 0.0
Na {ne/100g) 0.48 0,17 0,12 0.04 0,15
K (me/1000) 0.0z 4,03 0,04 0.18 0.3
LEC {me/100g) &.8 7.0 18.3 9.3 19.5
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The soils associated with this community are Alpine Dystric
Bruﬁisol&j Orthic Regosols and a Sombric Ferro-Humlc Podzol.

The soils are finer-textured in the surface Ah horizon
than in the B or C horizons. Surface horizons are classed
mainly as sandy loams. The B horizon, where present, varies
from sandy loam to sand. The C horizons are mainiy coarse -
textured sands.

Table 53 presents the soll chemical data. The pH increases
.slightly with depth, all values being strongly acidlc., Organic
matter and nitrogen decrease with depth, and carbon:nitrogen
ratios are generally narrow. The values for nitrogen in the
L-H horizon of plot o6 and in the Ah horizon of plot 1l are
very low. Cation exchange capacity decreases with depth. It
is very high in the L-H horizon of plot 26; this 1s due to the
high organic matter content. Phosphorus, magnesium and potass-
ium decreasé in quantity with depth, Calcium and sodium are
both variable, in some cases increasing with depth and in others
decreasing. Most of the chemical data are variable among the
plots of the association. FPhosphorus is similar in the L-H, Ah

and C horizons,

Valeriana sitchensis - Castilleja elmerl Association

(Ref. Tables 54, 55, 56, 57, 58; Fig. 17, 18, 19)
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Characteristic Combination of Species

Valeriana sitchensis

Castllleja elmeri

Carex spectabilis

Arnica mollis

Erigeron peregrinus

Senecio triangularis

Ranunculus eschscholtzii

Aulacomnium palustre

Philonotis americana

Brachythecium asperrimum

This association occurs on seepage slopes in the subalpine
parkland and,; less frequently, in the alpine and low alpine
areas. The relief shape is mainly concave or straight. Expos-
ure is variable, with slope gradients ranging from 10 to 28%,

" The ground surface is predominantly covered by humus (92«100%),
vith practically no minéral soll exposed. The sites are rarely
rocky (rockiness 0-10%). There is no observable erosion., The
hygrotope varies from subhygric to subhydric.

Both the herb layer and the bryophyte layer are well devel-
oped. The herb layer coverage is 90-100%, while that of the
bryophyte layer is 15-95%.

This meadow community is very rich in speciles. The domin-

ant species in theC layer are Valeriana sitchensis, Castilleda

elmeri, Carex spectabilis (all with an average specles signific-

ance of 6), Arnica mollls, Erigeron peregrinus and Senecio

triangularis (all with an average specles significance of 5),

Other constant species include Antennaria lanata, Vaccinlum

scoparium, Carex nigricans, Juncus drummondii, Veronica wormsk j -

oldiil and Sibbaldia procumbens. Ranunculus eschscholtzii is

considered a characteristic species because of its high
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Table 55

¥alerta-z sidchensis - Casttilafa elrerl Assceiation

Yalerfana yltchensts - £3stil0a7: o1 ery Varigtien Tealdtus laxus VYaristion N
flat o, 38 % ki £3 £3 85 ] Fo % H 64 i ]
Flot Size (a7 BB 5 5 518 O R T S
Ertest of typs {+7) I I B w4 (- R S R [ R
flevation {fL,} W MUK MM un LR I et ' /06 R W OTN0 B BB
Attitodingl ares LA ¥ LA bt ¢ big & sp 5P ki 37 5
. rerSonet tver Sonct :ssocgztion
verSpectes ' ver Species var,
L tayer . syg'ﬂggfcim,, S!galﬂscancu Presance Siqﬂ%ff:{;z‘:::
t Yileriang sitchensis [ B T S D - S N T § 3 W2 B2 B2 82 B2 H ¥ 5
2 Castilieda elrert 52 852 W2 &2 51 B2 2o § 42 2 - 5.2 82 w2 ¥ 5
3 Larex spectabliiic 24 B3 LN 82 L2352 b 5.2 052 22wt LT e i ¥ &
§ Arnica sallls [ B % i 2 g 82 &2 &2 Lz 32 2 5 V 3
3 Erigeron peregrinus LIV S N S S A W B W) H LIS A - % B 3 I 5 ¥ H
£ Senecic trisngulsrls £) LZ B3I LY %Z 53 82 H “+ L2 22 52 - §.2 3 ¥ §
T Aotennaria Yaneta 2.2 032 42 oz 2 82 52 1 6.2 - 1.2 &2 52 1.2 4 ¥ 4
& Vagelnlua scopariun L2012 42 22 82 %2 5.2 § 5.2 L7 12 32 - V.2 4 kK 4
9 Carex nigricons LI 4+ A2 22 it - 21 2 2.2 BI LI i L 1z 4 ¥ i
0 Juacus drunsendil .2 42 L7 52wz L1 ] kv - - L2 L 2 1 v +
$1 Yeronfca wornskjeidi! 22 &y Lr T ic n 1 2 5 B T - | PRI i ¥ 2
12 Sibbaldts progubens F2t I - A X S R R 2 24 LIS B 3 - - 4.8 1 ¥ 1
13 Troliius taxus - - 1.1 - - 5.2 52 1 B4 B4 32 w1 82 12 L] 1 6
14 Laltka igplesepala - - - 2.7 42 - 2.2 1 - FPV 7 S 3 T W S ¥ | H ¥ i
15 Besghanpsia steapurpures LN S A I S S - - 3 2.1 - 4.2 a2 b W 3
1§ Pyilodoce erpeiriforals - 1.2 - 1.2 2.2 .2 £.2 2 5.2 - FN - 1.2 2.2 b ¥ 2
11 Rarunculus eschschol t2h [P S A R - - X 1.4 3 - - - - 24 24 - W 2
18 Frleun alplnes 3.2 1.1 L2 4 - - - 1 21 1.2 1.8 LS - - -+ ¥ 1
19 Arnlea laitfolla - L2 .2 - L7052 w2 ] - - - - 2042 2 i 4
2 Castiileja rhestfolia - 5.2 - 4,2 - .2 6.2 4 - 1.1 - LI 4 - F 13 4
. Veratryn vieids - - - 5.} 12 - 4.2 3 - L - +2 - 2.2 + 33| 2
12 Juncus rertensiancs o - - 2 a7 22 - - 2z - 2 - 1.1 . - 1 il ?
21 Claytenta Yamcenlats - - - - LW - 1 - - L S R K A 2 i 1
24 Luzela s, - - - - 1. LE Lt Fd - - - - - 2.1 + B 1
25 Agresils therbertanz - - - 1.2 - - - + - 1t - - - i.2 1 H 1
26 ¥tella treser! - . - 2 S O SR B B R 1 “ - et . - - + H $
27 Poa custekdl - - - - - L 3.2 1 11 - - - - - + ] -
28 Luzuia glabrata 2.2 - L iz - - - 1 - 1.2 - - - - + 1 -
29 Potentitla drursondtt - 1.2 - 1.2 12 - - 1 - - - - - - - 1 .
3 Vasolabua caespifosan &2 1.2 22 - - - - + - - - - - - - It +
3t Apezcae socidentalis - - - 12 - .- At . - - - - - e - I -
32 lupious Tatifelius - - - - - LI 4 H - - - - - - - { -
33 Hieractun gracile - - IR - - - - + 3.1 - - - . - + H -
o Frisetun spicatun 21 - - - - - - - 1.1 - - - - - + I -
D Yayer
Bryophytes
B hatacomivm palustre DAt - Lt 82 a0 N2 82 5 - L5 %2 a3 - g3 7 1] 3
36 Prilonotis anericara 0h - - 2 22v s Nz - i ++ L5 12 1 - - 4 1) §
37 Brachytheciun asperrinun Ok 3,2 - 2.1 - 5.1 - - 3 21 24 - 41 - - 2 4 2
3% Scapanta subalplna ih 2.1 - 5 B 3% O - - b4 - - 1.1 a4 - - * 3] H
38 Polytrichadelphus lyslltl Dr - - 52 Lt ds . 52 4 - - - - B2 3 ] E]
40 Polytrichus junlparinue 07 « 1.2 - - - (R - 1 1.2 - - 1.1 - - § i 3
At Polytrichuz forassus or 6.2 1 - .1 - - - 3 - iR | - - - - [} 2
82 Pohlts puians gh - - - 5.2 5 - - 1 f.1 - £ - - - + it 2
43 Bryum pssudotrinuetrus Bh - - - - 5.1 - - 2 - - 1.1 - - s + 11 1
M Brachythectun starket oo~ " - - - - - - - - L&Y 3 L2 2 1k 1
4 Bryus ruehlenbecki! gh - - - - -5 - - + 4 - w 8.2 - - ? i 1
48 Dicranun scopariua fho- L - L7 B - 1 F 2 . - = - - + 1 1
47 Loghoriz adpestels - - 1.1 - 2t Lt - 1 2,4 - - - - - * H -
48 Zesoatodon latifolius th - - - 3 - - - + - - - - 6.2 - 1 H ?
4 Leratodon perpurecs by - - - kR | - - - + 1.1 - - - - - s | - -
50 Yortels ruralls 0h - - - - - - - - 1.1 - - - 1.1 . - 1 N
51 Barbilophoztz haichert g5 - - - - - - “ - 21 - - - - - - H -
32 Digranellz sp, oh - “ - s - - - - +.4 - - - - - + i +
Lighens .
51 Cladenia sp. o 1.1 - - - - - » £.1 - - - - - + 3 IS
Total Spectes {1nct.sparadiss) 2B . héd I “ fal BN % 0B
Sporadle Specties E2 Pices wngeizmanal} -1 0N T Srepancctaduy uncipatus Bl
[ Liver £} Potestiila diversitolia 52,2} T Lepharia ebtura I6{2.1)
=S 2 Tayer T Eabum blyttit 54{5.7)
54 Anteanarla felestan 25{1.1) T3 Pelte eahlenderglt (3.1}
5 Arenaria captilaris iz Beyeshytes i T Polyirichus morvegleun [EA R3]
56 Fastuca saximontana Feltirs £ Eartlloghorta Tycopodlaides  63{2.1) % Polytrichus piliferun 2012
§T Gaultherla huntfuss a2} 25 Srachythectun curtes - u{Ln
3 Juncys parnyt 5{2.2} 2 Eryen blaua R Ltchuns
59 Kalsla polifelia 38(+,1} £7 Bryud sp. 84{6.3} 8 Cladonta elorophaea LM ERY
80 Luzuln mahlenbergst 2504.2) &8 Caphalsztelba subdantata Biles} T! Lepraria reglecta 41}
€1 Padlcuiarls bractesss LY £3 Deaparectadus axsanulati F1A I} T8 Paltigera confaa we rufescens 25{1,4}
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preference for this association. The dominant bryophytes in the

D layer are Aulacomnlum palustre and Phillonotis americana, which

both have a very high preference for this community. Brachythec-~

ium asperrimum is exclusive to the association, and thus 1s

regarded as a characteristic species. Very few lichens are
found, dus to the wetness of the habitat,
The association 1s divided into two variations:

a. Valeriana sitchensis - Castilledm elmeri Variation

b, Trollius laxus Variation

Table 56 gives the floristic similarity indices for the
thirteen plots making up the association. The two variations
are shown separately. The values within each variation are

generally higher than between them,

Table 56

Floristic Similarity Indices for the Valeriana sitchensis -

Castilleja elmeri Association

38 42 3% 43 60 65 75 25 36 24 64 69 T3

38 50 64 53 30 23 21| 31 24 24 24 18 22
b o b by Lt U6 43 Yoy 25 16 22 32 42 33
34 60 52 37 42| 37 32 30 31 35 28
43 50 bL2 44f 31 38 36 39 33 3B
60 55 52 25 23 28 37 44 38
65 . 65{ 36 40 35 48 U3 49
75 29 27 42 51 45 58
25 B3 43 37 40 33
36 61 47 3% 42
oh 60 45 73
64 51 63
69 51

13
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The variations are described below, by general habltat,
floristics and soil data.

a. Valeriana sitchensls - Castilleja elmerl Variation

This 1is the type variation for the association. It occurs
on seepage slopes in the subalpine parkland and the low alpine
area, Rellef shape varies from concave to straight; Exposure
is malinly southwest, and slppe gradients range from 10-25%.
Humus covers 95-100% of the ground surface, mineral soil 0-5%,
and rock 0-10%. There.is no evidence of erosion., The hygrotope
is rated as subhygriec to subhydric.

The herb layer has a very high coverage of 90-100%. The
bryophyte layer is less well developed, but still very signific-
ant, with a coverage of 15-85%. |

In addition to the dominant species listed for the associa-
tion, the following'species are important in the differentiation

of this variation: Potentilla drummondii (which is exclusive to

this variation) and Vaccinium caespitosum, which are both miss-

ing in the Trollius laxus Variatlon; Mitella brewerili, Ranunculus

eschscholtzii and Polytrichadelphus lyallii, which are all

present in greater quantities in this variation.

The soils assoclated with this variation are Rego Humic
Gleysols (3), Orthic Regosols (3) and Fera Humic Gleysol (1).

Texture generally is coarser at greater depthé. The A
horizon ranges from sandy loams to loamy sands. The C horizon
is mostly sands or loamy sands.

Table 58 presents the soil chemical data. The pH increases

slightly with depth, all values being strongly acidlie. Organic




Fig,

Fig.

17.

18,

Valeriana - Castilleja Association, Valeriana -

Castilleja Variation, Plot 38. Yellow flowers are

Senecio triangularis and Arpnica mollis, red [{lowers

are Castilleja elmeri, and light-coloured [lowers

are Erigeron peregrinus.

Soil profile of Valerlana - Castilleja Assoclation,

Valeriana - Castilleja Variation, Plot 38. This

soil is classified as a Lithic Rego Humic Gleysol,

with an Ah~Cg-R horizon éequence.

R e e

AR L
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- 1l - 0 0 0 LA 82 0 0 0 0 0 (3) fe1d
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matter and nitrogen decrease with depth, and carbon:nitrogen
ratios arernarrow. Organic matter is fairly bigh in somz of
the C horizons, because the solls are very shallow. Phosphorus,
cation exchange capacity and the available cations all decrease
in amount with depth, Potassium is present in pgrticularly
large quantities in the A horizon of this community.

b, Trollius laxus Variation

This variation also occurs on segepage slopes, but almost
e€xclusively in the subalpine parkland, Relierf shape varies
from concave to straight to convex. Exposure is variable, with
slope gradients ranging from 13 to 28%. Humus covers 89-100%
of the ground surface, Exposed mineral soil is only present in
one plot (1%), and rocks occur in only two plots (2-10%),

There is no discernible erosion., The hygrotope is hygric,

The herb layer in this variation is also very high in
coverage, being 92-100%. “The bryophyte layer is much better
developed than in the type variation, wlth a coverage of 60-95%.

The dominant species in this variation is Troliius laxus,

with an average speciles significance of 8, The dominant species
listed for the association are present in somewhat lesser
amounts. Other species important in differentiating this

Variation from the type variation are Caltha leptosepala, which

is preéent with much higher cover, and Brachvthecium starkei,

which is lacking in the Valeriana - Castille ja Variation,

The sclls of this variation are classed as Humlic Gleysols

(4), Rego Gleysol (1) and Lithic Orthic Regosol (1).

The Ah horizon is finer-textured than in the type variation,




Fig. 19. Valeriana - Castilleja Association,

Trollius laxus Variation, Plot 25,

white flowers belong to Trollius.
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being classed mainly as sandy loam. The C horizon is similar

to that of the Valeriana - Castilleja Variation, with a range

from sandy loam to sand. ‘

The s0ll chemical data are as described for the type
variation, except that phosphorus increases slightly with depth
instead of decreasing. The quantity of nitrogen in the Ah
horizon of plot 64 1s very low, The amounts of calcium and
sodium differ between the two variations. There is more
calcium in the C horizon and more sodium in the & horizon of

this variation than in the Valeriana - Castilleja Variation.

-

Carex nigricans Associztion

(Ref, Tables 59, 60, 61, 62, 63; Fig. 20, 21, 22, 23, 24)

Characteristic Combination of Species

Carex nigricans
Deschampsia atropurpurea
Claytonia lanceolata
Epilobium alpinum
Polytrichum norvegicum
Polytrichadelphus lyallii

This association occurs in snow basins, depressions and

%} temporary ponds in the alpine, low alpine and subalpine parkland
%é areas, Relief shape varies from hummocky to straight to concave,
_é Exposure is mainly southeast or southwest, with slope gradients
; ranging from 0 to 21%, Humus covers most of the ground surface
(89-100%). Mineral soil occurs only in two plots, with a cover

of 5-10%, There are usually no rocks present. No evidence of

erosion was observed., The hygrotope 1s rated as mesic to hydrie.

The herb layer and bryophyte layer are both very well

developed, Coverage of the herb layer is 45-100%, while the




Fable 99
General Lavironent

Carex nigricans Assoctallon

Larex = Polytrichadelphys Yariation

flot YNo. 1 2 15 ¥ k] kL

58 i !
Elevation {ft.} %600 7575 " 7460 7450 7400 1380 7350 7300
Physiography ’
i ) snow SA0Y snov sagw snow snow
.Lar;dfum depresston depression channel thannel slope channel basin basin channel
ahd .
Relief shape hunnocky humniecky strafght straight t?’c‘z:;z;;e coroave stratght goncave concave
Exposure SE SE §¢ S¥ S Y] S8 neviral neutrasl
Stope gradient (£} 1 3 z 1§ g 8- 10 ] 0
Layer coverage (¥}
C tayer 93 b 97 100 130 % 105 93 150
D {ayer &0 50 5 8 & 8 0 8 85
Piot Coverage (¥)
Humus 98 8 95 100 100 100 108 100 100
#ineral Soil 0 10 5 ¢ bl G 0 4 il
Rack 1 1 0 0 0 0 il [ [
Sctl
Hygretupe hygric hygric subhydric ... Bygric - nesic subhygric  hygric
Eroston none
Hortzon depth {ia.) 1 ’
L-H 1-0 - e %1-0 - - - - H B0
$ A 0-2
3 " _ »
e &3 sz ShE 224 0.5 012 0-9 3.18 0-5 i 5
{1t Baf L8 Bl 6.9
B Ban 311 Bm ?—H@‘ B 615 - Bh¥g 12-38 - - B 915
c *oCg M+ Ggjite 18 15+ Cg 5+ g ¥ Cg 9-18 18+ 15+ Cg 5+
% - lg ;8: - - - 18+ - - -
Classification Gleyed GhTEd Sombric Rega fera Lithic bhs Alptne Rega
Aplne . Alpine Ferro-Yu=te Hunic Rusie Rego Orthic Oystriz . Hunic
Dystric Dystric o ’ Hunte Regosel

1
Brani sol Broat sol Podzol Gleyse! Gleysol

Gleysal

Brunisel  Gleysel
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Juncus - Carex -

- Drepanocladus
Yariation

81
56

tenporary
pond

siraight

2
2

43
50

%
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0

Lg i+
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Table 68
Larex nlorteans fssectation .
Junguy merteesizeug o Carer
Larex nlgricans = Palyirichadelphus 1yallii Varlation Tngricars - . repanoc]adus
exannubat.s Varlallon
Flot ko, 1 YN T (T A | 3] ‘
Plot Size {a?) 01 % W w0 W 10 10 10 103
Exient of type (52} 44 70 120 1% 8 182 ki 119 1A 108 :
. flevation {71} WO TV WIS OHB0 WSO OO0 THMD TS0 7300 5 g
Mtitudtnsl area A O N L 2 - s 1) :
dvee Species . :SSM;ZH:M
£ Yaver ’ SIEqn%'ficance Pr?sence ngnf?ggigé ,
{ Larex nigricans 4 %4 9.3 46 %6 45 9.5 2,6 0.6 9 B4 v o8
2 Peschaspsta alrepurpurca L PE SN | 4,1 .2 420 47 i - LI 3 - ¥ 3 5
3 Ctaytenla lanceclata T & B T L I § - i i :
i hateanaria lanata 3.2 3 62 - SR 2 % B I ' - n 4
5 Veronica wornskjeldii e L1 - - BRI 52 s . 4 § - m 3
& Erigeron peregrinus 13 L2 - L 42 - - - 2 - 1 %
7 Juncus drursondii - 3.1 2 12 ot - - 1.2 - K - it 1
§ Hieraciun gracile - - 1,2 - 2.7 2.2 - LR N | H 1.1 i H
g Sibbaldia priocumbens P45 % R SR - 2.1 - - - 1 - 1 t
10 Phyllodoce empelrifercis .4 - - - - b ++ 22 - + - HE +
1 Armica fabifolia - - - - +.1 1.1 £.2 - 1.1 k] - 11 é
12 Juncus parryl 3.2 - 5,2 - - 2 - “ - ? - 1 7
i3 Arnica moliis - - - - 2.2 42 - - - 1 1.2 H 1
44 Luzala sp. - - - - - 2.1 - 3.2 14 + - It +
15 luzuls wahlenbergit - - 2 2.2 1.2 - - - - + - 1 .
15 Epilobivn 2lpinem - - 1.1 - 1 - - - 1.1 + 2.4 It +
o 47 Larex spectabilis - - - +3 - - 1.2 - - + 1.3 1t +
& 18 Juacus sertersianus - - - - - . 2.1 - - + .1 H 3
% 19 FPhieus alpinun - - - - 5.2 1.t - - - 1 - { ]
20 Lluzula glabrata kI W - - - - - - - 1 - § t
23 Bremaria capillaris +1 - 1 - - - - - - S - 1 +
0 tayer
Bryophytes
22 Polytrichun norvegicun Oh 8.2 10 - - 0 2.4 w42 3d 4 2.9 Iy 4
23 Polytrichadelphus lyaliit b - 1.1 - 3.2 - .2 &2 8.2 .2 & - HT 3
24 Loohoziz 2lpestris bh 1.1 14 - - - 2.1 - k7% B 2 - HE 2
25 Pehliaz autans Oh - - - - - 2.1 - 1.1 - + 31 1 +
26 Polytrichun piliferus Gh - +1 3.2 - - - - 1.1 - + - i 5
27 Leratodon purpureus [ - 141 - - 2.1 - - - + - 1t +
28 Pohlia gractlis Bh1r 21 1 - - - - - - + - H +
28 Polytrichun fornesun th - 1.2 - - 9,3 - - - - 5 - i 5
30 Drepanccladus exannuiatus Bh - - - - - - - - - - 6.2 H 2
3 Brachythecivn collinun DR ST 40t - - - - - - - t - 1 i
32 Drepanccliadus aduncus Oh - - - - - - - - - - 5.2 H H
31 Barbilophozia hatcteri  [h 2.4 - - - - - - 1.1 - - - i +
34 Cephaleziella rubella bh - - - - - - - - - - 2 H +
35 Cephaleziells subdestata B ~ Y - - -t . + - i .
Lickens -
36 Llecidza granulosa 1 T A O R ¢ - - - - 1.1 - - - i .
37 Cladonia sp, Oh +.1 4+ 4.4 - - - - ¢ - + - N .
Total Species {incl,sporadics) 23 20 19 8 16 3 2 % 15 H
Sporadic Spectes 42 Brachytheciua starke! 58{3.1)
£ Tayer 43 DBicranun scepariun 71(4.1)
~HED § Klaeria biyttit - 2Ll
35 Antennasrla friesiam 1.1} &5 Lophozia ? ventricosa 1{1.1}
3% Antennarta umbricella 15(1.1} 46 Orthocaulis #oerkil 7.1}
40 Vacclnium scopariva 1.4} ] 47 Philonetls azericana 1.1}
4§ Poblta drunnondid 35(1.4)
3 Dlaper. 49 Seapanta subalping 3.9
: Bryophytes Lichens ’

;
[ 3
1 41 Brachytheciun curtun 1{5.1} 50 Cetraria 1slandica {a,4]
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bryophyte layer covers 5-85%,

The dominant species 1s Carex nigricans, which has an

average speclies significance of 9, It is the only constant
speciles in the association. OCther important specles in the C

layer, all of much lower cover, are Deschampsia atropurpursa,

Claytonia lanceolata, Anftennaris lanata and Veronica wormskjoldii.

Epilobium alpinum is considered as a characteristic species

because of its ﬁraferenc@ for this association, The D layer is
dominated by bryophytes,as lichens are very sparse in this wetl

community. The important species are Polvtrichum norvegicum

and Polytrichadelphus lyallii., Polytrichum formosum has a

very high cover in two plots.
The association is divided into two variations:

a, Carex nigricans - Polytrichadelphus lyallii Variation

b. Juncus mertensianus - Carex nigricans - Drepanocladus

exannulatus Variation

The floristlc similarity indices for the ten plots of the
assoclation are shown in Table 61, Some of thHe values are not
too high, but these¢ plots all have their highest affinity with

each other, It can be seen that the Juncus - Carex - Drepano-

cladus Variation (plot 81) is not very similar to the Carex -

Polytrichadelphus Variation. However, it is included within

the Carex nigricans Association mainly because of the high

coverage of Carex nigricans.
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Table 61

Floristic Similarity Indices for the Carex nigricans Asscclation

1 o 15 33 35 78 58 70 11 81

1 60 52 W7 42 52 43 55 50 18
2 58 55 68 56 48 57 55 19
15 48 44 s2 53 51 49 18
33 us 78 73 83 52 17
T35 53 ko 4k 48 18
78 7r 81 53 20
58 73 4717
1T ' sk 21
71 | 20
81

The variations are described below, by general habltat,
floristics and solis data.

a. Carex nigricans - Polytrichadelphus iyallil Variatlion

This is the type variatlon for the association., It occurs
in snow basins and depressions in the alpine, low alpine and
subalpine parkland areas. Relief shape varles from hummocky to
strailght to concave. Exposure is generally southeast or south-
west, and slope gradients range froﬁ 0 to 21%., Humus covers 89 -
100% of the ground surface, mineral soll 0-10%, and rock 0-1%.
There is no erosion, The hygrotope ranges from mesic to sub-

hydric.

The herb layer covers 90-100% of the area. The bryophyte
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layer alsc has a fairly high coverage, of 5-85%.
The dominant species listed for the association also char-

acterize this snowpateh variation. Deschampsia abropurpures,

Claytonia lanceolata, Antennaria lanata, Veronica wormskjoldiil

and Polytrichadelphus lyallii, which are important ;n'this

variation, are lacking in the Juncus - Carex - Drepanocladus

Variation.

The soils associated with this variation are Rego Humic
Gleysol (3), Fera Humic Gleysol {1), Alpine Dystric Brunisol
(3), Sombric Ferro-Humic Podzol (1), and Orthic Regosol (1).

Texture 1s generally coarser at greater depths. The A
horizon varies from sandy loam to siit loam, sandy loam being
predominant, The B horizon samples are all sandy loams. The
C horizon is mainly.a loamy sand or a sandy loam.

The soil chemical data are shown in Table 63, The pH
values increase with depth, but all the values are strongly
acidie, Organic matter and nitrogen generally decrease with

increasing depth. There 1s still a considerable amount of
organic matter in some of the C horizons due to the very shallow
nature of the soils. The amount of nitrogen in the C horizon
of plot 2 appears to be very high, whereas the quantity in the
C horizon of plot 78 is very low., The carbon:nitrogen ratlos
are narrow. Phosphorus, cation exchange capaclty, magnesium
and potassium decrease in quantity with depth. Calcium and
sodium decrease in some cases; in others, they decrease from

the A to the B horizon, then increase .from the B to the C

horizon.




Table 62 115

Soil Texture

Cai X “gi ipans ASSOC!&UDQ
e meesirin i
»}UHEUS - ﬂa[ 12

- Dresanoc] adus

Carex - Polytrichadelphus Variatioa Voriation

Plot Mo, 1 ? 15 3 L 78 58 7 H 81
Ah Horizon

Textural class SL SL st SL Sil SL sL sL L sL

Sand (%) 65.5 66.8 66.2 60.0 46,4 48,0 63.0 55,2 51,2 51.0

Si1t (4) 3,4 32.8 33.3 38.6 50,4 48,6 31.8 £0,% 3.6 42,2

Clay {9) 0 0.4 0.5 1.4 3.2 3.4 5.2 &4 1.2 5.8
B Horizon

Textural class »50 SL St - SL - - SL - -

Sand () 1.2 52,2 §5.2 - 52.% - - 48,0 - -

Sitt () 38,8 §7.4 33.3 - 44,4 - - 48,5 - -

Clay (3) 0 0.4 1.5 - 3.2 - - 2.5 - -
C Horizon

Textural class LS 3 LS s LS SL SL St Sil Sil

Sand (%) 84,8 80,4 83,0 8.5 84,0 68,0 7.8 82.6 32.2 36.0

Silt (%) 15,2 1.8 6.6 194 160 34 2.4 3E 636 51.2

Clay (%) 0 1.8 0.4 0 0 0.5 6.8 3.6 5.2 12.8
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Table &
General Envirconment

Juniperus communis Association

Plot No. 59 47 48 52
Elevation (ft.) 7550 7450 7450 7425
Physiography
Landform ledge slope ridge ridge
Relief shape straighf convex straight straight
Exposure SW SE SE SE
Slope gradient (%) 70 29 35 26
Layer Coverage (%)
B layer 100 98 98 85
C layer i0 35 30 25
D layer 20 10 35
E layer 1 0 1 0
Plot Coverage (%)
Humus 5 4 10 10
Mineral soil c 1 0 5
Rock 85 95 98 85
Soil
Hygrotope xeric
Erosion none
Horizon depth (in.)
Ah : 0-5 0-6 0-12 0-16
C 5-10 6-12 - -
R - 10+ 12+ 12+ 15+

Classification ——————— Lithic Orthic Regosol

25




Table 7 o4
Juniperus communis Association
Plot Ho. 50 47 LB 52
Plot Size (r?) 12 26 14 14
Extent of type (r?) 12 26 14 14
flevation (ft,) 7558 7450 7450 7425
Altituding] area A LA LA LA
_ . p Aver.Species
8 layer o TPESENCE  gianificance
1 Juniperus communis 10,7 9‘?7 9,7 9.8 v g
C layer
? Carex phasocephala §,2 3.2 5.7 3.2 ¥ §
3 Arenaria capitlaris 1.2 2.2 3,2 3 v 2
4 Festuca brachyphyllia 2,2 2.2 3.2 1.2 y 2
5 VYaccinium scoparium 1.2 5.2 - §,2 ) 4
6 Antennariaz lanzata 1.7 2,2 - §,2 v ?
7 Selaginelia densa - 3.1 1.1 2.1 v z
8 Sibbaldiaz procumbens - 2.1 1.1 1.2 W 1
9 Luzula spicata 1.1 - L 2.1 IV 1
10 Juncus parrys - 4.2 4,2 i 3
M Potentilla di%ersifolia - 2.2 2.2 - [ 1
12 trigsron peregrinus - 2.2 - 1.2 [ H i
13 Trisetum spicatunm 1.2 - 2.1 - [H H
14 Arenaria obtusiloba - - 1.1 1.2 1 +
D Tayer
Bryaphytes
15 Polytrichum piliferun ph 2.2 L2 3 6.2 y 5
168 Tortula ruralis Dh 2.2 2.2 3.2 K v 3
17 Barbilephozia hatcheri Dh 3.2 2.1 +.1 - Iy 1
18 Dicranun scoparium Bh 1,14 1.2 - 2.1 Iy ]
19 Bryum capillare bh 11 1.1 - - il +
Lichens
20 Cetraria ericetorum Dh 3.2 - 2.1 4,2 v 3
21 Peltigers malaces oh - 3.2 +,4+ 2,2 i 1
22 Chkdonta ecmocyna oh - 1.1 - 4.2 Hi 2
23 lecidea granulosa dh - 1.1 - 11 L +
24 Solorina crocea bh 1.1 1.1 - - Hi +
E layer -
25 Cetraria pinastri £B 1.1 - +.4+ - it +
Total Species {incl.sporadics) 21 25 21 23
Sporadic Species 3¢ Polytrichadelphus lyallii §741.1)
35 Rhaconitrium canescens §7{1.1)
L Tayer 36 7 Tetraplodon mnioides 52(3.1)
26 Carex spectabilis §7(4.2) Lichens
27 Haplopappus tyallii 50(1.2) 37 Cetraria islandica 47(2.1}
28 Hieracium gracile 52(2.1) 38 Cladonia carneala §7(1.1}
28 Saxifraga bronchialis 48(1.2) 39 Cornicularia aculeata 50(1.2)
30 Vaccinium caesaltosun 48(1.2) 40 Peltigera canina 50{1.1)
§1 Stereocaulon alpinum 52(4.1)
0 layer
Bryophytes E tayer
31 Barbilophozia lycopodicides 52(1.1) . 42 Mectoria ninuscula 48(+.4)
32 Drepanocladus uncinatus 50(4.2) 43 Parmeliopsis hyperopta §8(+,+)

33 Hypoum revolutum 48(2 2) 44 Psoroma hypnorum 50{1.1)
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plot, while the D layer occcuples 7-35%. The E layer only occurs
in two plots, with a cover of one percent,

Juniperus communis, which 1s the dominant species in the

community, is the only species in the B layer, with a presence
of V and-average specles significance of 9. There are only
three constant species in the € layer, all with low cover values,

These are Carex phaeocephala, Arenaria capillaris and Festuca

brachyphylla. Polytrichum piliferum and Tortula ruralis com-

prise the constant bryophytes, while there are no lichens with

a presence of class V. Peltigera malacea, with a presence of IV,

and Tortula ruralis show a high preference for this associaticn.

Table 8 gives the floristic similarity Iindices for the four
plots comprising the association. The values are all very high,

indicating that the assoclation 1s homogeneous,

Table 8

Floristic Similarity Indices for the Juniperus communis Assoc-

iztion
50 i 48 52

50 69 76 63

47 70 T4 )
48 67.

52

The solls are all classed as Lithic Orthic Regosols,
having an Ah-C-R horizon sequence.
Both the A and C horizons are coarse textured. All the

samples are classified as loamy sands.




Plot No.

Ah Horizon
Textural class
Sand (%)

Silt (%)

Clay (%)

C Horizon
Textural class
Sand (%)

Siit (%)

Clay (%)

Table 9

Soil Texture

Juniperus communis Association

50

LS
77.4

22.6

LS
73.9

26.1

47

LS
BZ.8

17.2

LS
78.2

20.4

48

LS
84.8

}'5.2

52

LS
78.4

19.0

28




Plot No.

Ah Horizon

pH

C (%)
oM (%)

N (%)
C/N

P {ppm)

Ca (me/100g)
Mg {(mel100g)
Na {me/1l00g)
K {me/100g)
CEC (me/100g)

C Horizon

pH

C (%)
oM (%)

N (%)
C/N

P (ppm)

Ca (me/l00g)
Mg (me/100g)
Na (me/100g)
K {me/100g)
CEC (me/100g}

Table 10

Soil Chemical Analysis

Juniperus communis Association

50

4.9
12.1
20.8

0.1

201.

0.32
0.12
0.0u4
0.23
36.%6

5.0
8.9
15.3
0.8
11
8.
0.05
0.07
0.04
0.07
21.5

47

4.9
7.8
13.4
0.5
17.
9.
0.08
0.08
0.03
0.07
27.3

5.2
5.7
9.9
0.3
18.
6.
.27
0.05
0.04
0.02
23.5

ug

4.8
9.2
15.8
0.6
15.
17,
1.39
0.14
0.02
0.25
4.8

52

4.5
12.7
21.8

0.9
15,
18.

0.13

0.0%8

.12

0.14

121.0

29
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Fig. 3. Juniperus communis Association, Plot 47.
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Table 10 presents the soil chemical data for this assoclat-
ion.‘ The pH values are sliightly lower in the Ah than in the C
horizon, but all values are strongly acidic., Organic matter
decreases somewhat with depth, but due to the very ghallow
nature of the solls, there is still a considerable amount of
organic matter in the C horizon. Carbon:nitrogen ratios are
generally narrow, There 1s an extremely low percentage of
total nitrogen in the Ah horlzon of plot 50, thus making the
C/N ratio very wide. The amount of vhosphorus and sodlius is
approximately the same in the A and C horizons, Magnesium,
potassium and catlon exchange capacity decrease with depth;
caleium decreases in one case and increases in another. In
general, phosphorus, cation exchange capacity and avallable
cations are quite variable among the plots of the assoclation;

carbon:nitrogen ratios are similar,

Antennaria lanata - Sibbaldia procumbens Assoclation

(Ref. Tables 11, 12, 13, 14, 15; Fig. 4, 5, 6, T)

Characteristic Combinatlion of Speciles

Antennaria lanata

Sibbaldia procumbens

Polytrichum piliferum

Umbilicaria hyperborea

Alectoria minuscula

Rhizocarpon geographicum

This association occurs on ridge tops, predominantly in
the alpine area. The rellefl shape is generally stralght. Expos-
ure is variable, being south, southwest, north, northwest or
neutral. Slope gradients range from O to 28%. The ground

surface is covered by 5-85% rock, 5-70% humus and 0-25% mineral




Antennaria lanata - Sibbaldiz procusbens

Table

ik

General Envirgnment

Aasociation

Antennaria - Sibbaldis - Salix

Flot He. 10
Elevation {ff,) 7500
Physiography

Landforn

Relief shape straight

Exposure N

Stepe gradient 17
(%)

Layer Coverage (%)

B layer "
C layer n
0 layer 50

Plet Coverage (3)

Humus 36

Mineral Soil 4

Rock 80
Soi

Hygrotope

Erosion

Horizon depth (in.)

L-H . -
AR 0-2

A AR2 2-h
B 4-12

B
C B 2
R

Classification Apine

Dystric

Brunisol

Carex phacocephala Variation

Yariation
22 13 28 g 17 67
7600 7580 7500 7500 7500 7325
ridge ridge
straight siraight COnVeX o convex to straight straight
to convex concave straight
S neutral SH W 3 neutral
3 i) 15 13 12 0
5 2 8 0 0 0
45 30 35 40 30 50
85 55 a0 608 80 75
10 38 5 27 20 55
10 2 10 3 5 0
80 60 85 [ 75 45
xeric . xeric
strong moderate  strong nens
A Lo . -
1 1
0.2 0-3 3-8 9~3§ 0-b5- 0.7
- Bf 3-5 - - - -
1 A
2-12 Cgj B4 614 F512 13 -
12+ T4+ 14+ 12+ 13+ T+
. Lithic Cips
Lithic Sleyed Lithic
Orthic  Sombric Orthic o Lithic Orthic Regosal e
Humo-Ferric
Regosol

Podzol

Regosa!

Carex breyeri
Variation

45
7500

ridge
convex

neutral

i

75
13

!
25

xeric

strong

0-6
Bf 613
Cg 15+

Gleyed
Sombric

46
7490

cliff face

straight
to convex

G
28

60
40

[

40

xeric

moderate

At BT
AhZ 7-10

-

10+

Orthic

Humo-ferric Regosol

Podzel
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Tatle 12
Aniennarta Jamaty o Sibhaldla pros -bars fszactabien
Antennaria Jsnala « Sibhaldta Largy brecer]
procurbens « Saltx gancadersis Yarialter Yariztion Yariation
Piat ko, 10 a2 11 28 3 1 87 43 5
Plot Size {af} woom w5 120 W 3 6 5
Extent of type {a¥) 20 1 S % WO 18 & 5
flevation {f.) WO LY T TS w0 TG NS T MSD
At tudinal ares [ A L 4 A 1A 3P A 4
. kesaeiation
Byer.Soecies AverSpecies Aver 5pectes pracancs fver Species
g tayer Signtficance Stgntficance Signiftcance Slgaifleanss
1 Piees engelnanall - EE - + - - - - - - - IH .
£ layer
2 Carex phasesephala 0S-SR 90 . 4 b g3 63 L2 & 4,2 - 3 ¥ &
3 Aniennaria lanate 2 52 A7 52 5 21 L2 § 1.2 2 3 ¥ 3
4 Sikbaldla procuthens L7 42 520 5.2 ) 4,2 4,7 5.2 § [ 5 ¥ 5
% Antannaria wbrinella L7 &2 51 24 Y 2 B B 9§ LY 1.2 At 3 ¥ i
6 Festuca brachyshylia 2ot [N L2 i i2 2.t w2 & £2 L2 [ v §
7 krenaria capillaris L5 T S I | 1 | - A - 2.1 - 1 ¥ 1
§ Arenariz obtusilebs 3.1 [ W S ) 2 e A 3 2.2 14 1 ¥ 3
9 Salix cascadsnsls 62 5.2 8% 3% 5 - 7,2 - + 5.2 L2 & ¥ [
10 -Kaplopappus lyaltii 8,2 4.2 82 42 4 L3 2 - 2 [94 - 3 i ]
t1 Agrostis veriatills - LTAa .2 3 - 3.2 2 1 i - 1 w 3
$2 furgha solosla 2.1 2.1 3 kR 3 1.2 12 [ 4 - - - IV 3
t3 Erisedun tplcatun 3% IS S 56 R 4 1 21 . H 2.2 - 1 iy K
4 Patentilla diversifolia 2.2 W23 2 1 .8 - H - - - ¥ H
15 Sedux lanceslatus UL S L T X B A 1 - 2. - - .1 - - i H
18 Jusiperus ca-~unlsg 44 e e+ - + .4 4k e + - - - Y +
17 Juncus parrsi - L2 - 1.2 1 I ] - . - - - i) .
18 Selaginella dersa - |19 T 1S S Y 1 .4 - + - - - il .
19 Cares brexerd - - - - - - - - - 8.1 n2 8 H g
23 Dryas octopetala 5.3 5.3 - - 5 - - - - - - - t 3
21 Larex spactabilis - 2,2 - 1.2 * - 2.2 - - - - - it +
22 Vacciniuz scopariun - - - 2.2 + - - 1.2 + - 1.1 + 1 -
23 Luzeda arcwata - - - - - - - - - 21 24 2 it .
24 Saxifrega bronchlalis .2 2.2 - - t - - - - - - - 1 +
T 25 Pinus albicasiis 1.+ - - - . - ¥ - + - - - fl +
0 layer .
Bryophytes
26 Pelytrichun piliferun th 5,2  $.2 &2 7.2 5 a7 52 B2 5 . .2 6.2 § ¥ 1)
27 Bardiluphezia batcrert U - LU .3 + - Lt * LR 1 il 1
78 Orthocaulis floerkid Bh2t . L1 . 1 - - + - E - I .
79 Bryun caplllare (LN - - - * 14 - - + - - - il .
3 feratodon purpureus br - 1.1 - - + - - - - 11 - + H -
3t Gelrala alpesteis br - 1 - + -t - - - . il .
32 Lophezla alpsstris oh - - - 11 + - - - - - 1% + H +
Lichens .
33 Selorira croces BhLY L2 42 42 4 22 L e i [N AW k] ¥ 3
M UrbiTigariz hyperberea 5 82 8 3 8 5.3 631 50 § - - - I s
% Alectorta elinusqula Br5.3 52 LI 13 & 5.3 &3 - 3 - - - Iy 5
3 Lecidea granulosa bh2l w2 .24 3 - - B § [ R 1 i 4
3T Rhizacarpon geagraphicus  Or 31 AT L 4,2 & LY Ly 4 - - - g 4
36 tladenta carcesia ok 31 a2 2.t - 3 - 1,2 3t 1 AT 3 v 2
33 Peltigers candra Bzt ee - A1 ! oz - . 3R B 1 i .
40 Cetrarla erfcstorus Gr - w2 %2 - 3 - Lz WL 3 - 2.4 1 iH E
i1 Cetracta §slasdica Oh 2.1 “ - 1 1 12 e - H 2 - 1 il 1
42 Sterzocaulon alpimn oh - - 11 - + .80 1 - - 1.1 - - (1] +
43 Cornlestaria sculeata i - 4.2 - 4 - - - - - - i1 1
W Cladosts eesbeym o - - - - - -1y 2 - i i 1
i Cladonta chlorophaea Bh - - - 1z * - 1.2 - - - ~ 1 + N
Tozal Species {incl.sporadics) 2 k) 29 » K n 20 24 b}
Sporadic Spectes
! € lever 53 Ranurculus eschssholteld a0} 58 Blrranus scoparion 132,14}
228 54 Sauifraza ferrugires 9(1,4} 53 Pohlia gractils 81,4}
W Attes lastocarpa 2{1.+} 55 Soltdage rulbiradlata 1L 60 Pohlla nutans 46(1.1)
47 Larex asrdlma i8(5.2} 55 Stellaria laeta 0i1.1) Lich
48 Carex pyrenalca 282,27} shens
49 Erlgeren prregrinus 281.2) BJarer §1 Cladonia aacrophyllodes ¥8(z.1)
S8 Hisractus gracile 62 L1) 82 Cizdonta sp. H2,1}
31 fuzdla Ia.‘*?enbergﬂ 4604.2} Bryophytes §3 Lepraris teglecta ¢{1,2}

52 Pices engelzannt! $0{+.+} §7 Rarbiloghozta lycopodiotdes 91,1} 54 Drphalodiscas wirglals 10{3.2}
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soil. Erosion is moderate to strong, wind being the important
factor. The hygrotope is rated as xerilc,

A poorly-developed shrub layer occurs in only Two plots,
covering 2-5% of the area. The moderately-developed herd layer
covers 30-75%, whilg the well-developed bryophyte and-lichen
layer occuples 15-90%,

Antennaria lanata and Sibbaldia procumbens are the dominant

species in the C layer. Other constant sub ~dominants are Carex

phaecocephala, Antennaria wabrinella, Festuca brachyphylla,

Arenaria capillaris and Arenaria obtusiloba. Polytrichum plli-

ferum is the only constant bryophyte. Solorina crocea is the

only constant lichen, but due to its low cover and low prefer-
ence for this community, 1t 1s not considered as 2 characteris-

tic species. However, Umbilicaria hyperborea, Alectoria minus-

cula and Rhizocarpdn geograpnicum are consldered to be charact-

eristic species because of their high preference for thils assoc-
iation,

The asscciation 1s subdivided into three varlations, based
mainly on floristic composition, The variations are:

a. Antennaria lanata - Sibbaldia procumbens - Salix

cascadensis Variation

b. Carex phaeocephala Variation

e. Carex breweri Varliation

Table 13 shows the floristic similarity indices for the nine
plots of the association., The blocked-in areas represent the

three variations. It can be seen that the values are generally

higher within the variations than among them., The indices are
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st111 fairly high between the Antennaria - Sibbaldia - Salix

and the Carex phaeocephala variations, but are much lovier with

the Carex breweri Variation.

Table 13

Floristic Similarity Indices for the Antennaria lanafta -

Sibbaldia procumbens Association

10 22 13 28 9 17 67 U5 b6

10 68 64 53] 613 56 33 38 28
29 64 65| 51 69 ko 4o 28
13, 621 57 59 51 4o 38
28 51 62 41 36 35
9 72 L2| 35 22
17 hst 32 26
67 24 30
b5 U6
L6

The variations are described below, by general habitat,

floristics and detalled soll data.

a. Antennaria lanata - Sibbaldia procumbens - Salix cascadensis

Variation

Tnis variation, which is the type for the association,
occurs on ridges in the alpine and low alpine areas, with a
relief shape varying from straight through convex to concave,
Exposure varies from north to south and soubthwest., Slope

gradients range from O to 17%. The ground surface is 60-85%

rock, 5-38% humus and 2-.10% mineral soil. Erosion is strong,
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and the hygrotope 1s xeric.

Thea bfyophyte and lichen layer is the most prominent,
covering 50-90% of the area. The herb layer covers 30-45%,
while the shrub layer covers 0-5%,

In addition to the dominant species listed for the assoc-
iation, the following species are 1lmportant in differentiating

this variation from the others: Salix cascadensis, Haplopappus

1yallii, Sedum lanceolatum (which 2ll show a high preference

for this variation), and Dryas octopetala, which is exclusive

to this variation,

Soil types associabed with this variation are Lithic Orthic

Regosol (2), Alpine Dystric Brunisol (1) and Lithic Gleyed

Sombric Humo-Ferric Podzol (1).

Generally, the C horizon has a coarser texture than the Ah
ﬁis or B horizons., The textures of the Ah horizon range from sandy

loam to loamy sand and sand. The B horizon, where present, is

classed as sandy loam or loamy sand. The C horizon is elither

sand, sandy loam or loamy sand. In one case, f{ineness of
texture increases with depth (clay content increases from C to
%)

The soil chemical data are given in Table 15, The pH

increases slightly with depth, but all values are strongly

acidie. Organic matter and nitrogen decrease steadily with
depth, and the carbon:nitrogen ratios are narrow. Phosphorus,
magnesium, potassium and cation exchange capacity decrease with

depth. In general, calcium decrcases from the A to the B

horizon, then increases somewhat from the B to the C horilzon.
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Fig.

i,

Antennaria - Sib§§}§§§«A33031at10ﬂ, Antennaria -
gipbaldia - SalilX variation, Plob »8 . YNote high
coverage of rock lichens. Kyrummholz LelOngs to

Abies laslocarpg pssociation and Picea engelmamni’

Association.

gpi1 profile of Antennaria - Sibbaldla Associlation,
Antennaria - S4pbaldia - Salix Variation, Plot 22.

This soll is classified as & Lithic Orthic Regosol,

with an An-C-R horizon SEQUENCE .
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In one case, it increases considerably from the A to the C
horizon., Sodium incréases with depth.

b, Carex phaeccephala Variation

This variation also occurs on ridges; with a straight
reliefl shape, Exposures are south and southwest, Slope grad-
jents range from 0-13%. The ground surface is U5-75% rock,
20-55% humus, and 0-5% mineral soil. Erosion varles from none
to strong. The hygrotope is xeric. This variation occurs main-
ly in the alpine area, with one occurrencz in the subalpine park-
land. |

As iv the previous variation, the D layer ls the most impor-
tant, covering 60-80% of the area. The herb layer coverage is
approximately the same, occupying 30-50%4. There is no shrub
layer.

The species important in the differentiation of this varia-

tion are Carex phaeocephala and Arenaria capillaris, both with

a much higher average species significance than in the other
two variations,

The solls are all classed as Lithic Orthic Regosols, with
an Ah-C horizon sequenﬁe.

The Ah horizon in the alpine sites is a loamy sand, wnlle
it is a silt loam in the subalpine plot, The C horizon, ﬁhere
presént, is eithef a loamy sand or sandy loam.

The chemical data on pH, organic matter, nltrogen and

carbon:nitrogen ratios are as described for the Antenparia -

Sibbaldia - Salix Variation., In plot 9, organic matter is stlll

relatively high in the C horlzon because of the shallowness of
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the soil. Phosphorus, magnesliun, potassium and cation exchange
capaclty decrease with depth, and sodium increases, as In the
previous variation., Calcium increases from the A to the C

horizon., The avallable cations are present in smaller quantit-

ies in the A horizon of the Carex phaeocephala Variation as

compared to the Antennaria - Sibbaldia -~ Salix Variation. In

the C horizon, there 1s less calcium and sodium, and similar

amounts of magnesium and potassium,

¢, Carey breweri Variation

This variation occurs in the alpine area on ridges and cliff
faces, The relief shape isconvax to straight. Exposure is
northwest for one plot and neutral for the other. The slope

gradient is 28% in one Pplot and O in the other. The ground

surface is only 5-40% rock, which is much less than in the

"i other two variations. There 1s a much higher cover of humus,
occupying 58-70% of the area., Mineral soil ranges from 2-25%
of the plot coverage. Erosion 1s moderate to strong. The
hygrotope 1s xeric.

As in the Carex phaeocephala Variation, there 1s no shrub

layer. The herb layer is the most prominent, covering 60-75%

of the area. The bryophyte and lichen layer is reduced to 15-
i'l 40% coverage, this being mainly due to the lack of the rock

lichens Umbilicaria hyperborea, Alectoria minuscula and Rhizo-

! carpon geographicwa, Thils community is a closed one, whereas

the other twoe are opsn,

The important specles differentiating this varilation are

! Carex breweri, which is execlusive to 1t, and Luzula arcuata,




Fig. 6. Antennaria - Sibbaldia Association, Carex phaeocephala

Variation, Plot 9,

i

Fig. 7.

Antennaria - Sibbaldia Asscciation, Carex breweri

Variation, Plot 45, Note high coverage of Antennaria

lanata (light green leaves).
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which has a high preference for 1t,

The solls vary from Orthic Regosol to Gleyed Sombric Humo-
Ferric Podzol,

Texture becomes coarser with depth in plot 46, All samples,
exeept for one Ah horizon, are classed as loamy sands., The Ah
horizon in plot U6 is a sandy loam.

The pH values for the Ah horizon are slightly higher Lhan
in the obther two variations, but they incrgase in the C horizon
to similar values. Organic matter, nitrogen, carbon:initrogen
ratio, magnesium and sodium are as described for the other
variations. Potassium and calcium decrease with depth in one
case, and increase in another, Cation exchange capaclty
increases with depth or remains the same. In the A horizon,
the exchangeable cations are all present in smaller guantities

than in the Antemmaria - Sibbaldia - Salix Variation. There

is more calecium and less sodium than in the Carex phaeocephala

Variation. In the B horizon, there is less magnesium, sodium

and potassium than in the Antennaria - Sibbaldia - Salix

community. In the C horizon, there 1is less sodium and potas-
sium than in the type variation, and less potassium than in

the Carex phaeocephala Variatlon.

Juncus parryi Association

(Ref. Tables 16, 17, 18, 19, 20; Fig. 8)
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Characteristic Combination of Specles

Juncus parryi

Antennaria lanata

Polytrichum piliferum

Iecidea granulosa

This association occurs on south-facing slopes in the
alpine and low alpine areas. It 1s less well developed in the
subalpine parkland, occurring there on slopes and ridges
having a southsrn exposure, Slope gradlents range from 10 to
35%, the steeper slopes belng in the alpine zone. Relief shape
varies from straight tc convex to concave. The slopes are fair-
1y rocky, rocks covering 1% to 60% of the ground surface.
Humus covers 35-82%, while exposed mineral soil occuples only
0-20%, Erosion varies from none to moderate and, in one case,
strong. The hygrotope 1s rated as subxeric,

The herb layer 1s very well developed, occupying 40-85%
of the area. The bryophyte and lichen layer is less well
developed, coverage being 15-60%.

In the C layer, Juncus parryi, with an average species

significance of 8, and Antennaria lapata, with an average species

significance of 5, are the dominant plants. Cther constant

specles are Arenaria capillaris, Hieraclum gracile and Sibbal-

dia procumbens. Vaccinium scoparium and Erigeron peregrinus are

prominent in a few plots. In the D layer, Polyftrichum piliferum

is the only constant bryophyte, with an average species signif -

icance of 6. Among the lichens, Iecidea granulosa 1s the only

constant, with an average specles slignificance of 5.

Table 18 gives the floristic similarity indices for the

eight plots comprising the association. The majority of the




Table 16 b5
General Eavirennent
dungus poareyi Aszociation
FPlot #o. 12 8 21 40 30 59 &8 53
Elevation (ft.) 757 7550 7550 7500 7420 7350 7325 7275
Physiagraphy
Landforn slope ridee i?Z;er
I Relief shape  straight zzriigtzx ;iri;zizx 222:2:9i0 CONVEX straight concave  concave
Exposure SE S S S¥ 5 SE S St
Stope gradient {3) 24 34 5 3 24 10 14 12
Layer Coverage (7)
C layer 85 il 60 7% &5 75 40 i
D Tayer 15 40 45 40 40 45 &0 25
Plot Coverage (%)
Hunus 82 65 3 6 6 55 3 0
Mineral Seoil 10 0 5 5 5 5 0 20
Rock 8 3 60 30 30 40 65 10
Soil
Hygrotops subxeric
1 Erosion noderate ——— none strong none nons moderate
| Horizon depth {(in.)
L-H 1-0 - - - - - - -
ih -5 -5 0-5 05 0-8 -9 0.7 -4
B Bfh 5-15-  Bhf 5-15 U A R S B 740 -
c Co 15;—4, 16+ 8-13 20 12+ 9-13 10+ b
R - - 13+ - - 13+ - -
Classification  fleyed = o ie Lithic  Sombric  Mpie  Lithic  Sombric .
g::zrggrr%c Ferro-Humic Orthig Ferro-Humic Dystric Orthic Humo-Ferric g;zz;zl
' Podzol Regosol Pedzel Brunisel  Regosol Podzol

Podzol




Flaot %a. 17 g 2t ig ki 54 £8 63
Piot Stze {7} 10 10 19 10 1 3 8 10
Extent of type (c2) T S LR
Elevation (11.) WE WS B0 B M My hHE W
Bltidudinal area A 4 A La LA 5P 5P 5¢
) © Presercs Buer.Species
¢ taver Stgnificance

1 Juncus pareyd 8.2 8.7 B2 §.7 7.7 8.2 1.2 8,2 ¥ o
2 Antennarls lasals L2 §.7 5.2 5.7 4.2 7.2 4,2 1.2 ¥ 5
3 Areraria capiliaris 4,2 3.2 34 2.7 3.2 3 - 8.2 ¥ 4
& Hieractus gracile 6.2 .2 - 4.2 32 8.2 2.1 2.1 ¥ §

5 Sisbaldia procu~bens 4,2 1.2 4.2 5.2 5.2 3.2 L2 - ¥ 4
B Vacclnium secpariun - i - 1.2 £.7 5.2 - kR 1y 5

7 Carex phacocephala .7 5.2 i,2 2.2 12 - 3.2 - 1y 3
8 Anfenraria unbrisella 2.1 . 2.2 . 2.1 - 2 - H H
9 burula spicats 1.1 1.1 11 - 2.1 - 3.7 - iv i
18 Erigeron peregrinus - - - 6.2 1.2 5.2 - 2.2 i 4
11 Agrostls variabilis 11 +.1 4.2 . Z.4 - - - 11 1
§7 Larex pyrenplics 1.2 - - - 4.2 - 1.2 - 3] H
13 Carex spectatilis - - 2.2 - 4.2 - 2.2 - H H
14 Llaylontz tanceolata - - - - - 4 - L 4 H
15 Festuca brachyphylla - 0.2 1.1 - 3.4 - - - 4] b
16 Loptnus latifolius - - - - - 1.2 T 42 i} 1
17 Poa cusichii +o+ - - o - - - 5.2 11 1
18 Selaginells dense ® 1.1 2.1 4,1 - - - - - It 1
13 Trisetus spicatun - +1 1.1 - - §.2 - - ¥ 1
20 Luzula wahlenbergtt 2.2 - - 3.2 1.2 - - - [ .

1 Argnarla obitusiteda - - 1.1 - 1.1 - - - It +
22 Larex nigrigans 2.3 - - - - 134 - - 1 +
21 Luzula sp. “ - - - - - 3.2 1.2 ) 1 B

B Jayer

Bryophyties
28 Palytrishys piliferus Bhs,2 7.2 1.3 6.2 5.2 6.1 1.2 5.2 ¥ 8
5 Leratodon purpursus 0h . 2.1 - 1.3 1.4 2.1 “ - 114 +
2 Polytrichadsizhus dyallit BR2.7 - - 4.2 - - - 3.1 il b
27 Palytrichus formesun HERJR - - 2.2 1.8 - - - 1] +

Lichens
28 lecidea grarulosa 0k - 1.1 3.2 1.4 31 i1 8.2 3.1 ¥ §
23 Cladenta carnesla oh - - 3.2 2. 8,2 1.1 1.1 - Y 2
3 Solorina croces Ok, + - 2.1 o+ 34 - 3.t - y 1
3 Cladonta ecrosyns Bh - - 3.2 2.1 3.2 5,2 - - HE 2
3 Cetraria islerdica Bk 3.4 kR4 2.2 - - - - H 1

33 Cetraria ericetorun b - - - - 4,2 - 3.1 - 1 1
34 Pelbigers canina Ghe,+ 1.1 - - 1.1 - - - il +
33 Cladenta sp, Uh - 2.t - - - . - 2.1 il +

‘ 3 Cladonia pyaidata Bh w - 2.1 - 1.4 - - - H +
i Tatal Specles {lncl.sporadics) 23 2 % i % 18 13 18
Sporadic Spacies
£ layer 0 Jayer
37 Anemone occldentalis 832.2} Brvashyt
38 Aroléa latifolia £301.1) ryoRnyRes
38 Carex brevipes §HZ. 1} 43 Barbitophozis hatcter! 24{3.1}
49 Descha-psia atropurpures 59{1.2} 53 Desratoden latifolim 53{1.1)
41 Junlpsruz comnunis 2{+.4} ESchans
i2 Luzola glabrata 12{2.2} enee
43 Prlewn alpinun 12{1,2} 31 Alectoria minusculs B{z2.1}
&% Potentilia diversifolia 21{1.2} 52 Peltigera canina war. rufescens 40{s,+}
45 Sedun lasceslstun 20s, 4} 53 Peltigera lepidenhora 2t{s,s}
45 Vacclniun caespl basun B} §4 Bnizocarpoa geegraphicus 34,2}
47 Valerlana stichensis 8301.2} 55 Stereccauien alpimn 12{1.1}
48 Veronlca wvorcskicldit 12{1.2} $6 Unbilicaria hypertorea 8{4.2}




Table 18

Floristic Similarity Indices for the Juncus parryi Association

12 § 21 40 30 59 68 63

12 56 58 64 51 58 45 52
8 74 60 50 84 54 50
21 | 68 57 57 60 5l
10 59 66 53 55
30 50 55 42
59 b2 65
68 36
63

The soils associated with this community are Sombric Humo-
Ferrie Podzol (2), Sombric Ferro-Humic Podzol (2), Orthic
Regosol (3), and Alpine Dystric Brunisol {1). Podzols predomin-
ate in the alpine sites, while regosols are the major soil
class in the subalpine plots.

The soil texture results are shown in Table 19, Texture
becomes coarser with depth. The A horizon samples are mainly
loamy sands or sandy loams, The B horizon ranges from sandy
loam‘to sand. Sands predominate in the C horizon. Plot 68,
which occurs in the subalpine parkland, is a finer textursd soil,
all horilzons being sandy loams,

Table 20 presents the soil chemical data for the associat-

ion. The values for pH increase slightly with depth, but all




Table 18

Soil  Texture

Juncus paryyi Asscoclation

Plot No. 12 8 21 4o 30 59 68 63

Ah Horizon

Textural class L3 1.5 LS SL .S SL SL LS
Sand (%) 83.2 71.8 $2.0 55.4 79.6 68.8 59.8 78.0
si1t (%) 16.8 28.2 18.0 41.4 20.4 28.0 36.4 21.6
Clay (%) 0 0 0 3.2 0 3.2 3.8 O.b

B Horizon

Textural class S LS - LS LS - SL -
Sand (%) ga.u  73.4 - 4.4 8BL.B - 54,8 -
Silt (%) 10.6 26.6 - 25.6 15.%4 - 42,4 -
Clay (%) 0 0 - 0 0 - 2.8 -

C Horizon

4 Textural class S S S LS S S SL S
’ Sand (%) 9y.8 93.4 85.6 83.2 90.2 88.4 S57.8 87.2
| $ilt (%) 5.2 6.6 1u.4 16.8 9.8 9.8 33.8 12.u

Clay (%} 0 0 0 0 0 1.8 8.4 0.4
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Fig. 8. Juncus parryi Assoclation, Plot 8.

I
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values are strongly acidic., Organic matter and nitrogen dec-
rease sbeadily with depth. Carbon:nlirogen ratlos are generally

narrow., There is a very low amount of nitropgen in the Ah
horizon of plot 30, thus making the carbon:nlitrogen ratio very

wide., Phosphorus, magnesium, potassium and cation exchange

'capacity all decrsase in gquantlity with depth; calcium and

sodium are variable, decreasing in some plots and increasing in
others. Carbon:initrogen ratios, phospherus and cation exchange
capacity are generally similar among the varlous plots; the

exchangeable cations vary widely.

Antennaria lanata Association

(Ref. Tables 21, 22, 23, 2, 25; Fig. 9, 10)

Characteristic Combination of Specles

Antennaria lanata

Salix cascadensis

Gentiana glauca

Polytrichum plliferum

This association cccurs at the base of slopes, on ridges
and on slopes in the alpine and low alpine areas, The relief
shape is hummocky. Exposure is variable, and the slopes are
very gentle, ranging from 0-9%. Most of the ground surface 1s
covered by humus (64-90%), with very few rocks (0-12%). There
is usually some mineral soil exposed (0-35%). Erosion varies
from none to strong. The hygrotope 1s mesic,

The herb layer is predominant, covering 70-85% of the area.
The D layer is fairly well-developed, although there are few

species, Coverage is 40-60%.

Antennaria lanata 1s the dominant species, with an average
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Table 21
Seneral Environment

Antennaria lanata Association

Plot No. 3 4 16 32

Elevation (ft.) 7600 7575 74875 7450
' Physiography
Landform ridge base of base of slope
siope slope
Relief shape hummocky —
Exposure neutral NE neutral S
Slope
gradient (%) 0 1 0 -9

Layer Coverage (%)
C layer 70 70 85 85
b layer 50 4o 40 60

Plot Coverage (%)

Humus B4 73 a0 88
Mineral soil 35 25 10 0
Rock 1 2 0 12
Soil
Hygrotope mesic
Erosion strong moderate none none
Horizon depth (in.)
L-H - - 2 1/2-0 -
Ah 0-5 0-3 0-2 0-2 1/2
B Bm 6~10 Bfh 3-15 Bm 2-13 1/2 Bhf 2 1/2-
8 1/2
C Cgj 10-189 C 15-21 13 1/2+ c1 8 1/2-
16 1/2
Cg 19+ Cg 21+ C2 16 1/2+
Classification Gleyed Gleyed Alpine Mini Ferro-
Alpine Sombric Dystric Humic Podzol
Dystric Humo-Ferric Brunisol '

Brunisol Podzol




Table 22 53
fntenraria lansta Association
?%o% ko, 3 4 15 32
Plot Size (n?) . 10 10 10 10
Extent of typs (27) 40 126 146 24
Elevation (ft.) 7600 7575 %75 7450
Altitudinal ares A A LA th
hver.Species
£ layer Fresence  Significance
1 Antennariz ianals 8.3 8.3 1.3 1.2 ¥ 8
2" Salix cascadensis 5.2 5.2 1.7 5.2 ¥ &
3 Carex pyrenaica §,7 3.2 5.2 3.2 ¥ ]
£ Gentianz glauca i 2.1 4,2 4.2 y 4
5 Phyllodoce eapetrifornis 1.2 4.2 1.2 4.2 ¥ 3
6 Sibbaldia procusbens 2.1 3.2 3.2 3.2 v 3
T Juncus parryi 1. 2.2 2.2 2.2 y 2
§ Lluzula spicais 2.1 1.1 2.1 1.4 ¥ 1
9 Luzula wzhientergid 4 1.1 1.2 2.2 ki 1
10 Carex spectabilis 1.2 5.3 - 6.2 1V 5
11 hgrostis variabilis a0 - 4,2 2.2 1y 3
12 Arenaria obtusiloha 2.1 1.1 2.1 - i 1
13 Festuca brachyphvlla - K 4,7 - tH 2
- 14 Erigeron peregrinus - 1.1 - 3.2 N 1
15 Vacciniym scoparium - - .+ 3.2 FH 1
16 Carex phaeccephala 2,2 - 1. - H +
17 Arenasria capillaris - 1.1 +, - i +
D layer
Bryophytes
18 Polytrichum piliferun bk 7.3 1.3 6.2 5.2 y B
12 Lophozia alpestris o - 4o +,+ 2.1 Iy +
20 Barbilophozia hatcheri th - 4o+ - 2.1 i +
21 Ceratodon purpursus bh - +.t - 2.1 i +
22 Pohlia nutans fh - 1.1 11 - HI +
Lichens
23 lecidea granulosz Ih 3.1 34 5.2 5.2 y 4
24 Cladonia carpecia bk 2.1 3.1 1.2 .2 ¥ 3
25 Salorina scrocea Oh 2.1 2.1 3.2 3.2 ¥ 3
26 Cetraria islandica bk 5,2 2.1 z.1 - Y 3
27 Cladenia ecmocyna Oh 2.1 - 1.2 4,2 1y 2
28 Letraria ericetorun bh - - 4,2 3.2 il 4
Total Species {incl.sporadics) 71 26 3 3
Sporadic Specfes 38 Bryus sp. 16(1.1)
£ layer 3% Cephaloziella subdentata 16{+,+)
29 Deschampsia airepurpurez 32{1.1) 40 Dicranum scopariun 1.1
30 Hieracium gracile 32(2.2) 41 Kiaseria blytiid 32(4.2}
31 Juncus drummondii 18(2.2} 42 Orthocaulis floerkii 16{1.1)
372 Juniperus communis 32(+.+) 43 Paraleucchryum enerve 32(3.2)
33 Luzula arcuata 3{+.1) & Polytrichadelphus lyallii 3(1.4)
34 Picea engelmannii 32(+.4) &5 Polytrichum formosum 16{3.1)
35 Poa cusickit £(3.1) 46 Polyirichum 7 juniperinun  32(5.2}
35 Vaccinium caespitosum 32{(6.2) 47 Polytrichum norvegicum 3.1}
0 layer Lichens
Bryophytes 48 Peltigera canina 32(1.1)
37 Bryum capillare 16{t.1) 4§ Siergocaulon alpinum 16(1.2)
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R R R significance of &. The other species of high cover in
i

¢ layer is Salix cascadensis, with an average speciles sig-

[ SES
‘1eance of . Other constant. species are Carex pyrenajca,

i

Gentlana glauca, Phyllodoce empetriformis, Sibbaldia procumbens,

Juncus parryi, Luzula spicata and Luzula wahlenbergii. Gentlana

plauca 18 considered as a characteristic species because of its

~xclusiveness for this assoclation. In the D layer, Polytrichum

rmaiggfgg_is the constant bryophyte, with an average specles

1 nificance of 6. Constant lichens incliude lecidea granulosa,

ciadonta carneola and Solorina Crocea, all with low cover

values,
Table 23 shows the floristic similarity indices for the
rour plots making up the assoclatilon, Pilots 3 and 4, in partic-

ular, have a very high similarity.

Table 23

Florlstic Similarity Indices for the Antennaria lanata Associat-

fon

3 hy 16 32

3 80 63 Lg -
4 59 57

16 54

32

The soils of this community are classed as Alpine Dystric

“Vuniso}s, Gleyed Sombric Humo-Ferric Podzol and Minl Ferro-

Hunie Podzol.

S oy

R




Table 24

Soil Texture

Antennaria lanata Association

Plot No. 3 o h ‘ 16 32

Ah Horizon

Textural class SL SiL, SL LS
Sand (%) 55.8 7.2 60.u 72,0
Silt (%) by, by 50.0 37.2 28.0
Clay (%) 0 2.8 2.4 0o

L

B Horizon

Textural class SL SiL SL SL
| Sand (%) 55.2 46,4 57.2 9.6

Silt (%) 43,2 51.0 4o, 4 30.4

Clay (%) 1.5 2.6 2.4 0

C Horizon

Textural class LS S S LS
Sand (%) 83.3 gy,7 Q4,0 81,3
Silt (%) 16.5 5.3 5.6 18.5

Clay (%) 0.2 0 0.4 0.2




Table 25

56
Soil Chemical Analysts
Antennaria lanats Associztion
Plot Ho. 3 § 16 2
L-H Horizon
pH - - 4,2 -
¢ (D) - - 19.3 -
o4 (%) - - 33,3 -
N (2) - - 1.5 -
e/ - - 13, -
P (ppm) - - B. -
£a (me/100g) - - 1.66 -
Mg {me/100g) - - 0.3 -
Na (me/100g) - - 0.34 -
K {me/100g) - - 0,78 -
CEC {me/100g) - - 25,9 -
&h Horizon
pH 4.8 5.0 §,5 4,5
¢ (& 13.0 10,9 13.0 14,0
oM (%) 22,3 18,7 22.3 241
N (D) 0.8 0.7 0.1 0.9
e/ 16 18, 118, 1,
P {ppm) 15, 20. g. 18.
Ca {me/100g) 0.14 0.16 0.19 0.7%
Mg {me/100g) 0,08 0,08 0.08 0.74
Na (me/100g) 0.16 0.13 0,17 0.13
K (me/109q) 0.16 0.12 0.17 0,30
*CEC (me/100q) 32.5 .3 18,3 8.7
B Horizon
pH 5.8 5.4 5.0 5.1
¢ (%) 2.8 5.2 6.6 7.6
on (2) 4,8 8.8 HR! 13.1
NO(B) 0.2 0.4 3.5 .5
WE 13. 13 14, 1.
P (ppm) 8. 7 3. 11,
Ca (me/100q) 0.13 4.19 0.10 0.03
Mg (me/100g) 002 R 0.02 8.02
Na {me/100g) 0.16 0.18 0,15 4.1
K {me/100q) 0.04 0,04 0.08 0.00
CEC (me/100g) 21.8 22.8 9.9 3.5
¢ Horizon
pH 5.9 5.5 5.1 5.2
c (%) 4.8 .9 1.3 1.9
o () 1.4 1.6 2.2 3.2
N{B) 0.1 0.1 0.1 0.1
o/n 16. 18, 16. 14,
P (ppm) 1 §, 3. 9.
Ca (me/100g) 0.43 0.33 0.03 0.22
¥9 (me/100g) 0.02 0.0 0.01 0.01
Na {me/100g) 0,12 0.10 0.13 0.10
K {me/100g) 0.062 0.0Z 0.07 0,00
CEC {me/100g) 21.5 5.8 4.8 5.2
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Fig. 9. Antennaria tanate Association, Piot 3

+

Fig. 10. Soil profile or Antennaria lanata_Association,

Plot 3. This soil is classified as a Gleyed Alpine
Dystric Brunisol with Ah, Bm, Cgj and Cg horizons.







Soil texture is coarser in the € horizon than in the A or
B horizons. The A horizon samples range from silt loam to
locamy sand. The B horizon is predominantly loamy sand., The C
horizon s0ills are classed as sands and loamy sands.

The soll chemical data are given in Table 25. The pH
values 1Increase with depth and are all acidic, Organic matter
and nitrogen decrease with depth. Carbon:nitrogen ratios are

narrow. The percentage of nltrogen in the Ah horizon of plot

16 is very low; thus, the carbon:nitrogen ratioc is extremnaly

wide. Phosphorus, catlon exchange capacity and exchangeable

cationg decrease in amount wilth depth, wilith the exception of

calcium, which increases in half the plots. Carbon:i:nitrogen

ratios, phosphorus, sodium and magnesium {the latter in the B
and C horizons) are similar among the four plots, while cation

exchange- capaclty, calcium and potdssium are variable.

Phyllodoce empetriformlis - Antennaria lanata Association

(Ref. Tables 26, 27, 28, 29, 30; Fig. 11, 12, 13, 14)

Characteristic Combination of Speciles

“y Phyllodoce empetriformis
I Antennaria lanata
Vaccinium scoparium
Polytrichum piliferum
Dicranum scoparium

-Lecidea granulosa

o

‘1 " This asscclation occurs mainly on slopes, 1n the alpine,
low alpine and subalpine parkland areas. Relief shaée varles

from hummocky to straight. Exposure is variable, and slope

gradients range from 5 to 28%. Humus covers most of the

ground surface, from 58-08%. There 1s very little mineral soil




Abstract

During the summers of 1968 and 1969, a plant ecologlcal
study was carrled out on Big White Mountain, in the Okanagan
Highland of southern British Columbia. The main objectives of
the research were to produce an ecosystematic classification of
the vegetation, and to determine the environmental factors
important in differentiating the plant communities.

The vegetation was studied by the phytosoclological methods
of Braun-Blanquet, as meodified by Krajina. A number of environ-
mental features were noted for each plot, and scll samples were
collected by horizon, Physical and chemical analyses of the solls
were done in the laboratory.

Fourteen plant associlations, with nine variations, were
distinguished in the study area. These communlties were compared
with one another, using an index of flcoristic similarity. In
general, there is a very low degree of simlilarity among tThe
communities, thus supporting the initial classification system,
The communities were compared with those described in other
alpine and subalpine areas.

Trees occurring in the subalpine parkland were found to be
much older than the krummholz forms found in the alpine area.

It was suggested that there has been a recent migration of ftree
species into the alpine area. The occurrence{of conifer sesed-
lings in alpine and timberline communities was presented. No
conifer seedlings were found in the tree island communities,

The solls were classified according to the Canadian system

of soll classification., Four orders are represented in the re-

Search area: Brunisollic, Regosolic, Podzolic and Gleysolic.




iii
The solls are generally shallow, with weak horizon development.

Important chemical properties are the acidic pH, narrow carbon:
nitrogen ratios, low cation exchange capacities, and very low
amounts of exchangeable cations,

In an analysls of environmental variables, the communities
werse grouped accdrding to hygrotope. The environmental data
were summarlzed for each group. From an analysls of variance,
all the factors were significant either at the 1% or 5% level,
except relief, DBased on Duncan's New Multiple Range Test, each
community was discussed, mentloning the environmental factors
which were found to be significant in differentiating it. It
was concluded that general environmental factors {(with hygrotope
the most important) are more significant in distingulishing the
communitles than the physical and chemical soil properties.

Detatled soll molsture data were presented for a number of
alpine and subalplne communities., Several of the communities
were found to undergo soil molsture stress. |

In the zonation of the researgh area, the subalpine park-
land area was placed in the Engelmann Spruce - Subalpine Fir
Zone, The alpine and low alpine areas constitute the Alpine
Zone. The timberline vegetation is composed of the subalpine
parkland and parts of the low alpine area. The alpine zone of
Big White Mountain is not as well developed as 1t 1s in the
coastal area or the Rocky Mountains. If was concluded that much
further work needs to be done in order to properly characterize

the alpine zone in British Columbia,.
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1. Intrcoduction

~The ecology of the alpine region has been little studied in
Canada, essentially due to the inaccesslblility and the harsh
environmental conditiﬁns of such areas. In British Columbia,
Archer (1963) contributed a synecological study in Garibaldi
Park. Krajina (1959, 1965, 1969) has described some general
characteristics for the alpine zone. Fraser {1970) studied
successional trends on recently deglaciated terrain in Garibaldl
Park. The timberline area has been more fully documented in the
work of Peterson (1964) and Brooke (1966), who described the
vegetation and environment in the parkland subzone of the coast-
al subalpine zone. DBrink (1959) discgssed the subalping forest-
heath ecotone in Garibaldi Park. A later work by Brink (1964)
dealt with plant establishment in alpine and subalpine regions,
Brief mention of thé alpline zone in the coastal area has been
made by Calder and Taylor (1968) in the Queen Charlotte Islands,
and Carl (1944) and Hardy (1955) in the Forbidden Plateau area
of Vancouver Island. No detailed ecological work has previously
been done in the interior of British Columbia. Cooper {1916)

studied successional trends in the subalpine zone of the Mount

Robson area, and mentioned the occurrence of an alpine zone,

Munro and Cowan {1944) in Kootenay National Park, and Carl and
Hardy (1945) in the Columbia Valley briefly discussed alpine
vegetation. Raup (1934, 1945) made notes of alpine and timber-
line vegetation in northern British Columbia. In Alberta, a
general description of alpine vegetation was given by Moss (1955).

A detailed study was carried out by the author (Beder, 1967).
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Recently, Bryant and Scheinberg (1970) studied the interaction

of vegetation and frost activity in an alpine fellfield,.

& great amount of work has been dong in the United States,
much of the emphasis being on autecological studies. Important
works in this field are Billings and Bliss (1959), Billings and
Mooney (1968), Bliss (1956, 1962}, Mooney and Bi111ng§ (1961},
Mooney (1963), Spomer (1964), and Spomer and Salisbury (1968},
Many valuable synecologlcal studies have also been done, Bliss
(1963) worked on alpine communities in the Presidential Range
of New Hampshire. Marr (1961) has described the various eco-
systems in the Front Range in Colorado., Bamberg and Major (1968)
worked in several alpine regions in Montana. Daubenmire has dis-
cussed alpline timberlines (1955) and vegetational zonation in
the Rocky Mountains (1943). Other discussions of timberline are
given in Griggs (1938, 1946)., Wardle (1965) compared timberlines
in North America with those in New Zealand. A number of recent
studies have been done in Washington and Oregon, Franklin and
Trappe (1963) and Franklin and Dyrness (1969) described alpine
and subalpine meadow communities. Franklin et al. (1966) dis-

cussed invasion of subalpine meadows by trees in Mount Rainier

Natlonal Park. Douglas (1969) worked on subalpine tree groups
in the North Cascade Mountains. The upper subalpine zone in the
Olympic Mountains was studied by Kuramoto (1968) and by Fonda
and Biiss {1969).

The mountain communities of Scotland have been studied by
Poore and McVean (1957), and McVean and Ratcliffe (1962). Other

British ecologists who have dealt with alpiné vegetation are

Tansley (1949), Pearsall (1950), and Watt and Jones (1948). 1In
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Australla, Costin (1957) and McVean (1969) have described the

alpine vegetation. Billings and Mark (1961), and Mark ang
Burrell (1966) worked in alpine arcas of New Zealand. In central
Europe, the Zﬁrich~Montpellier school has studied the classific-
ation and ecological relations of communitiess in the alpine reg-
ion (Braun-Blanquet and Jenny, 1926; Braun-Blanquet, 1948),
Physiological ecology studies include those of Tranquillini
(1963, 1964). Krajina (1933) and Hada& (1969), working in
Czechoslovakia, and Szafer, Pawlowski and Kulczynski (1923) and

Pawlowskil (1935), working in Poland, have studied the high moun-

tain vegetation of the Tatra Mountains. In Scandinavia, Nord-
hagen (1935) studied the subalpine-alpine vegetation of Norway.
Dahl (1956) studied the vegetation of Rondane, in southern
Norway. GJjaerevoll (1956) has worked on the Scandinavian alpine
snowbeds. Detailed alpine ecological work has been done in the
U.5.8.R. by many botanists (Sukachev, 1965).

Many of the ecological studies mentioned above also deal
with alpine and subalpine soils., For British Columbla, Farstad
and Rowles (1960) briefly mentloned several alpine soils.
Recently, detailed work has been done by Sneddon (1969) and van
Ryswyk (1969). Baptie (1968) studied the solls of an alpine

valley in Alberta. The Canadian system of soil classification
(Canada Soil Survey Committee, 1970) discussed the distribution
of alﬁine solls. The major segment of information for North
America is derived from the work of Rebtzer (1956, 1962, 1965)
in the Rocky Mountains, Nimlos and McConnell {1962, 1965) in
Montana, and Johnson and Cline (1965) in Colorado. Kubiena

(1953) 1is the basic reference work for European soils. More ’
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recently, Romans et al. {(1966) worked on alpine solls in Scot-

land. In Australia, alpine soils have been described by Costin
(1955).

As can be seen from this brief literatur@ review, much
work is beling done throughout the world, both from synecological
and autecologlical approaches. The.original alilm of the present
study was to provide detalled synecological information on
alpine ecosystems in the interlor of British Columbia. Although
Big Wnite Mountain has only a very limited area of alpine veget-
atlon, it was selected because of its accessibility. The project
was then expanded to include the timberliine area of the mountain.
This eccotene area of timberline, while interes@ing in itself, is
Important in an understanding of the alpine zZone. The research
was carried out during the summers of 1968 and 1969, with the
following objectives: 1) to provide data on vegetation and envir-
onment 1in an alpine-timberline area, 2) to produce an ecosystem-
atlc classification of the alpine and timberline vegetation,

and 3) to elucidate the environmental factors responsible in

the formation of different plant communities.




2. Descripiion of Study Area

A, Geographical Location and Physiography

Big White Mountain, with an elevation of 7603 feet, 1s
jocated approximately thirty miles southeast of Kelowna, in the
Okanagan Highland, a subdivision of the Interior Plateau (Fig,
1 and 2). Access 1s afforded by a gravel road from Highway 33
to the local ski area at 6050 feet, The following summary is
based on Holland (1964)., The Okanagan Highland lies between
the Monashee Mountains to the east and the Thompson Plateau on
the west, It consists of roundsed mountains and ridges, and
gentle slopes, During the Pleistocene, lce covered the highland,
but erosion was not great., There was some rounding of surfaces,
but the main effect was the deposition of drift. A large part
of the area is underlain by Shuswap gneisses, On Big White
Mountain, the-main rock types are granite and porphyritic granite;
which comprise the Valhalla Intrusions, dated to the Lower Cret-
aceous (Little, 1957). The highland 1s drained and dissected
by the Okanagan and Kettle Rivers and their tributaries. As
seen in Fig.,l, Big White Mountain is situated between the Kettle
and West Kettle Rivers, The valley of the Kettle River actually
forms the eastern boundary of the Okanagan Highland.

B. :Climate

There are no climatic stations in the alpine and timberline
regionrbf the research area. None were set up during the course
of study due to the logistic difficulties involved. Table 1
summarizes some approkimate climatic data for the general area,

based on a number of A.R.D.A. maps (British Columbia, Canada

Land Inventory). A few differences between these data and those
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oresented by Krs (17 (1959, 1965, 1969) for the Alpine Tundra
zone are the higr.ss fAeal July temperature (60°F compared to
qi;»520F), higher zzzolute maximun temperature (95°F compared to
70-83°F) and 1orez frost-free period (60 days compared t§ less
than 25) at Big #ni%e. |

Temperaturs »r7 precipitation have been recorded sporadic-
ally at an elevz%i%% of 6050 feet on Big White, This altitude
corresponds to ©& % Zngelmann Spruce - Subalpine Fir Zone of
Krajina (1965). Tenmles 2 and 3 present the avallable information
(British Columbjiz Lepartment of Agriculture, 1965-1968). From
these data, 1t soipczrs that Big White has a maritime precipit-
ation pat%ern witr = winter maximum and summer minimum,

Snow 1s & ngy important factor in élpine and timberline
areas. Snow may fzil during any summer month. In 1969, there
were snowfalls on Jwne 28, July 4 and July 6. In 1968, it
snowed on Augusb 12. Impassable road conditions during the
spring thaw of }969 prevented any attempt at obtaining snow
depth measurementi® - When the summer field season began during
the last week of June, most of the snow had disappeared, with
the exception of late-lying snowbanks. The British Coiumbia
Department of Lands, Forests and Water Resources operates a
number of snow courses throughout the province. One of these
is located on Bly White at an elevation of 5500 feet. Measure-
ments have been made since 1966 (British Columbia Department of
Lands, Forests and Water Resources, 1966-1969), In 1966, the

maximum snow depth ©f 48.1 inches occurred at the end of February.

By the end of May, the snow depth was 7.8 inches. The corres-

ponding figures for 1967 are 71,6 inches at the end of March




Jahle 1

Sons Cligatic Data for the Big White Area

Period of ebservations

Mean January temperature 159F 1950-19584
¥ean July temperature 0% 19501954
Absolute minimum temperature’ 400 10301954
Absolute maxinuz femperature 95% 1930-1954
Average frost-free period 80 days 1950-1964
¥Yean annual precipitation 30-40 in, 19301964
Average precipitation Way through
September 10 in, 1930-1963
Mean annual spowfall 150200 in. 1983—7198%
Table 2
Wean Monthly Temperature {OF) for Big inhite Mountain (elev. 6050 ft.)
Jan, Feb., Mar,  April May June July  Aua.  Sept. DOct., Mov. DBec,
1966 = - 18 - - 48 55 54 42 i - 19
1966 17 2 22 3 44 45 “ o= 50 3 25 27
1967 20 23 22 2 39 - 55 62 54 33 Vi) 17
19687 6 29 28 28 # 43 - - - - - -
Table 3
Precipitation (in.) for Big White Mountzin {elev, 6050 £t,)
Jan, Feb. Mar, Joril  May  Jume JQU Aug, Sept. Oct, Mov. Dec. Apnual
1965 - - 380 - - 040 1.2 5.65 2.5 0.8 257 5.8 ..
1965 455 543 265 A5 250 .63 29 - 158 2.90 7.3 6.25 -
1967 11,03 6,39 .07 655 240 65 125 0.53 1.0 9.91 338 1016 62.73
1968 705 335 4.89 9.32 405 4.8 . . - e e e -
. e . 7. gL 5 j:?\}
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and 35.0 inches at the end of May; for 1968, 59.5 inches at—the

end of March and 26,0 inches at the end of May; for 1969, 64.0
inches at the end of February and 9.8 inches at the end of May.
It must be remembered that the snow depths in the research area,
which 1is approximately 2000 feet higher than the snow course,
would be substantially greater. Winter snowfall at the 6050

£+, station on Big White has been reported as being 270.9 inches
for the 1965-1966 winter and 479,989 inches during the 1967-13568
winter {British Columbia Department of Agriculture, 1966, 1968},
The latter figure seems unusually high,rsince Hollyburn Ridge

in the coastal subalpine mountain hemlock zone averages only
301.5 inches (British Columbia Department of Agriculture, 1966).

C., Vegetation

The portion of Big White which was studied ranged in alti-
tude from ca.7100 to 7600 feet, Three altitudinally-delimited
areas have been distinguished: alpine (ca.7500-7600 feet), low
alpine {ca.7400-7500 feet), and subalpine parkland (ca.7100-T400
feet). The subalpine parkland and parts of the low alpine areas
constitute the timberline vegetation, which is an ecotone
between the closed subalpine forest (occurring below 7100 feet
on Big'White) and the alpine region, A more detalled discussion:
of zonation 1s presented in section 8.

Tree species present in the area are Abies 1asiocarpa%

Picea engelmannii, Pinus contorta var. latifolia and Pinus

albicaulis. The two specles of pine are rare on the mountain.

1 Authorities of botanical.names are listed in Appendix 1.
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There seems to be no evidence of recent fire in the study
area, However, examination of a core from a subalpine fir 1n
the parkland area revealed that the tree had been burned on one
side. This was possibly due to a lightning strike., No evidence
of fire was noted from another fir In the same tree I1sland,

Fourteen plant associations have been distingulshed in the
present study. Their habitats vary from dry ridge tops and rock
outcrops to snowpatches and seepage slopes., Although there are
few species of bryophytes and lichens present in the area, they
constitute an important part of some communities,

D. Soils |

Four orders of the Canadian systgm of soil classification
(Canada Soil Survey Committee, 1970) are represented in the
study area - Brunisolic, Regosolic, Podzolic and Gleysolic,
None of the soll gréat groups or subgroups are restricted to a
particular community.

The Brunisolic Order 1s represented by the Alpine Dystric
Brunisol subgroup, whilch occurs over a wide range of habltat
conditions, from ridges and heather communities to snowpatches
and seepage slopes. Orthlc Regosols are also in the above-
mentioned habitats. The Podzolic Order is dominated by Sombric
Humo-Ferric Podzols and Sombric Ferro-Humlic Podzols: Sombric
HumOFFerric Podzols are mainly in heather COmmunities and on
rocky slopes, while Sombrlc Ferro-Humic Podzols predominate in
tree islands, as well as on rocky slopes, Of infrequeht eecur-

rence are Mini Ferro-Humic Podzols and an Orthic Humic Podzol.

All the podzolic soils lack an Ae horizon, The Gleysolic Order
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is represented mainly by Rego Humic Gleysols, and less frequently
by Fera Humic Gleysols, Orthic Humic Gleysols and Rzpo Gleysols.,
These soils occur only on seepage slopes, in snowpatches and
wet moss communities, and usually have an Ah—Cg horizon seguence,
A The soils of Big White are generally shallow (;ess than
one foot in depth), with weak horizon development (excluding
the podzols). Soil development 1s proceeding slowly, and has
not yet reached the point at which plant communities can be diff-
erentiated by their soil types.

The soils are all acidic, with a pH range from 4.1 toA6.3.
This is tg be expected, as the parent materlal is predominantly
granite, which is an acidic rock. In some of the very shallow
soils, organic matter moves downward and accumulates in the C
nhorizon overlying a lithic contact. This occasionally creates
a higher organic matter content in the C horizon than in the Ah
horizon. The carbon:nitrogen ratios of the solls are generally
narrow, ranging from 10 to 20; the value for cultivated soils
is between 8 and 15, A narrow carbon:nitrogen ratio indicates
that nitrogen should be avallable for higher plants. There are
a number of cases in which the percentage of nitrogen 1s very
low, thus creating a very wide carbon:nitrogen ratlc. Thils can
be due either to a loss of nitrogen during the alr-drying of the -
soil sample, or to the presence of undecomposed organic matter
in the case of an L-H or Ah horizon. Fhosphorus ranges from a
low of 2 ppm to a high of 28 ppm. Cation exchange capaclties

are generally low, ranging from 4,6 to 163.0 me/100 g. (the

latter in an L-H horizon). Exchangeable catlons are present in
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very low quantities, The ranges are as follows: caleium 0,02~

7.45 me/100 g., magnesiun 0.01-1.58 me/100 g., sodium ©,02-0.84

me/100 g., and potassium 0,00-3,26 me/100 g.
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3, Methods

A Vegetation Anslysis

The general approach used accepts the fact that while veg-
etation can be consldersed to be continuous, it is stlll possible
to distinguish discrete communities (Daubenmire, 1966, 1968).

The communities were selected subjectively for homégeneity in
vegetation and habitat. Transitional communities were not
sampled, with one exceptlon,

A single rectangular plot was ﬁsed Lo sample each community;
The plot sizes variled considerably, as a single plol size would
not have adeguately sampled many of thé communities. The major-

2

ity of the plots ranged from 10 to 30 m® 1n area. A total of

82 sample plots were analyzed. )
The vegetation analysis was based on the Braun-Blanguet
method as modified by Krajina (1933). Subjective estimations
of species significance {coverage, combined with abundance, of
a species in the plot) and sociability (amount of aggregation
or spacing of the individuals of a species) were made separately

for each species in the different layers. The percentage cover-

age of each layer was also estimated. The layers distingulshed

were:
B layer - shrubs, 20 cm,-10 m in height
C layer - herbs and dwarf shrubs, less than 20 cm. 1in
height
D layer - bryophytes and lichens
E layer - epiphytes

The scales used for estimating specles significance and
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sociability (after Krajina, 1933) are shown in Tables 4 and 5.

Class

O\ o= VW B D 4

’..J

Class

v oo~ U EWw NN

—t
()

Table &
Species Significance Scale

Description

Quite solitary, very low dominance (0-1%)
Seldom, very low dominance (1-2%)

Very scattered, low dominance (2-3%)
Scattered, low dominance (3-5%)
Covering 5-10% of the plot

Covering 10-20% of the plot

Covering 20-33% of the plot

Covering 33-50% of the plot

Covering 50-75% of the plot

Covering 75-less than 100G% of the plot
Covering 100% of the plot

Table 5
Sociability Scale

Description

Sociability O (individual plants)
Groups, up to Hxl em®
Groups, up to 25x25 cm®
Groups, up to 50x50 cm2
Groups, up to 1/3 - 3/4 me
Groups, up to 1-2 m2
Groups, up to 5 m2
Groups, up to 25-50 mé
Groups, up to 100 m2

Groups, up to 200-250 me
2

Groups, up to 500 m

Midgoint
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Collections were made of all vascular plants, bryophytes
and lichens. ‘These were later identified 1n the laboratory.

A number of environmental features were noted for each
plot. These included elevation, exposure; slope, land form,
wind influence, relief, erosion, and percentage cover of humus,
ﬁineral soil and rock. Relief describes the surface shape of
the plot (convex, concave, hummocky or straight). Wind infiluence
and erosion were assessed subjectively, on four-point scales
(s1light, moderate, strong, very strong for wind; none, slight,
moderate, strong for erosion), _

B, 30il Analysis

One soil pit was dug in each plot, and the horizons des-
cribed for depth and colour. Soil depth, rockiness, root dis-
tribution, and the presence of ground water were noted for each
profile. A total of 230 soil samples were collected for physical
and chemical analyses. The soils were then classified according
to the Canadian system of soil classification (Canada Soil
Survey Commlttee, 1970), based primarily on soll morphology
observed in the field., Correlations of the Canadian system
with the American, German and World classifications are pres-
ented in Appendix 2. -

The soil samples were screened through a 2 mm. screen. All
analyses, both physical and chemical, were done on the less than
2 mm, size fraction,

The physical properties determined were texture, molsture

percentage, and water retention, Texture was done by the revised

hydrometer method (Bouyoucos, 1962), using a reciprocal shaker
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to agitate the so0il suspenslon, The textural classification
followed that of the United States Department of Agriculture
(sand = 2,00 to 0,05 mm,, silt = 0,05 to 0.002 mm., clay = less
than 0.002 mm.)}, The following abbreviations were used in the
soll texture tables: S = sand, LS = loamy sand, SL = sandy loam,
SiL = silt 1oam¢ L = loam, Molsture percentage was determined
directly by collecting soll samples, welghing in the field, and
oven-drying to constant weight at 105°C (moisture percentage
thus calculated on a dry weight basis). A total of 122 samples
were collected at three depths (0-3 in., 9-12 in., 15-18 15.),
wherea posg}ble, from 12 sites. Collections were made four times
durlng the summer of 1969. Water retention was studied on the
original samples collected by horizon, using a pressure plate
and pressure membrane apparatus at 1/3 and 15 atmospheres to
approximate field capacity and pefmanent wilting percentage
(Richards and Weaver, 1943; Richards, 1965).

The chemical properties measured were pH, total carbon;
total nitrogen, avallable phosphorus, exchangeable cations,
cation exchange capacity, and oxalate-extractable iron and alum-
inum, The determinatiohs of carbon, nitrogen, phosphorus, cation
exchange capaclity, iron and aluminum were done by Mr., B, von
Spindler of the Department of Soil Science, University of British
Columbia. The determinations of pH and exchangeable cations
were done In the Department of Botany.

Analysis of pH was done using a Beckman model N pH meter
anan Radiometer pH meter, number 24 on s0il samples mixed to a

bpaste consistency (Wilde and Volgt, 1955). A Leco total carbon
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analyzer was used to determine percent total carbon (Allison,
Bollen and Moodie, 1965}, These figures, when multiplied by

the factor 1.72, were used to express percentage of organic
matter. Total nitrogen, expressed as a pércentage, was measured
by the semimicro-Kjeldahl method (Bremner, 1960). Available
ghosphorus,.expressed in parts per million, was determined color-
imetrically by the dilute acid-fluoride extraction method of
Bray and Kurtz (1945). Exchangeable cations (calcium, magnesium,
sodium and potassium) were extracted by leaching soil samples
with 1N ammonium acetate (pH adjusted to 7) and filtering éravim
metrically (Peech et al,, 1947). The concentrations of the cat-
ions were deftermined on a Perkin-Elmer, model 303, atomic absorp-
tion spectrophotometer., The results were expressed in milli-
equivalents per hundred grams of soil (me/100 g,). Cation ex-
change capacity (CEC), expressed in me/100 g., was analyzed by
the KCI saturation method {(Jackson, 1958). The methods for the
determination of nitrogen, phosphorus, exchangeable cations and
cation exchange capacity were those used by the Department of
501l Science, University of British Columbia, Percentages of
iron and aluminum were determined only on a selected number of
samples, in order to classify the sample as a Bf, Bfh, Bhf or

Bm horizon, The samples were ground to 100 mesh and extracted
following the acid ammonium oxalate procedure of McKeague and
Day (1966). The concentrations of iron and aluminum in the

extracts were determined by atomic absorption spectrophotometry.

The‘iron and aluminum determinations are presented in Appendix 3.
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C. Vegetation Synthesis

Association tables were made up for each association, show-
ing variations separately, where present. The synthetic values
of presence and average specles significance were determined for
egach species. Presence is defined as the percentage’ of plots of
a particular association in which a species occurs. The presence

percentages were converted to classes as follows:

Presence Class % of Plots
I 1-20
I 21-40
. ITI 41-60
v 61-80
A 81-100

In the cases of communities having fewer than four plots, the
fraction of piots in which a specles occurred was used instead
of presence (eg. 2/3).

In calculating average species significance, the numbers of
the species significance class were converted to percentages
using the midpoint value {see Table 4}, The average percentage
was then converted back to a specles significance e¢lass number.

In the association tables, the specles are arranged by layeré,
by decreasing presence value within each layer, and by decreasing
average species significance value within each presence class,
Average species significance and sociabllity are represented by
two numbers (eg. 4.2). Sporadic species (those cccurring in
only one plot) are listed separately by layers. The altitudinal

area is indlcated as A (alpine), LA (low alpine) or SP
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(subalpine parkland).

The dégree of presence together with the average species
signillcance indicates the importance of a species in the
comnunltiy., The specles selected as the Characteristic Combinat-
lon of Species are those with the highest values of both presence
and average speclies significance, or species which are more or
less restricted po the particular community,

A summary of presence and average species significance for
the major specles together with a2ll the asscciations 1s provided
in a synthesis table (Table 75). Only species occurring in at
least one assoclation with a presence of IV or V {(or correspond-
ing fraction) were used. In addition, a few species with a
presence less than IV are listed, as they are characteristic
species for some assoclations.

D. Computational Methods

1. Floristic Similarity Index

The Sgrensen Index of Floristic Similarity was used to
compare the different plots representing a particular associat-
ion. The index calculated was that based on dominance, Ksq

(Dahl, 1956), the formula belng Kgq = 2¢  x 100
. a+b

where a=sum of species significance values of all speciles

in one plot

b = sum of species significance values of all species
in second plect

¢ = sum of the lesser of the two species significance

values of each species 1n common to both plots
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The "index ranges f{rom O‘to 10C, the highest value occurring
when 2 = b = ¢,

This index was also used té compare the different communit-
ies with each other,

The indices were calculated using & computer prégram devel -
oped by Ream (1965) and modified by Mr. Stephen Borden of the
Biology Data Centre, University of British Columbia.

11. Environment Analysis

Among the twenty-three environmental variables dealt with
in this study, twelve had valuss taken at several depths in the
soll profile, S8ince all plots did not have the same horizons,
comparisons on a horizon basis would ﬁot have been possible,
1t was thus censidered that comparisons between plots and
communitles would be facilitated by having only one value per
plot for each environmental factor. In order to do this, the
varlables were weighted by depth in the following manner
(method by Mr, Stephen Borden, Biology Data Centre, University
of Britlish Columbia), .For every variable which had been meas-
ured at several depths, the value for each horizon was muitil -
plied by the depth of that hofizon. The sum of these values
for all horizons was divided by the tétal depth of the soil to
gilve an average value for the plot,

A one-way analysis of variance between communifies was
done for each environmental variable, using the weighted values,
where necessary.

In the analysis of environmental variables (section 7A),

the terms "low", "medium" and "high" are based on the average




(weighted or unwelghted) value for each community.
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4, Alpine and Timberline Communities

A total of fourteen plant assoclations, with nine variations,
are distinguished in this study. They are described below,
arranged along a general gradient of increasing moisture, from

the xeric Juniperus communis Association to the subhydfic

Drepanocladus exanpnulatus Assoclation,

An alternative, more conventional, method of arranging the
communities would be to group them by altitudinal zone (alpine

or subalpine). Within each of these groups, the communities

could then be ordered by hygrotope. This method, however, is
not well suited to the present study, since the communitles do
not segregate easily according to altitude. Much of the study
area is actually an ecotone between the alpine and subalpine
zones; thus, many of the communities are represented in both
areas, To present the description of the communities in such a
manner would be more confusing than instructive, since 1t would
be repetitious., Hygrotope was found to be the most important

factor in delimiting the communities (see section TA), and is

therefore used as the basls for the present arrangement. The
altitudinal area (s) for eacnh community is mentioned in the
description. Despilte using a moisture gradient in the present
section, the altitudinal approach 1is still consldered to be a

useful one. The topographic and altitudinal relatlonships of

the communities are summarized in section 7C.
In the description of each assoclation, the floristlc simi-
larity indices of the plots comprising. the assoclatlion are

given. This provides an objective check on the subjective
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classification, since plots within an association should have
their highest similarities to each other rather than to a plot
in another assoclation. If the similarity values among all the
plots of an associlation are high, the association is considered
to be homogeneous. An assoclation with a very large number of
specles is usually less homogeneous than one with few specles.
Few studies have utilized this technigque, and thus the evaluat-
jon of the indices is striectly empirical. Nonetheless, the

method is believed to ke of considerable value,

Juniperusscommunis Association

(Ref. Tables 6, 7, 8, 9, 10; Fig. 3)

Characteristic Combination of Speciles

Juniperus communis

Carex phacocephala

Arenaria capillaris

Festuca brachyphylla

Polytrichum piliferum

Tortula ruralis

Peltigera malacea

This association occurs over rock outerops on ridges and
slopes in the low alpine and alpine areas. The relief shape is
generally straight, and the exposure is usually southeast.
Slppe gradients range from 26 to 70%. Rock comprises 85-95% of
the ground surface and humus 4-10%, with very little mineral
soil exposed. No erosion was observed. The hygrotope 1s
rated as xerlc,

There is a well-developed B layer, ranging from 85-100% of

the coverage, poorly developed C and D layers, and an occasional

ocecurrence of an E layer. The C layer covers 10-35% of the




