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ABSTRACT

:Alpine macrolichen vegetation waslexamined in.West
central Alberta and north centrai vlikon Territorv, in 1975
and 1976. Major objectives'were,to: (1) determine,soeciesh
richness ij, evennessl(J), diversftvﬂ(ﬁ') and cover; éZi
W‘jﬁxamine habltat factors in relatlon to veagetation; (;) de-
scribe and compare communltles,' (4) evaluate comﬁunlty d S-

.tributlon- and (5) combare macrollchen and vascular plant

communltles Studv areas 1ncluded Prospect Mountain and the

pivide in the: Mountaln Park realon, Alherta, and the Nahoni
o’ 4
Range and Ngilvie Mountalns in the Yukon. All areas were

characterized bv patterned ground, and comparable ac1dlc and
" ~
Iba51c substrates were sampled in each region: In each of

&

42 stands (30 X Sm), macrollchen cover was estlmated on dif—f

ferent substrates W1th1n stratified random quadrats (10 x

4’0ci‘n) )

MaCrbilchen vecetatlon 1n the four study areas was
v
most sinilar on an 1ntrareglonal basis. ° In the northern
, \
(Yukon) egion there was 1ncreased macrollchen cByer, s, and

H'.' In contrast, J values were not 31gnjf1cantly dlfferent
between areas pr.reglonSy but varied with moisture’ reglme.
Lowest evenness occurred in mesic—wet sites and in dry.

'species—poor stands while hlqhest evenness was associated

3. @

lth well veqetated upland sites.
Bray—Curtls and reciprocal averaging ordinations were

used to eluc1date relationships of vegetatlon to complex—
~

qradlents of moisture and substrate pH in each reglon. -
3 * . L )

v
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. o . :
Semarate communities were delineated for vascular plants

| g, SR | '
and macrolichens along these environmental agradients. The
- ' L

two tvpés of nlant communities exhibited oartial-éﬁhﬁespon—
dence in Alberta,'and were<closely correlated in the Yukon
reclon.J{All macrollchen communltles were comoarable te vege-

tation reoorted 1n other studies, on'a‘reglonal basis

- The relatlon_ ‘ of-env1ronmeptal factors to indivi-

o

dual macrolichen_ specie
v “ N .

were examined in each redion with

pooulation response .pAtterns. THere were six ecological
‘aroups of ‘species in . each reogion which were associated with
% .. T . .. R . '; ,.(K“'\" .
substrate pH. Comparisons bhetWee _&' ;;hse patterns sho

‘ }Qm \ .

tyispecies Shifted on

T

that the breadth of distributi

e

. Lo s ML ’ i
an lnterregional basis, corr§ ly to the predomi-

nance of d&v \ba51c sites in the vberta -studv areas. Macro-

~llchen spec1es generally showed a low dégree of restrlctlon L d

to either ac1d1c or basic sites but many were quantltatlvely
: N ‘

more important on oneisubétraeq pH type than the ofher...Epi—.

phfkic spe;ieé and those with broad ecological amplitude

'appeered to resoond.mqre fo.other microhabitat feetureS\such

" as substra£e moisture tha{’to substra?e OH. i ’ R
1Simiiarly, disgfibutien of communities corr{g;;nded to

distribution of basic or acidic substrate, or to specific

.

moisture regime. Thus, qlac1atlon hlstorv 1§ not a major

2 S mowre
factqr,responsible for present alvrine macrollchen'vegetation;
Distribution elements in the macrolichen flora substantiate ’
_the fact that widespread dispersal has occurred 'in alpine —~

. 'areas of ‘the Canadian Cordillera. Regional differences in

vi



‘

macrolichen impoftance_and species richness may reflect
-lihited'soutﬁwarq post-qaglacial disversal, although it is

‘ \ : ,
sug@ested that climatic ‘factors in the southern region may
be limitinag to northérn:populations.

‘-The correspondence of macrolichens and vaqcﬁlarﬂolant

communities to environment&l factdfﬁ from regions in the pre-
sent study ére considered to;be adequate for predicting vege-

tation within the uninvestigated, intermediate Cordilleran

alpine areas.

vii , -
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INTRODUCTION

'\n /The emohasis of;lichen ecoloay in North America was ini-
tiallv on the distribution and abundance of'tenperate‘forest
epiphytes (Culberson 1955a, 1955b, .Hale 1é55j'Beals'1965,
Hale 1965)} and terricolous snecies (Cooke 1955, orham 1957,
Davis 1964 Looman'l964a,vl°64b) ' Subsequent-lichen vegeta-
tion studies have 1ncluded*sax1colous (Poote 1966, Yarrantoni
1967, .Stottler 1976) and terricolous: .soecies (Fraser 1965,
Lambert and Maycock 1968, Lechowicz and Adams 1974a, Weinland;
Speerx l975) ' Extensive literature has. appeared on forest
epiohytes due to the use of these lichens in air pollution
studies. In contrast, veqetatlon studies of terricolous and

saxicolous lichens are poorlv represented With few from

~ high elevations ‘and latitudes. )

The distribution and abundance of terrlcolous lichen
veaetation in alpine areas of North America presents a series
of challenges to the ecologist. Many studies of alpine vas-
cular plant vegetationvare available, yet most of these in-
clude.only.conspicuous>lichens or omit them due to taxonomic
difficnlties. As a resnlt; alpine lichen vegetation 1is f%p—
~resented primarily by a limited number of floristic cr qual-
:itative vegetation studies. The*situation is fdrther com-—
pounded‘by’poor‘access to manv aloine recions, especially
those in the northern Canadian Cordillera. |

Alpine vascular plant communities have been described
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from the southern Canadlan Pockv Mountaihs bv Beder (1967),
_Brlya'nt and Schelnberg (1970), Eady (1971), Trottler (1972),
Broadﬁ11973), and Kuchar (1973). 'Further north in Jasoep/
Natlonal Park, alplne veqetatlon studles have heen conducted
bv Hrapko (1970) and Kuchar (1975) . These studles all have
‘some aualitative or quantitative lichen data for the Droml—":
nent species, but the dearee of resolutlon is highlv variable.
Few investigations of alpine vedetatlon have been- car;
ried out further north in the cordillerar ;Ricker (1967) and «
Kojimar(l973) ‘have both described olant assoc1ations in the- \
NorthpKlondike,River Valley in the Ocllv1e Mountains, Yukon
TerritOrv. Neither studé; however, 1ncludes comDrehensive
lichen veqetation data.' An extensive amount of qnantltatlve
data has been obtained for lichens and.vascglar plants in
. mountalns of the Yukon and Northwest Territories (Bird 1974a,
1974b) . although veaetatlon analvses are lacklng | m
Alpine lichen vecetatlon is therefore only locallv docu—
mented in the Canadian Cordillera, and is laraely ‘unknown in

this mountaln system as a whole. For these reasons, the pre-

sent study was initiated to provide “information on alpine.

lichen vegetatlon in west central Alberta and ‘north central Yuko

reqionsloF thevCordlllera. The objectlves of thls ‘study were
soec1f1callv to: |
(1) determlne trends and relationships in macrolrchen
specles rlchness,aevenness, diversitv, and cover:

(2) examine the relationship of habitat factors.(moisture,



substrate) with specics, and with vegetation;
- . _ ;
(3) describe and compare macrolichen communities;

(4) evaluate the ef gect of glaciation and substrate on

vegetataon distribution; and

s

(5) compare macrolichen and vascular plant communities.

. It was deemed necessary to omit crustose lichens, or
N : \ ' v - . - . )
microlichens, from this project due partially to the difficul-"
. N - . ;3 - . f,«,
ty or impossibility of field identifications. Ther%fore the
- . . ) . 1y o -;,7

major focus of the study 1s macrolichens, or the fqlloégxénd L

fruticose forms. -This definition follows the Qse of the term.
:by.Lindsay (1975, 1976'peps. comm. ) .

The.major reason for concentfating on macrolichéné is
that these licheﬁs can bgcdme large enoﬁgh to Qccﬁpy consider—:

able space in a habitat, which can then be measured as cover, -

or biomass (e.g. Wein and Speer 1975). They also are morgﬁ

' Loy
comparable in size to vascular plants and are thus more
. . . LY .

\/

L . . =
. likely to be affected by 51m1ﬂ§r habitat factors than are -

microlichens. Macrolichen vegetation is emphasized in this

, ©

’ 7 .
study in recognition of the fact that the lack of previous
detailed alpiné studies is due partially'fo taxonomic 4diffi-

culties. Looman (1964a) also has delineated lichen communi—
~ties, and summarizes the rationale for this by stating: :
’ Mg_treatment of the cryptogams as separate'commﬁn~
' ities does, therefore, not imply recognition of .
these communities as independent entities; it
merely recognizes the practical difficulties of.
identification. ’

)



The major benefit of the descriotions of macrolichen veaeta-

tion in the present studv is the provision of a basis of

‘comparison for further related investiaations.



STUDY AREAS

Study arecas werc\locatod in two major mountainous
regions of west central Alberta and north central Yukon,
Canada (Fig. 1).. The Alberta arcas are within the Nika-
nassin Range (52050'N; i17020'w) in the vicinity of the
abandoned town of Mountain Park. The Yukon rcgion includee'
an area in the Nahoni Range (65936'N; 136°241'W) and anothier
in the Ogilvie Mountains (64018'N; 137021'W). All areas
have extensive alpind\slopes on parent material of sedimen-
tary origin. . ' - .

Mountain Park Region, Alberta

P

Peaks of the Vlkana551n Range rise to 2743 m at Pros-
vect Mountain, and 1nclude Cheviot (2720 m) and Tripoli
(2630 m) Mountains ﬂFig. 2). The study area is restricted
“to the.eastern range slopes, extending south and east over
‘fthe divide between the Cardinal and McLeod River systems.
‘The Mountain Park region is presently designated as Reserved
Crown Land, and is being reviewed for reelasééfication as a
Permanent Ecological Reserve. Geology and floristics of
the area have been initially described by Packer and Vitt

x

(1974) . .
Access to the region is by the Grave Flats Road south
from Cadomln An abandoned mining road extends west fron

the main road, along Prospect Creek and up onto the lower

ridges (2042- m) of Prospect Mountain. The Grave Flats Road

55 ‘ ,\‘



FIGURE 1. Location of Nahoni, Oailvie, and Mountain Park X
sites in Yukon and Alberta regions, respectively.
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continues couthoanst o the broad pass o on the piver divide at

1987 m. Known as the Divide,s this ridae jlopwﬁ noxth and
cast . from the road and aradually rnnxcEVfﬁ\fln clevation of
2149 m.

Sites at Prospect (Mountuin)‘and the Drvidv‘(viq. 2)
represent the olevation range of alpine vegdtation at these

study arcas.

Geoloay
Prospect Mountain

The Nikanassin Range marks the boginninq of the Front
Ranges of the Rocky Mountain Arca~in the Eastern Cordilleran
System (Bostock 1970) . 'ThechConnell Fault separatcs the
Front Ranges from the Foothllls Area to the east (Mountjoy
1962, Stott 1963). Although this fault is 31tuatcd above
“the west 31de of the Prospect Mountain 'study arca, the Al-
berta sites are here considered within the Front Ranges due
touthe presence of the small Redcap Mountain group east of
Prospect.

In the Prospect Mountain study area the bedrock‘is.
mainly composed of llmestones, shales, sandstones and dolo=
mlte The lower alplne and upper subalplne are underlain
]by Lower Cretaceou; sandstone, shale and commercral coal
'beds of the Luscar Formation (Mellon: 1966) .

The Moud@ain Park Formation extends upslope on the
southeast ridges of the studv area adjoinisg. the Luscar

< ¢

Formatlon. It is' also of Lower Cretaceous orlgln and

»
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consists oF shales and sandstones "The'contact of the two
‘formatlons is obscured by their similarity (Mountjoy 1962)
and by colluv1al materials dErlved largely from the steﬁp
Pale0201c pcaks above the study-area. | _,//
Th%)Nl anas51n Formatlon of Jurassic sandstones and

shales is found above the Luscar Formatlon Qhryczka 1959) .

The tov of this” formation 1is separated/from the uppermost

‘Paleozoic rocks by the McConnell Fauit. These .highest for-

\ .
mations include Devonian limestones, calcareous. shales and -
dolomltes (MacKaQ 1929)

Upper slopes within the study area are characterlzed

by a major syncllne and heavily faulfed ZOnes

gy

Such complexes,‘ln combination w1th/hass wasting and perl—
glacial processes have produCed several different types of
substrate and drainage patterus throughout the s3tudy area.
Dralnage in the Prospect area is northeast towards
Prospect Creek which subsequently flows into the McLeod

River. The west side of Prospect is ‘drained by ‘the head=

water streams of the Cardinal River.

Divide ,
The Cardinal-McLeod River Divide is composed of two

distinct Upper Cretaceous marine shale and sandstone forma-

;

tions which are approximately separated by the Grave Flats

Road. Cardium sandstone borders the Wapiabi shale along

'r A
the road. Both are included in the Alberta Group, as is

the Blackstone Formation (Stott 1963, 1966). Blackstone
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shale is‘foundésouth of:the chcrs, where‘it border; thé
bevonian'limesténes and dolomités ofleipoli Mountain
(Mackay 1929).. . | | |
R The syncline core region §n Prospect Mount;inrcbntipueé
east onto“the flat sandstone limb onrthe Divide. -fhe'wé—,

- : N : :

piabil éhale south of the Grave Flats road represents the

"associated overturned sections (W. Kilby, pers. comm. ).

Glacial History

The foothills and”Froﬁt Ranges of  the Rocky Mountains -

23

A Were glaciated in~earlyaﬁiéEOQ;;p time (>35,000 years B.P.). .

ES G

P O

. Erratic¢s have been found throughout thes¢ areas at more, than

'j2400 m (Bayrock and Reimchen 1975). During the Wiscoﬁsin,f

i
4

(large regions 'of the footﬂiffs were not glaciaéed; or were
only locally glaciated. Téiﬁhe north of the study area,
early Wisconsin or Illiﬁoian Cordilleraﬁ ice flowed north-
ward in the Athabascahhidgr Valley and coalesced with the
main Lauréd£ide ice outﬁide £hevfoo£hillé (Rqed 1968) .
Reeves (1973) postulétes.that this represents one of'the
few Cordilleran-Laurentide contacts in the otherwisé ice~
free cofridor in the western plaips of Alberta. He.dépicté
this corridor as largely cohtinuoﬁé_into the ungléciéted

Yukon recion during the early Wisconsin or late Illinoian
(»55,000 yeérs B.P.). The maximum ice fronts in classical
Wisconsin times were less extensive, allowing an even wider

corridor (Reeves 1973).

In late Wisconsin times, Laurentide and Cordilleran

c



11

A

ice masses werc in contact south of the-Stuay area 1in the
Rgcky Mountain House region (éoydell 1972). \Recentvgeb—
logical evidence suggeété that'the major river valleys from
the.AthabéSca to the Bow River were glaciéted dufingvfﬁe
Wisconsin (L.V. Hills, pers. comm.). By 15(000 years B.P.
southern Alberta ana’sbuthwestern Saskatchéwahlwére ice-
.free; Many mountaln valleys were deélaéiated‘by’lo;BOO
years'BbP.v(Reeves 1973) |

‘ Bavrock {1969) indicateé that the land from Montané
intd Alberta, Nérthwest Territories, northern Alaska and
Vthe Beriny Strait was an.available migration rodte'tok
Asia during Nebraskan and Kansanmtimes. He states that the
first glaciation of the eastefn Albefta‘reqion was in the 
»early Wisconsin, pOSSlbly back 1nto Illinoian time. <There-
fore, the Wisconsin is presumed to b; the only time period
in which the Lgurentide and Cordilleran ice masses were in
clgse proximity. The corridor between them is known to
have been’closed\oply in a few localities. 1In pre-i
Wiscdnsin times ,‘Cordilleranvglacier ice extensi?ely
covered the foothills (Bayrock 1969). The .existence or

extent of contemporanreous Laurentide ice in Alberta is not

known.

Patterned Ground
Prospect Mountain has steep rocky slopes with few
signs of recent glacial activity. Level ridge-top areas

are infreauently found. The slopes exhibit periglacial



patterned oround features, indicating intensive frost .

. L [
action_(Washburn 1973).

The most common patgerned ground features are non-
sorted'stbhe stripes; which are separéted by vegetation
stripcs?QﬂQQ%zrelative size of veqe?ation versus stone
stripes'islqgite variable, and agpégfs to be a function of
élope steepness and stability. Steeper slopes Have small
vegctatéd stripes, and these éwindle to small islands or
spotted tundra,(Bamberg and Major 1968) in the mkrﬁkun-
‘stable areas. |

Oh wetter and gentler slopes the patterned'features
includé'steps and‘sﬁall gelifluction lobes. Relatively
-level areas‘support coﬁtinuous vegetation or ﬁonsbrted
stone circles. |

:Patterhéd Qround features are characteristiq of'
almost every Prospeét stand; and the resulting micro-
patterns necWssitated substrate Stfatification in the
sampling design.

The Divide afea is gently sloping with fewer pat-
&éfned ground featureslthqn‘thé slopes at Prospect Moun-
tain. Nonsortedpcircles and stripes are most common.

*

Frost shattering has formed a ridge-top sandstone fell-

"field in which,patterhéd features were absent.

Soils
- In Alberta, desériptive alpine soil studies have been

carried out at Show Creek 'Valley (Baptie 1968), Sunshine
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(XKnapik ot al. 1973),hahd the Maligne Rangé,(Hrapko 1970,
Kuchar 1975).- ~Both Jaqpof and Banff Vatlon;l Parks also
*have bloohv51cal studies in oprogress which 1ncludL alplne
“areas (I..Corns, pers. comm.). | |

‘Alpine soils in the Mountaim Park region have develbped
from colluvial parent materials influenced by frost action.
Perméfrost may exist at £hi§ latitude in mountain soils
above 1440 m (Brown l967),xélthoughuit has not been observ-
ed ih the»stbdy areas. Soils on the Divide have not been

déscribed, and those on Prospect Mountain are curréntly

under study (P. Mortimer, pers. comm.).

Climate

The climate of west central Albérta is Subarctic or
Cold Snowy- Forest (Dfc) in the Koppen classification system
(Lonéley L976,M§oot 1976). Powell and MacIver (1976) have
analyzed weather records from this general regidn'(Table
1) « They have~also summarized data for Grave FléﬁS“LOOkOU£~
(52951 'N; 117000'W a£ 2074m) whichgisrfhe nearest comparable’
summer meteorolbgical sﬁation to the study area . (Table 1).
'Thls station and the study %rea are 1ncluded in a High Ele-
vation Mountaln Area macrocllmate de51gnatlon whﬁ%h extends

north and south of:the Athabasca River (Powell and Maclver

1976) . | .. | - S

Vegetation

<

Extensive alpine slopes are found on Prospect Mountain
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TABLEvl. &eteorological summaries for west central Alborta
and Grave*Flats Lookout, Alberta, Mav-September
1969-1970 (Powell and MacIver 1976).

~ v

 West-central Alberta

Rainfall mm - Highést mean dailv temperature OC
July 100-~130 10 (Tulv)

June . 70-110

,August . 70-110

May 70

September 70

‘Grave Flats J.ookout

Total precipitation ' Mean daily temperature
465 - 5.9

Days above -2.20
121
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t between 1980 and 2134 m. The lower elevation represents
the aporoximate limit of upright and krummholz tree growth,

with some small patches of prostrate trees extending above

on south-facing slopes. -

- s

Subalpine forests in this area are characterized by

Abies laSiOCarDaland Picea engelmanii., Tree limit-is
marked by a relatiyely sharp bodndg?y ofjé;zlasiocarpa on
Prospect Mountain, with very litéle ekpression of ribbon
forést. The forests below thé'upper_sdbalpiné areas are
nét extensive Bégéuée é fi:e~consumed most pf the"P;prect
Valley vegeéation in 1§15 (G.F; Tande, pers.“comm.). Re-
~Vegetation has been slow, and is déminated by Pinus con- .

torta. , , 4
) ) Ly,

Mesic and wet slopes in the lower alpine are character-

L

ized by shrub and herb meadows with Aconitum délphinifolium,

Castelleja miniata, Pedicularis bracteosa, Salix vésﬁita,

Trollius albiflorus, and Zygadenus elegans. Other lower al-

pine slopes exhibit ‘abundant growth of Arctostaphylos rubra -

and Betula aglandulosa.

The_dominant plant specie\ on middle alpine slbpes is

Dryas integrifolia. Other frequent ‘plants of lower cover

are Polygonum viviparum and Salix nivalis. Conspicuous

- " < ) .
herbs include Androsace chamaejasme, Erigeron grandiflorus,

Hedysarum alpbinum, H. mackenzii, Myosotis alpestris, Oxy-

tropis campestris, O. podocarpa, Pedicularis lanata, Poten-

tilla nivea, Saxifraga oppositifolia, and Silene agaulis.
: ' i j :
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Upper alpine areas are very low in soec}és richness.

Melandrium apetalum, Minuartia austromorntana Aand Saxaéraaa
. [ buhur D

oppositifolia are -found in, the highest vegetated rocky

slopes. ' ‘ R
The snowbed habitat is very infrequent andhis spatially
restricted to small slope base areas. Characteristic species

are Cassiope tetragona, Phyllodoce glandulifera and Dryas

octogeéala. Lichens are a minimalvcompbnent of this végeﬁa—
tion. o

The gentlé slopes of the Divide afea‘exhibit an exten-’
sive alpine meadow,—msubalpineIforest mosaic, which grades

into dry, low alplne slopes. Alpine vegetation forms,a

narrow band barely above the krummholz of Ables la51ocaroa

Dryas 1nteqr1folla is the dominant alplne species, occur-

ting w1th Polvgonum viviparum and Sallx nivalis. Other

1mportant species 1nclude Hedvsarum alpinum, Kobre51a bell-

ardii, Pedicuiaris‘caE}tata, Potentilla dlver51folla,-Sax1-

fraga tricuspidata,'Solidago multiradiata,'Stellaria monan- -

tha, and 2Zygadenus elegans.

‘As on'Prospect, late snowmelt areas are poorly repre-

senfed. Spec1es in such nabltats 1nclude Antennarla lanata,

Cassiope tetragona, Pryas octonetala, Phyllcdoce glandull—

fera, and°SibbaldiaAprocumbens.
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“Yukon -

The northern study area is 1in the Nahoni Range, which
COn51sts of a low mountain series ranging in elevation from
900 to 1524 m. The study‘area ‘includes the northern flanks
of Briﬁston'Mountain, and covers the elevation range of al-
plne vegetation on these slopes. ,Stands are also located‘
on the slopes of unnamed ridges north of Brimston Mountain,
with two sites. in between the stand groups (Flg 3).

 The study area in the OgllVle Mountalns is located in
a cirque 5 km northeast of One- elghty Lake, and north of
of ficer Creek. Elevation ranges from 1219 m near the lower‘f’;
.of two tarns, to ‘2134 m on the highest peak Steep rock
faces and talus slopes characterlze the upper 152 to 305\

of’the mountains,'in contrast to the gentle slopes of. the
' Nahonl study area. Stands are located around the 01rque in
a region above wet meadows and below talus slopes (Fig/ 4).

Both areas were reached by helicopter from Dawson,

éeology
Nahoni Range |

The Nahoni Range is partvof the Porcupine Mountain
Area,Awhich is’included‘by Bostock (1970) in the Eastern
system of the Cordllleran Reglon.: While detailed geologi-
cal‘studles are presently. unavailable for the OgllVle River
region, the stratlgraphlc succession for the smaller Brim—.

ston Mountaln area has been determlned on a prellmlnary

1
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basis (D.K. Norris, pers. comm.).

The Hart River Formation occurs at lowartelevations in
the stqdy arca and consists of shale, limcstone and dolomite
with an unnamed shale at the base. Abos% thisyis ﬁhe Et-
train Formatiqn. It is a light grey, cliff-forming limestone
which comprises the southern and eastern study hreg boun-

. daries., Both formations are of'Carbéniferous‘age. The
northern and western bounaaries are light grey siliceous
dolomite and limestone of Middle Devonian age. Such strati-
graphic correlations are to ge conéidered tentative until
further studies afe completed for this region.

- Dendritic drainage patterns have developed in the Na-
honi,(and water frém the study area flows east in streams

which join a north-flowing tributary of the Whitestone

River:. -
) : o™y
Ogilvie Mountains . \\v/

The’OgilVié Mountains ar®é part of the Northern Plateau
and”Mountain Area in the Interior Region of the Cordillera
(Bostock 1970); The Ogilvies aré separated from the Nahoni
Range to the northwest by the broad valleys of -the Ogilvie
and Peel Rivers. \ | '

The geology of thé‘cirque group including the study
area has been documented by Green (1972). The rocks are

c

Precambrian and Cambrian, and include: (1) gritty quartzite,

N

sandstOne, and quartz-pebble conglomerate; (2) black, maroon

and greeh shales, and slates; (3) schistose quartzite,

\



quartz chloritﬁ schist, quartz-mica schist and phyllite;
and (4) minor limestone and black chert. These outcrops
characteristically form smooth ridges to about 2100 m,
which are suscentible to frost action. The distinct mot-
- e
tled marooh,unﬁ"w!ﬁﬁgishafés arec conspicuous from both air
and ground.
‘Valley tloors in . the area are mapped as Quaternary age
unconsolidated glacial and alluvial.deposits (Green 1972) .
The massif is drained by the Klondike River to the
south via Officer and Davidson Creeks, and by the Middle
Hart‘RiQer to the nortn via Lake and Mouseé Creeks. The

studv cirque drains north into a tributary of Lake Creek

" (Vernon and Hughes 1966) .

GlaciaLAHiétory
'Nahoni‘Range

The Nahoni study area lies within the unglaciated‘re—
gi&n of the Yukon (Bostock 1946). This large region exhi-
bits very diverse terrain and is unified solely by the

absence of glacial deposits (Hughes 1972) .

Ogilvie Mountains

The élaciation sequence in the Yukon encomrpasses four
advances of Cordilleran ice (Bostock l966).v These phases
have been co;related with radiocarbon dates as follows:
NéﬁSen and Klaza in the early Pleistocene, more than
500,000 years B.P.; Reid.in the early or pre-Wisconsin,

52,000 years B.P. or younger; and McConnell in the late
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Wisconsin, 28,0()()—1.(),()’()() vears BoP o (Rutter ot al. 1976).
Each 5uh§uqubnt'advanwu wah ivnu extoensive (Huuhv5‘1072).

Ice advances in the Ogilvie Mountains have ;wt-r‘rl ‘(lo(‘n»—
mented by Vernon and Hughes (1966) and Ricker (1967), cand
have been correlated with Reid and McConnell ages  (Hughes
1969, Huahes ct al. 1972). During thesce periods, ic; ad-
vanced in indépendent valley glacier systems, rather than
in a continuous shecet of ice as occurred southward on the
Yukon Plateau. Cordilleran .ice sheet tonaues extended
northwestward along the Wind, Hart-Beaver and Middle Hart
valleys, and were joined by valley glacier ice from the
eastern region of the Ogilvies (Hughes 1969).

The massif including the study area shows extensive
glaciation of Reid age. South-facing cirques were not gla-
ciated during theQQECO nell. However, the study area cilr-

/
que and those on eithe£ side show evidence of recent glaci-
ation (Hughes 1969, 1976 pers. comm.). Throughout the
Ogilvie and Wernecke Mountains glaéiation has been discon-
tinuous, and markedly so in the last advance.

Rock glaciers were commonly formed in these mountains
duriﬁg Neoglaciatidn, 2,000-3,000 years B.P. (Vernon and
Hughes 1966).. Although none are present in the study
cirque, several can be seen in the adjacent easterﬁ valley
and in the cirques acr&%é Lake Creek to the west (Vernon

and Hughes 1966, Hughes 1969).
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Patterned Ground PR

. ¥
Patterned groundwféatuies.are very common in both
Yukon studQ‘areas.i Sorted ahaﬁhonsorted,circles and
_stripes qre.found in Fhé Naho;i area, with nonsorted
stripes béinq'most frequent in vegetated sites. Steps
and gelifluction'lobes a;e also evident and afe better

developed than in Alberta study areas. Hummocks are char-

acteristic of hany poorly drained sections of the Nahoni

~_/)area. - . :
Much of the Ogilvie cirque is not strongly patterned

~due to a predOmihahce of wet meadows in the valley and ex-
‘tensive dry talus slopes abbve.» In the intermediate zone
slopes exhibit some sorted and unsorted stripes, and level
areas have nonéogtea circles and polygons. Whether ice is
pfesent in the depressions between nonsorted polygons is

not known. Another feature in this area is a fellfield,

patterned with sorted stone stripes.

Soils
No studies are known of soils from either Yukon area.
Soils in the Nahoni Range have developed over bedrock from
discoptinuous feLsenmeer with or without rolluvium, or
f;om extensive organic deposits (Hughes 1932). The

.better—drained Ogilvie area has fewer potential organic

sists largély of glacial and alluvial ma-

bedrock. Discontinuous permafrost is wide-

spread in both areas (Brown 1967) althqugh'it was not
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inygstigated in the present study. -\
Cllmate \

B \
L Few me teorological data ex1st for the\Yukon study
5¢eas, therefore reqlonal weather andkcllmate must be* ascer—

k3

tained from distant stations. DRata from/Valley stations indi-

cate that low annual Drec1o1tatlon and a w1de temperature

/

range characterlze the: reglon (Kendrew and Kerr 1955, Green

1972). Ricker (1967) tabulated neteorolOglcal data for Daw-

son (elev. 323.8 m) from 1901—1963 and elucidated trends of

high relative summer prec1p1tatlon and cold winter months

He designated this cllmate as Cold Snowy Vorest (Dfc) due to
/

/
7

winter dryness
| Meteorologlcal récords have been keot since 1966 at
Mile 41 on the Demoster Highway (65027 N; 138013ﬁw at 960 m)
which are summarized in Table 2.. Kojima (1973) also oper-
ated summer'wea‘/er stations during 1972 and 1973 ln the-
Ndrth Klondike/ River Valley along the Dempster nghway

near Mile 4

The hlghest station (1195 m) had "a climate between Sub-

arctic Tundra (ET) and cold Snowy Forest (Dfc) in the Koppen
system (K031ma 1973) . The lowest statlon‘(740 m) was.clas-
51f1ed as Dfc, and the mean daily temperature difference be-
tween/the two was 3.80C. Virtually no frost-free period
occﬁrred in summer. Daily localized showers also character—

lzed this area. The Nahoni Range lies north of Kojima's

(1973) area, and may be in a region of Subarctic Tundra

9
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TABLE 2. Meteorolooical summarv for Mile 41, Dempster High-
wav Y.T. 1966-1973 (Kojima 1973). "

Mean annual temperature oC
-8.9

~

‘Hichest monthlv mean temperature

- June .11.3
July 11.3
August 7.9

Total annual precioitation mm
428

Hichest monthly mean precipitation

August 60
July 47
February 39
June v 38
October 38




N

fathqr than Cold Snowy Forest Climate (Rickef 1967)\5y

p

‘

Vegetation

_Nahoni Range

The Nahoni Ranqe lies south of arctic treéline in the
vukon, and has sufficient elevatlon to be larqely above al-
pine greeline. The vegetation is characterlzed by cushion

plants, dwarf shrubs and low-growing sedges, grassésvand

'.herbs.

[y

- At -lower elevations Salix alaxen51s lines the major~

stream banks in the study valley TAe flood plaln meadows

are rich in herbs such as Epilobium latifolium and Luplnus

arcticus. Betula gLandulosa,qRubus chamaemorus and various

Salix species are also found along streams.
) Dwarf shrubs are common on petter drained slopes, in-

cluding Arctostaphylos rubra, Cassiove tetragona,:Ehpetrum

‘niarum, Ledum Dalustre, Rhododendron lapponicum, Salix arc-

tica, S. retlculata and Vacoanium VltlS idaea.

_Dryas octopetala i% characteristically found with

Carex misandra in upland sites. Many herbs are also con-

" spicuous, such as Arnica frigida, Astragalus unmbellatus, -

Boykinia_richardsonii, Minuartia arctica , M. ele ans, Oxy-

tIODlS mavdplllana, O. nlqucans ssp bryo hi Pedlcularls

lanata, Potentllla biflora and. ogleldla cocc1é¥

Few species are found with Drvas octopetala.on the
2}

upoermost slopes. These include Carex misandra, Chrysanthe-

mum integrifolium, Minuartia elegans and Cardamine purpurea.
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Snowbeds are dominated by Ccassiove tctragona and Dryas

octooetala w1th gome Saﬂﬁx retlculata wetlands are common

on poorly dralned 501ls, and several areas of Eriophorumn
vaglnatum occur in standing water. Sphagnum species are

associated with most wetland 51tes, and dominate wet slopes

with Betula glandulosa.

Og11v1e Mountains

The Ogilvie study area is in a massif which is above
alpine treelinef Much of the valley con51sts of gently
sloping meadows with moderately well dralned to poorly

drained soils. Many herbs are common, such as Aconitum del-

ph%hifolium, Anemone narc1551flora, Lagotis glauca, Myosotis

T

‘alpestris,. Parrya fudicaulis, Polycgonum blstorta, Sedum

rosea, and valeriana capitata. “The wettest meadow sites are

N

dominated by the.llverwort'Paludella sguarrosa, and vartious
bryophyte species- Ssnowpbeds are llke those of Nahoni areas.

vDrierIuplands are domlnated by Dryas‘octopetala, with

Campanula*lasiocarpa, Carex mlcgochaeta, Hierochloe alpina, .

Luzula multiflora, Salix arctica, and Vaccinium vitis—-idaea
L3 - -

as importanﬁ secondary species.

Dry.acidlc slopes are consplcuously characterized by
the moss Rhacomitrium lanuglnosum, with Hierochloe alplna,
Vacoihium vitis4idaea and exten51ve lichen cover. very few

species are represented at the highest vegetated slopes, in-—

cluding Drzas oc opetala and Saxifraga flagellaris.
=
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ME THODS

Veaetation Samoligg' ,

The method of vegetation sampling used in this study

‘was designed»for'rapid,data'collECtion in areas where field

equipment was limited by helicopter capacity. Other sam-
pling technigues for.terricolous alpine lichen communities
are descrlbed in Bryant and Schelnberg (1970) and’Bird
(1974a, 1974Db). General alplne sampling methods can be
found in Mueller—Dombois and Ellenberg (1974) and Eddleman
et al. (1964). R | |
In each study area slopes were Selected for stand loca-
tion after an 1n1t1al ground reconnalssance Airphotos
were useful in examining general study areasy, but were too

small scale for stand selection. Random stand selection was

‘ unde51rable since vegetatlon on different patterned areas

"was to be examined. Therefore, criteria for stand selection

were primarilv subjective, wrthout.preCOnceived bias
(Mueller DombOlS and,Ellenberg 1974). |
a A stand 512e of 30 x 5 m (150 mz) was utilized. 'Al—'
though related studles have used larger stands (Slack 1971,
Lee 1976), env1ronmental and plant communlty heterogeneity
over short dlstances precluded a larger stand size. Each
stand was requlred to exhibit certaln internal characteris-
tics as follows:r

1. . to represent the variety of combinations of aspect?
‘ ~gars ,

¥slope and moisture attributes;within alpine areas;

PR

‘28
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2 to inclpde distinct vegetation assemblages if not

represente above;

3. /beilnternally howoqeneous for ail attributes
" with»no area of 2 m? consplcuously different;

N to exhibit no visible disturbgncef(e.g. squirrels
or man) dreater m2 in aréa. : Y
The stand location p. cedure initiaily required a ran-
dom p01nt on a downslope lin to locate.a perpendic
line. From this second line anothe nt was taken
to crudely locate the  top.corner of the stand. However,
habitat dlver51ty did not often permlt objectlve ch01cefln
stand placement due to the homogeneity requlrement (43
abo&e). Subjective evaluation of stand locatlon was there+
fore considered adequate fdb\gapld descrlptlve sampllng in

the heterogeneous alpine environment.

A stratified random sampling system was used within
" each 30 X 5m stand (Mueller—Dombois and Ellenberg 1974).
Infeabh stand, six lines 5 m bng were estabiished at‘S'mh"
intervalss Along each line he number of substrate types
were noted and‘representatives of each type were numbered:f
Numbers froh a random table were used to select the loca—

. - SR .
tionsifor two 10 x 40 cm quadrats per substrate type, per

1ine.' In some stands the number of gquadrats per substrate
was one per line) to test ‘the validity of the lower sam=-

pling intensity. 'Substrates were thus sampled’ equally

rather than proportionall? to facilitate direct data
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\ B
comparisons. The selected sample substrate was usually
wider than 10 cm, thcrefore another random number was used

to locate the midpoint'of the 10 ¢m quadrat side along the

-
~

5 m tape. T
Quadrat 51ze was. determlned bv establishing spec1es—
area curves (Mueller—DombOLS and Ellenberg 1974) for, a dry—
mesic alpine area on Prospect Mountain.‘ Stands character—
‘1st1cally had two substrates, stone stripes and vegetated
stripes, and each was sampled w1th a total of either six
or twelve quadrats.. The latter arrangement is hypotheti-
cally deplcted;in Fig.. 5. |
Some snowbed and meadow communities were too small ta
sample within a 30 x 5 m stand so a 15 X 5m stand size
was used. ThlS stand contaln#d ‘three llnesJ and four quad-

7
,g/x“

Wet-mesic communltles were usually encountered at a slope

" rats per. line W1th no recog 1ged rate heterogenelty.

oaSe,'and those sampled extended at least 15 m along “the
base. Therefore, the long stand a;is wastlocated perpendi-
cular rather than parallel to the slope. .
The 15 x 5 m stand. was also used for sampllng small/
polygons and c1rcle areas. Stands/w1th;c1rcles were,par-
titioned into two substratesvto include,circle centres and
borders. An addltlonal border substrate was de81gnatéd for
polygons, and all substrate unlts for both patterned fea-

" tures were sampled with six gquadrats.

Fellfield'sampling.was carried out in one stand each



L1

i
nnn
1
| I
T ou

1|

M|

_tT
le—>s

/
oo
m

A

B

Representation of the 30x5m stand with guadrats
randomly located on hypothetical substrates.
Quadrat scale is approximate. :
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‘within the Divide and Ogilvie sites using twelve 10 x 10 cm
auadrats cent;ally located on rocks These quadrats were of
maximum size for the rocks samoled,.as larger ones would
have ellmlnated 80% of the, avallable rocks from sampllng
Rock plots were located alonc the same stand lines as the
terricolous lichen plots for the two stands Other stands
did not haveirocks of suff1c1ent sampling size.
’ Two Nahoni wetland sites were sampled using a lS x 5m
stand. Species cover -values were estimated for an entire
;stand or releVe‘(Mueller-DombOLS and Ellenberg 1974) 'These\
stands are designated Rl and RZuof the study area map (Fig.
3). ~ |
pata from the quadrata included a species list of/all
lichens, vascular plants and bryopnytes} the estimated per-
cent cover of these three groups separately, and combined
cover as total vegetation. Cover of 1nd1v1dual lichen and
.vascular plant species was also estimated as well as cover
of rocks ' and bare 5011 The cover estlmatlon scale gsed

was modified from that of Braun- Blanquet "and of Daubenmire

(Mueller-Dombois and Ellenberg 1974) :

4 = prqient, less than 1%
1 = 1 - 5%
2 = 6 - 15% _
3 = 16 — 30% . .
4 = 31 - 50%
5 = 51 - 75%
6 = 76 —-100% .

Other\attributes recorded were slope (dagrees and as-

peét), elevation,.position on slope, and conspicuous rock
o - .

LY
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types. In cach stand a list was compiled of vlant species

found which were not encountered in sampling. .Characteris-

tic stand features such ag_;pg\diminant plant specics gnd
gfound patterning were also noted. A minimum of ;;xvphoto—
graohs ver stand were taken from standardized ViepriRtSa
within the quadrats, evidencge of disturbance and‘of lichen
reproéuctive efforf were recorded when present.
voucher plant~matcrial»was coilected from the plots, and
and from the.surroundinguareas. Nomenclature for vascular
planfs in Alberta follows Moss (1959), and Hultenvil968).and
Porsild (19743 for_additional Yukon speéies. Welsh (1967)
-
énd Wolf (1977) are used for Oxypropis and*Minuartia, res- = =~
pectivélyl ABryophyte npmenclature.follows Crum eﬁ al.
(1973). A comple£e-set of plant vouchers has beeh de-
posited’in the herbarium-of the University of Alberta
(ALTA). Lichen specimens have also been deposited at the
‘National Museum (CAN) and Uﬁiversity of Calgary (UAC) her-
“baria. v
Field work was carr;éd out in Alberﬁa during. late Juné

and mid-August 1975 and July 1976; the Yukon sites were

sgmpled duriﬁg July 1975.



- , .
) A sample of surficial saddr and rocks was taken een-
trally in ecach stand. ’Exposed soil was Samplea rather than
that underlving vegetation. These samples included the
upper 4 S of\soil, since 1ichen§ were most likely to bec in
direct contact with this porgioh of the soil profile. 5Sam-
ples.werc scfeoned through a 2 mm sieve, and dry color de-
termined{in daylight using a Munsell Eolor ;hart.

Screened soils froﬁ 33 plots were analyzed for N, P,
K, Na, pH, conductivity, free iime,and sulfate, organic mét»
ter and texture by the Soils and Feed Testing Laboratory of
Alberta Agriculturé. The following methods were used:
(1) nitrogen (nitrate) extraction with water and CuSO04-
Aq2804bsolutioﬁ aqd'determined‘by the‘PhenyldiSdlphonié Acid
method; | |
(2) available éhbsphorus extraction with the modified Bray
method of‘NH4F—H2804‘and determined by‘the combined nitric
and‘vanadate moiybdaée colorimetric method;
33) available potaésium};nd sodium extracted with ammonium \
acetate and'determined py flame photometry:;
(4) pH and conductiyify by a i:2 soil-water extract with an
‘electrode pH~meter; |
(5) free lime (CaCO3) with 10% HCl;
_(6) _sulfate (sOyq) estimated from pH and conductivity using

BaCly to precipitate;

/

(7) aluminum and manganese extracted with CaCl; and read



directlv on an atomic hbsorption spectrophotometer;

(8) organic matter and texture were estimated manually.

Lichen Identification,

Lichen and moss sﬁccimens from each-quadrat remained
mixed in small paﬁer collection gags uﬁtil they worc‘sortcd
and identified. This method o% collection and stdrége tra-
ded field time for laboratory time, and also provided much
better rrotection. and padding for the lichen'specimens.
During the sorting, it was necessary to moisten and lightly
press méﬁy of thémmacrolichen specimens to prevent further
damage.

Sevetral identification keys were necessary. The most
useful'keysAfor the study areaszare by Imshaug (1957), Hale
(1969) and Bird (1970), as well as those for the Great Slave
&ﬁke area (Thomson et al. 1969), Baffin Island (Hale 1954),
and for the Alaskan Arctic Slope (Thomson, in press). Other
sources for specific genera include Alectoria (Brodo and
Hawksworth 1977), brown Cetrarié (I. Karnefelt, pers. comm.),
Cladbnia (Ahti 1961, Thomson 1967, Bird and Marsh 1972),
_Evernia (Bird 1974c), Hypogymnia (Ohlsson 1973, Krog 1974),
Parmelia (Bird aﬁd Marsh 1973a), Peltigera (Thomson 1950;

M. Ostafichuk, pers. comm.), Stireocaulon (C.D. Bird, pers.

comm), and Umbilicaria (Bird and Marsh 1973b).
Field identification was based upon morphological char-
acters. Laboratory work permitted the use of chemical spot

tests with standard reagents as follows:

LS
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P )(1r(1!ﬂ1<w1x'1'\n\'(1i‘1n\c1\\~ colut ion using Steiner's stabloe
13 . g

solution {(Thomson 1967); also abbreviatoed Dy

"
R = 10-15% solution of potassium hydroxide crystals in
1
water.
C = calcium hvpochlorlte powder in water; a stable substi-

tute is sodium hypochlorite (commercial liquid bleach).

KC= an application of-K followed immediately py an applica-
tion of C.

1 = 0.5 g *odine dissolved in 1.5 ¢ potassium iodide with
w;ter (Duncan 1970), plus some alcohol or detergent to
prbmoté penetration.

cAT= chloramine-T powder mixed 5% in alcohol fof eachﬂusaqe.

These reagcnts were applied to spmall thallus fragments
using aAgdcropipette, and the color reaction was noted (iee

Thomson (1967 for othey chemical spot tests) . The use of a‘

longwave (3660 ﬁ)'ultravidlet lamp 31iowed sorting of spe-

. cies contqining alectoronic, psoromic and squamatic acids.

The low degree of chemlcal diversity in nor thern lichensqﬂ 

did not warrant the use of thin-layer chromatography
. A

¥, . D

as originally & sumed.

taxa with different chemis-

Mdrphologically ideng ]

try were -determined in th ratory, and were designated

. by both?gpec1es names (e g- Thamnolia subuliformis/vermicu-
laris). Where such taxa were allopatrlc, only one name is

used.

Thin sections of apothecia were unn%pEEEEY?\for macro-

¢}

A
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lichens'encountered, with the exception of the genus

Solorina. Since the majority of spPecimens were sterile,

¢

“S. bisvora, g. octospora, and S. saccata were placed under

-

Solorina spp.
. - - ‘ ]

Extensive herbarium work at the Universities of Al-
herta and Calcarv Qas requlred before and after fleldworh,
Several llChCnOlOngtS also verlfled my 1dent1f1catlons
(see Acknowledgements). Nomenclature follows Hale and -Cul-"

berson (197055 the. more recent treatments for genera . llsted

above; and Brodo (1976) (Appendix R).

n

,yédetatlon Analvses’ ' ' ’ B -

Introduction ‘,

(ﬂ The sampllng program was designed to utlllze covnx
/
values to indicate macrolichen species lmportancc In

. A D -
arder to comparé species assemblages and 1mporta:c values
on an intra- and interregional basis, indirect crdination

was selected as the primary analysis techniqge.

In the indirect ordination procedure, the relationship

of stands or samples are based upon vegetation similar !y

values (Bray and Curt®s 1957) Indlrect ordination may

»
orov1de a more objective basis oF 1nteroretatlon than

direct ordination when vegetatlon and environment relation-
ships are unclear (Whittaker ‘and Gauch 1973). Available
environmental data can also be plotted on indirect ordina-.

tlons to elucidate relatlonshlps Strong correlations be- ~

Ve

tween env1ronmental complex cradlents and vegetation will

LY . A

-



.
g

38

;

prodﬁcg/Similar resulté when using ecither direct or indirect
ordination technlques (Vhlttaker and Gauch 1973).

Indgrect Bray-Curtis ordlnatlons arc alsoékbss suscep-.
tiblé to distortion under relatively high beta diversity
when compared to‘thc widéiy uséd principal componcnts'analyw

sis, or PCA (Cottam et al. 1973). The latter-technique has

the advantage of objective deflnltlon of ordlnatlon axes,
Y .

whereas Bray-Curtis ordination requlres end p01nt choices.

Subjectivity of end point choice can be avoided by using the

J3 .
most dissimilar stands, as outlined by‘Bray and Curtis

(1957, Mueller-Dombois and Ellenberg 1974) . However, ex—

.tremely dissimilar end stands may cause ecoloqlcally mean—

ingless ordination clusters, necessitating a choice of al-
ternative end stands_(Cottam et al. 1973). Exberihentathon

with different end stands is often advisable, and the final

‘ordination is subjectively chosen as a result.

An objectlve technlque for testlng the valldlty of
Bray-Curtis ordination is reciprocal averaging ordlnatlon
or ﬁA (Hi11 1973, Gauch et al. 1977). This is an indirect,
weighted-average ordination pgocedure which use;/successive

approximations to produce simultaneous species and stand

. ‘ordinations. Reciprocal averaging is an eigenvector tech-

'nlque«related to prlnClDal components analysis but it dif—ﬂ

c c’“.’

fers in the use of Spec1es ordinations to.derive stand or-

dlnatlons and vice versa. Species abundance in RA is also

’corpected so that two species with similar distributions

[
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in which ong 1is raref; haéé similér species scorés (Hi1ll
'1973). . The fiﬁal Qrdor of stands andrspocies is indcpendent
of the in;tiél order, andgis objcc£{yely"derived (Gauch et
al. 1977). N ‘

‘Advantaqes o% RA include the accompanying species or-
.dinaﬁion (3111,1973).and better stand ordination than PCA
with high beta diversity (Gauch'et ai7’i977). Major floris-
tic‘gradiépts are. consistently arranged alongd the first
axis,'which can then-be,related to en?ironmenta;‘factprs
(Gauch et al. 1977). Outlier stands are'alsé readily de-
tected iﬁ,RA, which allows Ehe“eliminatiénvbf such stands
aé.end stand‘choices fbr other procedures suchlas Bray-

Curtis‘ordihation.' ® .

The combined use of reciprocal‘avefaging and B;ayf
Curtis érdinations tends to minimize the disadvantages asso-
ciated with each method alone, inAéddit;bﬁ to providing a

speciés—stana table for use #n community analyses.

. ST | Ordination -
‘For 'analysis purposes, each substrate Within a staqd ..
was recogniz%d'as a distinct sampliné unit, or subétrate
unit, which contained an eqpivalent number of quadrats as
all»othérAunits within the stand. For example, all stone
stripe quadrats in a stand represented one shbgtrate ﬁnitb
and all vegetation stripe quadréts were\included in anotheg. v
Lichen and vascuﬁér plant species encountered in sam-

<

pling were compiled and compared from all substrate units in
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the Ffour studv areas using Sgrensen's (1948) coeﬁficient of

community as follows: '

: ‘ |

. _ , i
200 (Sc)

cc(i, k) = 222280 : ;
J S. + Sk . ) /}.

Qhere Sj and Sk are the total ngmber or speeies in stands 3
ahd k; Sc is the total number of species common to both
stands; and CC is coeff1c1ent of community. The 1n1t1al
use of CC eluc1dated florlstlcally related groups Wthh
could then be analyzed quantltatlvely.

Cover vaiues for all iichen and CaScﬁlar plant species

S

were tabulated usinq>covér classrmidpoints as follows:

+ = 0 - 1 .5
1=l &5 3.5
2. & f@a?}&?- 19.5 .
3 =" "q;;fé"é‘m:‘:},. 23.0
4= 3T+ 56" 40.5 -
. 5 =51 -Y75 63.0
: 6 = 76 -7100 88.0

\ Ih.each subsérare unit a mean species cover value was then
“-calculated for each species, as well as the sum of the
mean values of. all soe01es Cover values for 1nd1v1dual
spec1es were then transferred to IBM cards. Species were 'ﬁggg{i
not 1ncluded in the computer phases of analysis if they | ’
Qccurred in only one substrate unlt w1th a total cover be-
low .24%, as these represented very rare and infreguent
species of uncertaln ecological status.'l
= A1l computer work was carrled out at the UnlverSlty of
\ Alberta Computer Centre on the IBM 360/67 computer. Analy-

’

sis programs were obtained for the Cornell Ecology Programs

\



(CEP) assembled by Gauch (1973).

Initially a similarity matrix for macrolichens a
cular plants }n each of the two stddy fegions was ca
ted using the-resemblance or distance matrix prdgram
l»#S). Separate matrices were obtained with eoefficie

‘cqmmunity (cc) and pe;centage sindlarity (?S) as fol
| ;I¥} }
PS(4,k) = 200(w) "
Pj + Pk

where P and Pk are the sums of guantitative values

stands 3 and 13 respecttVel 'w'is the sum of theyles

values for those soec1es common to both j and kﬁtand

perceniiizgzlmllarlty (Bray and Curtls 1957) -
~_The dissimilar maCrolichen substrate unit p
were then chosen as end stands for a series of Bray-

'

ordinations~(CEP #4). End stand choice oh the x-axi
not apDear crltlcal as similar results were obtalned
several stand palrs The flnal end stands were COmp
rto those 'in rec1oroca1 averabln§ ordlnatlon (CEP 420

the sane data set. Crlterla for end stand selectlon

the y—-axis are outllned 1n Mueller—Dombdls and Ellen
(1974) 5 ,u ‘(:_,,

A1l Bray-Curtis ordlnatlons were based upon valu

41

nd vas- -

lcula-
(CEP

nt ot‘

lows:

in
ser

PS . is -

airs

Curtis

S dld

w1th
*

ared

) of

on

berg

es for

pereent similarity. Unrelat1v1zed PS g@lues are recommen-

ded for use with scaled cover values (Vh;ttaxer and G
©1973) ., and better stand sebaration ocburred with . thes

with CC values. Reciprocal averaglnd ordlnatloqs wer

au&h
e than

e also
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constructed with PS for macrolichen and vascular plant data.

Plant Communftyﬂﬁescription

The species-stand tables from reciprocal averaglng were
modlfled to form dlfferentlated tables (Mucller-DOmbois and
Ellenberg 1974, Whittaker 1975). These tables are organizcd
to display groups of consant, rare, character4 and dlfferen—.
tial—species witnin assemblages of similar stands. Constant
species in thlS study are those which are found in more than
50% of all substrate units, with moderate to high cover val-
ues; Character—spec1es and dlfferentlalfspec1es are re-
stricted'to oertain stand groups and are used.in this study
to distinguish plant'communities Distributional centres
deflne character- spe01es, and dlstrlbutlonal llmJtS delln—
eate dlfferentlal spec1es (Whlttaker 1975) High frequency
values locate the spec1es dﬂitrlbutlon in arstand group,
w1th1n whlch the cover .values.-may range- from lov to hlgh

Rare species are 1ow in both quantltatlve attributes, and
are encountered in Fewer than three 'substrate units per re-
qlon w1th 1nd1v1dual cover values below l |

The order of substrate units in all dlfferentlated
tables corresponds to the x—-axis from reciprocal averaglng
ordination of macrolichen-and vascular plant data. Similar-
1ty‘matr1ces of CC and PS values were 1nspected to determi,

which substrate units 1ndlcated dlSSlmllarlty between groups

of 1nternally551mllar substrate units. Character spec1es and

iy



-differenﬁial—species we then established for thesec

aroups of substrate pfits.
The résultin speciés—stand agroups on the diffcrgntia—
ted tables were designated as communi£ies. In each communi-
ty, mean values/of sogciesAcover and freguency were calcula-
.ted from the Ancluded substréte units,’and species’weié
ranked in oxrfer. of decreasing‘coverbvalues. Two species
with high Qer‘and frequency were used to désignate_the
_:Lommuhiti s, and three were used where distinction was

otherwisg unclear.

Diversity
he Shannqh—Weavér (1949) index of givarsity.waé cal-

ed for all substrate units as follows:

R
H'= » pi 1n pi
=N 1

where H'«is diversity, pj is the proportion of species i in

the communitv of S species, and ln is the logarithm of base
‘e. The components of, this imdex, richness (S) and evenness

(J) e also examihéd sevarately..” Evenness was calculated

as

where H' is the‘Shannon-Weaver diversity index and
H'max = 1n S (Pielou 1969).

Correlations between macrolichen cover, substrate pﬁ,
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and diversitv mnasurhs wore tested with Spearmanfs‘Pank
Correlatlon ‘Cocfficient (Sokal anrd Rohlf 1969). The T test
for unegual Qarianccs (Sokal and Pohlf 1269) wvas uscd to
dotect dlffnrorcns within each of the above catédories for

ulfferent reqlons and areas.



RESULTS

Environmental Factors

In.an effort to recognize the impoftance of piaﬁt—
habitat intefggtions, the plant ecologist often uses envir-
‘onmensal factorq as 1nd1cators of plant species or’communl—
ty Va}iﬁblllty. Any glveh habitat factor rclates to other

nteractlng factors which can be collectlvelv reoresonted'
as complex gradlents (Whlttaker 1975) The correlation of
variability in communities and complex—grédients thus pro-
vides a first avproximation of plant;habitat relationships.

Several environmental %actors ére assessed in the pre—
sent Study to detect such plant-habitat correlations for
macrollchcn species and species grouos. th51cal habltat
factors are followed by vascu&ar plant communltles in o;der

to establish an overall habitat context for interpfetation

of macrolichen data.

Moisture Regime

2 Fleld measurements of soil or. atmqspherlc moisture
were precluded by llmlted sampllng time. Therefore, soil
moisture regime was estlmated subjectively (Table 3) on the
basis of field observations and relevant literature on
plant habitets (Kershaw and RouSe 1971 , Rousetand Kefshaw
1973, Larson and Kershaw l975a). Moisture assessment aleo

»
required consideration of tooographlc influences on snow ac-—
>cumulation and time of snowmelt (Table 3).

A significant microhabitat trend is evident in several

EY
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TARLE 3.

r

o

Charactnrlqtlcq of stands and substr
Prosoect (P), 01v1de0(2>/ Nahoni (N) and Ogilvie

(O) areas.

*

4¢

ate units in

Stand Suhstrato letq M § T Elev S1 A
P 1 P] vecctation stripes 5 2. 2 2121 26 HIW
SP1 nonsorted stone stripes 1 2 2 2121 26 NNW
2 P2 spotted tundra vegetation 1 1 1 2210 22 %
SP2 spotted tundra stripes 1 1 1 2210 22 E
3 P3 spotted tundra vegetation' 1 1 1 2210 22 E
SP3 spotted tundra strines 1 1 1 2210 22 E
4 P4 veagetation stripes 3 2 2 .2149 31  SE
SP4 nonsorted stone stripes 1 2 .2 2149 .31 SE_
5 - PS5 veaectation strioes 4 2 2 2137 34 ESE
_ SP5 nonsorted- stone .strives 1 2 2 2137 34 ESE
6 P6 meadow veaetation 4 3 3 2073 19 NW
sP6 nonsorted stone stripes 2 3 3 2073 19 NW ~
7 P7 meadow vecetation 5 5 5. 2042° 19 NNW
8 P8 vegetation stripes 22 2 2134 24 NW
SP8 nonsorted stone stripes 1 2\2 2134 24 NW
9 P9 vegetation strives 4 4 )4 2042 22 NNVW
'SP9 nonsorted stone stripes 2 4 4 2042 22 NNW
10 P10 vegetation stripes 4 4 5 2100 26 N
SP10 nonqorted stone qtrlpes 2 4 5 2100 26 N
11 P11l vecetation strimes. 4 3 3 1974 22 NW
SP11l nonqorted stone strlpes 1 3 3 1974 22 NW
1 .
D 1 Dl vegqetation stripes 5 5 5 2176 8 W
Spl sorted stone strives 1 5 5 2176 8 W
2 D2 vecetation marcins 4 3 3 2115 5 W~
SD2 nonsorted stone circles 1 2. 3 .2115 5 W
3 -+ D3 fellfield vegetation 3 2| 2 2134 16 S
4 D4 vecetation strives 4 51 4 2134 8 NW
SD4 nonsorted stone strloes 2 5 4 2134 v NW
5 D5 vecetation strines’ %3 21 2 2085 12 NW
SD5 nonsorted stone strives 1 2, 2 2085 12 W
"6 D6 snowbed vecgetation, 6 6 5 2182 5 S
6 10 '
N 1 N1 vecetation stripes 5 5 5 1119 18 W
SN1 nonsorted stone circles 2 5| 5 1119 18 W
2 N2 snowbed vecetation 6 6 6 1176 25 N
3 N3 vecetation strives 4 3. 2 1183 32 W
SN3 nonsorted stone stripes 3 3, 2 1183 32 W
4 N4 continuous vegetation 4 4 3 1158 22 WNW
.5 N5 continuous veaetation 5 5.6 1128 12 NW
S 6 N6 vecetation stripes 1 2 2 1390 16 NW
{ - SN6 nonsorted stone stripes. 1 2 2 1390 16 NW
7 N7 vedgetation stripes 4 3 2 1349 29 NNW
SN7 nonsorted stone strives 1 3 2 1349 29 NNW
8 N8 vecetation-stripes 2 2 .2 1311 22 NNW
- SN8 1 2 2 1311 22 NNW

nonsorted stone stripes
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TARBLE 3. Continued.

Stand Substrate Units _ M S T Tlev. S1 A
N9 N9 veqgetation stripes 2 2 2 1289 29 W
SN9 nonsorted stone stripes 1. 2 2 1289 29 W
10 N10 vegetation nets . 1 1 1 147 5 SSW
SN10 nonsorted stone circles "~ 1 1 1 1402 5 SSW
11 N1l vegetation stripes 2 2.2 1256 15 E
SN1]l sorted stone strives 1 2 2 1256 15 E
12 N12 vegetation nets 1 1 1 1167 58S
"SN12 nonsorted stone circles 1 1 .1 1167 5 S
13 H13 slate outcrop vegetation 1 3 2 1143 15 S .
14 N14 snowbed vegetation 6 6 6 1082 8 N ™y
15 N15 vegetation nets_ 2 2 2 1112 5 NW ‘
‘ SN15 nonsorted stone circles 1 2 2 1112 5 NW
Pl shrub wetland ' 6 6 6 1067 16 NNE
R2 tussock wetland 6 6 6 1052 5 NW
N/ 27 :
o 1 01 vegetated outcrop 2 1 1 1521 22 SW
’ S0l nonsorted stone stripes 1 1 1 1521 22 SW
2 02 fellfield veocetation 2 1 1 1463 22 SW
3 03 veaetated outcrop 2 2 3 1615 23 N
4 ;d@A meadow vegetation "4 4 4 1676 30 E
5 5v frost crack vegectation 6 6 6 1417 0 S
O5b polygon border vegetation 5 6 6 1417 08
O5c polvgon centre 4 6 5 1417 40 S
6 06 snowbed veaetation 5 6 6 1420 12 N
7 @7 vecgetated outcroo 2 2 2 1379 13 NE
. 8 08 vegetated outcron 5 5 4 1376 13 NE
8 17 :
Cateaories

M = moisture: (1)'dry;b(2) drvaesic;'(3) mesic-dry; (4) mesic;
(5) mesic-wet: (6) wet. ' .

S =, snow covér: (1) verv lioht;‘(2) licht; (3) liuhﬁ—moderate;
" (4) moderate: (5) moderate-heavy; (6) heavy.
T = snowmelt: (1) very early; (2) earlv; (3) earlv mid-season;

(4) mid-season; (5) late mid-season; (6) late.
Elev = elevation in meters N
S1 = degrees slope. , -

A = asvect.
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stands in wﬂich veactated substrate units are much moister

+

l

then corresponding strive Subs%ratewunits (Table 3). 1In
most of these stands the snow estimates remain the same)
which suggests that the drier microhabitat is a direct

result of continued disturbance from frost action.

Soil
/ Quantitative data for soil characteristics are com-

piled in ‘Table 4. Soil pH was the most variable factor

‘assessed, ranging from 3.9 (Ogilvie) to 8.0 (Rrospect);

The pﬁ values of acidic soils from the Ogilvie and Diwvide
stands'weré.significantLy differentf(P<;05)/from those of
basic soils in Nahoni.and Prospect stands (Table 5). \Signi—
ficant differences were not found between Ogilvie ané'Dividﬁ

soils nor between Nahoni and Prospect soils. Therefore,

within each region,there were comparable-acidic and basic

substrates.

Values for nitrogen were generélly low (Table ﬁ) and
may have been significantly ;ltéreﬁ'by wetting and d;ying
of many of thehsamples during prolonged wet field(EOnai-

tions. Phosphorus also was present in low amounts,
: ~

A

. while potassium values were moderate td-high .ne test for
phosphorus may/not actually indicate biologically available

amounts, because this substance can be altered rapidly under.

field conditions (Brady 1974).' Potassium is probably not

¢

llmltlng to growth except in the highly basic soils where

calc1um carbonate domlnates the exchangeﬁcomplex. The

ik
%
kS
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'TABLE 4. Soil ch(mlcal ChddetOIlStlco for stands in
Prospect (D), piyvide (D), MNahoni () and Ogilvie
(O) arcas.

Soil Nutrients

nnm N
. Stand ol cl N = K Il Mn T
P 1 7.9 0.2 3.5 2.0 38.0 - - 3
o2 g.0 0.3 2.5 2.0 59.0 - - 1
3 8.0 0.2 3.0 1.0 63.5 - - 2
4 g.0 0.3 4.5 1.0 48.5 - - 2
5 7.9 0.3 3.0 0.5 65.0 - - 2
6 7.0, 0.1 0.5 10.0 113.0 - - 3
7 7.6 0.4 3¢5 6.0 93.5 - - 6
8 . 7.9 0.2 4.0 0.5 57.0 - - 2
9 7.9 0.3 4.5 1.0 58.5 - - 6
"R 7.8 0.3 3.2 2.7 66.2 - - -
D 1 5.7 0.2 1.5 . 12.5 117.5 - - 6
2 4.8 0.2 1.0 3.0 95.0 4.8 a.8 6
3 5.4 0.1 1.0 4.0 74.5 2.0 4.4 2
4 6.2 0.4 .19.5 18.5 132.0 - 3 4
5 7.3 0.4 .7.5 2.5 107.0 - e 6
X 5.9 0.3 6.1 8.1 105.2 - = -
N 1 7.0 0.7 3.5 4.5 205.5 - - 6
! 3 7.2 0.6 13.0 2.5 155.0- - - 6
4 6.9 0.7 7.0 B.Qy 139.0 - - 6
5 4.9 0.6 0.5 5.0 288.5 - - 6
N 6 6.8 1.5 25.0 100+ 120.5 - - 6
7 6.5 0.4 4.5 3.0 38.5 - - 6
. 8 7.1 0.5 6.5 3.5 86.5 ., - - 6
9 7.4 0.8 10.5 4.5 209.5 . - - 6
10 7.5 0.5 12.5 0.0 44.0 - - 6
‘11 7.9 0.6 12.0 0.0 - 42.5 - - 3
14 6.0 0.5 0.5 8.0 85.0 - - 6
15 8.0 0.4 4.0 0.0 57.0 = - ~-3
% 6.9 0.6 8.3 11.2 122.6 - - -
0.1 3.9 1.8 50+ 6.5 106.0 49.4 10.0 2
3 5.5 0.9 20.5 14.5 132.5 2.2 8.4 6
4 5.5 0.3 2.5 4.0 73.5 - - 6
5 5.1 0.1 2.5= 0.5 60.0 2.6 9.2 3
6 5.1 0.1 0.5 1.5 41.0 3.6 1l1.6 1
8 4.2 0.1 0.5 0.5 41.0 56.4 10.2 2
X 4.9 0.6 12.8 2.6 15.7 - - -
cl = conductivitv (mmhos). e
T2 = textyre: (1) very coarse; (2) coarse; (3) médlum4

(4)- fine; (5) verv fine; (6) orqanlc, peaty' ’




TARLE 5.

Substrate nil values compared for Prospoct, PDivide,
Nahoni and Ouilvie arecas usina the Mann-Whitnev 8]

test (Sokal and Fohlf 1969). s
2 e
. Number Sample _ -
Area Samples Mcan - P D N
Prosvpect 9 7.8 -
Pivide 5 5.9 * % ‘=
Nahoni 13 7.0 NS * -
Oqgilvie 6 4.9 * Kk NS * % .
* = P .05
** = P .01 , T~
xx%x = P 001 .
NS = no significant difference

i)

A
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. values, for nitrogen and phosohorus were sxmllar to- those

1

found in other alplne areas‘(Hrapko 1970, Kuchar 1975) al-

though potasslum values in the present study were!’ hloher..
Values,for aluminum and manganese were obtalﬁed only

for soil: with a pH vafpe below 5.5. These“nutrients be-

come 1ncrca51nglv avallablt to plants w1th decrea51ng pH,

and can be toxic to some species at levels such as those in

'Oglhv1e %gands l-and 8.

Sodium; organic matter and free lime’ (CaCO3) were esti-

$o

mated qualitatively. Sodlum was low. in. all samples llke—_

o

‘wise, conduct1v1ty values 1nd1cated very low amounts of .

)

salts. Free-lime was anly present where pH exceeded 7 6,
and was then found in moderate quantities. Organic matter

was rated as medlum for Prospect and Ogilvie 501ds, and was

high in Divide and Nahoni soils. These high values vere
4 - e
“ also correlated to the texture categories (Table 42#_
-~ : ’ " . . i h a
Vascular Plant Vegetation :
. - - '
Introduction
:% .

. . .
The vascular plant vegetation ©§>the study areas was

assessed in order to cbaracterlze the plant communities.

The same quadrats and cover scale were used for estlmatlng

both lichen arnd vascular plant-cover in order to maintain

"an efficient sampling procedure. The sampling intensity

- was therefore low for vascular plants (Mueller—Dombois and

Ellenberg 1974) which resulted in an underrepresentation of

species with low—moderate cover and (or) frequency.



- c R '52

4

Characteristic vascular plant species with relatively high

cover and frequency valucs Wwere thus emohasized in communi- ¥

O

ty desianation and description.
o 5 P

C ' Lo Reaional Results

12

d A total of 159 specics from 28 olant families were en- .

countered in the aloinec areas studied (Appendix B). These

‘taxa were found in areas of measurab chen abundance, - s

-

which excluded most hvdric sites gf je mcadé&é. Spe-
cies data are therefofeibiésed toWérifﬁpland communities.
Vasculaf plant Similarity va&ueé'for the fQur*siudy
areas‘aéé compared in Table 6. Thétnumb%; of species'used
is low since these represent quantitétivéiy sampLed sgecies.
Areaé within each major regidn'are“more'clésely related,
regardless-of local enviropmental factors. Alsé,ivegeta-
tion in Prospect and Divide éreas is more similér to that

in Nahoni rather'than chat in Ogilvie areas. L

Alberta
Vascular plantqspecies in Prospvect and Divide sub-

strate units ﬁave been érfanged into rare, constént,‘cgar—
acter- and‘a;fferentialfspecies groups (Table,?). Each of
the four substrate unit groups is repreéented by species in
the above ;ategories. ~

. The order of substrate units from left»to;right (Table
7 repﬁesengé édincident compléx—gradients of increasing
moisture, and decreaging substréte-pH. The first subétrate

7
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TABLE 6. Percent similaritv va
tation in the four s
coefficient of foeliiy

for vascular plant veae-

Prospect ' DRivide Nahoni
Sqgilvie 15 18 45
S f . . ‘ e
" Nahoni , 2% 21 -
Divide ' ‘ 54 .

A

‘ »
Number of species tested

Ogilvie . 24 o !
Nahoni 43 '
Divide 42

Prpspect\ 44

Species total = 99
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(v)

from Prosnect
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. -
y

Differentiated table for vascular plant veaetation
and Divicde ’
~order and scaled abundance values (+ to 9)

Stand
are-

areas.

(D)

derived from recinrocal averaging ordination.
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1 g, ovina var. brevifolia
2 B. inermis var. pumpellianus
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Carex petriccsa
OXVLrowls Caruestrls
Astracalus a
Silene acaul:s

Salix alaxensis
cdvsarur mickenzil
lanata
Soildaco raltiradiata
Festuca ovinal
Srelowskia calvcilna X .
Zycaderus™elecans :

ASter @lrminus

Poa so2.

Betula clandulosa

Pyrola ¢rendiflora

Pedicularis cavlitata

<Louisetun scrrpoides

Carex nardina :
Carex misandra s

Kobresia 5ollardili

Minsartia 9n. .

Saxifraca traicusoidata

Potentalla c¢iversifolia . :
Dryas. octanotala -
iledvsarun aloinum

S5alix arctica

Artemlsia norvealca S

Trisouys

s et
Festuca batiinensis
Mirnuartla rossll
Cassioze tetracona
pPhyllodoce clandulifera

Oxytroois nodocaroa
Saxyfraca conpositifolia
rndrosace charaejasne

Carex rucestris .
Pryas 1intecr:iolia
Poliygonun vivioarum

Salix nivalis ’ .
Potentilla fruticosa
Lychnis apctala )
Artennaria alolina
Tofieldfa ousiila
Arctostaphvios rubra
Ericeron humiliis.
Arnica aloina \
Potentilla nivea
Stellar:a rornantha
Bromis incrrmis .
Camoanula rotundifolia
Pedicularis flarcea
Pedicularis aroenlandica
Eriqeron perigrinus
Gentiana prostrata
Carex atrosJguara
Antennari:a lanata
Sibbaldia procumbens

~




unit oroup includ

L

es the driest sites on Prospect Mountain,

and the second oroup contains dry to drv'hesic habitats

““Walues of substra

" group 1, to 7.3-8.

7y

te pi correspondlnoly shlft from 7.9- 8 0 in

0 in tne second group.

in' The third substrate unlt group con51sts prlmaxuly of

D1v1de sites witnh

a minor component fron neutral —acidic and
&) . .

mesic 51tes from Prospect. . Complex- cradlents of m01sture‘

and pH overlap substantially in this croup because the sand—

stone strata in a
‘retention (w. Kil

Substrate un

SR

cidic areas are better allgned for moisture

by, pers.»comm ).

its in tne fourth group represent the most

acidic and mesic- -wet condltlons in the Alberta study sites.

Four vascula

.which correspond

r plant communities have been recognlzed

/

to the substrate unit groups on the differ-

entiated table. lhese are: ,(')~Dryas integrifolia - Carex
rupestrls, (2) Dryas lnteorlfolla - Oxvtropis podocarpa -
“Sallx nuyr s, (3) Drvas 1ntecr1folla - Hedvsarumn alnlnum -

-3

asme, and (4) Salix nivalis =~ Artemlsla

;Androsgce chamaej

horvegica.

1) Dryas inteqgrifolia -~ CareX ruoestris

S

Drvas inteqrifolva attalns 1ts highest mean cover value

im this community., and is also the most dominant species o

(Table 8). Carex rupestris and Saxifraca opnositifolia aré*'

~frequent butvdo not have” partlcularly high cover values.

i

©

G Medlum frequencxes are found in Oxytropis podocarpa and

Carex nardina.

9



‘Antennaria alpina . .03,

56
\;l
. s : , <
TABLE 8. Vaccular plant'specie% in the Drvas integrifolia =
e Carex_rurnestris comrunitv (#1) 1n Alberta; mcan
- cover, freguency (fre), and cover value range in
9 substrate units. o
Specics . ' Cover Fre - Cover ranae
Dryas intecorifonlia oo 30.40. 89 2.00-60.08
Carex ruvestris N 6.16 89 1.00-12.79
Carex nardina : 1.30 44  .50- 6.25. .
Oxytropis camoest¥is : , 1.04 33 1.27- 5.58 .
Saxifraca opvositifolia " .93 78 .50- 1.95
Hedvsarum mackxenziy ’ .60 11 5.37
Astragalus alvinus ‘ _ .56 33 - .50--2.75
Oxvtropis podocarpay .52 44 66— 2.43
Androsace chamaejasne : - 232 22 o .47- 2,41
Polvoonum viviparum \ ' - .23 33 .37- 1.08°7
Potentilla fruticosal ' .14 11 127
Kobresia bellardii : - .12 11 . 71012
Silene acaulis - .10 22 .25- .68
Salix nivalis .10 .22 ~U39- .50
Carex petricosa v . .10 22 7 .36- .50
Pedicularis lanata ' .07 1) .62
Salix alaxensis - ' .05 11 . .43
11 .25




Two species grouos in this community reflect differen-
ces in north and bouth aspect. Characteristic species -in

north-facing stands (P11, P8) include Pediculafis lanaté, P.

9

IS
capita%% Hed”sarum mac&en211, Salix ala>er51s, Silene acau-

llS and O%vtronls Oodocaroa South facing stands (P2-P5)

.

57

o g
LI *
~

P

are represented bv Astragalus alwinus, Oxvtropis campestris,

Carex petricosa, Antennarla alpina, chhnis-aoetala and

 Potentilla fruticosa. Sincge the domlnant spec1es are conr

sistent within'this community, the substrate unit similarity |

.values agggﬁbt significantly affected by these species

A ]
group. ‘

2t

>~
~

(2) Dryvas ‘intecrifolia - Oxytfcpis podocarpa - Salix nivalis

. 4
Communities 2 and 3 have a core grouo of character-

spec1es extendlng from Kobre31a bellardll (#13) to Solidago

multlradlata (“75) én the dlfferentlated table (Table‘7).

/

North fac1nq stands lnclude Pedlcularls lanata and Hedvsaruw

. ./-’_‘\
macken211, as. in the flrst community.

The most frequent species 1n thlS communlty type are

Dryas integrifolia, Oxvtropis podocarsa, Saxifraca oppositi-

‘folia} Polvoonum vivioarum and Salix nivalis (Table 9) . Mats

of D. intearifolia are dominant, with all other species hav-

ing'relatively low co&ef values. o L
Thevgreatef speciés richnesecef'this community»compar—
ed to the first is attrlbuted to the more mesic substrate“

; condltlons in representatlve substrate;unlts ~'Most of

these stands have minor topographic rel;ef along stone

e
L



.~ ) TARLE 9. Vascular olant species in the Drvas integrifolia -

Oxvtronis modocarna - Salix nivalis communitv (=2)
in Alberta; mean cover, {Hraquency (fre),.and. cover

value range in 8 substrate units.

Specics : Cover Fre Cover ranae.

Drvas lntequfolna : 26.33.1C0 2.29-60.91"
Carex rumestris ' J 3.17 50 .50-10.04
Oxytropis podocarné 2.89 88 °  .25-10.41
_ Betula glandulosa ‘ . 2.45 25 9.08-10.50
Polvoonpm viviparum . 1.97 75 .50- 9.50
Hedysdphm mackenzii ‘ , 1.45 50 54— 7.25°
Carex nardlna 1.15 38 .68-:5.50
Saxifraca OWDOSltlFOlla o .84 88 .25- 1.87
Hedvsarum aloinum .77 13 ) 6.12
Salix nivalis » .63 75 .29- 1.40
Pedicularis capitata © .41 38 .58= 1.45
Kobresia bellardll © .37 25 .87~ 2.08
Poa sop. : .36 25 1.12- 1.79
Androsace chamaejasme : - .29 38 .50 .79
Festuca baffinensis e .28 13 2.25
Aster alpinus . ' .14 13 1.08
Sak;?raoa tricuspidata : .13 13 . 1.00
Minuartia SP- . .13 13- 1.00
Arctostaphvlos rubra.* : .11 13 ' .87
. Pyrola arandiflora =~ 211 13 .37 .
Pedicularis lanata. ' , » .09 25 .25- .50
Equisetum scirpoides - _ .06 25 .25
Salix arctica .06 13 .50
Festuca ovina var. brevifolia .06 13 . .50
Stellaria monantha S ' .05 13 .37
Silene acaulis : ' .03 .13 .25

Tofieldia pu51lla . , .03 13 .25

*




¢
and vegctation stripes which cnhances mesic conditions.

(3) Drvas intearifolia J.Uedvsarum.alninum - Androsace

chamaejasme

+

Dryas 1nteor1folia is less dominant in this community

and other species have'correspondincly higher cover valuesf

“ \
I

(Table 10); Higher frequencies are found in Polygonum vivi-
. o i i &

parum, Salix arctica, Androsace chamacjasme, Hedysarum alpi-
: += ,

num, and S. nivalis. ¢f these, two herbs A. chamaejasme

and H. alpinum characterize and dis“inguish this community
s A , |

type. Also H. aloinum\is particularly important in the-

small subqroup of D1, D4 and D5.

Dryas octopetala lS encountered in three Divide sub-

strate unitsy presumably due to a preference for ac1dic or
mesic conditions or a combination of these. Thishspec1es
is also found on Prospect, restricted to ¥small patches with

late snowmelt.

(4) Salix nivalis = Artemisia norveqica

Substrate units in the fourth community exhibit simi-
lar speCies compOSition and relative species importance to
those in community 3, espec1ally to the subgroup of Dl, D4

and D5 (Table 7). .The major d;fference is the reduction in

frequency and cover of Drvas integrifolia, 'which: otherWLSe

dominates all the plant communitiés in this region.

The most distinct'character-species is Artemisia nor-

vegica (Table 11). Salix nivalis and Polvoonum viviparum

: Fe
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TABLE 10. Vascular plant species in tie Drvas 1ntnqr1Folla -

; Hedvsarum alpinum - Androsage ChaTa,jasm, communl-
ty (#£3) in plherta; mean cover, froauencv (fre),

and cover valuc range 1n 4 gubstxatp units.
\ ‘k

%p901es ' Co¥cr Fre Cover ranae
. Drvas ntequfolla 13\03 100 ., .50-26.60
Polygonum viviparum 4.\67 89 ©.50-12.58
Salix arctica 3.92 67 .50-15.82
~-Hedvsarum ‘alpinum . 3.57 5 .50-16.58
- Salix nivalis 3.05 6 .50~ 7.33
Betula clandulosa X784 11 . 16.58
Dryas octopetala 1.45 33 2.25-10.58
“ Carex rupestris 1.38. 44 :58- 4.58
Oxytropls podocarpa 1.21 33 3.33- 4.00
Carex misandra 1.20 11 - 10.83
Carex nardina s 1.17 22, 1.00- 9.50
Androsace chamaeijasme .97 67 .50- 2.75
_Kobresia bellardii . ..86 33 .50- 6.08
Festuca ovina var. brevifolia «.73 33 .58- 4.00
‘saxifraca tricusnidata .67 33 . 1.00- 2.75
Pedicularis capitata .54 33 1.00- 2.75
Artemisia norveaica = .48 22 .50~ 3.83
Equisetum scirpoides .39 33, .50~ 1.00
Potentilla nivea .25 11 N 2.25
Poa spp. ' .19 11 *1.75
Minuartia sp. .17 22 50- 1.00
Smelowskia calvcina .13 22 \.58
Potentilla diversifolia .12 22 50- .58
Zvgadenus. .elegans L1122 >§O
Aster alpihus .07 11 .66
.Campanula rotundifolia .06 11 8
Pedicularis lanata .06 11 .58
Arnica alpina .06 11 /50
. Bromus inermis var. pumpellianus- .06 11 450
Erigeron humilis .06 11 /50
Erigeron periarinus ' .06 11 50
Minuartia rossii .06 11 50
Pedicularis flarmea ' .06 11 .50
pedicularis groenlandica .06 11 . 50
Pyrola grandiflora .06 11 50
solidago multiradiata .06 11 50




61

TABLE 11. Vascular plant snccies in the Salix nivalis -
Artemisia norvegica communitv (=4) 1n Alberta;
meap covaer, rrequency (fre), and cover wvalue ranqge
. . L
it 4 suhstirate units.

el

Species. ’ _ Cover Fre Cover rarnac
Artemisia norveocica T 6.13 75 ©.50-22.58
Phyllodoce clanduliflora ~5.48 25 . 21.91
Cassiope tetraaona 5.33 25 - 21.31
Trisetum snicatum ' 4.19 50 .50-16.25
Salix arctica ©4.00 50. 2.25-13.75
Polvgonum viviparum . 2.28 100 .87- 5.50
Saly{x smivalis - 2.05 100 .50- 2.79
Car§§/¥;bestxis i 1.06 25 4.25
Drvas inteorifplia : ~ .88 25 3.50
Potentilla diversifolia © .69 25 2.75
Antennaria lanata .57 25 ' 2.29
Festuca baffinensis ' .53 50 1.00 -1.12
Hedvsarum alpinum : . ?%4 25 1.75
Saxifraca tricusoidata 44 25 1.75
Oxvtropris podocarma - - .38 25 -1.50
Androsace chamaejasme w25 25 1.00
' Gentiana prostrata .15 25 .58
“Carex atrosguama o R 25 .50
Minuartia rossii ) .07 25 .29
Sibbaldia mnrocumbens : .07 25 ©.29

Drvas octdpetala , .06 25 .25
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exhibit 100% frequency, and can be considered as character-
7speCies“for this community.

Trisetum $oicatum is found as @& differential—species

in this community. Other species include Phyilodoce glandu-

liflora and Cassiooe, tetragona from a snowbed site. Thesd

were not intermixed; rather C. tetragona was at the base of

the snowbank and'gﬂ glandu]lflora extended out from the edge

of the Cassione mat. TWwOo rare soec1es also restrlcted to

this stand are Sibbaldia procumbens and Antennaria lanata.:
The ;nciusion of species-poor SP9 in this community 1s

due largelv to the absence of, D. 1ntecr1folla. Otherwise,

the presence of Carex rupestrls, Sax1fraca 000051t1folla,

and Oxytropis podocarna suggest that Jits afflnltles are with

the Drvyas intecrifolia - Carex runestris communlty.

Yukon-
° he dlfFerentlated table for the Yukon.vascular plant

vegetation' is divided lnﬁb»three substrate unit groups

e
I

(Table 12). As in the correspondlnc Plber{a data (Table 7),
the high dedfee of speciés—stand overlap is probably due to
the relative d&erreoresentatlon of common species.

Substrate ;nlt group 1 con51sts of all Ogilyvie sites
‘except 03 and 04;'w1th two additional mesic-wet Nahoni
sites. M01sture regime is variable within this assemblage
and substrate pH 1is acidic in all cases. S

The second group represents more  uniformly mesic-wet

conditions and is oredominantly located in Nahoni 51tes.

—
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TABLE 12.

B

Differentiated tahle for vasculaﬁ@ﬁ,ﬁy*ﬁreqo tation t "
from Nahoni (N) and Oqi1vi* (0) arda i and order, T
pw’and scaled abundance values (+ td -
from rcc1orocal avnraqlnq orolnatlon‘

7 &yw;.
b WS .

CHAPACTEPR AND DIFFEPENTIAL SPECIES

CONSTANT

B el
Hiierochlo a)nxwﬂ
TPrpetrum NLGrunge
Cassione tetrac ;

1

2

3 ity

4 Vaccinium vitin-1fdaea”
5

6

24341448144

~123413-1-— —=4=414-- Carex racrochanta g
A e Aeh b Salix arctica
comt4dbmben —mmmmos .7 campanula 1u,1ogarp%f
_____ : T'oca spD.
_____ g Luzula multl‘lora

betula olandulosa
————— redun oalustre
pedicularis caovithta
calix reticulata *o
raododendron IAJpsnlcfm
Vaccinium uliainosun
Arctostapnylos rubra*
Geum rossil - . : g
Lycenodiun sclagd " ©
Ancrone parvitlora i N
Myruartia arctice 4 EY
wyosotishalreostrls .
Crrastrium beeranglanum i
o temt4= ~dom——t4-———+-=-123 Silene acaulis B
—t————— 4= c—dom—bo-—+tt4t=|24 OxytrODLS niarascens!
sotentilla birflora
-1 6 Tecicularas lanata
—+—-o——§-.-+4-—-—+-—++——-427 mpfieldia coccainea
P st 2 s ++4——|28 Astracgalus unbellatus
—dmdo— b 29 Carex scirpoideca
Ry PR 30 Equisctum scirpoides
31 OAv*roﬁxs mavdelliana
32 Carex runcstr;s
33 Lesguerella arctica
s vedicularis sudetica
++-==]35 Anemone narcissiflora
+{36 Chrys santhemun Integrifolium -
+!37 Minuartia clegans:- A
¢

R Rt
———t 244
——m 2ttt
domtm——d

‘ee244-42231 -64549771 19645623+7311++ 38 Dryas octopetala
I O 2 SaR A T A 39 Carex misandra

,ycopodxum clavatun
vaccinium ulicinostm2,
Gentiana prostrata

polyconun bistorta |

Arnica frigida ' o
Lupinus arcticus

Eritrichium chamissonis
Polygonum viviparum

Carex capillams

castilleja hyperborea

1 o. nigrescens sSo. brvophxla
2 v. uliginosum sso. microphyllum




C)j - 64

-

Stand N13 is included in this group, althouah its low simi-
/ ]
larity to other sites makes its location arbitrary in group
i -~ 1 or 2. The remaining Nahoni substrate units exhibit high
similarity to cach other, with lower similarity to the two-

Ogilvie sites.

& The larccst assemblage of substrate units ig found in

i Yo . . 0 ’ A
#group 3. These are dry Nahoni sites which include most of
the stone stripec suhstrate units. This qﬁ&hp represents the

overlap in dry‘anﬁabaSic ends of moisture and pH complex-

bl b

gradients, reSDect&@g¥y. Absencd® of dry Ogilvie substrate

units suggests that!/ substrate pH is the more critical fac-

~

tor correlat w1th species composition.
. P

Substrate unlt groups. hiye been designated as the fol-~

-lowing communities: (l)wVa001n1um vitis-idaea - Dryas-octo—
petala, (2) Dryas octoretala - Astragalus umbellatus - Salix
'¥‘Tarctica, and (3)3Drvas octopetala -~ Carex misandra.

Within thesé,Communities D. octopetala is the %nl§ con-

k-4

sistently'constamt species, although Carex misandra is also

frequent. Both species however have noticeable peaks in
. 1’3 ei @
cover and frequency in communities 2 and 3.
. ; A%

N
. /
.

(l) Vacc1n1ﬁm VltlS idaea - Drvas octopetala

The ac1d1c condition of this community type is indica-

;'tedlby Cassiope tetracona, Vaccinium vitls—ldaea, V. ullgl—
‘nosum and Empetrum niqrum (Table 13). C. tetragona is un-

Voo

venly dlstrlbuted and is 1mportant in the wettest sites of.

thls group, whereas V. vitis=- 1daea is more evenly dlstrlbu—




TABLE 13.

a3

1

O

*
‘Vaccu1ar nlant qpﬂCloq 1n the Vatcinium vitis-
~idaeca - Drvag occtonctala communitv (#1) 1in the
Juron: mean cover, froguency (fn@ and cover

value ranae in 11 substrate units.

65

08 -

Spccies \\ Cover Fre Covnr ranac
Cassiope tetraaona ' v 9.63 26 .50-39.66
“'Carex microchacta \\ 6.98 64 1.75-21.75"
Drvas octovetala N 6.66 73 - 1.18-15.33
Vaccinium vitis-idaea . . '5.90 1097 .58-12.16
Hierochloe alpina . = = 210 27 .50-19.25
"Salix arctica ’ i w1.67 73 .50- 4.08
. Poa sDD. 1.33 27 .25-10.58
Empetrum nlgruw i .83 18 - 3.83 -5.25
TLuzula multiflora .79 27 - 1.00- 6.08
Campanula lasiocarpa .62 46 .50~ 2.08

"¥aeccinium ulicinosum : .47 18 1.12- 4.
~ Carex misapdra - o T .2 28~ 9 o 3.08
. Ledum valuygstre ° _ = ~ .16 9 : 1.75
Betula alakdulosa B e .16 -9 1.75
Rhododendron .lapnonicum . v xl6 18  .25- 1.50
Lvconodiumgclavatum ' : SRR * 9 . L.12
Salix reticulata A~ = - .09 18 .50
Eou1setum sc1r001des ’ .08 9 .91
Arnica frioida ) - .05 9 .50
Gentiana prosyrata . ‘ .05 9 . .50
Geum rossii A .05 9 N .50
Lvéonodium seladgo ' o .05 9 .50
Oxvtropis nicrescens .$SD. bhrvophila .05 9 .50
Polvaonum bistorta S .00 9. .50
Silene acaulis = ' S .05 9 .50
pPedicularis cavitata : .04 -9 .41
Vacc1n1um ulicirosdm sgp. S ‘
mlcrOthllum . 8 .02 9 .25




LSt

- ainosum.

(2)’Drvas octooetala - Astracalus uwbellatus -

- Both Astraoalus umbellatus and Salix arctlca ha

66

. ¢
& . L

<

ted in'all qubstrate units. Mesic substrate un

' charactcrl ed bv Drvae octooctala, Carox microc:

its are

‘aetaq Salixﬂ“

arctica and Luzula multlflorau- The drlest Habl

¢

- in 07, where,H‘erocnlon alnlna is of nlcicst im

tat is that

oortance,

i

trlhm ]anu—-

followed by Z. vitis= idaza and the moS'S Phacomi

o

‘ Cover,ang fregquency values of dwarf shrubs

5

[

Ledum palus~

tre, Empetrum nigrum and Rhooodendron 1aooon1cu

although E,«Ealusﬁre_was encountered out51ce qu

two additional substrate units in this cormunit:

larger shrub Betula olandulosa was restricted t

»vhabitat on vegetation stripes.

Camoanula lasiocarva 19 the only horb whlc
N % l

qnently cncquntered and 1t has characterlstgta

cover values “Other - herb specles were consplcu

tlvely 1n51gn1flcant components of tnls communl

B

™ are low \
aerata in

y. The

o one ourcrop

i

i
h *i“fxe—
2 o

119%1@«4
ous but rela—

ty.

Saiix arctica |

Dryas octooetala attalns 1ts hlohest 1mpor

P 2
y « Al

community (Table 14), exsludlng the d1551m11ar

Ps

gqge former 1is hore conspl
\,&*

ﬁxequenﬁy;valuesé_bp
also characterlstléca Nahoni 51tes. Sallx aré

tance ih- thlS~
stand N13.
ve'® secondary
cuoqg,and #se

tica lS in-

cluded in the communlty name.because 1t is foun

Ogllv1e 51tes (03 and 04) whigh do not have A/

.'and it also dlstlnculshes this from the thlrd c

-

d in the two
M

ommun1ty.4

Threevspec1es groups can be dellneated W1th1n this
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TABLE 14. Vascular nlent snecies in ﬁh@ Prvas octopetala

.

67

Astracalus, umbellatus = SoTix ayctlca communicy

TE2) -in the YUuioh!oRoan cover
and cover value rance

s

)

b .
, *Treaucncy (fre),
in 9 QUbstraxo unltq )

‘X
Spcc1cs

-Drvas octovetala

Salix reticulata

_Cassiope tetracora

Carex microcHa=ta

/Salix arctica

Rhododendron lanponicum

.Arctostanhvlos rukra

Carex misandra
Astraaalus umbellatus
Vaccinium uliginosum

~Geum rossii

Carex scirmoidea -
Oxvtrools{nlarnscens SSp.
Luninus Arcticus
Betula clandulosa
Oxvtropie mavdelliana °
Luzula multiflora -
Vaccinium vitis-idaea. -
Silene acaulis _
Pedicularis cavnitata
Carex canillaris
Potentilla biflora .
Tofleldla coccinea

‘Mlnuartla arctica,

Pedicularis lanata v
Cereastrium beerinaianum
Anemone -narviflora

Eritrichium chamissonis

Lvcovodium selaco
Poa soo. °

. Polygonum viwviparum

Myosotis alpestris

RN

3

Cover Fre - Cover ranae
30.34 89  B.33-57.17-— .
4.07 56 250—12,26/’§)
°3.93 44 . .50-2/.08
2.33 44 '1.75--9.91 '
2.07 67 1.oof\§\58
1.92 44 .54-12.58
1.75 22 6.16- 9.58°
1.57 44 .50~ 6.08
1.25 67 . .25- 2.75
.77 33 1.00- 4.00
.73 22 - .50- 6.08
‘ .71 33 1.75- 2.37
hryophila .65 22 1.00- 4.87
C .57 11 . 5.16
. .45 11 4.08
.43 11 3.91
.39 11 " 3.50
.39 11 3.50
, .31 .33 .50- 1.83
P : .29 33 50- 1.20
: .22 11 2.00
S . .21 22 .87- 1.00
«. S . .20 33 .41- .87
o ©.13 22 .50~ . .66
~F2 22 .50- .58
10 22 .37- .50
. .09 22 .25~ .54
w .06 11 .50
.06 11 .50
" .06 11 . i .50
.04 11 - .33
.03 11 % .25

‘o



 community. On the differentiated table (Table 12) tnoééuén

. ! ) ks v

(#9) are in both communitige 1 and 2, and are character-

species in the first comm nity. Of these, L. multiflora is
restrlcted to the OgllVle area.

a

/
- The second species group is from Betula alandulosa

u

(£10) to choood:um selaco (#13), and 1ncfhdcs 1nfreouent

a

spec1es from comnunltles 1 and 2 whlch are character spec1es
- SR

in the second communlty. In this group Pedlcularls caolt ta;

!

in Nahoni sts % "_'. o

Rhododcndron laooonlcum, and'Vaccinium ulicinosum arg founq

only in Jahonl stands.‘ ArctoStaohvlos rubra is also in this

group as: a dlfferentlal spec1es For the communltya' In . con-

~

trast, uVCODOdlUN %elaco occurs solely in Ogilvie stands

&

Geum posqll apoears to be restrlctcd to Ogilvie 51tes, but

g0 encountered lnfreouently in the “Jahoni area. Geum

¥
P

auhio
oy

L o, . L ‘ : Lo
Spe uértla arctlca (£20) to tarex scirvoir

dea (“29) are 1ncluded in the thlrd grouo wb1€¢ verlaps

¥

between éDmmunltles 2 and 3. Anemone DafVLflOra is restrlc—

ted to Wahonl qubstrate unlts within’ communlty 2, whereas

Potentllla biflora 'is ‘also found: once in communzty”@.‘ The .
£

xclu51vely found in the

.remaining species are primarily or e

. . " . ’ ‘ . ; J,
Nahon1b51tes in both COmmunltrEs. . ,

(3) Drvas. octooetala = Carex misandra

L]

)

- Dryas octooetala is the consplquous domlnant in this

4

3

species from Cassiope tetragona (#3) to Luzula multiflora” @

‘(4

v
.

\S more restrlcted than G. rossii and is found only -

7



community w1th cnaractér soec1es Ca

oaluscumbellatus (Table 15). OXthO

69
“.

rex misandra and Astra-
e ——— ,____—-.——-——' N ————————

plS nloroscons sSp.

bryophila and dlffcrcntlal speCLCS C

- setum scirpoides aro also 1mportant
setun St~

-

arex rupestrls and Lqui—

v

in’ thls oroup

The majorltv of spec1es are herbs which reolace the

'4dwarf shrubs of- the other two commun

urw

dron laooonlcum 1s abundant in only:

N

to 1ts occurrence in 18 and 44% of t

COmmunltleS 1 and‘Z, respectively.

[y .
1ty tVPLo. Rhododen—-

one site ln comparison
he shbstrate units in

Characterlstlc herbs

include Podlcularls lanata, Silene acaulls and Toflé'hla

el

coccinea.

This communlty represents dfny

. all but one stone strlpe substrate unit. Since the dry
. o

ahoni sites including

/

Ogilvie Substrate unlts are very dy551mllar to'any in tbis'

S,

group,’correlatlon w1th a substr

el

74 elements, may also be. 1nvolved. el
} ’ L; 4 “;;;“;5 ¢ .-
Nahonl Wetland Stéﬂds.
e

oH complex»qradlent may

be imﬁdrtant. Differences in reglonal plant dlstrlbutlon

L

Spec1es com9051b§on and relative; importance valued for

% .
two Nahoni - wetléﬁd 51tes aré tabggated separately (Table 16)

a’

‘as both were dlSSlmllar to ot ler sampled sﬁﬁgs. Stand Rl:'

b

and RZ représent a Betula qlandulosa - Rubus»chamagmorus =

e - hS

- sock stand, respectlvely

Ledum palustre community, and an Eriophorum vaglnatum tus-— .

. o‘&.
.

¢ Botﬁ>stands eXhlblt well- developéd'Hummocks,'inter—

el

spersed with Water-saturated Vegetatlon (Rl) or with stan—

.

%%

&

&



TARLE 15. "Vascular planf qpec1eq in the Drvaq octoootala <
, " Carex misandra communitvy (#3) In thc Yukon; moan

. cover, frequency (fre), and cover value rangz in

15 substrate units. - - ' R '  )

4 _AB__n‘_

Species. : L Cover Fre - Cover f?nne
Dryas octovetala '20.24 100~ 2.78-3v.3 :
Carex misandra ' o 3.52 80  .50-11. 17 &
Carex rumestris : . 1.95 33 .50-11.33
Oxvtropis niagrescens ssp. bryophila .93 40 - .50- 4.50
Astracalus umhellatus i ‘ .93 67 .50~ 4.91
Oxvtronis mavdelliana . .60 20 2.50— 4.00
Carex scirpoides ’ 4 58 20 1.00-.3.75
Silene acaulis - : .54 27 50— 3.83
Tofieldia coccinea | o 37 33 .50- 2.75
Rhododendron lapmonicum .29 7 ' ‘4.§§
Equisetum scirpoides ' .24 27~ 50= .58
Pedicularps lanata . : .16 27  .25=1.00
Cerastrium heerincianum .15 7 % 0 2.25
Anemone narcissiflora . .14 13 ~.58- 1.58
Myosotis alvestris . = ; .14: 20 .50= 1.00
Lesaquerella arctica - : .12 20 N\ -58
. Crysanthemum 1nLeqr1f511um ' .10 20 : .50
Minuartia elegans . .= . : , L1020 " .50
Minuartia arctica ',' o .08 13 .50~ ..66
Pedicularis sudetica - ' ; .58
Pedicularis capxtata: .66
“50

Castilleja hyporboroa,
R S
B S

B




TABLE 16. _Cover class valuas for vascu1<r olants in the 4f
- Nahoni wetland’ stands Rl and P '

-

- : : '?Waf' Cover class s o ;
R1 ' : L S S H
Betfula alandulosa o s '
Rubus chamaemorus
Ledum valustre .

Vaccinium'ivitis—=idaea

NWwwn

R2" ) ' - .
Erionhorum~ vacinatum . g
Carex bialowii & (.- oederi
Salix reticulata

Ledum palusttre
"Rhododendron lapnonlcum
Vacclnlum uliaginosu P
Vaccinium vitis-idaea
Drvas octonctala

Tofieldia coccinea

. Betula glandulosa :
Arctostaphylos rubra @

el Rl al =N SERIN-S

,
~
2,
%

Cover classes: : } °

21 =1 - 5% C : R ‘ ‘ ’

2 = 6 - 15%

16 - 30%- ‘
31 - 50% o

i

2
3
4
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~

ding watexr (R2). hummocks in Rl are 2-5 dm high, with the

topuportlons 4 dm apart.

Those in K2 arc 2-3 dm high, and

aonro>1mately 2-4 dm apart.

In Rl the first thret species- ar

o

rence on

|

1daea qrow1no on the lower

the upner hummock

“hummock areas.

p051tlon, with Vaccinium vitis-

Hzlocomlum solewdens, Aulacomniurm SpPp. s an® Snnaanum Spp.

formed a solid layer beneath the shrubs.

More vascular plant spec1es are ev1dent'in R2 (Table

16), - and only two are found in the Lde

tat. Salix roticulata and TOflelGl

<Y

a COCClnCu occurred on

low as well as hlgh hummock position,

restrlcted to the lowex arEa. Mos sed

»,

include thtidium rugosum,

and no specles were

on upper hummocks

@md Sghaqnum spo 'Lower hummocks weré dominated by Tomen-

..-. s i}
o

wthypnum nlteps, Aulacomnlum spp

‘Macrollchen Vegetatlon""

L

2 T Reglonal Results

L

and Sphacnun spp.:

Slmllarlty values for macrollchen spe"ies in the fovr

study areas indicate. closest relatl

each region (Table 17).

also aopears similar to tha

due to a large proportion of

o0

sites.

As in the vascular olant data,

Florlstlcally dlstlnct.

Spec1es com9051tlon

-

“The: only Adif

t in both Yukon areas,

qpastant qpec1es in D1v1de

ferent trend between

possibly

the two. reglons appear

A

72

e restricted to occur-

Mosses 1nclud1ng

T hurmock mlcrohabl—

chranum sSD. , Aulacomnlum spp.,'

onships between areas 1n

%

rrom the D1v1de

i)
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TABLE 17. Percent similarity values for macrolichen veaeta-
tion  in the four studv arecas based upon %orensen s
coefficient of communltv
L4 — -
' Prospect Divide Nahoni
Ogilvie - ' 32 53 69 !
Nahoni = o 39 .60 g
Divide - 67 s

Number of snoc1eg testod

N
.Ogilvie 42
Nahoni 46 —
Divide 34 7

‘Prospect 20

-

Spé01es total 63

b
e

%ﬂﬁwﬁy

.

.?:3



'appfopriate for quantitative data. Ordination results are

L]

vascular plant (Table 6)‘and macrelichon data is the lchr
macrolichen intra-region similarity for Alberta, ve\suS’the
Yukon. This differcence could imply.that ihtra—reqi?nal Aif1
ferences such as substrate are more‘influential on uascular
plants than on lichens 1n the Yukon, with the leverse for
Alberta areas. While this may be the case, the data for

°

vascular plants are less precise, and this 'difference may
. . .

be caused by sampling error.
The intra-regional similarity of qualitative macro-

lichen data indicate that separate regional analyses are

Fid

,presented flrSt and are analyzed in relation to environmen-

tal factors. leferentlated tables are then used to esta%—
1ish macrolichen communities, as in the precedlng section
, ' ~ .

on vascular plants. An integration of macrolichen and vas-
. » . . . 5

~cular plant communities is then summarized for each region.

‘Alberta o . ) .

Env1ronmental Factors and Veqetatlon
. . 3
. The Bray- Curtls ordination of macrollchen”Vegetatlon

from Prospect ana Divide areas (Fig. 6)‘shows two dlStlnct
groups Cluster A ConSlStS of stone strlpe substrate unlts

and vegetation substrate units of lower cover and species
T : . - ' » Lo : ’ v
qichness thanvin Cluster B.

-

M01sture regrme ‘and soll pH values were plotted on the-

'nterpretatlon of vegetatlon data.

ordination (Fig. 6) to aj

The'dry—mesicbboundary goindides with the division between
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FIGURE 6. Moisture regime and substrate pH on
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of AlBerta,sgbstrate units.

the ordination



76
\\\

main ordination cldstori since all stone stripes and tnroe
Pro spect vegetation suLstratg units in clu tor ‘A arc drier
environments than those in cluster B. tThe exception‘to this
is D4, which is most similar to ﬁCSic stands such as D1. |
Stand D4 was locatod cehtrall? in relation to thelend
stands due to its dissimilarity to all of them.

- Soil pHl values (Fig. 6) include two groups wnichfclosé-.
ly correspond to significant value difterences (Table 5) and
thus to.substrate unit distinction between Prospect and.

Divide areas. HHowever, Prospect substrate units PG and P7

H b2

are in the Divide ordination area and D5 is in the Prospect
arca because these appear to represent overlapping portions
of the pH complox—gradientiin each area. Both P6_and pP7
were on less basic:substrates, and-had higher similarity to
end stand D2, than other Prospéct'stands.. Substrate unit’
D5 was also on more ba51c Soll than other Divide stands.
lntegration of the 5011 and moisture groups with the
ordination resulted in four ordinatlon CluSterS'(Flgh7).
Ciusters 1(mesic) and 2(dry) inclnde Divide substrate units,
and clusters 3(dry) and 4 (mesic) represent most Prospects

ssubstrate units.

Communities

The relationship of general species distributions ton
supstrate units is displaysd in a differentiated table
- (Table 1851 The first substrate unit grodp (8P11-P9) re-

‘ - « .
presenés Prospect ordination clusters 3 and 4 (Fig. 7).
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. ,
FIGURE 7. Inteqgration of moisture recime and substrate pH
i on the ordination of Alperta ‘substrate units:
(1) mesic, acidici (2) dry, acidic; (3) drv,kasic;
- (4) mesic, basic. Qg i :

(NS
.
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TARLE
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abundance
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AYeas. Stund
(+ to 9) rn
ordination,

macrolic
(m

values
JVeraadinrag
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21
22

23

24
.25
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Cetraria 1sl
ccrocyna/gracilis

solorina spp.
Dactylina ranulosa
CLtrJLla tilesil
Dact Yllnd arctica
Alcctoria nigricans
Stercocaulon alpilnum
peltigera rufescens
Cladonia pvxidata
Cladonia pocillum
Hypogymnia oroarctica
LDPtOGlUm saturninum
Parmelija taractica,
landica

.

Cladonia
peltigera dphthosa-
thsconia muscigena
etrariea nivalis

Alectorla ochroleuca
Thamnolia subuliformis
Cetraria cucullata
Cetraria ericetorum
Cornicularia aculegta‘(

Alectoria'Chalybeiformis’

cdtraria laevigata
llypogvmnia subobscura
Psoroma hypnorum
Solorina crocea
Cladonla coccmfera
Nephroma expailldum

8



Sub?trate units in the left sice of agroun 1 (Table 18)\afé§\<
. -

predominantly found in brdination dluster'B, corresponding
to dricr, basic env1ronr°nts ‘Most é‘ thé:suthrate‘units
from P8~ D9 are accorélnoly located in ordination clustcr 4

lin mesic and“baSlc habitats. | \

The secénd and third substrate\unit groups (Table 18).
corrcsobpd to ordination clusters 1 and 2 from n§utral-
acidic habltats. Vagctagigp attrlbutes of substrate units
P7fD4dkTable 18) provide a slichtly différent and pernhaps
clearer division into twgggrouos than that obtained u;iné
moisture‘regime (Fig. 7). ﬂ p

v Veéetat;on groubs on the difjg;gnhiated table reflect
moisture differences in abun@ﬁﬁgé of species‘yathér than in
overall species‘richnessi//ﬂajor differences ih species com-
position are correlaﬁgg’with subStrate pi, which-in turn
re“lects differences between the two areas sampled.

Substrate unit,grpqps on the differentiatedwtable

have been designated.as the following communities: |

(1) Cetraria cucullata - Thamnolia'subuliform:¥ - Cetnflaria .

tilesii, '(ZY”Cetraria ericatorum - Cetraria cucullatJ\;\

Peltjaera rufescens; 3nd§3)Pelti&eravédhthosa~- Stereocau-

A .
lon alwminum.

*

(1) Cetraria cucullata —\Tbaﬁnolia subuliformis - Cetrari@

- P a - ' . -

t{lesii (Plates 1, 2
o i . “ ; . '
Cetraria cucullata, Eivtilesii and Tharnolia subulifor-—.

~

mis arechnsistently'¢omﬁon and frequent in substrate units



PLATE 1.
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Two views of the:Cetraria‘cucullata - Thamnolia
Cetraria tiiesii community on Pros-

subuliformis -
pect Mountain. . s
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PIRTE 2.

2

Two views of spotted tundra, in thLe Cetnarla cucul—
lata - Thamnplia sukuliformis - Cetraria tllesil

communlty on'Prospect Mount%lg. RS
@ - . N ‘o ”
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T ” . o .
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« N *
of this~cowruqitﬁ t”po (mablé 19). The fourth important

species - is h1ﬂcthrla O"“rOl“UC““\AllCH has hiach cover but
TS e :
~is unecwvenly.c 1str15uted Itais'moét oftcn found qrow1ng‘on
Lo ‘
thc sloplnq or rl@or oortlon of vege tatlon.strlp s whlch

'l

have utec ll}e relief. trlpes bF tllS typo were more com-
mon on n1ddl° or lownr slooes such as tnose in Prospect
Stands_l,-S,.9 and.ll. o '  ) : “" ‘ ' ’ .

. ‘ Frecuent uoec1es incluae Cctrarla n1 a1 s and thsconla ..

L4

,&W“Jmnqciotna w1th mo"erate co%%r- and Cornlculnrla aculcata,
—_— oo oy o j ‘-

a

Ba N

' 0y . '
Cetrarla eplcftOVu“ cand Pact"llr ramuloga w1th low cover.

Bch_g;‘tilQSLl and%Q. rawuﬂo%a are Dartlcularlv charactnr—

7 istic of dry, basic. Subktratos but seldom attain high cover
L) <y

-,

‘values in the Alberta studv areas.- . Stérlle,‘c01onlzlng\‘
‘thalll oF Solorwna SPP. are also freguent on mineral soil in

=~ ‘'stone stripe substrate uﬁits. ’ . S .
: : N i > ' °
3 ot ‘

(2) Cetrarla errbetofum Qgtraria cucwllata - Pelticera
. L

- o

rufescens,(Plate 3) “ Do o ‘ : .
IS : AN

T LN
Cetrarla crlcetotum and C cucullata attain sighificant

e cover and frequency values in thlS communlty, as does the-

, character—%Dec1es Pcltlncra rufoqcen (Table 20) Cornicu:

8

“larla aculcata 1s freaunntly found w1th characterlstlcally

-lew COver, in comparlscn to Cetrarla anallS and Thamnolia

"

subuliformis=which have 1ower freaueﬂc1es “and higher cover.

-Stereocaulon a101num-uﬁd Parmella taractica Pave notlceably

= B

“elumped dlstrlbutloﬂs in - thls communlty tyoe. Approx1mate—

‘ly,half the sqb5traté»un1ts have scattered tnalll of Phvsco-
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PLATE 3. . Two views of the Cetraria ®ricetorum - €. cucullata .-
Peltigera rufescens community gn Frospect Mountain. :




Y
TABLE 19. Macrolichen species in the Cotraria cucullata -
Thamnolia subuliformis - Cepiraria trles:l commu-

nity (=1) 1n. albcrta; mean cover), frocucney (fre),
and cover value ranae in 13 subs trabo unlt@

“

Specics * ‘Cover' Tre Covor rapae '
Cetraria cucullata , 4071 100 .45-14-060
Thamnolia subuliformis - 3.92 100 .)O -11.33
Alectoria,é ochroleuza 0 3.22 62 .33-15.08 % &
Cetraria nivalis - . .2.88 - B85 .50-10.08
C. tilesii - e 2.08 92 .75- .4.08
P°h)’bcb\nJa musciocdna . 1.52 85 .33- 6.50 -
* Letraria cricetorum - . .- 1:18 62 ~.41- 4.25
" cornicularia aculegta - 1.17 77 .31~ 4.25
Dactylina ranulosa Co 292 . 85- .37- 2.50
D. arctica : ' .63 38 .50- 2.79 - ’
Solorina spp. B R 62 .41- 1.00
. Alectoria nigricans .08 8 1.00
A. chalybeiformis ° . .07 8 .87
Cetraria laevigata . .07 8 .87
Pelticera rufescdns " .05 8 . .58
Stereocau]on alolnum . .05 8 .58
- ! ¢
T -
N L



4 LT . . N -
- PABLE 20.  Macrplichen species in the Cetraria ericatorunm -
. Cetraria-.cucullata - Pultincrn I&f(ﬁerﬂ‘conmunl—
ty {#2) in Alberta; nean cole, JIO”u‘nLV ({rey),
and cover value range in 9. suh%tratL units.

' i 3

REY AR

Species . - ' ' Cover Fre Cover rande
Cectraria cricetorum . 3.34 89 .50-12.08

C. cucullata : 2.70 100 .50- .06 ¢
Thamnolia subGlifQrmis ' 2.61 78 . ..66- 9.25
Stercocaulon aloln‘m 2.13 . 44 .58-13.00 ~
Peltigera rufes i 1.91 .78 .592- 5.70 R
Cetrartia nl"allg 1.32 78 .50 5.00 ‘
Cornicularia acdleata - 1.16 89 .50- 5.08,
Physconia muscioena 1. 05 -85  ,25- 4.41
Parmelia taractica ' , 1.55
Alectoria ochroleuca .58~ 4.25 S
Cladonia pvxidata .25~ 2.91

Cetraria tilesii .29-"2.50
@Gladonia pocillum 1. 37-1.79
Dactylina arctica .50- 2.75
Hypogymnia oroérctlca .50-1.00
'Leotoalu@\saturnlnum .50~ 1.00
Alectoria nilgricans .- - . . .58
Dactylina ramutoSa: . 1.04 .
Solorina spo. : .54 ¢
‘Alectoria chalvbelFormls .06 11 ., .50 -
Cetraria islandica .04 11 .33

C. laevigata \ o . .03 - 11 .25




{ .‘ . 8C

nia musciacena, Cladonia pvxidata, C~traria tilesii and Cla-
conia nocillum. Alectoria ochiroleuca is much less important

than in the. first community, and is replaced partially by A.

nioricans and M. chalyheiformis in mesic, acidic habitats

‘ . %
(3) Pclticera avhthosa - Stereocaulon alpinum (Fiatc 4).
‘ - RN
The importance of differential-specics Pelticera avhtho-

sa and characteryspecies Sterecocaulon alpinum distinguishes:

this from other communities. Cetraria cucullata alsq attains

high cover, but occurs with lower frequency (Table 21) .

The three uub trate units reprcsenting this communi ty
are all wet-mesic, acidic habltats with marked differences in

Aspec1cs 0030051t10n and -abundance in comparison to either

»'
.

other communltv tyoe Wet or wet-mesic substrate units were

. ,,‘; .

smail and lnfrecuent\an

ne Front Range stud

. “' .
ized on a prell

13

community can only be characte
>3 . .

‘Of the three substrate units, Dk aopeais to be transitional

to the Cetraria ericetorhm - (C. cucullata - Pelticgera rufes-

cens .community.

Rare species which also characterize this wet-mesic or

1

snowbed community include\hsoroma hvpnorum, Solorina crocea,

Cladonia coccifera/metacorallifera and Nephromi'expallidum

(Table 18). Theé brown Cetraria species C. islandica attains

L 4

~7its highest ihportance.in this community, while C. ericetorum:

v

.

is intermediate and C. laevicata is absent. Importance

‘values for the six other constant soec1es (Table 18) are due

to Qccurrence in the transitional substrate un¥t Dl

a



lower photo.

.87

Two views of the Peltigera aphthosa - Stereocaulon

alpinum snowbed community on the Divide. Solorina

crocea and Lepraril

a neglecta are also evident in the
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TABRLE 21. Macrolichen specics in the Poelticeora aphthosa -
Stereocaulon Alpinum cormunity ((3) in Adbhon Cag

moean cover, regquency (fre)oand cover value range
in 3 substrate units,

Cover Vroo Cover ranaog

Peltigqera anhthosa 7.14 100 . s33-18.83
Cetraria cucullata 5.33 67 1.75-14.25
Stercocaulon alpinum 3.68 100 2.91- 4.50
Cetraria ericctorum 2.12 100 .H0- 4.50
" Alcectoria ochrolouca . 2.05 33 - 6.16
hamnolia subuliformis 1.61 33 4.83
Peltiqera rufescens 1:.36 67 1.83- 2.85
Cladonia ecmocvna/aracilis 1.29 67 .37- 3.50
Cetraria nivalis. .94 37 2.83
Cladonia pyxidata .78 33 2.33
C. pocillum ‘ .61 33 1.83
Hypogymniag subobscura .58 33 1.75
Cetraria islandica .36 67 .50- .58
Nephroma expallidum .29 33 .87
Cornicularia aculeata .19 33 - .58
Leptoaium saturninum . .17 33 .50
Psoroma hypnorum . .17 33 .50
Cladonia coccifera .12 33 .37
Solorina crocea .10 33 _ .29
Cetraria tilesii .08 33 .25
Dactvlina arctica .08 33 - .25
Physconia muscigena - .08 33 .25
A
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The main differential-gpecicos of snowboed stand Doowas

Lepraria nealocta, a white crustose lichen. This spoecies

N

) N “y o - . ! N I o M
contributced 42¢ of the total lichen cover i1n D6 Hiah ocrus-—
tose lichen cover was not encountoerced in other substrate

unite.

Yukon ~
Environmental Factors and Vegetation
*Bray-Curtis ordination of macrolichen vegetation from
Yukon areas shows two aroups of subgtratc units (Fiqf 8)
which correspond to parallel Nahéni and Ogilvic cocnoclines.

Well-veactated sites from both arcas are at the lower left

of the ordination (O5v, N2) grading to dry stone stripe sub-

i

strate units at the upper right (SOl, SNlO&.

Moisture regime and soil ol values for the Yukon were
plotted on the ordination (Fig. 8). Each érea exhibited wet
meadows or snowbeds; mesic élopes; dry ridge and stone
stripe habit'ats. Thé\moisture complex-gradient was there-
fore more cleéfly expressed in the Yukon than in Alberta
(Fig. 6)..

As in the Alberta data,*significantly different soil
pH groups (Table 5) corresponded to differences in'areas,
yith 04 éhd N5 és exceptions (Fig. 8). The former was a
meadow sife with high similarity to Nahoni meadows, which
seé}ed to override the substrafe pH relationship. The N5
stand was on a Nahoni outcrop of very low pH where vegeta-

b

tion was more similar to Ogilvie substrate types than to

]
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FICURE 8. Moisture reaime and substrate oH on the ordinatiorf
of Yuk[on substrate units.
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mine h“ the Taiont g, Stoand. placement an theoe o

.

1

cases o praboalc b e oo overborgane substrate copp lex

aradhiond o
The cobate outerap ot MY ia clone to the roegronal divi-

ston e and vaognterocdiate an o gubetrate pibe Thie veaeta

) ‘

A . & : :
tion data from this <t and woere extrencIy drcarrrlar to otnee
sites, whicyi resalted insthe contral vositiron ot this stand.

-

The cynthesic of pHoand motsture recimes (Pia, 9) - ghows

the two parallel moisture aradiconts didtinguished by suby

.

trate.  Wet, mestico, and dry habitots are representoed res-

pectively, within Nahoni clusteors 1-3, and within Ogilvie

clusters 4-6.,

Communitics )

b "
The vegetation in the Ogilvie arca is qualitatively

o

and quantitatively distinct from that in the MNahoni areca.
The first group of substrate units on the differentiated

i
table (Table 22) is composed of all Ogilvie sites cxcept 04.

3

‘The order of substrate units in this group is hichly similar -
to that along the x-axis fgom cluster 4-6 (Fig. 9), illus-—
trating the comparability of the two ordination techniques \'

used.
*\ - .
Correlation of a moisture complex-gradient with these
substrate units is reoresented primarily by variability i
Kl . . L
. . . o ' L . .
species importance, and secorndarily by species composition.

Substrate unit group 2 (Table 22) represents ordination

clugter 1 (Fig. 9). The substrate unit N5'is~of sufficient- .—



%

N

" FIGURE 9. Intecgration of moisture regime and substrate pH
' on the ordination of Yukon substrate units:
(1) wet, basic;(2) mesic, basic; (3) drv, basic;’
\\\ (4) wet, acidic; (5) mesic, acidic; (6) drv, acidic.



TARLE 22.

(x)

andi
and

Ocilvie
scaled abundanco values
derived fror reciorocal averacina ordination.

-
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Pifferentiated table for macrolichen veaetation
from Nahoni
order

() arcas. Stand

(+ to 9) are

el

/

Parrelia

 Thamnolila subulifornis

$sctigeehs a¥
P 1
o —+——-+++~—| 2
R R P el 3
S 4
B4 et 5
Go|+24 114444 6
O 1411441442 7
Bl 24 414444 8
B 11354122++4+ )
é 44— —m— =t~ 10
M 33-t ===~ 11
z- +144~4-——4 12
- | 42-4- 13
O Jyom gt 1omm dmbmmgtm=| == 4
0 [ <
2 6
y TTTTmmTTTT m—m4—em) = #411244244312141117
M e—m—m e m - e +4++++4- 1++++=++108
S ———————————— ——— 44 ——dt—mm—F -t 19
R it ettt 4 Qd—dmbe——to—4---]20
€ mimmmm— e e [ — e dmedmddA—mt | D]
&
*3112114+43 23231122+ 13121441414 _
$422142143 1++1-+214+ 11+121+411+1~-1+3~ 23
1244244443 44122122 10121441 1+2+T4=4 2
d-=d 44441 141222321 4312371252513++1 2
B 4o—m—t]14+441 249117621 15+11+L2411++44% 76
2 et 44+ A tFo+11— 114 FHA L A1 27
B e dbodabod 444112144 114144+ 14+ —+++- 238
Y e ddmddtt Am—lom-t— ——itl-td--1-1-44 29
8 ————— fomdm led——++1- bbb t-+1d-144- 30

m———— Bt st Ahel b kbt +—== 3]

—————— -] H-Lmmmtd— —mmt 2ttt 32

- e m e — e —— 33

edm e m e —m———— I ettt 34
R S dmmmdeomm mmmmmmmoem— o 35
é B et fmmm e 2 e — e 36

i 2 3

1 ¢. coccifera/metacorallifera

2 ¢. ecmpcyna/aracilis

3 ¢. arbuscula/mitls

4 T, subuliformis/vermicularis

Solorina crocea .
Cetraria nigoricans
Peltiocra pulverviaonta
Cladonia macropnyllia -
Clacdonia craiswvata
Cladonia coccifera-
Cledina ranciferina
Cladonia ecrocyna®
Cladira arbuscula3
Claedenia uncialis
Cetraria richardsonii
Cladina stellaris
Svhacrophorus clobosus
Pelticera anhthosa

Aloctoria nitidula

chrvsantha
tilesii
separata
Solérina swo.
Hv00qymnia'subob5cura
Cornicularia aculecata

Cctraria

Dactvlina arctica

Cotraria nivalis

Cetraria islandica 4 L
»

Cetraria cucullata

Alectoria- ochroleuca

Cetraria laeviaata

Dhactvlina rarulosa

Cornicularia divergens

Cladonia pyxicata

Plectoria nigricans

Claconia amaurocraea
Cetraria ericectorum -
Psoromna hvonorum

-Peltigera malacea




B

ly low pli to be groupcd in ordination clustcer 5, yet‘has
chqtation attributes which are transitional to wet ana mnes-—
ic hahoni Sitcs. Tﬂc s?cohd‘éroup of substrate units (N1-
W4) corrcsponds to the wet cnd of the Nahoni,moisturé‘com—
" plex-gradient.
The relationship ofordination clustérs 1" and 4 is
baséd den‘charactcé-Qpccies for both_shbstra£e uni£ groups

1 and 2. This group of ¢ight species .includes those from

Cladina ranciferina (#6) to Peltigera anhthosa (#14) on the

i

differentiated table. These species are found in wet to

-

mesic sites 'in Ogiivio and Nahoni areas, with greater impor-
ténce in the QOgilvie sites. " In other words, moisture régime

~can override the correlation of pH and specicé composition.
However, the lower quaﬂfitative Nahoni values for these spe-
cieé may be evidence of.a leés pronounced enyironmental fac-
tor suchlas pH, or a factor correlated with“it:

Trénsitional substrate units‘Né, SN1, NlS and N3 are
similar to substrate unit groups 2 and 3, but have slightly
higher values wiéhin the group boundaries as delinecated on
Table 22. For instance, quantitative similarity values of
N15 place it in gréup 3, whereas qualitative criteria waﬁld
ghift it into group 2.

The third substrate unit group consists of dry and
mesic Nahoni sites. The mesic-dry sites are on the left
v

two-thirds of group 3 with the driest on the right, again

corresponding to general x-axis order (Fig. 9). Species-com—

N2



‘differences are cnhanced by the in erabtibn‘o“ thc moi s tur:

) . . 4 "\~ .
position of this grouwn COﬁoared to the. othor tno, relates

m"

cnce hctwepn arcas. Suca

| fo

G .

closely to the substrate oH diffe

’ w

cormplex-gradient.’,

Thlee lichen communltlcs corres d*nquto tho qu@trdte
. - . \(\ " T . N . N
unit® groups are: - (1) Cladina arbuscula/ritis - Cetraria
nivalis - Cladpnia coccifera/meotacoralli (2) Cetraria
cucullata - Dactvlina arctica '~ Cétraria lacvicata; and
(3) Tharmnolia subulifohmis/vermicularis - Cetraria tilesii.
(1) Cladina arhuscula/mitis - Cetraria nivdlis - Cladonia-—"
coccifere/metacorallifera (Pla e 5) ? -

so

Species of the Cladoniaccae account for 57% of the spe-
cies richness in communities 1 and 2, with grecater impor-
N { ) . : .

tancc in the former. ' Cladina arbuscula and C. mitis com-" -

blned have the hlghest quantitative values in thlS communlty
(Table 23). These taxa are morpuologlcally 1dent1caﬂ, and

were consplcuously prcsont w1tn C. ranqiferina in" the major-

1ty of quadrats in each stand The fourth relnacer lichen

‘ A .
C. stellaris occurs with the others but is less widely dis-

tributed. Related Cladonia species which are abundant and

fregquent include C. coccifera/metacorallifera, gf ecmocvna/
qracllls, C. crispata and C. uncialis.
Seven differential-species are found in. this community

including C. coccifera/metacorallifera, C. crispata, Peltl—

gera pulverulenta, Cla onla macronhvlla, Solorina crocea,

and Cetraria niaricans. Of these, C. nigricans and Cladenia




Two views of the Cladina arbuscula/mitis - Cetraria
nivalis - Cladonia coccifera/metacorallifera communi-
ty in the Ogilvie Mountains. Cladina stellaris is '
conspicuous in the lower photo. '




pecics in the Cladina arbugscula/witis-

TABLI: 23. Macrolichen s ,
' Cetraria nivaliz - Cladonia COCCJT““J/ﬂHfJCO{pJQi—"
"

fera comrunies (1) 1n Lueosubon; moan covor,\;rOfﬁ
ayency {fre); and cover value rance in 10 substrate
undts., . . ’ ' N
! « ) - N ‘\ L
o
§
Spccics ' ‘ Cover ' Fro Cover ranag

Cladina arbuscula/mitis
Cetraria niwvalis
Dactvliina arctica
Cetraria islandica

6.04 .100 1.08‘—]_4.}‘5—~
4,93 100 .78-11.33
4.40 100 .50~ 9.25
4,01 100 1.58-11.33
Cladina rancifarina 3.25 100 1.08- 7.58.
_Cetraria richardsonii o 2.29 40 .50-10:00
. Cladina stecllaris - 2.15 . 60 .25=14.25
Alectoria ochrolcuca ' 2.01 60 .50-11.33
Cladonia coccifera/mctacérallifera 1.93 100 .50-.4.25
C. ecmocvna/gracilis o 1.90 100 .25- 6.12 »
C. criswvata’ 1.32. 70 .25- 4.91
Dactvlina ramuldsa ' 1.26 70  .25- 3.25 .

Cetraria cucullata 1.06 70 .50- 3.25
Thamnolia subuliformis/vermicularis 1.15 60 .50- 3.75
'Sphaeronhorus alobosus .. 798 30 .50- 7.50
Cladonia uncialis o .83 40 .75- 4.41
Peltigera -pulverulenta ' .74 30 .58- 4.83
Cetraria laeviaata i .62 60 .50- 1.83
-Peltigera aphthosa ‘ Y .40 .50- 3.83
Cladonia macrophylla .54 3 .25- 4.66
Alectoria nigrdcans . .49 30 .50- 3.83
Solorina crocea ' .44 30 .50- 2.25
Cetraria niaricans ' ’ .38 40 .25= 2.00
Cladonia amaurocraca . .38 20 1.25- 2.58
C. pv:idata - .22 30 .58- 1.12
Cornicularia divergens : .16 20 .50- 1.08
Cetraria ericetorum . 11 10 1.08
Peltigera malacea .05 10 .50

Psoromd hvonorum - .05 10 .50




coccifera/motacorallifera were otherwise encountered only in’

Hahoni stand N13.- .
VN In the cenus Cetraria, C. nivalis and C. 1G1nn 1ca arc

-
A

more important cuantitatively than C. lacvigata or C. niaffxy

N

cans, and C. ericetorum is relatively rare. Cetraria cucul-
lata = has  intermediate importance values:to C. islandica and

"-C. laevidata. In wet . depressions C. richardsonii is .impor-

)ﬁgn&, and is lcss evenly distributed within a stand taan the

¥, other abundant congeners.

6nly three regionally constant species Cornicularia di-

vercens, Cladonia pvxidata and Alectoria micricans are impor-
tant in this communlt} This may- be related to the increas-
ed numbers and abuneance of dlfferentlal— and chalacter—

soec1es, compared to the other Communltles (Table'22).

Both Solorina crocea and uphaerophoruq aglobosus aré re-

stricted to mineral soil in late.snowmelt sites. In wet

vegetated sites large thalli of Dactyvlina arctica are fre-

quent, with hlqh cover. Claﬂenia ecmocvna/oracilis,and CE
crispata are also found in this habltat, where they are in-
terwoven with vascular plant vegetation..

Drlest 51tes in- this community tyoe are on exposed

acidic outcroos domlnated by the moss Rhacomitrium lanuq1no~

sum, Cladina spb., Cetraria nivalis and Alectoria ochroleuca.

Tne marked co-occurrence of these pale spec1es suggests a
relationship between Dlant color, and energy and water rela~‘

tions in these sites.



The basidiolichen Coriscium viride was) found in one

’

stand (02) in Drvas octopetala veqetéfion.v It is the only

northcern reprasentative of this small and poorly understood
-group of lichenizing fungi. In its vegetative state it
greatly>rescmbles sterile Cladonia species, and bccauseyof
thi;‘is probably mere common in'norﬁhérn regions than col-

"lection records imply. ' L

(2) Cetraria cucullata - Dactvlina arctica - Cetraria laevi-

gatd (Plate 6)
. A\ ’ B )

Cetraria“ species such as C. cucullata, C. islandica,
and C. laevloata occur with lncreased 1mportance in this
communltx, COmDared to community 1. Conversely, most of the
Cladonia Species are present with lower relative importance‘

value% to those in the first communlty Within the first

’15 sp001es listed in Table 24, only Cladlna arbuscula/mltlo////

represents this lichen group.

Nahoni snowbeds, mesic deoressions and slopes are ‘re-
vpfeSented in this type. The first nine species (Table 24)
are all abundant and robust 1n mesic to wet habitafs:

Sphacrophorus globosus is also ‘ound on_wet mineral soil as

in the first communltv Stereocaulon alplnum is Dresent in

meéic sites, although it is rare and‘quantltatlvely minor.

The absence of- Solorina crocea may be due to other habitat

factors such as DpH. : .
Upland species are also found in this community, inclu-

ding Cornicularia divergens, Asahinea chrysantha, and the
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PLATE 6. Two views of the Cetraria cucullata - Dactylina
arctica - Cetraria laevigata -community in tae ~ahoni
Range. Cetraria richardsonii is conspicuous in the -
lower photo. - ’
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TABLIL 24. Macrolichen gspocies in the Cetraria cucullata -
Dactvline arctice - Cetraria Iadvicata cormunity

(#2) 1n the Yuson; mean cover, troqguency (fre),
and cover valuc ranage in 9 substriiye units.

/
7
Species ( Cover Qro Cover, Ranae
Cetraria cucullata : 12.17 100 3.25=-29.04d
Thamnolia subuliformis/vermicularis * 5.33 100 2.41- 8.78
Dactylina arctica ' 5.19 100 1.50-11.33
Cetraria-islandica 4.25 89 2.00- 7.50
C. laevicata 3.20 100 .58- 6.70
C. nivalis 2.58 89 1.00- 6.12
Alectoria ochrolcuca . 1.47 78 .50- 5.50
Cladina arbuscula/mitis 1.46.. - 78 .58~ 3.75
Cetraria richardsonii i 1.43 44 .50- 5.25
Cornicularia divergens 1.32 /55 .25+ 5.41
Asahinca chrvsan®a . 1.29 55 .20- 4.25
Sphacropliorus globosus 1.13 22 .29- 9.91
Dactvlina ramulosa ' .79 33  .58- 3.41
Cetraria tilesii . .50 22  .66- 3.83
Cladonia ecmocyna/aracilis _ .47 67 .25- 1.41
Cladina rangiferina’ o .46 44 .25- 2.08
Cladonia pvxidata _ ; .44 55 .33- 2.00
Peltiacra arhthosa . .41 44 .29- 1.37
Alectoria nigricans .36 33 .50- 2.16
A. nitidula . W13 0 22 .25~ .95
Solorina_ spo. : , .13 22 .50~ .66
Peltigera malacea Va 117 22 .50
Cladonia amaurocraea .06 11 58
Hypogymnia subobscura o .06 B .58
Psoroma hypnorum . ' .06 11 .58 .
Cladonia uncialis v .03 11 .25

Cladina stellaris .03 11 .25
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less Imvortant specics Pactvlina rarulosa, Cotraria tilesii,

Cladonia vvuidata, 2lectoria nicricans and A, niticdula.

(3) Tharnolia an'uls fornmis/vormicularis - Cotraria (ilosiis .

7

Species of mesic to dry habitats arc most important in
this community (Plate 7). The drier sites are charactoriz-

ed bv greater importance of Thamnolia subulyformis/vermicu-
. ‘ .

laris, Cetraria tilesii, Asahines chrvsantha,\Alectoria

ochrolcuca, 2. nioricans, }brnicularia aculeatd, C. diver- |

Y I3

gens, Permelic sceparata and Dactvlina ramulosa (Nable 25).
——————— w

Species with mesic associations include Cetraria cucul~
. . .

lato, C. islandica, C. laevigata, C. nivalis and Dactvlina

arctica. Representatives of the Cladoniacéac are relatively

minor in this community type.

Nahoﬁi Slate Outcrop Stand

This and two othezr stanaé are discussed separately dué
to low similarity values with stands.in théAthree designated
communities. The slate outcrop stand (N13) is most similar
to N15, but is dissimilar to communities 2 and 3 which are
both reiated to N15.

The distinctiveness of this stand is due largely to the

dominance of Stereocaulon alpinum, which was rarely foéund in

other stahnds. VegetatEon data for this stand are otherwise
characterized by high species richness with low cover for
most species (Table 26).

Some species ‘such as Cetraria nigricans and Cladonia

coccifera/metacorallifcra are found e%clusively in Ogilvie

-




PLATE 7.  Two views of the Thamnolia subuliformis/vermicularis-’-
Cetraria tilesii ccmmunity in the Nahoni Range. ]
Asahinea chrysantha and Cetraria laevigata are con-

spicuous 1n the lower photo.

—
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. ~
TRBLL 2. Macroliethen Soecies de e T e G snhag b oy s/
Veorrmaonlagrrn - oty ot e Coranuantr by ta3) an
the Yooy woan Ccov o, ey (fro), and cover

cvalue ranoce din o lo substyate unito.

Swwvf?n ‘ : Cover Fyes Covoer yranae
ThamnoTia subulitormia/vormicularis 7.49 000 2700 < 000
Coetrarvia tilesin . i 4.13 100 1.5%0- 9,25
O, cucubklata » 3.51 100 1.08=-15.60
Asahiincea chroesantha 3.27 94 .50- 8.83
Cetraria islandica 3.27 94 .50- 8.00
C. nivalis 2.89 88 .58~ 6.75
Dactyvlina arctica, . 2.83 ’1 50— £.83
Cotraria lacviaata 2.43 88 1.00- 500
Alcctoria ccarolouca 2.13 94 .50~ 5.50
Cornicularia divorgens ) 1.52 81 .50~ 5.50
Parmelia separata 1.17 88 .50~ 3.25
bactvlina ramuloca 1.02 56 .50- 4.00
Hyvoovrinia subobscura .69 36 .. 58~ 6.75
Alcctltoria niaricans .68 50 .25- 5.83
Cornicularia aculoata .57 36 .58-72.75
Cladina arbuscula/mitis .29 36 .50- 1.08
Cladonia ecmocyvna/gracilis , .25 25 .58~ 2.08
Alcctoria nitidula .24 12 .58- 3.256
Cladonia pyxidata .22 36 .25-1.00
Sclarina svo. .22 36 .50~ .66
Cladina stellaris .15 12 . .50- 1.¢83
Sphaerorhorus globosus .11 6 1.75
Cladina rangifecrina , .08 12 .66
Cetraria ericetorum .03 6 .50
Cladonia uncialis _ .03 6 .50




TARLL 20, Covenr o la vala o Tty

dabion gl ot out oo

tem

Stercocaulon alpinnnm

Thamiolrg cubbi oy wis/veormiculart s

Cotrorta nivalis
Sphacroniu e us alobonus
Corntcularia Jdive raeprs
Mlectoria nigricans
Hyooavmnia hvaod o
Claodonin conocrn/aracilis
Darpmelia sovarata
Lloctoria npabescens
Cotraria riovicans
Cetrarra cncul lata
Hyhoovmnia sulohscuy
Moectoria nitidula

A. ochrolouca )
Asabinea chrvsanthn
Cladira rangiferinn
Cetraria coricoetorun
Cladina arbuscula/nitis
Cladonia uncialis ‘
Asahinea scholanderit
Dactyvlina ramulosa

Cladontia coccifera/metacorallifera

Cornicularia aculerata
Cladonia amaurocraea
C. macrovhyliodes

Cover classos:

+ less than 1%
1l =1~ 5%

2 =6 - 15%

il

racrol ol

+ + + F F F b e b e b e e e e e e RO R0 MO
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sitcs except for occurrchce in this gtand. Asaninca scho-

landeri is encountered only in this outcrop chcﬁatioh.
‘ ' : o . . . —
Reasons er the distinct combination oI shocics compes__
x} N - : b
sition and relativé 1mportance values cannot he rcadilyf
dctﬂrmlncd from thase data. Pernams tho small slate fraﬁ—
mgnﬁﬁ afford a unlmu conblnatlon of dry ac1o1c quustratc

characteristics in a rcqlon of DrLdOﬂlnaﬂth basic habltutr

Nahoni Netlénd Stands .
These hydrig\sftcs were sampled Olf;ereptLV than othcr
, stands (sce Methods) tB\pﬁayigS\qeneral information on the
' far end of the rnoisture compl%x;;;;aféhtr\\5§§§d Rl is a -
Botula olandulosa - Rubhus chacmaemorus - Ledumipéluéfré
. streamside pommunity, and'stanﬁ R2 is dominated by Erionhor-
um vaginatum with Carcx biclowil and C. oederi. The_fcrrain
is underlain by permafrost, and vegetated hummocks are inter-
spersed with wet:areas or standing water. Bot1 stands are
“dissimilar to the three described macrolichen communities.

.

In Rl vthe important macrolichen species on upper, hum-

mocks include Pelticera aphthosa and Cetraria cucullata,

with Cladonia chloronhaea, Dactylina arctica and Cladina rand-

~ (Table 27). Major species of lower hummocks are

iferina
Clad;;; arbuscula, pactylina arctica and Neohroma arcticunm.

S

The last speéies\li onlv found in vcry wet 51tes.

The upver portion of Eriophorum vaq1natum tussocks has

high cover of Cetraria cucullata and Cladonia apaurocraca.
P S e
Lower tussock habitats are dominated by Cladinra arbuscula




TABLE 27. Cover class values for macrolichen species 1

Nahoni wetland stands R1 and R2.
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S

h the

-

R1 e
——_ Cetraria cucullata

Peltigéra anhthosa
Dactvlina arctica
Cladina 'arbuscula
Nephroma arcticum
Cladonia amautrocraca
Cladina rangiferina
Peltigera canina
Cetraria nivalis
C. richardsonii

, C. islandica

-~ Cladonia chlorophaea

. Cetraria vinastri .
Cladonia cornuta
C. gonecha '
Peltigera pulverulenta

R2
Cetraria cucullata
“Cladonia amaurocraea
Cladina arbuscula
Cetraria islandica
C. nivalis
Cladonia chlorophaea
Cladina rangiferina
Peltigera aphthosa
.P. canina
Dactylina arctica
Cetraria richardsonii
~C. laeviagata
. Thamnolia subuliformis
Asahinea chrysantha

Cover classes:

+ = less than 1%
1 =1- 5%

2 6 — 15%

i

Cove

r class

+++ FHEHHEEREHERENNONNDN

S N L SRS RN

s
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and Cetraria cucullata. Svecies wnich are found 'in either

wr

microhabitat for both stands include C. cucullata, Cladina

\\ranqiferina and Cladonia amaurocraea. Other gencrally dis-

;;Ebatég\i?eC1eS are Cetraria nivalis, C. is aéndica, Cladina -

arbuscula, Cladonia chloroohaea, and Pelticera apnthosa.

Cetraria, rlchardsonll is the only spec1es restricted to a

" lower hummock microﬁabitat in both stands

.Fellfields

e

Fellfields werle rarely encountered in the study regions

- due to the predomlnance of unsuitable rock tyoes. Only one

fellfield site was found in each of the D1v1de and Ogilvie
areas on sandstone and granite, respect;vely.

The sampling procedure wés established for rock sur-
faces greater_than 10 x 10 cm .on the most horlzontal surface
(see Metﬁoés). This allowed general}descrlptloL‘of macro-
lichen vegetation, without assessing the additional zonation:
‘along corners and sides of rocks.

Macrolichen vegetation from both fellfields is summari-

zed in Table 28. Several species appear to be restricted to

rock habitats, including Alectoria minuscula, A. pubescens,

Cetraria hepatizon,' Hypogvnmia oroarctica, Parmelia alm-.

'guistii, P. centri fuaga, P. panniformis, P. saxatilis, Umbil-

icaria cvlindrica, U. hyperborea, U. phaea and U. probosci-

dea. Small pockets of soil on the'rock surfaces support the

terricolous species Alectoria ochroleuca, Cladonia cocci-

fera/metacorallifefa, Pactvlina ramuiosa and Thamnolia




TABLE 28. Cover class values for macrolichen species in
’ fellfield stands 02 and D3, and inter-stand

similaritv.
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~

02 Cover clas

Umbilicaria hvoerhorea

Umbilicaria proboscidea

Cetraria hevatizon

Parmelia centrifuca

Parmelia vwanniformis’

Cetraria nigricans

Alectoria ochroleuca

Parmelia almouistii : .
Cladonia coccifera/metacorallifera-
‘Alectoria niaricans

Alectoria pubescens

Hypooymnia  orparctica

Umbilicaria phaea

Thamnolia subuliformis/vermicularis

D3

Umbilicaria hvperborea : .
Alectoria minuscula

Hypogymnia oroarctica.
Umbilicaria proboscidea
Alectoria pubescens

Parmelia saxatilis o
Umbilicaria .cylindrica
Dactylina ramulosa

Thamnolia. subuliformis

Cover classes:

+ = less than 1%
1 =1- 5%

2 =6 - 15%

3 = 16 - 30%

I

Percent Similarity (PS) 36%
Coefficient of Communitv (CC) = 43%

ttt AR REREONDW

++++tHENODW
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subuliformis/vermicularis in the Ogilvié site..
e S
Similarity between fellfields was. assessed with coeffi-

cient of community and percent similarity indices for macro-
lichen data (Tabie 28). The former indéx pfoduceg-lower
similarity valﬁes for fellfields than' for other‘Qgilvie_and
Divide‘sites (Table 17). This suggests regional floristic
dissimilarity, which is amplified by greater species rich-
ness in the Ogilvie fellfield. = Low pepcent‘similéfity be-
tween fellfields.indicates th;t species-in common do nof
exhibit importance trends which ére sufficiently similar to
override importance yalﬁes froﬁ additional speciésﬂ
Fellfields are characterized by several crusﬁose’
iiphens in addifioh fQ mécfolichens. The rock surface
‘microhabitat favors crustosé lichens over most plant groups,
although Competitive and successional interac£ions are not
known. It is perhéps more suitable in fellfield studies:téit\
déscribe‘crustose lichen species and cover values aléng with

macrolichens, than to assess macrolichens alone. Common

crustose genera in such habitats inqlude‘Buellia, Caloplaca,

Candelariella, Dimelaena, Haematomma, Lecanora, Lecidea,

Rhizocarpon, Sporostatia and Staurothele. Relevant studies

of crustose and macrolicgén species in’felﬁ?ields may be
found in Bryant and Scheinberg (1970), Bird (1974a, 1974b),

Daniéls (1975) and Kuchar (1975).
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Inteoration of Macr lichen and Vascular Plant Communities

_Alberta . \

Partial corfespondcnce of thékmacrolichen and vascular
blant communitieé is due to An unéqual number of designations
(Fig. 10). Communities have Leen }ndependently,derived in
each gata set to provide convenient plant—habitat references.’
ﬁowever, these designations tend éo conceptually eliminate |
the original vegetation gradients which are evident in the
extensive overlap df communities in Fig. 10.

The major iﬁblication of’gverlapoing communities is
‘that responses to environmental factors vary between differ-
ent grcups of plants. In this case, macrolichen community 1

~is found in vascular‘plant communities 1 and 2 iﬁ drv habi-
tats with basic substrates. 1In mesic substrate unité of
’/,yascular plant community 2 there is a'shift fo the second
macrolichen group.b,This’macrolichen/communiﬁy is most close-
ly associated with mesic and acidic vascular plant group 3,
and is aigo represented in the fourth community. Macrolichen
community 3 is also found with both vascular plant groups
3 and 4.

Lichens.are long-lived, and may‘ﬁot bevinfluenced
diféétly by the same time factors which affect vascular
plants. Thus, mécrolichens may not exhibit comparablé spé-

‘cies‘groups or communities'to thése of'vaschlar plants at a

given point in time. However terricolous alpine macrolichen

species are found in close association with slowly growing



MACROLICHEN
COMMUNITY

B

" CETPAPIA CUCULLATA
THAMNOLIA SURULITOPMIS
CETFARIA. TILESII

3

VASCULAR PLANT
COMMUNITY

DRYAS INTEGPIPQLIA
CAREX RUPESTRIS
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e

2.

DRY25 INTEGRIFOLIA
OXYTROPIS PODOCAFRPA
SALIX NIVALIS

£

2.
CETRARIA EPICETORUM

CETRARIA CUCULATA
PELTICEPA RUFESCENS

——d

3.

PELTIGERA APHTHOSA |
STEREOCAULON ALPINUM.

3.

DRYAS INTEGRIFOLIA
HEDYSARUM ALPINUM
ANDROSACE CHAMALJASME

4.
\

SALIX® NIVALIS
ARTEMISIA NORVEGICA

INCREASING MOISTURE |

FIGURE 10. Interrelationships of macrolicheén and vascular
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INCREASING SUBSTRATE pH_.



’ : 113

/

plants like Drvas spp. which influence several .of the physi-

a

,calvmicrohabitat parameters. Therefore, macrolichen\gommun—
ities could be éxpected ﬁo vary‘with vaséular plant vgé?ta-
tion.’ L e . | ..
The greater number of vascular plants than hacrdlichen
soecies'may be‘impoftant in the differences between plant .
communities{uﬂGreate} competition and narrower ecological
amplitudés could be expected for many_of the vascular plants
than for the small number of more widely distributed'macro-
lichens. Thig would partially explain'the discrepancy be-
twelen community designétiohs, as well as the greaternimplied

sensitivity of vascular plant species to énvironmental com-

plex-gradients.

o Yukon

\

. L)
_ Community designations for vascular plants . and lichens

exhibit a high‘degreé~bf correspondence in the Yukon areas
, —— .

(Fig. 11). Only two Nahoni substrate units are displaced
and both shift from macrolichen community 2 £o-vascular
plant‘grouﬁ 1. These wet sites (N2, N5) haveycomparable
éimilarity values to each of fhe first two vaécularlplant
communities, sb this relocation is not a significant discre-
pancy. o h |

The correlation BetWeen pl?nt communi ties (Fié. 11)
contrasts with results from A}berta. This may be due to a
clearly defined moisture complex-gradient and higher macro-
lichen svecies richness in the Yukon data. The greéier

*

'
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number of spocies suqggests that-patterns of ecological am-
plitude are more similar in both grouns of plants, which
would promote parallel vegetation changes along environmen-

tal complex-gradients. . \

»*

-Based upon resultg from this investigation, vascular
. : ; N

plant communities in the Yukon study regions reflect terri-
colous‘macrolichen commqni%ics. Such correlation may ﬁa&é'_
high predictive value in other northern Yukon regions. 1In
contfast, the Front Rénge'environment in Alberta shows less
precise correlation ofvmacrolichen and vascular plant commu;
nities. The'degree of correspondeﬁCeﬁis sufficient for geh-.

eral predictive purposes and is most appropriate for dry

sites in the Front Ranges.

Species Response Patterns ‘ //
Introduction

Individual macroliéhen:species have previously béén‘men—
tioned in the contegt of plant commﬁnities. In this section,
mac;olichen speciés are egémined individually with species
population ré%ponse pattérns (Whittaker,1973a) derived g&
'.plotting cover values on the regional Qrdinatipns. Since
the‘ordinations display parallel gradients of moisture and
substrate pH for the areas in each region, the ecological
importance of these factors can be visualiy estimated for
each species. The eéological amplitude of each speéies‘is\
graphically approximated by the_response pattern, and can be

.compared with those of other species in the area or region.

.
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The ordinations usced to construct the species popula-
tlon’rojpon so patterns are those in.Figures 7 and 9, with
epvironméntal paramcters indicated aloné the axes. All cover
values have been 'returncd to cover clgsscs, and arc grouped
with isodems (Whittaker 1973a) to facilitate interprectation.
" Response patterns of‘macrolichon specics are placed
into six ecologicél aroups (Whittaker 1973hb) based upon sub-
strate pH asSociation as follows: (1) iquist (common with
wide ecological amplitude); (2) common on both substrates
w1th greater 1mportance values on ac1d1c substrates; (3) ex-
clu51vely found on ac1d1c substrates; (4) equally represen-
ted on both substrates; kS) common on both substfates With
greater importance values on basic substrates; and (6) ex-
clusively found, on basic substrates.

Since general differences in areas are indicatgd in the
substrate pH gradiénts, these valuesﬂare used instead of
moisture regiﬁe in determining ecological groups. Species
within each of these groups have differing ecologicalﬁampli—

udes which are related to a moisture complex-gradient.

Rare species are included in the six categorles of res-
ponse patterns in one of the two reStricted groups (3 and 6).
These species caﬁ thus bé tentatiﬁely evaluated, witﬁout
overestimating 1mportance. The value of including such spe-
cies in this section is. to compar; populatlon responses in
different regions, especially in cases where a species 1is

significantly more important in one region than in the other.

4
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Alberta .
(1) Ubiquists
" There are five common and abundant spoc)on in the ubi-

quist group (Fig. 12). Cectraria cucullata and Thamnolia sub-

uliformis are the most evenly distributed across the ordina-
tion, and both attain highest cover in the mesic sites.

Cetraria nivalis and Cornicularia aculecata are also frequent

]

but have higher cover values in the basic sites. In contrast

Cetraria ericctorum has greatest importance in mesic and aci-

dic sites. Of these species, C. cucullata seems to be the

most important macrolichen when comparing all sites.

(2) Common Species on Acidic Substrates
All spepies of this group are relatively infrequent,

~and occur rore .often in acidic than in basie™sites (Fig. 13).

-
Peltigera rufescens is the most common species with highest

cover in mesic and’acidic Prosvect stands. However, it.is’
most frequent in Diyidé vegetation substrate units: Claddnia
‘'pocillum has a similar but more limited response péttern!
Both Species are restricted to rineral soil, where they
apparently colbnize readily and their abundance may bg'more
dependent upon availabilitv of soil rather than soil attri-

butes. Cetraria laevigata (Fig. 13) and Alectoria chalvbei-

B

v

formis are both infrequent, with marked associéiion with

acidic substrates.
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(3) Specics Exclusively on Acidic Substrates
. [

. S T .
Stereocaulon alpinum/rivulprum and Cladonia pyxidata/

Pl

macrophvllodes exhiBit high frequency on acidic,sites (Fig.

14). This is aecentuated in each case bv combining taka,

*

which was done because field determinations were not feasi-

ble. Pelticera aphthosa is of low frequedbykbut high cover

©

in mesic acidic sites (Fig. 14). Species of miner occur-

rence and importance include ARlectoria nigricans, Cetraria

\

“islandica (Fig. 14), Leptogium saturninum and Cladonia ecmo-
RN ==
cyna/gracilis.

Three resttricted snowbed species Cladonia coccifera,

Nephroma expallidum and Solorina crocea are also in this

group. Hypogymnia subobscura and Psoroma hypnorum are found

in one mesic Divide stand. Scarcity of acidic areas 1is par-
tially responsible for low frequencies in this group of

e 4 : :

,speéies. ' . '

(4) Common Species cn Both Substrates

The only species of Similar'response on both substrates

is Dactylina arctica (Fig. 14). The abundahcéuof this spe-
cies on mesic sites indicates that moisture is more impor-

tant than-substrate acidity.

(5) Common Species on Basic Substrates

.

Common species on basic sites include Alectoria ochro-

leuca, Physconia_EuSCiJena and Cetraria tilesii (Fig. 15).

All occur/g;\}sigis/éfies as well, but with reduced cover

Y
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and. fr ¢quency. Alectdbria ocnroleuca is the only species

with a distinct arrangement of cover values. The pattern

partially correlatGSIWith moisture, and is more closely re-
lated to increase in total veqetation covér This is con-
sistent w1th field observatlons where A. ochroleuca thalll

were best developﬁg‘on stable, well- vegetated mesic slopes.

(6) Species Exclusively on Basic Subgtratef
The only specieg restricted to basic substrates are.

Dactylina ramulosa and Solorina spp. (Fig. 15). The former

is mbre important in mesic sites, while the latter is even-
ly distributed. With the addition of group 5 (thrée épeF

cies) and twé species ftom,groupwl; there ar; fewer species
associated with basic'thah with acidic habitats. This may -

be due to the prevalence of dry, discontinuous and relative-

1y species-poor vegetation in these areas.
Yukon

(1) Ubiquists

The ubiquist, group 1ncludes Dactvlina arctlca, Cetraria

islandica, C. nivalis (Fig. 16), Thamnolia subullformls/

2

vermicularis, C. cucullata, C. laevigata, and‘Alectoria

ochroleuca (Fig. 17). Of these, D. arc i (Fig. 16) shows
the strongest assdciatioh‘ﬁith§wet and mesic sites, with

lower importance in drier areas. Cetraria islandica exhi-

bits a similar tendency, but is not as abundant in wet

sites and maintains importance in drier sites. The pattern
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of C. nivalis is similar to that of C. islandica, but the
former has higher‘impo;tance in the entire mesib‘region of
“the ordination. Thcéé three specics are the most prbnounced
generaliéfs; vet aTl'have distinct and unique habitafs in
which_imporfanc§ is maximized. ; i

The four‘reméining species in.this group (Fig. 17) show
a minof Qﬁalitative decrecase in Ogilvie sites. The greafest

importance-of Cetraria cucullata and C. laevigata.is in Na-

hpni:snowbeds, with mid—raﬁge values in wet to mesic Nahoni
sites and lowest values ip dry sites .of both areas. Thamno-

-lia subuliformis/vermicularis and Alectoria ochroleuca exhi-

4

bit‘mesic versionS‘of this pattern. Since none of these
speéies'}s appérentl§ reétricged by eithef moisture or pH
alone, there is sbme‘otheg reason why tﬂese generalists ére
'.less-successfnl in the'Ogilvié sites. - OneApossibility_is
that competition from a group vaspecialists limits fhese

generalists on acidic substrates.

(2) Common Species bn‘Acidic'Substrates

~The\ largest response pattern in this group is that of

»

Cladonia ecmécvna/qracilis'(Fiq. 18). This may be due to

‘cémbining the two taxa, if they actually have differént habi-°
* . ' . . 3 . . .

tat requiremenks. All but one Ogilvie site is included in

addition‘to less than half the Nahoni sites. Most Nahoni

occurrences are on acidic substrates. ‘

Species of local abundanceoinclude Cladina stellaris,

¢. arbuscula/mitis, Cladonia uncialis, and Cladina rangifer-
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ina (Fiq. 18). All occur in wet and mesic Wahoni sites, |\

'bqt achicye much greater cover in Ogilvice éitcs. These
cies scem to have broader tolerances to different moisture
regimes when the substréte is acidic.
- A subgroup‘;f four species is coméletely restricté \

the Ogilvie area with thé exception of one dry and.acidicq

Nahoni stand (N13). ' The speciés are absent'from most Nahoni

sites due perhaps to specialized habitat requirements. In-

cluded arc Cladonia coccifera/metacoréllifera (rig. 18),
: ’ o . \

Cetraria nigricans, Cladonia amaurocraea (Fig. 19), and C.

macrophyllodes.

The rema&ning four species are Sphaerophorus qlobésus;

Cetraria ericetorum, Stereocaulon alvinum (Fig. 19) and Pelt-

~igera malacea. - These are all relatively uncommon, and occur

in soff& Ogilvie stands as well as in acidic Nahoni stands
(e.g. N13, N5). ' Of these; S. globoSus_is the most. common in

both areas and is restricted to wet-mesic mineral soil with

°

low pH.'

(3) Species Ekclusively on Acidic Substrates
The most common species which occur only in the Ogilvie

areca are Cladonia crispata, Solorina crocea, Peltigera pul-:

verulenta and C. macrophylla (Fig: %Q). Rare species in-

clude C. bellidiflora, Psoroma hypnorum, and Peltigera ruf-
escens. _
Groups 2 and 3 include 22 species which'arg/;;;rly re— -

presented or missing outside the Ogilvie sites. These
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——
populations secm to be specialists for the acidic habitats
in this arca, which would explain their restricted abundance
patterns, as wel s the minimal importance of four general-

ist spdcies from group 1 (Fig. 17).

-

(4) Common Spccies on Both Substrates

Tﬁfeevsoecies are equally important in both areaSZ All
a}e found in wet-mesic habitats and are apparently dépendent
upon moisturg regardless of other environméntal factors.

Cetraria richardsonii shows the highést importance values of

N

the threc species, with hcgligible cover or frequency in

mesic sites (Fig. 21). Peltigera aphthosa is slightly more

important in Ogilvie sites. Nephroma expallidum is infre-
gquent in Ogilvie sites and is restricted to very wet Nahoni

skands.

~(5) Common Species on Basic Substrates
Four species are found commonly in the Nahoni and are

less .quantitively important in the Ogilvie area. Of these,

Dactylina ramulosa is most important in mesic Nahoni sites,

with a broader moisture tolerance or requirement in Ogilvie

~sites (Fig..22). - Since populations of DB. ramUIbsa respond

differently in ‘these areas, the group designation for this

species‘was based upon greater total importance values in
/ ‘ - ‘ -

the Nahoni area. ’

Cornicularia divergens, Cladonia pyxidata/pocillum -and

Alectoria niaricans are abundant in the mesic Nahoni region

S
)
¢
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of the 2 ' 2). Alectoria nigricans shows a

tendency toward gXecater /importance -in less basic and mesic-

wet sites, “

These species characterize well-vegetated dry to mesic
3 - \; !

Naheni*areas. Cladonia pocillum and C. pyxidata‘are usually

“*\fqund on mineﬁai soil,‘ﬁhichvis continually available due to

/

frost ‘action and animal activity. This hébitat‘represcnts a
9 .

” patchy microenvironmeht within vegetated sites.

(6) Species Exclusively on Basic Substrates )
‘ -

A group of seven species is restricted to mesic and dry

habitats iﬁ»Nahoni sites. Cetraria tilesii and Asahinea

chrysantha are the most common species, and both attain high

rmportande values in mesic sites (Fig. 23). Parmclia goenar-.
ata and Solorina spp. are also common with even patterns .f

importance values. The othér three species are less fre-

quent (Fig. 24) and Cornicularia aculeata shcws the driest

association of these. Hypogymnia subobsgura ar? Alectoria
" -

7

nitidula are both centred in mesic stands. The pattern of
A. nitidula closely resembles that of A. nigricans (#iqg. 12)

but-shows a harrowe;ﬁecolégical-amplitude.
This group may irfclude calcicoles as well as Beringian
populations which have not é¢ispersed into the Ogilvie area.

Cetraria tilesii, Asahinea chrysantha, Parmelia separata,

Solorina spp., and Cornicularia aculecata may be calcicoles

A

based upon these data. Alectoria nitidula and Hypogymniam

subobscura are not because the former is found:on dead sedge

v v

-

o

-~ R . ! : o~
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mats, and the latter is associated with slate arcas Or mesic
sites.

Asahinea chrysantha, P. separata and l. subobscura are

r~orohably restrlcted to the Nahoni area due to poor dlbpersal
ability.: None of thesc swnecies has reprocuctlve structures,
~and all possess a thick thallus which does not fragment
easily. Onevtiny-thallus of A. chrysantha was fonnd in the
Ogilvie area,.but its lack of success could be due to a var;

iety of factors, including recent establishment.
Integration

The six categorles of soec1es response patternc in each

region-are compare ren‘Table 29. Of the 23 taxa common to

“g@e ubqulSt° and three species from
.g,twﬁjﬁ@.,v R -
other groups exhibit coriparable substrate relatlonshlps /

both reglons, oN

The remaining ubiquists are less frequent in the othexr re-
gion due to narrower molsture range Or substrate pH assocla-
tion.” Lo ' ' . . .

The. ubqulSt pattern of Cetraria erlcetorum in Alberta

) & N
may be due . to the greater tolerance this spec1es has to t% ‘
arld southern Rocky Mountain enylronment in ;he Front Ranges.

Thls type of habitat restricts congeners C islandica and C.

laev1gata. Another species, C. rlchardsonll 1s missing al—

] -~ .
" together from Alberta. Cetrarla erlcetorum is not as impor-

tant in cover nor as widely dlstrlbuted in the Yukon where
there are several other Cetraria spec1es 1nclud1ng C. nigri-
~cans, C. delisei, C. andrejevii, C. elenkinii, C. islandica,

o



Ec¢ological arouns of macrolichen svecies in both

TABLE 29.
studv reaions” based upon substrate associations of
. population responsc natterns. -~
ALALCKTA . YUKON :

Ublquists

Tetraria cucullata .
o Cetraria nivalls

Thamnolia subuliformis

- Cetraria erdcctorun
Corniculapia aculeata
R g
- i . )

Cetraria cucullata

.Cetraria nivalls

Tharmnolia subuliformis/
vermicularlis

Alcctoria ochroleuca
‘Cetraria inlandaica
Cetraria ‘lacvigata
Dactylina arctica

Common on acidic suhatiates

X1cctoria chalyteiformis,
Cetraria lacvigeta
Cladonia pocillum

- Peltiocra rufescens

Cgtrarlu'crlcctbrum

Cetraria ni cans
Cladina squla/mitis
Cladi ryAra
Clad stellatis

CYadonia. amaurocraca
adonia coccifera/

metacorallifera
Cladonia ccmocyna/aracilas
Cladonia macrophyllodes
Cladonia uncialis

_ Peltigera malacea

Sphaerophorus. gliobpsus
Stercocaulon alpinum

l:xclus_igr‘lv on acidic sutstrates

Eoloﬁ na (‘rocu—.i———‘—
Psoroma hypnorumn
Mectoria niqgricans
Cetiaria islandica
e Cladonia cocciferae
. Cladonia eccrocvna/
. ‘gracilis
Cladonia pyxidata/’

. . macrophyllodes
Hypogymnia subobiscura’
Leptoaium saturninun
Kephrord expallidum .
Peltiacra aphthosa

.- 7 Stercocaulon alpinum

Solorina crocea
Pasoroma hypnorum

Cladonja belliliflora
Cladnn&n crispata
‘Cladonia racrophylla
Peltigera pulverulenta
Peltiacra rufescens

Common_on both suhstrates
. Vactylina arctica

- : B 'au,%,

Cetraria richardsonii
‘Nephrora expallidum
Peltigera achthosa

Common on basic suhstrates
Mectoria ochroleuca
Cetraria tilesii

Physconia myscigena

. b

Alectoria nigricans,
Cladonia pyxidata/pocillum
Cornicularia divergens
Dactylina ramulosa

s - b Exclusively on baslc substrates
et . Yologina LPP. v

bactylina ramulosa

Zolorina spe. ¢

Alcctoria nitidula
JAsahinca chrysantha
Cetraria tileayi ¢
Cornicularia aculecata
Hyvoaymhia subcbscura

Parmelia reparata
7

b
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C. lacviaata, C. richardsonii and C. Lamchatlca

_“ Corniculbria aculeata in Alberta may be similarly bet—
;ter adanted to;the southern‘mountain;‘in coMparison with C.
dlverqens_ Wherelthese are allopatric,-their"resoonses to-
dry, basic substrates are similar. However, Mhere they are

_Sympatric, C, aculeata is llmlted to the drlest sites.

The Yukon ublqulst Cetraria laevigata shows greatest

cover in Nahonl snowbeds, and is restricted in Albérta to
one D1v1de site and a mesic Prospect 51te This suggests
that the species responds as a mesophyte in both‘regions,

and has a broad tolerance of substrate varlablllty This.

meSOphyte response 1is also ev1dent for Dactvllna arctica 1n;'

'both reglons i Cetrarla 1slandlca nay - be less tolerant of

basic. condltlons in Alberta, as it 1is a qeneral mesophyte S

a

in. Yukon 51tes but is only abundant in Divideé stands.

£y

s Dactyllna ramulosa and Cetraria t11e511 shrft habitat

e qroUps in the “two reglons, w1th the former belng ‘more w1de-

-

spread in the“Yukon. Both Dactvllna spec1es malntaln thelr_

substrate relatlonshlps 1n the two reglons, whlle both

change catecorles due to lower frequenCLes in Alberta

(Y
~

Microcllmate may be IESS favorable in the Front Ranges for

D. ramulosa than-for C. t11e511, since the latter is more

W1despread in dry spotted tundra in Alberta sites. Another -
_reglonal dlfference is that C. tllesii oecurs‘aslsmall seat—

tered thalll)}n‘the southern areas instead of 1arge clumps

—

—whieh are commonly found in northern areas;,,These aggrega-
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ﬁibns can be as muéhvas 6 cm in diémetor and are fouﬁd aS
.far north as southern Victoria Island (S. Wolf, pers. comm. ) .
“The distinct species assemblage in the Céilvie sites is
"due to the nresence of ll spccics withiﬁ the>Cladoniacéae. )
In grour 3, threce of the seven species are in this family,
as are.eiqht of the'l3jsp¢ciés in group 2. This gfoupbbf
aﬁid—toic nt specialists has a high.degree’Of overlap'iﬁ
rhiého parZZeters, at least in the ¢ontext of the-fwo envir-
onmental gradicntsvprésented here. Howevef no two species’
in this gféqp have ideﬁticéllhabitaﬁ fesponse patterns.”
These sDecies are,minimally représented in Nahoni‘siteé
tﬁrough lack ofvSuitéble‘habitat, poor competigivéhébilities,
or both. _ . | |
The only éther'Cladonié,épecies in the study ére C.
. pyxidata énd g.‘QOCillum found iﬁ Nahbh; sites, gesponsé‘
patterﬁé‘for these closelyArelatedtspecies (fig. 22) show
signifticant haﬁitat divéfgénce from the bfher Yukonvépeciea'
of Cladohiaceée. > |

/ . . '
Most remaining differences in species ecological ampli-

tudes are due to minorarégional shifts in frequency, on the

.same substrate. One example is Alectoria oCthleuca which
is-a minor Yukon ubiquist;with 1oWe: freéuencieé in OgilVié
Sites. In Alberté;;hisfspecies has a yéry similar substra£é.
paftern, but has toowfew occurrences to be coqsidered a ubi-
quist. |

Other examples may be found in species associated with

D
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low sulotrate ph whlch arc more common in Yukon than. in Al-

’

berta sites. . Leroocaulon alvinum, C]adonla ocmocyna/nrac1—

-1lis and C. 00(01fera/mo tacorallifcra all follow thlq trend

due to the llmlttd ocourrence of comparable sites in Alberta
study arcas. The reverse pattern is found only w1th Pelti-

agera rufescens, which is common in DlVlde and Prospect

stande but is onlyv found in_one¢Ogily1e stand. In Alberta,
P. rufe%cens scems to be an important colonizing spocios on
frost- dlsturbed 30115, and dead- thalll have often been ohser-
ved. underneath other species of llchens ‘and. bryophytes. How-

ever,.the<northérn ecoloaical role of this spec1es remains

Voo . ’

unclear due to its rareness.
Regional substrate reversals are suggested in the two
spec1es Hyvpoaymnia suLobscura and Alectoria nigricans. The

/

- former 1is common on basjc Nahoni sites and is found in one

33

Divide stand,~although it also was encountered once outsidej

a Prospect stand. This species probably does not dl sperse
dweli and these‘populations may be relicts, or evidence of
recolonization from western mountaine. Substrate relation-
ships of ﬁ.'subobscura in the southern areas cannot adequate-

1y be determined until more populations have been encounter-

4

ER

ed. ‘ 4

Alectoria nlh%lcqns is not as rare in Alberta as is H.
¥

subobscura, ‘but is also unlikely to prpv1de an example of a .

ma]or shift in %ubstrate association. 1In the Yukon é._nigri—
cans is grouped with species which are more. common and have-’

E)
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hiqhor cover values in hasic sites. It also occurs in the
more acidic ﬁahoni sites aé well as in four Ogilvie sites.

In gcneral, greatest iméortanco of A. nigricans is in sites

with‘éry—mesic moisturevreaime and chl-dcvoboped vegetation.
oklatlon with low substratec pli may be evidence of narrow-

er ecoloalcal amplltudo in southern Dopulatlows, rathcr than

a complcte divergence in substrate‘relations.

; In qummaly, macrolichen spec1cs responsos ‘to environmen-
»
P

fal gradients in the study regions can bng:oupcd into six
major substrate DH patterns. ublqu11t ; common on acidic.
substrates; eXclusively on acidic substrates; common on both
substrates; commoﬁ’éh‘basic sﬁbstrates; and QxclpsiVely on .
basic substfates; MinOr‘shifté in ecological amplitudes are
‘common for species populations compared in the two study
Jreqions. Regionally distinct species habitats are partially

due to the prevaloncc of dry, ba51c sites in the southeln

areas, and to dlfferences in spec1cs rlchness. No major

changes id inter-regional species and substrate relation--

ships are found. ’
Diversity
L Introduction
Diﬁersity measures of plant gommunitiésmcan be used to
assess the relatfonship of Spegies to each other'aqg to re-
sources. Piffercent aspeéﬁs of diversity can be cohside;éd
ﬁsing two distinct categories. Alpha diversity concerns

species responses within communities, -and beta diversity

o .
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renresents the- differentiation of communities along, habitat
g{gdients.(Whittaker 1972, '1975).

Beta diversity can be examined by calcudarinq the
chqnqe in commosition of samples along an environmental cra-
dient (Whittaker 1972). The ceneral beta diversity differ-
ences in samples are represented in this study by percdht
51m11ar1ty and coefficient of community values for macro-
lichen vegetation. rhese’measures provide an ecoloalcal dis- -
tance between sampies, which relates to sepération along en-
vironmental gradients (Whittaker 1975) . Graphical represeh—
tation of ecoloqieal distance isborevided by‘erdinations
v(qus 7, 9). | |

Alpha olver51ty can be assessed by . determlnlnq soec1es

richness (8} and evaluatlng relatlve spec1es importancer.or

v

evenness (J). _These two components can_also be combined in-
vto a singleAdieersity measure H' "(Whittaker 1972).

Studies of alpha disersitxuaid in derermining how many
‘species co-occur, and to what extent they evenly divide re-

sources. Selected factors such &s substrate oN and macrc-

Iichen cover are compared to diversity values to further elu-
cidate species relationships. In this section, particular
emphasis is placed upon richness, evenness and diversity

" differences in areas and regions.

Regional Results
All substrate upit values for Sk J, H' and total macro-

lichen cover are summarized in Table 30. Individual values
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arc aroupaed hv substrate unit, areca, and recaion for compari-
son.

Macroliéhon species richness (Table 31) and cover .
" values (Tahle 32) are siénificantly higher in the Yukon
thén iﬁ Alherta for both types of substrates. The differ-
ences-are greétcéﬁ betwéen vegetation substratce units in
Pfospect and the two Yukon arcas. " |

Macrolichen divérsity is also Siqﬁificantly highc; for
both types of substrates.in the Yukon thah in Albertd-(Table
33), Howevér, evenness vaerg‘(Table 34) indicate that none
of .the areas are éi@nificantly different, which contgasté .
with tfends in H' and S values. ‘ f'_ T
Correlationé between S, J, H', cover and substrate‘pH

2
are sunmarized &n Table 35. Richness and cover are posi-

i

’

tively correl&ted in pooled substrate unit dg;é for Nahoni‘
and Prospect areas, and for vegetation substrate units from
PrOSpé)ct. -

Other correlated values are. those for'J'and substrate
pH in pooled Nahoni subétrate'&nits. Nahoni sites with low
evZnness are those with lower pH énd wett: conditions (SN1,
N1, N2, N4, N14 Appehdix\C). In contrast, stone stripes ”ﬁ?ﬁh
and upland vegétatiqg éubstﬁate units have high evenness. ﬁ@;
Low eveﬁneés in wetter sites occurs when there aré~few épef
cies with high cover and maﬁy with low cover. 1In well-vege-

tated upland areas, high evenness is due to the p%esence of

several species which all have low or at least similar
’ N € :
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TARLE 31. Macrolichen sneciecs richness (8) conpared for
vYukon and Alberta areas, using the T test for un-
equal variances (Sokal and Rohlf 1969). )

il
I

Veqetat&én Substrate Units

Prosoect Divide Nahoni
Ogilvie o * % - NS NS
Nahoni - kkk NSt
Divide | NS

Yukon

Alberta- ' * %

Stone Strine Substrate Units

B Yukon
Alberta . ** —
** = P<.01 ’ ' .
*x* = P< (001
NS = no significant difference #.

Nst = borderline significance (P2.05)




b

'%h

7/
. o N
TARBLL Macrolichon cover totals (ff)nmarod for Yukon and
Alborta arcas, usino the T _test for unequal
variances (Sokal and RohJI\FNﬂU.
ﬁéﬁ
Veactation Substrate Units
Prosnect Dividoe Nahoni
Ogilvie LL NS . NS
Nahoni * ok NS
Divide %/-q- NS
14 A\\
Yukon
Alberta Tk
Hv":\;\.‘J ’
Stone Stripe Substrate Units
Yukon
N .
‘Albertca * :
L
oo
*hk = .001 ' J
NS = no significant difference "
. ; .
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TABLE 33. Macrolichen diversity (H') valﬁos’dompaf@ﬁ“ﬁ@rmw
i Yukon and 2Alberta areas, usinag the T test for un="rr-
equal variances (Sokal and Rohlf 1969) .-

Veoaetation Substrate Units

: : .. o oy
Prosnect Divide ahoni b
Ogilvie L kXK - NS ' NS
Nahoni * % % .. NS
Divide : NS
. Yukon s . .
MAlberta o *kk :
stdne S¥yrine Substrate Units
N _ Yukon
Alberta *x ‘
N 3
All Substrate Units
v h Prosnect Divide Nahoni
Ogilvie . . * k% * NS
Nahoni . , rkk ok : =
Divide : NS
B Yukon .
Alberta . R :
. . A
Tk =" PL.05
*%x = p<. 0l ®
x%%x = P<.001 B ,
NS = no significant difference N
o L I

o
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TABLE 34. Macrolichon evenncss (J) values Qomoarcd,for Yukon
B ?nd Alberta areas, usina the T test for uncqua%§
variances (Sokal and Ronlfe 1969). ‘
7 ¢
Veagétation Substrate Units
Prospect Divide Nahoni
Ogilvie . NS~ . NSt NS
" Nahoni RICRS NS '
" bivide NS T,
Yukon o
" Alberta

NS

BECE

Stone Strine Substrate Units

Yukon ,.

Alberta - NS
R e
All Substrate Units - : '
Prospect’ Divide . Nahoni
Ogilvie NS NSF . NS
Nahoni NS -, NS
Divide ‘NS
Yukon _
Alberta NST : ‘ , .ot
NS = no significant difference

NSt

_borderline significance (P2.05).
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:acro];chon qocc1oq richncss, .

TABLE'35.4 Comparisons Lotyr
: ° . total cover, and substratec

.evonnhsc,/dchr_ 4

bH in all' subst " d%)tq usina Soearman's Rank

Corrclation Cocff”c1nnt (So,al and Rohlf 1969).

Values are for hoth veactation and‘®stone stripoe
. subhstrate units unlesslgtgerWise ihdicated.

Dearees . - . Dearees

: pH Freedom Cover : Freedom
prouness . ¢ - ;ﬁgL
Prospectdt - - o LA ) 11
‘Divide - = ' g, NS : 6
Nahoni - - JE.NS 17
~Qailvie - - - " NS 10
Prosmect NS 11 *k 21
Divide ' ‘NS .5 . NS - .10
Nahoni . .~ " NS 19 - ' ** 27
Oailvie -~ NS o 7 { - ~ NS o 11
COVER X )
_Prospect NS - 11 )
.Divide: - NS 5 o
Nahoni NS 19 E
Oailvie : NS 7 .
DIVERSITY )
Prospect + NS 7
Divide NS 3 o
Nahoni NS 10 k
Ogilvie : NS ? 6 .
: = . :
EVENNESS : : - , ‘
Prosvect NS 7 -
Divide " NS 3 )
Nahoni . | * : 10 - )
. Ogilvie NS 6

4

1 veqetatlon .substrate unltq only, for all four.areas.

Lk =P 05, positive_correlea tion
“x = p .01, positive correlation
NS =

= no- 51qn1f1cant correlation v B

-




J&p@vcr vqlues :Thcreforo; cvenness chanqcs with both pil and '
‘moisture comple x—-gradicents in the Nahoni areca. o Coe
', :Evenness_vaers,for the Ogilvie arca do.not correlate
with pH‘vaLoes,'aﬁthough thHe relationship of moistgre and
evehness is very siﬁilar to that in Nahoni sites.. Highest"
., evenness is?in upland's?tes (S01, Ol—OB, 05c Appendix c)%
with lfwest values.in the»mesic—wetvsubstratebunits (04;‘05v,
06, 08). I - R
This trend of higherVeVaness under drier conditlons‘is
evident in the Divide as well as in the Yukon arcas. High-
est evenness on the Divide is found'in SDl;”SD2, D3, SD5,
‘and D5 which are dry substrate unlts. The wetter stands b4
and D6 have the lowest evenness values. | |
“Evenness on Prosoect is also related to a. molsture
complex—gradient. The highestfvalues are those for dry and
.mesic s.ubStrate'u'nits (sPl, P1, P3, P8, SP9, P10, P11). |
These have high species richhess and moderate;macrolichen‘
cover with the exceptlon of soecles -POOY stand P3. - The low-
est evenness values are found in substrate unlts which are‘
species—poor (SPZ,'PZ, SP3, SP5, P9; PlO) in these habltats
’ohe;or two species have slightly hioher cover than the rest.
Trends in evenntss values for Prospect reflect a pre-
dominance of dlStlnCt dry habltats and a pauc1ty of wet
sites. The highest evenness values»represent upland vegeta-

£
tlon comparable to that«ln the othér three areas. Howcver,

‘

the lower evenness values ‘on Prospe&t are related more to

2



!

the dricest specics-poor habitats, instcad of wet sites as 1in

N L N X ‘ '
the other study arcas. - I1f major snowbed or wet arecas were

encountcrad on Pfospect, it 1s likely that cvenness would

follow the moisturc réiated,trends found in the other study
v o . ’ . . - . '
& arcas. Conversely, dry species—-poor sites in tﬁ@ other three-
.arcas would probably have low evenness. These instances re-

iy \
(3]

. e Dy \ . . .
-main hvpothetical until the macrolichens in these regions

have been studied in more areas. -



'S énd.diVersity were not cqrrelated with ébsolute bryophyte

DISCUSSION . -

Diversitv ‘ Bl

~Diversity calculationé.in this 'study indicatevtﬁat in—
cfeases.in macrolichen cover, species richness (S) and ﬂivgr-.
sitv. (ﬁ') are Corréléted'with a-shift frbm southé;n tonorth-
ern latitudes. A prediction of reaional Erends in macro- .
lichen values of S, H' and cover éaé‘be made by asséséing
ény of the three, in both»regions. Thesé result; coné}ast
with those of Slack (1971) in which S had bo predictive va-
lue for H' in bryophyte‘data frombthe‘Adirondack Mountains.

In a bryophvte studv within Jasper.National Park (Lee 1976)

cover, but éqrfélatéd ihstead with an-eievatipn compiex-l
gfadient;

Macrolichen evenness (J3 is not significantly different
between‘any of the study areas, even with diffeiences in spe-
cies richness.- ‘This has already been shown qualitatively
ihithé comparibility of inter—region bopulatién‘response

patterns. However, evenness values vary along a moisture

complex~-gradient within Nahoni, "Ogilvie, Divide and Prospect
. . ) . L . Ve

arcas. In the first three areas, lowest evennéss is’in wet
siﬁgé; ét Prospect the lowest evenness is in dry, species-
poor sites. The trend suggesté‘thaﬁ wet habitats in the
Prosbect area would also exhibitllow“evennessv,Evenness data
are dissimilar to'those‘for‘bryothtes (Lee 1976) in which

values correlated with a subjective moisture index were high-

est at the wet end of a moisture complex-gradient.

153
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Other{investiqators have shgqested the use of separate'
indlces for species richness and evenness in diversity’ stu-
‘dlef (Whittaker 1972 Addicott-l974); ln the present;stndy? y
1nte1— and intra- recipnal trends of s, J, and H' are'clearlyu

more informative than for-H' alone.

‘ Implications of Recionalgfrends
Reqlonal dlfferences 1n values for macrollchen cover,
S, and H' may be related to several factors The major e?F
vironn %¥§al dlstlnctlon between regions is. cllmate, which. in

'turn ‘influences a w1de varlety of abiotic’ and biotic habitat

factors ‘along a latltudlnal qradlent. Ablotlc factors affect—"”

ing macro- and mlcrohabltats 1nclude 5011 and air tempera- .
- /

tures; relative humldlty;.annual~orec1pltatlon, length of

‘ grow1ng season; permafrost, and 1nten51ty of frost'action.

Biotic factors which 1nfluence mlcrohabltats 1nclude type.

‘and amount of plant cover, presence and activity of 5011

mlcroorganisms; and species and densities of herblvorous

‘fauna.” Due to lnteractlons of these many factors, the

northern study areas have habltats whlch are more;favorable‘

for macrollchens than those found further south in theA

Canadian Cordillera. Physlologlcal adaptatlons of macro- =,

lichens to northern olimates may partiallx explalﬁ”thesé‘
- regional differences. S ' " : C ;h ‘

Many macrollchenslare adapted to cold temberatnres at-
high latitudes by having low tempe}ature optlma (Ahmadjlan
,1970, Greene and Lonqton 1970, aamb_l970, Kappen 1973) .

.

R



‘ : Y
However, macrolichens in habitats of some low-arctic and al--

pine env1ronments have comparable temperature resnonSes to
those in more temperate areas (Blisss and Hadley 1964, Ker—
shaw 1977). .éome macrolichens agparently_do-not need a
specialized low temperature response in sluch habitats, al-
'thoagh several species can accllmate rapldly to seasonal
temge)rature pacvterns (}’110 and Heinonen 1971, Larson and
Kershaw 1975b, 1975c, 1975d). The dlfferent phvsiological
mechanisms which allow macrolichens to thrive‘in high lati-
tudes may be related to high abundance in the Yukon Study
reglon, . Likewise, the warm and dry env1ronments in the Ale

-

ibekta Front ﬁanges may be unfavorable for many northern mac-
oy ' ' '
rolichens.

‘ Another nhy5101091ca1 con51deratlon is that vascular
plant species which. are not, as well—adapted to the northern
‘enVironments may,exhibit reduced species richness and cover,
and_thereby.potentially reduce competition with .macrolichens.
Lower‘importance and c%mpetition of a¥ctic and. alpine vas-.
_cylar‘plants‘has also been attributed to selective herbivory
(Thomson 19727 . Thisvtheory is based on an assumption of
Amacrolichen unoalatabilitysdue to lichenjsubstances, but
_unfortunately has not been tested..

Competltlon between macrollchens and vascular plantsr
may also 1nvolve allelopathy. Experiments Wlth extracts of

b
. “w
Pelthera canina have shown inhi¥ition of, several grass spe—

cies (Pyatt 1967), and such allelopathlc capabllltles may
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occur in.the closely related alpine species P. rufescens.

Kershaw (1977) reviews -experimental evidence for inhibition

%
V.

of mine .and spruce seedlings by Cladina stellaris, vet he

caut10ns ‘that the results are subject to multlole interpre-

-

tatlon; These 1n1t1al studies suaggest that allelopathy may

-
i

be 1mportant to macrollchen soec1es'1n certain habitats, and
thls Doss1b111tv should be examlned for northern populations.
However, so few examples have been documented that it is pre-=
matUre to-preoict the importance of allelopathy in most

x

macrollchen taxa, or to infer allelopathic caoacity of spe-
cies ot populatlons for dlfferent regions in this study
A flnal con51deratlon of reglonal dlver51ty dlfferences

is that glacial history may have ;estrlcted or ellmlnated |
macrolichen biotfpes from:the:southern study region, and
that_only limited recolOnization'hasvcocurred;‘ While.some:
macrolichen species from northern (Ynkon) or southern (U.S.)
unglaciated regions have colonized the formerly glaoiated
' areas, many northern séecies are absent in the southernv
Canadian Rocky Mountains. " Limited dispersal mechanisns and
Drevalllng northwesterly w1nds may be unfavorable for south-
ward dlspersal of northern macrollchen populatlons It is
also p0551ble, however, - that’the cllmatic regime of the
southern Rocky_Mountains-has be?nvunfavorable for éstablish-
ment of oropagules from northern species.

The question of why-lichens are more successful in

study areas in the Yukon than in Alberta cannot be ful e

a e

.
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answ%;ed due to limited available data, but some hypotheses
can be reviewed. Physiological relations and adaptations to

northern habitats are well-documented. factors, and may-confer

- e

competitive advantages to macrolichens over vascular plant
species. Phvsiological limitg ©Of some macrolichen populé—
tion§ could restrict oécufrences in hotter, drie;.cliﬁates;
The influences of herbivory and allelopaghy in macrolichens
are also suggested as factors which gshould be investigafed
in relation to requnal‘dive:sity and importance diffeﬁénqeé.



MacrOlichen'DiStribution

<

The predominance of circumpolar distributions of North

American arctic lichens has been documented by Thomson (1972) .

Circﬁmpolér distributions reoresent 88.4% (Bird 1974a) and
51.8% (Bird 1974b) of the lichen species in studies from the
; Yu{ii/and vorthwest Territories. Results from these studies
indicate that w1dely dlstrlbuted lichen species have colon-

jzed northern .areas 51nce the last extensive glaciation

-which ended 11,000-9,000 years qgo. ‘The historical influence

of glaciation is therefore not responsible for most current.

macrollchen distributions in northern areas. However, the
mlnorlty of endemlc or other species with narrow distribu-
tions could hyoothetlcally indicate relict or relict-derived
.pOPUIathnS

In’ the 1n1t1a1 phases of research this endemlsm hypothe-
sis was accepted in or1nc1ple, and the number of narrowly
‘distributed macrollchen speCLes was expected to constitute
assigﬁificant prOportion of regional qpecles To test this
theory, dlstrlbutlon elements of macrolichen taxa in the
study areas and regions have been compiled (Table 36)\ from
ImShaug (1957), Hale (1989), Bird and Marsh (1973a, 1973b),
wDahl and Krog (1973), Bird (l974a, l974b),9Krog (1974) and -
Bird (1975). |

Macfolichen floras from both Alberté and the Yukon are
predominantly circumpolar with values of 92.8% and 86.4%,

respectively.(Table 37). The_majority of ﬁheSe species are
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TABLE 36. Distribution elements for macrolichen species
found in Alberta and Yukon regions; aroups deter-
mined primarily from this study and from Bird

- (1974a, 1974b).

DISTRIBUTION/MACROLICHEN SPECIES

CIRCUMPOLAP PDNO Con't. PDNO
Arctic Alnine ] Claadonla uncialis ++
Alectoria minuscula +++ Hypogymnia physodes + +
"A. nigricans +++ Lecanora chrysoleuca +
A. nitidula + . Leptogium saturninum ++
A. ochroleuca ++++ | Nephroma arcticum ++
A. pubescens +++ | - Parmelia owpnalodes ++
Cetraria delisei + P. saxatilis. +
C. 1eev§gate - ++++ Peltigera aphthosa +++
C. nigricans ++ P. malacea ++
C. tilesii +++ P. pulverulenta +
Coriscium viride + Solorina crocea + +
Cornicularia divergens ++ Umbilicaria cylindrica +
Daetylina arctica (P-) ++ U. hyperborea + +
D. ramulosa ++++ U. virginis +
Hypogymnia oroarctica ++ + Arctic-Temperate .

H. subobscura ‘ +++ Alpine-Montane
Nephroma expvallidum | +++ Alectorila cnalybeiformis |++ .
Parmelia almquistii + - Cetraria ericetorum 4+
P. centrifuga + C. islandica +++
P. panniformis ++ Cladina rangiferina ++
Sphaerophorus qlobqsus o+t Cladonia chlorophaea +
Stereocaulon alplnum“‘ Lgﬁ}+++ C. pocillum - ++4+
S. rivulorum I+ Cornicularia aculeata +4++
Thamnolia subullformls ++++ Pelthera rufescens ++ +
T. vermxcularls ++ P. spuria ++
Umblllcarla Droboscldea + + Boreal Montane
Arctic-Boreal Cetraria pinastri S+
Alpine-Montane Boreal-Temperate Montane +
Cetraria commixta + Parmelia taractica +
C. cucullata ++++ AMPHI-BERINGIAN ‘

C. hepatizon + Arctic Aloine
C. nivalis +4+++ Cladina aberrans ¢ +
Cladina mitis ++ C. arbuscula ++
C. stellaris ++ Cladonia metacorallifera +++
Cladonla amaurocraea ++ Dactylina arctica (P+) ++++
C. coccifera ++4+ ‘Evernia perfragilis +
C. cornuta + Parmelia separata +
C. crisnata +. Western Arctic Alpine
C. ecmocyna 4+ Asahinea carysantna ++
C. gracilis +4+ Cetraria richardsonii ++
C. macrophylla + Western Arctic-Boreal ™
C. macrophyllodes +++ Alpine
C. phyllophora -+ Asahinea scholanderi +
C. pyxidata +4+++ AMERICAN

: 2lpine Montane

P = Prosoect Parmelia wyomingica +
D = Divide
N = Nahoni
0 = Qgilvie
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included in the broad subdivision Arctic-Boreal Alpine-

[

‘Montane. There are more SpCCl s 1in Lhe Arctic Alpln sub-

division 1n‘Yukon areas, and more Arctic-Tenperate Alpine-

Montane species in Alberta. "A minor distribution component
| &

of Amphi—Beringian species is found in Alberta (4.8%" with

higher values in the Yukon (13.6%). TqaﬁAmerican distribu-

tion element is insignificant in both reagions.
Within theﬂélberta data éfable 37), distribution ele-

‘ments for Prospect exhibit parallel trends to,those‘in the

Divide égégs. The lower percentage of glrcumpolar Arctic

Alpine séecieS'in the Di&ide area is due primarily to more

species in the.Krctic—Botqal Alpine-Montane cateqory.,‘
Parallel distribution trends are ‘also evident between

the two areas in the Yukon, region. A greater number of

total Amphi-Beringian species occur in the Nahonj area.

" Conversely, the Ogilvie agéa has a higher number 'and per-"

“cir@dﬁpolar distribution.pattern.

_these species in northern sites.

centage of Arctic-~Boreal Alpine-Montane species within the

(4]

»

.

Seven of the nlne Amph1 Beringian macrolichen species in

<

this | study are restrlcted to the Yukon (Table 36). ' This

R
may be related to the geographic prox1m1tv of the northern

cétpdy areas .to past species dlstrﬁgutlon centres\&n ungla-

wQéiated regipns of Alaska'%nd the Yukon. However, this may

alsé be related to more favorable environmeéntal factors for
: Y - B N -

i

. One of the Amphi-Beringian species is found only in the



~son, 196

et ,
i62

[

» Ogilvie‘areag’three ﬂre restricted to the Nahoni Sites; and
-,three,are common to bothvareas»(Table 36). It is tempting

‘to 1nterpret the restrlcted Vahonl dlstrlbutlons as examples

o = -

°of 11m1ted post glac1al dlspersal in rellct populatlons of,

Evernla Derfraqllls, Parmella senaratg and Asahlnea‘chrysan—‘

~tha. = However, L. Eerfraollls and A.'chEVsantha»ére known

A

from many northern calcareous alorne areas regardless of
glac1atlon hlstory (Thomson 1972 Blrd l97>c) Parmella

\ .
seEarata has not been found in gla01ated uplands in this N

or other Yukon. studles (Blrd l974a, 1974b), yet it is repor-

ted from such habltats on Devon Island (Barrett and Thomson

\

l975)'~g\f &%om the Ngrthwest Terrltorles (Scotter and Thom-

Thomson et al. 1969) ~Thése results show that the .
. \g f -
original hvpothe51s 1s\gnfounded because narrow macrollchen

‘species dlstrlbutlons aFe not correlated with. glacial hls—
\tory 1n the study areas. o - : ; &'

<

L

Therefore, on the basis of macrolichen distributions

’
*

vfrom species in this'study,othere is, no evidence'Which sup-

ports either’ thé refuglal status of Mountaln Park alpine
‘areas (Packer ‘and V1tt 1974), or the determlnatlon of present-
day northern macrollchen dlstrlbutlons due to glac1atlon

hlstory: As Thomson (1372) poimrts out, arctic llchen species

'disjunctlons are often caused by disjuhctions of habitat

-factors rather than historical factors.

jThe‘overWhelming‘dqminance of circumpolar distributions
: : . . } M

;
characterizes not only the macrolichﬁﬂs of this study, but
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also the hepatic flora of Alberta (Bird and Hong 1975 Hong

‘and Vitt 1976) and tle moss flora of Jasper Vatlonal Park

(Lég 1976) Widespread dlspersal is 1mp11ed by dlstrlbutlons

‘of mosses and llverworts in .these studles L1kew1se,.Thom—

son (1972) concludes that dlstrlbutlon Datterns of most

northern lichens. 1nd1cate ‘widespread dlspersal w1th1n the

The results of the present study aré in
r)

past‘l0,000 years.~

N
agréement with this view, and thus, su¥ port lonq—dlstance

’

dispersal as an 1mportant and viable process affectlng dis-

“tributions of many alpine macrolichen speciesg
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Suhstrate Dnlationships

v

“

" Habitat selcctlon bzﬁllchens fox spec1f1c microenviron-

mental factors Has been. suggestéa by\seueral 1nvestlgators

! 3 (Culberson and Culberson 1967, 1973 Garty, Ga1 aneralun@

v1974 Garty ano Galun 1974). These studies'haVe all relied - @

K

. upon correlation of lichen presence and microhabitat factors,

rather than using aﬁ‘experimental approach to the implied”®

Dhysiologrcalvrelationships. In the present investigation,
species-habitat correlations arenhsed to examine reliability &
, of substrate relationships and to evaluate the evidence for

(‘P‘ .
obegate ac1dlcoly and calclcoly : . ‘ f

Substrate relatlonshlps of terrlcolous macrollchens en=
countered in thlS ‘study (Table 38) have been compiled pri-

’marlly fror Birad (l974a, l974b), as well as Geltlng (1955),
*‘ -
Thomson (1967), Barrett and Thomson (1975), and ‘Bird (1975)

1

‘The substrate categorleSAare: - (1) acidic soils and rocks;
(2) calcareous (basic)vsoils,and rocks; and.(3)vacidic and

calcareous sorls and rocks. 2

Macrollchen spec1es in the Alberta and Yukon reglons

9

(Table 39) exhibit parallel trends in substragg relatlon—r
ships. The largest group 1ncludes spec1es on both sub-
strates, with decreaslng percentages of aCldlC, and calcar—'
eous“substrate-assoc1ated spec1eS'gronps, respectlveLy.
Within the context of these categorles, thé najorigx\of
spec1es do not exhlblt marked substrate Dreference or - Selec-:

tlvlty. ) A‘ : . o : v . . r
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" TABLE .38, Substrate relations for macrolichen soec1es
found in Alberta and Yukon regions; grouos deter-
‘mined primarilv from this study and. from Bird &
; (1974a, l974b)

SUBSTRATV/VACQOLLZ IEN_SPLCTES : ,;*_ o o
Acidic soils awd rocks PDNO) " Con't. .~ ‘ v PDNO<"
Alectoria chaly ‘velrformis | ++ Tetrarla iIslandica T
Cetraria nigricans ’ +++ C. laevigata .. Y ++++
" Cladonia chlorophaea = +| C. niwvalis o ' ++4++
C. macroohylla g + C. richardsonii ++
C. macroohyllodes B +++f  C. tilesii +++
C. metacorallifera +++ Cladina aberrans e +
C. crispata + C. arbuscula . ' ++
C. phyllophora o+ C. mitis , L
Coriscium viride ) .+ C. rangiferina , oK
Nevhroma arcticum . L+ C. stellaris : ++
N. expallidum: ++4 Cladonia amauvrocraea ++
Peltigera malacea ++ C. coccifera - ‘ N A
P.pulverulenta N C. cornuta SRR 3
“Solorina crocea + + C. ecmocyna : B +++
Sphaerophorus globosus B C. gracilis +++
: o : C. pocillum = ' +++
Calcareous soils ang rock] ., ‘C.. pyxidata : ) ++4++ )
Evernia perfracilis ~ .. | '+ C. uncialis ‘ ++///
ypogymnia physodes + + Cornicularia aculeata +4+ .
. | A+ C. divergens- ! +4
" + Dactylina arctica gP- ) ++/;
o D. arctlca (P-) ¥, . +4
D, ramulosa T A e+
¥ . Peltlgera aphthosa A Tt
“+++$ P, rufescens SR U
+ P. spuria - : ++
++++| Stereocaulon alplnum ] A+
Asahlnea chrysantha : | +4 s. rivulorum +
Cetraria cucullata i ++++ Thamnolia subuliformis ++++
v C.delisej . + T. vermicularis . 44
c.” e¥icetorum ++++ ‘ o
1 . . * . 0
&) : N . l .
P = Prospect : B : 3
- D = Divide S o " . - F
N = Nahoni: ‘ :
O = Ogilvie _
I & . '
R +
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/ Of, the two specific'sugstrates, the‘aoidie sqils and 'N *

i
¢

: 3 _ . o
rocks catecorv is,.better represented in the Divide, Nanponi,
and Ogilvie areas (Table 39). The.greatest number. in this ;
‘category is found in Ogilvie sites, corresponding to the .4
i

response vatterns of soecies whlch are restricted or more

common in-acidic babitats (Figs. 18-20).

- Macrolichen Species with caldfireous’ or basic substrate
associations are least frequent in Divide and Ogilvie Sieasw
'W1th 1ncrea51nq representatlon in Prospect and Nahonl sxtes

(Table 39) ‘The 'low total number of spec1es ln this group

is due to. the exclugion of species whlch are usuatly but not ~4

vl"

always assoc1ated @&th basic substrates, such as Alectorla

i >

nitidula, Asahinda chrysantha, Cetraria tlle511, gornlcularia

aculeata, and Sold¥ina spp. excludin (Figs,ul2,l}‘,
15, 23, 24)_[ These species areJthethéw.) £ in the aci-
dic.and calcareous substrate catego P sn-in acidic
51tes eachumay OeC'

(Hrapko 1970, Birgj
. The relatlons yspecies and habitats (Tabie 35) .»é B
T”prov1des greater edtaence for obllgate acidicoly than for |

;obllqate calc1coly. Preferentlal phy51ologlcal mechanlsms

.fOr basic, calcareous'substrates may weli exist in spec1es

'most commonly found in such h ats, but few species appear
to be completely dependent uod#?thls substrate Unforgunate—

ly, the dedgree of 1nteﬁﬂ and 1ntrasoec1flc phy51olog1cal

varlablllty in obllgate and preferentlal substrate requlre—

-

. . . L . 't\:~



-0of other overriding habitat factors.

v1976), wind speed and boundary\léyer (Kers

J 'J"véw{ci. 5 4233‘ ay oo E ._,t-”. L \t H

) b .

} . - R

Loy v W -

- £, B )
- , 4 L
. Y
. . I 1. - .
ments is podrly known for macrolichens. . |, - . ot

The 1arge orooortion of speoies found on both sub-

strates (Table 39) reflects the 1mportance of ublqulst spe—

cies, 1nc;ud1nq eo;phytes;%ﬁ ch may respond more to the

microhabitat of ground veqetatlonvthan to substrate pH.
. . P "

Also, some‘of-the'species inCluded are prefereﬁ%ial but not

restricted to either substrate. The lack‘of oorrelatiohﬁ‘

with Substrate:pH in this group provides ihdirect evidence
) "‘»‘;“‘ . .

1

.Several microhabitat factors are, likely to be equally

or more importaht‘than-those associated with substraﬁe pH in

&

i

macro;ichen'habitat selectionvand subsequent'population; B

e

habitat interactions.” Important documented factors include: .

.topography (Kershaw 1974); organic substrate (RouSe_ahd Ker- '

vshaw'l973” ﬂarson and ¥ershaw 1974' Maikawa.,and Kershaw

5a); mois-

- ture reglme (Lecnow1cz and’ Adzxs 1974b hershaw and Rouse

M 7
.

1971, .Rouse and Kershaw 1973, “&qfon and Kershaw.l976); and

o snow cover (Larson and Kershaw 1975a, Kershaw l975b)

The 1mpllcatlons of these results to other alplne vege—

B

tatlon s%hdles can be summarlzed in predlc e terms. . The
\ -

.Dresence of northern alplne macrollchen spec1es with restric-

ted’ substrate relatlonshlps is llker to\lndlcate spec1f1c j

ac1d1c or-ba51c habitats. In addrtlon, seveigi spe01es w1th

broader substrate assoc1atlons exhlblt greatem@quantltatlve

1mportance in one' of the two specific substrate pH reglmes

7\
pe-wty

ZTNE,
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@ﬁe Combinéd‘oécdrrence'Bf spepies in these habitat groups
should indicate substrate Dnlcharacteristics, witbin the
context of the regions investigatéd: ‘waever, a large pro-
*po}tion of sbecies»encounteréd‘indicéte factors 'such as
moigture regime, rathef than substrafe pH. .,

) a
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Plant Communities

Introduction

North American alpine‘vegeéﬁtion studies have géncrally

included conspicuous lichens rather than specifically deter<

mining lichen veqetatlon communltles in the COurse of dis-
tinguishing alpine Vascu‘ar plant communities, several in-
vestigators have included macrolichen data which can be:

compared to those in this study. Pertinent macroIichen vege-

v

.tation studies are also compared, although few have been

carried out. All comparisons of investigations are based,
_ . -

-

- whenever possible, uoon quantitative importance values of

-

- : . ‘ X : . ' ,
frequency,«cover or both, for-soec1es.under consideration.

e

G

< H ﬁhls sectlon presents seoarate comnunlty discussions

“*fié the Alberta ‘and Yu<on reglons The main | reasga for thlS

5

1s tha mqualltatlve and quantltatlve vegetatlon data for

mac;ollchens and vascular plants are reglonally dlstlnCt.-

¢

/intermedlate sampllng areas elther from this or

studies algo justifies this treatment.’

ithin the Kiberta di5cuSsion,-macrclichen and vascular

l'mited feiation (Fig. 10). ,Comparable Yukon plant com-

miniti are hi&hly correlated (Eig.,ll) and are therefore
~” . . T ' .

combined. for discussion.

N
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Alberta
Macrolichens
(1) Cerraria cucullata - Thamnolia suhuliformis —‘Cetrgria
tilesii

This macrolichen community has few described counter-
parts. . The differential—speciesrSolorina spp., Dactylina.

ramulosa and €etraria tilesii‘are characteristic of spotted.

tundra and discontinuous,stoné/strioes found at Prospect on
dry,’unstable slopes (Fig. 25).
Spotted tundra con51sts of dlscontlnuous Datches of

either Dryas 1nte9r1folla or D. octooetala (Bamberq and Maaor

1968) witn_a variety of associated small vascular plants,”

_lichens and mosses. While such patchy areas may be success-

7 : _ . S
ional to shrub and tree establishment at treeline (Broad

1973), they are probably maintained in higher alpine sitea.
(Kuchar 1975) . : v

S

ThlS communlty is. most 51mllar to Dryas octopetala 1s—

lands on scree on Signal Mountain, Jasper National Park .
(Hrap%p 1970)' The islands on scree are considered here to

be" equlvalent to scattered stone strlpes or spotted tundra.

of all vascular Dlant communltles de51gnated ‘on Slcnal WOun—

N

taln, this has.the hlghest lichen and vascular plant spec1es'

richness. ‘The relatlve species 1mportance‘for macrollchens

(Table 4ijis similar to that in Prospecﬂ%éites}_although Yo

Thamnolia subWliformis is less important in ‘the Signal com-

munity.

Cetraria‘tilesii is commonacn Dryas islands with south-
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STONE STRIPES

CETRPRIA CUCULLATA
THAMNOLIA e
SUBULIFORMIS :

CETRARIA TILESII

MEADOWS
I

" CETRARIA ERICETORUM
CETRARIA .CUCULLATA
PELTIGERA RUFESCENS

LOWER
"SLOPES
f'vlih @ ;

A}

PELTIGERA APHTHOSA
STEREOCAULON ALPINUM

SNOWBEDS

' , ~T T — T : '
. ACDIC NEUTRAL 'SIC | |
A ~ ; A - T .
. u; v - 151?? . . . ' | g

'\~ SUBSTRATE -pH
= g,

FIGURE 25. Habitat relatlons of alpine macrollchen communities
from Alberta study areas.
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erly aspéct on S*l Mountain‘, 'althOUqh it is absent from
comparable north }éélnq stands, and from similar comnunltlés
in other Main Rangc‘areas. It appecars that %he hot, dry
microhabitat of south-facing slopes On Slqnal Mountain over-
rides the correlation w1tn\ba51c substrate for this spec1es,f
since the assoc1atcd 50115 have a pH range from 5.9-6. 2 ‘;

Macrollchen data are not avallable f*om vascular plant

communities most closely reSembling the associated Dryas in-

tegrlfolla - Carex rupestris and D. intsgrifolia'— Oxvtron!...

podocarpa - Salix nivalis communities on Prospect Mounta

The similarity of vascular plant communities in dry., cél

eous habitats makes 1t likely that macrolichen veqetatl

rl’
will also be similar. However, southern Rocky Mountajg
. - B ‘
alpine areas in Colorado (Langenheim '1962) and Montanad (Bam—

<

-

bers and Major 1968) have lower macrolichen species rlcnness
and cover. There is Drobably‘an exten51ve geographic cgra-
dlent of decrea81ng macrollchen importance and spec1es rlch—
neaavfrom north to south in the Boc&y Mountalns, jnst as
the%é appéars to be from the northern‘Cordillera to the Al-

.

berta study areas.

’Gelting (1955) has descrlbed an arctic éggnt community

“from western Greenland whlch shows notlceable 51mllarLEy to

the Cetraria cucullata - ‘THamnolia subullformis - C. tlle}yL

community of Prospect Mountain (Table 40) . . Ths chitacteris-

tic vascular plants include Carex rupestris, Polygonum vivi=--

Egruﬁ; salix cf. glauca, Vaecinium uliéinosum,’Draba spp.,

) o . o7 : ¢
’ - M . 2
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v

Saxifraca onvositifolia, 8. tricuspidata and Silence acaulis.

Although speclies-poor, there is% corrcespondence in this com-

munity with species of Dryas integrifolia - Carex rubestris
and.D. intearifo%ia - Oxytropis vodocarpa - Salix nivalis
~communities (Table 7). Limited crustosc lichen data from

Prospect also includes species in Gelting's, community such as
K . .
5

Caloplaca juncermanniae, Lecanora eoibryon, Ochrolechia Upsal-

N

iefsis, and Pertusdria.dactylina.

o . . I . .Y . .“ . - .
Elements of prairie llcﬁcn communities are also found in

N

'Front Range alpine areas, yet none of the communities recog-
Y B B

nizedAby Looﬁgn (1964a, 19%64b) are dircctly comparable to

“those at-highef«elevations. One Eype>which represents_a sub- = "

¢
)

group within the Cetraria cucullata - Thamnolia subuliformis_ -

C. 'tilesii community is the Physcietum muscigenae, composed

of epiphytic and crustose lichens‘énd,macrolichens Physconia

muscicena and Physcia constipata. Looman (1964a, 1964b) deYV'
scribes this community from;overgraichprairie,'and recogni= .

zes the alpine affinities of the two macrolichens as well qas

[

crustose species, Caloplaca jungermanniae, Ochrolechia upsal-
" . : i - =

~iensis and Lecanora epibrvon. As in prairie habitats, these

‘'species in_ alpine areas are found on.dead mosses or roots

with high frequency but very low cover..
B :

The Front Ranges are in close proximiﬁy to pgairie, es- .
pecially in the S%Uthern mountains of Alberta, and have simi- “k/f
lar habitat factors of calcareous substrate, high levels of

incoming radiation, low -humidity, and,disturbance.. Such,

.
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factors are probably resoonsible for tne inhabitation of

‘prairie and alpine environments by several common xerophytic
species.

AN

(2) Cetraria ericetorum - C. cucullata - Peltigera rufeacens

Thls type of vegetation-is commonly represented in ether

aloine community Studles in whlch constant species Cetrarla

cucullata, C. ericetorum, C. nivalis, and Tharmnolia subulifor-

s

mis are the most important. Begcause of this, presence and

relative importance of character-species such as Stereocaulon

alpinum, Peltigera rufescens; Cladonia Dyxf&ata and C. pocil-

lum are used to establish a basis of c famunity similarity.

The community exhibits a corsistent rélationship with

uplard Dryas octopetala communities in the Rocky Mountains

from central Alberta to northern Montana (Table 411. Carex
nardina vegetation on Plateau Mountain represents a relatéd
community Which is thought to snccede that of D. octovetala
(Bryant and Scheinberg 1970). ‘

Within the geographlc range of this macrollchen communi-

ty .there is a divergence 1n assoc1ated vascular plant commu-

nities. The Dryas 1nteqm1folla vecetatlon on Prosoect
appeafs to characterize Front Range upland env1ronments, and

is considerably modifiedr in apecies“composition and impor-

P LN

tance values from D.‘octdpetalakcommunxties in the Main

Ranges.

While major shlfts in macrolichen specles do not appear

bl

between upland Dryas- lichen communltles in the Maln and
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Front- Ranages, minor changes are evident. Greater species:
richness and abundance of Cladoniaceae is found.in the Main

'
s

RangeS, including Cladina mitis, Cladonia coccifera, C. co-

o~

njocraca, C. pvxidata, C. macrophvllodes, and C. uncialis
| ————— — — st ’ — ————

.(Hrapko!197b,-Kuchar 1975). Reasons for these species
shifts may include differences';n>subétréte pH, amount 6f
Snow'COVex and runoff} summer precipitation,-and rélative
humidity. The increased cover of heath species in the Main
Ranqe“alpine uplands alsolﬁrovideslé'suitabiefmicrohébitat
for Cladin@ and Cladonia speties by an ¥ncreased boundary

layer which minimizes wind damage and desiccation.

1,

As in the Cetrarihd cucullata - Thamnolia subuliformis - C.
tilesii community, several species of this macrolichen

group are found in lichenr associations on western prairies
; . .

and parklahds. The Cladonietum nemoxynae bf’grassland or

parkland includes°Cladbnia macrophvllodes, Pelticera rufes-

cens and Cornicularia aculeata, although the association 'is dom-
inated by non-alpine species. Other alpine 5pecies are

)

found in the Cladonietum multiformis .assbciation which
‘ - Y . ‘ .

occurs with asben or pine. This vegetatiopn .type isﬁalso’

' - ° 2 . 1’ . .\v »
domitated by Cladonia species, and’ includes Cladonia cocci-

ferk,; C. gracilis, Cetraria ericetorum, C. nivalis and Pelti-

gera<SDuri§1  A hajor‘distinction?between these low and high

elevation communities ;is the increasing importance of Cetra-

s M ’ ' E ';. . - ~ v

ria species in the alpine, and the cotrelated decrease of -

Iowland Cladonia spégies. .
_— . ~ ) ~

A B . o

b N ¥



perinum, P. plllferum and Pogonatum alplnum;, Vascular,
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4

(3) Peltigera anhthosa - Stereocaulon aloinum Co

The m051c—wet hablt@ts where thls communlty occurs

T

(Fio. 25% are . not w1dely represented in the Alborta study

X

area. Indlcators of this. veqetatlon type 1nclude the crus-

3 .

tose llchen Levraria neclecta, and mosses Polytrlchum jun1~

!

vlant 'communities with similar macrolichen species composi-

~tion and abundance are\compiled inATable'42.

- ;
: In examlnlno tnese communltles, it lS lmportant to dis-

tlngulsh between habltats whlch melt out and experlencc very.

drv condltlonS-(early snowbed) and those whlch melt out only

'in some yéars and remain wet: (late snowbed) The latter

3'51tes are often domlnated b{ Carox nlgrlcans w1th few or no

vl
i)

llchens (Hrapko 1970 Kuchar 1975) Macrollchen spec1es

'rlchness is negatlvely correlated wlth snow depth, and bryo—

t

phvte cover in the Bald Hills (Kucharul975), and 51mllar
; . .
v

' fol
condltlons are . found at nghwood Pass (Trottier 1972).

:Early snowbed areas'cupport manv Spec1es such as Slb—

A} 4

baldla orocumbens ‘Salix nlvalls, Antennaria lanata, Stereo—

-Caulon alplnum, Solorlna crocea and Lepraria neglecta.

Areas_of moderate—heavy snow accumulation, mid-seasoh melt

and sustalned summer m01sture may support Dryas octopetala

[ . 3

w1th .one to several species of heaths, herbs and w1llows

These eommunltles often exhlblt a small group of macrollchen

species w1th1n ‘the genera Cladonla, Peltlgera and Cetrarla
. # BT

4‘wh1ch together may contrlbute hlgh cover values An example

: -
} . . .
h ' Lo . ?
» =

o ' - N, \
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“of this is. found in the Salix arctica - Antennaria lanata

community (Hrapko 1970) whiCh‘hasfthe grecatest macrolichen

-

prominence,of all plant communities of Siqnal Mountain,
In contrast, species richness 1is véry'lowt Although 'even-
ness values are\not avallable for the Slqnal Mountaln plant:‘

N . %
communltles, evenness of macrollchens ln Salix - Antennaria

[

veqetatlon may parallel the trend of low values in wetter
habltats as found 1n both Alberta and Yukon study reglons
Varlablllty of - Snow accumulatlon and time -of snow melt

\En_snowbeds‘ls known to be of prlmary 1mportanqe in deter-

=

n

mining distributions of‘associated‘aloine vascular plants
"(Billinds and’Bliss'l959):and arctic macrolichens (Lerson

. and Kershaw 1975a, Kershaw'l975a). The community data (Ta-

ble 42) iﬁdioate that severél’épecieéfof both plant groups

are characterlstlcallv found 1n ne51c—wét habltats, but the

- degree of ofEdlctablllty for a particéular macrolichen ‘spe-
éieé‘appears to be:Qery low. This"may be due to the lack of
‘extensive data for the variety of habitats.represenéed, as

" well as the potential existence of ecotypic differentiation

k

in snowbed macroliChenjpopulétions.
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and by D. octopetala.;p the Maln Ranges.
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Vascular Plants
Theluplahqdélpine vascular plant communitiésnin the Al-
berta study areas can be compared with several other communi-

ties in Rocky Mountain localities. The most similar are

4

those doMThated by Dryas 1nteg;1folla in the Front Ranges,

0

Dryas integrifolia.is an important upland component of

r.‘

some arctic. plant cbmmunities (Geltlng 195 f QM;;éWt and

‘Thomson 1975, Bird 1975, Bliss 1975)

eem pﬁ’ e restric-

—i-:u,_‘ . 'ft‘w Wb

kas integri-—

ted 1n the southern Canadlan Rocky Mouﬁ

. folia communltles from Montana (Bamberq a d Major 1968),and .

s

from thevsouthern-Front Range 1nﬂA1berta (Johnson 1975) ex-~
hibit the’closest_rélationéhip to those”descrﬁped on Prospecﬁ
Mountain.

- Dryas octopetala communities in Alberta are found in

Waéerton»(Kuchar 1973), Hiqhwood Pass (Trottier 1972),
Banff National Park (Beder 1967, Broad 1973) and- Jasper
National Park (grapko 1970; Kuchar 1975). These cqmﬂﬂgfbies
are generally found on acidi¢ soils, in areas of regionally

high precipitation. 1In each of the above studies Dryas octo-
1 ) ]

vetala communities represent the drier; more exposed habi+
tats. Associatkd species include Cassiope tetragona, Empe-

trum nlqrum, vaccinium vitis- 1 aea, Artemisia norvegica,’ 'and

Salix arctlca
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(1) Dbrvas intcorifolia - Carex runestris

(2) D. integrifolia = Oxvtropis'nodocarpa - Salix nivalis:

These communities rescmble alpine stands from the Big

t

Snowy Mountains, Montana (Bamberg and Major 1968). Many dom~

inant species arc,.common to both Prospect and the Big Snowy

.

Mountains including Dryas integrifolia, Carcx rupestris,

Polvaonum viviparum, Androsace chamaejasme, Potentilla fru-

ticosa, - and spe01eq of Oxxtropls and Hedysarum. Differences
between these areas involve species shifts due to the region-

al 1solatlon of the Montana site, as well as its oroxlmlty

to the southern (U.S.) Rocky Mountalns

~

(3) Dryas integrifolia - Hedvsarum alvinum -Androsace chamae-

. !asmc .

The most S}mllar vegetatWOn to this communlty is £

in Siyeh Pass, Glacier National Park, Montana (Bamberg anddf'”

Major 1968). The dominant species on Siyeh Pass are Dryas ‘ﬁb*

octopetala and galix reticulata, yet the associated plants

include 1moortant Prosoect species such as Polyoonum vivi-

parum, CarexX rupestris, Smelowskia calycina and Potentilla

diversifolia. As in the previous comparisons, southern

(U.S.) Rocky Mountain plant species distinguish the Siyeh

Pass vegetation in common gengra such as Oxytropis, Hedy-

sarum and Astragalus.

(4) Salix nivalis - Artemisia norveqlca

The pivide stands representing this communlty are few
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in number to make accurate comparisons. On a tentative
basis, tnc closest similarity is with communities in the

-Maligne Rahqe of Jasver Ndtional Park, specifically with

the Herb Meadow group (Kuchar 1975) and the Salix arctica -

Antennaria 1anata'community (Hrapko 1970). Within the Herb

Meadow group the Artemisia norvegicaZ— Salix arctica and A.

norveaica - Antennaria lanata tyDes are similar to the

Divide communlty. However, the Divide community lS depau—
perate in relation to all community types mentioned. Perhaps
the best comparison is within the Heath Group (Kuchar 1975)

in the Leorarla nenlecta subtype of tho'Cassiopo tetragona -

Dryas octopetala community. This subtype has low rlchness

and includes several species in common with the Salix nival-

is - Artemisia norvegica community from the Divide. These

include S. arctica, A. norveaica, Sibbaldia pr&timiens,

Antennaria 1anata, Salix nlvalls, Potentilla dlver51£\§9a,

o

and Trisetum spicatum. The low species rlchnesq of. th

Salix nivalis - Artemisia norveqica commun;tyrmay be due to
the infrequency of suitable habitat in comparison.with the
study areas of_Hrapko (1970) and Kuchar (1975f. The well-
drained Front Ranée enviroﬁment doeé_not promoté large-scale
_development of wet meadows and snowbeds, and the.low species
richness of mesic-wet stands in this study area may reflect

insular, small, and wide}y distributed habitats.

/
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Yukon
Macrolichens gnd Vascular élants

The imporgtance of cryptoagams in northern plant communi-
tics is evident in the’ combined usc of macrolichen, bryo-
phyte and vascular plant speccies to designate communitics
(Kershaw and Rouse 1973, Kojima 1973, Neal and Kershaw 1973a,
1973b). Such recognltlon of the most caQnspicuous macro-
lichens provides qualltatlve and quantltatlvc descriptions
for common species, although detailed information on other
species may be lacking. leferences in macrollchen vegeta- |
tion descriptions seems to be a function of thﬁ skllls of
the_investigator, which in turn makes some data comparisons
less reliable. ‘This probleﬁ has been enhanced by the lqc&
of a standardized northern lichen identifiqation guide, which
" has forced plant ecologists into choosing’from a variety of
taxonomic treatments and concepts The upcoming publication
on northern\llchens (Tnomson,\ln Dress) should greatly alle-
~viate inconsistency in northern lichen studies.

The most rellable and detailed studles of comparable
alpine vascular plant and macrolichen veaetatlon are those
by Bird'(l974a,'l974b) for mountain ranges in the Yukgn and
Northwest Territories. In these field expeditions, lichen,
vascular plant and bryophyte vegetation data @ere obtained
from sites where geologists were simultaneously collectlng

substrate sanbles aﬁd glacial history data. Rapid vegetation

survey techniques were based upon cover estimates from small
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plots (Bird 1974a, 1074h) . 1 have compared all the unanaly-
'
zed stand data from Bird's ctudies to communities desianatoed
in the present study. Of 76 upland alvine stands from 13
' . {
sites (Table 43), closc correspondence of macrolichen spe-
cies compoesition and abundance was found between the follow-

ing: 12 stands with community 1 (%able 23); 16 stands with

community 2 (Table 24); and 48 stands with community 3(Table’ 25

The comparability of these data support ¢ {fraphic vali-
dity of the community designations, as discussed in detail

for each vegetation tynec.

(1) Cladina arbuscula/mitis - Cetraria nivalis - Cladonia coc-

coccifera/metacorallifora .

Vaccinium vitis-idaea - Drvas octopetala

"This coﬁmunity is ¢hgfacteri$tically found on d?idic
substrates in glaciated terrain, such as in the OgilVie Moun-
tains -(this study, Kojima 1973),and in the McConnell Range
of the Faanklin Mountains (Bird'l974a, sites 6,8,9, Table

43) . The only unglaciated stands of this community type .are

-

reported from the Plains of Abraham on chert substrate (Bird
1974b) . The interpretive questibn thus arises whether gla-

ciation 1is merely coincideﬁt with substrate attributes, or

is an equél*or more important influence on this plant commu-
ﬂity. " Examination of other investigationg will help resolve
-this question.

The Ledum palustre - Hierochloe alpina - Cladina stel-

laris - Cétraria nivalis association of kojima (1973) is

]
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Luxwlu manltitlora, Casciope tetiagon.

y.u‘('iniwm vitis-addea. This associa

. N [

woell=drainaed {\ux'th—-i‘n‘ind Slopes, wi

occurring in late snowbed habitags
draingaage and snowbed moisture roegime
but "thurn aspect and topoaraphic

.

to promote snow accumu lation and lat

- : Ine

this S tudy (Mable 44d)
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tion 15 descoribhed tron
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The combinat ton ol oo
seems cont radi tory,
position can intoeract

¢ meltirna on othorwine

well-drained sleopes.  For this reason, notvsture roarme of

~indi\(idual stands in this community
without obsorvimﬂ‘winter and sprinag

Tﬂo moisture complox qradxgnt i
is reflected in Subtle shifts in- spe
than in major CompoSifidhal differen
Examples include the decrease in cov
richardsonii, Cladcnia uncialis and

J

wet to drier sites (Table 22). In ¢

> 3

RhacoWltrlum lanuqlnosum attains hig

toria nitidula, A. odroleuca, Cetra

15

MNSfticult to assess

condit\ions.

n thif C()mmunxtv (Fig. 26)

Y

cies \importance rather

cas bedween stands.

¢

er valucs for Cetraria

“
C. crismata from mesic-

xposcd sites thg moss

h importance with Alec-—

ria nigrescens and C.

nivalis. Cassiope tetragona is most important in mesic-wet

snowbed‘or po}ygon sites and 1is frequently assoc1ated w1th

high species richness of the genera

Cladonia and Cladina.

[

The Cladiha - Cetraria - Cladonia - Vacciniuﬁ - Dryas

vegetation in this study 1is similar

to arctic lichen-heath-

associations in the Hudson Bay Lowlands (Table 44). Lichen-
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DACTYT,TMA, ARCTTCA
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CETPARIA NIVALIS
CLADONTA
CQCCIFEPA/
MITACORALLIFERA

CETRAPIA CUCU

cWETLANDS

\VET CLADONI ,\—QL:‘&T!TTJ}\ SP?’ . -
. | 1 I
ACIDIC  NEUTRAL BASIC

SUBSTRATE -~

¥

FIGURE 26. - Habitat relations of alpine macrolichen com-
munities from Yukon study arecas.
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hcath assoc¥ations ‘are iound on more noutral-basic sub-
stratoq and Oxhlblt reduced macrollc'cn species rlchness,,in

contqﬁst to this community. 1ntenq1ve eCOthSlOlo—

gical research in the Lowlands hds ‘shown the lmDortancc of

;
s

Déat substrate for macrolichen/growth in lichen—heath asso-
7 ' . - «

/ciations (Rouse and Kershaw 1973, Larson and Kershaw 1974,
- . " . % .. . .

Kershaw 1975a, Larson and Kershaw 1976). Thus, the pecat
build-up provides similar acidic microhabits in the Lowlands.

N . . I3 > .
The increased moisture regime for macrolichens on peat layers

is associated with increased importance, of species such as

Cladina arbuscula, C. rangiferina, C. stellaris, Cetraria

nivalis and Alectoria ochroleuca (Kershaw and Rouse 1971,
ntva-z2= ¢ : P

1973, Fouse and Kershaﬁ 1973, Larsoh and Kershaw 1974).

Oone of the distinauishing features of the Ogilvie
macrolichen community is the 1mp01tance and restrlctod dis-
tribution of species in the Cladoniaceae (Figs. 18 20)
Common occurrences of alpine gladonia species on acidic and
peaty substrates are described Dby Thomson (1567), and simi--
lar trends are documented for woodland Cladonla communities
(Looman 196G4a, 1964L, 2Ahti 1967, Lambert and Maycock .1968,
Lechowicz and Adams 1974a, Kershaw 1977), The evidence
strongly suggests greater importance of an acid substrate

for the alpine Cladina - Cetraria - Cladonia - Vaccinium -

Dryas communitvy, with coincidental history of recent glaci- .

ation.



i . 192

. oo . R

(2) Cetrarla cucullata - Dactv¥lina arctica - Cetraria lacvi-
gata

Drvas octooetala - Astracalus umbcllatus - Salix arctica”

Thesc macrollchen and vascular plant communltle5 are

]

closely correlated 1n the Nanonl “and Oqllv1e arcas; thec
* . N
Knorr Range; the -Richardson,” ‘Franklin and Macken21e %@un—
tains; and the Plains of Ab*aham (sites 1, 3-6,9,11- l3, Table
43)l

Few alpine macfolichen communities have beéﬁ described
which are equivalent to tﬁls type of véqatation (Tablg 45) .
"

It is apparent, however, that high'relative importance of

Cetraria cucullata is a reliable indicator of mesic and snow-

‘bed habitats in alpine and arctic areas of the Yukon and

ég;rthwest Territories((this study, Bird 1974a, 1974b), Devon
5o
i

1 and (Barrett and Thomson l975), ahd western"nd southern

Greenland respectively (Gelting 1955, Hansen 1971)

DrYas integrifolia or D. octopetala is the most fre-
P | e i .
quent vascular plant sgpecies. Associated species and their

relative importance values distinguish this community, includ-

ing .Salix arctica, S. reticulata, Cassiopne tetragona, Rho-—

dddendron lapponiéum, Astracgalus umbellatus, Arctostaphylos

rubra, Carex misandra and C. scirpoideca. Bryophyte cover

is also imporsant, and common species include Hy locomium

splendens and *hytidium rugosum.

As in the Cladina - Cetraria - Cladonia - Vaccinium -

Drvas community (¢1), glaciation history does not seem to
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affect'distribution‘of this veactation type:‘ Glaciated

and unqlaci;ted sites:are almost equally represented in
Comparable veoetatlon data (Bird 1974a, 1974b). Alse;‘ Y
the type of substrate shows no relationship to this communl—
ty either. ©Phe maln factors, thus ‘appear ‘to be the moderate
to high amount of snow accumulation and the mid-season time
of melt. The soil moisture regime is the most impcrtant |
factor affecting snowbed vegetetion in several other studles<
(Billings and.Bliss 1959,.Joﬁnson ahd Billings 1962, Bliss

1963, Kershaw and Rouse 1973). The widespread.occurrence

of thlS communlty in me51c sites and snowbeds seems to be
- ’

a functlon of mlcrotopography and microclimate, regardless

Cy
of reglonal trends in elevation or substrate.

. D .
(3) Thamnolia subuliformis/vermicularis - Cetraria tilesii

o

Dryas octopetala - Carex misandra : .

The most dlstlnctlve species of this uoland communityv

ijs Cetraria tilesii, in afqoc1atlon w1th Drvas Spp. “This

pléﬁt community is wegll reoresented in upland'stands from
the Nahoni Range and from the majority of Bird's stands
(1974a, 1974b) in the Mackenzie, Franklin and Wernecke Moun-
tains, the Knorr Range and the Plains of Abraham (sites 1,2,
5,7,10-13, Table 43). ) ”

When all substrate data from Bird (l974a, l974b)~an@
this study were comoared it became evident that thlS commu-

nity consistently characterizes limestone, dolomite-or

chert substrates in dry unstable habitats, regardless of

a

~
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glaciation history, ' Unglaciated sites include the‘Nahoni
and Knorr Ranges; Wernccke and Mackenzie Mountains; and'the
Plains of Abraliam (sites 1,2,11,13, Table 43).. This commu-
nity is also reorcsented,by ten stands in'qlaciated'regions
¢ the Mackenzie “ountains (sites 5,7,10,11,12, Table 43).

~ The differences‘between stands in the unglaciated and
glaciated areas are’qualitatively’and Guantitatively ninor.

Spec1es absent From glac1atcd sites 1nclude Parwnlla separa-

‘ta and Hvoogymnla subobscura, w1th lnfrequent occurrence of

Asahinea chrysantha and Cornicularla divergens. - Neither of

“the northern species Cetraria richardsonii nor Evernia ner—
fraqilis are noticeably diminished in frequency or cover
in glaciated stands' The species differences are due per=z
haps to poor.dlsoersal, but are of mlnor consequence to the -
overall SDec1es composrtlon and relat1Ve abundance values in
the communlty

Dryas ‘species 1nd1cat1ng this communlty 1nclude both

' Db. 1nteor1folla and . D octonetala in the Wernecke Mountalns

-— ____.__————-—-——
4

and Knorr Ranges The latter spec1es 1s encountered in’ the

Nahoni Range, whlle all other sites are characterlzed by D.

integrifolia in glac1ated and unglacrated areas. A suggestw‘

ed pattern is that D. 1nteqr1§611a occurs An the eastern

- ranges (e.g. Franklin Mountains) , shlftlng to mlxtures -in
the central and western Macyen21e Mountains, and then is

replaced by D octopetala in the western and northern Ogll—

vie’ and Porcuplne Mountains (e.g. Nahoni Range) extendlng

[
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northwara to the Richardson Mountains. This may be an over-
simplification of Drvas dist;ibhtion, and tﬁe species of
Dryas ‘should not be predicted for this communitybin a given
northern site based solely upon aata pregented here.

Other northern'veqetation studies from Greenland (Celt—
ing 1955) and the Hudson Bay Lowiands (Kershaw and Rouse 1973,

1973) have basic-neutral substrates, vet show limited cor-

" respondence to this community. Cetraria tilesii is absent

From the Alectorla nitidula - Dryas inteqrifolia associa-

tions of both other studles, and only ub1qu1st species are
found inhcommon with the Yukon communlty. Species in all

threce studies include Cetraria nivalis, Alectoria ochroleuca,

Thamnolla vermicularis and C. cucullata, 1thouahlrelative

1mport@nce values from the two other studies do not corres-
pond to those Qf the Yukon csmmunlt_.

It is iikely that upland vegetgtion from the G;Qenland
and Hudson Bay Lowland studies i nfluenced substantially
by local maritime Climate.. The correlation of macrolichen
species cdmposition and relatlve importance to Yukon uplands
may not be as dependent upon substrate attributes alone as

on. location of such habitats in interior North American moun-

tains where continental climate prevails.

Nahoni Slate Outcrop Stand

The high cover of Stereocaulon alpinum on a gravelly

Nahoni 'slate coutcroo is atypical of other Nahoni or Ogilvie



197

(Kojima‘1973) arcas, énd of other morthern alpine studies
(Bird 1974a, 1974b). Ricker (1967), howevar, found simi-
lar stdnds while working on low alpine tﬁndra dwarf birch
communities in the same region of the Ogilvies as Kojima

(1973). He describes a gravel-hummock community which

occurs .on well-drained sites with high cover of Stercocaulon to-

mentosum. The high combined importance of Stercocaulon and

" Betula glandulosa is similar to the Nahoni slate outcrop
arca, and suoggests possible misidentification of S. alpinum.
Dwarf birch communities have been -found in Greenland (Han-

sen 1971) with Stereocaulon aloinum domimating .the ground

strata, although the distribution of this vegetation type
in the Yukon or Northwest Territoried needs further docu-

3

mentation.

Nahoni Wetland Stands
The two Nahoni stands in poorly-drained sites corres-

pond td two /associations described by Kojima (1973) in the

North Fork Pass area. The Betula glandulosa — Rubus chamae-

morus - Ledum palustre vegetation (R1l) is similar to the B.

glandulosa - Artemisia arctica - Hvlocomium splendens ssp.

alaskanum association of Kojima (1973). 1In both communities

Nephroma arcticum and Peltigera aohthosa are conspicuous in-

dicator species. Valley bottoms in the Nahoni area exhibit

large expanscs of Eriophorum vaginatum (R2) comparable to

the Ledunm palustre - Eriophorum vaginatum - Sphagnum Spp.

association at North Fork Pass. In the Betula glandulosa
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and Eriophorum vaainatum communities bryownay

tually 100% covar, and contrast with reduce
- tance. . ‘ ' 7

MaCrolichen and vascular nlant data 620

lands wore comparod’to other stands in the Y

west Terrltorles (Bird 1974a, 1974b, sites 6,

43). While vascular plant communities arec a
Eriovhorum:spo. or CareX Spp., the macrolich
are not as clearly delincated. The most imp

lichen species>in poth wetland® is Cetraria
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tes attain vir-

4 lichen impor-

m Naﬁoni wet-
ukon dnd North-
7,9,12,13, Table
11 domlnated by
en asscmblagcs
ortant macro—

cucullata (Table

27); therefore the community distinctions ar

the increased importance of Cladonia swnecies
stands, and of 1ncrcasod Cladlna 1mnortance

stands. This quantltatlve difference is not
the other sites (Bird 1974a, 1974bh) due to e
value% for all macror{;hen species other tha

The rich microhabitat varlablllty in Er

¢ based upon
in Betéla

in Lrlophorum
as clear in

gually low cover

n C. cucullata.

1onhorum SD.

tussocks may partially explain the difficult
associated macrolicnen commﬁnities, although
this and related studies are low. Dynamic
availability, peat accumulation, pll modifica
and shading from the tussocks are expected{t
much of the variabiiity in macrolichen.veget
Kershaw 1973, Larson and Keréhaw 1974, Kersh

Low similarity of wetland macrolichen s

in upland communities merits more thorough 1

y of determlning

sample size in

aspects of water |

tion, egpogpré;
o account for:
éﬁion (Rouse and
aw 1974).

tands to those

nvestigation.
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Higher macrolichen-similarity 1s generally found between

Nahoni wetlands and Picea mariana lowlands (Bird 1974a,

’

1974h) . Common species include Cladonia amaurocraca, C.

bacillaris, C. botrvtes, C. cenotca, C. chlorovhaca s.1.,

C. coniocraca, C, cornuta, C. dnformis, C. aoncecha, C. plcu-

-

rota, Cladina species, Neohroma arcticum, Peltigera canina

and Ejﬁnmlacoa. These species can be considered as Boreal
Worestyoutliers, or Aiecies which.wore possibly associated
with an advance of forest over the tundra about 1,000 ;oars
ago (Thomson 1972). The community similarity between alpinc
and boreal wetlands suggests that the wetland habitat Over-
rides other factors such as glacial history, type of mineral

!

substrate or elevation.

Alcctoria ochroleuca Communities

An important variant of northern alpine upland vegeta-

tion—+s that dominated by;Alectoria ochroleuca. Dominance

of 2. ochrolcuca is reported from stands in the McConnell

.

Range; the Plains of Abraham and the Richardson Mountains
(Bird 1974a, 1974b), although it was not as important in

Nahoni or Ogilvie sites in this study. Cetraria cucullata

is found as a secondary species along with species of the

C. cucullata - Dactvlina arctica - C. laevidgata community“

T

and additional species Cladina arbuscula, C. mitis and C.

stellaris. The relative importance of Cladina species in-

dicates a relationship to the Cladina arbuscula/mitis -

i

Cetraria nivalis - Cladonia coccifepg/metacorallifera

4
o
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communi ty.
- ]

.

‘1o relationshin between substrate or alaciatiom history

is cvident in the distribution of the Alectoria ochrolouca
veactation basced ‘upon Bird's data. In regard to molisture re-
gime, Kojima (1973) has included this specigs in a designa-

tion with Arctostapaylos rubra and Cornicularia diveraens

for dry ridages in the Qgilvic Mountains. Alcctoria ochro-

Y - "
leuca is also characteristic of exposed ridges in lichen

heath on the Hudson Bay Lowlands (Kershaw and Pouse 1973).
Associated plant species in the Mackenzie and Richardson

A :
Mountains span a moisturc gradient from dry sites with Rha-

comitrium lanuainosum, Drvas integrifolia, and D. octopetala,

to wetter habitats with Vaccinium vitis-idaeca, Betula glan-
+

dulosa and Cassiope tetragona.

v

The limited data suggest that there may be regionally

distinct communities characterized by Alectoria ochroleuca.

This species exhibits a very kroad habitat response pattern”,
ey

in both study regions (Fig. 15, 17) wiﬁh highest cover in
mesic-dry sites with basic substrates, and frequent occur-
rence in other hagitats (Kershaw and Rouse 1973, Kéjima 1973,
Bird 1974a, 1974b, Larson and Kershaw 1975b, 1975c).

Recent physiological investigations, have shown that net
pho£osyntheéis in A. ochroleuca varies intraspecifically in
plants from different geographic locations but does not vary

in plants from a local topographic gradient (Larson and Ker-

shaw 1975b, 1975c). It is therefore possible that the
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Cdifferences in vegetation associated with this species may
reflect the distribution of its physiologically distinet

populations.



SUMMARY S AND ConcL U Tonn

Aloine microlichon. veootation was studied in Cordilleran

regions in west central Albcerta and north contaral Yukon Terrn -

torv. The four study arcas included Procpect Mountain and

the Divide in the Mountain Park reaton, Alborta, and the
Nahoni Panae and Omi]\er-Mount<HJn; in the Yukon,

Ma(‘ro]ia!uﬁ SHeCios were mere important, in thoe Yukon
studv- arcas in terms of increasced cover, svecies richness (85)

and overall diversitvy (H'). Valucs for specics evenness (1)
were not siagnificantlv different boﬁwoen the four study arcas,
indicating that increascd species richness does not af%oct
trends in habitat utilization by different Srccigsf Within
reaions, cvenness values varied with different moisturce re-
gime. Lowest cvenness was found in mesic-wet sites and in
extremelv drv, depauncrate stands, while highest evenness

8

occurred in well-vegetated upland sites in all arcas.

Pdpulafion response patterns for macrolichen specics
elucidated the folleowira ecoloaical grouos in both regions
which werc related to a comnlex-gradient of\suhstrate oH:

(1) uhiquists;{(Z) common on acidic substrates; (3) exclﬁ—
sivelv on acidic substrates; (4) common on both substrates;
(5) common on basic substrates: and (6) exclusivelv on basic
substrates. Species in the ubiquist group from each recgon
were comparable, while most other speciosishifted in breadth

of distribution over moisture and substrate gradients. This

was vartiallv due to the prevalence of drv, basic substrates
)

202
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in the Alhorta reaion. ™e most sianificant reaional Aiffer-
ence 1in responsc patterns was the larae groun of yukon spe-

cirs which were smeocialtzed on acidic sukstrates hnd were

most freauent or were restricted in Ogilvie sites. The high-

est importance of these snccies corresponded with lowest im-

° .

pertance of re&idé&l'ubiquist species.
Macrolichen species oroups werc also cxamined in each |
recion_throuqh the use ofrordinations and were found tg be
related to both‘moisture and substrate nl cowolex—qraéients.
Three macrolichen communities were delineated in the chota—
tion of each fcoion bv qrguninq similar stands. Communities
were also designated for vascular plant data,>and the two
plant arouns were comparedl .

~)

Macrolichen communities from Alberta in order of increcas-

ina moisture and increasing substrate acidity are: (1) Cet-

raria cucullata - Thawnoliq suhuliformis - Cetrariae tilesii;

(2) Cetraria cericeotorun —-Cetraria cucullata - Peltigera ru-

fescens; and (3) P ltigera aphthosa - Sterccocaulon alpinum.

The vascular plant communities also follow these agradients:

(1) Drvas intearifelia - Carex rupestris; (2) Drvas inteari—
folia - Oxvtropis podocarna — Saiix nivalis: (3) Drvas inteda-
rifolia - Hodvsﬁrum‘alpinum - Androsace chamacjasme; and
' salix nivalis - Artemisia norveaica. There 1is a sequential

overlan of vascular mlant and macrolichen vegetation which
results in partial correlation of these desicnations alona

complex—aradients of spbstrate pH and moisture.

«
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In the Yuron data, the macrolichen communities are

ranked in order of decrcasing substrate aciditv: (1) Cla-

dina arbuscula/mitis — Ceot¥Yaria nivalis - Clacdonia coccifera/

kg

"
a'.cucullata - Dactvlina arctica -

AN

nl
Thdrmnolia subuliformis/vermlcu-

o

metacorallifara; (2) Ceotra

»

Cetraria la=vicata: and (3)

laris - Cetraria tilesii. Modsturc reoime is variable in the

first communitv, and orades from mesic-wet in the second, to

drv in the third community. These communities corresmond to

the followino vascular olant communities: (1) Vaccinium
vitis-idaea - Drvas octopetala; (2) Drvas octonctala - Astra-
galus umbellatus - Salix arctica; and (3) Dryas octooctala -

Carcx misandra.

Communities were Comparéd with those of other stydies in
order to evaluate environmental factors in relation to vegeta
tion distribution patterns. .

Macrolichen commurities in Alherta are similar in the

agion from Mountain Park and Jasper National Park south to

re
é@g;tcrton, and into Montana. Specificallv, the Cetraria cu-

®

cullata - Thamnolia subuliformis - Cetraria tilesii communi-

tv (#1) id characteristic of drv upland habitats with basic

substrate oll. Such enyifonments can be found in the Front

Ranaes extending south to mountains in Montana.

The second communitv, Cetraria ericetorum - Cetraria cu-
cullata - Pelticera rufescens is represented 1in several al-
pine vegetation studies of Main Range areas. It is most fre-

.quentlv associated with upland Drvas spp. communities. This



community has hicher importance of Cladonia and Cladina

.

specdies in Main Range than in Front Range arecas.

The Peltiagcra anhthosa - Stereocaulon alvinum community

(#3) is docurented from few comparable vegetation tyoves in

2

the Main Ranaes. The limited extent of suitable snowhad

B

habitat in the stﬁdy areas 1is resnonéiblé for the dooaupprdto
naturc of this vedetation: Thé most similar communitv is
"described from Jasper National Park, but the regional dis-
“tributiOn is not known.

In the Yukon, a distinct macrolichen comﬁunity occurs
iﬁ the Oailvie area err a wide ranage of moisture r?qime.

a

This Cladina arbuscula/mitis - Cetraria nivalis - Cladonia

coccifera/metacorallifera communityv (#1) is also found in

.

the Frarklin and Mackenzic Mountains as well as in the Hud-
son Bay Lowlands. These comrunities are consistently asso-
ciated with low substrate vll.

The Cetraria cucullata - Dactvlina arctica - Cetraria

laeviagata communitv (#2) is found in the Knorr, Range, the
Oailvie, Richardson, Franklin and Mackenzie Mogntainé, and
. is encountered in bqth Nahoni and Oqilvie studv areas.
Similar Veqeﬁétion also occurs on Devon Island.and in west-
ern Greenland. This tvpe of vegetation is Stfonqlv‘corre—
lated with mesic sites and snowbed habitats. Distribution
of tﬁe éommunity thus reflects the habitat distribution in
alpinc enviréﬁments. .

Dry uoland habitats in the Nahoni study area are
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characterized by the Thamnolia. sutuliformig/vermiculari!

Cetraria ti]béii community (#3). I+ also occurs consistent:
on limestone and dolomite in the Enorr Ranga, Wornecke.énd

Mackenzie Mountains. The strono correclation of ;his upland
‘communitv with basic qoll pH suagests t“at this tyoe of

mineral subhstrate dethxmlncc the macrollchcn veaot tion.

The gencral distribution trends, of all communities W

and substrate pl. The results indicated that aqlaci
torv alone does not explain macrolichen veéotatigp/distribu-
tion in the Canadian Cbrdillera. Investigat{gﬁélof indivi-
ual macrolichen species distributions confirmed»thaf Qide—
soread dlspcrsal has Okscured the boundaries betWﬂen past
refugia and glaclated reqions.

The.question remains of why macrolichen importance and
diversitv 1is 51qn1f1cantly higher in the northern Cordillera.
bTho proximity of northern ar=as to past unaglaciated reqlons

)
mav, of course, he involved. However it is sugoested that
the microhébitat factors in'thc southern Rocky Mountains are
unsuitablé for species currentlv restricted to northern Cor-
diileran areas. The'resolution of fth question will rednire
.Jnten51vc examination of macrollchen phy91olog

Alpine macrolichen vegetation haf been outllned for
certain northern and southern Cordilleran regions, yet no in-

formation is available for® intermediate mountain areas. The -

correspondence of macrolichen and vascular nlant data to
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. - .
: J .
environmental factors inethiis studv are considered to be ‘
sui tahle for predictive purposes .in such uninvesticated: r
regions. - : . ‘ ' =
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APPENDIX AL Macrolichons encountered in the Yukon and
Alberta studv arcas: HNahoni (N), Oailvie (0),

Proswnect (), and DlVlQL (D).

ASCOMVYCIITES ' ' PDNO

Colleormatac .
EFE?BTTﬁh\ﬁanLnlnu' (DPicks.) Nvl. ‘ N b
Panrariaco T
Pooroma h;uworum (Vall) S.Grav ’ —+++
Peltiauracrao ) :

Pcltigora Aanthosa (L.) willd. —+++
P. canina (L.) Wwilld. -+t
P. malaceca (Ach.) Tunck . b=t
P. "pulverulenta (lHook.) Nvl. =+t
P. rufcscens (Weis.) Humb. ) -
P. soutria. (Ach.) DC. B
Nephroma arcticum (L.) Torss. . ' -+t
N. cymallidum (Nvl1l.) Hvl. 4+~
Solorina crocea (L.) RAch. —4—+
S. spo. ' . + 4+
Stictaceac ’

Tobaria linita (Ach.) Pabh. i > —_———t "
Stercocaulacaae 4

Stercocaulon aloinum Laur. ++++
S. rivulorum Magn. . —t—=

Cladoniaccan :

Cladina apcrrans (2bb.) Hale & W.Culb.
C. arbuscula (Wallr.) Hale & W.Culb.
C. mitis (Sandst.) Hlale & W.Culb.

C. rangiferina (L.) Ilarm.

C. stellaris (Opiz) Brodo

Cladonia amaurocraca (Florke) Schaer.
C. bellidiflora (2ch.) Schaer.
C. chlororhaea (Florke) Spreng.
C: coccifera (L.) wWilld.

C. cornuta (L.) Hoffms

C. crisvata (Ach.) Flot.

C. eccmocvna {(Ach:) Nvl.

C. agonecha (Ach.) Psah. ’
C. gracilis (L.) wWilld.

C. macrophvlla {(Schaer.) Stenham
C. macrophvllodes Nvl.

C. metacorallifera Asah.

C. phvllophora Hof fm.
C
C
C

9]

. pocillum (Ach.) O.Rich. .
pyxidata (L.) Hoffm.

. uncialis (L.) Wigg.
Umbilicariaceac ' .
Umbiliicaria cvlindrica (L.) Del. -t
U. hyperborea (Ach.) Ach. e
U. lambii Imsh. -t
U. phaea Tuck. : ' -——+
U. proboscidea (L.) Schrad. : L =4—+
U. virginis Schaer. -+
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APPENDINX A. CONTINUED.

Lecanoracean

Tocanora chnrvsoleuca (Sm.) Ach.
Parrmoliaceac

Asahinea carvsantha (Tuck.) W.Culb. & C.Culb
A. scholanderi (Jlano) W.Culb & C.Culb.
Cetraria commixta (Nv1.) Th.Fr.
cucullata (Bell) Ach. ¢
delisei (Pory ex Schaer.) Th.¥Fr.
cricetorum Opiz

hepatizon (RAch.) Vain.

islandica (L.) Ach.

laevigata Rass.

nigricans (Retz.) Nvl.

nivalis (L.) Ach.

pinastri (Scoo.) "S5.Grayv
richardsonii Hook.

C. tilesii Ach.

Hvpogymnia oroarctica Krog

H. phvsodes (L.) w.VWats .

H. subobscura (Vain.) Poelt

Parmelia aliouistii Vain.
centrifidqa (L..) Ach.

chlorothroa Tuck.

omphalodes (L..) Ach.

panniformis (Nyl.) . Vain.

saxatilis (L.) Ach.’

separata Th.TFr.

sulcata Tavl.

taractica Kremn.. :

wygminagica (Gyeln.) Hale

Usneactae

Alcctoria chalybeiformis (L.) S.Gray
minuscula Nyl.

nigricans (Ach.) Nyl.

nitidula (Th.Fr.) Vain.

ochroleuca (Hofifm.) Mass.
pubescens (L.) R.H.Howe
Cornicularia aculeata (Schreb.) Ach.
Cc. diveragens Ach. ‘

Dactvlina arctica (Hook.) Nyl.
D.gramulosa'(uook.) Tuegk.

Evernia perfragilis ILlano v
Thamnolia subuliformis (Ehrh.) W.Culb.
T. vermicularis (Sw.) Ach. ex Schaer.
Phvsclaceae ‘
Physcia constipata (Nyl.) Norrl. & Nvl.
Physconia muscicena (Ach.) Poelt
Verrucariaccae

Dermatocarvon intestiniforme (Korb.) Hasse
Sphacrophoraccae '
Sphacroohorus alobosus (Huds.) Vain.
BASIDION¥CETES :
Tricholomatacecace

Coriscium viride (Ach.) Vain.
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APPENDIX B. -~ Vascular plants cncountered in the Yukon and -
: Alberta study arcas: Nahoni (N), Ogilvie (0),
Prospcct (P), and Divide (D). '

Eauisetacoan : . - PDNO
Boulsetur scirndides Michx. ) L -
Lyéonandeac nn - ]
Lyconcdium clavatum L. ' -——+
I,. selaao L. ‘ : —-———4
Gramineac e '
Bromus incrmis var. pumnellianus (Scribner) -
HWaanon
‘Calamaqgrostis purpurascens R.Br. . -t
Elymus innovatus Breal -
Festuca baf“inensis Polunin +ob——
" F. ovina var. brevifolia (R.Br.) Watson R
Hierochloe alpina (Sw.) Roem. & Schult. -r++
Poa ‘spp. ' : ’ ++++
Trisetum spicatum (L..) Richt. ‘ +o= -
Cyperacecae
Carex atroscuama Mack. ' : . R
C. carillaris L. ——t=
C. macrochaeta C.A.May. . ==t
C. membranacea Hook. . - ——
"C, microchaeta lolm , . . Rt 2
C. misandra R.Br. ’ +-++
C. nardina Fries +4+-=
C. oederi ssp. viridula (Michx.) Hult. e
C. petricosa Deweyv : +-—-
C. . rupestris All. . +4+=
C. scirpoidea Michx. _ ' et
- Eriophorum vaginatum L. , : ——t— .
Kobresia dHellardii (All.) Deal. ' S
K. simpliciuscula (Wahlenb.) Mack. f +--
Juncaceac ' ’
Luzula multiflora (Retz.) Lej. _ = -+
Liliaceae o ’ ' S
Tofieldia coccinea Richards. ' ' ——t=
T. pusilla (Michx.) Pers. +--=
Zycadenus elegans Pursh ’ B
Salicaccae N
Salix alaxensis (Anderss.) Coville A
S. arctica Pall. ' R R uhs
S. drummondiana Barrett = fm—— =
S. glauca L. ' . o ++-=
S. interior Rowlee o e ' -
S. nivalis Hook. T +4--
S. phlebophylia Anderss. ' : ——t-
S. reticulata L. : ——++ -
S. vestita Pursh ‘ . +---
Betulaceae ’

Betula alandulosa Michx. | o hEt



.. APPENDIX B. CONTINUED.

Polvatnacean .

Po¥ygonum bhistorta L.

P, viviparim L.

“Carvophyllacead

- Cerastrium bcarlng1anum Cham & Schlecht
- Lyvchnis apetala L.

“Minuartia arctica (Stav.) chhers & Gracbn.

‘M. austromontdna Wolf & Pacler

M,-Olodans (Maquire) Wolf

M. rossii (R.Br.) Gracbn.

‘M. rubella (Wahlenb.) Gr acbn.

M. sajanensis (Willdil). wOlf

Silenc acaulis L.v '

fStellarla laeta (Rlchardq ) Wats.

S. monantha Hult.

;Ranuncu]aChae : .

Aconitum dolphlnlfollum DC s

Ancmonh narcissiflora L.

A. parviflora Michx.

‘Delphlnlum brachycontrum Ledeb :

Trollius alblflOrus (A. Gray) Rvdb

Papavceraceae- .‘ .

Panavor macounll Grnene‘

Crueifcrae i

-Arabfg—ﬂrumm©nd11 Gray

gardamlne bellidiflora T.
purpurpea Cham. & Qchlecht

Draba incerta Pavson

D. lonchocarpa Rvdb.

-D. ollqospcrma Hook.

D. vorsildii G.A. Mullloan

Lesquerclla arctica. (Wormsk.) S.Wats.

Parrva nudicaulis. (L.) .Regel

Smelowskia calycina (Stephan) C.A. Mey

Crassulaceae

Sedum fosea (L.) Scop . :

S. stenopetalum Pursh K

Saxifraacaceae

Bovkinia richardsonii (Hook.) Gray

Chrysosplenium wrightii Fr. & Sav.™

Saxifraga aizoides+« L.

caespitosa L.

davurica Willd. . g

flagellaris Willd. » : : -

hieracifolia Waldst. & Kit.

nivalis L.

oppositifolia L

punctata L.

serpyllifolia Pursh

tricuspidata-Rottb.

nnunninnnunn

PDNO

——¥F
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APPENDIX R. CONTINULD.

Rosaccae -

Drvas intearifolia ™ Vahl

D. octometala L.

Geum glaciale Adams

G. rossii: (R.Rr.) Ser.

Potentilla hiflora Willd. ' R

P. diversifolia Lehm. '

P. fruticosa L.

P. nivea L.

Rubus chamacmorus L.

“8ibhaldia mrocumbens L.

Leouminosac

Astracalus aboriaginum Richards.

‘A. alpinus L.

. A. umbellatus Bunace

_Hedysarum alminum L.

H. mackenzit .Richards. . .

Lupinus arcticus 5. Wats.(

Oxytropis camoestllq (L.) DC.

0. mavdelllana Trautv.

0. nigrescens (Pall.) risch. ssp. bryophila
~(Greenc) Hult. ' -

0. podocatrpa P.Gray . » -

0. viscida Nutt. var. viscida Barneby

Empetraceae o

Empetrum niarum L.

Pvrolaceae

"

. Pvrole asarifolia Michx.

P. crand1f101a Radius -

"Ericacecae

Andromeda polifolia L.

Arctostaphvlos rubra (Rehd. & Wilson)® Fern.
Cassippe tetracona (L.) D. Don :
Ledum palustre L. - :
Phyllodoce cmoetriformis (Smltu) D.Don
P. olandulifera (Hook.) Coville
Rhododendron lapponicum (L. ) Wahlenb.
Vaccinium uliocinosum L.

V. uliginosum L. sSSD. mlcrophyllum Lange
V. vitis-idaea L.

Primulaceae

Androsace chamaewa%me Fost

A. septentrionalis T. -

Dodecatheon frigidum Cham & Schlpcht.
Gentlanaceae ‘

Gentiana propingua (Rlchards ) J.M.Gillett
G. prostrata Haenke '

Boraginaceae

Eritrichiunm chamlssonls ‘DC. .
Mertensia vaniculata (pit.) G.Don
Mvosotis alnestris Gchmldt

!
/
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P“]}},‘.T\H)IX B. CONTINUED.

Sgrovihmlariacenae

Tastiliivja nisoida Benth.

C. hvoorborea Pennell

C. riniata Doual.

C. occidnontalis Torr.

Lagotis glauca Gacrtp.’

Pedicularis capitata Adams

p. flampea L. '

P. aroenlandicum. Potz.

. lanata Chamn. & Schlecht.

P. sudetica willd.
Lentibulariacean .

Pinquicula vulaaris L.
Valerianaceae

Valoriana capitata Pall.
Carpanulaceae’

Cammanula lasiocarva Cham.

Cc. rotundifolia L.

Cc. uniflora L.

Composita2 : . .

Fhtennaria alpina (L..) Gaertn.

A. lanata (Hook.) ‘Greene”

A. monocephala DC.

A. umbrinella Rvdb.

Arnico aloina (L.) 0lin

A. fricida C.A.Mevy. -
Artemisia norvegica Fries

Aster alminus L. o
Chrvsanthemum integrifolium Richards.
Erigeron grandiflorus Hook.

E. humilis Grah.

E. lanatus llook. .

£. peregrinus (Pursh) Greene

E. radicatus Hook. -

gaussurea angustifolia (willd.) DC.
g. densa (Hook.) Rydb. ‘ .
Secnecic atropurobureus (Ledeb.) Fedtsch.
S. lugens Richards.

5. vukonensis Pors.

Solidago multiradiata Ait.
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APPENDIX. Values for macrolichen cover, species rigchness
(s), evenness (J), and diversity (H') in Al-

\\\ _berta and Yukon.stands.
COVER ,
Prospect Substrate Unit Divide Substrate Unit
Stand vea. strioe Stand ved. stripe
-1 28.77 12.09 1 50.88 13.30
2 '5.40 2.11 2 37.70 4,14
. 3 9.98 .37 3 53.04 -~ .
4 14.96 1.23 4 26.06 2.65
5 29.57 1.17 5 61.80 16.80
6 32.32 .2.74 6 12.45 -
7 16.90 - : '
8 28.82 10.82 " . Nahoni :
9 43.90 13.48 ' 1 .39.31 14.24°
10 19.14 4.16 ’ 2 64.29 -
11 38.44 6.52 3 71.96 17.72
, o 4 69.49 -
Qagilvie ‘ .5 53.67 -
38.27 20.04 6 57.00 43.06
2 17.13 - s 7 43.63 29.15
3 85.88 - 8 60.45 24.11
4 31.31 - ; 9 54.06 13.73
5v  49.03 - 10 50.98  15.06
5b 43.30 - 11 59,55 15.89
5c 39.87 - 12 63+12 21.79
6 - 64.03 - 13 60.73 -
7 45.79 - - 14 56.11: -
8 ~52.61 - 15 71.87 25.78
. Rl 42 .45 -
I - - - R2 43.00 -
SPECIES RICHNESS
Prospvect . Divide . %
1 11 11 ‘ 1 21 19
2 8 : 6 ' 2 14 11
3 5 4 . ‘ 3 9 -
4 10 8 4 7 6
5 y 9 3 5 - 15 - 11 -
6 13 8 6 .18 -
7 © 8 - :
8 11 . 8 Nahoni
-9 11 12 1 14 13
10 13 12 2 18 -
11 14 13 3 17 . 13
{ 4 23 -
-5

22 -
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APPENDIX C. CONTINUED.

oo | SPECIES PICHNESS

Oqilzig Substrate Unit Mahoni Substrate Unit
, Stand  ven. strine : Stand vea. strive
1 26 21 6 20 16
2 21 - 7 - 15 17
3 17 L= 8 19 18
4 15 - . 9 19 12
5v 19 Co= _ 10 21 13
S5b 21 - 11 - 16 12
5¢ - 17 - 2 19 15
6 23 - F 13 31 -
7 16 - 14 21 . -
8 19 . - 15 - 25 : 19
- R1 17 -
R2 s .. -
EVENNESS
Prospect : , Divide :
T .90 .90 T .78 .88
2 .77 .64 ' 2 .67 .86
3 .86 .71 3 .84 -
4 L77 " .85 4 .49 .49
5 .73 .07 5 .78 .87
6 .80, .89, 6 .65 C-
7 .85 -
8 .907 .83 Nahoni
9 .76 .90 . 1 .79 .79
10 .85 .77 2 .67 -
11 .86 .80 3 .81 .85
. 4 .75 -
Oailvie : g 5 T .83 -
1 .88 .89 6 .84 .87
2 .87 - 7 .77 .89
3 .84 - 8 .87 .85
4 .76 -. 9 .88 .92
5v .82 - 10 .86 .82
5b .83 - o 11 .85 .72
5¢c .87 - ) 12 .82 .88
6 .82 - 13 .86 -
7 .83 - 14 .67 -
8 .79 - 15 .85, .83
: Rl .86 - ‘

R2 .90 -
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APPENDIX C. CONTINUED.

DIVERPSITY
Prosovect SubAtrate Unit Divide Substrate Unit
Stand vmstriue : Stand  vegq. strive .
TN
1 2.17 2.16 1 2-37 2.59
2 1.62 1.21 2 1.78 2.09
3 1.39 .99 | ‘ 3 2.48 -
4 1.79 1.82 4 .97 .92
5 1.60 1.17 5 2.12 2.08
6 2.07 1.86 6 1.90° -
7 1.78 - .
8 2.17 1.73 Nahoni
9 1.83 2.25 I’ 2.09 2.04
10 .. 2.18  1.96 2 1.94 -
11 2.28 2.09 3 2.31 2.18
, 4 2.36 -
Ogilvie ' 5 2.58 -
2.86 2.71 6 2.52 2.42
2 2.66 - 7 2.10 2.54
3 2.38 - 8 2.57 2.45.
4 2.07 - 9 2.59 2.30
S5v 2.42 ~. 10 2.63 2.12
5h 2.53 -~ 11 2.37 1.81
5¢ 2.46 ~ 12 2.42 - 2.38
6 2.58 - . 13 2.97 -
7 2.29 - 14 2.05 - :
8 2.33 - : 15 2.74 2.43
: : ) R1 2.44 -
.R2 2

.44 -




