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ABSTRACT

) T}i_irteenl habltat types of five ‘Ser‘i.»es vre;l)r‘esenting ionea_ ina
climatic gradient wefe’ deécribed' from ‘:-SFS quarititat‘ively santpled' stands.
- Habitat. - types were de51gnated using cluster analy51s two- -dimensional .
ordmatlon and tree size dlstrlbutlon characterlstlcs for 1nd1cat10n of
'potentlal clnnax _Habitat types included:. 1) Arctostaphylos UVa-UrsL -
"C’alamagrostw pur'purascens (montane scrubland) 2) Pseudotsuga menawsu/
Jumperus comnums/Caanagrostts purpurascens, 3) Pseudotsuga menzws:t/

. 'E'Zymus mnovatus 4) Picea gZauca/Carex vagznata - Ltkznaea boreali\éf‘ 5)

k Ptcea glauca/L. borealts - Hylocomewn 3plendens, 6) Pwea gZauca/E‘

' mnovatus - C’omus c:anadensw, 7) Pwea gZauca/AZnus cmspa/E’ mnavatus(
8) Pwea - Pinus awaauZ‘z,s/J commums/ E. tnnovatus 9) Pwea engeZmann;'L
Abtes Zaswcarpa/Menztesw gZabeZZa - Vacctmwn membranacewn, '10) Pwea |
engelmanmt - Abtes Zaswcarpa/Amwa cordzfolw, 11) Pwea engelmanmt -
Abies Zaswcarpa/Amwa dwgrstfolza/ﬁylocomzwn splendens, 12) Salw '

gZauca/E’ tnnovatus, 13) SaZuc vesnta/}Poa alpma. .

A warm dry to coo\l—mesm clnnatlc gradlent was observred usmg a o

- series. of- weather statlons whlch followed an mcrease 1n elevatlon
| _.Thls gradlent was followed by a d1st1nct arrangement of plant conmunlties :
from montane to subalpme Abrupt changes in the gradlent steepness o
o were 1nd1cated by vegetatlon heterogenelty ThlS chmat1c gradlent was' 3

| also reflected by a Shlft from Pwea gZauca to Pwea engeZmannm w1th

elevat1on 1ncrease W1>th a hybrld swarm occurrmg at mld elevatlons

-



A number of landform, 5011 and hdbltat type relatlonshlps were
eV1dent but these were strongest .at the Serles and 8011 Order leVels.
Flre»__.;ﬁ

Habltat types were most closely related to, cllmatic varlables
Wps and

hlstory compllcates some vegetatlon . env1ronmenta} relatlonsh

also thegvegetatron.pattern. A ’

Many of the montane h t.s exhlblted afflnlty to boreal communltles,

whereas those of the subalplne were more\closely related to Cordlileran
Wlthln the montane zone

d Pac1f1c communltles to the south and west
however Pseudotsuga h.t.s were 1nd1cated as havrng a stronger Cordllleran

. L
afflnlty, whereas those of chea gZauca had a stronger boreal afflnlty;
. A , o : . . ?\{ ,
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I. INTRODUCTION

Studies on the Vi etatlon of -the Rocky Mountalns date prlmar11y
from the turn of the{ century (Daubenmlre 1938 1943a; ‘Heusser s i936)
Interest in the reglon has been aroused by the sharp visual- contrast in

the mountaln and surroundlng plaln vegetat1on the. obv1ous compre551on

' -of vegetatlon types into a relatlvely small“area along an elevation

gradlent and the contlnuous nature of the Cordlllera whlch ranges | *‘\
Alat1tud1na11y across most of North Amerlca Some of this area espeg;ally
- within Alberta st111 conta1ns vegetatlon which has not- been affected
_greatly by man}s-act1V1t1es. Thls.ls due 1n part to-the establ;shment. yh
l‘of'national parks'which'have only recentlyyheenvtraVersed by-road' |
systems, and much;of‘the area'wlthin.Banff and JaSperSis still~accessible |
only by tra11 Thus the natlonal parks contaln the closest present o
example of: naturally evolved landscape ystems and form a basellne to |
"twhlch hlgh use ‘areas can be referenced "".-/" '
Recognltlon of the 1mportance of natural areas to an understandrng
| of ecologlcal relatlonshlps ahd land use plannlng has led to a number of
'hvegetatlon studies.. Those w1th1n Jasper Natlonal Park have concentrated
‘prlmarlly on part1cular vegetatlon zones communlty types and floras ‘
| (Bell 1966 Ihratluk 1969 Hrapko 1970 Strlnger & La R01 1970 Laldlaw
’ f_197l Strlnger 1973 Kuchar 1975) Thus the need was establlshed for a
_'more 1ntegrated reglonal study 1nvest1gat1ng the range of plant communltresV;l.

'_1n order to document thelr lnteractlon and response to env1ronmental o

_‘;factors The Vine Creek dralnage b351n 1n Ja5per Natlonal Park was



chosen for such a.study 51nce the .area was con51dered of manageable size

~

for field werk, contalned a landscape representatlve of the Front Range

of fountains and was deflnable on a geograph1c ba51s and could
~thus he‘treated as a reasonably 1ndependent system of 1nteract1ng
ICOmponents' A study u51ng the above gu1de11nes was con51dered 1mportant

- in understandlng natural relatlonshlps between the b10t1c and abiotic -

components of Rocky Mountaln landscape systems in order to formulate and_l_, g

1mp1ement eff1c1ent management p011c1es

F1e1d work was 1n1t1ated in 1970 1n order to meet the follow1ng
:obJectlves (1) To. descrlbe-the comp051tion, structure and dynamlcs of
‘the vegetatlon, (2) To descrlbe the maJor landfonm features as. they
;relate to the- Wt getatlon pattern, (3) To ascertaln the 1nf1uence of a
number of env1ronmenta1 factors on plant communlty dlstrlbutlon and (4)
T_fTo 1nvest1gate meteorolog1ca1 condltlons along an elevatlon gradlent |

'accordlng to dlfferent communlty types e ;"h{_ .;’ fk Q“;
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~II. LITERATURE REVIEW -

: A VEGETATION ZONATION

| Vegetatlon of mountalnous reglons is often referenced to elevatlonal»_‘
belts or 11fe zones Wthh or1g1nated w1th the concepts of Merrlam (1898)
.Rydberg (1915) recognlzed alplne subalplne montane and’ foothllls

/
zones, “and thlS nomenclature has been w1de1y used to the present

"Daubenmlre (1943a) de51gnated alp1ne tundra needlevleaved forest and

. grassland or. desert formatlons as the ma;or phy51ognom1c rkglons of the
Rochy Mountalns Var1ous zones were. recognlved espec1ally w1th1n the'
_needle leaved forest formatlon and characterlved b} Engelmann spruce- f';
| alplne flr Douglas f1r, ponderosa pxne and Junlper—plnon forests |
‘_hvarlatlon in the comp051t10n of the fonmat1ons and;zones alono' latitudinal.hf'
- gradlent was recognlzed and Southern, Central Northern and Fa1~Northern _
d prov1nces were. de51unated (Daubenmlre 1943a, The llne between the 'ilfﬁb
4'.N0rthern and Far-Northern prov1hces occurs at about SOON in- Alberta and

| Brltlsh Columbla _and thus the study area falls w1th;n the latter '
I'prOV1nce Bell (1966) thought that the separatlon between the two
Tnorthern pr0v1nces was gradual on the ba51s of black spruce dlstrlbutlon;.gl o

-;and that much of Alberta was a tran51t10n area Og11v1e (1960) noted

i’w-

' ';that a trend from malnly cordllleran to 1ncreas1ng boreal elements

dvoccurs through the Banff and Jasper area w1th 1ncrea51ng latltude -

. Strlnger and La R01 (1970) deslgnated alplne, spruce fir and Douglas;:7""‘
'1‘f1r '20n€e’s. for the Alberta Rockles the lower (ponderosa) zone belng k
_'j'absent above 47 N KuChar-(1973) 1nd1cated that zonatlon 1n waterton :idﬁf?,ie{

Y
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Natlonal Park was not dlStlnCt w1th the effect of 1rregular topograth _’p:“'

and’ aspect hav1ng a d15rupt1ve 1nfluence._ Prev1ous 1hvest1gat10ns have”

found compos1t1ona1 dlfferences w1th1n the Zones between Jasper and
:Banff Nat1onal Parks Accordlng to Oostlng (1956) the basal plalns of B

the far- northern prov1nce are frequently above the upper elevat10na1

limit of the montane forest as reflected by the dlscontlnuous nature of -

.Douglas f1r. Yet, grasslands are found sporadlcally in’ the valleys of .:f

.both Jasper and Banff Nat1ona1 Parks w1th a Kbelerza - Calamagrostts

. ,assoclatlon the most promlnent type in the Athabasca R1ver Valley of

- Jasper (Strlnger 1973) The Festuca scabreZZa assoclatlon of the aspen

parklands to. the east, and elements of the Agropyron spzcatum grasslands’gl

'nolerltlSh Columbla were also de51gnated fbr the area (Mbss 1955)
: SO : : ,

The basal pla1ns of Jasper Natlonal Park contaln 1n add1t1on to f?*fl,.g,f

‘grasslands a forest mosalc of ma1nly whlte spruce (chea gZauca)

'rlodgepole p1ne (Pznus contorta var. thszlta) and DOuglas f1r (Peeudb-

4{'t3uga,menzzeszz var glauca) (La R01 1967 Hnatluk 1969 Strlnger & La .
Roi 1970) Black spruce (Pzaea martana) occurs as a mlnor component ofA-.' :

~Tfthe vegetatlon in the lower valleys of Jasper around some lakes ‘and. on*fz -

e

;?relatlvely old alluv1um of stream courses (Laldlaw 1971) The spec1eszfifjj o

'&

ffalso OCCUrS at hlgher elevatlops in what La1dlaw (1971) deScrlbed as ilfuff‘”"“

: "hangmoor” peatland d 1n lodgepole "wetland"’ as. well as 1n spruce-f S

:i‘flr cmnmxutles Aspen (Pbpulus tremulotdes) and.balsam poplar (PopuZue?i~ L

Zsamtfbra}sform small stands w1th1n the montane zone~(Moss 1932) The3]ffﬂf'*

‘j;occurrence of balsam poplar 15 more restrlcted than aSpen belng found

_%prlmarlly on course alluv1um, but both are assoc1ated w1th dep031tlonal ;.;1.3,.,



dlsturbances Although most of the Alberta work on these two speC1es <:i/
has been done in the boreal forest and. aspen parkland reglons, Moss

(1955) found suff1c1ent snnllarltles 1n the montane aspen groves of sw

Alberta to c13551fy them as a varlant of the central Alberta con50c1at1ons

| Whlte spruce 1ncreases 1n abundance wrthln the montane zone w1th
A 1ncrease in latltude through the far northern prov1nce ThlS 1ncrease
\is due to an 1ncrea51ng boreal 1nfluence whlch is also accompanled by an L
' abundance of other spec1es that are common across Northern Alberta - l' ;' .
(Hall1day § Brown 1943 Pors1ld 1951 Moss 1955 Hulten 1968) Wh1te -
spruce forms a montane mesophytlc fbrest type and is also found on youngb: _va}
* river terraces and rav1ne bottoms of the Athabasca Rlver Valley in. e
Jasper (Str1nger G La R01 1970) La R01 (1967) found 51milar florlstlc {d'fﬁﬂla
character13t1cs for whlte spruce stands in Jasper and north central e
Alberta Whlte spruce extends south 1nto Banff Natlonal Park and. from
the east 1nto Jasper where 1t 1s eventually replaced by Engelmann spruce sf't{fh
(chea engelmanntt) at hlgher elevat1ons OWOSS 1955) Introgre551ve .
hybrldlzatlon between whlte and Engelmann spruce 15 well documented
(Horton 1959 Be11 1966 La Ro1 & Dugle 1968 Daubenmare 1974) and
create e problems in Spec1es 1dentif1catlon.' Whlte spruce was not
des1gnated by Cooper (1916) as. an assoc1ate of the montane forest on the'l;f;r?i
west 510pe of the‘Rocky Mountalns near Mt Robson, but 1ntergradat10n "if:h{':

between Engelmanntand whlte spruce was probably not recognlzed at thlS

e
"Q' AL T

| t1me L'f W ?”_e?:rgfr"“;h |



1

g Whlte spruce conmun1t1es appear to be promlnent south of JaSper ‘ »

Natmnal Patk through Banff (0g11v1e 1962) the Crowsnest Forest ReserVe '
‘ (Cormack 1956) and Waterton (Kuchar 1973) A number of commm1t1es - _' |
h "ldonunated by. spruce have also been 1dent1f1ed in MOntana (Pf1ster et aZ
vli:'1974) In. many of the above area‘s white spruce was found 1n the more ‘, |

k me51c habltats An re}atlon to Douglas f1r or ponderosa pme The

: spec1es was not llsted as a dorrunant of the lowland forests on the ;
western slope of N Montana (Habeck 1963 1968) |

Wh1te spruce has been characterlzed as. typlfymg a boreal subzone '

1n east central Brltlsh Columb1a (KraJ ina, 1969) where 1t forms a number .
- of conmnuty types CWall G Krajlna 1973) : In these areas wh1te spruce. |
' occurs prlmarlly along the base of valleys and as in Alber becomes ,
’ .‘mre abundant Wlth mcrease in 1at1tude (Tlsdale & McLeanﬂ;\Illlngworth.f o
G Arl1dge 1960) MCLean and Holland (1958) noted that whlte spruce -
.Abecame more promment in- the Douglas f1r zone N of Br1sco (Sl N), and |
:Garmn (1957) found it formlng a number of coxmnrnlty types 1n NE Br1t15h L
Columbla Whlte spruce replaces Engelmann Spruce N of about Prlnce .
- ﬂjGeorge B c (ca 54°N; Alexander 1958a) and. foms the bas1s of the B
subalpme zone through the remalnder of the far-northern provmce mto }_
-‘arctlc areas (Raup 1947 Daubenmre 1953 Hettmger & Janz 1974) |
. Douglas f1r occurs m Jasper Natlonal Park on warm‘ S exposed slopes
: a 'and rocky r1dges to about Brule Lake (53 15'N 119 SO'W Strmger & |
) La RDl 1970) Varlatlon in- topography of zmtes and flre h15tory has
'caused a rmmber of dlfferenQ:onmumty types although only two dry- .

. o L. - . . , . . LN .. - L. . . B



mesophytlc c11max types were recognlzed in the JasperqBanff area (Strlnger .

 §la Roi 1970) Douglas flr has been w1de1y used as a character15t1c
: fei&ure of the montane zone since it extends throughput most of the
Rocky Mountalns in the Unlted States Douglas f1r occurs, as a maJor

spec1es of the montane zone -in the Crowsnest and Waterton Lakes area 1n

'S Alberta (Cormack 1956 Jeffrey et al. 1968, Kuchar 1973) The sgec1es }:'hi

4

-becomes qu1te extensrye at lower elevatlons throughout the mountalns of
N Idaho and Montana where a number of cllmax assoc1at10ns have been
"_recognlzed,(Larsen.1930,'Habeck_1967, Daubenmlre G‘Daubenmlre 1968).
The Douglas flr forests of 1nter10r Br1t15h Columbla typ1fy a '

. falrly xeric area of the Canadlan Cordllleran Forest Reglon (KraJ1na
f g‘1965) The 1mportance of Douglas f1r in the 1nter10r of’Bratlsh Columbla
" is reflected 1n the number of studles whlch have descrlbed.and character-

- 1zed a number of component communlty types Two subzones the ar1d d

Ifgroveland and forest have beéh'recognlzed in the S portlon of the .

: '.provmce (McLean a Holland 1958) Tlsdale and McLean (1957) recogmzed

”iseveral assoc1at10ns for thlS area but lodgepole was the domlnant tree
;:fln many of the communltles Nlne 51te types were 1dent1f1ed for the
H-hgouglas f1r zone 1n the Car:bou-Moneshee Mountaln Range near Kamloops
) lrbut agaln lodgepole was. the domlnant overstoryf§peh1es (Illlngworth &

'4i-Arlldge 1960) Brayshaw (1965) and McLean (1970) together recognlzed

.5§ff1ve assoc1at1ons for the S 1nter10r of Brltlsh Columbla Douglas f1r gifjj.‘j'

; 1fextends north to at least Prlnce George but pure stands appear to be ;a 4

(”;flnfrequent due probably tO past f1res (Trsdale & Mckean 1957)

"1
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| Lodgepole plne is abundant throughout the far- northern, as well as
.northern provinces of the Rocky‘Mountalns to about 63.N, as a result of
’ past flres (Bloomberg 1950 Cormack 1953 Hulten 1968) .. Accordrng to |
Horton (1955) lodgepole p1ne is also domlnant 1n the fOOthlllS where
whlte spruce - alplne fir Vegetatlonrls the cllmax, as well as at hlgher :
elevatlons where f1re has occurred in the Engelmann spruce - alplne f1r |
zone, Hnatluk (1969) recognlaed a number of lodgepole plne forest types -
in Banff and Jasper accordlng to subordlnate strata dlfferences wh1ch '
."were then separated accordlng to habltat on the basrs of morsture condltlons

h'Smlthers (1961) noted that dlfferent lodgepole prne habltat types could ;’.'

.be separated on a general ba51s accordlng to landform materlals and
' ] wa

' 'molsture condltrons (bht d1d not elaborate on understory comp051tlon
The Athabasca Rlver Valley of Jasper contalned mostly xer@phytlc assoc1a---,7hf

¥

- tlons Oinatruk 1969) | fb‘ L fa."'h: ft?‘ - !“‘.f-i

e Lodgepole plne 1s abundant throughout the foothllls north of JaSper-.
'"’_(Smlthers 1961 Corns 1972) and also forms exten51ye forests along the Ef.h:;“.
- slopes and fOOthlllS adJacent o the natlonal parks Olsrton 1955), and ‘,b s

':‘to the south through.the Crowsnest Pass 1nto Montana (Bloomberg 1950

”pCormack 1953 Jeﬁfrey et aZ 1968 Pflster G Daubenmlre

r?

ﬂ”f is also a. c0mmon seral SpeC1eS to the west 1n the 1nterfb? of Brltish

';T 1970)



The suba1p1ne zone occurs throughout the length of the Rocky
Mountalns prlmarlly as an Engelmann spruce - subalplne frr domlnated d
forest. Wthh extends downward ‘about 610 m in elevatlon below t1mber11ne

| (Daubenmlre 1943a) Krajlna (1969) characterlzed the spruce -fir forest
,as a representatlve of the Canadlan Cordllleran Reglon and, ‘more Spec1f-
o 1ca11y, the Canadlan Cordllleran Subalplne Forest Zdne whlch appears to

| be equ1valent to MOss' (1953) Picea - Abtes assoc1at10n of the Cordllleran

h ,Forest- Horton (1959) refers to the spruce flr cllmax as one of var1able : o

'ipattern accordlng to varlatlon 1n abundance of the two spec1es (Ptcea

' neengebnannzt Abies Zaszocarpa) and th1s has created some controversy in

character1z1ng the forest (Bloomberg 1950 Cormack 1953 Be11 1966)

Other tree spec1es 1nclud1ng lodgepole p1ne and black spruce espec1ally',,f-a

at the lower elevat1ons of the zone, and whlte bark p1ne (Ptnus athcauZzs)l .h
- on the more exposed rldges are falrly constant but mlnor spec1es of SR
',che zone’ in Jasper and.Banff Nat10na1 Parks (Be11 1966)
' ".:"' ' Cip

| The structural character1st1cs of the spruce f1r forest of Jasper; o

-hand Banff were descrlbed as qu1te varlable 1n understory spec1es but {ffﬁ;"

_-also qulte s1mﬁle (Be11 1966) Horton (1959) correlated communlty :
.Illdvarlat1on w1th m01sture condltlons and noted d1fferent growth patternsVIrszd 8
,Qi;taccordlng to drY»‘?OrmaI*and m01st habltats | e |
| The spruce~f1r forest of the northern part of the prov1nce to thei
*5;jS of the study area has been more 1nten51ve1y studled and 1s often |
'“']icharadﬁérlzed accord1ng to habltat types supportlng aSSOCIathnS. _;f?sﬁfj,,a.j

'ﬁh50g11v1e (1962) and K1rby and.0g1lv1e (1969) de51gnated flve maJor

.rn-
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hab1tat types for the east slopes of the Rockles near Banff In Waterton
, Natlonal @ark Yuchar (1973) descrlbed several spruce fir vegetatlon

- types for the subalplne area. Several assoc1at10ns appear to be w1desnread
vthroughout the northern prov1nce 0ccurr1ng in N Wontana .and Idaho as | ”
well as southern Alberta (OgllVle 1962 hlrby & Ogrlv1e 1969, Daubenmlre A
| &'DaubeLmlre 1966, Pflster et aZ 1974) Subalplne fir appears to be .
nore common/than Engelmann spruce S of the 1nternat1onal boundary,'

0

' espec1ally on the W slopes whereflrumber of other conlferous tree f

. spec1es are also 1mportant in the zone (Habeck 1967) However, spruce~

1'(b1958b)

' f1r codomlnance in the'lnterlor of Brltlsh Lolumbla is qu1te recognlzable°
| 55 a maJor conbonent of the zoné though the understory spec1es are P

: qu1te dlfferent fhan in the Banff and Jasper area (McLean G Holland "‘-b
,_f:1958 Eady 1971) Agaln studles 1nd1cate that some habltat separatlon !
| of spruce and f1r occurs 'in the mounta1n ranges closer to the coast and
:ra monocllmax subalp1ne flr aone has o‘ten been d351gnated (Fonda ] BllSS :
’1969 McLean 1970 Franklln 3 Dyrness 1973) ' ' R
' As 1n the montane Lone, subalnlne comnunltles contaln‘an 1ncrea51ng
.l\number of boreal spec1es with lncrea51ng latltude (Og11v1e 1962 Moss G
Haf;Pegg 1963) Subalplne flr exterds N 1nto the YUKOJ Eerrltorv to about

‘;%704 30'N but only to about Peace Rlver (SS N) w1th1n Alberta QAlexander »

The spruce~f1r forest becomes more open and erh1b1ts a low mat -bféﬁﬁ%5:"f
‘.;efbrmlng phy51ognomy (krummholv) at about 7100 m 1n Jasper (Hrapko 1970) |
ih'Thls zone was referred to by Clements (1916) as the ”forest tundra T'j:x;;,»



&

ecotone" and by Love (1970) as' the ''subalpine belt” and has also been .
described by Bllllngs (1969) qu1te approprlately, as‘"r1bbon forest"
The ecotone has been the subJect of several studles in the southern -
‘li'portlon of the Alberta Rockies and N Montana Baig (1972) 1dent;f1edv-'
NUMETous habltat types from.nOrth of Banff to theilnternational Boundary;
many of whlch contalned subalplne flr or whlte bark p1ne as the domlnants
- The krummholz-of Waterton N. P. was character1zed by huchar (1973) as-a.
.scrub of lower elevatlon conifers (Engelmann spfuce white bark“ﬁine,

alpine larch)Abut.understory speeles-were often those of the h1gher '

tundra communities Similar: flndlngs have been reported for GlaC1er B

1

Nat10na1 Park, Montana, although lower forest understory types were alsof o

| ~ observed where the spruce-flr,scrub_was qulte dense (Habeck‘& Choate
v1963)".The elevation of the treeeline‘and'the eXpanse Ofrecotone

between forest and tundra 1s qu1te varlable dependlng on slope, aspect :
'and topographlc geometry (Gr1ggs 1938 Daubenmlre 1954 Wardle 1968)

Q. ) . - ' 5

Alplne tundra is the domlnant vegetatlon above thls ecotone or belt»

_-to snowllne wh1ch 1s characterlzed by a heterogenelty of habltats and

_‘communntles of loﬁ/grow1ng perennlals (Daubenmlre 1943a) Only a few 'Tv-:h'

_studles have been done on the alplne areas of the Rocky Mountalns of * ;_fﬁf*‘

\ )

'_ffAlberta Moss (1955) dlscusses the ma1n alplne coannltles as, set forthg_’fitf

”'?by Lew1s (1917) for the Banff area Later more 1nten51ve'work for the d“f“f’?

“,HBanff and Kananask1s area of Alberta 1ncludes that of Beder (1967),

o Bryant aﬁd Schelnberg (1970) and of Trottler (1972) Hrapko (1970) and\i7réj;;
}lfwKnchar (1975) have made the only 1nten51Ve stud1es to date of alplne "

| tftundra 1n Jasper E%lch 1nc1udes a. descrlptlon of the commun1t1es and



Hr ko (1970§\dsscr1bed flfteen dlfferent communlty types for Slgnal
untain most of wh1ch were’ domlnated by dwarf shrubs of Dryas,’ Casszope -
'and Sath spec1es ,Lichens were found to be a more 1mportant part of i
| the flora near snowllne at the upper limit of the alplne tundra zone
f \;‘Kuchar (1975) descrlbed a number of communltles for the Bald Hllls area
near. Mallgne Lake concentr;Egng on those domlnated by Dryas spp N y

-

12

i Except for the extensive survey of Kuchar (1973) the alp%ne vegetatlon_J

"‘»'
in the southern payt/Of the prov1nce has not been studled in detall

~‘Habeck (1967) has descrlbed seven major communlty types for nearby ’
Glacier Nat10na1 Park MOntana, and along with Choate s (1963) more
L detalled descrlptlons of - the Logan Pass vegetatlon contrlbutes.most of
"~ the 1nformat10n for- the area Cursory‘attentlon was-glven to-alplne ,
‘ :_vegetatlon by Nlmlosﬁand MCConnel (1965) on an exten51ve soil survey of |
:. antana Bamberg and MaJor (1968) studled a number of alplne areas

further S in. Mbntana and de51gnatedrcorrelatlons between communlty and g

=15011 types In almost all of the above studles 51mllar communlty types

'_,are descrlbed although the comﬁb51ng speczés may vary | Often descrlptlons }f.'

are. made on a topographlc and/or phy51ognom1c ba51s and Carex and Dryas
}(Eﬁp are w1despread domlnants Alplne communltles 1n a sectlon of NE

Brltlsh Columbla were domlnated by pf?ductlve EZymus Lnnovatus, Féstuca

:dﬁ\/a?d Agropyron subsecundum types (Brlnk et aZ 1972 Lord & Luckhurst 1974) ‘hw

Assoclated specles hoWever 1nc1uded those tradltlonally domlnantann

~more southern areas such as CasszOpe, Dryas and Saxmfraga Spp

AR T
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B. - IMPLICATIONS. OF DISTURBANCE
'Fires ’have had the greatest impact upon the .vegetation ;nlosaic |
within the natlonal parks since logging and other post settlement |
@ 'act1v1t1es have been lumted Large areas of even- aged lodgepole p1ne
| stands occur as a result of w:Ldespread flres wh1ch have been curtailed
o for the most part for the last 50 years with the establlshment of the
Natmnal Parks (Strmger § La i{m 1970) Wldespread fires appear to
| have occurred on a regular basis throughout the northern and far-northern

o

) ‘—port1ons of the Rocky Mountams. Larsen (1925) dated 1arge flres in N

RS
Cie s
B

" 1daho for’ 1870 1889, 1910 and 1919. Wellner (1970) in an extensive
renew of f1re hlstory also Totes the 1910 and 1919 burns for the N
: Rocky Mountalns Act1v1t1es assoc1ated wrth ra11road construct1on
probably mcreased the f1re frequency in: Jasper N, P. (1910 1912
| : -Str1nger & La Rol 1970) The exten51veness of lodgepole p1ne stands

ey
: JaSper N P. as well as other areas of

5 throughout the montane zone

- Alberta are due to f1 s durmg the 1atter part of the 19th Century
(Horton 1956 Snlthers 1961) ' |
Studles on the effect of logglng in the Alberta Rockles have been

. pnmarlly d1rected toward the establlshment of economlcally de51rable '

“ stands and haVe been necessarlly conducted Me the natlonal parks

13

- Sultable management pract:tces toward economlc Ibgglng have been outlmed

: b)' De Gr;ace (1950) for the area 1n general leferences 1n develop-'

mental sequences of S Alberta forests are dlscussed by Horton (1955) and f:_#

Day (1972) and recomnended management practlces have been qu1te varled

Coms (1972) characterized the reg )eratlon after clearcuttmg in the |



a

‘J

Lower Foothills Sectlon of the Boreal Forest of (Rowe 1959) near Edson
and correlated differences with site m01sture condltlons

- The requ1red conditions for ma1nta1n1ng the. de51red forest spec1es}
in E Brltlsh Columb1a have been or interest for a number of years as
ev1dent by StudleS of Barnes (1937) Pogue (1946) Clark et aZ (1954),
Smith (1955) Stettler (1958) and Eis (1967) The requlrements for .
_spruce regeneratlon before and after seed germlnatlon has been the maln.;,'

'theme of the above studles

<

| hhdespread f1res; 1n addition to promotlng the dlstrlbutlon of -

: odgepole pine, have created 1arge§greas of brushland and grassland 1n,.A
Jasper whlch was conduclve to ungulate populatlon 1ncreases (Flook

.‘1964) This eventually had a d1rect effect on the vegetatlon w1th manyu
'franges becomlng severely overgrazed by the 1940'5 (Strlnger § La Roi

| 1970) Herd reductlons were begun at about thls t1me, and popzlat1on .

fcontrol p011c1es remaln to the present Although some recovery of the -
ranges has. occurred ev1dence of heavy grazlng and brows1ng 1s st111 :
apparent (Strlnger,& La Roi 1970)’; L ,

- C SUCCESSIONAL ASPECTS -

| Inten51ve 1nvest1gat10ns 1nto'succe551ona1 sequences after dlsturbance

; p.are qu1te sparse forathe Alberta Rockles and even more 11m1ted for |
,»Jasper Natlonal Park Inferences oh succe551on have mostly been secondary
*}to other ob)ectives Cooper (191%), 1n a model study, descrlbed several C”j

"».fseres on moralne 1n the spruce f1r forest near Mt RobSOn Cormack



(1953} deflned several seres for ‘the spruce f1r forests of the S Alberta
\3\Rocknes followhng fire and noted that trends and succe551on rates were
“variab e depending on site cond;tlons Horton (1955) also recognlzed

sere’varlation according‘to*site moiSture condltlons after a 1936~f1re

- 1n the Kananaskls Forest Experlment Statlon of the E slopes Jeffrey et
- al. (1968) recognlzed the 1mportance of exten51ve f1res dur1ng the late i

»18005 on vegetatlon types 1n ‘the upper Old Man Rlver area. north of the ,'

Crowsnest Pass, and noted that spruce flr elements were understory

compbnents at the tnne of study

A

Sere characterlzatlon in the Alberta R0ck1es has probably been

15

: hampered by an actlve f1re suppre551on pollcy 51nce the avallablllty of ..fﬁ

,'early seral stages are 11m1ted to only a few areas On the other hand -

act1ve suppre531on has allowed for the development of "1ate success1ona1'"

' ~.phases" in a number of areas (Day 1972)

[ S

The,succe551on cllmax status of domlnant conlfer spec1es has been;ﬂ}'-' '

.of 1nterest xn N Idaho and Montana fon a number of years Daubenmlre |

and Daubenmlre (1968) 1dent1f1ed three developmental or replacement

*'stages for forests after a f1re These 1nc1ude 1) 1nvas1on stage, 2)?

gstagnatlon stage and 3) resumptlon of regeneratlon The domlnant

}conlfer spec1es of N Idaho were also ranked accord1ng to res1s nce. toyf

"flre, w1th Larmx OeCLdentaZtS the most re51stant and chea engelmannzt:f~r

o

' F.and Abtes Zaatocarpa among the 1east re51stant Wellner (1970) 1n a.* L X

: J'reV1ew of - 1nformatron on f1re and succe551on sunmar1zes a number of

;jcharacterlst1cs of conlfer speC1es in reSponse to flre.: Inga‘51mllar:”=f-fa

. © !
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area in Montana a‘complex of conifer’dominance was indicated after,fires

~ for both the-montane and subalplne zones (Habeck 1968) 'The‘underStory |
comp051t10n of cllmax cmnmnutles appears to return relatlvely qu1ck1y
after dlsturbance in these areas espec1a11y when a heavy shrub cover is’
1nV01ved (Daubenmlre & Daubenm1re 1968) Errcaceous shrubs often appear -
'_as dlagnostlc commun1ty components in subcllmax lodgepole p1ne as well

}.l as in spruce -fir \egetatlon UWcLean & Holland 1958 Og11v1e 1962 Be11
}'“1966 Hnatluk 1969) : h:-_ R | _- . L ; , “;.f.::'tfl

Varlatlon in the codomlnance of Engelmann spruce and subalp1ne f1r
;.1has 1n1t1ated some controversy as to subcllmax and cllmax status of the
.=two spec1es (Bell 1966) Self perpetuatlon success.of Engelmann spruce
';Aapparently varles w1th 51te, and may’be as hlgh as- subalplne f1r or
- remaln hlgher for a longer perlod in the eastern vs the western part of '
| the. subalplne forest (Obsting & Reed 1952 Beil 1966 Daubenmlre § .
.iDaubenmlre 1968) Franklln and Mitchell (1967) Daubenmlre and DaubenmlreA‘li'z;
'L(1968) and Day (1972) 1nd1cate that subalp1ne f1r ma§ be better adapted S
to form the. climax in the subalplne zone' and arrlved at 51mllar conc1u51onsvff}
.from dlfferent areas of the Cordlhlera Engelmann spruce, because of a ;',"‘
’ longer 11fe span, stlll per51sts as a domlnant 51nce mo$t of the forests :;QV”

:‘fstudled were less than 400 years old Be11 (1966) noted that although

*p'subalplne f1r had a hlgher reproductlve potentlal Engelmann spruce was

“?"stlll found in a11 age classes 1n Banff and Jasper Natlonal Parks

i:also noted.the dynamlc character of the spruce f1r cllmax as 1nd1cated
':!.by frequent 1nc1u51on of lodgepole and black spruce 1n the lower or more

- ‘m01st area and whltebark p1ne at hlgher more xerophytlc exposures along



17

ridges. Alexander (1974) discusses»the current'state of knowledge
:concernlng the spruce f1r forests of the western states and notes the » :'
‘1mportance of a number of env1ronmenta1 factors 1nclud1ng m01sture,‘
~temperature and light, on regeneratlon capabllltles of both spec1es.

b; INTEGRATED APPROACHES TO VEGETATION STUDY
| Although descrlptlons of plant communltles are 1n themselves useful
.the inclusion of quantrtatlve 1nfonnat10n on’ Causal factors in communlty
' composmtlon and dlstrlbutlon adds a needed d1men51on in ecologlcal
‘understandlng Although most vegetat1on studles 1dent1fy one ‘Or more
controlllng factors the work of Lowdermllk (1925) and Day (1964) on the o
a_1mportance of so11 m01sture on Engelmann spruce and subalplne f1r, and s
h‘that of Danenmlre (1968b) on. communlty dlstrlbutlon and 5011 m01sture ;_.;1‘“

in Idaho appear espec1a11y pertlnent to the present study 51nce areas ;:'“ o
"l-of the Rocky Mountaln Cord1lleran were 1nv01ved Day (1964) also mentlons{f‘
h:efthe/lmportance of 11ght 1nten51ty as an 1mportant factor on: tree regeneraffdi'ﬂ
| ~tion and’ hence stand comp051t10n-_ Another pertlnent study 1nc1udes the’ i
| ”Tzearly work of Ga11 (1921) on factors affectlng DOUglas fir germlnatlon 5‘:

‘fi t;and seedllng growth

, RecentIy,.studles have become more comprehen51ve W1th more tech-'f o
fnologlcal SOphlStlcatlon enabllng a W1der range of enV1ronmenta1 measure-:i'
.::jnmnts espec1ally those of mlcrocllmate Studles 1n po1nt 1nclude that
pd, of. Patten (1963) 1n correlatlng controlllng c11mat1c complexes and
A;fh'vegetat1on patterns 1n the Rockles of S Mbntana, that of “?rr (1961) and
‘.:,' Langenhelm (1962) in’ theuN Central and in. E Central part of the Colorado

~-
i A



}-TRQCkies-respectiveiy,'that of Klikoff (1965) for'timberlineZVegetation :
_pattern of- the Slerra Nevada of Callfornla and the very detalled work of

.Wblfe et aZ (1949) on the env1ronmental parameters of a valley 1n Ohlo

Much of the understandlng of c11mat1c topographlc 1nf1uences on .A
‘ vegetatlon stems from the work of Gelger (1950) Thls along w1th the .
“,1ntegrated approach of the ecosystem concept as dlscussed»by Whlttaker .-{
‘f(1970) has had an- 1mpact on the: dlrectlon of*vegetatron, as well as

'-4other ecolog1ca1 studles Ecosystem andvnatural boundarles such as T

8

‘e18‘d

\“those of dralnage ba51ns or 1solated mountaln peaks are often con51dered 'Afrﬁ't

»ipldentlcal for: studY Purposes CWhlttaker & Nelrlng‘1965 Klrby & Og11v1e “jhh“ff

'>1969) Utlllzlng the d1v151ve approach to land areas Rowe (1966)

_dlscussed the advantages of u51ng 1andfonms as a common denomlnator 1n

h-'1nvest1gat1ng vegetatlon and 5011 types Pettaplece (1971) utlllzed a ;j'

- ystem of landforms and landform complexes in the upper North Saskatchewan'fA

‘ @d_Rlver Valley on the eastern edge of Banff park as a maJor cr1ter1on 1n a:

Y

-i 5011 c1a551f1cat10n study It appears 1og1cal that knowledge concernlng

”-rivthe supportlng elements (landforms and 50115) of the 1andscape W111

| ‘enhance the understandlng of the vegetatlon and 1ts comPOnent/commun1t1es f.ff{‘

' f:]as well as other features of the ecosystan. 'iuhf;ﬂf.f 'f;[fﬁf;jfvi1;_55-7u'“ 5



I THE VINE CREEK STUDY ARgA
o The V1ne Creek dralnage ba51n is located 29 km NNW of Jasper,, - .
Alberta at. 118 OS'W longltude, 53 05 N 1at1tude and is w1th1n the
Front Range of the Rocky Mbunta1n complex (Flg 1) The ba31n is |
pkapprox1mately 10 km long, NW to SE and 3 km w1de NE to SW and covers -

: 36 km (slope corrected) Elevatlon of the headwaters d1v1de at- the NW.AvIF"'

end of the basin is 1700 m (5600 £6) "and 1000 m (33(7\&) at the mouth '-_' e

:.f'fof Vine Creek‘ the lower end of the ba51n on the Athabasca Rlver near :

_"'Jasper Lake Greenock Mtn (2230 m) and Roche de'Smet (2530 m) form thefi»"
CNE boundary, and Gargoyle (680 m). and Redan Mtns (2590 m) form the. sw : '
"fhboundary of the ba31n | L o | |

Topography var1es from gentle sloplng plateaus at the lower extent'ifiﬁjfa"

;'ijcof the ba51n to steep c11ffs near the r1dges Topographlc rellef 15 f;iapifff‘

;' ”:.complex and the valley slopes are dlssected by numerous snow and avalanche ‘fl,j

© . Chutes. 175"

»,'B GEOLOGY PRI L S
Geolog1ca1 descrlptlon follows Brown (1952) and MountJoy §1962);‘f;‘.

.?lThe Greenock thrust fault fonns the Roche de Smet rldge along the NE[&f;j:pj?7a5

- boundary °f dralnage ba51n, and the Colln thrust fault forms thel‘.f;::
.n;Gargoyle and Redan summlt rldge adong the SW boundary The Greenockﬂff{°'

‘Lf:thrust fault 15 homoc11nal and contalns parallel strata °f Upper Cambrlan

N carbonates below dlscontlnuous sub Devdnlan strata Dolom1t1c llmestone



N,

. Figure 1. V1ne Creek study area stand and
) meteorologlcal statlon 1ocat10ns

".
.
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of the Pall1ser and Sassenach Formatlons predomlnate but some calcareous <

' '-h s11tstones andlbrecc1a are also 1ncluded The rldge system along the

Gargoyle mass1f 1s<also mostly of 11mestone Wlth some slltstone appearlng.,

1y

in the Banff Palllser and Sassenach Formatlons Interlor to the rldges -

.the dolom1t1c 11mestone of the Rundle Group covers a large area and also |

'1ncludes some th1n shale beds and lgghtvgrey organlc or: partly organ1c

calcaren1tes Bedrock between Gargoyle and Redan Mtns also contalns T

g.,yellow grey and dark grey llmestones and calcareous shales of the

- Sassenach and Mbunt Hawk-Fonnat1ons Qhe Pall1ser

is espec1ally exposed on the Gargoyle headwalls Reddlsh sandstone,

t dolomltlc 51ltstone of the Whltehorse and th1n bedded 511tstones and o

k grey 11mestone ,‘

'h551lty mudstones of the Sulphur F t1ons are promlnent along the spurs ;Ih“;

| formlng Grassy Rldges below Redan Mtn

Calcareous bedrock forms much of the parent materlal of the dra1nage

:.5ba51n elther as 1ntact Strata near the rldges or as frost shattered rock l”F“»‘

and colluv1um along the Valley slopes T111 dep051ts are also common 1n g';}”

'ijargoyle and Redan headwalls fAlluv1um and glac1al outwash dep051ts :d; ,\74':d

'""j}occur mostly on’ the valley floor and on. the alluv1al fan near the

.
1Athabasca Rlver where aeollan loess 1s also qu1te common Parent

"i¥:k1n the Results Sectlon "]QV7 S

-"m_the lower portlon of the valley and w1th1n c1rques adgacent to the i}v;,,: S

'n‘fffmaterlals are treated 1n more detall 1n relatlon to 1andform complexes jo"ff7f,ff



‘3?»'_D CLIMATE

¢ sous

'i_j Soll’suryeys of the mountainous regions'of Alberta have been
cOmpleteddin only a few areas. Hnatluk (1969) descrlbed L1th1c and - -

f Orthlc Regosols Degraded Eutrlc Orth1c Eutrlc and Degraded Dystrlc

- Brun1sols and OTtth Gray Luv1sols for the Pznus contorta Vegetatlon of
Jasper and Banff Natlonal Parks The 50115 w1th1n the Front Range of
.the Rockies may- have some 51m11ar1t1es to taxa descrlbed in the comprehen-
'fs1ve survey of the Hlnton area, but more Regosols are expected in the
‘mountalnous terra1n (Dumansk1 et aZ 1972). | Regosols were described as
" the most promlnent type in the montane grasslands of Jasper Nat10nal
:Park but some Brunlsols and, Chernozems were also 1dent1f1ed (Stranger ‘

“‘1973) Jeffrey et al.. (1968) and Pettaplece (1971) descrlbed mostly

. Regosols w1th1n the Front Range along the Nbrth Saskatchewan Rlver

- Valley, but Brunlsols and Luv1sols were also common Alplne areas 1n o S

N Banff Natlonal Park also conta1n mostly Regosols although Alplne >}

:BTUHISOIS and Gleysols were descrlbed (Khaplk et aZ 1973)

‘-ffEutrlc Brunlsols as well as other Brunisols occurred frequently umderl[i'f o

23

o Varlety of communlty types 1n the Rockles S of Ft Nelson, B C (Lord}f”“"'

' l"a Luckhurst 1974)

Long term meteorologlcal records from Jasper and Entrance Alberta o

":“'j may be representat}ve of the lower portlon of the study area 51nce

=e1evat10ns are- snnllar However much of the study area IS at. cons1der<}:¢_gf;,

"fably hlgher elevatlons w1th dlfferent topography and thus dlfferent

}4weather patterns are probable._ Examlnatlon of the long term reﬁortlng



weather statlon data ‘in the Alberta Rockles 1nd1cates that Lake Loulse_
~in Banff N pP. may be the most approprlate area for. comparlson with the
‘upper Vlne Creek dralnage ba51n since the1r~prec1p1tatlon values_were

similar. B T ST

~Mean annual maximum and’minimUm temperature and precipitation

. normals for the 30 -year perlod 1941 1970 for the three statlons are

. glven in Table 1 (Env1ronmenta1 Canada 1970) Devona (Flre Lookout

: Tower) and Jasper have 51m11ar ¢climates, although from the 11m1ted data,

Jasper appears sllghtly warmer and dr1er (Hrapko 1970) Jasper is also |

~_warmer and drler than Entrance The hlgher elevatlon of Lake Loulse is ;

reflected by a hlgher prec1p1tat10nova1ue w1th more snowfall and by
!

24

= lower temperatures and number of frost free days (Table 1) MOSt of the _J

'area 1s affected by the extremes of alternatlng cold arctlc and warm ;

'*Pac1f1c a1r mas_e'-ln W1nter Summers may be hot and dry at the lower ,,h

'} from the near 37 C (100 F) July extreme maX1mum

Lo n R R .
Sy . o
L 2 R

}3nly'40 an (16 1n) mean annual prec1p1tat10n at JaSper' s
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J 77 IV. METHODS
R
| Aer1a1 photographs (1:35, 000 1951), 1nclud1ng 4 X enlargements,-

were used to 1dent1fy and map the maJor vegetatlon zones “and 1dentify

the more ObVlOUS landforms Ground reconna1ssance and a1rphoto 1nterpreta-
o t16n constltuted the means for selection of representat1ve stands as o
well as landform 1dent1f1cat10n and mapplng Each stand had to' meet the y

4‘ fol%bw1ng cr1ter1a before belng acceptable for sampllng {1) that it
’ _'must be a representatlve sample of a plant communlty that 1s common ‘in \h
the’ ba51n, (2) tﬁat the plant communlty be phy51ognom1cally homogeneous,,
“:(3) that the area be at least 200 X 200 m 1n s1ze in order o mlnlmlze ,
"1edge effects between contlguous communltles and 4 that there be no d

_ )

E ev1dence of prev1ous dlsturbance by man o ’;-{ | ,'g?

Trig v
L

A. FIELDSAMPLING R l |
: progr;phlc Characterlstlcs and ZOOth nfluences

) The phy51cal settlng of each stand w1th1n the study area was ff

't,characterlzed accordlng to 1tsop051t10n 1n the dralnage ba51n u51ng

'._:flandform, degree of slope, aspect ( N), and elevatlon (m ASL) Landform

: ﬂ -nomenclature 1n1t1ally followed Holmes (1965) and Thornbury (1969) but

L was later modlfled accordlng to work more spec1f1c to the mountalns of

',;western Canada (Pettaplece 1971 Fulton et aZ 1974), and fgithér a1r

'h"photo 1nterpretat10n The degree of slope was measured u51ng a Suunn¥

”_1d3c11nometer and a Thommen altnneter was used for e1evat1on after referenc1ngffj¢

'G‘.ffla known basep01nt Slope aspect was rnﬂicated by a compass measurement

rﬂj after correctlon for magnetlc north (26 E decllnatlon)

e o,:.. SR e e



2. Weather Patterns ;

Use by animals was tlmated from tracks tralls and browse ev1dencef

-on vegetatlon and suppleme ed w1th actual 51ght1ngs. Fire hlstory

o

" evidence in the form of charcoal on the ground and on standlng trees was

‘noted; ;

A1r and 5011 temperature, sail moisture and prec1p1tat10n data wére -

used to characterlze meteorologlcal cond1t1ons at certaln key p01nts v
w1th1n the dralnage ba51n durlng the’ study Two statlons one at 1040 m-
and one at 1710 m (Statlons lM & 2M, F1g l) were establlshed to. monltor ’

\
weather patterns for. the dralnage bas1nt_ Both statlons were located 1n

open -areas to mlnlmlze the 1nfluence of fbxest cover on the env1ronment :

'Instruments at these two. 51tes 1ncluded a Belfort actlnograph a Belfort’“'

hygrothermograph a Moeller dlstance recordlng thermograph Wlth SEensors

'at 10 30 and 60 cm below the ground surface and a totallz1ng rain

shelter about 1. 3Im above the ground The actlnograph was placed on the

o ishelter s roof The rain gauges were placed on a stake 1m above the= :_

.é.

'ground and mlneral 011 was used to mlnlmlze evaporatlon of collected i

.

.prec1p1tat1on ‘f'p‘_ -.’ 11 }ui:rlf e

MaJor vegetatlon cover types were use as. gu1des for placement of

. photograph 1nterpretat10n and’fleld reconnalssance 1n conjunct1on w1th

' stand SeleCtlon The vegetat1on types selected represent the domlnant

".

é{forest and non- forest cover types w1th1n the dralnage ba51n, and 1nc1uded;hp

27

_gauge Temperature record1ng 1nstruments ‘were housed w1th1n a ventllateds:.'

_add1t1ona1 weather statlons Sltes were 1dent1f1ed on the ba51s of alr ;f5



1) Picea glaaca forest with Pinus contorta and Pseudetsuga menziesii 2}

" montane scrubland - low scrub of Juntperus communzs, CaZamagrostts B

’purpurascens and Arctostaphylos uva-ursz, } Pseudotsuga menzzeszz

!

“fthermometer and ra1n gauge

forest w1th Ptnus contorta and some- Ptcea glauca, 4) Pinus contorta

forest with Ptcea gZauca X engelmannzz espec1a11y promlnent in the

N understory, 5) chea engelmannzz - Abies Zastocarpa forest w1th Ménzaesza

gZabeZZa, 6) Ptcea engelmannzz - Abies Zastocarpa forest w1th Arnzca

cordszlza and Equzsetum spp and 7) alplne tundra of Dryas hookerzana

v.The statlons are numbered accordlng to- 1ncrea51ng_e1evat10n (Flg l)

Instruments at each Vegetatlon 51te 1nc1uded a sheltered max- mln

thermometer fac1ng N at 2 m above ground Colman 5011 temperature~

§ mo1sture ‘blocks at 10 30 and 60 cm below ground and a totallzlng raln 1'
':gauge at 1 m he1ght Shrubs were. cleared away from all ra1n gauges, and i

~m1nera1 011 was added to man1m1ze ev poratlon

!

Each forest type had two a1r temperature-prec1p1tat10n statlons,

one located beneath the tree canOpy (not adJacent to tree trunks), and
A"one 1n a nearby relatlvely Open area Thls Was done to obtaln data on

“.'.the 1nf1uence of the canopy on the a1r temperature and prec1p1tat10n of

l

the 51te In some 1nstances a non-forest communlty was used as the

'Menzzesza type had three statlons forest open area and burned area,

"(Sb F1g 1) the latter hav1ng 5011 molsture blocks 1n add1t1on to the

28

"Agcomparat1ve 51te (eg Statlon ﬂw & l F1g l) The chea - Abzes/ -_*'w o




| '.The effect;of‘variable slope expOSure'were'limited'somewhatAby p

' restr1ct1ng most. of the statlons to. the NW NE fac1ng slopes below |
Gargoyle -and Redan Mtns (Flg 1) Statlon 2 was an exceptlon faC1ng SW
j‘1n accordance w1th the limited d1str1butlon of the montane grass scrub-

lands and station l was on a. relatlvely level area.

Data were obta1ned on-a. contlnuous or weekly ba51s at the two.main. vﬁi

'weather statlons and on a b1 weekly 1nterva1 at the statlons w1th1n a
vegetatlon type from June through August of 1970 and 71 The statlons
"closer to the road at the lower end of the dralnage ba51n, and those/
near the trall along Vine - Creek were serv1ced as often as p0551b1e

*

durlng w1nter, usually once every month Equ1pment malfunctlon was

‘“-common due to cold weather and anlmals 1nterrupted data accumulatlon P

both 1n w1nter and summer.;

. -
e

..3? Vegetatlon "'--.ft_['t f,‘ 'ni:'~li}tf}-fgr o
A total of 77 potentlal stands were 1dent1f1ed V1a alrphotos and

BRY

'“;-35 of these were~stud1ed Each s;and was sampled u51ng 10 to 20 nested v ff;f:“

:'fquadrats whlch were located from a 100 m basellne along the contour and

d'f;through the center of the stand The Center Of each quadrat was located

_{ea random dlstance (10 to 90 m) along the basellne and a random d1stance

d~Thus al ha area was potentlally avallable for sampllng (Flg 2)

| ha;center of the basellne was penmanently marked W1th a wooden Stake

'conta1n1ng a numbered metal tag Twenty quadrats were used in a varlety

'vh»of vegetatlon types and then tested for adequacy of samp11ng on a standard

29

”.:elther rlght (odd) or left (even) 5 to 45 m perpendlcular to the basellne. N
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s R . .

' @ Figure 2. Diagram of sampling scheme using’ .
A a restricted randomized method of nested quadrat.: - .-
; . distribution. Sampling in a forested area is :
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"'?if‘w1th1n these percentage ranges were used in CalCUIatlng mean cover

.herror to mean tree den51ty ratlo (Grelg Sm1th 1964 p- 32),.and spec1es- S
area curve graph It was felt in. the f1rst case ‘that' a standard error -}}?;
of < 20% of the mean 1nd1cated adequate sampllng of the domlnant spec1es§

Subsequently, a set of 10 nested quadrats was used in the forested areas*7<:'7

l“and 20 quadratsiln meadow 1ow shrub and savanna vegetatlon
' Structural characterlstlcs of the Vegetat1on were 1nvest1gated
u51ng £Our main growth form categorles Tree (> 4 cm. dbh), tall shrub

f}u5mhtm4j nm hbalesmw(<15mMLaMbwmd

g _(bryophytes & 11chens) Understory components of the tree speC1es were sﬁlifd
o ,relegated to Seedllng (< 31 can. ht) transgre551ve (> 31 cm ht to < 5fh E
'ﬂf4 am dbh) and sapllng (4 8 cm dbh) categorles for den51ty measurements ”f}lﬁ?

o ;;;(stems ha )

,_r\‘.'.‘ e LT

Ground cover was estlmated for each spec1es of the understory uslngﬁ_f:ff

: .32‘

'-j,fa mod1f1ed technlque of Daubenmlre (1959) The fOllOWlng e1ght cover_i e

"'liclasses and percent ranges were used < 0 1 1 0 1 l 2 =:1- S~f,f :

Tree dlameter (dbh) and tree and transgre551ve den51ty for eadh

'?fspec1es and total standlng llve and dead were meaSured W1th1n the ten |

- ;:basal area factor 10 measurement for each spec1es from the center Of

'-;feach quadrat Total Can0py cover was obtalned by both vﬁsual estlmates

‘hand vertlcal photographs from the center of each plot accord1ng to the

g

= 5- 25 4= zs 503 5 = 50 75 6 -‘75 95 and 7= 95 100 Mldp01ntsfffi5{"ff

L ox;ﬂlo X 10 m quadrats (Flg 2) Basal area was estlmated u51ng d B1tter11ch



. each spec1es u51ng the assﬁmptlon that the conlfer Spec1es have the

P

33

7

; method descrlbed in Beil (1966) "Mean'stand-cover3was'later proportioned |

'accordlng to relat1ve basal area values to obtaln a cover percentage for .

vjfsame potent1a1 toward a cover to basal area ratlo

R

y oo

Cores were taken from 10 20 trees of varlous s1ze classes at 30 cm o R

Labove ground on the upslope srde to assess stand age structure and
'vrelatlve growth 1ncrement DlSCS of standlng dead and some fallen trees e

'fj“were obtalned 1n burned areas to help daxe past flres Helghts of cored

”»,“ trees were measured u51ng a Suunto cllnometer

'A number of spruce cones (25 70 depend1ng on avallablllty) wa?

ff collected in approprlate stands for lab ana1y51s of cone characters to ff;7'

'Jproduce a}norphologlcal character 1ndex 1dent1fy1ng Picea gZauca,aE,-f;:?],A; e

. Methods p 36)

"'.(Flg 2) A photograph was taken of each stand

— colleoted in’ the 35 stands sampled A survey of spec1es not occurrlng
~L:if.l1n the quadrats was used as a rough measure of sampllng adequacy and

¢‘f7bsupp1emented spec1es area curve 1nformet1on._ All addltlonal spec1es

’”‘{ﬂuncher spec1mens of both vascular and non-vascular plants were

| "f;giauca X engelmannzz and P engeZmannzt populatlons (see Labratory ‘Lfffa-ﬂ B

. @ S

11 shrub herb and low shrub cover, and tree seed11ng den51ty

;‘jiwere estlmated for eadﬁ spec1e5 from the nested 2 x 2 m quadrats

'-7'BTY°PhYte and 11Chen Cover was estlmated from the 1 x 1 m nested quadratS“”h$¢-:f}




. d15tr1but10n 1n the b351n '

. /

’“zﬂ{ﬂ 1 Slte Characterlstlcs

were llsted on the stand presence data sheets Nomenclature of vasculars_ l_;

: folloWs Nbss (1959), and bryophytes and llchens follow Crum et aZ

(1973), and Hale and Culberson (1970) reSpeCthEIY .

Due to t1me restr1ctlons, some mlnor communlty types were- sampled -.'

for domlnant spec1es on a subJectlve ba51s these 1nc1uded areas too

':ﬂ small for the stand sampllng scheme and ones: w1th very restrlcted

TWO 5011 p1ts one at, each end of the basellne, were used to descrlbe SR
and measure the thlckness of the 5011 horlzons Samples Were taken from

' the A B (when present) and C horlzons a1r drled and stored after

benzene appllcat1on to reduce nltrate comp051tlonal changes untll

vi’-

laboratory analyses on chem1cal and phys1ca1 characterlstlcs could be

performed A-reference photograph was taken of one of the 5011 p1ts
B DATA ANALYSIS

.1._

Contlnued aar photograph 1nterpretat10n along WIth f1e1d observatlons

calculated uslng planlmeter readlngs on 4 x enlargements of alr photos ' ﬂ);{

(1 35 000 1951 & 1 30 000 1966)

L

3

d'h* were used to c1a551fy landfonm types Areas of each landform type were j S



2. 'Weather Patterns

Data from thermOgraph charts of. contlnuous recorded a1r temperatures R

were complled -into dally mean and da11y mean max1mum and m1n1mum values

o for each month by u31ng 8 p01nts (every third hour) w1th1n each 24 hour':

I3

: per1od Max1mum and m1n1mum temperatures were used to compare forested :
,:and open 51tes and 51tes supportlng the d1fferent vegetatlon types |

- Air temperature data were also ut111zed to formmlate degree day
):flstatlstlcs for the two maln meteorologlcal stat1ons (lM and ZM) Degree.
:i,}days were calculated for each month by Complllng the mean da11y tempera-'})'
b]":ture (>0 C) X number of days. ;;y" ' 'v‘ SR

Mo1sture retentlon characterlstlcs of each 5011 sample surroundlng

'*each Coleman 3011 block (lO 30 60 cm) at each vegetatlon type statlon ;t[

'ﬁ"were analyzed by ceramlc plate extractlons (Rlchards 1948) and a So11

'f?;3Test mlcrovolt meter to produce water retent1on curves and correspondlng ﬁ;y[.l-'

'1?ile1ectro conduct1v1ty (Taylor et aZ. 1961) Saturatlon, fleld capac1ty

B ﬂ( 1/3 bar) and permanent w1lt1ng P01nt ( -15 bars) were utlllzed to make :35?’%“‘

1_m:icompar150ns of fleld data from the stat1ons. The curves were then used ,

.'\fjto plot m01sture COHdlthnS for the vegetataon,type statdons for the ;11'19

o .'.fsumners of 1970 and 1971 (Statlons l 7 F1g 1) 8011 mo1sture readmgs '

'”VVfifcallbratlon coeff1c1ent on each Coleman block accordlng to:701eman and

f*fat each 51te were compensated for varlatlon 1n temperature and for the T

';E;f'Hendrlcks (1949)
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“Average. solar radiation (langleys-dayflj'was caiculated-frOm-~'
.actlnograph charts on a weekly ba51s for both ma1n statlons u51ng a

planlmeter (statlons M and ZM Flg 1)

.3, Vegetatlon L
. Voucher specrmens were sorted and 1dent1f1cat10ns were ver1f1ed by

- thé Unlver51ty of Alberta Herbarlum (ALTA) Edmonton, where they are |

ﬂlalso dep051ted

Cone scales of . spruce were subJectlvely analyzed for three characters,’f;fif

B 7]1) stlffness 2) apex shape and 3) w1dth in: relatlon to dlstance from :'

j‘ “the apex, 1n order to develop a "hybrld 1ndex" fOIIOW1ng Horton (1959)

| ha;and Be11 (1966) F1ve 1ndex categorles (0 100 200 300 400) were

T used on the ba51s that 0:- pure Ptcea gZauca and 400 pure P engelmannzz

Vf'vThe characters of each cone were ranked 1nto the proper categorles ]{?ﬂﬂxﬁ-fi:ﬁf
'hiiwelghted accordlngly and sum?ed in- order to obtaln.a mean stand 1ndex fﬂ:;; L

"_.‘;value (0 - 400)

Mean spec1es cover 1n each stand was used as the ba51c data for

““‘,flnyestlgatlng stand relatlonshaps The populatlon size structure of

"f“‘fdomlnant trees was used to ascertarn potentlal cllmax spec1es Agglom-rv- N

‘“eratlve h1erarch1¢a1 cluster analys1s (Prltchard & Anderson 1971) and a

e two d1men51ona1 ordlnatlon (Bray & Curtls 1957) were used as an a1d 1n fsz"f?

R ﬁestabllshlng a vegetatlon c1a551f1cat10n._ A Fortran IV computer program

::f(developed by Conway (1972) faC111tated cluster ana1y51s. Ordlnatlon was

| »«:ss S

."-i¢;also used for 1nterpret1ng stand 1nterrelat10nsh1ps and the 1mportance

-



)

large numbers of spec1es (300) (Sparks & N1ddr1e 1974)

' and core samples for later use 1n smple correlatlon ana1y51s

4 SOlls 5& ERAEA . o

N

of a mmber of b10t1c and ab10t1c factons The techn1que of Bray and

' Ourtls (1957) was uséd via a Fortran IV computer program developed by
Easton and Precht (no date) wh1ch used ‘the equat1ons of Beals (1960) for '

.axis d1stances and Sorenson s (1948) coeff1c1ent of comnunlty (200 w)

o ‘The computer program was modlfled by a number of subroutmes to handle ', :

[
- ¢

o 'I‘ree ages were estlmat‘ed from rmg counts on mcrement cores and

37

dlSCS whlch were also exammed for f1re scars "Effectlve stand ages" o

were calculated as the mean of 25% of the oldest trees, after Strmger

1 \ j
(1966) . An Addo Ex tree rlng count% (Courtesy Canadlan Forestry

Serv1ce, Edmonton) was. employed to plot growth r1ng morements of dlSC -

Comp051te 5011 samples from both p1ts of each stand were screened
for portlons < 2 mn whlch were used 1n the followmg analyses Horlzon
color was determmed usmg Munsell color charts Texture was ascertalned

followmg the hydrometer method of Bouyoucos (1951) except that samples

N
were slaked in a rec1procal shaker Both color and textures were

helpful 1n SQll c1a551f1cat10n (Ganada Dept of Agrlculture 1970)

8011 samples of 18 stands representlng the maJor conmunlty types
were analyzed by the gberta Deparnnent of Agrlculture, __5011 and Feed
Testlng Laboratory, Edmonton Analyses were done for NO (af’ter Black

1965) PO (mod1f1ed techruque of chkman & Bray 1941) K and Na (neutral
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1 nnrmal mnmnuum acetate prec1p1tate) S (turbldlmetrlc method u51ng

-‘acetone and acetone extratt for opt1ca1 den51ty) CaCo (free 11me

1nd1cat10n f

A““_~1) and pH £501l paste- glaSS eleCtTOde)‘



V. RESULTS -

- The Vlne Creek dralnage ba51n was treated as a blophy51ca1 un1t

i, a landscape system of 1nteract1ng 1andform, Vegetatlon and 5011 '

:'components Ug%llzatlon of landforms prov1des a stable base on Whlch to hh'*

\' L

relate yegetatlon and 501ls unlts Landfonns also act as 1ntegrators of
' geologlc,.hlstorlc and cllmatlc 1nformatlon (Rowe 1966) and thus are

-._ useful 1and c1a551f1cat10n cr1ter1a (Lacate 1969)

: v The uLefulness of the "plant communlty" and/or 1ts comp051t10na1
haracterlstlcs as ent1t1es for ecologlcal studles has been questloned
__by Rowe (1966) who emph351zed the landform component of the landscape

"»It 15 here assumed that the descrlptlon, 1dent1f1cat10n and mapplng of

| hplant communltles in‘a landscape can be—undertaken 1ndependent1y, then v'h

-related to 51mllar knowledge of the comp951t10nal h15tor1ca1 and

' d15tr1but10na1 aSpects of landfonms It 1is. recognlzed that landforms‘”jf

“;hare the more stable components of the landscape system and Vegetatlon

'”7}Lresponds more rapldly to env1ronmenta1 change§ Thus the ultlmate needtj-.ih:

'f;component 15 a Valld and useful approach and w1th1n the competence and_zfi;ﬁ‘

S T O
' ~fliexper1ence of the~author ’Zfi-s_» \\

ERER

= j_-"‘A GEGVORPHOLOGY

S Valley fbrmatlon has conformed to the exposure of two maJor thrustja;,;fjp
) : :faults wh1ch dlp steeply (60 70 ) R?% the. SW fommg, parall e1 homoclmli*fif
;1_t«,r1dges (Brown 1952) Both the Gargoyle and Roche de'Smet rldges eXtend;fiﬁ;}



".__topographlc T6118f»AFlg l) The saw-toothed rldge of Roche de Smet was’:

in a NW d1rect10n from the Athabasca R1ver Valley (F1g l)L The Gargoyle

r1dge on the SW is :ore complex, havmg a number of flanks w1th dlffermg
.exposures Glac1al ev1dence is most pronounced hlgh on: ‘the N and NE'
exposed slopes of Gargoyle Mtn, and glac1ers were probably a maJor .

| factor in{ihe formatlon of the Grassy Rldge complex of subordlnate |

| -h1115~ There 1s l1ttle 1nd1cat10n of extenslve Valley glac1at10n
"hthroughout the. dralnage ba51n w1th colluv1a1 depos1ts the most exten51ve
.?G;face feature and a V shape exhlblted by valley cross sectlon Several

;»c1rques conta1n1ng lateral moralnes and’ f0551l lake beds formed hanglng

,'valleys but er051onal processes 51nce glac1at10n may have reduced

o

y'f; probably sharpened bydweatherlng processes of glac1ers and snow (nlvatlon)

~4o__'-'

on the N exposures W1th1n the Snake Indlan Rlver dralnage ba51n Intact defffff

'ff moralnes along the lower Valley slopes are not readlly ev1dent but t111

e

_l,!1s a common 5011 feature near the Athabasca Rlver Valley Glac1of1uv1a1

3f-terraces are pronounced only near the lower end of the Roche de Smet and

¢

B Gargoyle Mtn r1dges along the- 51de of the Athabasca R1Ver Valley, a:ij . 7?;:

' ‘are concealed at hlgher elevatlons by forest or more often are defo T

1'f'l;by subsequent colluv1a1 dep051t10n

Stream systems are a maJor topographlc feature on’both slopes and

‘ t!_are the pr1nc1pa1 er051ona1 force-at present Dowﬂcuttlng through

TR .
ERNE ;tw1$t1ng stream courses and some waterfalls The prlmary k has .
"fV;nismoothed the valley gradlent 51nce glac1at10n w1th alluv1a1 and colluv1a1

’ :”;‘materlal occurrlng sometlmes below banks of tlll A number of colluv1al =

Lo

s exposed strata 1s promlnent on the Roche de Smet slopea.wuth truncated - o



. cones occur near the junction of secondary.streams,‘especially those
origfhating on Roche de Smet, Active snow avalanche chutes are present
‘on both valley slopes,tbut‘are more frequent below Grassy Ridge.on the .

NE exposure.

."Frost shatteriné of bedrock, and mass movement proceSSes'arej'
;apparent in‘alpine areas. Ridges. below Gargoyle Mtn?contain soliflnc-
t}on terraces, stone strlpes and shattered bedrock outcropplngs |
‘ COIIUV1a1 movement is aSSOC1ated w1th all of ‘the valley slopes and,ls -
: ev1dent as loose rock fragments on or near the surface of - the 5011 y
’Such movement is no doubt accelerated after severe flres" However, most
"of the valley terrain between avalanche chutes supports well developed |

forest vegetatlon at present and can be regarded as. stable

'-:B LANDFORNB

#

Land c1a551f1catlon systems utlll"-
;but reCOgn1z1ng the patterns assoc1a 'd Wlth vegetatlon 5011 and water

“,have been rev1ewed by Lacate (1969) HlS 1and class1f1cat1on system has

:several hrerarchlcal categorles based on the size and homogenelty of an -

<area The "Land System" is deflned as "an area of land throughout Wthh
1 sfthere 1s a recurrlng pattern of landforms 50115 and vegetatlon ?A.-~:
”.""rolllng, shallow t111 plaln on granlte bedrock w1th yellow b1rch balsam

popla forest on POdZOllC 50115" is g;ven as, an example. The "Land

,'AQ{Type" category 15 a smaller unlt and deflned as "an area of 1and on a

A‘Apartlcular parent mater1al hav1ng a fa1rly homogeneous comblnatlon of

) 5011 (at a level correspondlng to the 8011 Serles) and chrohosequence of

g landforms as the ba51c un1t //f’“



vegetation'. A well drained portion of a éravelly outwash terrace with

an Orthlc Dystric Brunlsol 'soil supportlng lodgepole pine - Vaceinium
scoparzum vegetatlon is offered as an example The "landfonm” is- the
»fundamental unit and focal point of the Lacate. classlf1cat1on, and . is
fdef1ned on the ba51s of slope and slope patterns materlals that . produce

~ relief and . or1g1n of the materials when possible. The three t1ered |

-< Lacate system is most appllcable to terrain of glac1al wind and water o
t or1g1n 51nce-a well developed nomenclatdral system 1s 1n use and most of |
- the landfonn un1ts are recognlzable from a1r photography The appllca- N ;4
‘atlon of Lacate s cla551f1cat10n to mountaln land systems is a’ b1t |
h dlfflcult 51nce much of the terraln consists: of bedrock or gravlty and

- mass- wastlng assoc1ated landforms wh1ch are - Iess genetlc Alplne areds

may be somewhat unlque in that n1vat10n and sollfluctlon processes are o

.the pr1nc1p1e geomorph1c forces shaplng the landscape (Russel 1933)

Fulton et aZ (1974) have developed a landform nomenclatural system |
:‘_ appl1cable to mounta1n, as well as other types of terraln The nomen- o
'f;clature is. based upon the nature of the landfonn (consolldated or
unconsolldated), the materlal (genetlc categorles) and morphology |
"(descrlptlve adJectlve) Consolldated bedrock and unconsolldated
:landform components are treated somewhat d1fferent1y 51nce riot all‘
,er051onal forces appear in both but current mod1fy1ng processes are
'1nc1uded in’ the nomenclature when poss1b1e Thus a ba51c unconsolldated
f category such as alluv1al VQneer could be further quallfled for example

[ S .
by "pebbly and eroded” adjectlves ‘,“;. L



"'_ calcareous 51ltstones and brecc1a
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N
The Vine Creek dralnage basin conta1ns a dlstlnctlve pattern of _
‘rellef geology and assoc1ated regional . vegetat1on and therefore is a
| component un1t of the 1arge Land Dlstrlct (composed of several Land |
NSystems) whlch would also 1nclude other dralnage b351ns espec1ally |

'those with 51m11ar geology such as Jacques Creek located across the

Athabasca Valley Appllcatlon of the smaller Land System category to

' the V1ne Creek basin presents some d1ff1cu1t1es 51nce 1andfbrms vegeta~ o

t10n and 50115 form.a Very complex mosaic w1th1n 1t Rldge valley

. slope and Valley floor "landform complexes” are suggested as three

Alntenmed1ate unlts for allgnlng landforms on the ba51s of hlghly correlated
'thopographlc, geologlc and er051ona1 process relat10nsh1ps CTable 2) -
~ . similar method was employed by Pettaplece (1971) in us1ng flve "Land RS
_.System” categorles three of whlch were for areas of the lower slopes

thhology follows Brown (1952) and MountJoy (1962].

e

N ‘l; R1dg47Complex (I) : R ‘
The r1dge complex 1s the 51mplest be1ng composed only of bedrock

~:unconsolldated colluv1um and colluv1a1 veneer over carbonate bedrock

:;landfonmrtypes and Comprlses 10 of'the’total dralnage;ba51n,area-:‘jlxg .;'

f.“lCTable 2)

The bedrock of the rldge and headwall of Roche de Smet is formed
.malnly by the Palllser and Sassenach Formatlons w1th the former dom1nant
v*~throughout the length of the b351n Both are composed mostly of dolom1t1c

g"llmestone, but the yellow—grey Sassenach Fonmatlon conta1ns some younger

o
o



" Table 2 Landform complexes and landforms of the Vine Creek dra1nage
" basin. . The abundance of a landform_w1th1n each complex is indicated

as a percent of the total drainage basin area as calculated

by

planimeter readings from air photography. The landform complex
,number corresponds to those placed on the air photography (Plate 1)

'Landform Complek R Landform -

'y (1) Ridge o
- 'il-Carbonate Bedrock . :
Uhconsol1dated Steep Slope (Talus)

A Colluv1al Veneer over. Bedrock

- an) Valley*SlOpes S
- A 'Carbonate Bedrock L
‘ ) Unconsolldated Steep Slope (Talus)
SR - ,Iacu5tr1ne P1a1n (Glac1a1 C1rques)
‘ , ‘Rldged Lateral Moralne (Glac1a1 Cquues)
' "-C;Constant Colluv1a1 Blanket "
_ 'Colluv1al Blanket and Fan
;‘-Avalanche Mbd1f1ed and " Gullled
" Colluvium and Bedrock. (Avalanche
. Snow and Water Chutes)

Cam) valley Floor .7
2 . lacustrine Plain
| a‘,AiluVia1 Terraces
k‘a; Alluvial P1a1n UWeJ{d"'
f:fAlluv1a1 Apron (Fan De‘051ts)
. i7G1ac1ofluV1a1 Terraces '

PerCent :

‘Total Area

‘._.<1“ .
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~ Plate 1.. Map of 1andform dlstrlbutlon w1th1n the:,';," ‘

. are labeled as 1. (rldge) II (valley slope) and .
CIII (valley floor) on the a1r photograph of the

f '.fac1ng page.

o  Vdra1nage basin, and: alrphoto illustrating. dralnagels..l;v ,51i3 5M 
. basin features (1:35,000). The landform complexes*;l'.—“"f e

Laevs s
$ e






“VALLEY LANDFORM. CONPLEXES.

Al

Glaciofiuyial

a7

blanket

terrace:

Constant collavial
and: fan.

‘Lacustrine plain

Alluvial deposits

b — — =T

“Glacial cirque (plain.w till).
“Unconselidated colluvium - -

veneer/bedrock

avalanche and water chutes .

Colluvial




1e rldges andlknoll\ below the summlt cllffs are mostly of the J
:Banff_-orma_' n and are’ predomlnantly 11mestone but beds of calcareous :
; 111aceous organlc calcarenlte are 1nc1uded The bedrock oy
:f-has been eroded 1nto a serles of hllls and nlvatlon c1rques or depre551ons -

along the length of the rldge and shale and 11mestone talus is a: common

o feature (Plate 1) -~ The Banff Formet1on and dark grey arglllaceous

'»llmestone of the Palllser Formatlon are exposed along the eastern flank
”t-_of the rldge and below Roche de Smet peak at about 1710 m ‘ o
The rldge complex fonmed by the Colln'thrust £ault is more complex, . o

l:hhaV1ng ‘a number of var1ously orlented spurs (Plate 1) The Gargoyle

".‘V‘ma551f is' geologlcally 51m11ar to the Roche de Smet r1dge, belng Com-ripi;"t

1’.prlsed malnly Of dark grey llmestone of the Banff Formatlon and yellow-5* .

‘”.;.;:grey calcareous 511tstone and llmestone of the Sassenach Formatlon

‘".{lStrata of Grassy Rldge toward the Athabasca Rlver valley are mostly of ff;:ﬁi

ff'the Rundle Group of dOlOmlth 11mestones but some thln shale beds and

‘-f llght grey organlc or. partly organlc calcarenltes are present. The

:'*ffbedrocks between Gargoyle Mtn and Redan Mtn to the west are falrly

.‘fl;;unlform and are of the Sassenach and Mount Hawk Format1on °f yellow-grey hj

: ";fand dark grey llmestone w1th some embedded 511tsone and calcareous

: 5[sha1e The Palllser Format1on is exposed on many of the headwalls,_

l“‘:;biespecxally those assoc1ated W1th cquues near Gargoyle Mtn. ,il'”n'“"“‘"u

The serles of spurs formlng the bulk of Grassy Rldge betwee Gargoyle

;l”:;{hhn and Redan Mtn are mostly of the Whltehorse and Sulphur Formatlon ;{Lfffi‘;

*”5_wh1ch are‘composed of dOlOmltlc 511tstone redd1sh sandstone and/varlous=*?




>11mestones in the f1rst case, and dark’ grey, thin bedded srltstones and

““a51lty mudstones in the second Although bedrock outcropp1ngs are

o o
: present much of Grassy Rldge con51sts of frost shattered mater1al or
_colluv1up w1th a falrly contlnuous plant cover An 1ncrease in topo—

’.graphlc rellef is attrlbuted toinlvatlon erosion between the most

B .'re51stant »strata Large, mndpacked cornlced snowflelds are comnon .

:tfeatures along Grassy Rldge and per51st through much Of the summer

\-,.

5 :_‘.”2 Valley Slope"Complex (II\\ R

| -;vconstant COIIUV1al blanket constant colluv1al blanket and fans, avalanche‘f.p

Steeply d1pp1ng and folded carbonate bedrock unconsolldated steep

. slopes 1acustr1ne plaln and r1dges lateral moralne (glac1a1 c1rques), lff;tf
A i

1;mod1f1ed and gullled colluv1um and bedrock comprlse thlS landform

B -li;ba51n cover1ng 799 of the total area (Table 2)

v>‘:i750 on, Roche de.Smet as a serles of cllffs whlch parallel the r1dge

' fﬂ«(Plate 1) Geologlcally, the CllffS vary from l1mestone to shale, but

"‘*}fcomplex.‘ Valley slopes are, the most exten51ve feature of the dralnage iff:t?

i

Bedrock outcropprngs are common on bqth valley 510pes but espeC1ally‘?1;_]

¢ the re51stant nodular 11mestone of the Banff Formatlon and llght grey

' r;-fftdolomlte of the Rundle Group D Formatlon are most promlnent Banff

' 5lfft,Formatlon strata are also exposed below the eastern sectlon of Grassy 'gﬁﬁﬁw:

e Rldge SlltStOl’le and shale JJIClUSlOﬂS among the 11mest0ne are PI‘Ob&blY

'.fo'respons1ble here for the llght orange colorlng Whlch 15 1nd1cat1ve Of
e

x o

dh*»weatherlng GMountJoy 1962) Other,bedrock has been exposed bY secondary

“iae_’{:lfstream er051on pr1nc1pally on the steeper Roche de Smet slope leestone



""'i_';..?.;(plate 1)

a

) _of'the RuIdle Group is: agaln commonly exposed but 1nc1us1ons of daék

' grey 511 tstone. and 51lty mudstone of the Sulphur Mbuntaln Formatlon‘%reg'l

present below about 1830 m elevatron

r

| Unconsolldated colluv1um (talus) on steep lepes occurs mostly

_Al.

-above 2075 m near the rldges and headwalls and as cones at the head of
:.some snow chutes near the rldges (Plate l) v The or1g1n of most talus 1s_.

: llmestone but ‘some red mudstone of the Whltehdrse Formatlon 1s ev1dent'-

” Fbelow Redan Mtn Talus slopes below the de Smet rldge are’ mostly of

“:,grey dolomlte, but brown grey shale 1s also present Th1s landform 15

.50

= falrly restrlcted coverlng < 1‘L of the dralnage ba51n area CTable 2) **1~ E

_f/-= The lacustrlne pla1n and rldged lateral moralne are contalned

. L w1th1n two relatlvely large glac1al c1rques below the Redan Gargoyle

:*ur1dge at about 1950 m (Plate 1) Lateral moralnes form small rldges fﬁ?;'.'

'l::around the c1rque perlmeters and 11mestone block flelds and glac1al

='ffdebr15 are common near the headwalls.of Gargoyle Mtn Both landfonns_f:

. .ycover only about 20 of the dralnage b351n CTable 2)

Termlnal and lateral mora1nes other than those 1n c1rques occur {7(ﬁ,ﬁ o

»wa

.t51€§a1ong the valley slopes but are usually covered by colluv1um. T1ll
_:\‘*iﬂ:;materlal 1s exposed on some slopes dlssected by water courses or avalanche
”1'1;¥;p;chutes The 1nfluence of the rldge complex on the Valley slope complex
S ;,llls less in the IOWer sectlon Of the valley as 1nd1cated by‘1ntact tlll

1ffdep051ts Wthh form a system of glac1ofluv1a1 knolls and terraces i l*jf:jap



"hblncreases toward the‘valley floor w1th a. deeper 5011 and less surface :

'"i§occurr1ng across most of the slope below Gargoyle Mtn, and the Rundle ﬂ

"v'Group conflned to the SE sectlon of Grassy Rldge near the Athabasca

”ff;floor below the constant slopes but is- dlscontlnuous due to. stream

: :;.The 1andf0nm 1s most abundant in the upper one half of the dralnage

.'5 3 \.‘.,ﬁ\
| The constant cqlluv1al\b1anket 1andform\15 the:host e;tensrve
comprlsang 49% of the total bas;n area (Table 2). It extends from thei,-.
:. rldge system to the concave wax1ng slopes w1th colluv1al fans nearﬁkhe; |
_creek (Plate 1) Rock fragments are common on or near the surface of -
;_the so11, and some sollfluctlon 1obes and rock strlpes occur at the i”“y
'~h1gher elevatlons (ca 2135 m). These’ hlgher areas are the more complex
-portlon of the . landform w1th nlvated sollflucted and congellturbated

"er051ona1 features berng exhlblted The stab111ty of thlS landform

N e

’Zdebrls be1ng exh1b1ted However, several sollfluctlon slumps occur near. -

v the colluv1a1 fan on Gargoyle Mtn and are assoc1ated Wlth g;ound«water
~;d15charge from large snowflelds Bedrock beneath.the colluv1um i

) mostly carbonate w1th the Banff Sulphur Mountaln and Whltehorse Format1ons

‘.

51

.3:Rlver Slmllar 11thology appears below Roche de Smet but llmestone of ;”;_’:;_3

v‘5l~the Rundle Group and 511tstones and 511ty mudstones of the SUIphur J'-V?t
7ffi'Mounta1n Formatlon are more abundant (MountJOY 1962) Bt

",f/'

The colluv1al blanket and fan 1andfbrm occhs nearer the valley d;}

N

’1;'undercutt1ng, gullled colluv1um dep051ts and secondary stream channelllng

;":ba51n but composes only 4 of the total area (Table Z) Bedrock of thls 1“Q,@;f;

7rflfland£Orm 1ncludes strata of the dark to grey shales of‘the Fernle

*;f':pormatlon below about 1400 m. Dolomltlc 511tstone and sandstones
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o

of ﬁhe Whltehorse Formatlon and s11tstones of the Sulphur Mountaln

o ;Formatlon occur along the upper reaches of the valley floor Boulders :

k of various orlglns are. commonly exposed within the landform where till.
;dep051ts have ‘been undercut by the stream Rock mater1al of d1verse N

or1g1n is a common feature of the landform, 51nce 1t 15 affected by both

'degradatlon and aggradatlon processes throughout the ba51n

The erosxon modlfled colluV1um and bedrock landfonn 1s a promlnent :

~and dynamlc feature of the dralnage ba51n, occurrlng regularly aiong

B :both slopes (Plate 1), 1t covers 8° of the dralnage bas1n area (Table 7),;'

ff“Snow and avalanche chutes are most frequent on the NE slope below
~Gargoy1e Mtn and 1n the 1ower one half of the ba51n Most of the chutesl

'on the Roche de Smet slope tenmlnate at the ma1n creek 1n colluv1a1

fhi'ffans, whereas many of those from Gargoyle Mtn tennlnate hlgher on the

: j-slope and dralnage 1nto the creek occurs as ground-water w1th some -

i sprlngs emerglng on the slope The p051t10n of the more erodable strata'; c

iﬂ‘fand hence snow flelds appear respon51ble for the p051t1on of the chutes

"vﬁand gullles lhe«reductlon of dralnaoe systems dlrectly below the :1Jf;:v-”ffﬂ
;[?l”Gargoyle Redan rldge 1s dae to the 1nf1uence of crrques dralned by

;;»,51ngle stream systems (Plate 1) jpu;p_"~~u_,;{;;;::f,.-.-f_fv~1,rf};;;:p,;_

"d‘fvi}»7' , : e R e o
Many of the chutes on Roche de Smet have downcut 1nto bedrock and

'd,ffcontaln exposed outcropplngs and debr1s whereas 5011 development and a

"‘f vegetat1on cover 1s more common on the NE slope of Gargoyle and Redan

"";Mtns These dlfferences probably result from the 1n1t1a1 allgnment of

’7%';the thrust faults and hence strata er051on of the strata and more t111 v'f*f
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dep051t1on by glac1ers durlng the Plelstocene on N exposures Also \al
more me51c env1ronment w1th a more. gradual release of water from the '
| ‘snowpack agaln due to the N exposure of slopes on Gargoyle Mtn is.
env151oned Some avalanche chutes below Gargoyle and Redan Mtns were
lengthened and wrdened con51derably between 1951 and 1966 accordlng to-

the a1rp}ntos

3 Valley Floor Complex (r ) _
_ The valley floor complex comprlses 12% of the total dra1nage basm
o area and 1s confmed to a relatlvely narrow sect1on along the creek |
. Iandfonns w1th1n 1t however, are dlverse and 1nc1ude lacustrlne plams
':~.a11uvia1 terraces alluv1a1 plams W1th cut banks alluvml aprons and
‘ glac1of1uv1al terraces wh1ch e’ctend onto the valley slope (Tab}e 2)
Vlne Creek 15' relatlvelv umnature w1th few meanders and meanderv . |
- ,plams and has a steep gradlent (56 m/km 295 ft/ml) w1th rock deposlts
mchcatlng heavy loads at least dur1ng and,:,after 1ntense storms and/or

L

. rapld melt and runoff perlods

o A lacustrme plaln (f0551l lake bed) w1th fme sedlments is 51tuated
at the head of the valley floor (1710 m, Plate 1) Surface and vadose o= :
-,"dralnage mto the plam from both slopes occurs thrpughout the sumner I

- .and headward ero51on has occurred toward the lake bed 1n the V1c1n1ty of o

»"Hhat appears to be the orlgmal outlet A second lake appears to have

occurred n&r the flI‘St at a sllghtly 1ower elevat1on. Modlflcatlon of

e
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‘the terrain by 'slope wash,»stream erosion and depOSition compllcates
,.interpretationvof'historlcal features.-dMoraine lsinot.presehtly_assnc-
iated with the lake bed.and mhether it 0ccurred"as a result"of‘glacial,

i colluv1al or beaver act1v1ty was not determlned Lacustrlne plains aré“,‘y”
also assoc1ated w1th the glac1ofluv1al terraces in the lower part of the-;

at
) b . .;{7
ba51n and are dlscussed later ! ; )

; -
Alluvial terraces adJacent to the creek are mostly Very narrow

kalong the entlre length of the valley floor Several relatlvely w1de
terraces oceur at about 1130 m (3700 ft) elevatlon near an alluv1al fan
(see~below). Both hlgh,and low terraces occur along much of the creek

.\ﬁr Alluv1al plalns are closely assoc1ated w1th the low terrace 1andform
O but are . formed from p01nt bar depos1ts. Meander development is not é~; -

gpronounced although the stream has undercut the slopes 1n several

- areas The 1ack of Well developed meanders is: 1nd1cat1ve of young

;f;iwhere 1t coalesces w1th other fans to form an extensrve apron (Plate l)

ih’streams (Thornbury 1969) and is a common feature of steep mountalna -
."watersheds Collectlvely the terrace and alluv1al flood plaln landfonn

.';cover only about l of the total dralnage ba51n area (Table 2)

An alluv1a1 fan commences at about 1130 m elevatlon and extends LO

'nq-the lowland area near Jasper Lake (1000 m) 1n the Athabasca Rlver Valley

?ﬂThe landfonn covers 6° Of the dralnage bas1n area (Table 2) The creek

"\_vls at present conflned to the southern portlon of~the apron and much of

4."'»

”u?‘the area N of the creek bed 1s stable, supportlng open forest vegetatlon



W
K]

- U ) ,/

"with large, rounded boUlders commonly exposed. . The large .size of_the'
fan may indicite a previouslv,more.active periglaclal deposition period.
The apron dissects a large allyvial terraCeqalong the Athabasca Riverh
(Jasper Lake) which contains loess that is deposited primarily'in |
.winter when numerous point bars are expoéed due to low water-leVels.l
Alluvial deposits also'occur along the creekfatvsecondary stream"junctions.
Much of the material deposited from secondary‘streams is composed of
coarse ‘rock formlng COllUVlal aIIUV1al cones, especially below the SW
exposed slopes., Further dlstrlbutlon of the mater1a1 by’ the main stream
.has 1n some 1nstances covered part of ‘the low terrace landform

&

\) .

'Several_large Pleistocene glaciofluvial*terraces'are associated

with-valley'glaciers Coarse tlll contalnlngilarge rocks is exposed

. along the edge of the terraces whlch are most apparent on slopes above
the major alluv1al terraces and apron between 1040 and 1190 m. Lacustrine
" plains with s1lty 50115 occur between some of the knolls and are 1nd1cattd '
by a change in communlty type (Plate 1, p. 46) The allgnment of the
knolls and terraces suggest that the controlllno glac1er occurred in tre
Athabasca Valley The present creek appears to have cut through the :
t111 of the large terrace system,‘dralned the tarns and produced newer

1 alluvral terraces at varlous angles to the older mater1al (Plate l)

Terraces and lacustrlne plalns tOgether cover about 4% of the total o

dralnage ba51n area CTable 2)

ey



C. CLIMATE

1 deneral Weather Patterns 2

| 'ch‘;ariso’ns of temperature and precipitation data from the lower
‘ (1040 m; IM, Fig. 1) and upper (1710 m; ZM F1g 1) statlons indicate -
relatlvely warm, xerlc and cool me51c env1ronments respectlvely
. Daily tenperatures durmg the three summer months ranged from 0 to 34°C
at the lower statlon, with July 1971 ‘the coolest month \and August 1971
the warmest ‘month (Table 3). The maxmum temperature a\%the upper
statlon was 29 C (July 1970) and the 1owest was -8% (June 1970) durlng
the sumner with several months s_howmg a mean daily minimum .belo‘w
: freezing (Table 3). | e

| The dally a;r temperature was about 5°C cooler at the upper statlon. L
than at thn lower statlon.' The mean dally temperature ranges were also S
 greater at the upper (26° C) “than at the lower statlon (23 ). Degree
.v~days G 0 °c) varied from. 360 to 479 month™L and 125 to 347 month “for

the low arx:d hlgh statlons respectlvely The dlfference m clmate

- between the two 51/tes was also mdlcated by frost frequency w1th statlon .

M havmg, on the- average 0. 3 days per 'nonth minimum temperatures

L 0° C, whereas statlon M had .an average of 12 days per month < 0 C Ofv” N

-. the three summer months July/ had the fewest days w1th temperatures

'<_0C

Sunmer temperature patterns were not con51stent for the two years

June was relatlvely warm m »1970 at both elevatlons | A W1de temperature'

; e ) S - . SR
» - : E o BT :
S . . N .o . BN I
. A
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‘range was exh1b1ted durlng thrs month at the upper station (2m) however

fTable 3). A warmlng trend was ev1dent through the summer durlng 1971

The cooler enV1ronment at the hrgher elevatlon is. also apparent in ﬂ
; sorl temperature data monthly max1mum and mlnlmum walues were 12, and
8°C lower at the upper statlon (Table 3)-. The warmest temperatures were.
| - at the surface with the lower statlon hav1ng an extreme of 39 C (August -
p1197l), whereas ’S C GJuly 1970) was the hlghest at the upper statlon
Mean monthly max1mum and mlnimum temperatures at 30 and 60 cm below '

'ground were not as extreme A

Mean summer prec1p1tat10n was 11 6 cm at the lower statlon and

- 20, 4 o at the upper i. e. 1 .3 cm 100 m l elevatlon 1ncrease (Table 3)

' f More prCC1p1tat10n fell 1n the summer of 1971 and June had the hlghest

' amount of prec1p1tat10n at both statlons durlng that year (F1° 3)

Average monthly prec1p1tat10n was 2 8 an hlghgr at the upper statlon*_

_ than the lower statlon leferences in amounts were not very conslstent -

-'}1nd1cat1ng a hlgher ralnfall frequency and the effect of local storms at :

_1710 m. The hlghest monthly precrpltatron total was 11 6 cm at 1710 m »d.
(June 1971) and the lowest vas 1.6 an (August 1971) at 1040 m. -

Wlnter Condltlons were not as well monltored but 51m11ar tlrmatlc

"Ajf.dlfferentlals were 1nd1cated between the two 51tes The coldest recordede'

"d:temperature was; 47 C whlch occurred at 1710 m 1n January 1971

."ﬂ' Mlnlmum temperatures near 40 C were commqn durlng both W1nters at both

B t .
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Flgure 3. Mean monthly max1mum and mlnlmum '

temperatures ‘and monthly prec1p1tat10n totals.
- for: the summers ‘of 1970 and. 1971 at the two,
- main Weather statlons..‘ o .

s
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' elevations ‘ Displacement of ArCtic air by warm‘Pacific air‘masses

(chlnooks) was frequent both w1nters w1th fluctuatlons of 8 °c hr
fa1r1y common, and an 18 C 1ncrease durlng a four hour perlod was the-

maximumi change recorded

Snow depths in January 1971 were 30 cn at- 1040 m and 160 cm at -

¥

1710 m. The lower statlon was often blown or melted free of snow

whereas some snow cover per51sted 1nto June at the h1gher statlon
Snowflelds along the r1dges and N exposed c1ques and avalanche chutes :vflf
per51sted 1nto August and were augmented<by summer snow Snowfall was
observed 1n every summer month except August but was usually restrlcted
‘to the hlgher elevatlons However an 8 &) snowfall was recorded in i

July 1971 at 1040 m,

‘ Nban dally total solar radlatlon averaged 137 ly hlgher at the
lower statlon (Table 3) Mean reductlons from the low to hlgh elevatlon i 3
were 11’ and 183 ly day for 1970 (ercludlng August) and 1971 RedULtloni

of solar radlatlon at the hlgher elevatlon was prlmarlly a functlon of

i 1ncreased cloud cover and secondarlly of shadlng by the adjacent pea}s

Reductlon from potentlal values at 1710 m due to topograph1 shadlngiby
Greenock and Roche de Smet peaks was -70 '-45 and 30 ly day for June
and July of both years and August 1971 w1th the varlatlon due to T

changes 1n shadow 51ze and duratlon dependent upon the solar azlmuth

": Lower da11y values were correlated w1th ra1nfa11 perlods and cooler alr ffi'

temperatures Values ranged from 81 ly day 1 in. June 1971 (1710 np to
837 1y day 1n August 1970 61040 m) dur1ng the summer months (no’data

were avallable durlng August 1970 at 1710 m)



. !

Comparlsons.of meteorologlcal data w1th several ‘other statlons
111ustrate the 1mportance of . topography as a controlllng factor on local
‘ cllmate Summer meteorolog1cal data at Jasper (1970 1971) are’ qulte i
i: sunllar to those at statlon lM for a1r temperature (Table 3). More .?}
. '{prec1p1tat10n occurred at Jasper than at statlon lM but less than at ZM
) CTable 3). The low mlnlmum temperatures at the upper Statlon are a “
result of nocturnal temperature 1nver51ons at the head of. the ba51n and

&

thus a W1de max-min range Was exhlblted

2 Ba51n Mesocllmate

» Meteorologlcal cond1t10ns w1th1n the Vlne Creek dralnage ba51n are
:"f_characterlzed on the ba51s of summer temperature prec1p1tat10n and 5011
‘dmolsture data W1th1n the major communlty types (see Flg 1 p 21 for ffj“
lrlocatlon) The data do not represent the full cllmatlc range of a 5
f'vegetatlon zone or habltat type 51nce statlon repllcatlon was not
A.‘praotlcal Tih{li'fha;df_? ::fﬁ;; ifh;%fftf'fﬁii S
A number of phy51cal 51te factors 1nf1uenced the range of. data
Slope and aSpect of the 51tes varled from 2 to 30 and NE to S respectlvely:

(Table 4), and are 1mportant 1n terms of the potentlal amount of. 1nsolat10n

:3”pfava11able at each staﬁion Elevatlon, vegetatlon and edaphlc factors

' f'also are 1mportant determlners of net 1nsolat10n and tﬂgghesocllmate of

\

B S
*}:an area (Oostlng 1956 Mbwbray & Oostlng 1968) Therefore a W1de range

e ffifof mesocllmatlc condltlons was expected w1th1n the dralnage ba51n (Table 4);
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'l2 1 Max1mum - Mlnrmum Air Icmperatuxes

Both the hlghcst (32 C) and lowest (- 4 C) summer temperatures

.f.occurred in August 1971 at the elevat10na1 extremes of - the\statlons (1
Cand 7 rcspectlvely, Table 4) A summe1 wqrmlng trend was ev1dent for
| statlons 1 through 5 but max1mwn and mlnlmum temperatures were lower 1n

- August at statlons above about 1700 m (stat1on 5b 1ab1e 5).

A range of 20 to 25 C was common bctween statlon max1mum and

‘ -Imlnlmum temperatures w1th dlfferences of 29 C (statlon 2, August 1971) .

B fﬁgland 14 C (statlon 7, July 1970) ‘the, recorded extremes in range (Flg, 4)

T-Ihe w1der ranges occurred at sites located at the base of the constant

:f[_‘colluVJal blanketed slopes and are’ probably in response to cold alr

':'; dralnage Thus temperature ranges are often w1der at statlons l and 6

!

'd:x than those at the respectlve upslope statlons 2 and 7 (Table 5)

A temperature decrease along the elevatlon gradlent was apparent

: ’;throughout the study perlod w1th average dlfferences of 12 and 5 C

e v_rbetween statlon 1 and 7 for max1mum and plnlmum values TeSpeCth@lY

"fofThe correlat1on was 51gn1flcant for both maxnnum (r —‘-0 94 p < 0 01)

o l:and mlnlmum (r 0 84, p < 0 01) values w1th expected reductlons of 1 1ff'

'Vrand 0 4 C 100 m 1 elevatlon 1ncrease 1espect1vely The temperature

"td'gradlent was steepest 1n AuguSt 1970 fOT max1mum values and 1n August

’1971 for mlnlmum values, and is: due to an upper leVel C0011ng trend near3;b

'df?ffthe end of August (statlon 7 Table 5)
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- Figure 4. Change in air temperature (mean"k'
summer maximum and minimum) and total - summer.

e preelpltatlon,for 1970 ‘and 1971 with change
: in. elevation. Generally, a cooler, moister
;env1ronment is indicated w1th elevatlon
'1ncrease.
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v‘2 2 Prec1p1tat10n
Summer prec1p1tat1on 1ncreased 51gn1f1cantly w1th elevatlon, 2 em
©100 m 1"( = +0.94, p < 0. 01), with station 7 hav1ng about twice as much |
as statlon 1 (Table 6) . The fact that most of the statlons (1, 3, 4 5,

' Sa 6) were beneath a forest canqpy compllcates 1nterpretat10ns (see

f below) ‘but prec1p1tatlon dlfferences between palred statlons (beneath

the canopy and open) were not con51stent enough to change the expected

prec1p1tat10n/elevat10n relatlonshlp (palred t- test) The hlgher stonn

———

'frequency at the head of the valley is evident as a sharp prec1p1tat1on__“/
' . .

'1ncrease-at 1740 m (statlon ZM F1g 4)

N The summer prec1p1tat10n pattern was - reverseﬁgfor the two years 5

‘;w1th’about 41° falllng in August durlng 1970 and 47” falllng in June

durlng the summer of 1971 (Flg 4) Both June and July of 1971 had a.
ch greater amount of prec1p1tat10n E)an any other summer month and

B statlons 1n 1971 had more than tW1ce the amount of ralnfall that was. o

E :recorded in 1970 (Table 6) Monthly ‘summer prec1p1tat1on varled from :dl
‘d l 6 ‘cm for August 1971 at statlon 4 tg 13, S cm 1n June 1971 at statlon 7

~3
N .

2. 3 Forest Canopy Influence

Comparls of temperature and prec1p1tat10n data of paned statlons :

L 1nd1cate a trend toward a w1der temperature range and a greater amount F-J;

R of prec1p1tat10n in- open areas In two 1nstances data from the ma1n

-

';‘weather statlons are used for compar1sons 51nce they were located close

Seltr

"”“*to communlty type statlons (1 e ’ statlon 1 vs lM and statlon 6 vs ,jvﬁf

“ \..'<
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Statlons bcneath a forest canopy recelved an.average of 2.2 (1970)
.~‘and 3.6 cm (1971) 1less preclpltatlon pey sumer than those 1n open areas g‘i
"CTable 7). Total summer reductlons of prec1p1tat10n beneath the canopy |
varled from 0 4 am at station 3 in 1970 to 4. 4 cm at. statlon 6 in 1971.

A 3. 1 cm reductlon occurred at station 4 the hlghest for a 51ng1e

¢ ) . . . ‘ PR \a“

Ve

monthu

/
/

-Although.measured summer precipitation was ZS‘and~26%rhi§her in

~open area stations. 4 and 6, no~consistent differences-0ccurned for all

| "tstatlons (palred t-test; p < 0 10) Intercept1on of prec1p£tatlon was

low at statlons havihg a canopy cover < 41% (1 3 and SB), /and hlgh atl

/

Jthose with a relatlvely dense canopy (Table 7). | ff o

The canOpy had a greater effect on maxxmum than on mlnlmum temp~"
‘5.erature Values and a 51gn1f1cant dlfference was observed withln the _ji“
‘y1971 maximm data (palred t test p < 0. 10) Mlnlmum values in the open ‘

area at the head of the dralnage ba51n (statlon 6) were qu1te marked in

.jresponse to cold alr dralnage

2 4 5011 Mmsture _: 1

'1f The ‘water potentlals of 0 -1/3 and 15 bars are used as threshold
: values for plottlng the 5011 molsture cgndltlons of the elght 51tes _Itig'w>
’ 1s reallzed that 1/3 bars (fleld capaclty) and 15 bars (permanent o

“:hw11t1ng percentage) are more meanlngful 1p relatlon to agr1cultural crop

A

spec1es than as cr1t1ca1 thresholds for most spec1es 1n natural systems

";;,P0551b1e errors due to drylng‘and wettlng of the 5011 durlng electro- ?_': ; »

gy -
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4

Table 7. Magnltudo and dlrcctlon of chanqe of prCC1n1tat1on (cm total month 1)
- and monthlv maximm and minimm air temperature (°C)-from bencath the forest canopv
to near- bv open arcas at five locations within the drainage ‘basin. Positive
values would .be expected for precipitation and maximum tomperature, and a
minus value for minimums with no trec-canopy -interception of rain and wider
: temperature extremes in the’ open areas. Dots 1nd1cate not eénough dat1 for a
.comparlson - : :

. STATIONS

-

Year § Month  Parameter 1 . . 3 4 _sb 6
- CoPpt. . 4120 <01 . L seka
. June: Max: =1 - +2 e s _ .
| Min, .- - 0 B o
| o pts 404 0.0 0.9 . 40,2 11
1970 Jidy L Max. . o-1. 42 0 =20 42 0

ST mpts =05 +0:3 4l 404 40.4
o August b Max. o - -1 #2700 :;gy’ 41+l
o+ Min. . o . -1 -0 Lo

ivofhly . Bpt. . 0.4 7 0.0 +0.8 40,30 A2
. difference - Max. =1 . #2°- o -1 . 41,5 : +0.5
ST o Min, S -Q 5. 1 05 -4

SRt 409 4041 L s L s
0 Min. . e q::;- el 0 o

S ppt e L2 L U s s

X Monthly . CPpte - 4Ll 40,1 42,8 . ¥
difference . Max.- T -2.5 0 +1.3° 42,

- .. F
OO, e
+
[t
~3




‘ 'j5 ;Iwe11 below the 1/3 bar water potentlal (Flg 5) ,ﬁ;j:;.; v

| conductiVity”calibratiOn and the nature of point readings pretlude,using‘
| the data to determine absolute 5011 m01sture reglmes. Rather the data

are used on: a comparatlve ba51s to help character1ze the dralnage ba51n

mesoclimate 1n,relat10n to season,_elevatlon_and topograph;c settlnge\,

+

: N
t

Water potentlals at. 10 am depth were more varlable than those at 30_

or 60 cm, and showed a qulcker response to prec1p1tat10n and return to

dry condltlons Values more negatlve than 15 bars were common at 10 cm;'

whlle near 1/3 bar Values were srmultaneously present at 1ower depths

Potentlals at 60 cm were usually 51m11ar to those at 30 cm,‘but remalned c

.D‘k

hlgh in response to recharge by percolatlon or run off Md" statlons hf{~

had near zero water potentla]s at 60 cm 1n June and July 1971 and none'

\

had potentlals more negatlve than 15 bars durlng the entlre study

perlod at thls depth Water potentlals at 30 an are used to compare the,

5011 m01sture reglmes of the statlons 51nce a maJorlty of the roots weref<ﬂ 3

found W1th1n thlS depth wh11e plac1ng the m01sturd blocks

4'.-\‘

Statlon 50115 below 1710 m became progre551ve1y dr1er from June to L

August of 1970 w1th potentlals mostly between 1/3 and 15 bars and

then became sllghtly more: m01st thxough August in response to an 1ncrease f b

"1n prec1p1tat10n (Flg 5) Statlons above 1710 m showed dlffegsnt

- trends WIthtPteea-Abzes statlons (5 and 6) exh1b1t1ng m01st SGIlS but

' hav1ng a drylng trend through August The alplne statlon (7) on the é;:'\

'other hand exhlbrted an: 1ncrease 1n 5011 m01sture but thlS remalned

\"

T . - '_ v Do
S

72
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» .

Flgure 5. Seasonal change in 5011 m01sture at’

30 cm-depth-at the Picea gtauca (1), montane scrmblghd
*A(Z), Picea-Abies (6). and ‘alpine tundra- (7) weather .

- stations. The stations:included' had the most extreme
- ,5011 m01sture cond1t1ons ,%.V;*

i
. : : |
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| s'Tapld drylng PCTlOd in August espec1a11y at the lower elevatlons w1th

75

?;

A

5011 m01sture condltlons were much more strlklng durlng 1971 w1th a -

| seasonal march from wet to dry 5011 reglmcs exh1b1ted for most statlons
All s1tes malntalned water potent1als less negatlve than 1/3 bars

‘through the flrst part of July in 1971 but thlS was succeeded by a.

a%v:‘ |

o some water potentlals more negatlve than ~15 bars (F1g 5) ’ Statlons 1

,.4 and 5, although exhlbltlng a drylng trend 1n late summer, had potentlals

‘ifW1thln the 1/3 to 15 bars range ngher elevatlon s1tes 5 6 and 7 ;_;fx"

!‘\

| k 1September 1971 8011 m01sture at the alplne tundra 51te (statlon 7) was f@.f
':'7.:éwma1nta1ned between 1/3 and 15 bars even though the area had the greatest

7‘§famount of prec1p1tat1on.n The 51te was well dr51ned however wrth a

CamegeninTabled). o L
e i T T R T RS T L

: \

.;had less of a seasonal gradlent wlth most potentlals remalnlng near ,3_"

’-L:-1/3 bar (potentlals of statlon 6 and 7 are shown in F1g 5)

N ‘\,‘. ,'.,.

.
.4.

The most xerlc T011 reglme occurred at statlon 2 Omontane scrub—*4~"

::'fland) where 30 of the readlngs 1nc1ud1ng one. 1n September of 1971
sxdtlihwere more negatlve than 15 bars (F1g 6) Statlon 3 (Pseudotsuga
'::menzteszt) and 4 (Pznus contorta) were qu1te snnllar w1th 16 and 20 ofdfn eid
5 .:the obServatlons more negatlve than -15 bars Unlfonnly mo;st condltlons
= i:'were d1Splayed~at stations 5 and 6 w1th 90 of the water potentlals less

“”difnegatlve than 1/3 bar The burned port1on of the Ptcea-Abees vegetatlon N

;(Sb) exh1b1ted a more xerlc 5011 reglme than that 1n the unburned area DR

- ;Af(S) wath values more negatlve than -15 bars 1n August 1970 and early ?ig?k

¥

1

::g;f'relatlvely 9teep slope (25 2 and coarse shale Substratum (5011 textures e
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F1gure 6 Dlstrlbutlon of 5011 m01sture readlngs LT
Cat 30 cm- depth during summer months of 1970 and 1971
Stations are: ~ranked accordmg to mcrease 1n elevatlon‘ e
(1070 to 2015 m) . RE o

N
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The 5011 water potentlals can be used for ranklng the elght Sltes

| ’along an env1ronmenta1 gradlent us1ng the 1nfonmatlon 1n Flgure 6..

However it 1s dlfflcult to make comparlsons 51nce a number of comblnatlons

4h are p0551b1e u51ng the three ranges of water potentlals. Therefore an |

'-w'1ndex scale is proposed as a mcthod of Judglng the relatlonshlp among .
_r51tes Indlces were calculated'u51ng 5,:3, 1 for coeff1c1ents of ..
-—15 »—15 to. 1/3 and 5 -1/3 bars water potentlals reSpectlvely Ih"

"percentage of observatlons for each statﬁgn were multlplled by the tf fv
coeff1c1ent and sumned The 1ndex potentlally could range from 500 for :

very dry S1te to 100 for oné w1th near zero water potentlals. The

':@iranklng of 1nd1ces on Table 8 glves the follow1ng order of statlons on, a jad

'°'lg xerlc to me51c gradlent Montane scrubland (2) Alplne tundra (7), chea o

d

"',: glauca (1), Pseudotsuga menzzeszz (3), Pzrus contorta (burned Ptcea -

"q,: :Abmes (5 & 6) Ihe 1ndex v"ues 1nd1cate that the m01sture reglmos of . ’ ;ff;

| 1awstat10ns 1 3 4 and Sb ar qulte sxmllar and tend to follow the elevatlon

}:'}:?Sllghtly drler haV1ng a more opcn tree canOpy 8011 molsture on'the
';hfisteeper slopes (statlons 25 7) was - 1owered by rapld runoff ard sgepage.
‘d-w}ffloss after ralns The comblnatlon of a steep slope (30 ), warmﬂ}sbect ‘T}

=5 an q open physmgngm' produced thg mo }xerlc 5011 reglme (montane sc\rubland
! H ‘ ‘ ’

Ry

“'Abtes h t.’ ) Sb), Pznus contorta (Ptcea - AZnus h t., 4), and Ptcea -ff;*;"‘“ e

'5Lgrad1ent Statlon 4 (chea s AZnus) reflects a me51c env1ronment ' ﬁ‘3' i
¥

"tﬂoccurrlng on a V exposure and hav1ng a closed canopy Statlonth appears fnjfi

s

4 L
r'»jhte although hav1ng relatlvely




79

071
omﬁh
S0Z .
02z

vsz
008
S0 018

Xepur

00T -

,_W.‘,er

S
m

3 ;mm H

os
“o09
ozt
o1
M_mww

.,4wm~_

»ucvscmgw ﬁmhmmv Mmapcmuom koumz

nMu

+ ST- 03 M\ﬁ-

M\ﬂ ou o

O .

s

e

- - ..v . . GOHHWHw .v 5 |
L R coHpmummo>

e .Mm.”p_y;wm mma&% - Umosm

A.M_mmﬁ_jé@wmsmzws Umzmucwxmmm
L ronbmeoia

;_N.wpb.mzm_;wmw mncc:u @=~@ﬁ<

o ; . m&&ﬁ |.BNQ\~A~

Uﬂ&dﬁ:bﬂ wzﬂﬁm

ua&ouﬁou w::sm

P

vcmﬁn:hUm o:mﬁh¥4

3 .E h®>ou

voxcmp @am‘

RS

L .m@daw> xovca ‘01 wcavuouum umwuwoz ou umOAuw Eoum
m:odum>wao Sursea1ouT 03 SUTPIODIEL PAISQUNU sIoM SUOTI®IS YL
*JUSTpRAZ DTIASX SI0U 03 DTSSU B UO 00§ 03 ‘00T WOIj 93URl SO3TPUT TBIIUSIOJ -

- .mcoHumum mm%p Aua::EEou unwﬂo mzu hcm mouavca ohs¢WHos ﬁﬂow gu oHan

-

Y. -




80
. X v
B SR N o R s -
o ground 1nputs from hlgher areas. Statlons w1th1n chea - Abtes forest
(Sb 5 6) were, below snow ficlds whlch were present.most of the summer.-,l.
Statlon 1 (Picea glauca) acted as a d1scharge ba51n at the base of
o dkglac1of1uV1al terrace conta1n1ng the Montane scrubland and thus less e

lth,negatlve water potentlals would be expected 1n comparlson to. the hlgher'
51te.‘ However a hlgher boulder and 5011 sand fractlon at statlon 1 ‘

-‘.probably caused the soil m01sture potentlal to be’ more negatlve espec1a11y

. udurlng dry‘perlods thus the comparab]e VaIue to statlon 2 durlng portrons

_ of the grow1ng seaSon (Flg 5) A steeper slope and warmer exposure o

‘ probably account for the more negat1ve potentlals at statlon 4 cf 3

£

T smce thelr 5011 tcxtures are. slmllar and PreClpltatmn vas greater at ' J .

N
e

~_the upper 51te (Tables 4 and 6)

,

It 15 concluded that m01ster mesoclnnates along the gradlent in fi:”"

. Flgure 6 are due malnly to 1ower temperatures and greater amounts of
'5.'prec1p1tat1on, but that a number of other factors 1nclud1ng slope
1.1";stecpness, expdsure, topographlcal,p051t10n, 5011 texture and compactlon;f"‘

\

"Zfe?and commuﬂlty physlognomy are nmportant in’ produc1ng the sorl m01sture

'f»reglme.3




'”'*si‘of these occurred 1n stands at the elevat10na1 extremcs of the basin

{{jl°

D, VEGEMTIN o e

ll_Z Spec1es Rlchness of Stands

.

A:" N . -:' . _‘.-.‘ R h . ‘-.‘_l. g

}

1. Flora and PreSenco T ~z\;';>~\¥
A total of 285 vascular 26 mos§ 6 11verwort and 32 lichen species

and subSpecies of 73 fam111es were 1dent1f1ed w1th1n the V1ne Creek f

ba51n. Of these, 254 taxa Were observed w1th1n the 35 stands‘pf vegeta-

BN tlon sclected for thlS study A number of spec1es were w1de1y dlstrlbuted

Those hav1ng stand presence > 60° 1nc1uded EZymus tnnovatus, LGnaea

Y
borealzs amertcana, Ptnus contorta Zattfblta, HyZocomzum splendéns, and

r~

PZeurozzum schrebert Rosa aczcularts, Fragarta vérgtnzana, GaZtum :

boreale, Juneperus communts, S%epherdza canadens h PyroZa secund&

”«'a

4

o Cornus eanadenszs and Arnzca cordszlza had stand presences of > 50°.;»,{
:& \ -‘.\

Seventy spec1es were observed 1n only one stand (presence of Ja 5 many
v

)'l

A complete llst of species 15 glven in Appendlg 1

LI co B e : LT L x, . [ 3N
E . R o . Y A DL

B g ’

-\—\ D

The mean number of spec1es per étand was 33 q’and varled from r’4 1n |

¥,

‘a subalpine meadow w1th1n 3 glac1a1 cquuef(stand 33) However no. .° jﬁ‘ﬂ?ﬁ

Slgn1f1¢ant trendﬁ”f7iﬂ-qu

(r +0 37 p < 0 05) The P@nus contorta forest gen_rally contalned

more spec1es than those og Paeudbtsuga menzteszz, PLcea gZauca or cheaVJ

engeZmanmz - Abzes Zaswcarpa, sand may reflect the‘ f‘nflueng of\flre on

the hab1tats.. Spec1es ngchnesg was noé 51

i‘1f1cantly correlated w1th*df‘ﬁé"“
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-
3. Zonation T g o L -
grosmuen S R . \
‘About 805 of the basin had a continuous VegetatiOn cover (Table 9).

Porest was the prcdomlnant structural typc extendlng from the mouth of

'the ba51n to about 2100 m elevatlon (ASL) and character1zlng thc montane

0
[

and subalplne zones thc latter were’ most readlly recognlzed by changes -

in the forest types Scrub and meadow types comprlsed only a mlnor ;,
- o : E '3
,percentage of the total vegetatlon«and were dlstrlbuted throughout the -

/

”larger forest matrlx. Elevatlolﬂl 11m1ts of “‘thb major zones were@ften
":hdlfflcult to dellneate prec1se1y and 1n the montane were . somewhat

}arbltrary due to tOpographlc 1rregu1ar1ty Flres have 1ncreased the

vegetatlonal complexity and the lower elevat1ona1 boundary of the ;

.engelmannzt - Abees Zaseocarpa forest 1s domlnated at present by Pznu:;,i"f .
"vqantorta.. o “ﬂ': T |

o

The montane zone was typlfled by mostly mlxed forests of PLcea -

. RS PR (,
L glauca, Pseudbtsuga me %esat and Pznus contorta between 1000 and about
4‘1 .

;f{1600 m CTable 9) The only pure stands were formed by chea gLauca on

terraces at the mouth of the creek on Jasper Lake. Pznus contorta was

X

': more common 1n the montane zone but has ettended upward 1n’clevatlon

after flre. A comblnatlon of flre and topographlc aspect has pennltted

' .
/3 e

R p contorta and Pseudptsuga menzzeszt to reach 1800 m on steep S fac1ng

'153 slopes. 5ﬂ;f-*f;"

Montane grassland and Scrubland OCCUrred most xxte%slvely between

1060 and 1160 m on S fac1ng slopes of glac1of1uv1al terraces and on‘ 4'f¢f151f



L 2

L ]
¢
‘l
\ Table 9. Major vegetation uohes their elevations and
approximate percent of total area. Percentages were obtained
. by planimeter. measurcements apd 1:8,750 acrial ph#¥ographs.
Elevational range includes the arca where zonal vegetation !
types are best dgveloped as recognized in the fiecld and on
~aerial photOgraphs, with o»grlap representing dlffcrent aspccts
A \ : '
o e \
o R -Pertentage of :
Vegetation Z)he -+ -, Total Area Elevation (m). -
i ‘{ -
A B
" ‘ - N . A
* Montane . . 32 1000-1600
orést ‘ L %2 ' '
Grassland ' | .. 8
Montane-Subalpine TransiYjon . 12 1400-1700
Subalpine . . - . 33 ' 1600-2100 A
Forest . -~ 88 S : :
) Meadow § Scrub - ’ 1
 Alpine N ~ 2100-2300
. Vascular Tundra : . 17 A
~ Rock & Lichen Tundra - - 83 P
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P ' . _ .
‘portfbns of the alluvial fans which wére slightly.elevated above the

' : . . A
stream channels. Characteristic floristic elements of\these structural
groups‘inclUded Juniperue.communis;.Shepherdia canadensfsﬁpﬁosa actcularis,

'“Arctostaphylos uva-ursi, Antennaria spp 4nd a-number of graminoid
: . F -
- species. TheSe extendeﬂ to about 1800 mj, but were confined to the
g
: steeper S faC1ng sectlons of avalancho chuEES and hence. cor stitute a

-

small portlon of'the total drea (Table 9).

2\2 ‘Montane - Subalplne Tran51t10n
| Mixtures of montane and subalplne species form a tran51t10n zone
i,vwhich covered a relatively large portlon of the forested area (Table 9).
The miking of elements characteristic of.either aone‘ls in response'to

topography, w1th subalplne elements extendlng 1nto N- facrng swales or jf
R frost pockets and conVersely, montane elements more abundant on. steep

1 S-fac1ng areas.  The presence of a morphologlcally "1ntermed1ate" spruce
'l(Ptcea gZauca X engelmannzt) may typify the tran51t10n between montane |

and subalplne forests and is. dlscussed in a later sectlon

'3.3- Subalpine Zone"
The subalpine ZOne waS»typlfied by'Piéea?eﬁgeZmannii-and Abiea'”‘
Laszocarpa co- domlnated forest which. extends from about 1560 m to
: 2040 m on NW and to 2190 on SE erposures respectlvely, along Grassy
v;.Rldge below Gargoyle)and Redan Mtns Thls forest extends to about
1980 m on. the rocky S exposed slopes of Roche de Smet The tran51t10n f'"

' from forest to meadow or 1ow shrub vegetat1on was falrly complex and is 5f

affected by slope steepness and aspect Krummholz (tw1sted mat}ed
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”conifer scTub) of-Picea engelmannii,'Abies Zasiocarpa and Pinus aZbicauZis‘-'
was commor at trcellne on N erposures but occurred dlsJunctly on the ;
‘ rocky S- fac1ng slope@ of Roche de Smet where outlylng spires of Ptcea -
engelmanntt and Pinus albicaulis (to 4',m ht.) were more common espeC1ally
below and ade!%nt to rock outcrops. Treellnc extenddﬂ about 150 m- ‘
hlgher in elevatlon on SE than"on NW exposures on Grassy Ridge (Plate l
.,p 46). Comparlsons of treellne on the two maJor valley slopcs were
drffacult since much of ‘the Roche‘de Smet area is of steep‘exposed rock .
faces and a d1st1nct cllmat1c tree llne is not reallzed Soal fonmatlon o

92 -

has occurred only on the more moderate slopes and hence-the vegetadtion .
s dispmnet. o,

) Subalplne meadows were: most erten51ve near the upper 11m1t of
forest at about 2070 m, but were scattered throughout the zone in N-
”fac1ng avalanche chutes and also at the head bf the valley in a f0551l
tarn B\ number of subalplne and alplne spec1es (VaZerzana sztchenszs,
‘E%yllodbce empetrtfbrmzs "Arnica dzversszlza) also formed the understory
,of krummholz and upper subalplne forest vegetat1on The subalplne ‘
’meadow vegetatlon was conflned prlmarlly*to glac1al c1rques and Snow. or B
p‘avalanche chutes and it comprlsed only about 45 o£ the total study areadif“"'
(Table 9) /_":‘& - . o ,x‘z,:-fh
5.4 Alplne Zone RS |
Only 20% of | the total area above tree 11ne (23/ of total ba51n 15%);btv

'area) contalned contlnuous vegetatlve cover w1th the balance occurrlng

as rock and llchen tundra (Table 9) Alplne tumdra, typ1f1ed by Dryas k&
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hookerzana domlnance was ConflnCd prlmarlly tq the rOunded slopes of
;Grassy R1dge between about 2100 .and 7300 m elevatlon ;Below this, heath
- h(Casszope G Phyllodboe spp. ) and meadow (Poa.alpzna, Carex § Luzula .

spp ) commmitics ettended 1nto krummholz and the upper forest espec1ally
jon N- f1c1ng slopes .

- ,

| Rock and 11chen tundra types occurred to the elevatlonal 11m1ts of
the peaks w1th Saxtfraga opposzttfblza and Trisetum aLzoatum occurrlng
"dlsJunctly to about 2350 mon N and on S exposures 2450 m but becomlng
more confined’ to: rock crev1ces contalnlng 5011 at the hlghepgelevatlons
. L1chens (Cetrarta nzvalzs C pznastrm, Stereocaulon tomentosum, Thamnolza fA -

)' ‘

'Spp , Parmelia spp ) were qulte abundant at the upper elevatlonal llmlt :

-

of the study area, '/'.

4. Morphologlcal Gradat1on?between chea engeZmannzz and P glauca

Problems 1n the 1dent1f1cat10n of Ptcea gZauca and P engelmannzz ,.f
-}led to the use of a morphologlcal 1ndex OWI) based on cone scale characters *_re
'Index values ranged from 0 (pure P. gZauca) to 400 (pure P engebnanntz) o
,and follow Horton (1959) Detalls.on methods and results are glven 1n
Appende 6 ”Intermedlate spruce” was des1gnated for purposes of

; 1dent1f1cat10n and. data analy51s as those hav1ng MI values betWeen 100
“and 300 CTable 10) However a morpholog1ca1 gradlent was 1nd1cated by

the 1ndex and 1n fact pure populat1ons w1th no 1ntermed1ate contam—

'=.‘1nat10n are apparently rare 1n the mountaln reglon of Alberta (Horton

/"7"21959 Bell 196 ) The correlatlon between MI values and elevat1on was

')rf“signlflc t (r = +0 86 P <0, 01) but the largest mean NH d1d not occur

'fat the hlghest elevatlon (Table lO)
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‘Iable 10. Mean morpholog1c41 1ndek (MI) values based on ‘conve scalc apex . L
- shape, width and stlfncss * Picea glaUCa 0 100 \I?tcrmedlate 100 300 A?;'

P. ngelmannll 300-400., S . g R R

Stand Elevation (m) =~ Exposure - (degrees) . ,Mean-Mlj';”fin Stand - -+

LI

== .

1 11000 N 0 24 T oeloo LN
2 ‘ 1050 . : NE . 3. 63 . o0- 200 .
4. . 1075 . WSW T2t s a8l o 01000 -
5. 1130 ...~ SE g 300 Y87 02200
ST IS0 T WS 6 89 i 0-200 .
10 . 280 0 o0 E oo 29 L sz 0-200
i 130 - UESE . 15 5§ T be200
13 1330 . ESE . 15 C 59T . 0-200
4130 R S92 0-200

CLo200. 137 0-2000
C7 285 - 0-400
23 .42 . 0-400

S 27 25l 0-400° -

187 289 ..0-400 . -
19 T 2600 . T p-400. -

19: - 284 °100-400 .

17 . 1470

18 1495 .
19 . 1530,
200 1570
21 - 71600 .
22 . 1610

23 1615

10 -0 307 -+ 100-400
T :“'200~4005, .
S 31200 U 100-400 0
o060 378 300-400 ¢
30 2601 0-400"
Coo IS Ee . 200-400

24 T L1618
25 0 1635,
27 . 1680
28 1720
29 . 1740 -
L2300 - 1770
731 1840
32 "1900

Y] : 33 218 - 200-400°
3% 2040

L33 - .3360 0 200-400- ..

|
PRNERR

|FLeF984=2 | 5EEm 202 |

~ * after Horton (1959) " -
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chea populatlons 1n n1ne stands were regarded is P. glauca, theSe .

v(' -

stands ranged from the base of the valley to about 1450 m.z‘"Intermedxate

.5sprucc” (P. gZauca x engelmanntt) populatlons were11dcnt1f1ed prlmarlly ,
! ;v' N

: o between 1360 and 1620 m, but stands 29 and 32 on steep S exposures at

fstlll hlgher elevatlons contalned MI values below 300 (Table 10)
Populatlons of seven stands were rated as P engelmannzt, but 1ntrogre551on '

| from P gZauca was Stlll ev1dent espec1ally near the 1600 m contour 3

legher MI values occurred on the more level SeCthHS of the S faC1ng

slope (stand 28) and at the hlgher elevatlons on. N fac1ng slopes (stand

-Aly
R

:"“33 Table 10)

s Dlstrlbutlon and Abundance of Tree Taxa :&; n' 1; fi,;-;?eb e
The seven domlnant conlfer trees‘ chea éiaucd,lf glauca x engeZmahntra¢f
P vengelmannzt, Pseudotsuga menzzesrz, Pznus contorta, P aszcauZzs and »'ﬁ-
| llAbzes Zaszocarpa show deflnlte elevatlonal correlatlons and occur d1ffer-f-
i'ent1ally through the ba51n Less 1mportant tree specres 1ncluded chea tx
.-‘martana, PopuZus baZsamLfera, P tremylozdes and BetuZa papyrzfera.;ﬁdllv
}'Acer glabrum dougZaszz AZnus tenutfblta and A crzspa appeared w1th1n =
'15£the tree canopy 1n some stands but’were more often classed as- tall -
{! shrubs ;f,;'-:bﬁ“ N | ' o
: The dlStrlbUthnal pattern exhlblted by the domlnant tree taxa

’:h*though controlled prunarlly by factors assoc1ated W1th elevatlon also
‘ ; v

“:j;varled as a result of dlfferent slope exposure and steepness and f1re

o yelevatlonal gradlent (Flg 7)

: . [~
~»Ab-hlstory The d15tr1but1on and abundance of the maJor tree taxa are

'-.'shown by plottlng estlmates of thelr basal area ( ha ) along an .b



Flgure 7 The dlstrlbutlon of basal area of six conlfer

species’ "along an elevatlon gradient of the dralnage ba31n.j3_.
Line 1rregu1ar1ty in the individual and total estlmates is

due to variation in'fire history and topography. A hypo-

thetical basal area ‘s, given in which variance in these .

and other factors is essentlally e11m1nated

Loy
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"‘ valley slope (Flg 7)

,;rjbccause of pre flre re11cts (Flg 7)

The "hannonlzatlon" technlque of Douglas (1936) and Curtls and

)

-~ McIntosh (1951) was utlllzed to smooth the data 1nto more nonnal curves

and to obtain an 1dea of the basal area potentlal by reduC1ng the 1mpact
’ \

. of topographlc varlablllty and elevatlon dlscontlnulty The average was

: y

computed using the'formula, (a + b+ c)/4, where:a,'b §c arevsucce551ve
observations: A : o B TR
chea gZauca basal area was relatJvely low except in mature stands
that have been f1re free for about 700 years Such communltles occurred
p;edomlnantly on’ alluv1al terraces at about 1000 m and in. sheltered

coves betWeen glac1ofluv1al terraces to about 1150 m on the N fac1ng

N

Pseudotsuga menzteszz was alsb an 1mportant component of the cove

forests It occurred however more domlnantly 1n.forests on’ steeper

' and more- southerly exposed slopes between about 1100 and 1300 m, most of

whlch also exhlblted ev1dence of f1re Thus the basal areas of both P

R4

k<,-nerzzwsm and p. glauca were- below thelr potentlals and espec1ally in

-:flthe case of the former exh1b1ted relatlvely hlgh values below 1300 m

e

A maJor port1on of the burned area of the bas1n 15 now represented

f'values Although the 1ast burn (ca 1910) extended to about 1600 m P

'j_;contorta d1d not establ1sh as readlly at these elevatlons espec1ally on

\
~.

91

.‘iffby exten51ve Pznus contorta stands with correspondlng hlgh basal area B
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BN

- "Intermediate Spruce“ and Abeea Zaszocarpa 1ncrca>ed in domlnance

~from about 1560 m whlch marks the begrnnrng of the subalplnc zone (Flg 7) f/

As w1th P contorta, the present dlStleUthﬂ and abundance of 1nter—«
medaate spruce and 4. Zasrocarpa reflects the extent of the last f1re as
‘ abrupt basal area curves.at about;l600 m elevatlont(Flg.f7). ’

Max1mum basal area values of chea engebnannzz occurred between_, "

,l900 and 1800 m on the lower valley’slopes near the head of the ba51n
A decrease 1n P engelmannzt and an 1ncrease 1in A Zaszocarpa basal area o
-.occurred thereafter w1th 1ncrea51ng elevatlon (Frg 7) .and is espec1a11y-
?eV1dent on‘the N—fac1ng-valley slope, Both speC1es had decre351ng basal  ,_.
'.areé*rat.eleyationsvabowe lSOO»m. | | -

ve

DlsJunct populatlons of ”1ntermed1ate” spruce and,Pznus contorta
appeared as the najor components of h1gh S fac1ng or r1dge top forests ]
d‘between 1740 and 1840 m above the subalplne spruce f1r Vegetatlon
"ﬂj(Flg 7) Qf?%% aszcauZzs occurred in these stands but only 1n one. .

h.case (stand 32) d1d 1t approach a basal area: of Sm ha B e

‘ An 1nd1cat10n of total forest growth patterns was obtalned by‘b |
'»-plottlng the total basal area aga1nst elevatlon (F1g 7) Irregularlty
'»fln the 11ne is attr1buted to a comblnatlon of f1re hlstory aiid. topographlc e

'%*flvarlatlon of stands Areas on steep, S faclng slopes usually conta1ned |

.'

"T'lower basal area values whlch were accentuated by a relatlvely recent v.paf”)

'dfi'fflre hlstory Again, the burned are& at the lower sect1on of the

"ﬁ'subalplne forest occurred as a serles of relatlvely 10w values between dff:;f



& 1450 and -about 1650 m. This is. postulated as refloctlng the reduced

>

.ablllty of P. contorta to assgke an aggresslve succe551onal role after
. 3
’flre in the subdﬁplne zone, and rather shrubs appeared to become more

1mportant along the: elevdtlon gradlent The flre induced reductlon of
‘the- forest blomass is emphaslzed by plottlng a hypothet1cal potent1a1 on -

whlch topographlc and flre history varlablllty are essentlally eliminated -
(Flg . | S

c

PopuZus tremulozdes and Betula papyrtfbra occurred malnly as minor

_components of the montane forest vegetatlon below about 1400 m and never-

bexceeded baTal areas of 2 m ha l P. tremulotdes was most abundant in
a small stand below a slope washed area w1th a SE aspect chea marzana ’

was generally present between: 1400 and 1770 m 1nﬂwet areas w1th1n the

- spruce f1r forestsv but usually had a basal area of 1ess than 1 m ha l.

/'. -

//’ :
4 N
/
/

i

L 6. C1a551£1cat1on of Communltles

."6 1 C1a551f1catlon Cr1ter1a B

The ”assoc1atlon” of Daubenmlre (1952 1968a) was used as the ba51c

~

.‘plant communlty c1a551f1cat10n unlt He deflnes the assoc1at10n as "all

e
3

-~ :cllmax stands in Wthh the domlnants of corxtspondlng layers -are essentlally

. !..:

- the same to the extent that any dlfferences 1n comp051t10n are due to f;nb‘a .f
: “»?/chance d1ssem1natlon or to a tran51tory hlstorlc factor rather than to abv
s fundamental d1551m11ar1ty in habltat potentlalltles” An assoc1at10n
,represents a partlcular'”habltat type” that supports.stands of 51m11ar
v't plant communltles Daubenmlre (1968a) noted that much of the landscape f

;-‘1s presently in a subcllmax state, and thus 1nformat10n on the potent1a1 -
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.climax commun}ty is usually dorlved from" observations on: scedllngg of

- - ,
known cllmax or shade tolerant tree spec1es and from a number of knounl,'

cllmax understory speC1es which regenerate relatlvely qu1ch1y followxng
dlsturbance In the event that. dlsturbance is seVere enough that a

seral communlt is 1on st1n the term "associes' was -su gested The'
Y 8~ g EN g

assoc1at10n is named" by the most 1mportant spec1es of ‘the constJtuent \ :‘

' 3\
"Unlons” (synu51ae) -which are nonnally separated by a dlagonal line

(Daubenmlre & Daubenmlre 1968) The assoc1at10n concept llsted aboVe is j

in contrast to thev”communlty'types” of Whlttaker (1967) and'Langenhelm

types are’ rec0gnlzed 1n studles u51ng thlS concept The habltat type 15 ~

R

-

(1962) which are more,empirical' though.5uccessional gradients between

postulated as g1v1ng\more 1nformat10n on the potentlal of the land and

Y

- thus more useful in 1and use plannlng o

t B " ¢
[ :

The assoc1at10n habltat types (h.t. ) of the ba51n were grouped 1nto
| ”Serles" followrng Daubenmlre.andeaubenmlreA(I968)Hwhtch}resemble

elevatlonallf défined.vegetation'zonese ‘Topographic:and edaphic intluences_p,'

94

'reduce the usefulness of adherlng strlctly to a zonai A, e., elevatlonal RS

3

f approach howeJhr The problem became most ev1dent durlng the process»»
hpof relegatlng Ptnus contorta domlnated stands to elther Ptcea gZauca and

_J"1ntermed1ate spruce” or Pseudbtsuga menzteszz h t. s.r'

.
<!

:

Den51ty statlstlcs w1th1n seedllng, transgre551vc and sapllng 51ze

"classes were used to ascertaln self reproduc1ng tree spec1es populatlons

o ,‘;2) Prohlem stands appeancd w1th1n montane,Pznus contorta domlnated

¥

.h'and hence 1n1t1a1 aggregat;on of forested stands 1nto a Serles Ckppendlx ;ﬁf”‘i



a
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N
.areas of the forest with Pseudotsuga and Picea seedlings.sometimes’ '

,occurring=in nearly equal quantitios-(sce Appcndix 2). %B these cases
1 3

“the floristic comp051t10n was oventually used to dscertain an aff1n1ty

=W

to a more ea511y dcflned assoc1at10n ‘and thus Serles chea engmeanntz' .

(including ”1ntermed1ate” 5 ruCe) and Abtes ZaSLOC‘ a ‘were’ trcated as
P arp

*

cllmax codomlnants of the Subalplne Forest Series. The climax status of

P, engelmannmz apparently varies accordlng to locatlon (Daubenmlxe 1952,

'Oostlng & Reed 1952," Krajlna 1969) but it appears to be g self- malntaln- :

v

' 1ng populatlon along w1th Abzes Laszocarpa in much of Jasper N P (Be1l -

B

£ 1966).
6 2 Cluster Analy51s and Ordlnatlon - ,
Numerlcal techn1ques of both ag01omerat1ve hlerarchlcal cluster

‘fanalys1s (Prltchard G Anderson 1971) and ordlnatlon (Bray 5 Curt7s 1957)

“biu51ng the Sorenson (1948) coeff1c1ent of communlty to calculate a stand

| 51m11ar1ty 1ndex were employed to assess 1nter stand relatlonshlps ‘A

'51m11ar1ty matrlx 1s glven in Appendlx 3 o RS

Three cluster analy51s dendrograms u51ng dlfferent methods (Furthest‘

' Nelghbor Group AMerage and M1n1mum Varlance) for calculatlng 1nter-
cluster dlstances gave qu1te 51m11ar stand grouplngs Slmllar flndlngs

) “were reported by Pr1tchard G Anderson (1971) and Achuff (1974)

" dendrogram of the Furthest Nelghbor cluster appeared to conta1n the l‘@p;p.s~’

ffewest unrelatcd 51ngle stand groups and 1s glven in Flgure 8

. . . AR s . .
Lo e . . . ’ . . . s, - ' . B
. : . : S L : . ) (- e B . RN
5 B . ’ P ¢ .o : L oo ’ e oo A

- I

95
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~ Figure 8. Agglomerativerhierarchical cluster analysis

of the 35 stands. Ten relatively distinct clusters were .

~recognized, with most of tQSse segregated beyond the

. 20%" 1evel of dissimilarity sing the Furthest Neighbor

method of distance calculations.
. q

N
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Ten rather distinctive clusters were recognizcd from,the dendrogram;
* most were amalgamated with other clusters.beyond therZO%_point of the
dissimilarity scale Fig:'S) -~ Two largeigroups (stands, 1-14 and 7-73)'
were immediately Iv1dent andJleflect the abundance of Hyloa;nﬁum splendens
-and/or PZeurozaum schreberz,‘and an 1ncrease in Junzperus communts as
well as 1ncreased stand hetelogene1ty, respect1ve1y COmblnat1ons of~
abundant but falrly ubqu1tous spec1es 1nclud1ng Elymus tnnovatus,
Ltnnaea borealzs, Arnzca cordszlza,_Cornus "eanadenstis and. feathermoss‘\
d15t1ngu1sh a number of cluster d1v151ons. Stands wh1ch were qulte
'dlssrmllar to adJacent clusters conta1n1ng several hlghly abundant
'spec1es are often placed betweeh them (e.g. stands 4 § 14) and thus the

1Y

sequence on F1gure 8 does not follow a StTlCtly ecologlcal gradlent

The dver—rldlng 1nfluence of one or two hlghly abundant spec1es in

_ de11m1t1ng clusters was not con51dered a de51rable attrlbute of the
cluster analy51s The ord1nat1on tq?hnlque appears to g1ve a better
indlcatlon of . stand relat10nsh1ps 51nCe no r1g1d boundarles are employed
, However, many of the §3me groups were dellmlted by both methods (Flgs

8 & 9) Both technlques along W1th tree seedlrng and transgre551ve

class data (Appendlx 2) Mere used in establish1ng the components of the

series and h.t,s,

The ordlnatlon methods follow the mod1f1ed technlques outllned by i
'_Beals (1960) and Maycock and Curtls (1960) The technlque 1s somewhat ns;_fiyh;
v':handlcapped however, when the communlty (beta) dlver51ty (range of o

.‘ ;communltles in the sample) is hlgh since dlstortlon from 11near relat10n-7.!:: )

"sh1ps 1s encountered (Gauch G Nhlttaker 1972) Also hlgh beta d1ver51ty



. : : . _ .
. Figure 9. Ordination of the 35 stands with 5 and 34
selected as the ends of the x-axis. Stand S had the -
highest total similarity coefficient with the rest of
the stands and stand 34 had the lowest value to stand 5.
The cluster groupings from Figure 8 are indicdted where .
‘possible, The mixed chaYacter of a number of montane .
“stands are indicated by thé lack of" correlatlon between-
cluster and ordlnatlon groups '
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”causes the ordination to be'less interpretive'sincefmany of the more
51m11ar stands W111 be ‘tightly clustered ThlS problem was noted’ by |
":Strlnger (1973), ‘and end stands were' chosen u51ng a ”sunllarlty pr1nc1plc
instead of the usual most d1551mllar stands fbr plottlng the structure
”of'the X- ax1s Thus, accordlng to Strlnger,'”the more- spec1es the end
stand has in common with the other stands the more accuratel) they |
could be placed on - the ax1s”‘_ Better separatlon of the 35 stands was

|
’“;obtalned usrng thls method ‘but . the montane Stands were stlll cenorally

located (Fig. 9) An add1t10na1 ordlnatlon of only thlS central cluster f."

w1th no end stand de51gnat10n dellmlted groups, whlch conformed for the
"dmost part. 1nto the proposed montane Serles and h. t s (Flg 10) Both
»dordlnatlons had 51gn1f1cant correlatlons between stand s1mllar1ty
| : »coeff1c1ents and dlstance on the f1cld (r : -O 60 all stands, r!—f-O 86

fcentral,cluster, p <,0.QS).

._6 3 The Hab1tat Types (h t ) of V1ne Creek Bas1n ﬁjpfjd f:;fri?fb’v' 1f;}

6. 3 l Montane Scrubland

Scrub communltles composed pr1mar11y of shrub and gram1n01d spec1es ;f[-
‘occupy warm and relatlvely xerlc portlons of the ba51n,=occurr1ng on the,d;i&"

.):.

";}dsteep (15 —-20 ) S fac1ng slopes of glaC1of1uv1a1 terraoes (Table 11)

- hlevatlons of the sampled 51tes ranged from 1070 to about 1200 m and

} : thus the communltles occurred as small unlts w1th1n the larger montane ﬁ

A

' fforest Smaller fragments of the;vegetat1on occurred above thlS on. S R

_‘”evldent The Vegetat1on was represented by one assoc1at10n

A

‘*.C-fac1ng slopes but usually other more mesophytlc spec1es were also lfbfd37' i



F1gure 10. Ordlnatlon of selccted stand% comprlslng

~ the Picea®and Pseudotsuga Series, or most’ of the centraljfi.‘.iffV
cluster in Figure 9. The cluster groupings from Figure - .

.8 are lndlcated but. some stands-of the clusters were
not 1ncluded on the ordlnatlon ‘ . : e

£

’ —
¥
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6. 3 1 1 Arctostaphylos uva—ursr - CaZamagroetzs purpurascens h. t

‘The h t. was represented by Cluster VII (stands 3§ 6) in Flgure 8
zand was dlstlnctly separated from the rest of the stands on the ordlnatlon

(stands 3§6, F1g 9) Pseudotsuga menzzeSLt was usually assoc1ated 1
with the h.t., but was scattered and malnly conflned to rav1nes whlch L
'dlssect the slopes Populus tremuZOtdes and chea glauea alco occurred |

-in these rav1nes but were. less common (see Fig. l, p 21 for stand

locatlons)

The shrub stratum was qulte open hav1ng.a mean: cover of 10 N most ‘

“‘Aof whlch was from Juntperus eommunts and Ro a actcularts (Table llj

' Herb and 1ow shrub spec1es were more abundant haV1ng a mean cover of-

'v~54%,; Arctostaphylos ava—ursz was the domlnant hav1ng a mean cover of .

: ;34 .and occurred as a promlnent and dlagnostlc feature of the h t .,@.

'>(Plate 2) : Other promqnpnt spec1es 1ncluded Calamagrostts purpuraeceno,

f»GaZtum ooweale, Artemt ta frzgtda and °oltdago decumbens G boreale :fv

:f,bhad a. hlgher mean cover than CaZamagrostts purpuraseens and was probably ;

{one of the dlagnostlc spec1es in deflnlng the cluster but was not used o

;"'n the assoc1at10n nomenflature 51nce 1t was v1sually less‘domlnant

'7‘Sttpa comata Agwepjron.aattguume and Koelerza crtstata ethlbrted low B

B rl;cover (l ) but together produced a grassl\td phy51ognomy where A uva-‘
’;Vurst was less domlnant (Plate 2) o SR R

The bry01d 1ayer was sparse w1th only TOrteZJa tortuosa, Thuzdzum
NG

S B .l
“'abzetznum and Polytrtchum Juntperznum hav1ng mean cover near 1ﬁ Cladonta

phyllophora and Eurhynchtum pchheZZum were also present (Table 11)
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Plate 2. Montane scrubl’an& of the steep S exposed.
slopes containipg’ the Arctostaphylos uva-ursi -
Calamagrostis purpurascens h.t. “(stand 0).

- .






The h.t. is postulated as hav1ng a topographlc cllmax and is
conflned to steep S- faC1np slopes hbdlflcatlon by blghorn sheep

gra21ng, espec1ally in wlnter, is apparently 51gn1f1cant w1th numerous

trails contourlng the area, and this may reduce the grass ¢over in favor o

of the low ShlUbS (Plate 2) Flre ev1dence occurre only as charcoal on

‘__older Pseudotsuga men~zpczz but is probably not a maJor 1nh1b1t1ng
factor in tree regenerafLon since very few seedllngs were present
f6 3 2. Psexdotsuqa menzzeszz Serles )

The h.t. s of thls Serles were - mostly occupled by subcllmax forests

domlnated by Pznus contorta U51ng the effectlve stand age (ESA) and

'mean ages of F contorta stand development appeared to follow 1895 and

_1910 flres, though trees from stand 11 appealed ‘to date from about 1870 o

5V(Tab1e 12) Pre tlre rellcts were present 1n most of the stands and

©thus exact dates of stand or1g1n werJvdlfflcult to determlne

chea gZauca occurred in all but one of the elght stands and 1n .;{

ffstands Z.and 9 had greater seedl1ng and transgre551ve den51ty than
: Pseudotsuga menthStt (see F1g 1 p 21 for stand locatlon) The

-1atter spec1es however, was usually more cons1stently represented -

“fthroughout the 51ze class range (Appendlx 2) Separatlon of the stands _“}ff;

- .
from the Ptcea Serles was a1ded by the cluster ana1y51s and ordlnatlon

'.p051t10n1ng, and an afflnlty of the anderStory comp051t1on toward the
ﬂmore deflnlte Pseudotsuga group (Flgs 8, p. 96 § 9 p 99) ‘A Second

jordlnatlon of the central group on F1gure 10 was especlally helpful 1n

;lmaklng flnal del1m1tat10ns Pop&Zus tremulozdes occurred in, some of the d~ 5

e
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stands but was usually assoc1atod with alluvrum dep051t10n at the base

of the constant slope

6.3.2.1 Pseudotsuga,menaiesii/Junipér@s eommﬁnis/balaMagrostis',v
purpurascens h\t. L .
- This h.t, type, rcpresented by stands 2, 4 and 8 occurred on _"

_alluv1al terraces and SW fac1ng benches between about 1000 and 1200 m o

: . elevatlon The stands were dlStlnCt from the others on the cluster

' ”analy51s and ordlnatlon (Figs. 8 & 9) The h t appeared to. be xerlc,

B dhav1ng coarse rapldly dralned so1ls and the 1ower stand was on a |

fboulder substrate and 15 1Ilustrated 1n Plate 3. Ground water may
' reduce the ar1d1ty of the 51tes on the alluv1a1 terraces at’ least for B

'v_"deep rooted speC1esJ

The tree stratum was falrly open, w1th a mean cover of 31% for the fﬂ=]u
e h t and thlS composed of nearly equa; quantltles of Pseudotsuga menzzestt ‘sfh

fand Pznus contoﬁta Tree (> 4 an dbh) den51ty had a mean for the h t

-1

~'of 3315 stems ha w1th most of these between 8 and 23 cm dbh but some

6

"ff]P menzzeszz extend to 53 cm dbh (tree stat15t1cs for all h t s are

7

“:fllsted in Appendlx 2) hban basal aréa. for the h t - was 26 m" ha w1th

| ““P menzteszt and P contorta comprlslng 38 and 469 of the total respectlvelyaf;f

) _"&; ' L N . (\' .. A o . : N i .- . ._:"5.3,“
The shrub stratum was V1suaITx qu1te promlnent W1th a cover of 22
’::most of which was from tuo spec1es - Juntperus communzs and Shepherdza

‘f:canadﬁnsts (Table 11) Mlnor spec1es bf the stratum 1ncluded.Ptcea :*n1'5{:7"33ﬁ

t*jf?fglauca, Peeudbtsuga menzzeszz, Ptnus contorta and Rosa aczcuZarts. Ll t

SRS
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" Plate 3. The Pseudotsuga meniiesii series with ¢
P menzzesu/Jumpems conmmms/CaZamagrostzs S
purpurascens.’h.t. (stand 2; A) and the P.. menzzeszz/

Elymus tnnovatus h t. (stand 12 B) SO






115
' The herb and low shrub stratum Qas unlformly domlnated by CaZamagrosttd.
purpurascens (cover of 21% ), w1th a number of other spec1es 1nclud1ng '
Arctastaph#los uva ursz, Apocynum androsaemtfbltum? and Lathyrus ochrolencus
~ also characterlvlng the h t. (Table ll p. 105) Other less abundant
: but constant spec1es 1nc1uded Anemone multzfid&, GaZtum boreale EZymus
.tnnpvatusi Lpnnaea-borealzsf Ertgerpn composztus.and'Antennqrta ngttda;-
the last tv'/o indicating disturbance. o
Domlnants of the bry01d layer 1nc1uded Hylaaomtxm spZendens, N
’d;hPethgera cantna and Thutdtum abtetznum, these constltuted most of.the
'k_20e cover. Mlnor specaes 1ncluded PZeuroazum schrebertlandncladonza fy;.i |
.'cornuta (Table ll) e | o |
The sampled stands representarelatlvely mmature comnunlty wlth
g ages: of the trees tonflned to a narrow range (Table 12) Stands (4 8)
tl:probably orlglnated from flres whlch occurred between 1890 and 1895
Z'Compared w1th older stands on other h t, ’s of the Serles ‘a decrease in ; fhhlf
t:fshrub cover 1s postulated w1th more development toward the assoc1at10n i

The rocky substrate may retard vegetatlve ground cover development

ke fhowever and the h t 1s clearly represented by an edaphlc cllmax

o 6 3 2 2 Pseudotsuga menzteszt/EZymus tnnovatus h t el
‘ F1ve stands (17 9; 11 12 15) were delnnlted from the rest of the

jf'Pseudotsuga Serles on the ordlnat1on and represent the h t (see F1g 9

:‘f_‘p ]00 The stands were subcllmax w1th Ptnus contorta the domlnant

’3;1tree4-iThe,hrt 1nc1uded moderate to steep portions of the constant



RS

'colluv1a1 slope between 1200 and 1500 m clevation CTable 11 p. 10%)
© Surface run;g{f from adJacent rldges has caused some rav1ne formatlon
.espec1ally in the hlgher stands, and colluv1al alluv1al dep051t10n
‘occurred below ‘this near the base of the valley slope. The h.t. is =

. 1llustrated in Plate 3 (stand 12)

T R

The tree stratum was relatlvely dense w1th a h.t. mean cover of

655 and thus was more comparable to forests in the P%cea Serles

‘Pseudotsuga menZtestt accounted for only 16% of~th1:gtotal Tree den51ty
?(4 -8 an dbh) 51ze .

was 3216 stems ™ w1th the majorlty in the saplin

class The 1argest trees were P menutestt whlch ranged up to 46 cm dbh _;;‘

;~and 22 m hlgh Mean basal area was 35 m ha | w1th P menzzeszt and
' Ptnus con orta comprlslng 25 and 68° of the total respectlvely
Stands varled 1n age from 56 to 91 years for the h t » and Judglng

b“from the max1mum age of P contorta, probably orlglnated after an 1895

116

’~c'f1re (Table 12) Stand 11 was the exceptlon and probably dates from an if o

hearller f1re (ca 1870) The w1de range between maxxmum and mean effect—-_“fj"'

| tﬁlve stand ages reflected older preiflre rellcts of both P menzzeszz and flfit

'_'P contorta CTable 12)

.

R untperus communts, Shepherdta canadénszs, Rbsa actcuﬂarts and Sptraea

"'nzuczdb were the more promlnent spec1es (Table 11), The herb and low +

fshrub stratum had a hlgher cover (J7ﬁ) but was more open than the

‘f “understory of the Fm/Jc/cp h t - Elymus tnnovatus, along w1th Ltnnaea ,*:A'ffi

The shrub stratum was relat1Vely depauperate hav1ng a cover of 169 *t"'
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1

d._boreaZis,.howeVEr, foﬁned a luxuriant.ground-COver (Plate 3). Other
characteristic but minor species included Aster‘eOnspiquus,_GaZium
 boreale,. Solidago decumbens and Clematis vertieellaris (Table 11, p.

105).

The open naturc of the understory was, reflected by the low bryophyte
. cover (96) Hylocomzum spZendens, PZeurozzum schreberz, Peltzgera
: ‘canzna, Cladonza phyz7ophora and C chZorophaea werezthe most abundant
’ }spec1es of the stratum (Table 11 p 105) The low moss and llchen
cover may be a functlon of a tthk P. contorta needle layer and warm,‘d

BRI
xerlc nature of the h t SRR

"6 3 2 3 Size dlstrlbutlon of trees 1n the Pseudbtsuga serles ;::,;f
. Pseudotsuga menzzeszz was. dom1nant in the smaller 51ze classes
n}dulndlcatlng a succe551onal trend toward the assoc1at1on (Flg 11)

| d.Although Ptnus contorta also occurred 1n the seedllng and transgresalvetiiidff

'categorles 1t was more common as a sapllng, extendlng 1nto the large

o .dlameter classes 1n the Pseudotsuga/EZymua h t. chea glauca was

frelatlvely more common 1n the Pseudotsuga/Juntperus/C&Zamagrostzs h t., :@:

m'_whlch occurred closer to the valley floor on alIUV1um In both h.t. s,‘

'“.Pj menzzQStt exhlblted a blmodal 51ze d15tr1but1on occurrlng predom-'lﬁd;-;;
"udlnantly as seedllngs and as large pre f1re rellcts Between these
."’7fextremes was a more normally dlstrlbuted P contorta populatlon (F1g 11)

4-'fThe Pseudotsuga/EZymus communlty was the older of the two, but age data >

.V«f were suﬂllar enough (Table 12 p 111) so that ‘a less xerlc 51te condl-

":,7t10n may be more 1mportant than f1re hlstory, 1n accountlng for the

'--blarger P contorta populat1on 1n thlS h t ;;{”f.ﬁ*“iﬁ;;fifj~él;;:fﬂ""""
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Flgure 11, Hlstograms showmg the size class ,
) ~distributidn of the major tree species within ‘the .
, , Pseydotsuga menziesii Series, - Tree density (stems
, : ha X 100) is glven above. each category
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_ 6,3 3 Picea glauca Series

Most of the stands in- thls Serles were also subcllqu due to past

fires and were dominated by. Ptnuu contorta. Rellct trees from prev1ous

fires complicate the stand hlstory,.but‘the~reldt1vely uniform ages of \

P. contorta indicate that the most reCent and significant fire ‘occurred

in about 1905 (Tab]e 12, p.. llI), and was conflned prlmarlly to the more

xerrc portlons of the Series. Only two stands (1 7) were con51de1ed

climax, . or near- cllmax w1th P. glauca den51tles dlstrlbuted throughout a

wide range of size classes (see Fig. 1, p. 21 for‘stand 1ocat10n$).

£y . . : L : : ' .
. . . o

v(,‘:a .
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IL glauca and/or 1ntermedlate spruce occurred both in the understory

:and as pre- flre 1e11cts. Four h t S were 1dent1f1ed for the Serles w1th
an eleVation range'of’about 1000 to 1600 m. The h.t.s were generally .
- more mesic than those 1n the PseudotsugafSerles, otcurrlng prlmarlly on |
‘valluv1um near the. creek in coves' between terraces or on cooler exposures
(N to E), ¢Spec1a11y at the 1ower elevatlons. - |
Pseudotsuga menzhesaz was present 1n many Of the stands and probably
plays a succe551onal role along w1th Ptnus contorta._ Withln many Of

these stands however P menzteétz occupled the sllghtly more upland

p051t10n in: relat1on to chea P menzteszz often occunred as older
pre f1re rellcts and a complex stand hlstory is’ 1ﬁd1caﬁfd (Table 12)
6 3 3 1 Ptcea gZauca/Carex vagtnata/Ztnnaea borealzs h t AR
\ T}us h t was hmlted to low alJprlal terraces at Jasper Lake (1000

m elevatlon) and was reprcsented by stand 1\wh1ch was well de11m1ted

s '&_: = o : ,‘ RS e

L3



) . an

CP‘ . _ :
from the other gtands of the Ser1es on the ordlnatlon and clustel

analy51s (Figs. 8, p 97 &9, p. 100) The slte was hydrlc W1th the |

- ground water <1lm below the surface of the sandy soil‘ The area- recelves
dsome aeollan deposlts from sand bars wh1ch are exposed in Jasper Lake
.;durlng w1nte1 and also from the exposed llmestone r1dges on Gargoyle Mtn
~and Mt Greenock The latter is probably the ‘more 51gn1f1cant materlal
source since ‘the preva111ng wind i3 from the WNW The cllmax assoc1atlon
was 1epresented w1th an effectlve stand age of 263 yrs (Table 12 p lll)

The h t. is 1llustrated in- Plate 4, .

; The - tree canopy was relatlvely dense (h t. mean coVer = 60/) and
, composed malnly of Picea gZauca, though Ainus teaatfblza was. also present
in the stratum Free 51zes ranged Up to 46 cm dbh and 27-m helght

‘ Tree den51ty and basal area were 820 stems ha and 19 m ha respect-"
o 1vely Self perpetuatlon of Ptcea'gZauca is 1nd1cated by a relatlvely
large number of seedllngs and transgre551ves (4080 stems ha ) |

| The shrub/stratum was very sparse hav1ng a: 7% cover Amelanckzer -
- alntfolza was the most promlnent w1th Shlzx bebbzana Rosa actcularzs n
t;and thurnum eduZe also present CT ble‘ll p. lOS) Cornus stoZontfera :_”
‘h“was also found 1n the communlty but occurred in. only aédkmﬁbg the plots T?;*:f'}
and had been heaV1ly browsed : ,"1_A'.“4p,(_l o '
Although the water table was qu1te hlgh the surface 5011 beneath

';_the 1arger trees appeared qu1te dry and was often florlstlcally depauperate;'ic

ai’I‘he area dlrectly beneath the trees also contalned some squ1rrel caches ”f’-

oA
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| (stand 14; C).

O . .vt.:K“

- Plate ‘4 The mature Vegetatlon of . the P%cea,glauca/ 
Curex vaginata's Linnaea borealis (stand 1; A).-and

P, gZauca/LLnnaea borealis/Hylocomium QpZendens .
' (stand 7; B) h.t.s, and the seral vegetation of the.

p; gZauca/EZymus znnovavus/Cornus canadenszs h.t. S

.,,

: .v‘ N .. . " N . k . .k,
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and thus the helb and 1ow shrub. spec?cs were conflned pr1mar11y to the

areas between crowns Ltnnaea borealts (14 ) and Carex vagtnata (8°)

-

Y
' characterlzed the herb and low shrub stratum Mlnor spec1es 1nc1uded .

.f:PyroZa asartfblta and Aster consptcuus (Table 11 p 105) Although

‘ Equzsetum pratense exhlblted an’ aspect domlnance in some parts‘of the 'f.-"'

stand,_lts actual cover_was.qu1te low.

The bryophyte stratum characterlzed the understory haV1ng a total En
:.?cover of 63° (Plate 4) HyZocomtum eplendens (50°) and Thuzdtum abtettnum
'»:(10%) wcre by far the most domlnant w1th CZadbnza gractlrs C phyZZophora,itlt
.f'Dtsttchtum captllaceum‘and Drepanocladus revoZvens hav1ng a: cover of
, 'only lf‘able 11) ]
_' 6 3 3 2 Pzeea gZauca/LGnaea boreaZts/HyZocamzum splendens h t
‘} Stands of chea gZauca w1th trees up to 42 m tall occurred 1n‘coves “dfb
h%“between glac1of1uv1al terraces hmstly on the N fac1ng valley slope o
Vbetween 1100 and 1300 m. The h t. was compOSed of three stands (5, 7 ;1*fﬁ"“
':‘10) Wthh along w1th stand 1 formed the 1n1t1a1 group “on’ the cluster
:?analy51s (Flg 8, p 97) The ord1nat10n 1nd1cated a relatlvely close}frftl
“f relatlonshlp between stands 1 7 and 10 but stand S appeared 1nter~ l;l"‘ﬁ"
g ;med1ate to Pseudotsugq,assoc1at10ns (Flg 9, p.IOO), probably due to aﬁd[‘i
‘t;dlﬁferent flre hlstory, tree ages 1nd1cated a more recent and complete‘.‘
*p;‘burn occurred in stand 5 (Table 11 p 111) Stand 7 on the other _f‘
*;fhand represented the assocratlon, be1ng 1n a near cl1max cond1t1on
":(Plate 4B) A\few large P menzzeszt and P contorta stlll per51st 1nt‘dfjffldﬂ
: .&lt,’ ho,wever‘.-_;j:‘ \ R S TR

L
A



’ }_stems ha

e

The tree stratum had d cover of 55% and basal area.of 38‘(m2 ha "L
(h-t means) Slnce the stand ages varlod the relatlve abundance of P
glauca P menazesez and P contorta was also varlable P. contorta |
.'jaccounted for 83“ of the tree cover 'in stand 5 whereas P gZauca and P
_.menzteStt were dlsturbcd throughout the range of size classes (to 69 cm.

' dbh) . P. gZauca was. espec1a11y domlnant .in the seedllng and transgre551ve :-Jf

classes accountlng for 68% of the total Tree den51ty averaged 2190
1 : .

.v'
o‘" B

. Shrub cover was only 18° (h t mean) w1th Juntperusbcommunts, Rosa k..
'Faetcularts, Sympharzcarpos aZbus and Alnus crtspa the most abundant _f'f
'rfcrable 11, p 105) Herbs and low shrubs were more common, hav1ng anft.A;i?

- cover of‘36 w1th Ltnnaea borealts very consplcuous and compr151ng H
s doVer 25% of the total CTable 11) Mlnor specles 1nc1uded EZymus znnovatus;i;;h
{'; Aster conSptcuus, Cornus canadenszs, Dtsporum trachycarpum and PyroZa i
‘”'dvtrens FEREE s O S . .
.i”'_ The bryophyte stratum characterlzed the understory (Plate 4) -
ﬁli havlng a cover of 869' Feathermosses (HyZocomzum spZendens, PZeuroztum
"hschreberz) formed a dense carpet espec1a11y 1n the older stands (7 10
:fthable ll) Lesser spec1es 1nc1uded PeZttgera cantna, P aphthosa, f:'

fquZadonta chlorophaea, and Cladonta spp

“6 3 3 3 chea/EZymus tnnovatus/Co' us. eanadenses h t

Moderate E to SE fac1ng colluv1 1 slopes or gentle S faclng slopes

between about 1300 and 1500 m elevatlon comprlsed thlS h t (stands 13



. .

»

"14 18 - see Flg 1), whlch has a hlstory of relatlvely recent fire: w1th
I.ESAs between 49 and 54 years (Table 12, Pp. »111) The h t occurrcd

o along the lower frlnge of the subalplne forests contalnlng Abzes Zaszocarpa

' ;'and both P glauca and ”1ntermed1ate" spruce occurred 1n the understory

'and as pre f1re r611CtS. A cooler mesocllnete than the prev1ous h t.s
';'of the serles was 1nd1cated Wlth more mesophytlc and/or subalplne :{;f'
'; floristlc elements Ciedum groenlandzcum, Vacctntum spp Table 11 p p‘if:.**ﬁ
Jt.flOS) The h t 15 1llustrated 1n Plate 4C | S ;

i Tree canopy cover>was 48% and strongly dom1Tated by P contorta ‘ffiit[;
'~d”CTab1e 11) The recentness of the burn and perhaps the slow rate of v
i;i;regeneratlon were 1nd1cated by tree 51ze class d1$tr1but10n w1th P |

L

”contorta domlnatlng 51ze classes between sapllng and about 31 cm dbh

‘-bf;and most of the 28 m2 ha basal area (see Flg. 12) However, the trend

"=h'toward the assoclatlon was 1nd1cated by the hlgh proportlon Of Ptcea in J:f';hf

ff?the seedllng:transgre551ve classes (899), W1th "1ntennedlate" spruce

S more abundant at the hlgher elevatlon (stand 18) Total tree (> 4 cm

"7,dbh) dens1ty was 1540 stems ha 1

The more abundant shrubs 1ncluded Shepherdta ea"adénszsighznus }ﬁ; :,27**f

’r.crzspa, AmeZancheer alnszlza and Ledum groenlandtcum The stratum was tttrm-

;‘]ﬁrelatlvely open, however w1th:a total coyer of 25% A dense herb and

Tf_:low shrub stratum (cover of 56%) typlfled the understory w1th EZymus

'fﬁ'ennovatus, Cornus canadenszs Arnzca cordszlta, LGnaea borealzs and

:’-aAster\bonsptcuus the domlnants (Table 11) Other 1ess constant, but

:;"sometlmes abundant spec1es 1nc1uded Lathyrus ochroleucua, Pyrola secunda i
- ".v_f:-'“ﬂ" ;ﬁ

*LulAchtZZea mzZZebezum and CZEmatts vertzaellarms.»;’ffffﬁnhih1yf i
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 Plate 5. The Piowtms orispa/Sime imovitie +
- commnis/Elymus innovatus (stand 295 B) h.t.s.of the ST

N v
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' The bryophyte stratum (cover>of 54 ) con51sted almost entlrely of“

‘feathermosses (Hulocomzum spZendens, PZeuroztum schreberz Ptzlzum

T crzsta - castrenszs) w1th only a few 11chens (Cladbnta graczZzs,

cornuta, Alectorza gZabra) represented (Table 11, P. 105)
: L . V:E[;:_:.
6 3. 3 4 Pwea/AZnus cmspa/EZymus Lnnovatus h t ; g i
| 'a Three stands (16, 19 20) comprlsed the h t whlch Lccurred on’ the
#:'steep portlon of the constant slope between about 1400 and 1570 m iwi.
rfelevatlon As W1th the Pg/Et/Cc h t the stands were elevatlonally
_hfladJacent to the subalp1ne Ptcea-Abzés forest and ”1ntermed1ate" spruce
\f;nwas 1nd1cated as the potentlal c11max spec1es (Table 10 p 87 Plate 5A)
The'stands were closely p051t16ned to each other on the montane
xdniordlnatlon (Flg 10) and 16 and 19 were shown as belng closely related B

: f;on the ord1nat10n of all stands and also formed part of cluster IX

The h t was qu1te 51m11ar in- topographlc p051t10n and f1re hlstoryrt,,.

i _?to the p/m/c(g h t. (Table 12 ) The P/Azc/m h.t. 15, howeVer, the .

'jlffmore me51c occurrlng at sllghtly hlgher elevatlons often on E tq NE-U‘7‘k;S

Lo - :

';:facmg slopes crable 1, p: 105)

The tree stratum was domlnated by P contarta w:_ "accounted for

"f81% of the total tree cover (519) and also most of the 24 5th basal R

;{;area Intermedlate ﬁpruce was domlnant only 1n the s d1 ,1 and trans- ff,}fnf

"l

“ ;,gre551ve 51ze cLasses and occurred as scattered pre f1re rel1cts 3 73“cmjfgfj‘f



.fdbh; Total tree den51ty was 14 450 stems ha , much higher than in. -
Pg/E't/Cc o | - | | |
X r

EEFIN

. Lo ‘
Shrubs were a promlnent component of the‘communlty hav1ng a cover

. of 40° Domlnant spec1es 1nc1uded Alnus crmspa, Rosa aczcularts, B
o Skepherdw canadensas and Salw: bebbwna Menzzesw gZabeZZa, Vacczmwn .
-, membranaceum, Junzperus communts and Amelanchzer aZnebeza occurred

_sporadlcally through the h t CTable 11 p 105)

Herbs and 1ow shrubs were relatlvely abundant w1th a 44% cover for
'*-the stratum EZymus tnnovatus, Cornus canadenszs, LGnaea boreaZza and ffﬂff
;_Arnzca cordszlza where domlnant w1th Pyrola vtrens, Aster ctlaolatus,,

“1.7A conspzcuus, Epzlobzum angusttfblzum and CZematzs vertzcellarzs and

”*ﬂ'Aster conspzcuus 1n a mlnor role (Table 11 p 105) The bryophyte

. vstratum was relatlvely sparse haV1ng a ‘cover’” of ZZﬂ, HyZocOmzum spZendens B

."?was by far the most pr"‘;ent w1th PZeurozzum schrebert, Cladonza gractlts,;y”a

o C ecmocyna, and AZectoma glabra much less so. : -_'

133;‘6 3 3 S chea-Ptnus\athcaulos/uunzperus communzs/EZymus tnnovatus h t
_ Communltles on steep S to SW fac1ng slopes and\rldge tops between‘— 'xef’
wrs;about 1700 and 1900 m.e evatlon occupled thlS h t (Plate SB) Data k.
ijyfrom two stands (29 32))were uSed to characterlze the assoc1atlon The
hsiih t. occurred above much of the chea-Abzes forest and thus foiﬂs a
%fegdlstlnctlve band on_xerlc, wrnd exposed rldges on rocky s011 The two

| iﬁ:stands have a complex flre hlstory, w1th'Pznus contorta and Pseudbtsuga “{;;:i?

"fif”enzte31t present as seral speC1es The P contorta populat;oﬂ had a - d'f?ﬁf



o1

&. .

‘.mean age of 60 years at the lower stand where the last maJor f1re occurred
b"jabout 1910 Several relatlvely old Ptnus aszcauizs, P. contorta and

| vPaeudotsuga menzzesu occurred m both Stands (Table 12 p 111)
The h t appears as a dlStlnCt group on the ordlnatlon (F1g 9) and
L along W1th a number of other stands forms cluster VI on the cluster fo.A
: sanaly51s (F1g 8 p 97) The stands of the h t were 1ntenmcd1ate to.
1@ those of the Paeudotsuga and Prcea Serles on the ord1nat10n and on. the
':Tcluster analy51s but were delun1ted as a Unlt by both methods . e

. R v | L - . | .. ',-Wfa ..“ :; : -
The tree stratum had a cover oﬁ%§4% and was composed mostly of
'f';"lntermedlate” and hngelman spruce P contorta and P aZbccauZzs (Table ll)Ifl
’_:Basal area was 25 m ha w1th 51 accounted for by chea.v Tree den51ty 5

- was 3260 stems ha w1th P menzreszz and Ptcea extendlng to 46 cm dbh

in'size. ..m;z

Jumpemcs commums and Shepherdw canadensts were the domlnant
| 'shrubs and reprodbctlon of the tree spec1es formed the rest of the

”.;,Sparse stratum (Table 11 p 105) The herb and low shrub 1ayer was :w s

\

'jflrelatlvely\open (24a cover] and was composed malnly of EZymus %pnovatuo, 'f;An;

leznnaea borealzs and Arnzca cordszlza (Plate 5) Mlnor Spec1es of the

hfﬁmwmmdmwGMmemd%Ewdamm%rfSwmﬁ @ﬂmwmfgﬂ;f
_-':V:-angusttfolwm and Ach‘LZZea mLZZefoZzwn (Table 11) The open understory '
iii;was also’ empha51zed b&’? sparse bry01d layer (7% cover),‘wlth Eylocomzum
,,ffgngndéns, Ptzltum crzsta—eastrensts and Icmadophzla ertcetorum the ﬁrf:;";dg

H Q

.f‘;most notable (Table 11)
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36'.3.'3 6 - Size distribution of 'trees in“the Picea glauca Series

chea glauca was evenly d1str1buted through the range of 51ze

- classes Bn'”“':h'"”_-Lb h. t. w1th ng. other tree spec1es present ~P;‘”'

ihglaucq,alfi :{hroughout the range of 51ze classes of the Pg/Ib/
:He.h't% ‘”i ;Aax character of some stands was eV1dent in. the
o g«nus contorta, and posslbly Pseudotsuga menzzeszz 1n ;*
inlg 12) The latter spec1es was most promlnent as

.Qaced pre f1re rellcts The occurrence of P contorta in -

h dbh classes in Flgure 12 is. due malnly to the 1nfluence L

_fstands |

| 'f:'of the‘R/EL/CC and PVAZc/Ez h t s show a succe551ona1
r;;£féﬁdfwitﬁ} 2 domlnatlng the small 51ze classes and P contorta the ]
efiargefd(kiéa ; chea also occurred 1n the larger s1ze classes and

o . ..--.m» 11y to pre f1re re11cts but chea may have regeneratedfffZ'j;
“at about ‘the | T

1me as P contorta follow1ng flre

;f;"f_The;P c/Ea h t appeared to be unlque wrth a number of spec1es

J?[occurrlng through much of the range of 51ze classes (F1g 12)
df'menzmesez occurred only'ln a. few of the smaller 51ze classes 'é:idff;h;
?:'{contorta on the other hand occurred prlmarlly as large scattered _
;;;lnd1v1duals and both specres were more promlnent at the lower elevatlon J;f:*
}liof the h t y probably orlglnatlng after a relatlvely.old fire as ages
“r;were centered around 100 yrs.n However a complex f1re hlstory was .i}jpdgdjﬁff:;
‘;flndlcated for the h t (see Table 12 p. 1113 Ehcea and P albtcaulzsvrfgé
.lé;occurred mostly 1n the smaller 51ze clasSes and are postulated to co— )

"}damlnate the assocratlon Development toward a: cllmax communlty appeare3 j;'f



"Fiéure 12 Hlstograms show1ng the size: class

!,dlstrlbutlon of major tree ‘species in the Piced
~.glauca Series.  Although P. gZauca, "1ntermed1ate L
.'spruce’ and ‘P:: engelmannii all were: present in the .

series, P. glauca was’the most prominent. . Tree

" den51ty (stems ha L X 100) is. given above each
4vcategory S L :




640

Pg/Lb/Hs o o

IS

. PIEICe

07, 02 0l . AT

100

\\

.8

~ 604

405

\\

\\\ \

//_.

I

204

PP odc

N \\?

o FO‘SEEDUNG

e

\\K\\\

P/ Alc/ E. SN
77 03 7004 004 , ona;:

T SEEDUNG Ry
S & As Hs T -,38-._.,., >46

S f{/f.l;.ThIAN'SC‘v..,-i"' DBH (cm)

T ”':.XPPu/Jc/El
186 07 04

1002

oL 1.7

SEEDLING -,j AT
’ ‘-r : 4 8 : it PR
S TRANSG Y

ﬂﬂﬂﬂlﬂﬂﬂ]ﬂ

Pmus a/b/caul/s

Pmus _con_,forrq L

T g >46 R g ",8':‘«'-. 23 i _ >“
W A TRANSG DBH (cm)




135

to have been relatlvely slow due p0551bly to the xerie nature of the .

' |

h t., the rocky soils and the reduced ablllty of P. contorta to reforest
:‘hlgh elevatlon area after flre | |

6.3, 4 rPicea engelnanniife Abié& Zasiocarpa Series' N

A large portlon of the dralnage ba51n conta1ncd a relat1vely
;homogeneous forest whlch typlfles the subalplne zGhe. The Serles is.
~easily recognlzed by the co- domlnance of Ptcea~engelmannzt and Abzes f

llaSLocarpa, but the absolute and- relative abundances of the two spec1es

ES

: varled con51derably

Elevatlonal range was from about 1600 to 2400 m w1th most of the
.forest confined to constant colluv1a1 slopes The forest also extended
“onto alluv1al terraces and the ad]acent constant -concave slope, but both
,llandfonns were 11m1ted in areas Some trees extended 1nto the avalanche
~ chutes and c1rques, fonnlng an ecotone betWeen subalpxne forest and ;""hu

-meadow. : - | E | .

Pznus contorta appeared as a. succe551onal specles 1n a burned
isectlon along the lower elevatlonal lnnlt of the serles (ad101n1ng _
ftR/Et/Cc & P/Ac/Ez h t. s) :and occasaonally in other h t. s. Pznus aszcauZts :
E“appeared as-an assoc1ate of hot.s on stegp SW-fac1ng slopes. chea - o
'}martana occurred as a mlnor spec1es in a nwnber of stands mostly on the f;
‘:m01st, gentler wax1ng slopes near the Valley floor. The Serles was

composed of three h t S, most of whlch contalned relatlvely mature l'

'oe

communltles, representlng the assoc1at10ns



The h. f\s were quite dlst1nct as stand groups on the ordlnatlon
v (F1g 9, p. 100) /ﬂﬂi*also in .the cluster ana1y51s although groups in
: the latter also contalned some - montane stands and the subalplne stands

. were not- deplcted as belng-so contlguous (F1gr 8%5p;;97).

6 3.4, 1 chea engeZmannzz - Abtes Zaszocarpa/Mbnztesza gZabeZZa .
'» VGCcznzum membranaceum h t ‘ -

A relatlvely large port1on of the Ser1es was characterlzed by a
lMenzzesza - Vaccznzum shrub unlon whlch occurred predomlnantly on the
_lower gentler and m01ster portlons of the constant slope (1500 -

-1680 m) The h.t. is 1llustrated 1n Plate 6A & B. Aspéct was mostly W
or SW although areas of both valley slopes were represented CTable 11
P. 105). A e

’

Much of the h t. was occupled by the cllmax and contalned chea and f

136

: Ables as the dominant trees throughout the 51ze class range (see Append1x',

>'2).? Populatlons %f chea engelmannzz were predomlnant w1th only stands : pfg

21 22 and 23 hav1ng,MI's below 300 1 e 1ntenned1ate spruce CTable 10 M\'h”'t

'.p 87)

A v1sua11y eV1dent f1re margln was located at the lower elevatlon
'f11m1t of the h t. between 1500 and 1600 m; elevatlon (see Plate 1 p
46), stands 21 and 22 occurred in the burn area and thus represented

S .
_seral vegetatlon Slgnlflcant changes in comp051t10n and 1n,moss coven

: were assoc1ated w1th the f1re such that the cljmax and precl Stands R

were w1dely separated on the cluster analys1s (stands 23 24 25 and 27 :

/ .

e



Plate 6 ‘The chea en;elmannzt - Abzes Zaszocarpa ,
Series. Photos A and B respectively. 111ustrate seral

-and ‘mature vegetation of the P, engelmannii. - A. Zaszocarpa/

Menziesia glabella - Vaceinium: membranaceum h.t. Picea -. -
Abzes/nrnzca cordifblza and Picea - Abies/Arvica :

."dzverswfblza/ﬂylocomtum splendens “h. t. S (stand 30;-C)-
- (stand 33; D) are of climax vegetatlon Note aspect

‘domlnance of Equzsetum prauense in C
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fln cluster I1I;. and stands 21 and 22 in cluster X; Flg 8) However the',

same degree of sepaxatlon was not made on the ordlnatlon (Flg 9 p

| 100) Some florlstlc dlfferences may result from e1evat10na1 dlfferences o

»’51nce the more mature vegetatlon occurred at a hlgher p051t10n on the

slope (1615 - 1680 m) Stands 22 and 23 were in close prox1m1ty w1th

"r_only asm elevat10na1 dlfference and were treated as. burn and control

areas respectlvely for maklng comparlsons on seral and cllmax portlons _

of the h t. Thus aLl the stands were postulated as belonglng to a.

”i51ngle h. t. w1th understory dlfferences accounted for by. stand age b'fe _

o _dlsparlty The seral and mature portlons are eharacterlzed below

6 3 4 1 1 Seral Communltles of Pe-AZ/My/Vm h t

ﬁi Communltles of the burned area had bSAs of about 50 years (stands f?ijh’:}

‘. 21 22; Table 12 p 111) As w1th some of the Ptcea h t.s, tree age

'7'3data 1nd1cated a maJor f1re between 60 and 65 years ago (1910 1915)

"=7Thls would be the most recent perlod of 51gn1flcant flre Wlthln the

'°'SUba1p1ne forest zone The flres were: conf1ned mostly to the lower and o

‘ -ptcentral area of the ba51n however There 1s also the p0551b111ty, as

‘,fmentloned preV1ou51y, that the rate of regeneratlon of Ptnus contorta

: . j after flre was slower here than at the 1ower elevatlons Rellct 1nter-7;f¢'

’.,_' P

‘:.medlate Spgﬁhe and P contorta contalned a number of burn scars 1nd1cat1ng

‘:j'begun about 15 years after P contorta establlshment on S exposed

' 1:slopes whereas N exposed slopes of the area had a w1der range of tree

,3;ages

D : :

‘b',.more than one flre._ Most of the chea regeneratlon appeared to have a'fV 1
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Cmmmuuty structure was characterlzed by a fa1r1y Open tree stratwn

- wuth a heavy understory of shbubs and some fallen trees (Plate 6A)

]»Tcontorta domlnated the tree stratum comprlslng 52 of the 34” total

mean COVer, and "1ntermedlate spruce" was much less abundant Ptcea 'f..
~;marzana and Abtes Zaszocarpa uere mlnor components of the tree stratum

. dw1th 1ess than 2% mean cover (Table 11 p} 105) . P contorta domlnance . 7r?

Q‘fwas also 1llustrated by populatlon 51ze dlstrlbutlon w1th h1gh den51t1es

- _'1n all categorles (seedllng to. 31 cm dbh) Average tree denslty was ;;;‘

'1'1923 stems ha w1th most of the populatlon betWeen 4 and 8 cm dbh

,Tree seedllng den51ty was relatlvely hlgh and was composed mdgtly of P
2 1 ‘-..’._.

bagZauca X engeZmanntt and A. Zaszocarpa Mean basal area was 16 m’ ha

7"rhav1ng a mean cover of 639 Most of thls was contrlbuted by MenzzeSta

w1th P, contorta and P gZauca x engelmanntz be1ng the most abundant ;;}}fhf:

The shrub stratum was a very promlnent feature of the seral communlty ;5

:", ;glabeZZa, but Ledum groenlandtcum and Vacctntum membranaceum were also5'-}?;a

”5‘1Tabundant (Table 11) Other 1mportant spec1es 1nc1uded Shepherdta

A canadénszs, Rtbes Zacastre and seedllngs and transgre551ves of lnter--iﬁfﬂlf.“f

}l;nwd1ate spruce and A. Zastocarpa '

Mean cover of the herb and low shrub stra was 35% w1th Cornus u?ﬁ{i?'bf

o canadenszs, Elymus tnnovatus, Equtsetum sctrpOtdes and Vacctnzum scop- RS S

Lt?artum the maJor SpeCleS (Table 11) The bry01d stratum was relatlvelyfzuﬁfklduh

-'ff;rlch in spec1es but had a mean cover of only 28% for both standsT:

'.{giMaJor spec1es 1nc1uded HyZoeomtum epZendéns, Pohlta nutans (1n stand ;;{;;_;Tﬂ



f.ﬁ‘imcharacterlzed by the Ptcea - Abzes unlon Wthh occurred throughout the :“:

181

L

22) Drepanocladus unctnatus, D revolvens (1n stand 21) and a number of
11chen species (1nc1ud1ng CZadbnza graczlzs, C phyZZophora, Pelttgera

aphthoea and Uenea scabrata ssp nyZandertana)

'6 3. 4 1 2 Cllmax Communltles of the Pe-AZ/M@-Vm h t

The more mature portlon of the h t. (stands 23 24 25 and 27) was '}

-‘3,. . el

'”-ﬁrange of tree 51Zes : 7“]' .?gl-':;ff"“i.f“‘cilih'Tr

ESA ranged from 195 to 236 years (Table 11 p fill) The chea

e Ne .
“*a'engeZmanntz populatlons usually had older and larger trees than those.of

L factors

‘fdebzes Zaszocanpa, probably due to genetlc (1 e 11fe span), not hlstorlc “j,v;"

N

The tree stratum had an average cover of 51% for the four stands R

”f'f;.;W1th Ptcea hav1ng the hlghest proportlon (Table 11 P 105) Total f?ee ;L;;?.

"5fﬁfiden51ty was Qulte hlgh w1th a mean of 2095 stems ha 1 for the four G

o ;stands P maruana was also relatlvely abundant 1n the smaller 51ze

‘;7‘~fc1asses._ Total basal area averaged 21.m ha w1th large P engelmannit

'Jiflftrees (to 69 cm dbh) an 1mportant part of the total Regeneratlon of P h:5‘7f

| 'fvstrata w1th seedllng and transgressrve categorles conta1n1ng 34 QDO

. engelmanntt and A Zaszocarpa was’ a s1gn1f1cant component of the lower

*,}fstems ha fﬁrh,7j;ﬂ
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[ ‘ :
As in the burned area the shrub layer was: a promlnent feature of -{:fh_f
‘1the commun1ty, but was not as dense nor as con51stent thfbughout the
stands (Plate 6) Average shrub cover was 28% for the h t w1th Menqzesza
/’ ZabeZZa, Vacczmum membranaceum and Rhododendron albtflorum the most
'domlnant spe01es (Table 11 p 105) Less 1mportant spec1es 1nc1uded
1reproduct10n of the domlnant trees and Shepherdza canadengrs i |
"g~_ LGnaea bareaZzs, Arnzca cordrfblza and Cornus canadensrs were the,f
. prrnc1pa1 spec1es w1th1n the herb and 1ow shrub stratum Wthh had an
i;f_average h t cover of 12% and was falrly sparse (Plate 6) More mlnor
.JQSpeCIGS 1nc1uded Vaceentum scopartum V caespztasum, Pyrola secundh and

-Elymus znnovatus (Table 11) The bry01d component of the ground vegetatlon

Tffh'was very promlnent hav1ng a mean cover oI 95 . Hylocomtum splendens was hr'h;f

lff;f;".and Cladonza fimbrzata (Table 11)

- the most abundant spec1es w1th PZeurozzum schrebert, PtzZeum crzsta--’

i'castrenszﬁ‘!nd Usnea scabrata Spp nyZandereanalmOre secondary ther

e promlnent spec1es 1nc1uded Aulocomnzum palustre, PZazzomneum cuapzdhtum

Quantltatlvely, some 1mportant spec1es were dlfferentlally dlstrlbuted

‘*hjamong the stands 1nd1cat1ng 51te varlab111ty w1th1n the h t Shepherd@a f~d.

Hf}[canadenszs and Junzpepus communzs were much more abundant at lower

"idafflelevatlons (stands 24 25) and occurred 1n openxngs 1n the canopy due

Al{ﬂft;fimbrmata were more abundant at the'hlgher elevatlons HOWBVGT, the

o t:malnly to W1ndthroW' Understory speeles more promlnent 1n the lower {}f[ft;ﬂ;;
'al}elevatlon stands 1nc1uded Pyroza secunda Gladzna mztie and Peltzgera

v'if}aphthosa, whereas Lycopodzum annotznuM, AuZacomnzum paZustre and Cladbnza =d5;

.
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~_:6 3 4, 1 3. Florlstlc leferences Between Seral and Mature Communltles

vldlffered sharply, w1th no Ptn

‘ ‘Qand 22 1ncluded Rtbes Zacustre, Ledum gﬁ;enZandtcum, Elymus tnnovatuS,‘Jff

| ~.Qprnus canadenszs Equtsetum sczrpotdes, CZadonta phyZZophora and C
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B

ma;orlty of the spec1es appeared throughout the stands and thhs the

kchsﬂwzmdonhmnumlmuy L d-':‘* N td[~

s

C

S

T
!
|

. of the Pe-AZ/My Vm h EC _ L _
A comparlson of the ﬁlora 1n stands Zl and 22 w1th that Ef 23 was

by

1used as a gulde for ascertalnlng changes 1n the h t due to f re, and to et

,assess the rate;of change toward the assoc1atlon The tree stratum

b UW :
contorta appearlng 1n the mature stand

B ;Understory specles more abundant 1n, or restrlcted to seral stands 21

"::graazlzs (Table 11 p 105) : Few spec1es were restrlcted to the unburned
1;area, and 1nstead an 1ncrease 1n the mean cover of Rhodbdegdron athonrum,‘,;fr

"fbHyZocomnzum splendens, Pleuroztum schrebert Pttlzum crzsta-castrenszs,v

| ‘v‘ithcranum poZysetum and Dtstchzum captZZaceum appeared to dlstlngU15h

"‘f__vbetween the s;ands, 1t 1s postulated that the recovery rate of the lower

i‘i:vegetatlon maturxty Slnce the understorv spec1es we*e falrly contlnuous

B

BT strata is more rapld than and not. necessarlly dependent on the tree

‘"“ff:stratum ,A number of shrubs (Mbnzzesza'glabella Vbcctntum membnanaceum

'ﬁfiﬂand Rhodbdendron albzflorum) probably regenerate from root stocks, s
’?unless the f1re s severe, and thus prov1de the neceSsary shade for theffrv

V'*V,lreturn of other c11max ground cover spec1es A reductlon from 35 to 29

’

7f{fispec1es was found between seral and the more- mature stands D T
T T s ke e e P e e e s g e

R <
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6.3. 4 2 Pwea engelmannw - Abies Zaswea_r'pa//lrmca cordlfolw h\\t
. The abundance of Arnzca cordtfblza and mosses was pr1mar11y rgspon51ble
for the comblnatlon of stands\28 and 30 1nto Cluster II, and thelr
~separat10n flom other stands 1n the serles on the ordlnatlon Figs. 8 p..
97 & 9, p 100) The h t was located on the lower portlon of the constant
slope and on the concave 510pe adjacent to the Valley floor near the R
fhead of the dralnage b351n on both the SSW ‘and NE exposures of the §§"

| -ivalley slope Elevatlon ranged from about 1700 to 1750 ..

The h t contalned mature vegetatlon w1th Pzeea'engelmunnzt the -l_~'
_ "domlnant tree Mean ESA was 201 years w1th P engeZmanntz hav1ng the
‘:'rt oldest and largest trees (up to 84 an dbh and 30 m tall) (Table 12, p
'ld11111) Tree canopy cover averaged 53 most of whlch was of P engeZmannzz,.
.1,:but A Zastocarpa contrlbuted nearly 50% of the total 1n stand 30 (Table
'_h:;rll p 105) P marzana cover was. not hlgher than 19 Mean basal area : »:'hh
iﬁf:was 30 m ha 1 and composed mostly of P engelmannzz, although A S
tgfilaszocarpa was qu1te 1mportant 1n stand 30 Average tree den51ty was h?fh\ ¥

\4470 stems. ha -1

W1th the seedllng class OW A Zaszoearpa contalnlng the il;;,g.
lmajorlty CAppendlx,z) | 7{f,:;t:'_ﬁf".?_j_fsr_g~ P o ‘

The shrub stratum was phy51ognom1cally not a promlnent feature of
"v,; the h t even though the mean cover averaged 39 due to the luxurlant

'fghnature of the understory (Plate 6) Seedllngs and transgre551Ves of A

| ’l};Zaszocarpa were the domlnant spec1es and Menzzesta gZabeZZa and Rhododendron

ghlft;albszOrum more promlnent on the steeper areas (stand 30) Salgx glauca f};fjhf

"%'and V&ccznzum membranaceum were 3150 dlspersed contaglously (Table 11)

'.1.



:7:ff?-engelmannzt on the NE faclng slopes w1th mean and maxlmum ages closer to

UL

ST N ' A N

" Average herb and low khrub cover was SBs w1th‘;rnzca§cordifblta,.
Cornus aanadenszs, Pyrola secundh bc1ng the most abundant Other maJor '
‘spec1es 1nc1uded LJcopodzum annotznum and EQuzsetum sczrpotdes }iﬁ:'i'
: arvense fonned a local aspect domanant under the larger w1de spread
vtrees on the lower more gentle concaVe portlon of the slope and had9a o
pmean cover of 5° (Plate 6C) o
| Mosses and 11chens were the domlnant feature of the forest floor Bk
?‘Afhav1ng a mean cover of 100° for the h t Important spec1es 1ncluded
jl‘iHyZocomzum splendens, Pleurozzum schreberz, PtzZzum crt;ta eaetre;ezs;~tryf-'55
h;hCZadanza eamocyna and PeZttgera aphthosa (Table 11 p 105) A number
'"*dof CZadonta spp were a common feature of the h t but 1nd1v1dually
B nexhlblted low cover lf”;u”:dijh”f:d5ﬁ\f:fp:}fi-n;;,f"if”*;,'f=~'f\u'

‘,/_> v i -

B Vegetatlon on the NE exposed slope may have developed at a faster
.":-‘vrate than that facmg toward the sw Whlch had an older ESA (stand 28
:Table 12) A Zaszocarpa appears to have orlglnated sooner after P
_,-L}jthose of spruce '”M

The shrub stratum was more pronounced in stand 30 but except for

, ‘;bgthe presence of Sultx gZauca,,there was 11tt1e dlfference 1n comp051t10n 5fu fff

‘"fffbetween the two 51tes CTable 11 p 105) Varlance w1th1n the lower i,f)ﬁiiff;”

0

” »Tj{fstratum was also not pronounced but LGnaea boreaZts and Elymus tnnovatus f;ffﬁ

were more abundant on the SW exposure._ Although some d1551mllar1t1es

appeared between the two 51tes the more me51c condltlon of a NE exposure o

IR .-.v’.j R S o
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fmay be compensated for by an increase .in slope steepness and thus a

c;_'slngle h.t. was represented

fffé* 6.3. 4 3 Ptcea engelmanntt - Abtes Zastocarpa/Arntca dtpersszlta/HyZocomtum'

: splendens h t.

Commun1t1es near the upper elevatlonal 11m1t of forest occurred on

V the h t. whlch was represented by stands 31 and 33, The stands were

;’hff‘i' de11m1ted from the rest of the vegetat1on on’ the cluster dlagram and the

'ordlnatlon, although not as dlstlnctly by the 1atter (Flgs 8 P+ 97 G

7‘{5 | w9 p-lOO) Both 51des of the valley were 1nc1uded wath SW and NE

: *-’exPOSUres The h t. occurs on, the upper COHStant COIIUVIal slope and
S f'ranges in elevatlon from 1840 to: 2040 m CTable 11» P 105) =';

‘-?‘f_f; P%nus albzcaulzs and 'hntermedrate spruce" GWI of 218 Table 10) .i*_ﬁ

”_characterlze the lower more xer1c Sw-exposed 51tes

The tree stratum had a mean cover of 56 'basal*area~of*13 m ‘ha ;:
‘:Tffand denslty of 3260 stems ha Large trees ( 46 cm dbh), mostly of P
';:f;engebmanntz, were mone common 1n stand 31 whereas smaller 51ze«class”s
jfﬁ._f:and hlgh den51ty typlfled the 51tes at the hlgher elevatlon (stand 33

'”‘Plate 6D) The shrub stratum was relatlvely sparse (cover’='4%), and o

gf T5ffjdom1nated by Saltx barrattana and seedllngs and transgre551ves of A
¢ T'il{lastocarpa (Table 11 p 105) | A '? k

Herbs and low shrubs were more promlnent formlng a luxurlant PR

‘~,.understory cspec1ally at the hlgher elevatlons (Plate 6D) Ayer?ge;ig 'f,j?3'°
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.

,cover-for'the-stratum’waS-17 W1th Arnzca dzverstfblta, PyroZa eédindh

and Fragarta vtrgtnzana the most constant, abundant spec1es CTable 11, p
,-105) The latter spec1es occurred prlmarlly in thc more open areas.
‘Bryophytes and lichens were also an 1mportant part of the understory

‘ hav1ng a mean cover of 290. MaJor species 1nc1uded HyZocomzum spZendens,'h.

‘ Pleurozzum schrebert Pelttgera aphthosa and CZadonza ecmocyna ‘-“,_;
"Q . .

L

Comp051t10na1 dlfferences between the two' 51tes were evrdent in. the
}subordlnate and tree strata Stand 31 w1th a SW exposure _was recognlzed
‘as belng more xeric and contalned Rosa actcuZarts, Cornus canadénszs,‘
.'iArctostaphyZos uva-urst, Dtcranum poZysetum, Dtsttchzum c&ptllaceum and

"Plaztomntum cuspzdatum Sbltm barratzana, Pyrola mznor,_PhyZZodoce
tfdempetrtfbrmzs Lycopodtum annotznum, Barbzlophozta Zycopodtotdes,

'.ihatchert, Drepanocladus unctnzatus and D. revolvens ‘were restrlcted to

"jthe hlgher eleVatlon on NE exposures (Table 11 p 105)

The pathway to a cllmax condltlon may have varled between the two

f.dstands wath the more xerlc area lagglng behlnd in development and

"'”bltlncludlng a Ptnus athcauZts e]ement The areas on the SW fac1ng slopes

i?dﬁare postulated as eventually developlng 1nto the same assoc1at10n as ';f‘f:j"

'flthese on NE faclng slopes, but the rate of change on the fonmer has

"j;lffprobably been retarded by rugged topography and a thln L1th1c Regosol

n&u-ﬁillt is recognlzed that two topoedaphrc cllmaxes may be 1n€1uded 1n the T

S _‘.,.h t but enough understory spec1es were conmon to both stands to glve Catie

§.recognlzab1e cluster and ordlnatlon aff1n1t1es and thus the h t was fh?ﬂ L

91fleft 1ntact '”'u
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6.3.4.4 Tree Species Size Distribution

' -~ The comp051t10na1 difference. between the assoc1at10n and subcllmax
pOTthDS of .the Pe—AZ/My Vm h.t. was quite apparent when. plottlng the |
size class-dlstrlbutlon of the tree sgec1es (F1g 13) Pinus contorta

" was eSpec1ally domlnant in the larger size classes (15- 23 cm d?h) ‘and
Cat

' nfalso appeared as seedllngs and sapllngs in. the burned area. P. contorta

was, however,'only a:trrvtal_component of the,more mature con@pnityr'. :

EXamination of the lower size claSs‘densities indidatedkan apparent ~

-potentlal for A Zastocarpa to 1ncrease p. engeZmanan, though of
r"lower den51ty may per51st because of its lower mortallty rate A

| Zaszocarpa had ; much hlgher dead to 11ve total stem ratio (1: 27 VS,

1:37 for P engelmannzz) P. engelmannzz occurred 1n a w1der range of

‘51ze classes than A. Zaszocarpa and was. also the older of the two in all
| .h t. s. D15tr1but10na1 characterlstlcs of the two speC1es were qulte |

v?~‘51m113r fOT the Pe-AZ/Mg-Vm and E@-AZ/Ac assoc1at10ns (Flg 13) E&_['

'marzana was a mlnor component in both h. t S and was conflned to the
\
. S . (,.'l - I

,smaller 51ze classes

The reproductlve potentral of A Zaszocarpa appeared to be Vcry

1h1gh for the Pe-AZ/Ad/Hs h t. However thls 1s cr1t1cally offset by a
ol

TIQ'hlgh mortallty w1th a 500 1 dead to 11ve ratlo exhlblted by tallylng

: 7*._.both the den51t1es of the seedllng and transgr6551Ve 51ze classes

"‘Almost all of the A ZaStocarpa 1n the transgre551ve claSs were dead

. fHowever the tendency of A. Zaszocarpa to 1ncrease 1nidom1nance was more [

T LT

iy apparent 1n thls h t than 1n the others andoP engelmannzz was qulte fg:ffi:qw
IR

"Auncommon in the smallcr 51ze classes (F]g 13) Th1551¢14t10n5hlp’;

T R
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Figure 13, Hlstoglams show1ng the size class
distribution of tree species in the Picea engelmannii -
Abiles lastocarpa Series. Size distributions of the-
burned and unburned portions of 'the'Pe-A7/Mg-Vm h.t.
‘are shown. separately. . Tree den51ty (stems ha™- X lGO)

is glven above each category o

o

(4]
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| '“.between‘the two COnifer species'in the Pé-AZ/Ad/Hs h. tv'nay reflect‘thed

'_ablllty of A Zastocarpa to reproduce by. layerlng at the hlgher elevatlons
of the basin, A |
6.3. 5 Subalplne Meadow and Scrubland.&\rles - |

Subalplne meadow and scrub communltles were qulte dlsJunct belng

':restrlcted malnly to. foss1l tarns at the head of the valley and to
cirques near thc Galgoyle Mtn headwall Two h.t.s were recognlzed w1th N
'cllmax meadow and shrub vegetatlon representlng these respect1vely
'Phy51ognomy appeared as a functlon of elevatlon Scrubland vegetatlon

was predomlnant in the area*near the ‘head of the Valley floor at 1670 m,

- and meado&’Was more etten51ve 1n the c1rques at about 2000 m

P engebwannze occurred sporadlcally as small trees throughout the |
'ser1es but 1ts stand1ng dead attest to a marglnal and fluctuatlng
‘,env11onment for‘tree establlshment Brow51ng and gra21ng eV1dence

1 toccurred 1n alI stands and may be a factorlln preserv1ng thelr present
'p structure and comp051t10n | The serles was composed of the most specles _Iﬂ _4T

.if:-r1ch stands of the dralnage ba51n, was represented by Cluster VIII and

was also qu1te dlstlnct on the ordlnatlon (stands 26 34 35 F1gs 8 ;‘;fe‘ij'

"P 97 &9 P 100)

. s .{ s S . R

" 6.3, S 1 Salw: gZauca/E'Zymus znnovatus communlty |

fhe communlty qu cheracterlzed by moderately tall shrubs (> 1 m)_

\"w1th a dense herb understory, and was best developed ona fbssll lake g

e 'bed at the head of the valley (stand 26) Thus the communlty occurred~»31‘fdfpc



.as'anfisland within'thé P, engelmannii —'A- iasioedrpd/Meﬁziesia giabelid -
Vaccznzum membranaeeum assoc1at10n whlch occupled the adjacent slopes
(Prate 7. | |

_‘,ffhe‘shrub1syhusium'had a mean cover’bf 18 and was- quite var]able
' in'distribution Dominance ‘was shared by Saliz gZauca and Betula pumzZa'
glandulifEra‘ Other relatlvely abundant spec1es 1nc1uded PbtentzZLa
frutzcosa, ualzx barratzana ‘and seedllngs and transgre551ves of P
engeﬁmannzz, all of whlch‘had mean cover of less than 1% (Table 11, p

10%)

The herb and low: shrub stratum had a mean cover of 54 and was a i fﬁ,~‘ .

4+

o domlnant feature of the communlty although the shrubs were more strlklng‘

.} phy51ognom1ca11y (Plate 7) Domrhants 1nc1uded Elymue wnnovatus,'
Danthonza zntermedta, Carex medea, Dethzntum gZaucum, Arctostaphyloa.'

| rubra and Pedzcularzs bracteosa CTable 11) Bry01d cryptogam cover H{‘?fbf“fﬂ

i averaged 14 and con51sted mostly of Sphagnum wgrnstorfiz ;:}"

The communlty was postulated as representlng an edaphlc cllmax

e occurrlng only on cold wet 511ty 50115 of lacustrlne or1g1n 3;3;15

engeZmanan occurred as w1de1y scattered and VariouF 91zed 1nd1v1dualsfft_:'»:'“

w1th some standlng dead Thus the area appeared to be only marglnallyv_

Sultable for tree growth w1th establlshment probably occurrlng more _ff5; e

readlly durlng relatlvely dry PerlOdS- Sasz gZauca has been heav11y i el
browsed by moose and a number of anlmal tralls d1ssected the area

Brow51ng may favor the herbaceous understory spec1es as the POtentlal h””‘&.*'

ok e



. Plate7. SUBaiPiné'.Shi“ub“m,éadow,s.ériés':illﬁstrating_‘

Fi)

: '//,

“ithe Salix glauca/Elymus inhovatus -(stand-26; A) and..
* Salixz vestita/Ped alpina (stand 355

' S

. B &
>
R ;







’ V"Carex mgmcans, C atrosquama, Artemsm nowegwa and E’qu;setwn arvense

shrub cover 1s not reallved However the zootlc rnfluellcc was postulated
- as secondary to oddphlc factors in 1nf1uenc1ng the commumty smce the ,
shrub cover was relatlvely hlgh Pemafrost occurred sporadlcally in
this. cormnunlty, and was conflned mostly to hummoc}\s beneath mllow N

other permaf,rost :was- _found in the dralnage.basm,- o

' '6 3 S 2 Salta: uesttta/Poa alpma Communlty

| The basms of glac1a1 c1rques contammg fossﬂ beds or fluv1al A

" A"‘dcposns that support 1ow shrub meadow vegetatlon support a lush meadow

.communlty (Plate 73 The h t occurredoprnnarlly at about 2000 m ‘
elovatlon w1thln the Pwea -'Abtes subalplne forest but stand 34 was '
.,:“'sllghtly 1ower and had more mlcrorehef than stand 35. ‘~ ' T
Low herbs and shrubs formed a dense plant cover that averaged 82° ’

i for the h t The more abundant Yo shrubs 1ncluded Salw barratwna, S ;.

B "il pseudomontwo a and S gZauca uhlch had a prostrate or decumbent growth--' -

.."form The hejb component was dlverse and contalned a number of grammmd i

E _‘kspec1es as domlnants‘ | Doa alpma, Festuca bmohyophylla PhZewn alpmum,
; o all had mean cover > 4% (l‘able 11) The bry01d 1ayer had a mean cover

of 22 mld was composed mamly of Dwranum poZysetwn, Dtstwhwm captZZaeewn,t

;"',prwn sp-, Sphagnum mmstorfm and Stereocaulon tomentosum

.~ -

Although many of the spec1es were cmnmon throughout the communlty, |
B -some segregatlon was present 1nd1Cat1ng envaronmental dlfferences :

L. between the two stands Stand 34 had more m1cro rellef Sp_ecles_»r;'



' 1associated with this arca included Deschampsia éaespitoea,-Festuca -

| bPaChJOphJZZa, Dryas hookerzana, Stereocaulon tomentosum all of whlch

occurred prlmarlly on the more XCTlC terraces between streams and also

-_*Equtsetum aruen e, Petasztes sagzttatus and Bryum sp. wh1ch occurred in’

. v

. ?wet-areas-' Dra1nage through stand 35 was more dlffuse and 1mpeded
;occurrlng across much of the f05511 1ake b351n | Poa pratenszs, Juncus R

drummondzz Luzula parvtflora,.PZantago magor and Pohlta nutans were

Y]
. & .

Jmore endemlc to thls area

Blghorn sheep and elk were observed gra21ng the h t and have

.'developed some tralls across - the c1rques Marmots 1nhab1ted the rockler ff"

.'surroundlng moralne where thelr burrows were marked by the occurrence of

dVepatrum eschsckoltzzt, Epzlobzum Zatszthm and Sothago muZtLradzatq

r .
P l'-f‘

- 6 3 6 Alplne Fundra Serles

Alplne tundra domlnated by vasculars occurred prlmarlly on the‘”ﬂiftff

rounded spurs and rldges near Gargoyle and Redan Mtns ﬂporadlcally on

' ‘: 2500 m on both valley slopes Such vegetatlon was restrlcted to S1tes

= L en whrch some 5011 has developed Elsewhere above tlmber llneg rock

Hf{fh bjrxens and llchcn tundra predomlnated Rock strlpes and some sollfluc-ghv'*

on lobes were common to the area._ The Ser1es was rep"%ented by S

/A-..

"{'numerous plant communltles and 15 characterlzed by general descrlptlons'tb,ﬁ'

of only the more w1despread types | f:”:;f';f:;'ig SESE

[4

the S exposures of Roche de Smet, and was, not well developed above abouta'* ‘



6 3 6.1 Dryas hookemana - Oxytmpw podocarpa conmunlty T .*. -

= Dwarf shrub herb and grass spec1es COmprlsed thls most common
_ . -
Jrepresentatlve of alplne tundra The assoc1at10n 'was characterlzed by a -

B Dryas hookertana and Oxytropts podocarpa unlon Other maJor herb and

low shrub spec1es 1nc1udcd Arctostaphjlos uva—ursz, Valertana sept- - .

~ \

entmonalzs Tmsetum spwatum, Sothago multtmdtata, Anlzmone drwnnondtt,
1 Carex nardtna and’ Genttanella proptnqua. Prostrate shrubs of Saliz f
‘arcttca were 1mportant as an aspcct domlnant but had a mean cover of
"honly 1% Mcan tdtal cover. of the herb and low shrub stratum was ‘near /N\ng
2'100% and thus the tu1fy appearance Bry01ds.were not as’ abundant 2
:,:hav1ng a mean eover of 14 most of whlch was 11chen.v The major spec1es
e 1nc1udedydétrarta nzvalts:,cladonta gonecha Stereacaulon tomentosum, ;Q jfﬁ}
’ fPZaztomntum cusptdbtum and Tortula norvegtca.}!* b |

s .

The h t was more nerlc than the subalplne meadOW'serles hav1ng a ;hf'ff
'\). E

't~coarse substratum and 0tcurr1ng on slopes and rldges whlch were exposed

"73£to w1nd The greater abundance of 11chens 1n relatlon to mosses 1s

-A?fprobably a reflectlon of the more extreme env1ronment Blghorn sheep

'3”lhffood for mountaln goat AfVJ.

3

A‘and/mountaln goat have 1ncreased the mlcro rellef of the h . by excavatzng
”ggbcddlng hollows and have formod a serles of tralls along the rldges to
:frock outcrops and C]lffs Thls h t and other more scattered alplne

'“‘communltles wh1ch were not samplcd appeared to be an 1mportant source of :f




 6.3.6.2 Rock and Lichen Tundra h.t.
Much of the arca near the Roche de Smet ridge above about 2300 m

3
|

. was qu1te barren Vegetatlon was prlmquly conf1ned to areas protectcd

_ ‘from wind and COllUVlal movcment and dcpoa1t10n The dlstrlbutlon of

species was related to elevatlon and mlcroanlronment w1th some meso-‘»
'phyth spec1es (Saxtfraga spp » Telesontx heucheurszrmts Oxyrta dtgjna, -

Cystopterzs fragzZts, BrJum spp. ) occurrlng in rock crevases However,

:'h.v'hmost of the. area.appeared to be qulte xeric and barren Trtsetum

"*-ftsptcatum, Dryas hookerzana, Suxtfraga opposzttjblza, Festuca.brachyphjlla

] and a number of llchens (Thamnolza, Cetrarta spp ) were the most common

":fxg-spec1es A small flat area on Roche de Smet contalned relatlvely well

‘developed grassland tundra. The communlty bore a resemblance to the

'h'lalplne Dryas < Oxytropts h t._on the other s1de of the b351n,’but

\ "fdcontalned a much h1ghe1 abundance of Trtsetum sptcatum and Festucaltﬁidil

e fbrachyphylla "fﬁ"x:

ht'v6 3 7 Other Plant Communltles fjlyj,erlgﬂibfV”

oy

Several dlstlnctlve plant communlﬁy types were relatlvely rare

"1?;components of the vegetatlon of the dralnage ba51n and thus qualltatlvelyyhl

’ 1ijsamp1ed due to t1me restrlctlons However these types can be con51dered g

dﬂnr'tfjédg':

:,an 1mportant part of the total \egetatlon mosalc and some are descrlbed :li

”; here on the b351s of the1r maJor spec1es ’i‘:f;7”

:wr‘.




6.3. 7 1 Populus tremuloddés‘communitie
Alluv1a1 fans near the mouth of Vine Crcek and alluv1a1 dep051t$ at

t the base of somc secondary creeks contalnod Populuu tremulozdes commumtlec
”Thc vegetatlon near the. mouth of the creek (1070 m) contalned an open

trec stratum that also had Picea gZauca in the sllght depress:ons and
Populus baZsamtfera nearer. the etlstlng creek bed The area had been'
dvdlsturbed by roads leadlng to the Snarlng ra11road statlon and by a’ o
],gravel p1t Cobbles and boulders were exposed near the ground surface -
f3indicating-a-coarse, 1mmature 5011 Shrubs common espec1ally under
1trees 1nc1uded Shepherdza canadenszs, Junzperus communts and Rosa

" acieularts. The ground cover was composed malnly of Arctostaphylos uva— f’
.-ursz, Achtllea mzZZebezum, Antennarta ntttdd/and Kbelerta crtstata. :
rAgropyron rmpartum Ltnum Zewzszz and So adago decumbens were also :

'fpromlnent mostly on dlsturbed areas.

P tremulozdes also occurred 1n nearly pure dense stands on the v

“d,;yconstant slope where secondary streams have dep051ted relatlvely f1ne

‘vfjmatorlal over cobbles (1400 m see Plate l p 46) Spec1es composltlon
‘:and structure of thlS communlty 1nd1cate a more me51c habltat than that

'f:on the alluv1a1 fan.m The understory appeared qulte 1uxur1ant w1th

l*?s;EZymus tnnovatus, LGnaea borealzs, Dtsporum trachycarpum, Cornus ;';zd"

’1'_,3canadenszs and Aster cansptcuous the most promlnent spec1es._ Shrubs

e 1nclud1ng Rosa aezcularts and Vzburnum edule were less abundant occurrlngt}

”-f1n the more open areas. chea gZauca seedllngs and transgre551ves were

e common 1n the understory and an afflnlty of the vegetatlon w1th the

”’fff‘,nearby chea gZauca/Zznnaea borealze-- Elymus znnovatus h t 15 1nd1cated

S e
IR - R
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6k§\7 2 chea marzana fen communlty

_J

A slump ncar the top of the constant wahlng slope at about 1450 m

o 'elevatlon contalned a unique drainage ba51n h.t. (see Plate 1, p. 46)

'Ground water and surface dralnaqe collects on. the relatlvcly leVel area
;and was: eV1dent as small shallow pools Open grown P. mayiana and dense

'_-mounds of Sphagnum warnstorfiz character17e the communlty Other more

!

_abundant spec1es Jncluded Betula gZanduZosa, dedum graenlandzcum, Cbrex1-

aquatslzs, Parnausza fimbrzata and Equzsetum scznpozaes Pznguzcula

vngarzs Ermophorum brachyantherum, Vacczntum vztts tdbea and Sphagnum o

warnstorfiz were evaluated as the dlagnostlc spec1es characterlzlng the

»fen habltat although ﬁhey wele not aluays the most abundant hmJor

,bry01ds other than Sphagnum 1ncluded chranum poZJsetum, Pohlza nutans

'_and Cladonza crzstateZZa The area occurred near the v1sua]1y ev1dent e

>

"flre margin OCCUpled by the P engelmannzt - A Zaszoearpa/M@nzzesza

LgZabeZZa h. t., but except fbr scattered ground surface charcoal there

| “.[‘dwas 11ttlo ev1dence of the flre The 5011 was wet throughout thc -

Lsummer although the standlng water decreased through the arow1ng

'ifseason, and was very calcareous as 1nd1cated by 10° HCl appllcatlon

BRI
-

6 3 7 3 Snow bed and Avalanche Chute h t. s ; ‘@b
' /

1-5‘;;, Narrow rav1nes that contalned snow 1nto early summer were common *""””

.‘_' g 3

ng both 51des of the valley slope Thc vegetatlon was varlable

;21-7”rang1ng fro shrubs and tree regeneratlon to grasslands

In most cases trce scedllngs werc conflned to the slopes and

:f"ffshouldexs of the rav1nes w1th grass and low shrubs more common along the'th



‘ravinc base.  Both avalanches and summer meltwatet_are.postulated as

hindering tree establishment in these arcas, and a topographic climax

| _appears lihely.

Importdnt species varled w1th elevatlon aspect and avalanche.

jfrequency The more abundant spec1es between about 1340 - 1650 m .

included Heracleum Zanatum, Rtbes Zacustre, Rubus strtgosus, Mértensea'

pantculata Gerantum rzchardsontt, Epzlobtum angustszltum and Elymus ° '

Q‘znnovatus Junzperus communzs, J hortzontalts, Arctostaphylos uva-

uraz, Zygadenus eZegans, Antennarta.lanata ‘and Koelerta crzstata typlfled.

Snow and avalanche chutes on S- fac1ng slopes. Intermedlate spruce and

-

i"P engeZmanntt seedllngs and’ transgre551ves occurred on the edges of the :

- raV1nes and along w1th some 4. Zastocarpa were more abundant on the N _

'exposed slopes.; No trees older than 20 years were fpund and most were :f

" aged at‘about.lO_years.

Shrubs were less 1mportant“bove about 1650 m, except on S- exposéd

1‘slopesg Promlnent spec1es of V cxposures graded from HeracZeum Zanatum, g
| Petasetes sagtttatus, ethtntuW gZaucum, Fragarta vzrgtntana and;EZ;hus

‘dznnovatus at about 1740 m, to Sax%fraga Zyailtt, Oxyrta dzgyna, Arntca 3b‘u
~:dtversszlza, €astzZZeJa ocetdentalzs and Equtsetum arvense at about ”
- 1900 m elevatlon.. Above 1900 m Poa alpzna, Trtsetum spzcatunu Luzula d;;.f;

5‘wahlenbergtt, Szlene acaulzs, Artzmesza norvegtca and PUPnassza fimbrzataxj,?

,[‘were the more 1mportant spec1es and,graded 1nto the Dryas hookerzana

f‘domlnated alplnc tundra

e



[y

Snow-bed communltles of Cas“tope mertenszana, PhJZZodoce empetri formis,
P gZanthtfbra and HJZocomtww spZendens were common bctweon about 1900
. to 2000°m on some of the ridges and slopes above the subalplne meadows .

and below alplne tundla - The Vegetat1on was most ev1dent on the N

b

’exposed slopes of thc latcral moraine in the c11ques and was mlxcd w1th

N l

.matted chea glaueq - and Abtes Zaszocarpa on the spur slopes below

Gargoyle and Redan Mtns Other characterlst1c spec1es included Myosotts

:aZpestrts, StZene acaults, Sath'arcttca, Valertana‘sttchenszs and

"'-Rarnassza fimbrtata Dryas hookertana and D zntegrtfblta were moreg,

“ , abundant on the steeper slopes and generally 1ncreased in cover w1th

o

.elevatlon, culm1nat1ng in the formatlon of the alplne tundra h.t.

:

o

Junzperus communis, . horzaonta,ts and Arctostaphylos‘uva—ursz 1
.extended to- about ZOOO m on S exposuxcs 01 nea;ly to toek and llchen' biﬁi{’
' tundra and among scattered patchesﬁpf Dryas hookerzana._ S&th gZauca |
"and qhépherdta canadénSts occurred -in. some of the S exposed avalanche_
'chutes but mOStly below about 1800 m. Zygadenus eZegans Agoserts
*auranttaaa,,Engus tnnovatua, KOe%grta c"1stata and Trtsetum sptcatum'd'lf;'jr

also occurred 1n these aleas. T 41/

et
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‘ domlnated stands had ac1d1c surface horlzons w1th pH values to 5. 2

and 31) The so1ls were characte

103

E. SOILS
Soil descriptions were based on stand soil pit data and were classified

. . N - . . - © 0 L ‘ ) .

to the subgroup Icvel where p0$51b1e ‘The soils of all stands were nzr\\ .

c1a351£10d due po the 1nexp011cnco of the author and . the absence off

reference survcys for thc area, but all h.t. s are represented Parent _

materlal 1ncluded bcdrOCk collUV1wn colluv1um tlll till, alluv1um and

\B

"fIUVIO lacustrlne or ldCUStran dep051ts. Tetturcs were varlable ranglng

' ;from loamy sand to clay w1th most of the stands contalnlng sandy loam

501ls (Appendlx 4) Neutral ;0T basic cond1t1ons were prevalent among

‘the stands on whlch chemlcal analyses were completed wlth most pH

hvalues bctween 7.0 and 8. 6. However, a number of chea engebnannzz

N

’

.(Appendlx 4. The depth of surface organlc horlzons was not measured

N
Lo

The Regosol Ordcr was falrly w1dcsprcad occurrlng throughout tho g

. ‘-edEVatlonal range of sampled areas and on colluV1um t111 colluv1um
' alluV1um, lacustrlne and bedrock parent materlals (Table 13) Fou1
: subgroups uere Jdcntlflcd W1th1n the dralnage basrn and axe descrlb“d

o s
‘4

Orthlc,chosols oecurled on‘glac1of1uv1al terraces (stand 6), On 's;'“”

L}

-stable colluv1a1 slopes (stand lsi and steep colluv1a1 SlOpeS (stands 29~

ized. by hav1ng a un1£orm color and no ,E;:A';

us;d15t1nct horlzon development and/or by coata1n1ng pebbles and rocks
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‘throughout the profiic. The Subgroup cncompasses a number of assoc1at10ns

occurring in Arcto taphylos uva ursz - CaZamagrostzu purpurascenu, n |-
|
T

Pseudbtsuga menzzeszt/EZymus znnovatus Ptcea - Ptnus albicaulis /

‘ Juntperus eommunzs/EZymus Lnnovatus Pteea engeZmanntt - Abtes Zasto-
carpa/Ménztesza gZabeZZa - Vaccznzum membranaceum and Ptcea - Abtes/
Arnica dzver tbeta/HyZocomtum spZendens h.t.s (Table 13). An,examplc

of the proflle from stand 6 1s descrlbed below

f; Horlzonu; . Thlckness (cm) ) Descrlptlol

L-H- . 3 .-Graylsh brown - (10 YR S/t, -
- - VRN 5 . dry), flbrous roots, pil 8.4. *
CK - o ‘_ o atf 3 N L ]Z'nght graylsh brown (10 YR 6/ .
T - dry), .sandy loam, rocky glac1al :
¢ till, pHg.6. -

o CUmullc Regosols were found in three stands¢?nd result from the }“:'
ﬂ'» burylng of a developlng Ah horlzon by: m1nera1 deposltlon Stand 1
‘3conta1nlng a mature chea glauca £orest, 1s subJected to acollan 1oess.'
dep051ts from Jaspcr Lake durlng w1nter and early sprlng when water iff
levels are. low 501] profllcs of,stand 3 on a steep slope of a glaLJO~:;:
flUV1al terrace contalnlng t111 and an alplne communlty on a rock -
o shattersd slope exhlblted ev1dence of/down slope 5011 movement Thus
the Ah hOTlaOHS havo been burled by colluv1um in stand 3 and by froqt

assoc1ated sollfluttlon at the alplne 51te._e5t

"

o The Cumullc Regosol %ubgroup}occurred in Piced glauca/LGnaea
borealzs/ﬂylocomzum splendene, Arctostaphylos uva—ursz Calamagroetzs y,
3~ purpuraecens h te s, and 1n a Dryae hookerzana - Oxytropze podbcarpa “}
| '3 stand whlch represented an alplne area (Table 13) The profllos of thevlgdi.
' two h t. s were dlfferent, belng mostly of coarse 5011 1n stand 1 and

N -'»v

N R

R ST :
T
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: '-rock in -stand 3 andlthenaloine site. ‘Some staining below fhe.Ah.horizons :
_had oCcurred'in sonie of-the'prOfiIes,‘indicating_a poSSible trend toWard -“';
S a Bn horlzon and the Brunlsollc Order .. The 5011 is representcd by the -

Y s |
' ‘alplnc Dryas - Omytropzs stand proflle below: =~ . - ,

) Hofizoﬁ"" o "._Thickness.(em)'": o Description' B
L-H .- Y Fibrous root and leaf
‘ ' : o o 11tter _;.,;.L.."

R 'DmkhwnﬂOWSN
S o dry) loam, pH 6.6. '
ekt e *~.Cray (10 YR 6/1, dry)

: o R L e “sandy loam, pH 7. 2
- Ahb- n:”e ' . “fflbfzfl'lif ..A7Ye110w1sh brown (TﬂkYR 5/4
- L ':,- S L_Vdno,lwm,pH7
ok av22 o Gray (0YR 6/1, ary)
c B sandy loam w1th angular . o

A L1th1c chosol was: 1nd1cated f01 stands 18 and 32 thCh were ;e:_“f.f‘

:;'de51gnated as chea gZauca/EZJmus tnnovatus/Cornus canadenszs and Picca - ff7.

..

o -Pznus albecaulzs}Junaperus communzs/FZymus znnouatus h t. s legpectlvely

‘f“Both areas contalned th1n colluv1a1 vcnccr over bedrock WJth thc 5011 of

.‘stand 32. 111ustratlng the proflle type below

1

:tGJHorlzon ;.f.‘f;}[;.: ThlcknCSb (cm) _: DPSCPlEthﬂ ,ilf’.TT? N
L- H Lo - R ;-,_2; o - ‘Dark grayish brown (10 YR
S e T 4/2, dry),. fibrous’ roots and; o

O R It D S jneedle 11tter, loam *x Lo

e 2A¥;'fAff_i AVery pale brown (10 YR 8/3 S
Sl L dry), Toan, sLighly hard |

| o s . R figranular, pH 7;3 in ,{?

kL ’?faiﬂﬁ.lf'f"?*(jwfuﬁDark brown (10 YR 3/3 dry),iw : et
LT T e ']:f~ﬂf~$g.V @1oam, numerous rock%, pH 6. 0 Rt
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8011 of the Salzx gZauca/'E‘Zyinuu znnovatus h t was placed Wlthln--
the Crylc Regosol Subgroup due to the presencc of permafrost “‘No horlzon‘ei‘

dlfferentlatlon was recognJ"cd except for an %h near the surface The -

proflle of stand 26 1s descrlbed as follows

‘ ?Horlzon' B Thlckness (cm) R Descrlptlon
coL-H o J. S . .3 .. Dark grdyjsh brown (10 YR )
T T | 4/2 dry), deciduous leaf = . &

oo o o lltter and fibrous roots. ;¢;§~ :

AR R .:4""‘ | Very dark graylsh brown (]O _
o S € j, YR.3/2, dry), s;lty 1oam, o
. pH 7 6 , » -
Ck - i”?ﬁ“;'il" 19 ‘47Ed‘f Dark graylsh brown (10 YR

4/2 dry), 51lty 1eam, pH
7

o Cz. @ = . r':;mgl ef'“26,i ;ffii<a Very dark graylsh brown (10 .‘7'

B YR 3/2, dr)) frozen .?.};j
"f,,@ﬁ}}_}b : L

2. Luv15015 L V‘Z”f PR
The Luv1soI Order was not well represented w1th only Cray Luv1sol

S 5011s 1ecogn1zed w1th1n the dralnage ba51n The 3011 was conflned Lo

f01ests of Lhe 1ower elevat1ons (1200 to 1430 m) on SE to NE fac1ng

"f- slopes Stands 7 10 9 11 16 of the chea gZauca/LLnnaea borealus/

Hylocom um eplendcns, P%cea gZauca/LLnnaea borealzs } Eiymus znnovaiuo

‘¥'1 and Pseudotsuga menzteszz/rlymus tnnovatus h t s respcctlvely were r?'

represented (Tablcgl3) Most of the stands occurred on the lower pOTthn

-?:eﬂof the constgnt colluv1al slopes ar, en the adJacent concave waX1ng slope o

mwu; 1%

' and had colluv1a1 parent materlal mlxed W1th t111 Theuproflle descrlbed

}{L: below 15 that of stand 11 :;3;‘?‘1 r; Ad.*
."' ’ g e / S .:4".: . R 1
o 3 : e ;
e T R £
o e ‘ 117“5,,3‘~" .
- e ERRE AR



.TQFand chea - Abres/Arnzca cordtfblta (Stand 30) h t S The stands

S L

v S o
.‘ Hor1zon‘; i ‘ _;,1.3 Thickness.(cm] L ! Deécriéfion
L-F. - . e " Conifer needle 1Jtter, some
R R " charcoal ;;;..v:g«-- .
e w T ;Ye110w1sh brown. (10 YR 5/6;
N - ol dryd e dy cla& 1oam frl- ‘
. ‘ . .- - o able, PH'8.2Z . . T
) S memmqmmmmws o
R L U AR © dry), sandy clay 1oam sllghtly
I _ e hard platy, pH 8 6. v
.Ck_' L fat; JQ f-;\ _rt..Vely pale brown (10 YR 7/4

. ,:dry), sandy 1oam, calcareous if:f.l

K

R 113 Bruﬁlsols

."' Brunlsols were. nearlY as EXte"31Vé as RGEDSdls and were: espec1ally
‘.3brevalcnt in the chea and Pmcea engelmannzr - Abzes Zastocafpa Serlcq

» 5X;(Table 13) Orthlc Eutrlc Brunlsol Degraded EUtTlC Brunlsol and. Alplnc :if2; 

e:;'Dystr1c Brun:sol Subgroups were recagrlzed from the 5011 PrOflJes Some

‘;Ec1a551{1catlon problems reSulted due to trans]tlon between Brunlsollc

' »fuand Luv1solrc‘prof11e condltlons, espec1ally on the more recent&y burncd

.:'fareas wthh have prooably been affected more by sheet er051on and Ff;;j‘fl
v:eleachlng of Lhe‘A horlzon However, the low percent of Cldy 1n the B - "{”T_F
.‘;ffhorlzon was used to dlagnose a Brunlsollc afflnlty 1n the burned q}andg ~1f _iu

An Orthlc Eut11c Brun1sol occurred wlth1n P£Beu giauaa/LGnaea }}b;ﬁ-f\["

.--borealrs/HJlocomzum splendens (stand 5), Pseudotsuga menztesrzﬁJunrperus

“‘,;communzs/Calamagroatzs purpurascena (stand 2), chea engelmannzz - Abze9 “Jf;;
! "V'laszocarpa/M@nzzesza gZabeZZa - Vucctnzum membranaeeum (stand 23 24),
- ‘lt

':1;1occurred W1th1n the glac1of1uvxa1 rerrqée (5), alluv1al plaln (2) and

f‘f ;constant colluV1a1 blanquet landform unlts (23 2% and 30)
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"'materlal therefore includcd fluv1a1 lacustrlne alluviun dcp051t5 and -

: colluv1um ovcr bedrock

o proflle type

P

K3

”};HorizOnf'“

Stlnd 2 is descr1bed below as. the subgroup

: Thlckness ,_(-(;Jl'l.)}' "

oGk et 30 L

o Conlfer needle 11tte1 ;;gQJ;"’

e ‘Brown (10 YR 5/3, dry),
- weak: platy, sandy loun
: pr 7.7 o _ .

"; Descrlgtlon

5" Brownish yellow (10 YR 6/8
S dry), frlable sandy loam, o
1v$jlpH 8.0, - - v .“'“

}__4fh5fL1ght\gray (10 YR 7/2 fdry),
: ;fu*’urocky, sandy loam, pH 7 9

“Wlt Degraded Eutrlc Brunlsols were dlStlngU15hed prlmarlly on the bRSIS

f}vfof contalnlng an Ac horlzon over a Bm A large number of stands were

J

_The 51tes werc predomlnantly on the lower portlon of the constant

\

df»iicolluvral slope and on the lower adgacent concave waxlng slope and
1l5conta1ned colluv1um 5nd sheet wash dep051ts over t111 as. paront mater1a1
52?;'The L- F horlvon»contalned pleces of chartoal 1n the more reeently burncd
"tff»areds (chea = Abies/Menzzesza -.Vaccznzum,_Zl and 22) and the A.horlton &
1§}£}1n éeneral was pa}e brown 1nd1cat1ng smne eluV1atlon

7ﬂf;relat1vely low amount of clay IW the B horlzi;

chroma precluded a LUV15011C so

7?*}_def1ned as contalnlng thlS 8011 Subgroup (4 8 12 13 14 21 22 25
5‘ﬂf;27 33) and thus p01t10ns of the Pseudotsuga menzzeszz E%cea gZauca, e

”‘fv‘and chea engebnannzm‘- Abzes Zaszocarpa Serles were representod (Tdble Jo)

However the;;4rji‘ht

) jwell as the yellow

11 and_fll&gradod Eutrlc BrUnlsol wasaﬁiffﬁ¢}ff;

de51gnated The proflle of stand 8 descrlbes the 5011 Subgroup
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Horizon =~ ~ Thickness (cm)- . Description -
S S I  lConifer needle’ljtter moss .veee

»;':Aéi I S e nght yellow;sh ‘brown (10 YR
IR R .. 6/4, dry), weak fine grdnulal
R T P andy loam pH 7.6.
B g * Strong brown (7.5 ¥R 5/6
~ BT R LSS - dry), frlable sandyvloam,
v o o : pH 9 0 R _f__ '
CCkeC T at sz ;.Graylsh brown (10 YR 5/“, T
' o R c o dry),” rocky, sandy ‘loant,
nver) calcaleous_;;.,. R

Alplne Eutrlc Brunlsols were 1dent1f1ed for the subalplne meddows {:
"contalnlng the Saltx vestzta/Poa alpzna h t (stand 34 and 35 Table 13)
"‘.;A Lhack Ah horlzon OVer a &n characterlzcd the 5011 proflle Both 51tes
‘7.;50ccurred w1th1n glac1a1 c1rques oii lacustrlne over bedropk parent materlal

.“77Data from stand 34 were used to descrlbe the soll profllc below ;; {¢jfff ﬁ]j

“1' ’Hor1zon ‘71"?_‘1 TthknCSS (cm) escrlptlon

£y f] }L”: :*cl;?}.j{f »;;,~?~"52;t.“A_‘if}*fF1b1ous roots - lltter
T I S ﬁ‘;V'“ffij."? e ?_soft crumbl)f, 51lt loang _.‘.g, S
SRR b ;“gffjf;;:;f;f‘36/6 dry) frlable 1oam, NI S
P '15-}§,T pH 6. 3 :Jgk SRR

Gk LT T et A0 ;,inght yellow1qh brown (10 .}’{
ol T YR 6/, dry)., structureless,
PR S e L soie rocks sandy clay loam,;»hip‘_j‘r

._,5{w78 eI
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~F. INTEGRATION OF RESULTS . -

The relatlonshlps between and among env1ronmenta1 and vegetatlonal

vérlables were assessed by plottlng factors on the stand ordlnatlon

dellmlted withln the subalplne matrlx ’ Although the three Serlea

' were elthcr at the higher elewatlon of the b351n or were 1n dralnage

1 Communlty Dlstrlbutlon

(

fleld and u51ng 51mp1e correlatlon Both technlques 1dent1fy potcntlally

d causal relat:onsh1ps but 1t is rcallzed that other unknown factors muy }_"je

lso be operatlve on the varlables bc1ng 1nvest1gated (B011 1966)

4 i

The stand ordlnatlon was used to 1nvest1gate the relatlonshlps of

stands'and thelr habltat types (h t s) Subalplne and montane Serles v j'f“‘

. are clearly separated on the fleld (Flg 14) Furthenmore, stands

comprlslng the three subalplne forest and two nwadow h t s are well c['hﬁ“'
comprlslng the montane vegetatlon are well dellmlted the 1eSpcct1Ve ;»;@:1j:

h t s are’ not. Inspectlon of the stand placement on the fleld 1nd3cates

’

A hot xerlc to meslc, to cook‘hydrlc h t.,gradlent from lower center to

ppel 1eft to rlght center respectl ely (Flg 14) Qh’}j}jV ti pt}ih;;;:_:

Stands on the 1owcr 1eft portlon of the f1eld occurred mo»tl) at
the 1ower elevatlon of the b151n and usually had Sraspects., The latter

was espec1ally true of those stands 1n the lower portlon of the Pseudo- 4f;;

tsuga serles (1 e. 3 15 171\ Stands to the rlght center of the fleld
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Flgure 14 Separatlon of all stands 1nto serles and
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The stands of the montane SClleS were ordlnated separately to try
' and better asceltaln h t. afflnltles (Fig. ‘14B). As Wlth thc total
stand ordlnatlon thc 1ntermed1acy of a number of these stands remains
obv1ous Stand S is 1ntenncd1ate to the Pseudotsuga and Pteea gZauca E
<§erlcs due to a 1ccent flre hlstory and 1ts xerophytlc natuxe Juntpezmsc

. communzo, Rosa actcularzs, Shephepdta canadenStu and OSpeC1811) a J
o}
relat1ve1y h1gh cover of meuS tnnovatus caused thlS 1ntermedlacy

§h15 stand was- placed 1n the Pg/Lb/Hs h t on: the ba51s of P glauca

[

regcneratlon and 51m1lar1ty to, the other stands of the h t on a total

florlstlc baSI$ (see lablo 11 P 105)

w -
. C
’ .

EE*thh In other cases however the stands were grouped 1nto thelr reapect1veh'_h
t;// h, t. s ‘on the ordlnatlon fleld (Plg 14B) The xerlc nature of the P-. s
| Pu/Jc/Ezl1t;,’ms rllustrated on tho ordlnatlon as a close relatlonsh1p
Y Ty .
to the elevatlonally lowe1 Hn/Et h. t. Both were found on the morc \crlc

S expoqed slopeq 1n relatlon to the geOgraphlcally adJacent P;caa -~

: Abtes and Ptcea h t 5.1;7-1575'"

. .

Both ordlnatlons CXhlblth a,tendpncy for the stands to be centrall)
clustered Th1< 15 probably an artlfact of the method as dlscussed by

Gauch and Whlttaker (19/2) and becomeS'more acute w1th 1ncreased beta

J e

dlvcr51ty (1 eﬁ the range of commun:ty types 1n the ana1y31s)

fg fg’ A number of plant stratwn and attrlbutes of 1mportant Spec1es”‘

PR 2

swaed clearcut patt rns 1n the ordlnatlon Except fOr the morc ub1qu1t-
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5 'a;

1.1 lree Stlatum

“No dlstlnct patte1n was exhlblted on: the ordination by total trec
cover (Flg. 15). Basal area values were generally hlghest to the left
hcentor of the ordlnatlon in the ‘montane forest Series. Fhe stand age
vpattern was the opposltc, the oldor trees occurrlng predomlnantl) 1n the
upper;portlon of the fleld rn~subalp1ne forest stands (Flg, &5).; |

- : o - | L.

The chea-Abzes h t.s. CXhlblth the mostleven cover classcs e\cc;t
.1n the more open subcllmax ‘areas. Canopy cover of the Pseudot uga

serles was the most varlablc havzng some ver) open stands. The relatlon—

Shlp between tree cover and ESA was p051t1ve but not strongly so

_ (r = # 35) both relat:vely young and old stands e\hlblted hlgh cover

. \
. values

. . o o ] s ..‘-‘ .
lhe largest basal urea valucs were w1th1n the montane folest
: -

Sernes but no con51stent pattern qu assoqlated W1th serles or h, t

p]acoment On the ordlnatlon fleld (Flg 15) Both the younger and oldor

“stands’ CXhlblth thh basal areas values and thusgcorrelatlon between |

Le N

:TJ?;total basal drea and FSA was 1n51gn1f1cant (r o+ Ol) Howevel, pocltlvc o

5;}relat10nsh1ps werc oiten Indlcated for mean age and basal area fox a

- i -

: fnumber of spec1cs but thesc correlatlons were not often 51gn1f1cant r%g7f 
| }f}(lable 14) Apparently the dense character of the younger stands A

‘ffcontalnlng Pznue contorta 1s a slgnlflcant factor in the relatlonshlp

ff@'Ptcea gZauca and P menzzeszz basal areas were very p051tr"!y correlated

ffh(r ";+ 90 p > 0 01), 1nd1cat§ng thelr close a550C1at1on in. the montane "f"wn

ope
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Figure 15. Ordination pattern of total tree cover L

classes (A), ESA (effective stand age) class (B)
yand tree basal area classes (). . . . ’.<
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1.2 Shrub Stratum

179

-
Pinus bontoftd cohct values wcreihigher in the.montane Picea and
Pseudotsuqa Serles and greatcst in the Pg/Ez/Cc h t. (Fig’ 16)..'Tho
hlghest COVCT values were often shown by younQ stands (Ilg 15), and P.
contorta Was strongly nogltlvely correlated W1th LSA (r =-.59, P> 0.01),
as might be expcctod ;n.a sutcesslonal spec1os. : . '

- - . . o . . . . ) K\. ' | . i.
- Picea engelmannii and Abies lasiocarpa usually ocqurred together,

but their coﬁer values were not sighificantly correlated (r = +.25,
p> 0. 05)' In some stands, low cover values 1n one spec1es was compensated

:'for by hlgh cover in thc other (Flg 16), suth that total coveqédjd not

vary gleatly in the chea-Abtee Serles as notod above

CoVer valuesAOf'sevefal dominaht shrub?species*exhibited either.a~

montane or subalplne Serles afflllatlon on the ordlnatlon f1e1d

Spoc1es more’ common 1n the Pseudotsuga and chea Serles or lower 1eft

on’ thc ordlnatlon flcld 1ncluded Hosa aczcularzs, Shepherdta canadenozu”

IS

and Junzperu communzs‘(Flg 17) of these Rosa aczcuZarzs was tho

‘ most restrlcted occurllng 1n only one stand of the chea—Abzes h t. s
N
(Flg 17) LonVerselv, Vacctnzum membranaceum, Menzzesza gZabeZZa and
Rhododendron albzflorum occurred pr1mar11y in- the upper rlght or chea- ;

hAbzes portlon of the ordlnatlon fleld (Flg 18)

V&ccintum mt;branaceum covcr was. 51gn1f1cantly correlated w1th P

glauga X engelmdn%mt age (r - 91 p < 0. 01) and basal area (r =+ 92

‘f'j p_<-O;01) The otcurrence of both V. ﬁembranaceum and Menztesza gZabeZZa

e
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- Fi 1gure ;16 'I'h'c/e patt'efn of Pinus ‘eoni‘drtd (A) I e
_ Pseudotsuga menziesii (B), Picea Spp. €) and* - L N
o ,Abws Zaswcar’pa (l)) on the ordlnatlon f1e]d R : "
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- F igixré 17. Cover. class patteérn of Juniperus

communis (A); Shepherdw canadensis (B), Rosa
. . acicularis (C) and Alnus.crispa. (D) on- the ’
e ordmauon f 1eld
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S

T I‘lgure 18. Cover class pattern of Vaccmwm
' membranacewn (A). and Menztesia glabeZZa (B)
on the ordmatlon I 1cld
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as an 1nteglal part of some chea-Abzes h.t.s qu thus corroborﬂted by
51mp]eecorrclat10n analy51s 0€L5p0c1cs attrlbutes (lable 14). Montane '
= shrubs were ‘hot ¢S well related to 1nd1v1dunl tree spec1es\' attr}butes
Vbelng more W1de1y dlstrlbuted among the Pseudotsuga and chea h. t.s

.A(Table ‘15).

v .
LR

) Juniperus‘comﬁuﬁ%QI end-te-a lesser extent, ﬁeea'aeieuldrts; had
.’hlgher cover values in younger stqnds at the lower left on the ordlnatlon f,
- (see: Flg 15) Howeve1 thlS re]atlonshlp was probably more ecologlc ’

"-than hlStOTlC and there was no s1gn1f1cant correlatlon betwcen tree I
_ages and these shrub spec1es' cover values (Table 14) :

T . v " ‘# : .
1, 3 Herb Low Shrub and Bry01d Strata -

N

il As, w1th the domlnant.shrubs a number of ground cover spec1es were
) /

closcly afflllated wlth elther montdne 01 Subalplnc Serlcs Arctosta— B

.

"”phylos uva ursm Calamagr&stzs purpurascens nnd 4ster con ptcuus.had'a

/,,

‘montane pattern on thc ordlﬂQJZgn.fleld (Plg 19) Ltnnaea:baréalis and‘.;

V-EZymus tnnovatus e\hlbltcd a w1der dlstrlbutlon, but had. hlgher covel

b

"',"va]ues in stands of the montane %cr1es (Flgs 19~& 20). lhe converse of"w

/ .

,‘thls was shown by Arr1ﬂa OOPdLjOZLa and Copnu" nanadcnezs eover w1th a

ftendency to afflllate w1th the chea-Abzes serles (Ilg 20) ’ HyZocomzum if

AU

- ';{splendens qu qulte UleUltOUS (Flg 20) but had hlgher cover values 1n

r/ﬂolder stands, espec1a11y those of the P’ menzze zz h t s (Table 14)

/”]Eslgnlflcant posxtlve rClatlonShlpS were 1nd1cated between cover va1Ues

'".of LGnaea boreaZts and Elymus znnouatus (r =+ 55 p < 01) Cover

' values of Arctostaphylos uva ur 1 and CaZamagrostzs purpurascens were ";f

S0k . -



PR

» R
, P
. g - ,
\ | _
- ! *
-
s \ ‘
o~
\. .
o ' A
- . | , 23
_ , o
-/
t
e ™Y . . -
Flgurc 19. Cover class: pattcrn of Arctostaphylos

wa-urst (A), Calamagrostis purpurascens (B),

“Aster conspicuus (C) and Linnaea borealzs (D)

on the- ordlnatlon field.

.. Toat [
» . .
¢
4 7
[ ] & .
[N .
2
¢
a
. - . s
. N
M s . [
- " ;
S A >
N
. ' .
E . K
- B
« . .
. 7
i ) :
M (; N :
* i
N 4 . |
v
X .
Rl
- - ) -
i . O
N . R
R _-
2. -~
. / R
. . ' t j
3 ‘ gy \
c

BN



o
Bt T
'.Q'”».
".hd
v(b

| ARCTOSTAPHYIOS Uva - URS!
fre1-5% )

COVER }246-10

CLASSES Y3211-20

4+>20

-

CALAMAGROSTIS PURPURASCENS:
1e1-53
2+4-10 _

35 1-200

4+ 520 '

-1cover
CLASSES

. e

ASTER CONSPICUUS -

COVER fist-5% © ..
| CLASSES {20 6-10% " -©

)

e

N L o
o . \
7
p. 7
o "
[LINNAEA BOREALIS - .
S e e Ta8% : '
~ |CoveR  }2.6:00
-] CLASSES “13wiligo -~ . . v
o JR— f & >2o o N )
o D
. :
ko | ’
(‘bl" :
1 - ~
; .



189

e

Figure 20. Cover class pat
(A) Arnica. cordifolia (B),
~and Hylooomzum splendens (D)
field.

:

ern of Elymus innovatus

ornus canadensis (C)
on the ordlnatlon
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hlghly negatlvely c011e1ated (1 = =.95, P < 0.01), but both occurred
together in the Au - Cp.as well as the Pm/Je/Cp h. t. (Table 14). C.:d

abundant under a canopy' cover (P men tesit)
. y s I~- “1)’ ’ : .
whereas 2. wva-urqdc had higher covcr_ln.the scrub communlt%f} <

e

purpurascens was moy

' Arnica cordifbiiq.was fairly widespread in-distribption,'bot was’
‘primarily COnfined'to-the Picea—Abies.and-Piéea'gZauea Seriee, and
appears to be an lndlcator of - me51c forest types (Ilg 20) -Much the “$\
. same afflnlty'was 1nd1cated by HJZOCOMlum dlstrlbutlon with the hlgheqtf_ R

kY :
covcr values assoc1ated malnly w1th PLcea-Abzes Serles or the nore m091c-

h.t.s of the. chea gZauca Serles Vaccznzum scopartum was not w1de1v
. dlstrlbuted bc1ng conflned malnly to the lower elevatlon of the Pe-,
AZ/M@-VM h.t., espec1ally the burned portlon. V. sgepartum dlstrlbutlon"'

was a950elated wrth the more- Aerlc s?;nds of the chea~Abtes Serlcs and'

1n thls 1nstance, sandy 1oam 50115.

3 As w1th‘many othéi’barlables ‘a number of understory attrlbutee \@IC-
h related dllectly or 1nd1rectly to stanu maturlty Both LGnaea borealzs o
'«-and Arnzaa cordszlza were s1gn1f1cantly cdrrelated w1th basal area and
agee of @ome trce epec1es whereas nPCtOStaphjZOS uva urse was mo1c h“‘: o
5};abundant in both open and non- forested communltles (Table 14) HyZoconzum :

: splendens was p051tlvely 1elated to P menzzeszz domlnance (baSal area |
v,lcanopy cover) and to the more mature stands of the h.t:s, and was no f'>h B

»jdoubt an 1nfluent1d1 factor 1n the hlgh pOSlthG correlatlon between

h'jmoss cover and stand ages CTables 14 G 15)

‘.v " e N . N . . . Lo



2. Environmental Rclatlonshrps o R _ ' . . S \

}b dlStlnCt pattern of ‘landforms was exhlbltcd by the ordlnatlon
since a number of_othcr-phy51cal factors Were apparently operatlve in
conmunity diStribution_(Fig, 21A). Stands of the Pzeea-Abtes Serles
occurred most oftcn7on thc.constant colluv1al slope which 1s a functlon :

of 1andforin occnrrence_in'relation to'elevation. |
| The ?écea Series'containedih.t;s.on alluvinm of fanslanditérraces,7 :a’.“
béing at the lowonnost.basin.elevations;‘as~wellas“othershocCurring
'higher'on the colluvial;slope :’étands aéSociated with glaCiofluvial
ldterraces and 1acustr1ne plalns were qu1te dlStlnCt on the ordlnatlon
'f-(Flg 21A) Stands of both of these landfonn types d1d not vary as much
.ﬂln elevatlon and tOpogTaphlc p051t10n Wthh appeared to be qulte 1nf1uentlal

. _ . '
" in h. t dlfferentlatlon A large pOrtlon of the stands (60 ) were on

”1_the colluv1al blanket landform whlch covered a w1de range of topbgraphlc -

_ l;-‘.?;RFei;g ;l?i

»'@: A slope exposure lndex (SET) was used to help assess the 1elat10nsh1p7”

'-COndltJOHS

B betwecn topograph) and the ord1nat10n pattern SLI degree slope X - |

i
f

o (dcgrec aspect from V/Z) Thus, both varlables had equal welght in J'frr"
=:calculat1ng thc 1ndex Wthh could attaln a value of 8100 (90 X QO)‘ﬁf&/l

n fValues ranged from.O (stand l) to 2211 (stand 32) w1th the hlgher f‘:-

'-hnumbers 1nd1cat1ng, potentlally, a more xerlc warmer env1ronment wrthln‘fi“:ﬁ

the range of slope stcepness in: the ba51n (to 33 ) The 1nd1ces were

!

AVplotted acc01d1ng to several classes on Flgure 21B

v,
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Flgure 21 Ordmatlon pattern of 1andfbrm
“type (A) topography (B) and 5011 type (C)

Y

-
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- Due to the geologlc nature of the basln and er051on processes
slopes were genelally steeper at the hlgher elevatlons. Stands-of thc .
| Peeudotsuga and chea—Pznus athcauZLs h t.s had the hlghcst S}I values. * .
P. glauca h.t.s were qu1te varlable since. they occurled ovcr a w1de . B
| topographlc range but in general had lower 1ndex valucs than stands in
the Pseudotsuga Series although no statlstlcal srgnlflcance was 1nd1cated N

(=0 36, p > o 05)

The 1mportance of slope and aspect in de11m1t1ng h t S apparently :
decreases w1th 1ncrease in elevatlon slnce much of the subalplne forest
:'was qulte unlform 1n Spite of topographlc varlatlon However VCry
"steep S- exposed areas Jncludlng the P-Pu/Uc/Ez h t were qulte depressed

-vion the ordrnatron fleld 1n relatlon to the elevatlon gradlent (Flg ?1ﬁ). )

In general a xerlc to mesrc gradlent ‘can be 1dent1f1ed dlagonall)

» f,uacross the ordlnatlon from lower left to upper rlght on the b351s of

'"5'topography and elevatlon,- Thls confonns to the cllmatlc data where the

‘;3:“Pe”AZ/Ac (stand—28) and Sg/Et (stand 26) h t s exh1b1ted the Wettest and

E h'coolest cnvrronments Such,gradlents on_ordlnatlon flelds are qUItC fffﬂ

'r"

”:}common although the dlrectlon may Valy (Maycock & Curtls 1960 Gauc} q'l'":

'. ot N : 'I .
| l-;WhluQQEZr 1972 Strlnﬂer 1973) *{-“ ' ‘

U51ng 51mp1e correlatlon analy51s several 5011 Varlables appeared

'»f7f‘to be related to vegetatlonal attrlbutes (Table 15)9 5011 pH of the A -"'°T

';fhorlzon was p051t1ve1y related to the number of spec1es per stand total

o

'“”?'tree den51ty and percent standlng dead trees Free 11me (CaCOS) was

'3p051t1vely related to hcrb and 1ow shrub cover
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Srgn1f1c1nt correlatlons were not often ev1dent when usrng/5011
'»'nutrlents as a varlable Of the- soil nutrlents analyzed n1trogen and
potass1wn 1evels appeared to be most corrolatcd (Table 15) N1trogen of
A'elther the A or B horaton was p051t1ve1y related to. herb and 1ow shrub
and moss cover Pota551um 1evel of the B ‘horizon was pOS1t1ve1y related

to the'number of spee;es per stand and negatlvely with elevatlon.‘.

g Flre h)story was. clearly an 1mportant factor in: many of the b10t1c .
ablotlc 1clat10nsh1ps although 51gn1f1cant correlatlon was not often "
. 1nd1cated ‘when' %tand age (ESA) was used as a Varaable (Table 15)

Potasslum and pH'were p051t1ve1y assoc1ated w1th more recently burned

- atands as measured by 1ncreases 1n the number pf specres per stand

'_perccnt standlng dead trees and RDI (relatrve dlameter 1ncrcase),~note :.ﬁ-‘

. !ﬂnegatlve correlatlon between ESA and RDI Iable 15 rree 11me 1evels

"-fwere usually 1ower in the older stands whlch often had more mature :Jétf"
_ 50115, or 1n the case of the glaczal c1rque csg/ i g Sv/pa) h t s‘ were

~1n£1uenced by dralnage from adJaeent ]1mestone talus

e
i

Brunlsollc 50115 were the predomtnant type 1n the dlalnage b351n, ;f;

"'belng 1dent1fted in 18 of the. o% stands (Flg 21C) Condltlons conduc1ve

";t to ‘a Brunlsollc proflle 1nclud5d a stable 1andfonn (the Iower seotlon ef

“ o

. ;the colluv1a1 blanquet and fan, and lacustrlne p1a1n) and a relatlvely

{ fjﬂlong tlme 51nce reachlng stablllty '- f~fﬁ v‘f*}ﬂf f}_z”v55 5

o 8011 Orders showed a deflnlte pattern on the ordlnatlon, but no. »-vf;e
8

-_:;Tdefinlte pattern was 1nd1cated between 8011 SubgrOUpS and h t s (Flg 21C)

R

' :n,

ooy
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~:Geomorpholog1ca1 features were often qulte varlable w1th1n a 51ngle h.t.
v:as was 1nd1catcd by thc numerous assoc1ated'landforms (Tuble 13, p 163)
‘lRelatlonshlps were stronger at the more comprehen51ve level of the 5011
‘ _Order at least among the chea—Abzes h.t.s wh1ch conta1ned mostly’.

‘Brunlsols ,Other h.t.s show1ng soine - stand constancy to. 5011 type e

-

‘ 1nc1uded the Au - ¢p and P- Pa/Jc/Et W1th Regosols and the Pm/Jc/Cp

apd Sp - fa w1th Brunlsols As with many other parametels, the chea ;_
- & '
v and Pseudotsuga Serles Ckhlblted the most. varlablllty,,contalnlng 301ls
. P X
'of all throe orders (Plg 21C) . Brunlsols were the - domlnant develop-' ’

| mental 5011 type 1n thc Pseudotsuga Serles whereas both Brun1sols and -
!&Luv1sols were of nearly equaL frequency 1n the,Ptcea Serles Regosols '5" o

were assoc1ated with bedrock or portlons of the colluv1al blanQUet

¥

landform on - the slopes and rldges as well as on alluv1a] terrace and

Q.

’”glac1of1uv1al terrace landfonns on the valley floor Thus the order was.

-y;qu1te w1despread w1th1n the Serles (F1g 21C)

Nutrlents espec1a11y N and P were qu1te low throughout the stands:
f»CAppendlx S) No pattern was observed between nutrlent values and o |
'hbh t-s Instead many of the mature stands (7 26 27 30) contalned the
':*@hlgher N and P values whereas younger stands were hlgher 1n K The
v;:hlgher N and P valucs and near cllmax stands were also assoc1ated w1th :

e o

| 'f*5011 development W1th the Brunlsollc Order predomlnatlng [:
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VI DISCUSSION AND CONCLUSIONS

Vi

A. RELATIONSHIPS OF VINE CREEK H.T.S T0' PLANT COMUNITIES OF OTIER AREAS

-

The aSSOCldt]ODS descrlbed for.the Vine Creek dra?nage bas:n show
certaln aff1n1tles to communltlcs of other areas eSpeCJally w1tth the
Rocky Mountaln reglon | . b

_ , , | ﬂs_

C10se comparlons of the h.t.s with communltles of other areas are
dlfflcult since dlfferent ela551f1cat10n systems are sometlmes used and
quant1tat1ve data on, spec1es' abundance are not- always avallable

Thereforc the degree of relatlonshlp between a partlcular communlty 1s

necessarlly estlmated qulte subjectlvely A dlStlﬂCtlon betwecn relatlvel).

close and more dlstant relatlonshlps was attempted and two classes are

1nd1cated on Table 16 One would cxpect the degree of relatlonshlp

(florlstlc 51mllar1ty) to weaken w1th degree of geographlc separatlon

1. tMontaneiserublund

lhc APctOStaphJZOS uva-ursz -~ CaZamagrostzs purpurascens h.t. has

e not been descrlbed as such elsewhere However afflnltles ex1st between

thlS h t and the xerlc Kbelerza crtstata = CaZamagrostes montanenszs

°l Grassland descrlbcd by Strlnger (1973) for Jasper and Banff (Table 16)

&

o Grass spec1es (K crtetata C montanenszs, Agropyron dbsystaehyum and

Bromus pumpellwmu were most abundant 1n thlS latter type whereas C “f,;_---

‘_ montanenses was qﬂlte sparse and Junzperus communts and Rosa aczeularts
wcre more commong%n the Au Cp h t Thls h t 15 probably more xer1c R
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" Table 1o, A compari<on of other® studien with communitics sjmt Jar to the Vine treek hot,s. The depres of stmilarg
to abscny aince variens methods wni nomenclatore, we n wed. Ytuadies h wing communitivs that appear v
. relnl.itmsnep Iy tncertain, are tndicated by (x), whare -am studies describing (rmmxun(lnq that appcar !¢
e are Indicated bv x. Duaanes inditate that a comparison wis 10 -nppHcﬂxlc
ST - o PR
N . ) A‘
. : \ '
L ,
i Scrubland Pscudctsuga Series Pices glauca (intermediate) Series P
+ Authors Auu-Cp Pm/Jc/Cp Pm/E{ " PgiCv-lb  Pg/Lb/Hs  Pg/Ei-Cc  P(1)/Alg/Fi F(1)-Pa/Jc/Et .
. . 3 ' L R § oo ’
Stringer 1973 (x). . - - . < - - - - - ,
Jasper N.P, . . ) )
Daubenmire 1953 x . - - - - x - : -y - e
N. B.C. - . 7 :
Douglas 1974 x - - . L. - - - -
S.W. Yukon .
Hnat{uk 1969 - (x) - (x) - e (x) x . -
Jagper N,P. \ R
Stringer & La Roi 1970 - x x - - ~ - -
Jasper N.P.° - \
"Ogilvie 1963 - (x) - - - - - -
Banff N.P,
Tisdale & Mclean 1957 - (x) - - - - - -
S. &entral B.C. .
llhngwn\rﬁ & Arlidge 1960 . (x) - - - - - -
central B.C. ]
B Brayshaw 1965 - (x) - - - - - -
"'S. B.Cs. o . ) - 5
McLean 1970 , - : () - - - - = -
"S B.G. P
Da{xbenmire & Daubenmite 1968 - . I € 3] - - - - - -
Idaho - . to ) . ) . ,

. Hnbeqk 1967 - N (x) - ' - - .- - - . .
I..Montana . .o . . . N .
Patten 1963 - (x) - - - - - ) .

" N Wyoming ) . : : : ) . ° ’
Despain 1973 - ' . (%) - - S e e . -
N, Hyoming - | ’
Lewis 1917 - - - < L. x - - -
" Banff N.P. =~
Ogilvie 1962, 69 - - - x (x) - - -
Banff NP, - . - '
Kuchar 1973 - - - k - - (x) - < x
Watetton N,P, ) . N ke
_Baig 1972 ‘ . . . - D, - . x
_ Banff N,P..- S.W. Alta.. 4 N
Moss 1955 ° - - £ - x - . . -
W. Alta. ;
" Horton’ 1956 . . - - - - ox - - -
W. Alta. ‘ o
Pogue 1946 - - - . x - - -
central B.C. R ) i
‘Wali' & Krajina 1973 - ‘ -t - . - x Z i - :
interior B.C. o ; . ‘
Pfis'er et al, . g - x x ) - < (,5)_
N. Montana o )
Habeck: 1969 - - = - - - - (x) '
. .N.W. Montana Ce . , i
Achuff 1974 S - - - 7 - x . (x) - i
- N.Alts, : o v B E
Mackenzie-Grieve 1970 - - - - - - x LN T -
Do~ N. centrsl Alta. . . N
Corns 1972¢ . - ot - - - - o S
N.W. Alta. o . ;
Dyffy 1964 - - - - X L -, - <
N.W. Alta. . . -
Lee 1965 - T - - x - : T
. N.W. Alta, ) ) J i ]
. .Befl 19661 -, . - - - - - .
. Jasper-Banff N.P, i : . : 2
... Horton:.1959 S - - ~ be ST , -
W. Alltl. . : ’\'. 3 R
. Cormack 1956 ° - - " ST k . B}
ST s, Aleay ’ e 5 s
. Cooper. 1916 \ - & - ; - o = - -
. CWLBLEL e : , g .
—o Smith- 1955 - A - ! Tt ‘. bt
. central “B.C.. P A w -
* Fady 1971 /. - - - ar | - - -
central B.C : K N B : .
" Ooating & Rond 1952 - - S . - AP - - «
S. centrol Wyvomtng e ) B
Lanvrnhe{m 1962 hd - K toe - AR - L
B 3 : xﬁ?} . . v



Wt ot 9’l-||ﬁf‘L;!'.Wk'l(h cmamnn it des Satdar te the Vine treek ot oy, e deviee of <imdlarfty ja nf(‘-n dliticult
o gt lar, bhat where the

e e s s m'hl\ju}_r wibe omepclatore were wved, Ctadres hawving cormanin tes that ap

RGP 1 nneeTtag q\@ thdivated by gy, wheregs stindies describing eommunlties that apposi 2e he strongly related

Wteated by x| ' S\ C .
IR

¥rdicate that a compartson was 10t applicable.

"mé .
i
and e SApH. Series Pices glauca (intermediate) Series Piced engelmannii - Abies lasiocarpa Series
. (> Nnariws —_— - . —_————— —— w—-—v -
P Pg Cv-Lb  Pg/Lb/Hs PgrEi-Cc "P(1)/Alc/Fi P(1)-Pa/Jc/El Pe-Al/Mg-¥m Pe.Al’/Ac “Pe-Al7Ad/Hs
——— - -— ’
. o g : .
- ! X - - - - - -
(x) - (x) Sx - % X o (x)
. . . * - -0 . ¢ - - . is
73
- - - - ‘ - A '3 - -
- - - - A - - - ~>
(x) <. - - - - - - - -
x) - - e - - - - - ' S - - oox
(x) - - - - e - Cox - - ’
| B . ) v\‘ N *. N R . . ) . N .
(x) - o - - e - - . x - Co.
) - ' R U (x) ' s (x) -
Gy - . - - T S . - . =) -
B N . T . : . 9.
- o - - 'x - - - - - -
. )
- - - x (x) - - - x - -
] . .
- - s s . “(x) x x - -
- . - L - - - x x " -
- - - x ! - - _() . - -
- - 4 - - “ X - - - - -
| hd - —v‘ x - - - - - - h
. e
' - - - x - - - - - - '
. \ ~
- R x ox S s S (x) I ox BECS B ¢\
il o
.- . .- - - - (x) - - -
T - - x . {x) - - x - -
Z . e - - - x - . . -
B
- - ' - - - x - AY -
. -
. - - x : - " - - - .. - -
- 4 : .
, . I . . B
- - - : - - - - ‘ x (x) -
¥
. K- - - - .- - - . R x -
. . ¢ . .
. - - ' - - PETY - - X - -
‘ : N . R . . _ x e R
- ’ . ) . .
. - - - - - - R . K3 - -
., * . X R N
- . - . - .- ‘." o - . X .
.. o 1 a
- - - - - - - . . .- x -
' : SN
. s N - - - - . - . - X -
- ‘ - N ’
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t‘"L .
thanvthat 1epresented by the Koeleria - CaZamagrostta Grass]and belng
on steeper slopes wnth s cxposure§ Fhe relat1vely high abundance of A
- wva- urse, uoltdago decumb ns,yArteweata frzgtda and Kbelerna czmstata 1s
: lnd1cat1ve of hecavy grazlng (Strlnger 1973).and a zoot1c 1nf1uence is |

probably important, along with warm xeric mesoclimate in maintaining

this association.

'The h.t. may he‘more common in:areas of the Roeky Mtne‘to the N ot
‘the.study’area'» Douglas (1974) recognlzed a Junzperus COmmunts - Arcioata~ h
phylos uaa uPQl communlty in SW Yukon wthh seems 51m1fe“)to the Au-Cp
h. t. However the northorn communlty was de51gnated as seral to a Ptéea

"glauca - Shepherdza canadens zs cd’hunity and the Van Creek h t was .
_.conSJdered a topo ZOOth Cllmax Daubenmlre (1953) reportcd a snnllar 3
“; communlty for N British Columbla |
Scrub types are not uncommon along the lower~e1evat10ns of the
3 ‘montanc Z0NEe W1th1n the Rocky Mountalns and often 0ccur between grasslandf*f
-and forest Vegetatlon.: Kuchar (1973) descrlbed a pralrle shrubland |
h‘CAmeZanchter & Symphortcarpos) for Waterton N. P and noted that 1t 13
'qulte qlmllal to the estuca - Danthonza grassland of the area The _-A.l' -
uslower grassland zone of Spllsbury and Tlsdale (1944) 1n S Br1t1sh
“Columb1a, and the W1despread sagebrush communlty type descrlbed by
.Daubenmlre (1956) in N- Idaho by Reed (1952) and Despam (1973) in
| ,.Wyomlng, and Langenhelm (1962) 1n W‘central Colorado are 1n the same
yf}general vegetatlon zone as the 4& Cp h t named here ' Grass (vzz
--'Kbelerta crtstata Agropyron traehycaulum, Stzpa spp., Bpomus spp ) 15 u@

' f assoc1atcd W1th the more domlnant shrubs 1n all these areas



o 2.. Pseudotsuga H.T.s |
;7 The’Psaudot uga menzzeszt/Uuntperus commuazs/CuZamagrostta purpura seen:
) assocratlon shows some afflnlty to the P menzteszt/CaZamagroutzs |
’ :rub7écens assoc1at10n that has been descrlbed 1n Jasper and Banff N.P.,
~and frequently in other areas ‘of the N Rockies of the U S Strlnger and
."La Roi - (1970) descrlbcd a Pseudotsuga/CaZamagrostta - ELymus assoc1at10n
'11n Jasper and, Banff and noted that Juntperuu communts was ‘an 1mportant
‘assoc1ate as was EZymus Lnnavatus Calamagrostts rubescens occurred
,d>very 1nfrequently 1n the Vlne Creeh stands Hnatluk (1969) descrlbcd a
g xerophytlc Ptnus contorta forest that also appears reldtcd to the h.t.
| ;fshepherdta canadenSts was more abundant than J, comwunts and CaZamagrostta-
B 'spp were not noted Hnatluk thought that the succe551onal trend was |
toward P. menzteStz at these xerlc 51tes hut commenttd that regenera—‘f
t10n was very slow and lodgepole domlnance was presently be1ng malntalned

The Pm/CaZamagrostzs rubescens assoc1at10n of south central 'B. C

"also sho’s some relatlonshlp to the Pm/Uc/Cp h. t of V1ne Creek Both
- Ltnnaea borealts and 4. ,uva—ursz were llsted as 1mportant spec1es for
f:fthe assoc1at10n by Tlsdale and MtLean (1957) However Junzperus ;/;_Lf'
"icommunts is replaced.by several Other shrub spec1es 1n S Brltlsh Columb1a:;,
h'-iand N Idaho.; McLean (1970) descrlbed the assoc1at10n as contalnlng Rosa
) -ngymnocarpa ﬂnd Sptpaea betulkfblza, whereas Brayshaw (1965) llsted SaZLx “:f
| febebbtana as an understory component and 1n contrast to some of the ihx ““
.::other dcscrlptlons d1d not 115t A uva~ursz.. I111ngworth and Arlldge
.7(1960) noted A uva-ursz 1n thelr CaZamagrostzs Slte Type near Prlnce

:Georgc but 1t was not a major spec1es vft¢°i'
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: Ddubcnmlrc and Daubenmlre (1968) observed that stdnds of thlS
35%001dt10n in N Idaho cont11ncd Vlrtually no shruib stldtum and CaZama—
grootts rubescenu and Carex spp cssentlally forme? the understory An
: A.  wva-ursi phase ‘of thlS assoc:atlon was recognlzed for a scctlon of |
'Idaho neal ‘the Cdnddlan’border (Daubenmlre & Daubenmlre 1968), dnd“
Jappalently 1s cons1stent with f1nd1ngs in S British Columbla (Brayshaw
1965 Illlngworth G Arlldge 1960) as well as in Banff (OgllV1e 1963)
_,Although A. uva-urs t was present 1n the V1ne Creek h t, ’ 1t was %ometlmes,Vg
’ ‘secondary in 1mportance, whlch was also observed in-the general V1c1n1t) s

by qtrlnger and La R01 (1970)

The P. menziesii forest of the B1g Horn h&ns Wyomtng appears to be .il'
more remote in relatlonshlp, although J communzs was the domlnant shrub ::
"at the lowe1 part of the elevatron range-kDespa1n 1973) No othe1 L
:constant unlfylng 5pec1cs were 1dent1f1cd for the Wyomlng type although;hj?
.jsome grasses (Hesperochloa & Poa Spp ) were also 1mportant in the
'understory‘ S | ' ' - | B

e

lhe P menzzeszz/alumus znnovatus éssoc1at10n of Jasper (Strlnger 6 -

k.‘ﬁLa R01 1970) 1s apparently not as w1 espread as’ the‘Bnﬂ:r h t Itv_f"u

‘Aappears closely related to thc stands 1n the Vlne Creek ba51n haV1ng

R

"Ltnnaea boredits, Aster consptcuus, HyZocomtum spZendens and Peltzgena

j.canzna as 1mp0rtant understory sPec1es 1n add1t1on to E tnnovatus o ”?']f

ffiiHowever Juntperus communzs was not llsted as a maJor shrub 1n the

tfjearller study, and Arctostaphylos uva-urSt and Fragarma vzrgtnza were ';iﬁjhﬁ%
Tooor - «/ . v Lo !
"--{not always abundant 1n the Vlne Creek area S
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Hnatluk (1969) described an Elymus znnovatuu type for the P
contorta forest in the Iasper area but the type was found to be qu1te
heterogeneous, and it was thought by Hnatiuk to be 1ntermed1ate to morc, .

xeric ArctoutaphyZos and more mesic Shepherdta types,

Stringe“.and Laihoi'(1970) found.the EM/cp'; Eihassociation' which

. was not promlnent in Jasper, at a hlgher equ1valent elevatlon than the -
IhVEt assoc1at10n The Pm/J. communzs/C purpurascens assoc1at10n in. .
:T.the Vine Creek ba51n occurred at a lower elevatlon than 'the PmAEt assoc:a—:_
tlon 1nd1cat1ng a more xe11c h t However the Equt h t. was usually

"‘on steeper slopes often w1th S aspeets

The presence and domlnance of EZymus tnnovatus d15t1ngu1sh the
: iFn/Et assoc1atlon from a number of other P menzzeszz assoc1at10ns
‘xlncludlng those 1n the 1nterlor of B C (Strlnger & La R01 1970) These _;j:
zfvauthors postulated that.the Jasper assoc1at10ns may have evolved from ol

) the Pseudbtsuga/Canmagrostts assoc1atlon of Br1tlSh Columbla and that

R 1t has d1Verged under a boreal contlnental 1nf1uence

73?ﬁ3 chea gZauca and P glauca X engelmannti 5-1;5, : T A
Montane chea glauca forests of Jasper and Banff N P have heretofore:f

1frnot been as 1nten51vely stud1ed as most of the other forest types 1n the

'n:ff;Itwo parks The boreal P gZauca forests 1n the Alberta foothllls and N

| aff1n1t1es are expected between the forest types 1n the boreal and Rocky

\ '.'7FEMounta1n portlons of Alberta because of thelr geogfﬂphld Pr°X1m1ty (Moss ‘{‘;

| ”'pf'a Pegg 1963, 0g11v1e 1962)

G
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C The Pg/CaI”:r vag1 neta - Lmnaea horcalts h. ti does not appearl to bc
w1desprcad in the Rocl\y Moutams (T'tble 16) Pflstel 'et aZ- (1974) ’
dCaCI‘led a Pwea/qun, etun h t. f01 N Montana wh.Jch has some florlstlc
snnllamty As 1n “the prosent study, thou assoc1at1on occurred on |
lowlands and '1lluv1al valley bottoms The };t 1s equated mth the "
Pwea/E’qzwsetum h t of- OgllVlC (1062) er the Banff area Although
E'quzsetum (E pPatenSe) was not as domlnan.t in. the Vlnc Creel\ lpasm, 1t
mlrlblted aspect domlnance in some of the depressmnal a‘i'eas of the h t.

I .
T}us fact ~and the presence of Copnus stoZomfera, Galzwn tmj‘Zorwn,

o

Cornus canadénsts and .5‘m1 Zaczna steZZata 1nd1cate a falrly close afflmty
; R ‘The assocmtlon 1n Banff and N Montana dlh not contaln Amelanemer _'- B |
alm folm or Lmnaea bopeaZzs as major t;nderstmy components however

The Pg/[,'qmsetum assoc1at10n appcars qu1te cOnnnonly 1n Jasper N P and

the Foot\}xs_klls (G "H. la R01 pers comm , lDuffy 1964 ,ees 1965) HnatJuk
(1969) des«.rrhed a stand w1th1n the ”Mosophytlc Lodgepole P1ne Torest A
Class" m Jasper that contalned C vagmata as well as other herbaceous

i

wetland spec:les 1

Pwea glau.cav forests ‘mth a donllnant Lwnaea borealts ‘understory
E appear to bc, qulte mdesprcad (Table 16) Coxpmumtlcs resemblmg the S
' PQ/L borealv,.s/HyZocomum spZendens h t have been descrlbed both to the»"-"-.'
N and S, of the study axzea 1n the Rockles to the E 1n boreal Alberta and"_':"»;""
to the NW m N Brltlsh Columbla Lew1s (1917) characterlzed "deep
valley floors" near Banff as contammg P gZaLca w1th a thlck moss
(Ptzlzwn cmsta—castrensw) understory& whlch also Contalned L borealzs v':f:f’
Moss (1955) descr1bod 3 general type whlch although varlable in. understory, .

- ..: {* .».) ,

et
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contalnod L boroalt and a thlck HJZOCOWLum carpet His Cordilleran -
_Assoc1at10n appoare to contaln a numbcr of h.t.s, and probabl) 1nc1udcs

the Py/Cc - Lb.as well as. tho P]/Lb/”o assoc1atlons llsted here

A The COMnunlty descrlbcd by Lew1s (1017) 15 plobably sunllal to
hthose descrlbed by Og11v1e (1962) and hlrb) and, Og1lv1e (1960) for Banff
| N. P However, Cornus canaden zs,_hhlch was only 1nfrequent1y abundant o
- in the Vine Creck stands qu llsted as: the assoc1ate of HgZocomzum .__h'
- glVlng a chea/Cc - Hs . t 1n the Banff area | | |
» Conmunltles smmllar to the Py/Zb/Hu h t have been descrlbc& 1n
7nBr1t15h Columbla (Wall G hrajlna 1973) espec1ally 1n the northern portlon,.

=;and 1t probablv extends 1nto the S Yukon Pogue (1946) noted that a"

'*.;""green moss ,land subordlnate spec1es 1nc1ud1ng L. borealts and C x'"' '

:canadcnszs occu1rcd 1n N central Brltlsh Columbla 1n mature forests

' “.1 Pogue 5 descr1pt10n 1nd1cates that thlq type 15 51m11ar to the P gZauca

zsf}_forb r1ch forest of Daubenmtre (1953) whlch was descr1bed fUrther N near

. e_?fﬁthe Brltlsh Columola —AYuLon border Some florlstlc dlffcrentes do ?15."4“'

s -~

"Z'fooccur betwcen the more n01thern area and Vlne Creek. Pogue (1946) llsted

.;‘TzareZZa Cltntonta and Svﬁ ptOpus as mlnor assoc1ates, none of whlch | ;I;
-::?were observcd in the V1ne Lreek h t ‘ | | |
Achuff (1974) recognlzed a Cornus - Ltnnaea communlty in NW"Alberta e; }h

7for the borealé Pecea - Abzes £brest wh{ch appears 51m113r 1n some

':”h;respects to. the V1nc Creck h t However Achuff llStOd thurnum edhle 1i?:ff"

i »“and Lonzcera‘tnvolucrata as. prom:nent membere of the shrub stratum

cu g ‘,n“'-"



¥ 27

1_These SpCClCS only occurrcd in thc maturc stands.of the. V1ne Crcck h.t.
'andlﬁhcn as minor eomponontb of the understory ' Exam1nat10n of thc )
-~above 11teraturc 1nd1catcs a etrong boreal conccntratlon for the Pg/Lb/Hs-
h. t th Pflstcr et ql. (1974) dellmlted a chea/L. borealts h t for ;
N Montana on cool, wcll dralncd bcnches Othc1 assoc1ates 1n thetr

1h t ). 1nc1ud1ng Vaccznzum SPp-, Jndlcate a h]ghcr elevatlon than that

-

reprcsentcd in thc Vlne Crcek deln

| Pub];shed rcferences to an EZymus znnovatuo - Cornus canadénszs |
:ndOmlnatcd understory beneath P; gZauca 1n the Rockles are’ not commbn _
anatluk (1969) recognlved an ”EZJmuS nodum” of the Mesophytlc‘ odgepole k
:Plne Forest 1n Jasperi Howevcr, Cornus canadenszs was not abundant 1n

. thls type whlch Othcfhlse contalned a 51m11ar flora to the V1ne Creek

’ fi Py/Ez/cG h, t Regcncratlon of P gZauca or P engeZmannzt was plesent

'*:;ﬁbut was unte~vallable La R01 et aZ (1975) descrlbed a 51mllar type f'

:f{or Jasper N P 1n the V]Clnlty of Pyramld and Slgnal Mtns.A Horton if;{,];f

B (1956) d0510nated a ”chh Foothllls” d1v1510n for the lodgepole plne

"tjforest of Alberta whlch appears to encompass Hnatluk's Elymus f01est
ftf.t)pe A numbtl of donlnant spec1es (EZymu° LGnaea, Cornus canadena?s) /
ffare qulte ubnqu1tou%, mlklng 11 dlfflcult to comparc communltles

‘ ;fKuchar (19/3) de51gnated a C canadenszs type for the lower spruce f1r

R \

'_:forest 1n Waterton N. P Howev01, E znnovatus was not an assoc1ate and

7t§'the presence of a ndnbor of other spec1es (Equzsetum arvenée, Carex

f*capzllarzs, Copnus stoZontféra, Lonzcera tnvolucrata) 1nd1cate that thlS

'”‘h;and tho V1ne Creek h t are not;closely rolated

BT
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A,Corn&s‘; Linnaca Cdmﬁunity-type'was reCogniZCd.by'Achuff (1974)
- for the- spruce-fir fercst in'NW Alberta. -lle noted that this was inter-'p

'mcdlate to severdl other cmmnun]ty types having a'non4distinct floristic

' ;composltlon The me01t1nt presence of Vzburnum eduZe, Lontcera znvolucrata,

L Aralba nudznaulzs and Rubua SPP-, and the absence of EZymuu tnnovatus

;andlcate that thls and the Pq/Ez/Cc h t of V1ne Crcek are not closcly R
: ¥

'related

| The Pg-Pt/AZnuo crzspa/E annovatus h t does not appear to be
bfcommon in the Rockles (Table 16 p 200) Hnatluk (1969) recognlzed an
ff~AZnus crzspa type for‘the lodgepolc p1ne forests of Jasper and Banff

"Ta N P ThlS typc appears to be 51m11ar to the Vlne Creek h t in many

'f_respects but Vacctnzum scoparzum a promlnent spCC1es 1n Hnatluk'

dtype was qulte sparse 1n the present study. Also regeneratlon of

;'Abzes Zaszocarpa 1n the V1ne Creek h t was more 11m1ted than 1n Hnatluk s 5&?
.fjtyp Moss (1955) 1n hlS reV1ew does not deszgnate an Alnus spp | p_p_ .V
al;_fac1at10n for elther the lodgepole p1ne or wh1te spruce assoc1at1bns‘u

' btalthough AZnus crtspa 1s noted as an 1mportant shrub 1n the Alberta hﬂ»f'

o, ffoothllls and subalplne forests Corns (1972) descrlbed an AZnus type f’f-.a;s

R

ﬁg:idurlng regeneratlon of lodgepole plne forests after 1ogg1ng 1n the

~""':'gif_-foothllls ncar Edson but the degree of relatlonshlp is dlfflcult tO

"‘“Ij;,exhlblts a close afflnlty to the h t descrlbed here leferences

'°Jvd15cern/ Macken21e»- Grleve (1970) recognlzed a Ptnus .chea/AZnus —f i

'*:Hylocomzum vegetatlon type for the foothllls 1n central Alberta whlch

lf;lnclude thc domlnance of CaZamagrostzs canadenuzs, Epzlobzum angustz~;a 0

‘_,1ijzum, Rubus pubescens, and Stenanthzum occtdentale, and the low f{hf.;;,;f-
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abundance of Ro a aczcularzs 1n thc foothill stands. Understofy'sjmilarf,

- 1t105 1nqiﬁﬂeean abundance'of_Arnzca eordifolia, Elymus'innoadtus,_

" Cornus. earzaaensis and L%ﬁnna_ea "bo'rfearl'is 1‘n adcili_tio'n to Hylocomiwm spiézzdens.
_ R : - _ Cn _
The Pwea —‘ Pmus awaauZ‘Ls‘/ Tumperus comunz /E‘ mnovatus h. t.

appcars to bc qulte comnon oI wtnd'exlosod rldges in the N and far N

| “Rocky hbuntalns Moss (1955) descr1boé>a llmbLT plne (P fleszzs)

hrocky Tidge" vegotatlon as a gencral type for thlS habltat 1n the Alberta

g fROCkleS Balg (1972) 1n a more 1nten51ve study o;&thls zone recognlved

a number of 51m11ar assoc1at10ns HlS P aZb@cauZis Q chea = Abzes/

‘jJuanerus connmnts h t appears to have the greatest afflnlty w1th the

':Vinc Creck assoc1at10n. Slmllar communltles have also been de3cr1bed 1n‘

"owaterton N P and 1n N Montana Kucha1 (1973) recognlzed a flr/whltebark -

| ”ifbplne h t on dry rldges near tlmberllne 1n Waterton N P whlch appears !

;,;more Slmllar to the AbLQS (Pznus aszcauZzs)/Vacctnium scoparzum h, t

h}fdescrlbed by PflSter et aZ (1974) for N Montana Although the aboye
*-assoc1at10nq appear to; occupy 51m11ar habltats m3301 understory specles L
E _:'_'mcludlng Xerophyllwn tenax, Hzemctwn QmGtZe and C’a rex geyem dld nOt /

Jﬁfoccur in the Vine ' Creck arca Both of these types appear somewhat |

| 'j51m11ar to Daubenmlre 5 (1952) chea - Abzes/XerophyZZum tenax h t for Efs,iﬁ

o ;N Idaho and NE Washlngton wh1ch was. also descrlbed by 0g11v1e (1963) in S

“.bthe Crowsncst area of Alberta (huchar 1973) Habeck (1969) recognlzed a
h'.JSDMIlar h t 1n Glac1er Montana REARCRE SE

P_ aszcauZzs cxtends 1nto N central Wyomlng where lt forms h1gh

bh'fhfelevatlon forests w1th chea engelmannzz and Abtes Zaszocarpa (Despaln 'ﬁk]f
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f. 1973).- Apﬁarcntly A.{Zasiocarpavis more impeftant then P. engeZhannii
:as'a codeminunt of-the foreet'h t. in the more S arcas of the Rockies.
'i_P aszcauZzs is somctunés VlCth as a 1ong lasting seral spec1es -
) (Pflstcl et aZ 1074) and ~appears to producc an Cnv1ronmcnt LonduC1vc to” )

A, Zaszocarpa regenelatlon aftc1 ferS on rocky W1nd cxposed slopes (Day

- j1967 Hdbeck 1967) P, aszcauZ%s establlshmont was obscrvcd to. qccur

more readjly amoung, elumps of Junzperdo communzs and/or Arctostaphqloo o

wa-ursi on,the'more barren.rldges in. the present study. .

-; f4L Pmcea - Abzes.ﬁ;zii
. .; The chea engeZmaﬂnze.—»Abeee Zastocarpa Sﬁbalplne forest has
"”‘rec01ved conﬂlderable attentlon in’ the N portlon of the Rocky hbuntalns,f y
:.xprobably due 1o 1te potentlal 1mportance to. the forest 1ndustry The
yiiPe—AZ/Menzzesza gZabeZZa < Vaccznzum membranaceum h t 15 relatlvely

| 1w1dc pread 1n thc N Rockles and ed51ly recognlzed by the shrub unlon

e'(Table 16 p 200) Bell (1966) descrlbed spruce f1r communlty types for;e."”

f the Banff - Jasper drea 1hat exh1b1t an afflnlty to the h. t v although

R

"_.”the domlnancc of Vdectntum sqoparzum and Salzx drummondzz 1n some of hlsiyfi"'

5 stands 1nd1catc§ some varlance. Hnatluk (1969) observed a 51m11ar type Vf:, *'

'H_.;and noted thc 1ower abundance of V neoparzum under the taller M»nzze .-

- '.'Rhododendron st1 atum Ile also¢ recognlzed a hloh subalplne V scopamwn

"ef;type but thlS was conflned to Banff N P The h t 1s probably the

'ﬁ»yfequ1valent of - the m01st p engolmanntt type of Horton (1959), a]though
'Eﬂ?thlS encompasses a falrly broad sectlon of the subalplne spruce f1r -
""fforest Coopcr (1916) recognlzed what appears to be a 51m11ar type 1n

'T“?ithe Mt Robson area of W BrltlSh Columbla Howeveff)casStope and S



211

Phyllodoce were listed as components, and are usually indicative of -

" higher clevation flora in Jasper N.P, -

Connack (19%6) descrlbed a'51m11ar type in the Crowsncst»Pass aren
o of Alberta but in this case ‘the S 1ocat10n is 1nd1cated by the domlnance'
" of.Pac_fAh:y.stzma erfStnLtes; . | |

0g11v1e (1963) and K1rby and OgllVle (1969) 1n Banff and Pfgstcr
'-et al. (1974) Jn NW Montana recognlzed both Ménzzesta and V. scoparmum

typcs The domlnance of Xerophyllum tenax d15t1ngu1shes a. southern '

f_'afflllate to thls h t Kuchar (1973) noted thls in- Waterton N P alth0ugh
Menzzesza, Arneca cordszlza and V membranaceum were strongly represcnted
1n»h15 stands. Habeck (1967) and-Pflstcr et al. (1974) also noted the

.

“-tendency for Xerophyllum to form a unlon w1th Menzzesza Further west

, Menzzesza and XerophyZZum have been de51gnated as. 1nd1cat1ng

.;1n Idaho
| ‘ ﬁ_xerlc h t s respectlvely (Daubenmlre & Daubenmlre 1968)
J;SS) de51gnated a Menzzesza - Rubus pedatus spruce flr ?i;*-d .
fffor central Brltlsh Columbla ThlS appears to. be 51mllar to-
;974) Rubus pedatus/PttZLum communlty type ¥hrlthe boreal v 1'f {f
f in NW Albertd R pedatus was Sparse in the V1ne Creek h t v

:'Ee-AZ/ﬁrnzca cordyfblza h t is not well represented ln the two

' ;f;parks‘ln“the 11terature Arnzca cordtfblza has a w1de geographlc range i3ff

ﬁfln the Rocky Mountalns whlch compllcates maklng comparlsons of equ1valent

ii[:h t s The hlgh cover of A cordszlza, PyroZa secunda and constance of
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‘Lycopodium annotiﬁum indicate that Beii's“(1966) study.included stands
Asimilar to the Pe—AZ/hc h.t. Horton‘Ilgsé)'and Hnatiuk (1969) also
describcd'similar conmunities. Although Arnica cordibeia waSjprQSent_
}in a nunber of-Abiéﬂ types in SWVAlbertd and'NW Montana,‘it is usualiy_
- -of.secondary - 1mportance to a number of othcr speC1cs Houeuer hrnica
\\1;2;§n becomes 1mportant in descrlptlons further south 1n Montana and in
Wyoming and Colorado Pflster et al. (1974) recognlzcd an Abtes/ﬂrnzca .\
' cordtfblia assbciation whlch although not closely rclated to that in
'fthe Vine Creek ba51n occurred in a relatlvely mesic env1ronment on
. llmestone parent materlal Descrlptlons of areas fu1ther S do not
1nd1cate thls degree of rclatlonshlp, although the spruce f1r forest is
'51m11ar1y 1ow in number of understory spec1es ' szes Spp. often occur A
. as the only component of a medlum shrub stratum and a denSe moss carpet -
s usually descrlbed (Oostlng G Reed 1952 Langenhelm 1962 Patten 1963
Despain. 1973) Interestlngly, Vaccznzum scroparzum 1s agaln ‘a strong
}assoc1ate of the subordlnate strata in all of the above studles
vLangenhenn (1962) noted that thls spec1es was more. common 1n the eastern
:Colorado Rockles and occurred prlmarlly on the thher but drler slopes'AE
f; in: the Gunnlson Colorado area 1n the western part of the statc | o

s

A spruce flr assoc1at10n contalnlng Arnzca dzversszlza as a

T

. dlagnostlc component 15 not well recognlzed (Pe—AZ/Ad/HyZocomzum spZehdéns :
IF'Tf‘h t. Table 16) Hnatluk (1969) descrlbed a me51c subalplne HyZocamrum
'l-dl'splendens type for Jasper, but A. dzversszlza was not observed ngh

eihhme51c subalplne stands of Be11 (1966) also do not show a strong afflnlty

o to thlS h t “Howevcr, a PhyZZodoce empetrrfbrmts phase of the Abres;—k;
: o SR y : S , : T A N
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‘ih t.. for m01st valley bottoms of the JASper area

. B | . o,
Vaceinium SCOpariﬁm h t. dcscrlbcd by Mchan (1070) and Ludy (1971) in ‘
south central Brltlsh Columbla appcars somewhat 51m11nr although

containing a more domlnant»low shrub (Vaccznzum scoparzum) stratum., A°

»herb component of Arntca Zatzfolza and V&Zerzana sztchen sis compares

favorably with the Vine Creck h t., and also occurs near tlmberllne

Pflster et al. (1074) descrlbed a slmllar h.t. for NW hbntana although
the presencerofrPenue aszcauZLs and Hzeraczum graczle detract.from

indicating a close relationship. This h.t. was similarly near timberline.

Subalprne Scrub .and Meadow H.T.s

Suba]plne meadOWs and scrublands are common although usually

-restrlcted in area, throughout the central and northern portlons of the
Rocky Mountalns (Reed‘ﬁ952 Daubenmlre 1953 Moss 1955 Langenhelm 1962
"'hPatten 1963, Strrnger'1973) Communltles 51m11ar to the Sasz gZauca/
: dEZymus tnnovatus h.t. have been descrlbed in Banff and the near-by Front
' Range by Beder (1967) and Trottler (1972) Betula gZanduZosa’and EZyMus‘

)znnovatus oecurred as maJor assoc1ates of Sasz gZauca in, subalplne ."3

stream 51des 1n Banff prebably an equ1va1ent h t. of the’ S&sz bapra- .

»tzana assoc1at10n descrlbed by Trottler HoweVer Beder (1967) also

descrlbed a S/ barratzana assoc1atlon, but on steep raV1ne banks near. .

jcreeks Common spec1es for these areas and the V1ne Creek h t 1nc1ude" )

S

. "'Seneczo 1nd0corus, S trzangularzo, Deschamp ta caesptﬁisa, TroZZzus I
: & Fe el o

PR athonruu and Valerzana sttchenszs Flook’ (1954) descrlbed a snnllar
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Communitiecs shnilarlto‘the Sg/Etfh.t. have been recognized»in.ureus |
Vfurther south, often aS'a Saiér:-lgrase association; nhieh-has'been. |
,-descrlbed as a Salzx thlcket communlty in S Montnna (Johnson § Billings

1962), and W central Wyomlng as a shrub swamp communlty (Reed 1952)
B Patten (1968) also recognlzed a S&sz communlty near strelms in N

Wyomlng whlch occurs. within the Avtemesza tredentata zone

| Communltles 51m11ar to the Vlne Créek h t. ~have also been de%crlbed
| oA in. the mountains to the N. Raup (1947) descrlbed ra subalplne ecrub fer
: the hbcken71e Mtn Range 1n the Vorthwest Terr1tor1es in whlch Salzx -
glauca BetuZa gZanduZosa "and Fe tuca—a}tatca were domlnants Daubenmlre
&(1953) recognlzed a subalplne scrub comnunlty ln the W Yukon and S
| Ala:ka area whlch appears somewhat 51m11ar However BetuZa gZanduZosa, %
:Empetrum nzgrum, PhyZZodoce glandulzféra and Casseope tetragona were h
maJor assoc1ates of the h.t. 1n\these areas. Douglas (1974) descrlbed a .
chea gZauca - Betula glandulosa - EMpetrum nzgrum communlty in SW Yukon |
as a.?e51c cllmax type of hlS "montane zone'' " f d; ‘3e 'L}f
- o . v o {
Subalplne meadows have been deecrlbed under a Varlety of names
'4LeWIS (1917) recorded a mat herbage communlty ot Poa aZptna, Festuca ;“;
“brachyphylla for the Banff area Wthh appéars 51m11§r té &he Saltx :_t‘
-vesttta/Poa aszna h -t dellmlted here. Hrapko (1970) recognlzed a’, |
;‘Saltx arctzea - Arctagrostzs arundtnacea communlty on Slgnal Mtn in’
,JaSper N. P whlch appears somewhqt 51m11ar florlstlcally, but was L

__deflnltely alplne Slmllar types have also been déscrlbed by Beder _vi

&i (1967) in’ Banff N P.. and by ]rottler (1972) in the Front Range SE of
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Banff. These communltles are often dosrgnated as reprcscnt1ng wet,

\

’ mc51c habltats W1thln eJthcr the alplne or suba]plne zone. The species.
Comp051tlon ‘of the h t. 1s varlable although some (Sultx veut;ta, S,»~
nivalis, Erzgcron peregrznus Poa aszna, Phleum alptnwn, Trtsetum
.sptaatum, Luzula spp ) are qulte constant throughout ‘the 11teraturc
Other studles dellmltlng 51m11ar types 1nc1ude Kuchar (1973) moist.

- forb communlty in Watcrton N.P. (although Saltm was not a. domlnant), the

?Poa, Koelerza, Agrostis subalplne meadows of Habeck (1967) 1n Glac1er

: N.P.. hbntana, the sedge grass meadow communlty of Reed (1952) 1n W'
central Wyomlng, and the upland herb commun{}y noted by Langenhelm
‘;(1962) 1n W central Colorado The 1ast communlty 1s of speclal 1nterest
“.(51nce a. number of 1ts 1mp0rtant spec1es (PhZeum alptnum, CaZamagrostts

. purpuraseens Agropyron trachycaulum, Festuca brachyphylla) also oceur |

| ln the Vlne Cleek h t s., ' :»:' H.f. "”":1 :‘, S d__ '3f° .. §

6. Mlscellaneous H. T s :

.ot

Although a number of other communltles 1n thevV1ne Creek ba51n were Ah
"of Very 11m1ted extent and not studled 1n detall several of those :

‘_hrecognlzed do appear in- the llterature but thelr florlstlc and quant1ta-

vh'tlve relatlonshlps cannot be assessed very closely Dryas octapetala s

1; dOmlnated alplne tundra is w1despread 1n the JaSper area formlng a.

| enumber of alplne communlty types (kuchar 1975) Hrapko (1970) descrlbed
‘h‘Dryas - 11chcn aqd Dryas - Sath arcttaa communltles wh1ch seem qulte |
'_51mllar to thoseiobsorved here Trottler (1972) recogn1zed a D. octa—_vfi

' ;petaLa assoc1at10n on exposed PldgeS Wthh appears S1m11ar although -

. some florlstlc dlfferences betwcen areas are notable Espec1a11y

.‘4
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o germane is tho D octapetala —Oxytropzs podbcarpa assoc1at10n dellmjted
by Bede1 (1967) in Banff lhls communlty occurred on gentle W1nd- ;
xposed slopes and has a flora sunllar to that of a1p1ne commun1tles on 1

the Galgoyle Redan rldges in the V1ne Creek ba51n

Hangmoor peatlands or mountaln bogs have been dCSCleed 1n a number o
.-‘of areas but espec1ally'to the north of the study area Bbss (1955)
':noted the cmmnunrty type in referenc1ng Crossley (1951) who dlscussed
a.condltlons conduc1ve to mountaln hog format1on Laldlaw (1971) recoonlzed:f
a Tomenthypnum stand group in hlS study of the P marzana vegetatlon Jn -'”
‘.Jasper and Banff N P 3 whlch appears to ‘be. closely related to communl- _lt =
:htles observed here Analagous spec1es 1nclude Ledum groenlandzcum, |

a%w&quﬂw%CmmawwwzaMSMwmmmmwwﬁt mm-'

"4'commun1ty appears to have a northern afflnlty, resembllng those descrlbed

lfor N Br1t1sh Columbla and the Yukon (Raup 1947 Por511d 1951 Daubenmlre o

| _1953) wa11 and Kraglna (1973) descr1bed a P martana Sphagnum —-"

N

'fBetuZa pumtla bog communlty 1n NE Brltlsh Columb1a and noted 1ts boreal
| _afflnlt o RN «hu f -f'V'if_ téd'hftlﬁ - o
Several papers have made reference to the avalanche h t s of the .

B _Alberta ROCkleS Strlnger (1973) mentlons an Elymus znnovatus shrub

| savanna for Banff N. P that resemblesuxhe V1ne Creek avalanche chute 73‘d

'f‘fflora at. relatlvely 1ow elevatlons and on steep S or SW exposed slopes

.‘The avalanche meadows descrlbed by Trottler (1972) west of ngh RlVer, ;15'*»
'7fAlberta are somewhat 51m11ar to those of the hlgher areas of the basln
*=,'conta1n1ng VaZertana sztchenszs, AehzZZea mzZZebetum, Fragarta vtrgtnzana hh

‘2_ and a number of grasses (PhZeum, Poa, Bromus, Trzsetum)



'iﬁ»maY represent northern elements w1th1n the Pseudbtsuga communltles vh“'”’

R

a7

The open Populus tremulozdes parkland h t. 15 a varlant of'bbss'

"h(1932) Parkland vegetatlon type of central Albcrtd and contalns elements

of. the "Northern Pralrle” (Xoelerta, Agropjron, Solzdago) as. well as |

s .'shrubs (Rosa, Shepherdza, E‘Zaeagnus) wh1ch reprebent a pralrle popldr

L fecotone Thls communlty qu not exten51ve Ain V1ne Creek and as 1nd1cated

“by Moss (1955) for many of the poplar types in- the Alberta ROCleS

:'appears seral to chea gZauca
'B." GEOGRAPHIC RELATIONSHIPS OF THE VINE CREEK FLORA .

~ The florlstlc compo31t10n of the ba51n changes from predomlnantly
: _"’boreal 3predom1nant1y Cordllleran elements w1th 1ncrea15e m elevatlon
: Spec1es generally 1egarded as northern 1nc1ude those of the lower
-;fhmontane h t s (e g. ;. chea gZauca, LGnaea borealts,vGeocauZon szzdum

,Cornus eanadensts, EZymus tnnovatus) espec1ally thosc of the Ptcea

'-}ﬂglauca Serles UWoss & Pegg 1963 Achuff 1974) Although there was no

;clear#cut dlstlncthn between the flOTlSth aff1n1t1es of the montane j. _7‘

;f~ Pseudbtsugq and P, gZauca stands certaln Cordllleran spec1es (CaZama—- L

L
: grostzs purpurascens, Sptraea Zuczdh) appear malnly 1n the former

o However, Junzperus cammunzs, Arctostaphylos uva—ursz and EZymus znnovatus

Q(Hulten 1968 Habeck 1972) These spec1es WeTe. prlmarlly aSSoc1ated |
| ;_w1th the montane h t s in the Vine Creek<ba51n 5'f5fj" L -
Spec1es hav1ng elther Cordllleran or Pac1f1c afflnltles are more

' _'frequent in the\subalplne chea -»Abtes meadow h t s Some of these ‘-*

..\
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'1ncludc Arnzca'cordszlza, Anemone parvbflorn, A. r¢chardbonnzz, Thaltctrum:;

. occzdentale Pa#nassza fimbrzata, Veratrum eschs choltzzz Ménzzesza f

';c_gzabella and Rhododendron aszonrum (Moss & Pe¥g 1963) A number of o
'other spec1es of thc chea - Abtes/ﬁrnzca dzversszlza/ﬂylocomzum -

' .splendens and Subalplne shrub meadow h t. s sccm be be Cordllleran on’ thc.

o ba51s of occurrence 1n the Rocky Mounta1n c0mmun1ty descrlptlons 1n

o Montana Wyomlng and Colorado and Hu1ten s (1968) range maps Thesc'

' !1nc1ude Festuca brachyphjlla Trzsetum spzcatum, PhZeum aZanum, Arnzca _f'

.. d$”ep31be1a, A mOZZ%S, Juncus drummondca and Carex atro quamea F101a s

‘«of Banff and GSpeclally Waterton N P 1s ma1nly Cordllleran and seems to '

t';‘contaln fewer boreal elements than Jaspcr (Og11v1e 1962 Kuchar 1975)



. 219
oy |

* C. VEGDTATION PATTERN IN THE VINE CREFK DRAINAGE BASIN .

_ ; !

Thc dlStl]bUthﬂ jg dlffelbnt plant communltles 1n the ba51n were, o
(1) not. porfectly corre atod w1th phy51ograph1c featu1e9, (2) not the .~ |
"151mplc outcomc of flre hlstory, (3) not the slmple outcome of blologlcal

/

ilntcractlon and (4) w01e not totdlly random Rather commun1t1es
h.appcared to fall w1th;n llmltS dctermlned by a COmblnatlon of phy51o—b-
."graphlc hlstorlc 1nteract1ve and stochastlc factors Therofore each
';communlty has 1ts own ”reallzed nlche (sensu Hutchlnson 1965) W1th1n
‘,iltS fundamental ”nlcho space“ afforded to 1t by the ba51n at thc t1me of ‘
,the study | 1he fundamental ”nlche spaces” of the communltles w1th1n the
-hba51n are thus reallzed w1th the dlstrlbutlon of 1ts "habltat txpe" i
*~sensu Daubonmlre (1968a) ThlS relatlonshlp between plant communlty;t‘
"dlstrlbutlon and a complex of env1ronmenta1 Varlables was most eV1dent
f\as a vegetatlon mosalc w1th1n the elevat1ona1 and topographlc ranges of b ﬂi;'
h the dra1nage ba51n.\"_-,__i_~-:ff | I “ R |
Alplne, subalplne and montane zones are the magor d1v151ons of the or B
': egetatlon ranglng from the upper to the lower elevatlons of the dralnage-:":?i
~tba51n These Z0nes’ correspond to dlfferent but 1ntergrad1ng mgcrocllmates
»?and follow a general gradlcnt from xerlc—wann to molst cool whlch correspondSth
.}to elevatlon 1n¢roase Slmllar trends have been fbund 1n numerous . £
fhstudles of the Rocky Mountaln vegetatlon 1nc1ud1ng those«ln Jasper N P |
';"_(Beu 1966 Hnatluk 1969 Strlnger g La R01 1970) Each zone would

"appear to have a specIfIc array of h t 5.
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In thls study dlstlnct asscmblagcs of stablc vegetatlon assoc1atlons
i haVe becn used as 1nd1cators of h t.s. Those h t s are con51dered by ‘
'bDaubenere (1952) as ”the baslc ecologlcal unlts of the landscape”
.“However, as. cxpresscd by Daubenmlle and Daubenmlre (1968), complex flre
.hlstory makes the 1nterpretat:on of habltat types dlfflcult 1n most of
_.the Rocky Mounta1ns and '”vegetatlon of dlsturbed areas is hlghly ” ﬁ"'¢J;
varlable,.v oven on a relatlvely unlform type of habltat”; 51nce "competltlvehsl
f'ellmlnatlon has not had t1me to. prov1de the closest relatlonshlp between ”
'}the vegetatlon and ch1ronment" .; :;§T£:; ‘ | | 1o

Succe551on ;»"“.. | .

Flres have been the most nnportant agent ln Succe551on - c11max‘
f;relatlonshlps in the stud) area The montane zone has had a complex )
ifflre hlStOTy and con51sts mostly of subcllmax fbrest commun1t1es,_~-:fi.';'l
 whereas the subalplne zone contalned mostly mature near cllmax communrei
}dtles ("cllmax" 1s here deflned as a relatlvely stable, self malntalnlng
::communlty sensu’ Whltteker 1953), The relat1Vely complex pattern of the
wmontane communltles 15 related to flre frequency,‘as well as varlable ii.;1’7

_{successhonal rhtes on dlfferent h t 5?4 f{?t -

A number of 51gn1f1cant flres 1n the Vine Creek dralnage b351n -
happear to have been W1despread in- the N Rocky Mountalns.; Larsen (1925),

?Habeck (1972) and Houston (1973) also note the ]870 1890 1895 1910 and ;iyfif;

§1919 dates aS'perlods of maJor flres 1n the Rocky:Mbuntaln area of N

Idaho and Montana The complex age structurc of the Pﬁ%udotsuga menazeszz

‘h t s 1s due to a large number of P menzzeezz trees surV1V1ng f1res
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'“'51nce about 1895 and a lesser number of tlees Surv1V1ng flres 51nce X
-.about 1700 Fhe Ptcea glauca h t s were burned dlfferentlally by the_

;-1870 1910 and 1919 flleb.‘ Stands in glac1ofIUV1a1 coves and on 1iver

| 'alluv;um and fans ncar Jaspcr Lake have somehow escapcd burnlng 51nco

‘about 1800 and stands near the open Au Cp shrubland h ts usually :
ib.contalned scarrod pre fer rellct 1nd1v;duals of P menztestt Ihe
;gjablllty of P m@nZlQSul to surv1vo flrcs whlch apparcntly destroyed any .

. ex1st1ng chea gZauca and Pznus cantorta 1s an 1mportant factor 1n the i:i;tﬂf
'“:pxesent complex1ty of the vegetatlon mosalc Another factor 1s the L
«Qrapparent ab:llty of P menzteszt to occur as a seral spec1es along wrth
"d:PA contorta,:;n the more me51c P gZauca h t s Habeck (1963) noted
';*that P menzteszt often occurs as a subcllmax spec1es 1n the Thuga—Tsuga
f;forcst 1n W Mbntana The 1mportance of P menzzeszz 1n the P glauea :
'jjh t $ decllned W1th elevatlon and was: mlnlmal 1n the Pg/hlc/Et assoc1at10n..
'VAlthough P menztestt and P gZauca tend to be Segregated toward wann,fv:'”
.A-dry and cool me51c habltats respectlvely (Krajlna & Brooke 1970), the
f]ex1stence of codomlnant cllmax communltles has also been recognlzed fbr
;ﬁthe Douglas f1r forest subzone 1n B C and for the N Rocky M0unta1ns 1n :hsif?i
'.,f."general (Daubemmre 1943 McLean 3 Holland 1958) P menziesii. and P

vf:glauca sometlmes appeared together as self-malntalnlng populatlons ,ﬁ"

'f'(vtz stands 5 G 9) Daubenmlre (1969) dlscussed the p0551b111ty that

;;P menzteszt may be a surv1vor of the old "Temperate Mesophytlc Forestj :
*;only sulted to a thln zone between the "Montane Talga” and "Xerophytlc uﬁdlfﬁh{

j;Forest” However, P; menzteszt, in the absence of Pinus ponderosa,

vj'fonns thc xerophytlc forest 1n relatlon to the m051c habltat‘preference ',}};3

1;0f P glauca 1n the study area



The burned arca of the subalplne Ptcea - Abteu forest was qu1te ‘

'f_obv1ous due to the homogcncous natuxe of ndJacont matuxe cmumuutles at
'f’ihrgher elevatlons., A stepw1se progres51on of tree establlshment occurred

in thls ar ca follow1ng the last maJor f1re (ca 1910) P. contorta was

followcd by P, engeZmanntt (P 1ntermcd1ate) establrshment after about a:

'.15 year 1nterval Abtes Zaetocanpa regeneratlon has been much slower .

o

-3’1n some parts of the h t A 51m11ar feature was observed by Habeck

Ffvalues than reported earller for snmllar forests.,Of bo;

m_1966 Hnatluk 1969 Str1nger G La R01 1970)

: ..W1th man) of thc trees ostabllshlng aBout 30 ycars after the flre Th}S .;.3'
"plogre551on 1s 51m11ar to the “plne to spruLe” SUcc0551onal trend descrlbed :

'S“by Cormack (1953) On the N exposed slope of thls subalplne area [.-lb‘bgyﬂiﬁ

\

;thWGVOI, B contorta d1d not establlsh as well as Ptcea ThlS pattern
'5_15 slmllar to Cormack's (1953) "spruce and plne to cllmax” success:on..
Nt;P‘ contorta appeared to establlsh from 5 to 10 yeals after the flre on
fafthe N exposure As found by Stahelln (1943), the rate of events follow1ng

.f1re varles w1th 51te condltlons and P contorta establlshment was '

ii{apparently slower on the cooler N exposures..~‘;.3532‘

The 1910 burn also has a 51gn1f1cant long lastlng effect on the P—_‘-»'.

'fﬁPu/Uq/Et aSSOC1at10n wh1Ch 15 St111 vrsually domrnated by standlng snags

I

;f(]972) on the hlgher rldges in an area of NW Montana Forests 1n tbe
’f;1910 burn area contlnue to have 51gn1f1cantly lower tree blomass (basal S

1“ﬂarca) values than those of the surroundlng unburned area and lower
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~ The codoxnnhmce of P. ehéelmamm and A Zaszocarpa 15 well recogmted
-‘as a ma Jor fouture of the subalplne zone, but the cl:unax status of tho :
two specms. apparently var 105 Ev1dence of solf %ntcnante of both
,A'spec1es was ample 1n the l/lhe Creek h ti.s. " The reproductlve potentlal
~.foi' A Zaswcarpa appeared to 1ncrease w1th elevatlon however, whlle
-’that of P engelmanmv, decreased Bell (1966) obse ed thc tendency of g
B /1. Zaswaarpa to layer at the hlgher elevatlons theas P engelmannu =
.".dld not lle concluded that the two spec1cs were able to co ex1st
becausc of dlff erent nlche requ1rements and 11fe hlstory patterns a. -
v1ew suppm ted here 'I‘he dlfferences m the two are p0551bly 1llustrated
; "by the re]atlvoly h1 Oh number oi’ Abzes seedlmgs whlch are offset by a |
-_;hlgh m01 tallt\ and shorter 11fe spdn 1n relatlon to those of P, engelmanmv,
.V-A__-A Zaswcarpa 15 appdrcntly more sen51t1ve to. flre btxt )more shade tolerant
P than P. engelmanmz (Daubemnlre G Daubenmlre 1968 Wellner 1970) 'I‘hese
:.,tralts probably aCCount for P engelmanmt to be more restrlcted m
"_,dlstrlbutlon in areas mtlﬂlgher prec1p1tat10n and fewer fnes (e g
- "coast) leavmg A Zau?/OCCU"pa as the sole cllmmax dommant 1n many |
'.'v".»western su’oalplne forest assoc1at10ns (DaubenmN}'e & Daubenmlre 1968 |
;:-;Fr(mklhn 6 Dyrness 1073 Pflster et al 1974) R
The patterns of /understory specle.s} are ea.slerﬂ to assess 1n reletlon
o flre hlstory The undelstory florlstm comp051t10n was usually not
B strlklngly dlfferent m h t s contalnmg subcllmax and )near clmxax o
) -sta.‘nds Dyrness (1973) noted that most of the or1g1nal understory 1n a
A_"Pseudotsuga forest 1n W Ore;,on had returnod afLr only 5 yrs after
",burmn& The observatlon of Daubemnlre and Daubenmlrc (1968) that the
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"forest and undergrowth occupy the land 1ndcpcndcnt1y" is gcrmane to.
j'observa‘tzons here The burnod sectlon of the Pe-AZ/Ny Vm h t. had an
understory very . stmllar to those of the- more mature ‘stands wh1ch had a-
j-_predommance of ”key" clnnax spccges 115ted by Cormack (1956) The >
.hfregeneratlon of a cllmax understory 1s thus a relatlvely rapld processf

v(Lyon 1971) ¢‘Th15 fact llmltS thelr usefulness 1in. succe551ona1 1nter~¥f
pretatlons of the dralnage ba51n but enhances thelr Valuos as: 1nd1cators
;. of the h t S or: "51te typos” (sensu CaJander 1926) ‘A number of spec1es --}
'dwhlch Cormack (1956) de51gnatod as seral (An%ennarta spp., Fragarta e
h-spp Aster spp 5 Arctostaphjlos uva urSt, legumes)‘were not 1mportaht
_f in the subalplne h t s except 1n avalﬁ%che chutes Slmllarly, 'some’ ﬂb?
,;speclcs that are 1mportant members of cllmax commUnltles in the Montahe
o (e g Pseudotsuaa menztesm Shepherdta canadensts, EZymus mnovatus,

*LGnaea borealts) are 1mportant only 1n certa1n seral communltles in. the

‘"_Subalplne htuu& of these same spec1es were 1mportant on stable 51tes at

,lower elevatlons and on steep, S exposed slopes at hlgher elevatlons,‘ .
':Ténd are con51dered good 1nd1cators of montane h t s.: Thus the SUCCeSSionalh;ff
ff7n1ches of many w1de ranglng understory, as well as tree spec1es, varlcs
-Linth h t. in the Vlne Creek b351n Thls was dlscussed by Daubenmlre and
;f;Daubenmlre (\968) as a maJor p01nt for u51ng relatlvely Stable CGmmunltles ;;;fi

L

:nas 1nd1cators of a h t.ti,f{

Influences of the Phy51cal Env1ronment

A.number of relattapshlps between the dlstrlbutlons of comanltles

and onv1ronmenta1 factors became obV1ous durlng the study e ,_;5;;,,53¥'*”

Au~'



The relatlonshlp betwcen partlcular landforms and h t.s was. not

strong The contlnuous nature and broad elevatlonal range encompassed

)

G”Q;lg colluv1al slopes) probably accounts for the o

;_by “Soime landcjl“
:1nc1u51on ef: *l $ 1n a, 51ngle landform A f1ner textural |

| flandformjclfi ‘:ystem could help in dlscernlng a closer correla—v
l 3 “;al slope landform and h t s Pettaplece (1971)
‘5"1th1n a mountaln slope land system whlch took 1nto :
;pness ahd aSpect Although some of these smaller ,_"
',unitg;co? - f;veral communltles correspondence between landform and

5f the Serles used here was: obtalned 1n hlS ana1y51s

lnumber of h t s 1n the lower montane occurred on

1)Severa1 land: ;.;adue 1n part to the topographlc complex1t) of what

;lbtPherson;(l°h }descrlbed as '1ce stagnat1on” terraln The correspond~ :.;t'f
;_ence between h tf:and landforms was thus ea51er to percelve in: thls

~Tlower zone ca h t S were prlmarlly assoc1ated W1th the alluV1al ﬂl-hf |

:_terraces and[g al coves whereas those of Pseudbtsuga were

;;assoc1ated3 glac1ofluv1al rldqes and espec1ally the more upland

}colluv1al slopes.“ ThlS habltat segregatlon between the two speC1es has
jbeen observed in a number of other areas of the Rocky Mountalns (Le \

‘?Barron G Jemlson 1953 McLean G Holland 1958 Og11v1e 1969 Str1nger &
.La R01 1970 W111 & Krajlna 1973) The Steep S eXposures of the glac1o~‘h"'h

i_fluv1a1 terraces always contalned the xerophytlc Au-cp scrubland h t at

:the lower elevatlon of the dralnage ba51n 5-j.,ﬁ77
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No close relatlonshlp wus eV1dent betheon h.t.s and 5011 Subgroups
8011 Orde1s were assOcJatod mainly w1th thc dlStllbutlon of thc larg01
: vegetatlon Serles Most chosols and all LuV1sols occurred on h.t.s 1n

the montane Serlos Brunlsols occurxcd 1n both the montane and subalplne
/

zones, but malnly in. the Picea, --Abzeo h t s Pettaplece (1971) concluded
\

,that 5011 and forest types are- usually not strongl) correlated eSpoc1ally
.1f the alea has'axhzstory of recent flres The constancy of Brunlsols o
.*w1th1n the mature Ptcea - Abzes h. t s supports the dlsruptlve 1nf1uence‘ L
T'that flre has on the maturatlon of a partlcular 5011 type Daubenmlre .
"and Daubenmlre (1968) also concluded that few correlatlons could be f~‘

‘rdlscerned between 5011 classes and h t S 31nce ”plant roots are sensrtlve

to morsture solutes and temperature whereas 3011 cla551f1cat10n 1s ﬂ'; AR

.“based on characters to. whlch the human eye is sen51t1ve" ‘ Clearcut
’5corre1at1ons between vegetataon and SOll types have been observed
3elsewhere howeven Patten (1963) and Dcspaln (1973) found good dgree-
) ment between 5011 and vegetatlon patterns 1n N: Wyomlng, probably due to
4'd1st1nct dlffercnces in parent materlal Nlmlos and McConncll (1965), = _'
Ealthough notlng a close landform = 5011 relatbonshlp, d1d not observe ii(f.if}}
;the same degree of afflnlty betwoen 5011 and vegetatlon McLean (1970)
dfound that some h t s wereﬁwell correlated‘w1th 5311 but at the great
igroup level, a trend also observed 1n thJs géudy Pettap1ece (1971)
;observed that parent matcrlals thh 1n carbonate content 1nh1b1t the
1Hepth of Regosols ThlS 1s pertlncnt to the 501ls on tge‘rldges as well n fiéf
ias those on alluv1al sltes dt lower elevatlons ngh pH and percent S

'sand values werc cmmmon on the latter 51tes 1n the baSJn

‘q'.



227

Soil nutrientbcontent-Vafled méét with fire histor&; soils of‘the
'h younger stands usually were hlghet in K COntent IhAvallapr nutriente
are gencrally thouqht to 1ncrtase after flres (Ahlgren & Ahlglen 1960-.
Wllght §>He1nsclman 1973) whlch COHVClt biomass and %011 lltter to. ash:
h  Howevel, N espec1ally can e3511y bc lost by vol1tlzat10n and er051on' -
‘A_processes durlng and aftel burnlng (Lutz 1956) Wagle and Kltchen | |
///11972) observed }hgher avallable 5011 N and P Va]ues 1n non burned areas‘ c
.}and old burnq conLared to areas: haVlng a more recent (3 yr) flre hlstory:
:The 1nc1ease Jn nutrlent content of the surface or near suﬁface h01lzons_5gl

_ w1th age may be due o ‘the: accumulatlon of 01gan1c materlal and thus a ’

lower total avallab e nutrlent pool The low N and P. nutr1ent reglme of_-

. Regosols in general and the fact that none of the stands have been
| burned recentlv makes 1t dlffltult to detect deflnlte 5011 nutrient |
h:‘trends in the dralnage baqln hv';h7 | ’vf }h_ ,;-:ft',ff't”;ihhﬂt :
CllmatJC/Varlables although assessed w1th a modest network of
ff'statlons, show Lhe strongest correlatlons w1th h t dlstr1but10ns., The
'hicllmatlc gradlcnt generally followed the elevatlonal gradlent but otherfli~fhf
'Vftopographlc varlables were 1mportant in ehanglng gﬁédlent steepness -

x'ffhls 1s 1n accoxdance w1th the observatlons of Gelger (1950) and Daubcnmlre

.g.(1968b) on the 1nfluence of mountanh topography on local cllmate.';‘

. ("u)““ 4-
. e
et o

»

Fhe elevat1on < tempeldture gradlent of the dralnage basln (ca ~1 C]f;~

dale (1944)

,t1100 m ) is steeper than that reported by Spllsbury and i;v
-}ﬁ{or an’ area in S BrltISh Columb1a<( 0 9 C 100 m ) and also for mountaln;ffggb

jhharcas Ain general (OOStlng 1956'~1 0‘5 C 100 m 1ncrease} Depreslenalfli;l”h
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ntens (glaciofluvinl'covcsj.und plntcnus had lowor tomporaturoé than
adjatent Slopos. Within the subalplno zone, these areas were qu1tc
‘dlSLJnLt Cont11n1ng shrub dnd mcadou Lommunltlcs Pockets of cold alr |
alig.occurred hohind physical barriers (C.gl ridgos~pcfpendiculuf to‘tho '
main vallcy, forest houndnrjes):;1s described bijqigct (1950).
R L : .

fhc decrcabc in- tomporatu1c with clevatlon Jncrcasc 18 pdldllClCd
by an 1nc1edsc n prec1p1tutlon (+2 cim, 100 m l). PreCJthatlon .
elevatlon g1ad1ont5 in othc1 parts of the C01d1116r1n do not appear as
steep (Patten 1003 DCSpdln 1973) Howeve » tho<problems a%soc1ated
W1th the aLCUIdtC\mCﬂSUICmCHt of prCLlthatlon and lts v1111ble dlstrll

taon pa1101n ]1m1t the. uscfullneqs of rcldtlng thc gradlcnt ta plant

’ conummlty occurrenc

8011 m01s1uro was: an 1mportant varlable 1n h t dlfferentldtlon

The dllest late- swmner SOll condltlons wero found 1n the montane qcrublandp

5 .
—
;

.. Soil. m01sture of Pseudotouaa, Picea gZauca and Pznuu contorba (FQ/MZC/E1)

—i >

_sztegxiﬁs‘55115731m11ar, and usually great01 than,that of the montane
“scrubland slte;' The . alplne tundra 51te was. relatlvely xerlc although
}not show1no tho degree of stross or leldblllt) observed at some of the _f:
| lowcr elevatlon 91tes ' The steep g1ope ‘and rocky substratum 1ncredsed |
;‘;the al1d1ty of the alplne 51te 51nce prét1p1tat10n was relatlvely hlgh‘
NSoll m01sture was n01ther as Varlable nor 11m1t1ng in the subdlplne

3;zone belng rc]atlvely abundant throughout the zone
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' Mnny of-thcsef?e@stionShipo of;Vegetation’zones and h.t.s withA.
.climatjc"vurinblcs arc in accordancc-With othcr workofs. Larson (1930)1‘= 
noted 1n N Idxho and Montqna thdt lower elevation ‘conmunitics roqu110
high tcmpelatuae dnd ]osg mon%turc . than. thoso of hlgherlzoncs -Daubcnmire.‘
.(1043b) and Spllsburv and Tisdale (1944) dlllVCd at. snnllal concluclonﬁ
for arcas in N Idaho dﬂd S British Columbla whelc soil mOlbtUTC Was
decncd to bo tho moqt 1nf1uenc1a1 factor at 1ower clcvatlonq wheroao
tempcrature and Iength.ofjfrost—frec period'Wcrc more ;mportant inethe
hxghcr vegotatJon zones. 'Déobenmire (1956) observed.that.heat'deficiency "t
is 1mportant in 1estr1ctlnq Pznus ponderosa and Paeudotsugg monzfoszz to -
_Lho 1ow01 zones in E quh1ngton and N Idaho. In hls lacer»wofk in the

same a1ea Daubenmlre (1968b) found a close corre]atlon botween cllmax
communltlcs and soil moisture reglmcs. Slccama (1974) has ObSCTVCd
'-qultc steepvcllmdtlc gradlents between zonal vegctatlon as compared to -
'those w1th1n a partlcular zone, The V1ne Creek woather statlons were -

'-not nuherous cnough to plnp01nt Such 1nterzondl ”blcaks" in the cllmatlc

gradient.

Ihe subalpnnc zone of the baqln has a cool me51c cllmate thCh,-

: except for.: cold alr dralndoe pockets and snow baslns is appdrently

'

, qunte unlfOrm over. a roldtlvely lalge area The montane zone has a more ,_fn

'.fdlverse drray of cllmatos and thuq a lﬁrger number of h t;s

CE R AR L
. A

It 15 concluded that the Vlne ClOCk dralnage basrﬁ 1s a modoratcly o
-,well organlzcd system of 1nteract1ng ablotlc and b10t1c factors the

:totallty of WhLCh is explessed vor) well by tho repeatlng patterns of o _ijb
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-\
. the pldnt COHWUHIthS that collccttvely form 1its VL&Otdthﬂ “The
| dlstrlbutlon and 1mp01tance of thegb plant communltlcs in: reldtlon to
’ each othcr and to 111301 mounta1n 1and%capc systcms Jre by no mcans
‘unlquc to the study qroa Lhoy scem to bc leld f01 a much 131&01 a?ca
éldng thc east'slope of the Canudlan'Rockics.' Othcr b351ns in Jaspér
atlondl Pdlk %hould be 1nve%t1gdted to tcet thlS hypothe51s and to

'bettCI undcrstand the functlon of these landscape systcms toward bctter

f_nmnagemcntf : IR : . )
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- d1V1dlng the landscape into rldge valley slope and valley floor

"h'baSln’ a gradlent f°110WCd bY a decrcase in temperature However,j’ -5

4

VII.  SUMMARY

-Ihe vegetﬂtlon of the Vlnc C1eck dlalnage b351n, Jaspe1 Vatlonal

' Park ‘was <tudlcd in order to dSeeltﬁln certaln 1elat10n<h1ps betheen

pldnt communlty dliﬁﬁ;butlon and envuronmental factors Wlthln a '

| .‘mountaln land%cape system. Cnuunntatlve data were collected from

/ r

‘35 stands, “while qualltatlve data were collecredofrom addltJona]
51tes 1n order to dCQ1gnqte plant communltles. The stands weTe
_.grouped 1nto habltat tvpe: 1ndleat1ng cllmax communltles u51ng

‘cluete1 analy51s, Lwo leCHSlOHQl ordlnatlon and tree regeneratlon_ L

S . . Sy

)

"._stqtlgthS- T R S A ! /

ho p})51cal featu1es of the drannage b351n were 1nvestLgated by

:'hilandform complexes ) Lahdform nomenclature 1ncluded 1nformat10n onf =:(

'5011 palent mate11a1 as an ald to 1ntcrprctatlon of 5011 and

'";'communlty relat:onshlps. Colluv1al blanket was by far the most

.

:‘abundant landform, coverlng most o{ therslope complex.‘ Although
. ft111 is. exposed 1n qome of the lower‘elevatlonq of the ba51n,,‘il;i: -

. c011UV1al depos111on has masted many of the glac1al features

'-In general a warm dr) to cool wct cllmatlc gradlent followed

.

3elevat10n 1ncrease The upper statlons had over tw1ce the amount'fff -

;.of prec1p1tat10n than that observed at the lower elevatlons of the;~“:1;5

: \

1_nthe steepness of the gradlent was affected by local var1atlon in-



topogrdphy (c g. depre<<10nal d]CdS werc.dffetted by Cold air -
dralnqge and deln dl%Chal;C wheroas steep S, eroscd slopes Qerc
' convelqcly d1101 duo to lncreased 1n801dt10n and rap]d-dra1nage}
”.lhlq dlffercntlal in g1dd1ent 5tecpness Was reflected by the f
hvegetation mosalc Subdlplnc mcadow and Picea gZauca communltles
l were TCldth to cold air draJnage b351ns, and montane scxubland and
h_smne Pscudotsuga menztcsez communltxes wele dSSOClath w1th steep S
':”exposures Thls habltqt type separatlon was reflectcd by temperature
. ﬂand to, some dcgrcc 8011 m01sture data However, 5011 compactlon,
"texture elevatlon and communlty thblogHOmy were 1mp0rtant fact01s lﬁ\
.“iln produc1ng a- 5011 m01<turepreg1me Fhe subalplne chea - Abzes i

-forest 51te had the most me51c 501] m01sture reglme wh1ch Varled

‘,.llttle through the grow1ng seagon.

‘Thlrteen habltat types were Jdentlfled from the stand data These i?hih

‘represented two maln elcvatlon uones, the montane and subalplne. ji:fén”v7
'F1Ve Serles were 1dent1f1ed w1th1n these two bones 1ndleat1ng o
'varlatlon w1th1n majol clnnatlc gradlents hlght habltat types

' 7ﬂwerc 1dentif10d in the montane zone, 1nc1ud1ng, 1) montane scrubland

gf(Arctogtaphylos uva-ursz ~ CaZamagrostzs puﬁpurascen ) 2) Pseudotsugaf;;tt

.mendze zt/Uuntperus)cowmunzs/CaZamagrostzs purpurascens,ks) Pm/ﬂlymus;f,ﬂ:

1

hhftnnovatus, 4) chea gLauca/Carex vagtnata - LGnaea borealts, 5)fﬁy‘4¢ 'fff

-;Pg/L bOPQaZlS/HJZOCom1um splendens, 6) Pg/E Lnnovatus - Cornqu;;v;¢!‘?Qy

‘ canadenszs, 7) Pg/AZnus c Opa/E znnovatus 8) chea - Pznus
| ‘”iaszaauZz /J communzs/E znnovatus.< Flve h t: s were 1dent1f1edff:;{:

.A”’ifor the subalplne zone 1nc1ud1ng, 1) chea engelmannez - Abtes T

P
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| « 1‘; : ‘ . _
Zaf‘io‘carpa/l onzw ia gZachZka - Vaccimwa membmnau,w;z 2'_) Pe -

" Al/Arrica cordtfoh a 3) Pe - /IZ/Apnwa dwerszfolza/li ﬂplendens -
fand 4 §&5) thc subalplnc shrub meadowa of Sasz gZauca/E znnovavuo
'Tand Sb?zx ue<tzta/70a aZptna | Othor communltlcs of Lhc dralnagc
ba91n JDC]Udlng quau hookertana - Oxjtropts podocarpa a]plﬁe :
tundra, rock and llChCH tund1a Populus fremulozdeu pdrkland and |
forest chea wartana fen and those of snow aqd avalanchc chutes

;wcre a]so descrlbcd

.§ :Threc 80]1 Orders chosol Brunlsol and Luv1sol We1e obggrved in frl‘a

.'the dralnage b351n The Regosols we1e W1despread occu1r1ng Qn ,_u"
'&‘

bedroc}\ of rldges 'and On alluv1um Of the valley floor LUVlSOlS' . ,'.;9 -
'rocu1red prlmarlly 1n the lower portlon of the dralnage bas1n and
1;wcre commonly assoc1ated w1th 1111 Brunlsols were domlnant 1n thc

jsubalpme Pzeea -*Abtes communltles and in some of the near cllnmx "*_;

AH
.,_ . T

;communltles w1thrh the montane zone Ffuv1a1 and colluV1a1 parcut

':1ﬂmatcr1als werc oftcn assoc1ated w1th Brun15011c 50115

.’*jCommunityifclationShipvW%réfinVéétigatéd"USing tw04dimeh$ionalfs"‘
-l;ordlnatlon and 1nfe1ences on b1ot1c and ablotlc relatlonshlps frmn

'51mple corrclat1ons Ihe stand dlstrlbutlon on the ordlnatlon

Y

"a ;f1e1d exhlbated ‘an-, asymptotlc arrangement whlch appcared to confonn

"Fto a gradlent from WBIHIXErlc to me51c to Lool-wet Fhls correqponds;;faf

'gfto h 't s on 1ow e]evatlon, steep S exposed slopes of coarse t111

a::‘té gentle N CXpOSCd slopes, to wet dcpr0351onal lacustrlne ba51ns

"*?{at relatlvely hlgh olcvatlone A.number of speC1c§3hcre assoc1atcd



;ndurlng summer and deep W1ntcr snow

’7}'aff1n11y-' A numbcr of spec:es, and commun1t1es of the lower R

234

_ :with thi_s climutic' gradicnt.-‘ Jun‘ipez’i(s'co”urntnis‘ , Af*e-tbstrzphyloe

: ;uva-uruz and Ca?anu3r0°t1L purpura cong were OSSOCldth wrth rhe

morevxerlc_h.t.s ‘ Othcrq VJncludlng ohcrpherdza canaden is, Rqsa}
aczicuiér’is AZnus eris pa As ter conepwuu Lumaea boreahs,

E'Z ymus: umovatu.), C’orrzus canaden 78 and IIyZocomwn splendere had a
w1dcr‘amp11tude belng assocxatod w1th 1ntennedlate (meqlc) h. t s.

[N

Those malnly«asqoc1dted w1th the cooler, wetter subalplne h t.s E

"bli;lncludlm7 Vacczmwn membmnacewn, Menzwsw glabeZZa Ledum groen—
cZandtcum, Rhododendron aszonrum and Arnzca eordszlza.. MaJor

: 'spec1os of the subalplne meadows were restrlctedvln dlstrlbutlon,

o

. belng asqoc1ated w1th h t s of cool temperatures andlwet condltlons

.MA 51m11ar relatronshrp was observed between eleVatlon‘and geographlc ?ﬂ'f‘

':'elevatlons had a borcal afflnlty, and those at the hlgher GlCV&thnb, s
/ ;espCCIally 1n the subalplne had Cordllleran or Pa01f1c affrnlty 5

v'ijhJs rolatlonshlp 1s ekempllfled by a Ptcea'glauca ~ P glauca X

"=:rengelmannaz - P enqumannzz gradlent » P gZauca occurred ma:n]y |

>7':below ]450 m and P engelmannzz occurred mostly above 1600 m._

;,ffHowever, P, gZauua charactcrs were extended upwqrd 1n elevatlon on"f-”~*
. ’ s “ .‘ ) '. N N .
’”18 exposed slopes and chararters 1nd1cat1ng P engelmanntt occurredvaj S

L.

ﬂ;:at lower elevatlons on N exposures ju'*gfeglf’_2 3y_q§fQ“;ij'frj;lrf~;4"
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“forest

’fborealzs, Arntca cordefblza and moSses

235 - -

-

_'Flres have had a deOT 1mpact on, the montnne and low01 subﬂlplne

IR
vegetatlon pnttcrn 1hls is reflectcd by the mlxed composrtlon of

: many of the forest comnunltles contdlnlng a domlnance of Pznuo ?1

'contorta w1th«Pseudot suga menvzcrzz qnd chea gZauca eeculrlng

often as: subordlnatex P contorta occu1% as a reldtlvcly long-'

“’lastlng SUbCllde on the more xerlc habltats nnthln the P:- glauca

'-ﬁSerles On the m010 m051c hdbltats howeve1 P, COntorta“does~net.»

appear as: 1mportant 1n a seral role, and chea (1ntermed13te & P

P

'5_engelmannzz) regenerate somewhat 1ndependently of an establlshed

“

; tree cover fhls re]atronsh:p 15 exhlblted by a reductlon in tree

]iblomass (basal area) on the N exPosed slopes of the lower subalplne _ﬂff15

el

A numoi‘<3f env1ronmentdl factors were corxelated W1th stand maturlryﬁ“'

;rIn4genera1 Vaccznzum membranaceum Menzzesta gZabeZZa LGnaea

/espeCJally HJuocomeum

*’splendens,_lncreased in cover w1th tree stand age._ Junzperus ?f'f;;f,;;f“

e

i"communl and Rosa aczcularts often had hlgh cover 1n younger e

Hf”stdnds but thlq was not eon91stent.. Increase 1n the number of

-ﬂﬂfqpoc1es por stand war a%soc1ated WIth the more; recently burned

1o,

'-fgelhdrcated that there 1s a closer correspondcnce between cllmax

"ffemwnunltles and cllmatlc Vﬁrlﬂble regardless of tho varlablllty f”:

o

:QA]though relatlonshrps between assoc1at10n, landforms and 5011

'”f>types are not alwuys strdhg, some patterns were apparent Analyses

RN



. of other factors Jncludlng thosc assoc1ated with' ldndfonnq and
‘90115. Howcvcr both landforms and 5011s are helpful in 1nterprct}nq.
- vegetation pattcrn, since 1nformJtlon COHCCrnllQ substlate and 1ts
'PT?SPUL form Lnflucnccs mosocllmqtu | Thc dlalnaoc bqsln 1% chqrﬁct— o
CTlZCd as a 5ystem of antéﬁ&clatcd dblOth and blotlc cmnponcnts .

Wthh are - cxpresscd by featurcc of‘the vcgetdtlon.
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Appendix 6, - Lxlmplo of the morpho]oglcll cone scale index to assess thc
stand -position on the Picea glauca - P, intemediate - P. oengelmannii
- gradient.  The index is Thit ol Tlorton (1959) which was alSo uscd by
" Beil (lOUOj in the study arca vicinity. The placement of the characters
into classes Js qu1]111t1v0 ‘AS 0\plnlnod by lorton (1959), P. Cngchmunnl
_charicters are; 1) & erosc, pointed cope scale apex, 2) The widest part
o of the scale ncar the middle and the scale “§§oc shaped, 3) 7 IJH,‘lIC\-
. ~ible cone scale. D, LllUQd characteristics afe; 1) A 1oundcd smooth:
. vapex, . 2) The widest part of the scale, .1/3 of the total length back .from . A
. the apex, 3 stiff.cone scales. The data flom stand 25 are uscd as an "
example for calculating a‘stand index value. L
- R . F e , S ~

>, s ~3- - — - e - N amms el - A

CApexShape b | b a3 | 18 [ 20

’Widcst Part. - --’, T
of Scale RECEET

|  7_f;;?,ﬁca10'8tifncss‘ ? :“1, . »  ]{f ""’7'1';513';:"_3u“-19'”'r':'33.}9;tﬁ: R
.221Class'5gi',‘é,:Ti;' " fﬁ‘ff.'f‘.":  T>;-;40 ’Av r 54‘*f7?~ A.?159';‘i ﬁ5L€;:”L

ST

"ta‘l Index Value 313 out of a posslble range of 0 400;:' 7ffi' _;{faffﬁf;j




