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.~"1tfl3)tf,A§S?RACf::v',Vf f,“_
) The vegetation patterns in the lower Rock -
v'»Creek Valley in west central Alberta were described |
' the ecological bases of their apparent correlation with
fgaalluv1al landforms there were investigated High water )
..tdlevels are maintained on ‘the . nearly 1eve1 valley floor by
l;normal basin drainagfiand by local and regional groundwater
input from: numerous springs.n The seasonal high level of |

standing water clazély matches the line of lelSlon betwsen- :

I /

the valley 8 two very: different basic vegetation types.
{Better drainage provided by the more elevated landforms

,-permits a Picea and Salix dominated species-rich vegetation

'type to develop upon them. ) A depauperate flora of mostly
i;Carex and low Salix species is maintaiﬁed in the often '
rrflooded interchannel basins._ ' EE
‘v:a '}g‘,t,g Both basic vegetation types were divided
-Ee!into two subtypes.; Of the two more complex higher ground |
f;;itypes, one is.of somewhat richer flora and taller growth ‘
f;iform than the other. The former vegetation type occupies _
”Cvthe higher creekbanks, the latter appears in lom%r posi—

vtions on the levee backalopes, or on creekbanks with lower .

”;rrelief or con“istently'higher water levels for at least part‘;f7




“h

» The two vegetation types in the lower, wetter
"Jmareas differ mostly in the presence or absence of several
'Salix species, whose downslope distribution may be limited.
- by increasingly long periods of standing water and diminish—
| "ment of their competitive ability. ‘ o |
» ' Vegetational degeneration along an abandoned
\tfchannel sSeems - likely to represent levee subsidence.? A‘ground—u
'water-fed stream, possessing no - levees, is bordered by more
: complex vegetation in upstream areas where it ‘has. incised _
.'litself to about 1 m. below the land surface, provxding a local
:ndepression of the groundwater table. Downstream the creek u]‘7-'
'approaches a local base level the water surface is' closer
"to the ground surface,‘and wet site vegetation consequently pp
">grows beside it._ v 5'?' _'; ". - 1 SR ‘A oo
-'3 . Tne presence\of several types of permafrost
" does not appear to control landscape vegetation patterns.

t Awailable soil nutrients do - not seem to control plant dis- |

tributions in the valley.



Acxnownrocmms

d

A The compln&tjn d& this project would have
been 1mpossib1e withﬂﬁt t@u-(k‘hﬁtqtion of a number of e

people and institutions whose help I am pleased to acknow-

.fledge. To the friends Hho assfsted me in the field - Lorna

“Allen and Bill Reynolds in the rainy summer of l975, and
, Dave Bernard and Linda Hannah in the equally hectic summer

of 1976 - I o%e heartfelt ‘thanks for their understanding,

"encourageuen- long hours of work Without their help

:,the job coul-\ ot have been done. Clifford and Rose Henson
and John and Winnie Elaniak Alberta Forestry Service per-
sonnell at the Rock Lake Ranger Station in 1975 and 1976,
"tirespeotively, provided many kindnesses (including many a
';warm meal) and were our connection with the "outside world "
r_'Their good will made rough conditions more bearable.
_ | C - The analysis of 8011 samples was done byd
}ibgthe Alberta Department of Agriculture Soil and\Feed Testing
Ei%Laboratory' The Alberta Research COuncil and the University
‘_- Alberta ZOOlogy Department provided several hydrochemical
:ffanalyses of spting water. The use of the soil laboratory
tflfacilities of the University of Alberta Botany Department
:Land the Alberta‘3011 Survey was. appreciated. as was the
;igadvice and help in the field of A S. S staff member Tom
:ﬁfPeters. Bssential field equipment was borrowed from Dr. Don

‘l" B G




vii

't+e Univeraity of Alberta Geography Departmen » the
Department, the Botany Department and Dr. chael

tHerebf, and the ZOSROgy Departmant Water La#oratory

frtie Hutchinson. Mu °h help with the identification

ns and the determination of range extensions

’Madeline Dumaik of the Botany Department

ard Barnes of the Alberta Research Council

Pon Gill ind Ge rge La Roi of my supervisory committee.
Techn,ca /assistance was provided by Jack Chesterman, Gail
Glende, Pnd Linda Hannah Lorrie Jamleson and Joyce Hipskind
gracioualy typed successive drafts of the thesis on short
renotlce. Help with admlnistratlve details was provided by
the staff of the Boreal Instltute for Northern Studies.
Financial support wasg . provided by two grants -in-aid of
'resear )\ from the Boreal Inst1tute, by my father, Jim Brown,
f"by an i tersescional bursary from the Geography Department

in 1975, and from Dr. G111 8 1976 Natlonal Research Council

»Grant _No. mnoo - ’ (\



. TABLE OF CONTENTS

CHAPTER

1.
2.

.~
v

R
N

INTRODUCTION . . . . . & ¢ &« o o o o o o .

THE NATURAL ENVIRONMENT OF THE STUDY AREA.

1l Location and S8ize . .
2 Climate . . . . o
3 Bedrock Geoloqy « o
4 Local Topography. . .
5 Surficial Deposits and SOil!

.
o
- . .
-
-

2.5.1 Geomorphological History
2.5.2 Deltaic Deposits . . . .
2.5.3 Alluvial Deposits. . . .
2 5 4 soil'. L d - * - L3 L ] * .V L]

2.6 Drainage and HYdrdlogy' e e e e e e

2 6.1 Basin Description. . . . .. ; .
2.6.2 Flow Regime of Rock Creek. . .

~#.6.3 Groundwater Sprindgs. . . c. e o .

2.7 SOii Frost and Permafrost . . . . . .
2.8 Natural Vegetation. . . . . .
2.9 Influence of Animals upon Vegetation.

2

. METBODS - -vo o . . - . o‘. . . - . ) e » . -

.1 Vegetation Classlfication and Mapping

-2 Environmental Measurements. . . . . .

-3 Analysis of. Vegetation—Landform
Ralationships o e e e e e e e e e

' nms e o . '3 '. vuo -
', '4.1 vagotation c1assif1cation a Map ng
- 4.2 “Analysis of znvirqnnental .
'fDIBCGSSION‘AND concnnszom o .

L sl chqtation Classification . . .°. . .
-8, 2 thctationphandfomn Relationships . .

.

S " ,. _. :.:f' i . ‘0 , . .

¢ e ¢ s 0

e s e 0
. . * v e



ix

CHAPTER L ) : . - . P;ge

5.241 Soil Nutrients . . . . . . .. . .. 61
5.2.2 Landforms and Vegetation
Patterns . . . . ¢ ¢ < o e e e 4 o . 62
$5.2.3 Soil FProst . . . . . . . e e e . 67
5.2.4 Vegetation Patterns Showing
. Different Environmental
Relationships. . . . . . . . . . . . 68
. 5.3 ConClusions . . . « « o o « o . o e e o o . 70
’ L 2 3 ] |
L4
REFERENCES CITED:. . « « « « o « = o = o o « o« o =+ « « & 72
APPENDIX 1. DESCRIPfIONS OF REPRESENTATIVE SOIL )

- ~ PROFILES . D i e e e e e e e e e e e e e 78
APPENDIX 2. RBSQLTS\OF HYDROCHEHICAL ANALYSIS. e e 80
.APPENDIX 3. VASCULAR PLANTS‘POUND IN THE STUDY AREA. . 81
APPENDIX 4. PRELIMINARY CLASSIFICATION °

o “ VEGETATION TYPES . . . ¢« ¢ ¢ o o ¢ o s = = 88
APPENDIX 5. SPECIES RECORDED IN VEGETATION QUADRATS. . 89
APPENDIX 6. GROUNDWATER TABLE LEVELS . . . ; e o o s e 95

APPENDIX 7. DEPTHS TO: FROZEN SOIL. c e e e e e e e 96



"LIST OF TABLES

Table Description Page
1 Plant,h Species Presegt in Different
Vegetation Types. . . . . . . . . . . . . . .. 37
IX Results of Measurements of Environmental
Variables . . . . . . . . ., . . . . . .. .. 49
I1I Analysis oY Variance of Selected
Environmental Parameters. . . . . . . . . . .. 51
Iv Newman-Keuls Multiple Range Test of
. Groundwater Level and Site Elevation Data . ., . 52
-V Calculation of Correlation Coefficient for
Groundwater Level and Site Elevation Data . . . 53

\



Figure

10
11-
12
13

LIST OF FIGURES

Description - Page
Location of Study Area . . . . . . . . . . . . 10
Study AXe@a - - -« ¢ ¢ o« e e e e e e e e e 11
Climatic Data for Grande Cache . . . . . . . . 13
Climatic Data for Adams Creek-. . . . . . . . . 13
Climatic Data for Moberly- - - - . . . . . . . 13
1925 Monﬁhly Mean Temperatures at Rock Creek - 13
Daily Mean Water Levels of Rock Creek, ("
Sununer,1'97s,................./ 20
Lécakidn of Groundwater Springs. . . . . . . . Vo2
LQS ion of Transects, Quadrats, and
E rdnmental Data Recording Sites - - - . . . 32
Information Analysis Classification. . . . . . " 36
Distribution of Vegetation Types A and B - . - 42
Distributioﬁ~of Vegetation Types 1,2, 3, and 4 48

Surveyed Cross-Sectional Profile of a Typical
Transect frqm Rock Creek to Open Water
(Transect 3) e e e e e e e e e et e e 55



Plate

10
11

:
|

' |

LIST OF PHOTOGRAPHIC PLATES
e

/
/

Description

Bastern quarter of study area and Rock

Lake seen from northeast hillside.

’

Portion of eastern end of study area as

seen from northeast hillside

Portion of eastern end of study area as

seen from northeast hillside

Portion of central part of study area as

seen from northeast hillside

Western half of study area,

northeast hillside . . . .

~
Eastern.three-quarters of study area as
.seen from west - . . . . . . . .

Aerial photograph of lower
Ex;mple of vegetation type
Exanpfé_oé vegégatiod'type
Example of vegetation type

Example of veq;ﬁdtion type

xii

Rocky Mountains
and Snake Indian River Valley as seen from

Page

Rock Creek Valley . 7

1

2
3
4

43
44
46

46



.. v . CHAPTER 1: "'INNTRQDQCI'I"‘IONA' - SR

v . . . - ’ ~ -
. . R : ' - :
~ SRR R : . »
- w - - , ;
u - . . - T
) : il : . o T R .
A’ a - . 13
N . c. . ol © ‘
£ e "
. N . g N . N
. A o - - .




1. INTRODUCTION

An 1nspect10n ef the env1ronment 1n the

i,

lower Rock Creek Valley (Plates 1—7) reveals two things. l"'

3 the strlklng spat1a1 patterns of the vegetatlon and their
apparent correlatlon w1th the alluvial land%orms of the -
valley bottom.; Thls study represents an attempt to des-

crlbe the vegetetion patterns present there and.to dlscover

LR

the extent of, and the ecologlcal bases for, the observed

\ .

’”f and plant dlstrlbutions.'_‘

: _ Vegetational patternlngs much llke those 1n_:*
the study area have been observed pn 51milar landforms inyf
' 'manyﬂother locatlons, such as Sweden (Dahlskog 1966),

Saskatchewan (D;rschl and Coupla'd 197 ), Canada s North-'

'rexlco (Thom 1967), and

’

est Terrltorles (G;ll im.

Venezuela (Vann 1959). Although many common features -

o

v

were observe& the 1mportant controlllng ecologlcal factors

' ihwere'variously clalmed to be sedlmentation ‘and’ annual flood-;,

ing patterns (Dahlskog 1966 Glll 1971), gradlents of mois-
-ﬁm%ure, nutrients and pH (Dirschl and Coupland 1972), sallnlty

hfluence of salt water (Thom 1967). That there B

- ‘ -~



- ;Pl'a"te.:l;':l Eastern quarter of study ‘area’ amd Rock Lake E o
e as seen fromv-nartheast hillszde.; 5 July 197 s




part of study. area as .
t hillsidé. - 5. July 1975. .-



the factors of the ”directly actlng" or‘"effective' envi* e

S ronment (sensu Walter 1960 quoted in Warlng and Major
Ee—

e'1964) ‘that seemed llkely to vary 51gn1f1cantly at the land-

form scale in questlon were soil m01sture and 8011 nutrlents.'
'These ‘were examlned dlrectly. ‘Also studied were those

V,features of the looal env1ronment that may 1nf1uence those:

,1;factors lndlrectly. local topography, 5011 tQXture,,organlc'”A-ﬁ

:fmatter content and. pH- ground water table levels,iand so1l
e frost patterns..i €3“ -7 | |

Many authors (e g..Drury 1956, Hack and

7‘~jGoodlett 1960 Helnselman 1970) have emphaszzed the\i'

Qslmportance of active geomorphlc processes ‘in 1nf1uenc1ng

";jvegetat;on patterns. Whlle ong01ng or irre@ularly occur-;’h'”

fring events may bear an lmportant role in determinlng the—vx_,rﬂ

;vdlstrlbutlon patterns of plant specxes 1n the study area,

:fthe maln thrust of the present 1nvestlgat10n was to obtain
"élnformatlon relatlng to the current or statlc relatlonships
.:;between plants and landforms.» Thls prov1des the necessary

%,flrst step toward an understandlng of the dynamlc ecosystem ﬁ




Westem -half? of. stuay area, Rocky Nountains ana
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CHAPTER 2: . THE NATURAL ENVIRONMENT

OF THE STUDY AREA
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2. THE NATURAL ENVIRONMENT OF THE STUDY AREA

2.1 Location and Size

The area of study is the alluvial valley

of the‘lowest section of the Rock Creek(Valley in the
Western Foothills of west central Alberta{) It is just
east of the northeastern boundary of Jaspér National

. Park at an elevatlon of about 1400 m (Flgure 1). The

site is about 4 km long and 0.9 km wide at its widest
point, an area of approximately 3.3 kmz, Itbls bounded on
the northwest and southeasE"by mountainsides and several
small alluv1a1 fans, and to the east by Rock Lake. The
western boundary is arbltrarlly delimited as indicated in
‘ Flgure 2 ‘based upon the presence.of fluv1o-glac1al depos-
ddlts at or near (W1th1n 2 m) the ground surface. The exact
'pattern of the outwash dep051ts was not determlned but the

'lstudy area 1ncluded areas of flner alluv1al dep051ts and

~:_excluded areas of known outwash.

| .A :’2,.2vé.1'1matef L

L | | ‘The lower Rock Creek Valley experlences a_-
'generally cold»contlnental cllmate with long, cold
v_dwinters and short cool summers.f Whlle weather and cllmate
Vccan vary considerahly 1n a mountaln reglon, data from the

:lyear—round weather station at Grande Cache - (at - an elevation



1
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of 1200 m, 70 km to the northwest) and summer records from
hilltop forestry lookout towers at Adams Creek (2200 m,

35 km NNW) and Moberly (1650 m, 20 km ENE) give an indica-
tion of the regional climate (Figures 3-5). Within the
study agga, daily temperature maxima and minima were
recorded (1.5 m from the ground at a shaded site) for the
duration of the field season, in the summer of 1975
(Figure 6). Precipitation in the valley is probably
similar to -that recorded at the weather stations but the
often strong west winds during winter undoubtedly blow

away or sublimate much of the snowfall.

2.3 Bedrock Geology y

The study area is located within the Western
Foothills about 1.5'kﬁ east of the Rocky Pass thrust fault
which defines the eastern edge of the Rocky Mountains in
this area (Mountjoy 1962). The site is underlain by mixed
mudstones, siltstones and- sandstones of the same Mezozoic
formations as)make up the foothills to the northwest and
southeast (Mountjoy 1962). “+*Two or three faults associated
with the Miette thrust fault pass directly beneath the
study.area (Mountjoy‘l962). Upstreanm, in the Eastern
Rangéé of the Rockies, Rock Creek and its tributaries drain
;reas.COmposed mostly of”Triassic siltstones, sandstones,

limestones, mudstones and shales, with limited exposures

v
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of Pale0201c shales, llmestones and dolomltes (Mountjoy 1962
Irlsh 1965) The reglonal geology is further dlscussed by

Irlsh (1968) and Edmonton Geologlcal Soc1ety (1960)

2.4 Local Topography

ﬁ‘f,, ' 'v, f‘ The valley floor study area 1s broad and

&

nearly flat,'sloplng gently downstream at ‘an average of

o

'about 0. 6 m/km The most.abrupt changes in. locaIﬂrelref are‘

/

prov;ded by the levees of present and former stream channels.
These asymmetrlc features rlse steeply from be51de the stream
channel and slope gently in- the dlrectlon away from the water

.

course. ,The maxlmum rellef from stream to levee crest as s

over 2 m 1n the upstream areas of Rock Creek‘ ThlS"

dlmlnlshes to about 0 5 m near the rlver s mouth.:xThe;‘_lr‘Tr:
(fmaln stream,does not ‘at presentjd1v1de untll ‘it enters Rock
‘vLake, but the two small trlbutary streams whlch pass across \
.fthe valley floor (Figure 2) contrlhute to a somewhat "deltalc“
o surface envaronment of water courées and "backswamps.. The '
‘v_rellef of thelr banks lS much less than that of the Rock
Creek levees presumably since they are groundwater fed (sec-
tlon 2 6 3) and carrylvery small sedlment 1oads.» There are S

thlrteen small lakes in 1nterchannel basrns or between

i

;*streams‘_nd_the hillsides.‘ Past shlftlng of stream channels
'land distributarles of Rock Creek have left abandoned.channels /*

‘ﬂin seVeral locaxlons in‘the valley, addlng varlatlon to the

f?local reliefwﬁ
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2.5 SurfiCial“Deposits,anquoils n o

2.5, 1 Geomorphologlcal Hlstory
. pif‘[‘t‘ The valley contalnlng the lower Rock Creek
i*Rock Lake, and the nearby sectlon of the W1ldhay Rlver

";9shows the U-shape (Plate 6) derlved from its occupatlon

;ijby valley glaclers durlng the Plelstocene (Irlsh 1965)

e

hbijlrect glacial depOSLtS, water lald sediments from meltlng
'tglac1ers, and more recent alluv1a1 deposmts have fllled
‘-“the Snake Indlan Rlver Valley and the lower Rock Creek

tFValley above Rock Lake (Mountjoy 1962) ‘In those areas,-

M'}tsuch dep081ts roughly correspond to and are therefore o

7lindlcated by the 1520 m contour of Figure 1. Fleld

l:observatlons of surf1c1a1 materlals and creekbed de9031t5-

"?corroborate Bayrock and Relmchen s (1975) 1nterpretation

*:pthat valley traih materlals occupy the lower Rock Creek

':t‘Valley just east of the Jasper Natlonal Park border.

'f:,These have been overlazn,-81nce degla01at1°nr by flner

”5;pa11uv1al de9081ts whlch make up the topmost surf1c1a1

i*AEmaterlal extendlng from near the Park border ‘to Rock Lake: .

2 5’2 Deltaic Deposits ‘-_ ‘ ’ ( ' v
| _ It is. obvious that deltalc dep051tion 18'
v,currently underway at the mouth of the present—day Rock

Creek (Plate 7), albelt slowly. (Aerlal photos show that

‘?, the levees are only about 10 m 1onger in. 1974 than in

= 1952, and the channel mouth bar is only of about 1/3 (10 ‘m)

/'
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greater length.)s Withoutl/>merous deep core samples, a
pro:ect beyond the scope of thls study, the exact ‘nature

‘of the valley flll of the study area cannot be determlned

deposxted materlals, flrst on top of a downstream—sloplng
surface of outwash materlals, and then progre581vely fllllng
(1n the Rock Lake basxn up to 1ts present delta front ?he

study s1te is probably underlaln by at least 30 m of

: sedlments, 81hce thls is the maxlmum depth of the symmetrl-g

.cal basxn of “the present Rock Lake (Government of Alberta

1969 Lane 1969) ' The surface env1ronment of dlstrlbutary

4 e

channels and lakes (especially of the lower thlrd of the

study area) is strongly slmllar to that of those mountaln .

deltas descrlbed by Dahlskog (1966) and Axelsson (1967). -

These factors suggest that much of the valley flll is of

deltalc origln. s

2 5 3 Alluvlal DepOSLtB'

It is reasonable to assume, however, that Rock Creek has_,rb‘

\

' Wxthln an: actlve delta, or on the floodplalnﬁ

surface of a deltalcally fllled valley,_the parent. stream

contlnues to. flow and. to peg;orm 1ts geomorphlc work of

erosi“h transportatlon .and dep031tlon. Thus the surflcal

alluvium of the Rock Creek’delta/floodplain is, as in any

floodplain, a complex mixture of lateral and vertlcal accre-

tlonary deposits (Allen 1965).. The study Slte demonstrates .

most of the normary'characterxstic alluv1al landforms
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described tor example, by‘LeopOId,vwolman, andyhiller
(l964), and Axelsson (1967) ‘Many of them'are:visible
in Plates 1-7 , ' | B |

'Inrthe Study area,.there'are three active
“.stream channels, Rock Creek Whlteflsh Creek, and Maglc
Creek and numerous abandoned channel reaches. Many of ,‘
;the abandoned channels are 1n the’ 1ower portlon of .the B
,'valley,‘but a large one- is consplcuous 1n the southwest.
‘sector of the study site (Plate 7) a channel 1n the
lfnorthwest corner of " the study 31te has been abandoned by
' '1ts formative stream, but 1s ndw occupled for most of 1ts"‘
length by Maglc Creek, -an underflt stream of sprlng orlgln
(6.3, 2) (cf.. Plate 6)./ Comparlson of 1952 and 1974 aerlal
o,dphotography shows tﬁat the actlve channels have been very
'.stable over that tlme perlod, wlth only a few changes of
.}lno more than 2 m. hav1ng occurred near some meanders o
lof“Rock Creek ‘ The lakes also .show. 11ttle change 1n conflg- o
‘ uration over twenty—four years.’; o ‘ |
| o 8011 pits and bank exposures showed the
b'strafoted sedlment pattern that Leopold. Wblman, and- Mlllerw'
'ey(1964) claim a being a common feature of laterally accre— o
fdting floodplal s.f Soil samples from lake bottoms also
’showed_the silt\loam texture found 1n many of the streams1de
‘g'strata examinedz The nature of the overall balance between

.f,lateral and ve ical accretionary forces in the valIey is

e

E- not known, ;»u,ux _fﬁ_-..'~v ,nf
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| ' | All of.the soils observed w1th1n the studytp
area were 1mmature and showed the mottllng effects of pro-j‘
Vlonged hlgh water table5°: all were Rego Gleysols (Canada ;
Department of Agrlculture 1974).; These are young sorls

' w1th no. developed horlzons.' Two typlcal soxl proflle descrlp-
itlons, from transect 3 (the 2 hlgher 51tes in Flgure 13) are
;.1isted in Appendlx 1. One of. these proflles also shows the,
layers of organlc mater1a1 wh1ch were typlcal of many ‘soil’
:plts examlned.‘ Soil proflles were not descrlbed on lower 2
‘ground because hlgh water tables and SOll frost precluded

:plt dlgglng.a Such 51tes possess Crylc Gleysols (Canada

'.Department of. Agrlculture 1974).

. 2.6 Drainage'and-Hydrology'

2. 6.1 Basin Description . o L

_“ , L v At Rock Lake, Rock Creek dralns a relatlvely
psmall basrn of about 340 km2 (Flgure 1). When enterlng the -
study area, it carries runoff from its own ba51n (180 km ), '
-:'the Mowltch Creek basln (97 km ) and the ba81n of a small un- = .
V,named stream to the south (37 Kin? ).; Wlthln the study area, .
drainage 1s reoeived from the slopes between the hlllcrests
Z(to the north and south, areas of 14 and 9 kmz respectlvely. ,
v’Two permanent streams, Whiteflsh ‘and Maglc Creeks (Figure 2;,
v transport some of the local runoff, the rest belng carrled by .

V_flntermittent streams, springs and underground seepage.



: u_ées;é' Flow Reglme of Rbck Creek _ |
| : Records were kept of rlver levels from 20
June to 30 August 1975 (Elgure 7). Fleld observatlons
'in’ Aprll and May of 1975 and 1976 added 1nformatlon -
-about water levels at ‘break- up. The 1ce melted out at

1ow water levels, whlch carrled llttle sedlment In

-

. 1976 the- water leVel contlnued to drOp aftef break up.
In nelther year d1d the creek overtop its banks. Thus w
the hlgh Waters recorded durlng June ‘and July, correspond-

'1ng to the maln perlod of snowmelt in the mountalns, are_
believed to represent the annual perlod of hlgh water.v'
o | _ ‘ Dlscharge data for 1975 from the Wlldhay
Rlver ;ba51n area about 950 km ) I recorded about 13 Jm
downstream from. Rock Lake, show patterns simllar to those
Seen 1n Rock Creek in: that year (Water. Survey of Canada
1976).‘ The 1975 data are 31m11ar-to those of other years
81nce 1963 - when the Wlldhay statlon was establlshed
although the total dlscharge is below average and the ;\xf

tlme of peak flow (4 July) later than the norm._ It is " N
O

therefore assumed that the regime of Rock Creek has been
. slmilar to the pattern recorded there in 1975 durlng those

other years (i e., llttle Or no floodlng has occurred).,"i

1 . . . . . !

2.6.3 Groundwater Springs D
| ', A number of springs (Figure 8) were dis-
covered at ‘the western end of the study area_and‘along o

.‘[‘
-
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the northern and sOuthern sides. vThey provide most of the

water for Whitefish Creek and Magic Creek, and also flow

overland downslope through the sedge meadows, eventually

into water channels and Rock Lake.

A water sémple from one of the springs at

R the west end of the study site was analyzed by the Alberta

Research Council (Appendix 2). 1Its low 1evel of total

. dissolved solids suggests that this water is mostly from

1oca1 groundwater flow, which follows topographic gradients

through coarse hillside and valley £ill materials. The

. relatively high sulphate content suggests that it also

contains some water from regional systems which has moved

flow system could also .be discharging through any of the

other springs although most of them ' e'probably of'local

being concentrated
in the valley area, along topographic gradients, by the

Miette faults in the manner discussed by Everdingen (1972).

2 7 SOil Frost and Permafrost

The soil surface is frozen to about l m durir

:]the winter and thaws progressively during the summer, t

thawing front moving from the stream banks and pond edge
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[y

inland. Regular inspection (hee section 4, 2) showed that’
by September of 1975 the frost had not thawed out completely
-from under the mlddle of several areas of sedge and sedge/
willow. “While nothlng is known about the long term persis-
tence of such condltions, ‘one summer's endurance of ‘soil
frost is sufflclent to classify thls as permafrost (Brown\
1973) and thus the known range of nonalplne permafrost has\
been extended southward con51derably (cf. Brown 1973) |
Other locallzed permafrost/features - dlfferent types ofl
mounds contalnlng contlnually frozen materlals‘- were seen
at several locatlons in the study 51te.' Many of these are.
'belleved to be palsas. These features, whlch are not all

present on 1952 photographs, occur in. both more developed

“and seemlngly "inclplent” forms.

I3

2.8;;Natural VegetatidX“

The study area lles w1th1n a. zone of vege-
'tational tran31tlon, belng just w1th1n the area de51gnated;
.as the East Slope Rockles sectlon of Rowe s (1972) Subalplne )
;Forest Region.. The Upper Foothllls sectlon of the Boreal
’Forest regiou lies to the east (Rowe 1972) The lower Rock
kﬁfCreek Valley does not possess, how “y the broad forested

1'cover of‘%he upland sites that Ro e descrlbes, as 1t is f'

v!,wnnstly sedge meadow and willow—sedge thlcket thh smaller

. et

gg areas of structurally more complex vegetatlon whlch 1ncludes“

spruce (Plates 1—7).

,.‘
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A list of the 115 terrestrial vascular
plant species‘that were found in the study area is included
in Appendix 3. Voucher specimens are deposited in the Uni-
L - .

versity of Alberta herbarium. Taxonomy follows Moss (1959) .

’

2.9 Influence of Animals.QQon Vegetation

' An 1nventory of the fauna of the study site
was not attempted, but the presence and act1v1t1es of three’
groups - beavers,ungulates and humans - have had obv1ous
local .influences upon the spat1a1 patterns of the vegetatlon.

There were 51x ‘active beaver (Castor canaden51s) lodges
@

: -observed durlng the summer of 1975 and ‘evidence suggests

that past years have experlenced 31m11ar act1v1ty. The

cuttlng of w1llows and.spruce for food and construction

o materlals clearly affects the vegetatlon but the. flooding.

o

'behlnd dams is prdbably of greater 51gn1f1cance., Ungulates,

prlmarllyﬂwapltl (Cervus canaden81s), moose(Al

and mule deer (0d0001leus hemlonus) have 1nfluenced the

valley vegetatlon in two ways - by gra21ng and brows1ng

'upon the 11v1ng plants and through the creatlon of tra1ls

l_ w1th lower rellef, more.compacted 3011, and dlfferent vege—'

.jtation from the surroundlng areai Horses (Equus eqpus)

f are believed to have grazed in the valley at dlfferent t@hes

1
xln‘the past and have also contrlbuted to these effects.

ftTrappers and.camper/hikers have, every year, helped to maln—'-

'tain anlmal—lnitiated trails and have cut several small

-



-

clearings'for tent sites and for camp fires. The extent of
‘the influence of all these activities was not studied, but

it was presumed to have been quite localized.
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3. METHODS o~

3.1 Vegetation Classification and Mapping

A first step in attempting to discover eco-
logical bases for vegetation patterns is to obtain an objec-
tive description of these patterns. 1In this study, I used
the theoretically sound and empiriqally proven method of
information analysis (Lambert and Williams 1966, Goodall
1973, Frenkel and Harrison 1974, and others) (IA, a poly-
thetic clustering technique) to classify species presence
data from vegetation quadrats.

The vegetation of the study area was first
subjéctively divided into three broad classes based upon
dominant growth forms visible froﬁ a distance and on air
photos: communities‘eontaining lérge Spruce, a willow shrub
type, and 'sedge meadows. Baseq upon field estimates of
pPresence, abundance and.growth habit of easily observed
' species, these were further separated into flfte'n types
(llsted in Appendix 4). Fifteen transects were chosen
(Flgure 9) such that ‘each of the prev1ous tentatlvely iden-
tlfled vegetation patterns ‘was sampled and such that most
areas of the study site were examlned

| A series of nested quadrats were set out in
: dlfferent types of vegefétion that seemed to vary from
' simple (sedge meadows) to complex (spruce woed, mlxed shrub/

herb cammunlty). FOllOWlng Mueller-Dombol§ and Ellenberg's



.vwould sample 90 percent of the spec1es of the most complex
'communlty present (whlch possessed only 32 species). -Hence'
the 51ze of the plots used was 9 mz. (Thls small value'
resulted from ‘an error dlscovered follow1ng the fleld season. N

‘u"‘The actual mlnlmal area for- the most complex vegetatlon
' sampled lS 16 mzj 8m was adequate for a spec1es—r1ch

h‘thlcket area,dclaSszfled -as vegetatlon type 2, 1n the des-

,h.crlptlon below., The 1mp11catlons and consequences of thlS
'are dlscussed in Chapter 5. ) . |

o a Quadrats were set out along the chosen‘

-

t ansects at 10 m 1ntervals 1n the more spec1es-r1ch vegeta— L

tio‘ and at 25 m, 1ntervals in  the exten51ve areas of - 51mple
\\ /ve etatlon (Flgure 9) Sllght varlatlons were. made in

. %
1nterplot dlstance to avdld sampllng the overlap of dlstln-

;gulshably sharp ecotonesjor w1th1n entrenched anlmal trails.

'All vascular plant specles rooted in each quadrat or
v»u.prOJectlng above 1t were recorded The vegetatlon transects"
'were completed between 22 July and‘3 August, 1975

: . The data from the sample plots (Appendlx 5)

vwere classlfled using the 1nformatlon ana1y51s optlon w1th1n
the Clustan lC program package of the Un1vers1ty College,
London, avallable from the Unlverslty of Alberta Computlng

D Serv1ce. The dendrogram wh;ch d:.splays the calculated data

o



o

72 and 4'un1t classes

-then grouped Wi

G 29

¢ 5

clusters was‘arbitrarily stopped" at three p031tlons

(Flgure 10) and those c1a531flcatlons wére con31dered

,Vegetatlon maps were made to show the dlstrlbutlon of. the

y plottlng the quadrat_locatlons on

atﬂ_n typé. 'These'knownvpoints were'

'oflmllar vegetatlon recognlzed in the

e

7f1eld and’ from 1974 aerlal photographs and the vegetat1qé§,_j

"types were then mapped

7v9),f"'

'.:uand‘Peed Testing Laboratory_for pH conduct1v1ty, free

3.2 Env1ronmenta1 Measurements

P J‘A'ﬁﬁ’

»

Env1ronmental data were gathered from 31tes
w1th1n each v1sually dlstlngulshable vegetatlon type whlch

occurred along flve representatlve transects, selected from

.1‘sthe flfteen chosen for Vegetatlon quadrat sampllng (Flgure

r

P

A soil plt ‘was- dug w1th1n each Vegetat10n CL

ftype, to 1 m deep Or to the level of the water table,
‘iwhlchever was shallower. _The 5011 proflle was descrlbed
fL‘followxng Canada Department of Agrlculture (1974) g 51nce‘i
Zdno developmental 5011 horlzons exlsted SOll samples were“ﬁ

‘ taken, in early August, from the top 15 cm of the proflle;

——~

" and frOm each textural stratum above l.hnor the water,'

';;table. In places with frozen 80119, augered samples

’ -

'fnfrom 0-15 cm/and 15 cm to 1ce were used ‘ All samples were

: 1,analyzed by the Alberta Department of Agriculture's 3011

f- T
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vCaC03, orqanic,matter content, soi17textural class:and for

'.plantravailable N, P K Na, and S, u51ng standard methods

~as described in Alberta Agrlculture (undated)
;"In mld-July, flve repllcate soil samples
'werertaken from each of the same p1t strata as were sampled
//”;fb nutrlents.‘ 5011 m01sture content wus determlned gravr
| metrrcally uslng standard methods (Slatyer 1967), the wet
_welght belng measured in the fleld on an Ohaus trlple-beam
vi'balancl-e.-,,, - o "', » . _
‘ o | 'Standpipes‘ of 1. 25\cm 1nterna1 dlameter
'polyV1nyl chlorlde plpe, scored at approx1mate1y 10 cm ;
1ntervals, were inserted 1nto holes augered 1pto the ground '
at each 51te. About every two weeks, measurements of the
-;depth to the ground water table were made W1th a soundlng
Cwedght. |
. | 'rA metal-probevwas used tg test for the'per—
~slstence of SOlld frozen SOll beneath the surface at each
'n51te., On the same day as water levels were measured the
‘ depth of the unfrozen 3011 was recorded at those locatlons
:where 3011 frost was located._'

3

A transli and stadla rod were used to mea-

"sure thefelevatiOn‘bf each slte w1th~respect‘to“the surface
of’RockiCreeki- All surVeys were done betWeen 19 and 22
August, 1975, when the creek water level was relatlvely

s

constant (Fzgure 7)-”;' _ ;‘f B g,' :_‘ ;ﬁ' _Z”vﬁx“**



"~ four type 2 s1tes
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3.3 Ana;y51s of ' Vegetatlon—Landform
Relatlonshlps

‘ The vegetatlon clas51f1catlon produced 4
unlts (see Chapter '4)wh1ch are v1sua11y dlstlngulshable'
‘in the field and whrch demonstrate the spatlal patterns
-and apparent landform correlatlons that thls study under-
took to examlne.g The ecologlcal 1nvest1gatlons therefore
ﬂjdeal w1th those four vegetatlon types., |

| | Env1ronmental data were. gathered from each,
‘_v1sually distlngulshable Vegetatron type along 5 of the 15
ivvegetatlon sampllng tranSects (Flgure 9). Subsequent ‘

classlflcatlon of quadrats showed that data had been col—'

dlected from four sltes in. vegetatlon type 1, L ;

four type 3 SLtes,'and 51x type 4 SLtes.y'
The‘data from the alyses were asseq ' accordlng to the'

vegetatlon type.of he srte where th ts were“located

._t(TableIED., The - full data ﬁ%om the groundwater and frozen

. SOll depth measurements are presented in Appendlces 6 and 7,

'respectlvely. Table I[shows part1a1 statlstlcs useful forA
‘pcomparlson by vegetatlon'type~ the depth of the water
H:table on 15 July, 1??5 12 August, 1975, and 16 August,, .v
§l976 (mld—growth season, and dates of deepest and hlghest
'Jfrecorded water levels, respectlvely). and the last recorded '_
wdate of frost presence._ 8011 moxsture contents are shown |
g By . soil strata sampled,-the moisture contents of strata

: which were below the water table at the tlme of sampling v

B
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~are reCorded'as'S (Saturated).'.The gurveyed elevation of
each site above the level of Rock Creek is also llsted

+

The numerlcal env1ronmental ‘data 1n Table

'I[were examlned and those obv1ous1y hav1ng no varlatlon
‘with vegetatlon type ‘were. 1gnored The others - K, Ni{—“*
S 15 July ‘water level (of simllar pattern to other recorded
values Wthh were therefore not specrflcally tested), and
' elevatlon above creek level - were examlned by an analys1s.
”of varlance (Anova) to determlnevlf.there was any 81gn1f1cantf'
,‘dlfference 1n factor values between vegetatlon types. The |
two factors showrng SLgnlflcant dxfferences %ere further
ianalyzed usxng the’ Newman—Keuls multlple range test to
:determlne whlch sxtes were the sources of the varlatlon.
'uThe coeff1c1ent of‘correlatlon between .them wa's calculated

Sy

nZOnly 8011'nutr1ent values for the top 15 cm of the soxl were
used: They seemed representatlve of other strata and were*
) the only data avallable,‘and hence comparable, for all

»'Sltes.y The other envrronmental data 1n TableII'were eval-"

’uated qualltatively.
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4. RESULTS :

4 1 Vegetatlon C1a831ficatlon and Mapping

The cla881f1cation that was produced by
élnformation ana1y81s of the data from the . sample quadrats
i is dlsplayed in the dendrogram of Flgure 10.‘ (As Lambert

dand Willxams (1966) poxnt out, agglomeratlve classlflca—.
tlons are- bulltrﬁupwards" but they are commonly and meaning— ;
.fully read "downwards," as shall be done here )' The data .
’iset was first d1v1ded 1nto two strongly dlstlnct groups,
labeled A and B in Flgure 10.‘ A total of ‘70 dlfferent
spec1es were present in- one or more of the sample plots.

Inspectlon of the specles present 1n the quadrats that were

‘_cla331f1ed lnto the dlfferent lelSlonS (Appendlx 5

e summarized in Table I)- reveals ?e%orlstlc characterlstlcs

h.of the vegetation types that were ideéntified.. ": '3
Wiféfy The A type, also referred to hereafter asv
-_the spec1es—rlch dlvision, contalns plots whlch have many
v,spec1es as compared to the B type-the spec1es—poor d1v1sxon.
"Certaln specles are found in plots in both vegetatlon types.
‘denly occasxonally do ahy two dlfferent plots contaln exactly
'“the same flora. While .gome - other spec1es also appear, ‘the

species~impoverished class can clearly be associated wlth

"feight characteristic'specles- Calamagrostls neglecta, Carex

‘h'aggatills, C; vesicaria,_Sallxgglauca, S. lnterlor, Rumex

U"occidentalis, Stellggia 1ong_pes, and Epllobium leptophyllum

! .'4
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-

,",‘ ‘ -
Table I. Plant Species Present 1n~leferent ,
o : Vegetatlon Types - e

present in at least 1 quadrat
present in >50% of quadrats
present in ‘all quadrats

B [—TYPE A—-—l |——'1‘YPE B——‘
" Code No.r:. e fA
as in . . L e Type Type |, Type

Appendix - ‘ S - . ‘ £ 3
T3 R ' ’ a bta b

W N
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a
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S AgnopwunzdnAyatachmun.
11 Calamagnostis neglecly
12 . Deschampsia caespitosa
. 715 Hu/cochLoe odonaxa
<17 - Poa alpina -
20 - Poa feptocoma
21 Thisetim 6p¢cat«m
S22 Canwtammduzas
23- ', Carex awnea: .
24" Carex capillanis
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- 70

S 72

’M-78'

82
<83
e

" Table I.
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Code No. -

as in

.Appgndix'

, Spedies

f——wYPE A

Type

1
b

a

- Type
2

a

b .

a

b

(—T¥PE 3—1‘

‘Type

Type
4

a

b

39
0
41

42

43
%
47
49
530

.58 -

" 62
63
(TR
66
67 .
69

n

-

13
76

79

Saklix Lnayunn

Salix mackenueana
Betu@. punila

Polygonum viviparum

" Rumex. occidentalis
Ste&talu.a Longdpes
: Anemo,ne muu:qx,da o
Ranuncw&ws gme,t’,(,mu‘ S
' Cardamine pe@ylvam’.cd -

RuumibalnwhtandudA
Fragaria vugmuma

. Geun machophytlum
. Potentilla fruticosa
~ Rosa au.cu.tau.a
 Rubus acaulis .
Astragalus "wcosumu o
 Astragatus gnigidus
.";Hedyz,awm ‘alpinum

Laﬂ:yw ochaozwcus

o Oxmopu dcﬂuxa.

Vicia americana

" ‘¢smuﬁouua mumduﬁwA L
R - Epdobwm angu.éuﬁouum c
e ) Ep-otobwm Leptophy-wm

Abneses au“om

. Py:wl.a um‘o&a
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Table I. .E"o'_ntinued
o » - . . TYPE A YPE B
' Code No.. - o | l_‘ _—I r‘ _—]
‘as in | . ' Type Type TYPe
Appendix ' ) ‘ o )
3 Species . »afb a b_c a b a b
89 Gentianelfa amarella 1 1
91 Mertensia paniculata 1 1
©.93 Castilleja occidentalis 2 2|1 1 2
95 .. Pedicufaris groenfandica . 13 1 3 1
96 - Rhinanthus crista-galli - 1
99 . - Linnaea bonedlis - 1
100 Valeriana septentrionabis 1
102 . Achillea mitefolium 3 3|1 1
104 . Antennania pu(;che/uume 1 2 11 r
105 . .° Antemnarnia rosea - ¥ 2 1)1 1
107 . Astei fobiaceus 1 117 ‘
1097 _,Au:u sibericus. 'y s
110 K ‘FJugULon Lonchophy&ué U1 2121 31 1
111 Petasites vitifolius Ao 1|
112 Senecio paupercubus - 2 2] /3 (1 1
114 - Taraxacum ceratophonum 1| 1|
115 Taraxacum officinale S 2 |1
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Also common are Salix mackenziana, Geum macrophyllum, and"

Betula pumila.,
The quadrats of the A type tend to be flor-
istically rlcher and more variable than those of B type

(Appendix 5). The most common species are Equlsetum arvehse,

E.vscirpoides, E. varlegatum, Picea glauca X engelmannll, Carex

aquatllls, Carex aurea, Sallx arbuscu101des, Sallx glauca, /’//

S. macken21ana, Fragarla v1rg;n1ana, _Elloblum/angustlfollugé
Pyrola asarlfolla, CastllleJa occ1dentalls, Pedlcularlsggroen—
.

landlca Achillea mlllefollum, Erlgeron lonchophyllus, and

V'Senec1o pauperculus.' _Also frequently ocoprrlng are Agropyron

N,

dasystachyum, Deschamp51a cae§p1tosa, Poéjiept&goma, Trlsetum

splcatum, Juncus baltlcus; Habenarla hyperborea, Populus

"balsamlfera, Betula pumlla, Polygonum v1v1parum, Parna351a

»montanen51s, Rubus acaulls, Sheoherdla canaden51s, Ayrola

: secunda, Antennarla pulcherrlme,_and A. rosea.' Although

most of the spec1es—r1ch plots contaln Carex aquatllls and

" the three Salix spec1es mentloned they rarely‘possess the
‘v other type B species. -

f’;; , The two groups are not as easxly mapped from e
~f'a1r photos as theLr clear florlstlc dlfferences would suggest

¥

isince the region of div1slon was almost always at a type 2-

’; ‘type 3 boundary (see below).: Especxally near thelr lelSlon,

'.these two types possess physiognom;cally almost 1dent1ca1

:upper strata of wxllows w1th some birch f"lndeeot;such areas'

'A Lo
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were oriéinally identified as parts of a single community.
The distinction between the two was made using both the

koowredge”ofi;tioh vegetation type each quadrat along the
'treesects was assigned to, and the ciear differentiability
of the two types in the fleld. The result is the map in
Flgure 11
The two primary vegetation types are each
: diyided, at similarnéevels of statistical similarity, into
two further vegetation classes, designated 1 andigj 3 and
‘4 on)Figﬁre 10 and T;ble I (Plates 8-11). Comparlson of
the quadrats in each i‘%r of the subd1v131ons shows that
1

‘ whlle many)of the spﬂvﬁet in one subtype can occur in the

. other, clear dlStlnCu between them do ex1st The

spec1es-poor type is now d1v1ded into ‘a Carex dominated

Ng class (4), whlch possesses herb spec1es but rarely Balix,
N and a Sallx and Carex domlnated group (3) that always has

one or more Sallx specxes presentand often the phy51ognom1—

N

'cally 51m11ar Betula pumlla. The small stature and

;i scattered dlstrxbutlon of the few willows 'in type 4 areas
makes them qulte ea811y dxstlngulshable from type 3 areas and
hence rellably mappable. v

A Alshough thelr overall floras are 51m11ar,
the two subgroups of ‘A .are dlstlngulshable by the greater
number of species in~most type l quadrats as compared(to type

B Z’ones (Table I). Also, there are a number of spec1es in
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type 1 quadrats not present or seldom found in type 2 ones,
and vice versa. " The most common . of those exc1u51vely

occurrlng in the rlcher vegetatlon class are Hedysar

o alpinum, Shepherdla canaden51s, and Aster 51ber1cus.' Occa-i

,81onally Carex caplllarls; Populus tremuloldes, Anemone .
- -
'0 cu'arls, Lathyrus ochroleucus, Oxytropls” :

multiflda, Rosa

-

‘thusrcrlsta—galll,vand Linnea borealls are present there.

';{Specles whlch are commonly found 1n type 1 vegetatlon but
whlch occas1ona11y appear in type 2 areas are Egulset

variegatum, Habenarla nyperborea, Populus balsamlfera,vi‘f

fParna951a montanen51s, Potentllla frutlcosa Pyrola secd

fAchlllea mlllefollum, and Antennarla pulcherlma. There are

,no spec1es commonly occurrlng in type 2 vegetatlon that do
3,not appear in- some type 1 quadrats. Less common specres

found 1n type 2 but not type 1 plots are Erlophorum brachyan—'

"ftherum, Stellarla longlpes, and gplloblum leptophyllum.

Deschamps1a caespltosa, Careg aquatllls, Geum macrqphylum,'r
o e
and Taraxacum of£i01nale are dlstlnctly more common 1n type

‘2 areas, although they are present 1n come. type 1 plots. ‘
| | Hhile reasonably dlstlngulshable 1n the fleld,‘f

l‘map'jng these two typesaby extrapolatlon from aer1a1 photographs

‘_vwas occasionally difficult due to the constancy of the

Vp~distinc£ive spruce and w1llow spec1es ‘in both types,

'%although type l vegetatlon is typlcally more densely wooded.

-

.
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4.2 Analysxs of Envxronmental Data ;

As %anigure ll;vseparating type 2 andvtype 3'yegetation
?areas was difficult. The dlstrlbutlon of the four vegeta-

.txon types is mapped ‘in Figure 12,

1‘ ‘ The thlrd level of claSSLficatlon con51dered

vshows 9 vegetatlon classes (Flgure 10 Table ). The‘dISﬂ”

.t;nctlons between these unlts; both 1n the table and in the

fieldeue not as oonsistently clear as the nearlyrequalileyels

'of statlstlcal sxmllarlty of the alVlSlOnS would suggest.‘f,

Types 4(a) and 4(b), and 3(a) and 3(b), dlffer qulte s1mp1y

'and detectably 1n spec1es rlchness per plot and in spec1es
‘-epresent.- They are readlly dlstlngulshable in the fleld.
. The 1(a) l(b) and 2(a) 2 (b)-2(c). breakdowns, w1th larger

. floras, more complexly partltloned, are not easily separable

/

"ln,th fleld since even those types which can be 1dent1-'

von the ground (4(a) 4(b) and 3(a)—3(b)) are character—

":lzed by dlfferences in herbaceous plants, it ‘is not poss1ble'
"fto 1nterpret these communlty distlnctlons from photographs.‘
~This level of cla551flcatlon was not mapped or con51dered

‘:5further.

The data presented 1n Table I[clearly show

- that there is no variatlon between sxtes 1n the amounts of
,dnitrogen and phosphorous avallable. they ‘are unlformly
f;very 10W' The conductivity values 11kewise show small varla-v'

T‘tions; There are several sltes or strata whlch show '

e
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differences in soil texture and organic matter content but
these represent particular local c1rcumstances and show no
correlation with differences in vegetation types. There
are high free lime. contents in all of the soxls. The pH’
values are all high and show no meaningful trends between
R vegetation types. The analyses of variance (Table III) showed
that the variations in soil K, Na and s concentrations were

i vnot correlated with vegetation type
| ' & Some factors show variatlon w1th vegetation N
patterns.‘ Ice‘records showed a tendency towafd early melt-
out in the’ two spec1es-r1ch classes and 1onger per81stence
"“,or permafrost conditions under speCLes—poor vegetation 51tess
| Also, Anova reeults showed strongly SLgnificant varlations
dn. 31te elevation and water table level data (Table III). Tﬁéf
euman—Keuls test (Table IV)showed that the variation in .
‘ ground water level was not 51gn1ficant between type 1 and 2
- sxtes or type 3 and 4 sites, the variation was between those--
two- groups 41 e., between type A and type B sites). The

ereek elevation data give c ,i “‘ting,; results (Table IV)

showing that a. type in the test (Zar 1974).
'~i ConSLdering the strongly Signlficant correlation (r.= 0 91):'
7 between ground water level and s:ute elevation (Table V),
seems reasonable~to assume that the error lies in result :
r'u;ga;' h‘i' and that these data, too, show SLgnificant
’:f variation only between type A and type B sites (1 e;, "l.=

—

' “z * "3" “4"wfrf& PRI



‘ Table.III;-‘Analysis'of Variance of Selected
' ’ Environmental Parameters

F ratio of . F ratio of

Rock Creek -

‘Depth of

Parameter = df ' MS F .95 Fractile .99 Fractile
- Na -content . ) - '
of top.15 cm 14 275 1.65
of soil R o
H'S content of S B
top 15 cm-of 14. . 524 0.64
- soil - ‘ s
K éontent'pf B o
. - top 15 cm of 14 ‘105 0.14
soil R
Elevation of . . L
'site above = 14 ", .82 = 6.30* N

groundwater ' 14 ' 16,477 11.25%

- table-15/VII

'*Signif§éaht éf»SijérCent”cénfidéqge'level
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GROUNDWATER LEVEL

s Table 1IV. 'NewmanQKeuls Multiple Range Test of
.* : Groundwater Level and Site’
Evaluation ‘Data
. S Hosup=ug Hpiuparug
Comparison X;-X2 SE q P .q.0.05,14,p Conclusion
Vegetaﬁion Q
Type: o ,
1 vs. 3 122.8 19.2 6.40 4 4.11 ., H_ rejected
1 .. 4 108 717.5 6.17 -3 3.70 H  rejected
1 2 ©35.5 19.2 1.85 2 3,03 H_ accepted
{2 3 87.2 19.2 4.55 3 3,70 ~ H_ rejectéd
2 4 72,5 17.5 4.14 2 - 3.03 H, rejected
4 3 14.75 17.5 = .84 2 3,03 'Hé'accepte
j G o SR :  ' wv .
. v_Fz“u15m2¥ua=uw'. J{ IR
g [Tvs. 3. 0.90 0.18 4.99 4 ~ 4.11 H_ rejected
SR S S - 0.95 0.16 5.44 3. ° 3,70 H_ rejected’
Ehh 2 0.42 0.18 2.33° 2 3,03 H_ accepted’
‘E_ 2. 3 0.48 0.18 2.66 3 - 3,70 H_ accepted
-E 2 4 0.475 0.16 2.88 2 3.03 H accepted-
EYS 3, - 0.005 0.16 0.304 2 . . 3,03 H, accepted
| ,';.‘- M= 2
,,fa‘iu;‘vi?uf, ' ,
e f
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Table V. Calculation of Correlation Coefficient for
- Groundwater Level and Site.Elevation }Dati\

: , <

Gfound Water Depth: x? = 69931.6 H:p=o
' X = 65.9" HA;_p # o
 Elevation 0 1y? = 4413726
' | ¥ = 93.4
Ixy = 50748
.‘ b 913' ' , - / - o : 550 2 . oot . H
. l .
2 3 A : v .
r‘ = .834 ot s
834 o &
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The soil m01sture data show that in mid-
season most type 3 and 4 81tes were saturated whlle type 1
and type 2 éﬁies were not., The dlfferlng type A ‘soil moiS*

ture content flgures are blologlcally meanlngful only when

examined 1n terms of plant avallable moisture. While the

N

broad soil texture claSSes used make c103e comparlson im-
‘possible, 1nspectlon of moisture avallablllty curves (e. 9.
Black 1968, "Russell 1973) reveals that the m01sture contents

of. the unsaturated soils represent condltlons close to fleld

’

capaclty.y Pressure plate %xtractlon of twenty of the Rock
Creek Valley 50115 showed one-third bar (approx1mate fleld

capacxty) so0il- m01sture conténts as belng in the 20 to 30

w-

percent range, corroboratlng this 1nte(g>etatlon.- Patterns

soil’ m01sture varlatlon between typel/and type 2 sites

not dlstlﬁgurehable.

-.The patterng of varlatlon 1n vegetatlon .

types and the ma1n env1ronmenta1 factors are summarlzqd in,
quure 13 .a schematlc proflle of transect 3. ST I L
- v .
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‘-15 1 Vegetatlon Cla551flcatlo :

Theoretlcally,xt‘e sample plot 51ze was’ :

ftoo small to adequately (908%) sample the most complex ‘
~‘commun1t1es._ Desplte thls ,1t does not seem llkely that .

L 31gn1flcantly dlfferent class1f1catlon would have been'f
.obtalned w1th a larger plot 51ze.' As mentloned the nested

o

‘-quadrat data show that the mlnlmal plot 51ze needed for

’fvegetatlon type 2 was 8 m2

All type 2: 51tes as. well as
v?the 31mple type 3 and 4 areas were therefore adequately

»sampled by the 9 Thus the type 1 group,

:dlfferentlated by 1ncreased sPecles rlchness and the pres—

v

ence of certaln spec1es, should have been ea511y dlstlngulsh—
:?able by comparlson W1th the others, even 1f not fully
descrlbed 1n 1tself~— It seems llkely therefore, that the

small Quadrat siZe was not detrlmental to the f1na1 results.
S ' -
: The 1nformatlon ana1y51s ClaSSlflcatlon C

—

‘scheme clearly 1dent1f1ed ba31c differences w1th the valléy's ,,

-

' veqetatlon coVer that were v1sua11y dlstlngulshable on the .
'_ground and whﬁch showed a close relatlonshlp to 1n1t1al,\.,

= subjectively disq%rned, patterns., The two unlt and four uqlt'}

ow .

'.classes (Flgures 11 and 12) are of 51m11ar pattern to the

”ﬁthxée phys;ognomlcally defined unlts that most casual

#

;Lﬁobservers would diseern, %hey show fundamental dlfferences

1}f£rom such a c1a581fication, however, and are not merely a
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,sllghtly 31mpler and a sllghtly @ore complex classiflcatlon

- respectlvely.' Based upon the total complement of spec1es

',present in each quadrat the two unlt c1a531f1catlon repre-
,'sents two very dlfftrent groups wh1ch form the most funda-'
lmental vegetatlon patterns pf the valley and within which
'.other differences are more subtle. Each of these two can
“be subd1v1ded 1nto two groups whlch are still dlfferent
enough to be mappable. -The dlstlnctlon between the prellml—
vnary and IA cla531f1cat10ns 11es most slgnlflcantly in the '
S~

d1v131on of parts of the structurally very 51m11ar shrub .

-jthlckets, whlch fleld 1nspect10n verlfles as belng obv1ously

U[dlﬁferent 1nto each of the twovmaln vegetatlon classes;

"Even at. thls 51mple level a clear 1mprovement 1n cla551f1-'

‘“catlon has been achleved over the phy51ognom1c dlstlnctlons
’ !

,,flrst used It should also be remembered that, although they
were not examlned in thlg%studv, some of the classes "below"

- 1-4 also represent dlstlngulshabl., repeatedly occurrlng

-;vegetatlon types (3(a) 3(b) an‘ 4(a) 4(b) certalnly do).

: Overall therefore, the 1nformatlon analy51s cla551f1catlon

'-iproduced meanlngful grouplngs whlch wereﬂobjectlvely deflned,

‘ f and hence are highly comparable..*-- '7‘_ e '§

o )Thls seemlngly satlsfactory cla531f1éhtion
'scheme ylelded 9 unlts at its thlrd level : But-several of.
:them. d1d not seem as conslstently 1dent1f1able in the fleld
- as the first four, and I had prev1ously 1dent1f1ed 15 vege—
;;tation types by inspectibn., The dlscrepancy seems.llkelygto

K4
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“be due to a comblnatlon of two causes - 1ncon51stenc1es 1n_i '
-the lnltlal ana1y51s and the llmltatlons 1nherent in a
presence/absence classxflcatlon.

0

Flrstly, the lnltla 1dent1f1catlons were

;‘based upon easily observed features of ea511y dlstlnguish—l
.bable spec1es.; The obv1ous spruce, w1llows and b1rch and /
those herbs flowerlng in mld ~June prov1ded a, blased and
' not necessarlly con51stent ba51s for the prellmlnary entl-'
,tlatlon. As well lack of fanlllarlty w1th the local flora
undoubtedly reduced my sen51t1v1ty to: overall patterns of
{varlatlon whlch otherw1se mlght have been noted and descrlbed
'{dlfferently. 't,f S 'Vf”ff_' gﬁ N

It seems. llkely that the major part of the

dlsparlty between the number of communltles recognlzed versusae .

1those 1dent1f1ably class1f1ed is- due to llmlatlons in the
cla551f1catlon scheme ltself.v Flrstly, because any classxe-
sflcatlon can only group together llke entltles, thls sample d
‘of 114 uxlts two—thlrds of whlch were 1n vegetatlon type B,,
_may not po’sess adequate/lnformatlon for meanlngful d1v1—

-

51ons at ower levels, even 1f they ex18t.» Most 1mportant1y;

zthough, is the fact that below the 4 un;t d1v1s10n, e

':remalnlng classes were much more 51m11ar to each other (those -

* - qfﬁ?
'.

'below the 9 unlt d1V13ﬁ%n Were not recorded 1n Flgure 10 but

7also show crowdlng of divxsions at 51m11ar levels of 1nfor—v

o .

" matlon“) and species presence datawere probably not SUffl—
o -
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Goodall s (1973) views support thlS 1nterpretatlon., Thus’

L>the IA cla831flcation provxded sound and dlstlnct classes

at the 4-un1t level examlned in the prebent study, ‘although

lthe further d1v151ons are probably not as. rellable.

5.2 ,vegetation-Landform Relationships

|
oy

'5 2 1 5011 Nutr1ents~ "A ,j ',-»t ' f //

- The working hypothe51s of thls studijas.

Q_that the vegetatlon patterns of the study site would‘bej“-

- correlated to ecologlcally'"effect;ve“ factors whiCh varied.-

2

,at the 1andform scale, 5011 nutrlents and 5011 molsture were',“

fselected as llkely factors to test ‘ Analy51s of data ﬁrom

'fthe 8011 samples shows that dlfferences in avallable 8011

_nutrlents and 1n the so1l attrlbutes whlch often affect—

nutrlent avallablllty, pH and organlc matter content, do not .

. correlate w1th vegetatlon dlstrlbutlon patterns.. Thls per-_7]

‘ m1ts only one conclus;on. the vegetatlon patterns w1th1n‘

_‘the study area cannot be attrlbuted to dlfferences in avall-

}'Purther,:the meaturity of all the 50115 suggests 11ttle

ablllty of the 1mportant plant nutrlents.

These negatlve results ‘seem reasonable when

°

:one con31ders the origln of the parent materlals involved -

,balluv1um transported from sedlmentary rocks of the Rocky :

QwAMountains.» The homogenlzing actlon of transportatlon shouldﬁ
;help to establlsh desplte dlfferences in- landform conflgura; L'

'7tion, a. strongly slmllar chemlcal ba51s for the soils.'

[y

R

i Tl R o i A o —i .
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post,dep031tlon modlflcatlons have occurred. The eStablished

jdralnage system and lack of organlc matter bulldup have. precluded

development of major dlfferences in nutrlent cycllng syste s and

' consequent development of new patterns of nutrlent dlstrlbutlon.

‘All these condltlons contrlbute to the hlghly 31m11ar plant

unutrlent contents found in 501ls w1th1n the dlfferent vegetation

'patterns.‘ That these conc1u51ons differ from those of DlrSChl

and Coupland (1972) may be due to the fact that thegr study, des-j

fplte the ‘claim of the article, was done on a lacustrlne p1a1n and -
‘not on a.%elta oxr alluv1a1 plaln.. Such env1r0nments pOSSeSS

~many potentlally dlfferent characterlstlcs.

5. 2.2 Landforms and Vegetation Patterns

' The elevatlon of. all type A and type B

vegetatlon types are s;gnlficantly dlfferent from each

'tother.v The four major vegetatlon types of the study 51te

o possess progres31vely<d1fferent elevatlons along each

,transect on which they occur.' These dlfferences reflect

‘ff(as 1n many other delta/floodplain areas) because i@%xef

A

.the rellef of the alluv1al landforms of the valley. land-
*~.forms are 1ndeed correlated w1th the major patterns of

-‘plant dlstributions. y»V' S ’Jvdt Lo -1‘ L

B
Relief by itself does not 1nfluence plant

'gﬁowth at all but it is ecologlcally s;gniflcant here

o

*éels hléhly correlated with water leVels.. The exlstence of
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hlgher and well dralned levees, splays and other features,
'oand 1ower, flat 1nterchannel 51tes in an area Wlth abundant

Aabitats.

water results in’ the creation of two dlstlnct
w‘? ? 'v__ The prOpertles of hlgher, bette dralned sites

l”versus lower, wetter ones ‘are well known, as are the normal 3

1fplant responses (Brady 1974, Daubenmlre 1974 etc )« In the'
lower Rock Creek Valley, the m01sture content data suggests

“tha% the stream levees prov1de a m01st but dralned 31te, pre-
sumahly w1th relatlvely warm temperatures, ‘a. relatlvely long .

i_grow1ng season, good aeratlon, and the other attrlbutes of a
me51c" habltat ' The relatlvely benlgn condltlons of the hlgher'

"ground support many specues.; The lower areas of the back--,h
f,swamps are always wet and possess harsh condltrons for

‘;.plant establishment and growth - relatlvely low temperatures

and presumably low oxygen. The waterlogged 1nterchanne1 |

;'areas thus support a depauperate flora.{ The llne of 1nter—
lsect1on between the horlzontal surface correspondlng to the
hlghest recorded water table level (whlch also matched earlyil

ﬁseason 1eve18;observed in. Apr1l, l;;GJ,Vand the sloplng landﬂ
;surface matchesfthe type z/A d1v1s1on llne almost exactly. |
SThese two very dlfferent vegetatlon types are a consequence

, of two'very dlfferent environments.. They are’ abruptly~d1v1ded

s since fhe presence of ! high water levels acts ‘as- an env1ronmental

. fLocal{micyotopography prov1des the env1ronmental

PO -

R variaticn (Barper

33

,Sagar 1953) that permits a narrowf'

ﬂ',tenal_transition besw

o J'\
P SO .




There 9as no - slgnlflcant dlfference in those
' env1ronmental factors, conSLdered above, from type l and

v type 2 51tes, but inspection of the fleld data suggests
‘reasons for the dlfferlng plant dlstrlbutlon patterns. Typeh
1 81tes, desplte dlfferences ln absolute elevatlon, are all |
" on relatlvely high (greater than 1 m) 51tes besmde Rock

\

o Creek.alsince the creek does not normally come near to exceedﬁ

. 4 4

: 1ng its banks, the base level 1tself w111 not 1nduce saturated-

/

-.8011 condltlons in. these creekslde/51tes and the proximlty of
the creek channel permmts rapld water table response, and
‘{ hence more dralnage when the water level falls in. early
fjsummer and follow1ng ralnstorms. At those tlmes of ‘the year,
'however, water levels are hlgh everywhere else.] Type 2 sites,'
i!whlch possess a varlety of dralnage reglmes,'lncludlng some |
g'fwhlch are very well dralned in mld-season, .are then 1nundated
.vor have water tables close to the ground surface (Appendlx |
,5) Thls 1s related more to thelr relatlve p051t10ns in: the
l‘landscape rather than to thelr absolute elevatlons. they
i are mostly downslope of type 1 51tes (e g., Flgure 13).; Four
'tof the exceptlons are on transects 11 12 and 15, .and 4 -
fbes;de groundwater fed streams and a water fllled abandoned
dchannel, respectively --whlch have relatlvely steady wate§ .
}5levels which lower relatlvely slowly during the season.,L |
i "y : ;‘ These features of type 2. 51tes must, in the
fjfirst case, add morsture from uphlll dralnage,-and, 1n both ;r”l'
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cases, prolong (relatlvely) early season and post rainy
weather wetness. The greater dlstance to Rock Creek, or

the slower water level responses of the other nearby water

bodles must 1ncreaso the tlme requlred for the ‘water table.

IJto lower and thus contrlbute to a mOLSter 51te. Thus 1t

would seem that the 1mportant dlfference between sites _j'
‘whlch support type 1 and type 2 vegetatlon 1s in the
jlength and reliablllty of dralned soil conditlons - a

concluslon 1n conformlty w1th Dlrschl and Coupland'

pertlnent llterature.

The hlgh water record of 16 Aggust 1976

Bl

(Appenéik" from:. 81te l of transect 4 shows it to be well

dra:.ned1 unl:ke other type 2 51tes. April observatlons ¢‘°

1’noted standlng water in depre531ons there, however, as wlth =

gother type 2 31tes, and 1t s%ems llkely that 51m11ar mois-
"V>ture related controls over vegetatlon pattern operate there

‘as elsewhere. The sprlng versus~m1d—season dlfferences is’

. ,;

'atprobably due to- the mldw1nter freezlng ofteverland flow

nfrom sprlngs near t edge of the study area (Figure 8}»;”4'

”whlch wa's seen to creaﬁe a 1arge ic1ng 30 to 40 cm thlck :

”-1n that part of the valley. ‘This ralsed the level of the

B

*ground surface” in the interchannel areas near transect”

*f;4 Whlch perched the runoff and meltwater 1' gls much

lhigher than was p0381ble in midseason when
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‘present. The pattern of sloé\drainage, diScussed-aboVe,‘
‘can then beconm influentiai |

'The only type 2 site on the e&ge of Rock

ereek on- transect 14, was on a sllp-off slope. ThlS

'_slte was con51derably lower than the transect 1 slte

‘-'across the creek whlchosuppdxted type 1 vegetatlon. L1ke~

‘the other type. 2 areas, on low banks downstream, 1ts land-
form p051tlon seems: to 1nd1cate a lengthy perlod of hlgh
. ground water levels and, agaln,}waterflevel control over
kvegetatlon type.f; o ‘ | o |
»hThe spe01f1c env1ronnental control over
the dlstrlbutlon of the Salix species 15 not clearly

fdlstlngulshable, desplte the often sharp type 3 and 4 d1v1—t”

~ sion whlch thelr presence and absence create. ‘Daubenmlre

A(1968) deScrlbed thls common vegetatlonai pattern and
:others llke 1t. "He suggested that such zonatlons are due
Nrto dlfferent specxes’tolerances to factors- :

Zjoften llmlting 1n standlng water habltats - nutrlents
,‘_(seemingly not a factor here). temperature and aeratlon‘f

‘fof the rooting medium., The patterns -are probably rendered ~

'7jparticularly dlstlnct he says, by the ex15tence of the

fvdlstrlbution of‘the superlor competltor to SLtes near

"t,the limit of 1ts environmental tolerance, followed

Lfsharpxyiby the dlfferent vegetation growlng w1thout that

®

"species‘ﬂresent.__.
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5. 2 3 8011 Frost

Although dlstingulshlng exact cause and

'effect 1s 1mpossrble w1thout experlment, it seems llkely-
that the presence ow. Lce 1ate into the. season in the spe01es--ﬁ‘
poor sxtes lS a consequence rather than an 1n1t1ator of the"
~d1fferent vegetatlon patterns.’ The sedge meadow and W1llow/
sedge areas thh long endurlng frost (or permafrost in -some

. cases) all possess the same propertles that seem llkely to
vcontrlbute to ‘“the’ frost presence. The dead sedges form a
dense mat aVeraglng from about 15 to 50 cm above the ground :

“ surface in dlfferent areas, whlch tends. to completely cover

the swales between the tussocks.x Th1

rssllkely to,have two
=szgn1f1cant effects, each t?plcal of egetatlve cover but '
p here more extreme, that \mrﬁ to malnt in 1ow 5011 tempera-'
: tures.: the shadlng of the soyl and the prov1510n of an 1n-’/
”,sulatlng dead - air space above the cold ground (Gelger 1961)
| ' “f Whlle the presence\of frozen ground probably o
hslows local water 1eve1 responses to changes in base level the
surface dralnage is contlnuous w1th the open water (Flgure
w 13) and the frost should not be a cause of the hlgh water
tables.k If hlgh Water lS lndependent of _and not malntalned
: ,4by, s011 frost then 1t is most llkely that heavy sedge .
::growth has been fostered by wet c0nd1tlons of low 51tes..hIt
- also seems llkely,' herefore, thatthe 1ong lastlng soil frost

'{‘”is a consequence of conditions 1nherent to that Vegetatlon

."'cover, rather than belng one of the causes of such plant growth.




5.2. 4 Vegetatlon Patterns Show1ng leferent
. Env1ronmental Relatlonshlps

f

in three parts of the study 51te,'1mportant
vegetatlon -patterns of the same type ‘as those descrlbed seem

to have d11ferent enV1ronmental relatlonshlps than tho

already dlscussed Along Whltefish Creek a forest cover upstream'

glves way to a streim bank communlty 1dent1ca1 to the back-‘ ’
'swamp vegetatlon. Only near to the confluence w1th Rock

: Creek de\\he stream banks agaln possess type 2 vegetatlon.,

Thn stre m is groundwater fed carrles no v131b1e ~ed1nent

durlng the f1e1d season,'and possesses no levees.. The bank

SLdes are nearly Vertlcal, belng cut into the valley flll.

The stream surface establlshes ‘the local base level hlp'k
i P

upstream Jreas and near Rock Creek the creek has cut deeply

& -
)

(2 to 2 5 m) 1nto the substratum, and its surface is normally

»

about l m,or more below the surroundlng ground surface.v As
elsewhere in the valley, 3011 dralnage - in thlS case resultlng
from the depre551on of the groundwater table rather than.
Slte elevatlon due to landform structure - seems the llkelyw
lh cause of the more complex vegetatlon along Whlteflsh Creek
(The zone of trees is 11ke1y‘better developed on the north
31de of the.creek because of the waterlogglng 1nfluence of

ce

.overland flow, from groundwater sprlngs, down the 1nte}channel

ba81n on the south side. )

r;g : wype B vegetatlon may ex1st upstream from

the lake sinoe it acts as. the loca: base level._ The creek

‘ is consequently inbxsed lxttle near to the lake, due to the




loh gradient in that part of the Valleyr.*The streamﬁSurface
,has been malntalned at or near the edge of the creek banks,
which are not well drained and thus . possess typical wet ”" 7#5
51te vegetatlon. o N _
~ | Maglc Creek, a groundWater fed stream wlth. .
-dlstlnctly smaller flow than Whlteflsh is partlally para— _

1leled by type 2 vegetatlon and partly by spec1es poor types:

: =N
;These patterns seem to reflect three 1nfluences\w currentv D~

U]
'stream reglme,»rellct landform features, and- overland

row from sprlng discharge on. the north slope. That Magicﬁ
Creek 1s underflt for the leveed channel outllned by the

”gtrees be51de lt is ea51ly v151ble on Plate 6., The channel el

. uremalns (oeeupled b Ma ic. Creek through most o£ 1ts length)
g9

B but the lnltiatlng stream has not flowed for many years,

‘judglng from the 31m11ar vegetatlon patterns today and visible on"
.1952 aerlal photographs.“ iny a narrow central strrp of. the-

"former levees supports more complex vegetatlon.' The r

,ti'Vely hlgher 1pcal base level now belng mamtained has

:kllled many trees, especially 1n the northwest corner of

the study area.: Thls pattern seems s;mxlar to the 1evee sub—

‘f_SLdence and vegetatlonal degeneratlon along abandoned channels

‘.Vdescrxbed by Vann (1959) and Thom (1967) The north«south _;@v

"lncreekside asynggtry of the vegetat1on patterns seems to re-:"'
’flect the hlgher water 1evels generatedgby the flow of |

7'springs from the.north hillsxde, as compared to the somewhat




v~,fgrowth than elsewhere but w1th no 51gns of 1nva i
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®

i C .

‘better (formerly,perhaps much@better) drained areas on the

~ south sxde.of the ¢reek.

t

b,

&f Another apparently anamalous situation lles_;

in the water level, site elevatlon and. frost presence pat—-

tern of the thlrd 51t qn transect 5 (Table I). This t

sedge meadow has very low~water tables in late s

1ts frost fairly early in the season, and is muc ‘hiéher above

the Rock Creek base level than the»other—type, 'sites. It is
\\M ) h . M - ' ) . . . '
the'only transect‘between the abandoned chah el of Rock Creek

and Rock Creek 1tself. The tyolcal cross-

L&

1s of sxmllar rellef here<U3that elsewher

ectional topography.

(e.g., FigureVIB)

but'ls‘of hlgher elevatlon, probably refl cting the high‘

"levees (or- deeper downcuttlng) of the two arge channels;

N

nearhy,. Whrle the summer water levels dronr ulte low,

dsedges malntaln themselves (Wlth somewhat les 'v1gorous

“ispeéles) in equlllbrlum w1th thelr env1ronment,
L/

-

@hlgh ralnfall of August 1976 thls sxte was flooded to simi-
'lar levels, suggestlng that the same saturated condltlons

‘fcontrol moxst sxte vegetation patterns here as elsewhere in
S o / N i A

*?the valley.

”~5 3 Conclusxons

~%15 In.this relatlvely 51mple alluv1al habltat,

~ where no regular floods produce cont1nua1 env1ronmental
. A . ey : - - . n' ’

#
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et . . . . ) \ o \

.‘r .

varlatlon and major complex1t1es of vegetatlonal dynamlcs,
the broad vegetatlon-landform correlatlons seem directly
rrelatable to adentlflable ecologlcal causes.t But 51mp1e
if correlatlons of 1andforms and thelr constituent. soil’ attrl-‘
.butes ‘alone could not explaln even landscape scale phenomena,
- although only edaphlc factors were ultlmately 1dent1f1ed as-
controlllng Dlant dlstrlbutlons. Actlve con51deratlon of-
: the basic env1ronmental prOcesSes and of past events was
| necessary‘ln ach;evang even the flrst level of understand—
1ng of, the valley floor vegetatlon presented here. Desplte
‘the orlglnal 1ntentlons of thls study, therefore, the "statlc":

condltlons of the valley could nOt, reasonably, be separated

from the dynamlc ones for separate 1nvestlgatlon. That

1n1t1a1 empha51s was valuable because of 1ts prov151on of .
": ba51c 1nformat10n, whlch permltted ‘some conclusrons, but 1t
was more useful ‘as a baSlS for . further observatlon and in-
terpretatlon of the valley envxronment.»chosystems areﬁ;
dentltles that operate over. t1me.~ Both their subunits ‘and

the processes 1nherent to them must ‘be considered ln a

balanced analysls.
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. APPENDIX 1

DESCRIPTIONS OF REPRESENTATIVE SOIL PROFILES
— = : .

Location: Transect 3, Site 1

1.
- . Date Described: 1 August, 1975
 Rego Gleysol
Horizon ) Depth (cm)- ' DesCr;gtion'
- f_ ﬁ»-" = 2.',,,3.540 Seml-decomposed organic
& S T . " matter; abundant .micro and @

very fine, plentiful fine, ahd

few medlum and coarse roots;

abrupt wavy boundary 1-2- cm

- thick. :

Dark graylsh brown (10 YR 4/2

d) very fine sandy loam; common - :

fine faint :light brown mottles;

weak, structureless, amorphous,

. S very. frlable, abundant micro -

e e and few medium and coarse roots;
' R - abrupt wavy. boundary 1-2, 5 cm

“thick. : ' :

1 2#'}'ff"*';95§9“;t

o

- 'Brown to dark brown (10 YR 4/3
d) silt loam to wvery find .sandy .
‘lToam; common. fine faint: light
brown mottles, weak, structure-
‘less, single grain loose ~ very
friable, abundant micro, very
B , fine and fine, plentiful medium
= - ¢ . o ..y - and few coarse ‘roots, gradual -
‘ ' wavy boundary 6 11 cm thlck

~i30-42

Dark graylsh brown (10 YR 4/2 g

el ST . .». d), very fine sandy loam;. many
L e ' . ' " fine falnt light brown mott1e5°g-f
e Y weak, structureless, amorphous,

42-100 '

»

=
p,,_\AA
: v

very. fraabler

abundant micro, ”

- very fine and fine,

few medium -

"*h-rlzontal lamlnatlons.

-and very- few coarse roots,
composed ‘of ‘thin, wavy, near

X



-

2. Location:
Date Described:

.

/
\__,.
Horizon -

L.

Transect 3,

78

Site 2
Y August 1975 -

R{go'Gzéyaol‘ S
‘De_th (cm) ' __Description
1. -0 Semi—deComposedlorganicg

‘matter, abundant micro, very.
fine, plentiful fine, and few

- medium roots, abrupt wavy
boundary 1-2 cm thick. !

Grayish brown’(lO~YR&3/3),
.silt loam to very. fine sandy
loam, many fine distinct
‘orange brown, many fine faint
light brown, and few medium
distinct orange-brown mottles,

. — weak - structureless, amorphous,

-

. 23-25

'38-100

49-50.5

;t72575;/

.abundant micro and very . fine,
.plentiful fine and few medium
roots, clear smooth boundary
4-7 cm thlck. ,

T Seml-decomposed organlc matter,
abundant micro and very fine
roots,. abrupt smooth boundary
O-1 cm thlck :

Brown to dark brown (10 YR
4/3 d), very fine sandy loam:
"to silt loam, weak structure-
~less, amorphous,'plentiful;
micro, very fine and fine -
rqots, - organic matter found.
' w1th1n horlzon.

Seml—decomposed organlc matter, :
abundant micro and very fine
roots, abrupt wavy" boundary

0 =1, cm thlck

Seml-decomposed organinf Ry
,/matter, abundant micro and e
" wvery fine roots, abrupt wavy S

*{" boundary 0-1 cm. thick..

%
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APPENDIX 2
ALHERTA HESEARCH CUUNCIL ‘
p NATER ANALYSIS REPORT B
Mer 6°° Tp 82 Rge 2 . Sec H Lsa 4 . .
, A o ‘ o0 My
. Lab no, ' 75 751 ° . vate wampled 22 7 7%
Index no, " Hu98 Vate submitted :
well depth(ft) o ' " Date analvsed(majar) 14 N'?b
T Hater Jevel(fe, . ; : Date anolysed(mqnor)
Top open interval(fe) - . Sempled by " ReBARNES
. Bottom open {nterval(ty) - " Sample Source : ‘SPN
Alt{tude(te) - P o S IDSmgrt) " 19640
Bedrock elevation(ft) = - Hardness(gs Cal03) 192.,2
. .Ownera name RESCOUNCIL ‘ Alkalinity(as CaC0JS) T 165,67
Field Cond(microthSICM) 32w Cond(M1cromhoa/cm025C) Jove
Flela pH S 7.6 Lab el . 7.8
FAJOR cnnsr[tueNTs , o
. X of total anion-~p
L = S mg/] S mea/) . ror cation: a-
Calcium(Cs) ~ - 52, . 2,59 - = - " bd,2
Magnesium({Mqg) - - P A . ST 1e25 3, ,
"SOd{um(N‘o.) . I . 4417 . L T
Potassjum(K) o 1.3 : . - B.03 . . Y-
Carbonete(CO3) .~ v, T G400 ' Y
SBicarbdnato(HCugJ-‘ ‘ 201,98 . ' ‘3439 T BH,R -
.. Sulphate(s04) =+ . 25,5 T S 13,4, -
Chloridelc1l) - e e o detd ‘ e?
Nitrate(NO3) v.2 S N P a1
Hyaroxide(OM). o o ‘ S
S{liea(3iv2) . Jeb.- - Total an!Dns(eom) - 3,955
" Calcfum(Acid) . 4740 fotal cations(epm) R IV R
"Magnesium(Aeid) . 1443 - Ton balance erropr(z) S '§
Co . g? L ' : 18 balance error(x)f L4
T e R rlhuk CHHSTITUENTS
Iron ‘ - Weld ppm
s - o )r 3
L e é;. CE OIHtR usasuuswsnts , , PR
“Fi{étd Temp( IR 3 28 Fluorjde(F1->' S Weld pom

-




. APPENDIX 3 \
- . \\‘

 VASCULAR PLANTS FOUND IN STUDY AREA - 1975

.. _Equisetaceae

1. Eq_;setuﬂ'grvense L.

7 2._'Eqklseé;m fluvlatllef

3. Equlset sci oldes Mlchx.

v 4. ;Eq_lsetum' variggatum Schleich. ﬂ

Pinaceae :

5. Junigerus communis L.

o ﬁw} Plcea glauca (Moench) Voss X englemannll

o Parry ex. Englem

~’Juncag1naceae .?ﬁ -

.k,w7.= Tr;glochln palustrls L.

Gramlneae

' ‘8.~ Agrogyron dasystachxpm (Hook ) Scrlbn,

-

‘9, .Agrost1s scabra Wllld

“lo. Bromus;pumpelllanus ‘Scribn.

C11. Calamagrostls neglecta (Ehrh. ) Gaertn.

12,’ADeschamp51a caespltosa (L. ) Beauv.;'

:;”133“-Festuca brachyphylla.-Schultes ‘

’~"gf;¢f35Festuca saxamontana R&db.,

~ 18." ' Hierochloe odorata (L.) Beauv.
SR s P

g e . Rt



16 .. Phieum alpinum L. *
17.' Poa'alplna L.
18; Poa arctica R Br.
19ﬁ»:P§a‘1nterxor Rydb.
Zb.' Poa‘legtoboma Trin. | - .
‘ 21;' Trisetum spicatum (L.)'Richt.
Cyperaceae _

- 22. Carex. qguatllls Wahlenb. T )
23,j Carex aurea Nutt:' M
24.-,Cérex—gapiilaris L. ,
f25. Carex gyndcraﬁeé Wofmsk; } |

f-?s.- Carex .vesicaria L. |
'27;1,Er10phorum brachyanthefum Trautv. u ‘ ) ;

“JgﬁCaceaé.iffT‘i;j?,. :
‘,Zg. Juncus baltlcus Wllld
29, Juncus castaneus Sm..ii'vl ”_{':f e 'f:.;.‘ SRR
M : . oo J@ : . ] ,
Llllaceée L R |
ﬂ _130; TofieldlaApu51lla (Mlchx ) Pers.j  :

Orchldaceae‘fhf‘

3

[ 3,2-;
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Salicaceae

34. Populus balsamifera L.

, 35. Populus tremuloides Michx.

36. Salix arbusculoides‘Anderss.

37. Salix candida'Fluegge, g

38. Salix glauca L.

" 39, 'Salic interior Rowlee.
40. sSalix mackenzieana (Hook.) Barratt
Betulacea
41. Betula pumila L. var. glandulifera Regel.
""Polygonaceae

42, Polzgdnﬁm.viViparuva;~‘”>

‘43, Rumex OCCldentallS Si Wats. var. fenestratus

(Greene) Ie Page.. LT /T“/
o . '1” s _' R “: . .\\
Caryophyllaceae T }1u“_1_- e Teé -
- 44, Arenarla rubella (Wahlenb ) J.E. Sm. 1“
j;ASJ' Cerastlum beer;_g;aﬁum Cham..& Schlect.‘
':46; StellarlgflOnglpes Goldle
a_'Ranunculaceae A o Q0
o 47.~»Anemone mquIYida Boir‘;u“*

ar;ﬂihterEGXtus'fgL f.‘“

APUER
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Crucifereae . o BN =

51. Arabis lyrata L. var. kamchatica Fisch.

52. ‘Braxa humllls (C A. Mey.) ROblnS.

. 53. Cardamlne penaylvanlca Muhl

54. Descuralnla plnnata (Walt;) Britt. .

'55. Draba praéalta Greene

R

56. Rorripa islandica (Oeder) Bofbas.

S "&\_.:.

Saxifragacéae

57. Chrysosplenlum tetrandum (Lund ) Frles. 

"58. Parna551a montanen51s Fern. and Rydb

3

59. Rlbes oxyacanth01des L. o o | . %

Rosaceae

. T .
R

x60. Amelanchler alnlfolla Nutt.

o B Q

61.r Dryas drummondll Rlchards.

. 62, Fragarlawv1rgln1ana Duchesne..'

' ;§3;' Geum macrophyllum wWilld.

:;:f64. Potentllla frutlcosa L

,65-) PotentllAa gracllis Dougl

,”66., Rpsa ac;cularls Llndl..wk

"ar§7. Rubus acaulxs Mlchx

hstr galus alplnus L ?mﬁf

Astr galus eucosmus Roblns f]*f.lf .

* Astr galus f:“gxdus (L l/A Gray var. amermcanus




A) : N . <, L . . . N \
o , D na IR o
. N " W N

72. »ﬁEEhyrus ochroleuc X Hook - L S g{_

73.

-

- 75. .

76. Vicia amelicana'Muhl.' R P
- Elaeagnaceae e ‘ N A'Q o v
71 Elaeagnus cdmmhtafa,Bi;hn. s
S N . T Coe L o o
78. Shepherdia canadensis {L.) Nutt. . A .

Onagraceae - | , ,
“ 79. prlloblum angustlfollum L. |
BO. 'Eplloblum glandulosum,Lehm’:A
81. Epilobium latifolius L. - . ,
'82.  Epilobium leptophyllum Raf.;>'¢7 I
Pyrolaceae g  ;»“,:{ °y  F V_u :~  ?i rﬁj ‘ Jg __f_ u

83.1 MonensES unlflora (L ) A, Gray

84.  _y¢o1a asarlfolla Mlchx. var. Eurgurea (Bunge) Fefﬁ;;

'85& Ryrola secunda 'L. ‘
S e ) . AN o e
. i . . R T ; L

Erlcaceae e gll

. 86. Arctostaphylos rubra (Rehderﬁﬁ Wils. ) Fern.'

o ?7; Arctostaphylos uva-ursi (L. -) Spreng.~

K



.- e
Prlmulaceae )
'88. Prlmula.egallksen31s Wormskj. ¥
yGentianaceae, 7

‘.89. Gentlanella amarella (L ) Borner ssp "acuyta
S(Mlchx ) J M Glllett

. " : - . . . s 5 ‘ -\; B o . 7 A
e & L : R
Polemmnlaceae “,"‘; ’ . . g
* ) . ® . .. . .
90. Polemonlum caeruleum L. ssp. occidentale (Greene)
V Dav1dson }g t o, :

Boraginaceae = _ A ,
'nélar,Mertensia'panidulata (Ait.) G. Don -~

.%.

- 3
g

Scrophulariaceae

L 92;_ Castelleja m1n1ata Dougl

°_Cast111e3a occ1dentalls Tor;.n.‘

T 94. zEupha51a'dlSjuncta:Fern. & Wleg{
95. edlcuiarls groenlandlca Retz.
96. ”R;\kanthus crlsta—galll L. -
'”5, "97;-TVer;¥1ca_amerlcana (Raf.) Schw.
. Rubiaceae
) . s ”"k
198.. Galium boreale L.
Caprlfoliaceae L ;"ﬁ& .

g ;gg. Llnnaea borealls L. var. ‘americana (Forbes)

r
Ca

P

;Rehd\



\

RV

Valerianaceae = - . -

100.

115."

Valeriana septentrionalis Rydb.

Campenuleeéee |
“101. Caﬁpanulafrotundifolia\L;' o
L '07\".‘,‘ s
Compositeae o - :
102." Achillea millefol%um L. ;
- 103;, Agoseris:glauca (ﬁursh’) Raf.
;f104._ Antennarla pulcherrlma (Hook ) Greene
.’}165; Antennarla rosea~Greene."
| 106:, Arnica fuigens Pursh.
.1;105; Aster follaceus Llndl.‘
'108. Aster ocC1dentalls (Nutt ) T. & G.
'_’lb9fe Aster s1ber1cus L.oo :
w;llb:. Erlgeron lonch_phyllus Hook." .
'111, Petas1tesav1t1follus Greene
¢112*» Sene01o pauperculus Mlchx
;113. Solldago multiradlata A1t‘
li&; Taraxacum ceratoghorum (Ledeb ) DC

Taraxacum off1c1na1e Weber.

86



APPENDIX' 4

. Vegetation

' PRELIMINARY CLASSIFICATION ‘OF VEGETA®ION TYPES

&

15,

_Type ‘
| | 1;" ;Tussoekf'broad-Siaded'sedge meadow._:
‘.f} .2.. Tussocky narroﬁfbladed'Sedge_meadow.a
:3i- . Sedge ﬁeadow with oCCasionai 1ow‘willow presen#.
"4. . Tall wlllow/sedge/grass savanna. . ' ‘54.:
iS. Low tussock grass/sedge/herb.
v‘é,'lf Low spruce/low wxllow/herb.q .
7. Low. w1llow/spruce. - v .
j8; | Spruce/w1110w, mlxéd flora 1nc1ud1ng many legumeS/“\
9.;‘a W1llow/low spruce/low tussock sedge/elephant head
"10? Wlllow/swamp blrch/occa51ona1 -spruce.:
*11. Low spruce/low w1liow/tussocky sedge.:
12).' Sedge/bryophyte. B | ‘ ‘, |
13.‘ : Low spruce/low w1llow/swamp blrch

'? Tall spruce/low w1llow/1ow birch.

Low willow/hlgh tussock sedge.

#a
&

B ¥
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APPENDIX Ll

SPECIES RECORDED IN VEGETATION QUADRATS I

~A;(Number cheg folloW»Appendix 3)

Vegetation Transect, and L '
‘ Type . _Quadrat - . = - Spec1es Recarded

Ia. 1,01 1,3,4,6,8,20,28,38,39,40,66,
o -0 71,18,79, 84, 85, 93 102,104

1(a) . 301 _ 1,3,4,6,22,32,38,40,41,62,
S 7T v 69,71,85,93.102

" 1¢a) - ¢ - 3,02- - 11,3,4,6,22,32,38, 139,40 41,
L T  62,69,72,78,84,91,93,95,99,
'~ 102,105,110, 112,114 ,

S 1ga) 3,03 " 1,3,4,6,22,23,38,39,40,41,
A N T 62,83.84,85, oz 105 /110,
| ‘ ‘ -112 114,115
1(a .~ ‘s,00 1,4,6,8,17,22,34,38,39,40 42,
S T 62,11,73, 78 49,84,87,89, 102
o S § ¥

1) - . s,02 . 1,3,4, 6,21,22,38,39,40 62,
S ~71 102,104 105,112 .

 a)y - - 5,03 .. - 1,4,6,22,23,35,38,39, 40,62,
L S - B9, 93 102,105,112,114

1¢a) .. . 's,04 - 1,6,17,21,22,28,38,39,40,42,
»iJ( ST a2, 69 99 102, 104 105,109,
Co Lo 110

L1k 0. 8,01 1,3, 4 6,8,21,23,38,39,40,62,
B . Se 71,79, 84 85 93 95,102, 104, 115
Sooey T 1,027 1,3,4,6, 8, 23,28,33,34,39,40,

SR R '41,58.62,76,78,79,84,93, 95,
4.,102 104 110 112

1y . 1,03 0 1,3,4, 8,11, 15,20,21,22, 23}
e 28, 32733,34,39,40,58,62,79,
L e o 84,85, 93,95, 102 104 -

R N L IR SRS -

oAbyl o 1,04 C1,3,4, 6 22,23,24,32,34 38,
ST e ;39 49 41 42 58, 62 78 79 84,

f;-ss 93 95, 102 104, 105 o ,



.".

et

.

89

. Species Recérded

[

L.

1,3, 4 6, 8 411,12, 20 21, 22 34, -
38 39 40 41 42 62 64 67 70 :
71,78, 79 8%,85 93 95 102 104
110 11 :
1,3,4,6,20,21, 22h23 32,33,34,

: 38 39,40,41 42 58, 62 67 70

e

~.84,85,89,93, 95 100 102 104
105 107 110

°1,3,6,22 23 32, 33 38 39 40,
58 62 67, 78 84,85,93, 95, 102

‘ 104 107 110 112

1, 6 12, 22 23 2& 32,33,38, 39

o 40 58 62 64, 78 84,93, 95 102

104 105 110 112

1,4,6, 8,22,23),28, 32,34,38, 39
40 58 63 64 76 78 79 84 93
95, 102 104 110 112

1 3, 4, 6, 22 32, 38 39 40 58
62 67 76 78 79 84 85 95 102,

: 110‘

-1,3, 4 6, 22 23 28 32 38v39,
40 41 58 62 64 67 84 85 95,
- 96, 102 104 105 112 '

6 20,22, 32 38 39 40 58,62, 63
67 84 93 110 112 R
22 32 38 39 40 58 62 67 82
84,L12

iy 6 12 22 32 3 ,40, 69 102 105,

lg? 110 112
6,20, 22 38 39 40 62 110 112
6 22 38, 39 405 46 112 114

;;.~;2 22 23,38,40 €}J§2 110,112

Vegetation Transact; and -
__Type . __Quadrat’
 L(b) 2,01

1) 2,02
1(b) 2,03
1) 9,01
1(b) 49,02
LT o as,01
w7 13,02
2(a) 2,04
2(a) 2,05
2@ - 3,04
2a8 3,08
j24a) z" 3,06,
o 'g S I
2 (a) 4,04

22 23, 28 32,38, 39 40 62 63,
82 84 110 112
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Vegetation Transect and o )
_Type - .; Qdadrat \ ecies Recorded
2(af J12,00 L 4,22, 38,39,40,58,63,82,110,
SR N e '112
2(b) 4,02 1,3,6,12,17,21,22,23,28, 33
o . I ‘38 40,42,84,93,95,11
2(b) .0 4,03 . 1,6,12,22 By
2(b) 11,00 . 1,3,6,1%22 Sy
o - L 79,85,91 080
2(b) 11,02 11,22,26,38,39, 40,41 62,67,
. - : 79,88 .
~ 2(b). 14,01 1,3,12,22,38,39,40,62,79,
= RS '847102,104,111 ° ,
i i //
2(b) . 15,01 3,12,22,23,27,28,38,39, 40,41,
B ot 42,58,95,110,112
2(c) - 4,01 '1,4,6,22,23,32,38,40,42,62,
- T 69 70,76 84,93,95, 104 110,112
- 2e) 5,05 ©'8,11,20,22,26,38,40, 62, 63,82,
SR | 89,93, 95 105,110, 112
2(e) - 8,02 \1.4,6,8, 11,12,20,22,23,28 38,3f
S | 9,40,62,76, 79,84, 93 95, 110,
o | 112 s _
- 2(e) 8,03 1,3,4,6,8,20,22,23,32,34, 36,

| ?2‘?)ﬂj7;ﬁ.

R

&

3(&)
3(a)
3(a)
3(a)

-aa(éil'

-f.gi;oéJ
S 2,08

' 3,07
f1?3;¢§¥'iA

om0

. 38,39;40,58,62,63, azha4 95,

llO 112, 114 115

fr:',' 6.8,15,22,23,28,38, 39,40, 41,

42 62 64 67 70 82 95 105,
110%112 115

TC1,22,39,40 f," |

:  6,11, 22 38,39, 4o 67 82 110
,N¢22.28,37;Bé,39,40,41,82,112
'f:?é?if:3§;39,46;92,110 |
22,37,38,39 ‘
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Vogetation Ttan:ect, and ‘ .
_Type _Quadrat ' Species Recorded
3a) 4,05 12,22,37,38,40,82,112
. 3a). . 4,06 - 12,22,37,38, 40,82
. 3da)y o407 ¢ a3, 22,37,38,40,82
3@ 7,08 - . 22,38 "
a). 3,04 v | 1,11,22,38,39,40,43,82,110
3(a) . 9,04 1,12,22,52;38;39,4§,82,115
3(a) 14,94 . 11,22,38,39,40,82.112
3(a) - 14,07 11,22,26, 38,39, 41,82,112
3@ 15 04 11,22,39,40,41
3(a)  -15,05 - 22,38,40
3(a) . 15,06 . 11,22,38,40
3b) 6,01 22,26,38,40,41,46,82
3m) - 6,02 4,6,22,25,28,38,40,41,67,
T 8ass |
3w s,03  °22,25,38,40,41,67,95
_3® 7,00 % 11,22,27,38,40,41,95 . - .
f~\373(p)__ 7,02 4 ;2;38,40,41,6; |

7,03 1%;22,3’3,‘40,41 |

[ o l7,08 0 .‘11,22,38,§o;41,82
3 10,02 6,22,26,38, 39,40,41,82
.f_ijjH-  ,_A'“ 15,o2 o 3,6,22, 38,40,41,42,69
3w . C1s,03 0 3,6,22,38,40,41 |
S 318,07 . 11,22,38,40,41
f"~13k£),A";," .15 oaff] - ’11¢22,38,4o,41
7_,ﬁ§kb)'l _ f;f.715 09;-;' ©11,22,38,40,41 -

@
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. Vegetation Transect, and '
Type . ___ Quadrat !ipecies Recorded <

3 (b) 15,10 22, 26 38,41 - )

4 (a) 106 111,20,22,26,39,63,82

4.(a) . 8,05 ° %211 +20,22,26,38,43,62,63,

4(a) ;8,06 -.'11,26;22,33,39,43;63,32
a(a) ’ '8.07 . 11,20,22,37,38,39,43,63,82

4a) 8,08 11,22,26,43,46,47,82 _

4 (a) %i 9,05 -'  1,11,20,22,2&;38,39;46,63,82‘
aa) -~ 9,06 11,20,22,26,38,39,43,46,82
4 (a) 9,07 11,32,26,38,43,46,63,82
4@ - 9,08 11;22;26,39,43,46 63, 82

4ta) © . 9,09=F 11,22,26,39, 43, 46,82

a(a) . '14;921- | iizlz 22 26,38,43,46,63,82,

o

4a) - 14,03 11,12,22;39,43;46,82,110

4(ay | 14,10 '11,22,26,43,46,82
T e
4my 1,07 22,26,82,
'4(b)_ - 1,08 22,26,82
4w 1,09 22, 26
TS 2,07 i1,22,26, 38, 82

L4m 2,08 2,26 ﬂ (*”

Cem a0 mzense |
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L4

d Vegetation Transect, and

Type __Quadrat T Species Recorded
ad) 5,06 . 11 22,26,46,53
" a(b) 5,07  22,26,49,53
4 (b) . 6,08 22,38,4p,82
4w g,08 22,46,82
_4(b) . 6,06 . 22,46,82
4(b) . - ;8.09 22,26, 39,43,46 |
s s, 10 22,26
4 100w  v1:_22,26,82
A 10,0313 , -"22,26}38;39,67,82;85.
\-‘  4(b{ o »'10,64_ 22,26 \
a» 1,08 11,22 26,38,82 ©
'»4(5)';A.l_ 11,04 22, 26
aB). '11,95'1 - 22, 26\ |
4(b) 12,02 - 11,22,26, 38 39,82
a®m 12,03 32,26 ) -
4w 12,00 22,26 N
4m) 13,04 - 22;26,38,67,82 |
4(b) »}'f?la 05 11,22,26,82 )
4w 13,06 A.=1.22,gs,' |
(b) . ‘14,05 22,82 | |
'? j14,o6-}f 22,26, &2 -

Sle08 11,222, 38,39,63,82
.."“1"59!  -4-: 22,26,43,46,82
Colen 22, 26 43,46
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APPENDIX 7

DEPTH TO FROZEN SOIL

s

95

Depth of Soil Frost Below Ground Surface'l
in cm (averages of five measurements)

Vegeta-
tion 16-18 29-30 1l 24 12 24 1
Location Type June June July  July Aug. Aug. Sept.
Transect 1 s
Site 1 1 no ice no ice no {ce no {ice no ide no ice noLice
"gite 2 4 18, 29 43 no ice no ice no ice noice
site 3 4 7 | 23 35S 39 41 43
»
Transect.Z , .
Site 1 1 - no ice no ice no ice no {ice no ice no ice noLce
Site 2 ' no ice no ice no 4ice no {ce no ice no ice no ice
Site 3 4 .5 - 15 33 38 46 47 45
Transect 3. 4 ‘ )
' 8ite 1 -1 _ |no ice no ice no ice no ice ‘no ice no ice no.ice
Site 2 2 41 44 100+ no ice mo ice no ice noice
., Site 3 '3 14 19 31 44 51  no ice 49
'site 4 4 ‘| 13 29 - 32 50 54 64 56
Transect 4 ,
site 1 2 ' 36 55  no ice ‘nmo‘ice no ice no ice .noice
Site -2 - 2 36 55 no dice no 4ce o ice no Ace nodice
" Site 3 -3 25 36 50 72 no ice. jw ice no ice
Site 4 3 g 18 32 45 ™ 61 62 55
‘Transect 51 ..\&a_ _
. sitel1 1 | ‘no ice no ice no ice no ice
L o (paxchu) < ‘ A
site 2 2 - | 42 w &ce ourihz no ‘ice no 4ice
N (paadmA) | S
si‘té“B'. . £ 1 no £ :
. 81 P ‘ , na<&ce no ice Lce

‘Measurements taken wi.th respect to

‘bottonis

’Transect "5 data recorded in 1916

D

éround'surféce in swale
. LY

]

N



