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ABSTRACT .

The response patterns or "habitats%'Of.lmportant
bryophyte spec1es and the patterns of alpha and beta
.dlverSLty in bryophyte communltles were deScrlbed along
complex elevatlon and moisture gradlents in Jasper Natlonal
. Park, Alberta. Thlrty stands were quantltatlvely sampled
includingHWetlands, forests, rock outcrops, and'tundra.

| Bryophyte cover was low in xeric qommunltles and
hlgh 1n me51c and hydrlc communltles, reachlng a max1mum of

-

almost 704 in Engelmann spruce subalpine fir forests of the

¢
-

_subalplne zone. .

, ¢

Direct gradlent analYSlS was used to esLabllsh

relatlonshlps among stands qnd to ascertaln spe01es responsev
2 patterns. Habltat breadth and overlap were measured for |
1mportant spec1es. Most specxes habltats were narrow along
the m01sture gradient and broad along the elevatlon gradlent.
. No two speéies.had.identlcal habitats.. Many were‘restrlcted
to. one—few'substratum types;/lSpecies with‘similar habitats
often dlffered in’ substratum afflnltles.' A'literature

'survey 1nd1cated that spec1es in the Jasper area performed

51m11arly elsewhere.

Species rlchness of stands was p051t1vely correlated

«

with the number of substratum types per stand. Spec1es

R

richness on the most abundant substratum per stand was
£

positively correla!bd"with«elevatlon; and spec1es evenness

was positively correlated,with bothabIYOthte‘o0ver and - :

iv



.a subjectlve m01sture index, and hegatlvely correlatcd with
‘ elevation. The change in bryophyte specxos composition, Oor
beta dlverslty, ‘was highest along the m015ture gradlent and
1owest along the elevatlon gradlent. Trends of bryophyte

beta diversity were similar to those of understory vascular
,plant beta‘divetsity, along the_molsture gradlent,‘but dls—
similar along the elevation gragijsf especially’ for mesic

and hydrlc coenocllnes.
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INTRODUCTION

. - T :
The systematic documentation of species distribu-

tion and abundance patterns is the first step toward un-
derstanding their céuses, Ih,communify ecology, recent
research has sought to aescribe and explain changes in
species composition betweenlcommunities (Wwhittaker 1956,
1967, MacArthur.l965, Whitfakér, Levin, and Root 1973),
and the division of resources by species within communi-
ties (Hutchinson 1957, 1959, MacArthur 1964, 1965, |
McNaughton and Wolf 1970, Whittaker, Levin, and Root 1973) .
Plant commun;tyAecologists have examined éhanges in spe-
cies comprition and patterns of withih—cdmmﬁni£y4vafi-
ables, such as species richness and.evenness of abundancé,
along complex elevation, moisture, and nutrienf‘gradients
(é.g.vCurtis'and McIntosh 1951, Bray and Curtis 1957,
Whittaker 1956, 1960, 1967, Monk 1967, Beals 1969, Glenn-
Lewin 1975, Westman 1975,‘Bratton.1975,,Marks.énd Harcombe
- (1975) . The sﬁbject of almost all of these studiés has
vbeen the véscular plant Compon;nt of“thé'Community and oniy
fately have brybphytes and‘lichens been included (Slack:
1971). . o :

BryOphytes are'véry different from vascular plants.
Since thé; possess no mechahiSm»to control water loss, lack

a well developed vascular system, and have no roots, their

4]
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water relations arebdirectiy regulated by‘tﬁe immediate
microclimate; hence, theyvare“poikilohydric "(Hosokawa,
Odani, and Tagawa 1964). Furthefmore, mosses and liver-
worts are the only ~ximportant land plants having a domin-
ant gametophyte (haploid) generation. Because of these\
: differ;:;es, bryophytes might be expectéd to play a dif-
fereht.rolé in cqmmuhities.than the vascular élant;, and
m{g?t also respond differently to environmental gradients.
Thus, the bryophyte compoﬁent of the planﬁ-community mer-
its individual scrutiny. | | |
The examination of a specificfstratum or synusia

within thé plant community has become an accepted prac-
tice. Lippﬁaé (1939), who ‘developed the wunistratal con-
cept" of plant commdnities, béyievéd that synusiae con-
taining plants of similar form and function‘were Qalid
units of study. Whittaker (1972)'hés-observed that:

... species of a particular stratal grouping or

synusia are more nearly alike in response to en-

vironment and relation to resources, more direct-

ly in competition with one another as mature

plants, than species of different strata. Divi-

~sion of plants is thus comparable to division of

an -animal community into guilds.

Early brybphyte ecologists compared species lists

-and crude ébundance estimates to évaluate relationships
between svecies and communities (e.g. Watson 1909, l932f
but eventually guantitative methods Qere<empioyed, permit-
ting more rigdfoﬁs data analysis (e.g. Cain apd Shérp

1938). European‘phyﬁosociolqgists longﬁago devised



sehemes‘for evaluating forest site qualities besed on the
.vperformance of understory species, ineluding‘bfyophytes
(Cajander 1926). The use of this approach by Brinkman
(1929), leimburger (1934),.and Crandall (1958) has in-
. creased Ourﬁknowledge of bryophyte communities in North
America. - ¥ :‘ ;, |

From the beglnnlng, ecologlsts have recognlzed
that bryophytes are highly sen51t1ve to substratum type
and that different bryophyte assemblages develop on dif- .
bferent substrata (Scott 1971). Recent stndies in‘bryo- .
phyte'ecology have focused on partiéularVSubstrata. For
example, corticolous.bryophyte and lichen communities have
been examineq,(siilings and Drew 1933,'Ph111;p5~1951, Hale
1952 1955, Culberson i955 Berkman 1958, Iwatsuki 1960
Hoffman and Kazmlerskl 1969, Hoffman 1971) as have saxi-
‘colous communities on varlous rock outcrops (Oostlng and
Anderson 1937, Redfearn 1960, Foote 1966, Yat:anton 1967a,
b, ¢; 4, Bunce 1967,'Nagano 1969, Bates 1975). Bryophytes
on decortlcated rottlng logs have been surJEyed ln North
‘ America only by Caln‘snd Sharp (1938), McCullough (1948),
and Lacusta (1970) and the neglect: these communltles have
received is probably a ‘result.of their'successional nature
and obvious sampling difficulties (Scott 1971). Humicol-
ous mosses and'limerworts have received little treatment
sinee'the days of foreSt,typing,'althongh notable recent

-studies are those of Davis (1964), Stringer and‘Stringer

1
1

o A
& .



(i9f3,4l974), and La“RCi‘and Sttinger (1976) . Wetland
bryophyte ccmmunities navc been intensively investigated.
. and classic studies include those of Sjors (1959) and
Persson and SjOrs (1960), with more recent work being con-
ducted by vitt and Slack (1975) and Vrtt, Achuff, and

Andrus “(1975)’. \

Much of the bryo-ecological research has concen-
trated on species composition changes over short gradienﬁ
segments, usualiy on one substratum, and thus does not‘pro—
vide perspective on the "habitats" éf bryophytes albnq com-
plex topographic gradlents like elevatlon and’ exposure. “
The "habitat" .of a spec1es is 1ts populatlon response pat-
tern along such intercommunlty-gradlents (Whittaker, Levin,
and Root 1973). -'Using a framework ofvelevation‘and mois~-
ture- gradlents in mountalnous areas, Whittaker (e.g. l956,
1960, 1973a b) has led the study of vascular plant habl—-‘
tats. HoweVer, this 2-gradient approach.to‘the,study of
plant dlstrlbutlon has not yet been applied to bryophytes.

Both moisture and elevatlon are 1mportant variables
for mosses and llverworts. Not only have distinct changes
ln'specles prese&ce and.abundance been associated with
mcisturevregime (é g. Giminghan and Birse 1957, Hale 1952
Hamiltcn 1953 Redfealn 1960) but many autecologlsts have
demonstrated bryophyte sen51t1v1ty to thls factor (e.g.

Clausen 1952, Hosokawa et al. 1964, Busby pers. comm.). 'Ele-

~
vation, an 1nd1rect factor which 1nfluences temperature,



g

length of gr0w1ng season, and other varlables, is’ known to
‘correlate with dramatlc changes in the composxtlon of the
vascular strata (e.g. Daubenmlre 1943 Whlttaker 1956),
. but 1ts Jnfluence on bryophytes is less well. known.‘ How- -
ever, Selfrlz (1924) on Java, H}glnbotham and nglnbotham
(l954)'ln.the Cascade Mountalns of Washlngton, Forman
(l969f inwthe Whlte Mountalns of New Hampshlre, -and Slack
(1971) in the Adlrondack Mountalns of New York have des-‘-
cribed changes in bryophyte sPec1es comp051tlon w1th ele-
e

vation.

in addition to changes in'Species COnnosition-
along topographlc gradlents, trends 1n spec1es rlchness
and evenness are also of 1nterest but studles of thlS
kind have agaln focused malnly on the vascular plants,
usually ignoring the bryophytes. Slack (1971) has exam—.
‘ined both between— and’ w1th1n—commun1ty dlverSLty and com-
»munlty structure for bryophytes in relatlon to elevatlon |
in northern New York, but 51m11ar research is lacklng for
other reglons. Furthermore, no one has yet 1nvest1gated
changes in bryophyte species comp031tlon and spec1es rlch-'
ness along complex m015ture_grad1ents. A descrlptlon and
analysis of such patterns'vould'certainlyienhance the un- k
derstandlng of bryophyte communltles.’ | o

In llght of the above dlscu551on the follow1ng

: the51s research objectlves were set forth.



- selected, dominant spe01es. - - o

i. To characterlze the response pat&erns .of bryo-

to gradlents

thtes within a moqntaln lanscape 'in relatlo

b
PRl

of‘m01sture ‘and elevation.

C 2. To measure tne habltat breadth and overlap of

] S . ' : \

3. To identify and evaluaté.trends in S§ecies

richness and evenness in bryophyte communltles ajong eleva—‘

‘tion and m01sture gradlents.



DESCRIPTION OF STUDY AREA

Locatlon

The study area was located in north central.Jasper
gatlonal‘Park 1nclud1ng the northern end of the ‘Maligne
Range and the adjacent Athabasca, Maligne, and Miette River
valleys (Fig. 1, Plate 1) .- Easy accesslvia the Signal.Moun—
dtaln fire. lookout service road andfthe gentleeslopes, gen-—
erallybfree-from mass-wasting, were major criteria in se-
‘lecting the area. The avallablllty of extensive literature
concernlng vegetatlon env1ronment relatlonshlps 1n the re--
-gioh also.contrlbuted to the- ch010e.
Climate '
S — . E ‘ _
"Alberta's climate is continental, with cold winters
and - short, cool summers. However “wihterttemperatures at
Banff and Jasper ... are generally higher thahnelsewhere
tin'Alberta because of,cllmatlc influences of the Pacific
H’Ocean“ (Longley 1967) .

Contlnuous cllmatlc data for the-stqdy area were
avallable only for Jasper towns1te, however, a series of
meteorologlcal statlons runnlng from the top of Slghal
_Mountaln, across the Athabasca Rlver valley to Pyramld

Mountain was. operated from 1969 . to 1974. Although data

'.from this environmental transect are not yet available, .

-
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Plate 1. View of northern Maligne Range and Athabasca
' valley from Colin Range in Jasper National

Park. _ . o



A

preliminary information provided by La Roi (pers. comm.)
ASdggests the following trends. . Annual precipitation, |
which averages 40.6cm at Jasper townsite‘(Hrapko,l970),
increases with_elevation and probably exceeds 80cm'abowev

timberline_on Pyramid Mountain. ~ A 31mllar trend is ex—.

pected for Signal Mountain. Mean annual temperatures gen- o

erally decrease with elevation. Hrapko (1970) has shown

that summer dlurnal temperature fluctuatlon is much greater

at Jasper townsite than on the . summLt of Slgnal Mountaln.__;

'ngher elevatlon areas’ thuSWhéve a cooler, wetter, and per—

haps less varlable Cllmate than do lower elevatlon areas.

Geology . o |
| Since the study indluded‘sampling of_bryothtes on
rock outcrops,'and since many bryophyteéayavevbeen‘shown
to respond to rock type (Nagano l969),la brief revieW'of
geological information.for the areavis‘presented;here. K

| The Maligne Range lies in_the'Main Range Province'
of the Rocky‘Mountainsvand several fornations of Precamb-
. rian and Cambrlan age are exposed in the v1c1n1ty. 'The
'0l1d Fort P01nt Formatlon, composed of - arglllaceous slates
and siltstones w1th_sub51d1ary»llmestone breccias and
jcalcareous sandstones, Outcrops frequently in the Athabasca

River valley, while the southwest slopes of Slgnal Mountaln
eXhlblt exposures of the Wynd Formation, an ‘arenaceous and
arglllaceous assortment of conglomerates and sandstones ln

which calc1te is the dominant carbonate (Charlesworthet al.
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1967 and Charlesworth~pers. comm. ) . The arenaCeous,Gog
group, whlch is usually found at hlgher elevatlons within
‘the study area, including the summlt of Mount Tekarra, is
composed of feldspathic quartzites and largely nonjealcar-
eous sandstonesv(CharléSworth'etdZ.1967). | |

Intense gla01atlon of the region occurred durlng
‘the Plelstocene (Shaw 1972) and 1s evidenced by the erratlc
boulders and roches moutonnées found below 2300m, and by

extenslve moraines and outwash plains in the river valleys. -

\

‘Vegetatlon ' -

- On the ba51s of vegetatlon and floristics Jasper
National Park lies'near the boundary between Daubenmire's
»{1943) northern and far northern Rocky Mountain regions
(Beil 1966). - Within the park'3 elevational zones of vege:*
tation have been identified: the alpine, subalpine (or .
spruce-firf and montane.(Daubennire‘l943,vRowe'1972).
These ‘units have been-divided into subzones and delineated
’ for,the.Jasper area by‘La Roi (1575). |

Within the alpine zone, whieh lies between tree
line (2070m) and perpetuai iceland snow;'tne’pattern of
vegetation has been related to environmental factors by
‘Hrapko (1970)._ In areas:withvfull*exposure, early snow
release, high wind soeed and coarse soil’ texture,‘xero—
phytlc Dryas octopetala—lwhen and Dryas—moss tundra communi-
tles are most common. Chionophilous, dwarf shrub-heath

r -7

_ communities of -C'assiopé tetragona and Dryas octopetala -are
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located in protected places, while Cussuxw mer tenstana- \
" _Phyllodoce .glanduliflora stands occur in areas of greater : \
snow accumulation or on protected slopés at timberllne} '\\

.auwm7ngruwi-dom1natedcommunltles are assoc1ated with.

extremely late melting snowbeds, whereas wetland areas -

with high water tables suppurt wet sedge meadow. ' _ R
Between ag%roxlmately 1530m and 2070m the vegeta-

.
" tion is subalpine in character Wlth cllmax Engelmann

spruce (Picea engelmannm) .s‘ubalplne fir (Abies Zaswc a) for-
ests domlnatlng on mesic. uplands The spruce—flr forests.‘
maintain extensive bryophyte strata but usually'lack well-
developed herb'and Shrub strata. (Bell 1966) . _In the, study-
area rmuch of the subalplne zone 1is covered by even—aged,(‘
post-fire forests of lodgepole plne, whlch.have been claSS—
1f1ed on the basis of their understory spec1es by Hnatiuk
-(19695 ' The Menziesia g&abella, AZnus cmspa, Feathermoss, and
Vaceiniwn Types are usually succe551onal to spruce*flr,"
while the Elwmw umwvamu; Type Often forms .a physiOgraphlc
climax on xerlcw south fac1ng slopes _ In wet 51tuatlons
. open Engelmann spruce or black spruce Hhcea;munamﬂ(at lower.
.elevatlons)/fens are- present. . At the other end Qf the._
m01sturé‘g§ad1ent}south facxng rock outcrops support xero—
=phyt1c vegetatlon. | »

Perhaps the greatest varlety of plant conmunltles

_yls found in the montane zone where dry t;ll benches and

coarse alluvlal gravels support cllmax stands of old
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d ;
. Douglas-fir (Pgseudotsuga menzigeii var. glauca) with Elymus

innovatus (Stringer and La\Roi 1970) in contrast to the
mature white sprlice (T%cng}m«m)—feathermoss forests
found in more me31c sites. At the wet.end of the mois-
ture gradlent several kinds of cheazmunana fen communi-
ties have been identified, while'Kereria erigtata-Calamagrog-
tis montanensis grasslands“(Stringer 1973) and rock out-
crops represent'xeric conditions. o

Fire has been a crltical factor in shaping the
.patternFOf Vegetationfand deterniningvcanopy spe¢ies in
the montane zone. ‘Widespread fires in the Jasper area in

i ne late Nlneteenth Century are apparently respon31ble for

: most of the exten51ve lodgepole pine forests that presently

"domlnate the valleys and slopes in the study area (Tande

.pers. comm. ) . Hnatluk (1969) recognlzed 3 major montane

plne forest types. the Arctostaphylos uva-urst Type, the

Shepherdw canadensw Type, and the Feathermoss Type, some of ¢

- these form phy51ograph1c ¢11maXes on drler sites.

| ' The bryophyte component of the vegetatlon is not

'well known, but many of the researchers mentloned above in~
'_vestlgated the ecologlcal relatlonshlps of domlnant moss

hh;spec1es and made statements about the development of the
"bryophyte stratum,: g f.-. h o . :" . '

Bryologlcal research in the Jasper area has been

1

predomlnantly of a florlstlc nature and, although the park

yls far from well known, oyer 200.spec1es have been reported

13



(Bird 1973, see ANALYSIS OF THE BRYOPHYTE FLORA, p.22).

of hlstorlcal interest is the visit of renowned botanlst

%’@mas Drummond who explored and collected in the Atha—

"basca and Snake Indian River valleys in 1825 and 1826 and

may:even haVe”walked the lower slopes of the Signal Moun-

tain.
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SITE SELECTION AND SAMPLING PROCEDURE

Site Selection ériteria_

An attempt was made to survey as wide a variety of
plant communities as‘possible and to maximize env%ronmen—
“tal differences betweeh sites. Strictly objective, ranuom
site selection would have resulted in excessively repli—
cated sampling of common communities and ihadequate samp-
ling of types on less abundant landforms. Thus a subjec—'
tive approach without precoﬁbeived bias was deemed appro-
priate“éMueller—Dombois and Elleﬁberg 1974). Sinee the-
vegetatlon env1ronment relatlons were well known for the
study area, stands could be chosen in an efficient, albeltb
partially subjective, manner.

The three major vegetation zones and their . sub-
zories were utilized to gulde strategic location of stands
with elevatlon.; Informatlon on 1ntrazonal varlatlonv-
plant communltles relatlng to moisture supply was extrac-
ted from prev1ous studies of the vegetitlon (Bell 1966,
Stringer and LaAR01 1970, Strlnger 1971, Hnatiuk 1969,

Laidlaw 1971) and preved invaluable in selecting appropri-

ate stands. The extreme ends of the moisture gradient_are
-not well known the Jasper region so I'used personal
Judgement in cho¢sing su1table rock outcrop and wetland

communltles.

15



With specific, yet flexible, concepts of the major
plant communitY'types in mind, 30 stands were chosen, all
of whlch met the following criteria:

1. An important quality of each stand was maximal,.
‘1nternal homogenelty, it had to have mlnlmal microtopo-

graphic varlatlon, consistent aspect and .slope angle, and
_even distribution of Vascular plant strata.

2. Stands pad to have reached a mature or Stable
condition (requires ca. 40 years for the bryophyte stratum
[HnatiukW1969]). Stands younger than 40 years (based_on
lncrement cores) were not sampled.

3. Stands had to show little or no disturbance by
man or other agents. \_

The 30 study 51tes.1ncluded 5 rock outcrops, 1
grassland 15 montane and subalpine forest commun1t1es,-5
vfens, and 4 tundra communltles, whose main characterlstlcs

are ‘described in Table 1. Approximate locatlons '0of stands

are shown in Figure 1.

Sampling Procedure . ' _' . : ‘c

A crude co- ordlnate system was establlshed in each
stand and random numbers were used to locate a single, 10
x 50m macroplot. Four corner stakes and-a center stake

were placed and 6, 5m transects were located along the

plot diagonals, 1 beginning in each corner of the macroplot

" and 2 radiating from the center. The line-intercept tech-

~nique was used_along the transects to estimate cover of the

16
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vascular plants apd major substratum types (humus, wood

rock, barkv soil and water) - Canopy cover was ‘measured at

five point5~along.the plot diagonalvusing a spherical den-

siometer, and measurements of altitude (altimeter), slope‘
angle (clinometer), and aspect (compass) were taken

Fifty 0. 2m2 guadrats were set out within the macro-
plot (i.e. 2% sampllngvinten51ty) to sample the bryophytes.

. To insure that all substratum types were-Sampled,»the quad-
: TR .

rats were allocated proportionately to different substratum:

types based on the line-intercept data for substratum abun-

.dancel Random numbers determined which of the 50 quadrats
would be used to sample each substratum. At each meter
mark.along the 50m baseline a random number, I, was drawn
from 0—9, and a stake was located n meters 1nto the plot,i
perpendicular to the baseline.: The closest patch of the s

0
appropriate substratum in the plot was sampled using a 20

x 100cm .quadrat. For small, patchy ‘'substrata 20 x 50cm or

10‘x lOcm_quadrats were utilized in various combination un-

til thé 0.2m° area was sampled. | |
Initially, cover estimates in cm2 or bry0phytes

were obtained for each quadrat uSing a metric ruler, but

experience allowed use" of ocular estimates later in the ;

field season.' Measurements were made to the nearest cm2

| and were repeatable to w1th1n 10% accuracy. The presence

or absence of sporophytes was noted in. each quadrat for

each spec1es

20



When quantitative sampiing had béen completed a
search of the maéroplot reQealed rarer bryophytes which
" were collected and added to the specieé list f9§ that
stand. Voucper specimens were takentof alllbryophytes and
unknown vascular plants. Rock sémples were procurea from

all rock outcrops and each of the study sites was phbto—

graphed.

21
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ANALYSIS OF THE BkYOPHYTE FL&RA

Introduction

In 1962 Bird observed that only 107 moss species
had been reported from Jasper National Park but he noted
that the area was stlll relatively unexplored, bryo1 ‘qic—

i

ally, In the Mhost recent Catalogue of the BryOphyte Re

ported from Alberta, Saskatchewan, and Manitoba, Bird

(1973) listed 184 moss species, 31 hepatlcs,,and 1 horn-
wort.in the Jasper flora. Six mosses and 1 1%verwort were
added by vitt (1973). I heve surveyed recent vegetation
research in  the Jasper area (i.e. ‘HEEpko 1970, Kuchar
1975, Hettinger 1975) to find 26 moss and 16 hepatic spe-
cies newly reported for' the pérk. Recent studies of the
Hepaticae in_the Jasper region have added 40 species (Bird
and Hong 1975}'Hoﬁg and Vitt 1976). Thus, ptior to this
writing, the known bryophyte fiora of Jasper National Park
~ included apptoximateiy 216 mosses, 88 liverworts and l

hornwort for a total of 305 species.

Results and Dlscu551on

In the present study 144 bryophyte spec1es, in-
cluding 129 mosses and 15 hepatics, were collected and
'1dent1f1ed (see 2PPENDIX A). Twenty-four of the moss spe-

cies were new records for Jasper Park and as a result of

22



these additions, the moss and total bryophyﬁe floras of
the park may be estimated at 240'and 329 species reépéb—-
tiQely. |

The size of the Jasper bryophyte flora compares
~ favorably with those of.other aréas-in the northgrn-and
far northern Récky Mountain regions. Banff Natioﬂél Park,
for example, supports over ZSd bryophyte species (Bird
l973),mbut this area has not been as intensively'collected
as Jasper Park irf recent yeérs and a substantial increase -

in this number should be expected with future exploration.

Hermann (1969) has estimated 390 bryophyte taxa to be pres-

ent within Glacier Natiénal»Park; Montana, which is smaller
in size than both Banff and Jasper. If oniy mosses are
considered, the relative siées of these floras remain the
same; Jaspef has 240 species, Banff,'l93‘and Glacier, 303.
Vitt and Koponen (1976) have reported 177 mosses from the
Grande Cache area, just north of Jasper Park. Vitt (unpub-
‘lished data)believes the Ogilvié Mpuntains'éf theiYukon to
cdntain approximétely 200 moss spééies,-while farther south
in the Rockies Weber (1973) has reporfed 292 species from
the entire state of Colorado.

Since the areas mentioned are of d%fferent sizes,
detailed comparison of floras is impossible. However, 
Glacier National Park aépears to be the most bryoéhyte'rich
section of the Rocky Mountains sincevthe’bryofloras are

generally smaller both north and south of this region, even

-
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for geographical units of larger size.
Crum (1966) has.observéd.that:

At least as far as mosses are concerngd there is
no distinctive flora of the Canadian Rocky Moun-
tains. It is rather a fairly rich assemblage of
widespread calciphiles derived in post-Pleisto-

cene times from the American Rockies and the un-
‘glaciated mountains of‘Aﬁeska and Yukon. :

An analysis of floristic elements within the Jasper

flora largely supports this view. Table 2 presents a break-

down of the major floristic elements and Table 3 lists the
species representing each. Nomenclatﬁre”is from Crum,
Steere and Anaerson (l973f for all moéses except Mniaceae,
for which Koponen‘(l974) is used,.ahd Sphqmubg for which

- Isoviita (1966) is uéed./ Information on species distribu-
ti&és was obtained from Bird (L974a,b), Crum (1973), |
Fiowers (1973), Koponen'(l974),-Lawton (1971) , Schofield.
(1969° 1972}, and vitt (1973, pers. comm.). .

| The circumboreal element, Whichiincludes sPecies
whose range§ a?e pfimérily in_ﬁhe boreal‘ZOﬁe of ﬁhe north-~
ern heﬁisphere, is the largest single element with over 42%
of the species. Together, widespread species and weeds,
whicﬁ are diétributed throughout the northern hemispﬁerel
and iﬁ many'cases'throughoutvthe world, account for over
15% of the flora. There is a large arctic-alpine component

as well as a number of arctic-alpine-montane species; the

latter differ from the former in being present beiow'timbéf?

line in the mountains. The western North American element

is small,vincluding about 8% of the species of ‘which 2.9%
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Table 2. Major floristic elements in the moss flora of
Jasper National Park.

T
>

LORA

FLORISTIC ELEMENi‘ | . $ OF F
. = |
CIRCUMBOP AL 42f5
WIDESPREAD" ' : S 13.3
'ARCTIC-ALPINE . . 12.5
BOREAL-MONTANE | 8.2
WESTERN NORTH AMEﬁiCAN o 5.2
| ARCTIC—ALPINE—MONTANE | 4.7
MONTANE o s C 4.2
wﬁSTERN NORTH AMERICAN i 2.9
(endemic) .
WEEDS . ‘ - 2.6
ALPINE—MONTANEV ‘ . 1.8
' BOREAL-TEMPERATE N 0.9 )
; TEMPERATE-MONTANE | 0.4
BOREAL-ALPINE - § 0.4

LOW ARCTIC | | 0.4

L = 100.0




Tablce 3.
moss flora.

Specien lists for the major floristic clements in the Jasper Natjonal Park

a

A. CIRCUMROREAL ELEMENT

*quldcomnium palustre (Hedw.)Schwaegr.
Barbula acuta (Brid.)Brid.
Brachythecium albicann (lledw.)B.S5.G,
% - ourtum {Lindb,)Limpr.
*8, turgldum (C..7.0artm, )Kindh.
*B, velutinum (Hedw.)B.S.G.
'Bryum pacudotriquetrum (ledw.)Gaertn.,
MeyersScherb,
Bryum turbinatum (Hedw. )Turne .
**hpyum weipe Lit Sprenq.
Huxbaumia aphylla Hedw.
*Calliergon giganteum (Schimp.)Kindb.
¢. richardacnii (Mitt.)Kindb. ex Warnst,
*C., sarmentosum {(Wahlenb.)Kindb. -
*C, gtranmincur (Brid.)}Kindb. e
C. trifarium (Web & Pohr)}Kindb.
Campylium hispidiulum (Brid.)Mitt.
*C, gtcllatum (Hedw.)C.Jens.
*Catoscopium nigritun (Hedw.)Brid.
Cirpriphyllur cirrosum (Schwaegr. ex
‘Schultes)Grout
Climacium dendroides (Hedw.)Web & Mohr
Cratoncuron filteinum (Hedw.)Spruce
Dicranella =rispa (Hedw.)Schimp.
D. subulata (Redw.)Schimp.
D. varia {(Hedw.)Schimp.
Dicranum bonjeanti ‘Do
*D. fuscrecens Turn.
D. groenlandicum Brid.
*Dicranum polysetum Sw.

0. wndulatum Brid, :
Digstichium inclinatum (Hedw.)B.S.G.
DPrepanocladus exannulatuc- (B.S.G.)Warnst.
. fluitans (Hedw. YyWarnsg.
. revolvens (Sw.)Warnst.
uncinatus (Hedw.)Warnst.

D. vernicosue (Lindb. ex C.Hartm. )

‘Warnst. .

s*5.10dium blandowii (Web & Mohr)Warnst,

Hygrohyprum Luridum (Hedw. }Jenn.

H. molle (Hedw.)Loecske

Bylocomium pyrenaicum {Spruce) Lindb.
*ii, esplendens (Hedw.)B.S.G.

*Hypnum cupreeaiforme Hledw.

K. lindbergii Mitt.

*4. pevolutum (Mitt.)Lindb.
**Jgopterygium pulchellum (Hedw.) Jaeg.

Sauerb.

Meesia longiseta Hedw.

*M. uliginosa Hedw.

*unium marginatum (With.)YPR-Beauv.

*y. spinulosun B.S.G.

*y, thomsonii Schimp.

‘Oncophorua virens (Hedw.)Brid.-
**0. waklenbergii Brid.

Not.ex Lisa

B.S.G. . L
."Orthotrtchum obtusifolium Brid. :
*0., speciosum Nees ex Stu¥m

'

. #*paludella squarroca (Hedw,)Brid.

wAplayionmium ¢iliare (C.Mucll.YKop.
awxp, dremmondii (Bruch. & Schimp. )Kop.
*hp, oliiptiown (Laur,)Rop. -

*p. medfium (B.S.G.)Kop. |

Plagiothecium dvnttculatum (Hedw,.)B.S.G.
**p. lactum B.S.G.

Platydictya jungermanniofdes (Brid.)Crum
P. minutinaimlkm (Sull, & Lesg. er Sull.)Crum
*plourcatum cohrcheri (Brid.)Mitt.

- Pogonatun wrnigerwa (Hodw.)R-Beauv.

Poiilia annotina (Hedw.)Lindb.

P. atropurpurca (Wahlenb.)H. Lindb.

*p, erxda (Hedw.)Lindb,

rF, drummondii (C.Muell.)Andr.

*ptilium erista-castrensia (Hedw.)De Not
*pylataiella polyantha (Hedw, ) Grout .
“Rhizonrnium gracile (Steere)Kop.

*R, poeudopunctatum (Bruch. & Schimp.)Kop.

Rhutidiadolphus lorcus (Hedw,)Warnst.

R, equarrcsus (Hedw.)Warnst.

*R, triguetrus (Hedw.)Wa¥nst.

Scorpidium scorpioides (Hedw.)Limpr.

S. turgescens (T.Jcons.)lLoeske
Seligeria campylopoda Kindb.ex Macoun & Kindb.
Sphagnun angustifolium (Russow)C.Jens.

5. eompactur DC.ex Lam. & DC,
S, fusgum (Schimp. )Klinggr.
5. gtrgenaohnt1 Russ.

5. Memoreum scop.

Sphagnun rzpnrzum Aonqst.

S. rugsowii Warnst.

S. BQuarrosum Crome
*5. warrnstorfii Rus
Splachnum luteum Hedw.

5. rubrum Hedw,

*5, gphaericum Hedw.
*S. vaaculoaum Hedw. .
*Taylorie lingulata (Dicks.)Lindb.

T, serratq(Hedw.)B.S.G.

Tetraphis pellucida Hedw.
'Tftraploﬁon angustatus {Hledw.)B.S.G.
«7, mnioides (Hedw,)B.S.G.
¥rhuidium ahietinum (Hedw.)B.S. G.
*P, recognitum (Hedw. yLindb.
tromenthypnum nitens (Hedw.)Loeske

Orthothcctum chiyseum (Schwaegr. ex Schultes)
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Tahle 3 - Continucd

AMmblystagium serpens (Hedw.)B.S.G.
Atrpiohum undulatum (lledw.) P.Reauv.

**Rapbula conveluta Noedw.
Bapbula fallaz Nedw,

*Arachythecium nalehrosum (th & Mohr)hn.s.G.

taryoerythrophyllum recurviroatrum
(Hedw, )Chen
% ipyum gnguatirete Kindb.
*B. capillare Hedw,
. S*Campy lium chrnnophyllum (Brid.)J.Lange
C. polyganum (B.S.G.)C.Jens.
ADicranum scopariym Hedw,
*propanccladus adundus (Hedw.)Warnst.
*Euphynchium pulcheollum {Hedw.}Jenn.
*Pigaidens gemundoides Nedw.
*Grimmiag alpicola Hedw.
*¢. apoearpa Hedw.

ex Macoun

B. WIDESPREAD FELEMENT

Gumnoatomum recurvirontrum Hedw.
*iledviaia cfliata (lledw.)P.Reauv,
Leptodictyun riparium (Hedw. )Warnst.
tphilonotin fontana (Hedw.)Brid.
*Pohlia metans (Hedw.)Lindb.

P. wahlcwhbergii (Web & Mohr)Andr.
Polytrichur commune Hedw.

*p. Juniperinum Hedw.

p. lénpiectum Rrid.

“Ap. piliferwen Hedw.

*p. gtrictum Brid.

tghaeomitnium canescens (Hedw.)Brid.

R. fasciculare (Hedw.)Brid,

*/. . hetarontichum (Hedw.)DBrid. :

*rortula ruralip (lledw.)Gacrtn., Meyedr &
Scherb.

C. ARCTIC-ALPINE ELEMENT

*Andreaea rupeatris Hedw.

*Aulacomnium turgidum. {Wahlenb. )Schwaegr.
‘Eartr{n;a ithyphyila Rrid. .

Blindia'acuta (Hedw,)B.S5.6G.

Bryum stenotrichum C.Muell.

Conoatomum tetragonum (Hedw.)Lindb.
*Degmatodon latifolius (Hedw.) Brid.
**hicranum angustum Lindb.

Dicranum spadiceum Zett.
**Drepanacladus badius (C.J. Hartm JRoth

Dryptodon patene (Hedw.)Brid.
Grimmia torquata Hornsch. ex Grev.

ex Drumm,)

Hi;lichhofcria macrocarpa (Hook.
& Sauerb.

Bruch. & Schimp. cx Jaeg.
“Mrttum Dlyttii B.S.G.
Myurella tenaerrima (Brid. )Llndb.,
*pargleutobryum enerve (Thed. ex C.J.Hartm.)
Loeske
Plagiobryum demisgum - (look.) Lindb.
*p, zicrii (Hedw.)Lindb.
*pogonatum alpinum (Hedw.)Roehl.
*p. dentatum (Brid.)Brid.

*Polytrichum sezangulare Brid.

- *Rhacomitrium lanuginsum (Hedw.)Brid.

Hypnum bambergeri Schimp. Stegonia latifelia (Schwacgr gx Schultes)
K. callichroum Funck ex Brid. Veént. ax Broth. :
.H. hamulosum B.S.G. *rortula norvegica (Web )Wahlenb. ex
© k. procerrimum Mol. Lindb.
Xigeria blyttii (Schimp. YRroth.

D. BOREAL~MONTANE ELEMFMT .

Aloinia brevirostris (Hook.&Grev.)Kindb.
*Bryum palléséens Schleich. ex Schwaegt.
Desmatodon cernuus (Hueb.)B.S.
*Dickodontium pellucidum (Hedw.) chimp.
Didymodon rigidulus Hedw.
*pigtichium capiilaceum (Hedw.)BR.S.G.
*pitrichum flexzicaule (Schwaegr.)Hampe:
*Encalypta procera Bruch

*£. rhaptocarpa Schwaegr.

*E. vulgaris Hedw.

*Grimmia afftn;s Roppe&Hornsch. ex Hornsch.
G. agassiaii (Sull & Lesg. ez Sull.)
Jaeg. & Sauerb.

. “%;. anodon B.S.G.

¢rimmia donniana Sm.
*crimmia tencrrima Ren.& Card.

*trogkeella nervosa (Brid.)Loeske

*yMyurella julacea(Schwaegr.)B.S.G.

*'Orthotrzcnum anomalum Hedw.

Plagiopus oederiana (Sw.)Limpr.
tpgoudoleskea radicosa (Mitt.)}Macoun & Kindb.

*tpsaydoleotaalla dectorum (Funck ex Brid.)

Kindb. ex Broth.
tRhytidium rugosum (Hedw.)Kindb. =
tSaelania glaucescens (Hedw. )Bomanss. [ qush.
trimmia austriaca Hedw.

trortula mucronifolia Schwaegr.
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Table 3. - Continued o ,

E. WEESTITN NORTH AMERICAN ELFMENT

“*Brachythecium collinum (Schleich. ez Metaneckera manzicaty (Hook.cx Prnmm.)
C.tmell )B.S.G. . Stecere
*oferanur fra {folium lindb : 011q0(:xrhuw alr:rrum Mitt. !
*hicranur ruchlenbeokil DLS.GL 0. heverosiown (edw, )NC. -
**Encalypta huJi:a Haqg. - Orthotyrichur lacvigatun Lett.
Funaria rahlenbepgit R.Medw. ex Turn. Taeuddleskea Dnewrvata (Hndwr)quske
Grimmia pulpinata (Hedw.)Sw. - Rhizormiuwm nudum (Britt. & Williams)Kop.

Kiaeria falcata (Hedw.)llag.

F. ARCTIC-ALPINE MONTANF ELEMENT

~

& Arncll)

Amphidfﬁw lapponicien . (Hedw. }Schimp.. ’ *Dioranum acutifoliur (Lindb.

Cynodontium alpestre (Wahlenb. )lede_ C. Jens. cx Weinm,

C. ochisti: (ch'& Hohr) Lindb, : *pieranum clongatur Schleich. cx  Schwaegr.
*¢., atruniferun (Hedw.)Lindb. .,  *Kiaeria ctarkei (Web.k Mohr) Hag..

Degratoden heimii (Hedw.)Mitt. *Tortella frapslis (Drumm.)Limpr.
*picranovcisia crigpula (lHedw.)Lindb. ex *7. tortucaa (Hedw.)Limpr.

Milde
‘ . . G. MONTANE ELEMENT

Encalypta affints R. Hedw. Co '3}}ho trichum alpectre Hornsch.ex - B

Encalypta oiliata Hedw. ' * rupestre Schleich.exr Echwaegr.

Grimmia atricha C.Muecll.&Kindb. ex ‘"Lvrtauvun‘rum fiiifcrme Hedw.

Macoun & Kindb.. : Rhacomitrium acteularc (Hedw.)Brid.
tHypnun vauchkeri Lesq. T Seligeriag donniana (Sm.)C.Muell.
s*Mpiumiarizonicum Amann ’
. .
. ’ k)
. H. WES"I‘ERN NORTH AMERICAN ENDEMIC ELEMENT

Cratoneuron williamsii Grout . . *Opthotrichum Jamestanun Sull. ex James
*sCpimmia caluptrata Hook. ex Drumm. o Polytrichum lyallii (Mitt.)Kindb.

Homalothecium aeneum (Mitt.)Lawt. - - . Seleropodium obtusifoltum (Jdeg. & Sauerb.)

Oligotrichum parallclum (Mitt.)Kindb. - . " Kindb. ex Macoun & Kindb.

- . S I. WEEDS

A

'§$uum argcnteum Hedw. - *Ceratodon pu;pureus(nedw.)Brid.

‘Bryum caespiticium Hedw. . Funaria hygrometrica ledw,
*Bryum ercberrimum Tayl. ) *Leptobryum pyriforme (Hedw.)Wils.
. i ot
S

" J. OTHER, .

Aongatrbémia‘lonﬁ{pes' (somm.)R.S.C. (BORFEAL-ALPINE)
Carpyltum hallert (ncdw.)Lindb. (ALPINL~MONTANE)
Veshatodon obtusifvlius (Schwaegr.)Schimp. (TEMPEPATE -MONTANE)
. chheldna falcaturm (Pedw.)l'yr. - {BOREAL-TFMPLRATE)
L N Frca?ypta brevicolla (B.S.G.)Bruch. cx Anastr. . (ALPINE- MONTANE)
a Fontinalis huprotides C.J.Hartm, (ROREAL-TLHPERATE)
*2Gpimmia incurva Schwaear. (ALPINLC-MONTANE) e

Hygrohypnum smithii (Sw. ex Lilj.)}Broth. (ALPINE-MONTANE) .
Ulota curvifolia (Wahlenb.)Lilj. (LOW-ARCTIC) ' B

’Qpccxes collected. durina the present study.
"Spccxes collected duran the prescnt study and new to Jasper Natxonal Park.
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are endemic. Anot..cr small group of spéciesh(4.2%) is
limited.to mountain habitats on the continent. Other di§-
tribution patterns represented in the flora are listed iﬁ
Table 2. - |

Bird and Hong (1975) examined the phytogeographic
relationships within the hepatic flora of Alberta and reF
ported that the largeét floristic unit was arétic—boreai,
alpihe—montane. Likewise,lH02g~and vitt (1976) obéervéd
that most qf the hepatic species in west-central Alberta
were Widely distributed in the northern bqrtion bf the

northern hemidphere. These results closely parallel those

described above for Jasper mosses.

¢
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GRADIENT ANALYS IS

T

Introduction

Data analysis and interprgtaﬁion in bryothte
phytosoéiology have dtiiized many Qf the techniques de-
veloped fér studies of the vascular plant component of
vegetation. Cain and Sharp (1938), fof example; and
Yarranton (1962) have employed bryophyte assoéiation
tables to exhibit data and infer relationships between
speCies and stands. . ’v SN

Indirect gradiént analysis (Whittaker 1967)'has
been an attfaétive method for those stugying brydphyte
and lichen communitiés on rock butcropsxyhere gradients .
are not obvious. Foote (l966f utilized the Bpéy and
Curtis (1957) technique on outqrdps in southern Wisﬁdnsin,
whilé pfincipal components anaiysis’has béen'é popular
me thod with British ecologiét§ kBunce 1567 Yarranton

1967a) . ‘

Direct gradient analysis (Whitéaker 1967) has been
used infreqﬁently by bryOthte phytosociolog%sts, glthdugh
crude environmental measurements allowed Redféarn (1960)
to ordinate moss communié&és alohg.a.moisture‘gradient on
a Florida rock outcrop, aha,Hale (1955) used the climax
adaptation numbers of arboreal species from Curtis and
McIntosh (1951) to ordinate ha:dwdod stangs and establish

<4
S
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a compiex gradient from mesophytic maple-basswood forest
to dry oak openings. in Hale's study the distribution of
epiphytic mosses“and lichens was then examined along the
gradient, which had been‘construoted solely on the basis
. of the arboreal species.

Where env1ronmental gradlents are obv1ous and veg-
etation data heterogeneous direct gradlent analysis. pro-‘
vides a proven) reliable method for presentation of stand
relationships (Whittaker 1973, Whiﬁtaker and‘Gauch l973f,
whereas indirect gradient analysis is-subject to increasing

distortion as floristic differences increase (Beals 1973,

Gauch 1973a, Gauch and Whittaker 1972). Whittaker and

Gauch (1973). have suggested that direct and indirect ordin-

ation can be used to check and comﬁiement one another.

In thlS study, dlrect gradlent analy51s was se-
lected as the prlmary means of establlshlng stand relatlon-
ships since the sampling units were drawn from a broad
spectrum of communities yet: were aligned along relatively
obvious gradients. A Bray and Cuftis (1957) ordination
was performed on 19 of the 30 stands as a check on the
direct technlque and was chosen over the mathematically
more elegant principal components: analysis (also per-

formed) due to the more pronounced distortive powers’of

the latter (Whittaker and Gauch 1973).
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Mcthods

g Direct ordination. In the direct gradient analy-

sis stands were positioned along moisture and elevation
gradients. Although stands were easily placed along the

elevation gradient using field measurements of altitude,

the evaluation of moisture regime was more difficult.
Utilizing»ﬁhe indicator-species concept of Rowe.(l956)
and Looman (1964) and the methods of Whittaker (1973a), a
means for computing moisture indiées for all stands was
devised.

‘Since the vegetation of the study area and £he en-

vironmental response patterns of 'its major vascular plant

species were fairly well known, I felt that an estimation

: _ ,
of stand moisture regime based on the moisture affinities

of the vascular specieé would be valid. Each stand was

'

assigned a tentative moisture index from 1 to 5 (xeric to

hydric), where 1 = rock outcrops and grassland,.3A= mesic

forest communities, and 5 = hydric fens. A moisture indexﬁﬁi

‘wasnthen computed for each species by averaging the mois-
ture indices for all the stands in which the species was
preseht. 'A subjective estimate-was'made of Ehe moiéture
indices  for rarer.species (i.e., those recorded in l-few
Aétan&slf' The_completéd list 6f.150 speéies moisture in-
aicéskzgég APPENDIX B) waS‘comparéa with the results of

, p, . . . . )
vegetation research in the study area, then discussed

L3
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with and mcdified,by several wcrkers having-experience in
the locale (see ACKNCWLEDGEMENTS:p.vi).

Two methods were then used to determine the compo;
site moisture index of a stand. Iﬁ the first, -the hois-
ture indices cf all vaecular species in a stand were aver-
aged, resulting in an unWeighted moisture index. In the
second, a welghted average was computed by multiplying each
species’ m01sture 1ndex by its percent cover, addlng these

for all species and then d1v1d1ng by total ‘cover. T

\

4

Indirect ordination. The Bray and Curtis (1957)
technique utilizes a data matrix of species importahce -
values which serve as stand characters in the computatlon
of 51m11ar1ty indices for all stand pairs. Two dlfferent
similarity measures. were used in this study:

o _ 200(sc)
- cclik = g5

ik
‘where CC is_the‘coefficient of community, and where/'Sj and

Sk

Se is the number of species common to both j and k
(Sgrensen. 1948) ;

200 (w)

P. +P

PS(j.k) =
3 k

where PS is percentage similarity{.Pj is the sum of the

quantitative measures of the species in stand j and P

are the number of species present in plots jJ and k, and
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is the éame quantity for stand k, and w is the sum of ‘the
lesser values for those species common to both j énd k
(Bray and Curtis 1957). |

Stands were located in two ﬂimensional4spaée on
the basis of their‘Simiiarity to one another using the
methodology of Cottam, Goff, and Whittaker (1973). Data
trahsfbrmations ana internal association values Qere not
embloygd'in the ordinations (see Whittaker and Gauéhv1973).

All calculations, including similarity values and
stand locations along the X and Y axes, were accomplished
using Cornell Ecology Programs 4 (Bfay—Curtis Ordination)-
and 5 (Resemblance or Distance Matrix) (Gauch 1973b), and
were edited fdr and adaptéd.té the Univeréity of Alberta’

IBM 360/6]'computer.

'since many pairs of the 30 stands had zero similar-

»ity values resulting fropﬂﬁhe wide variety of communities
sampled, it was decided tha£ only staﬁds whose relation-
ships to one another wéré somewhat unclear would be ordin-
ated. The rock oUtérops, montane grégsland and sedge fen,
as wéllias.allfé;pine éommunities were thus eliminated from
the data set to reduée heterbgenéity aﬁd produce a more in-
formative oraihétion. . The remaining 19 stands‘included‘dry.
and moist forest communities, subalpine heath tundra and
wooded fens. |

Four'ordiﬁationg were constructed, first using co-

efficient of community and percentage similarity on vascular
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plant data, then on bryophyte data.. Experimentation with
‘several pairs of end stands‘indicated that choice of end
stands was not crucial to interpretation.

It is important to note that the data used to rep-
resent presence and cover of bryophytes in each stand were
‘derived solely from the performance of/s;ec1es on the most

abundant substratum in eaéh stand. Since other substrata

may have provided a different set of environmental.condi-

tions within the stand, it was thought that their exclusion

from the ordinations wouLd reduce noise in the data matrix
and,yield’results that better portrayed general stand re-
lationships.

-

Results
' N

The ordinatioﬁ of stands arisig%_from direct grad-

.ient.analysis using unweighted averages of moisture'indi-‘
ces expressed reiationshiﬁsjamong stands based on their
positions along gradients of moisture‘and elevation (rég.
‘2) Stand oomposite moisture index‘values derived from
welghted averages of spe01es moisture indices produced an
ordlnatlon qulte s1m11ar ‘to that resulting from the un-
we;ghtgd technlque. Therefore, only the results of the
latter were examined in detail.

The even distribution’of-the 30 stands in the or-
dinatiop ihdicated that‘the wide range of‘conditiohs‘aiong
_both gradients in the study area was well represented;

There was, however, a blank area evidentkat\isoom.inlthe

35
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. Figure 2.
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hydric portion of the'ordinafion. . This gap was due to the
unavailability of a lower subalpine wetland for sampling
within the study area, and did not detract significantly
from theAvalué of the ordination.

Based on broad physiognomic and floristic similar-
ities between stands and on my knowiedge of the stTdy area,
a rough mosaic diagram of the veget§tionvof the study area
was superimposéd‘on the direct ordination (Fig. 3). It
_clarified relationships betwgen stands in the overall Qeg;
etation mosaic.

The mosaic diagram suggeéted that gradieﬁts of ele-
vation and moisture were influential in determining plant
distributions. Before proceeding further, however, it was
‘necessary to test the validity of the direct gradient anal-
ysis for both vascular plants.and bryophytes.

The BrayéCurtis ordiﬁation 6f stands using coeffic-
ient of community on vascular plant data (Fig. 4) was.util-
ized as an objective, visual check on the direét technique.
_The arrangement of stands in this two dimensional ordina— 
tibn was related to gradiehts of moisture and elevation,
and éppeared comparable to the‘direcﬁ ordination (Fig. 2).
vIn both Figures é'and 4 the fens (stand nos. 7, 17, 18)
wére iocated on thé right side, while dry forest stands
(n;;. 1, 4, 29, 23 and 19) were located on the left; high

altitude stands were clustered at the top and low eleva-

tion stands at the bottom.
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More‘objectively, the direct ordination was di-
vided»int; 3 roughly hQFiZOntai rows and 3 vertical col-
umns (see Fig. 4 and Table 4) and mean elevations and |
moisture indices weMe calculated for all stands in each
.of the_9'resulting cells. Sighifiéant différgnces in
elevation correqunded to row location, and significant
differences in moisture index wére related to cblumn lqca-
£ion (Table 4).

A more rigprous check of the diréct,ordinatibn was
acéomplished by cé%relating distancé between'2 stands with
"ytheir coefficient of community. Fifty stand pairs were
chosen at random, and the product-moment correlation‘éo—
efficient calculated between interstand distance aﬁd co-

éfficient.of community usiﬁg vascular plant data was r =

interstand disﬁanéé and coefficient of community using <>
bryophyte data was. also highly significant (r =‘-.65,
p < 0.001). | . | | -
| I conclﬁded that the direct ordination provided ab:
'reasonable approximation of étand relationships for both
vascular plahts‘and,bryéphyggs.
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DISTRIBYTION OF BRYOPHYTE ABUNDANCE

-

Results

~ Before investigaqing the performance of individual

_species in relation to moisture and elevation gradients,

'4\ : . N
it was appropriate to describe the relationship between

“ k

these gradlents and the lmportance of bryophytes 1n commun-—

“ities. Within the study area, bryophyte abundance or. im-
ﬂportance, as measured by absolute cover, generally in-

creased from xeric to hydric conditions along the moisture

gradient (Fig. 5). This relationship was consistent for
all 3 eleﬁational zones of vegetation. Bryophyte cover
ranged’from approximatelyll%'on some rock outcrops to al-
most 70% in the subalpine spruce—fir'forest (stand no, 12).

nghest covet values were located !n montane and subalplne

'spruce o) spruCe fir forests, but ‘the montane sedge fen

(stand no. 27) also had'hlgh absolute cpver. The bryophyté
strata of wooded:fensk howeVer, had less cover than mesic

forests. ;Alpine communities generally had .less well devel—

- oped bryophyte strata than lower elevatlon communltles with

51m11ar m01sture 1nd1ces.“

Discussion
The ‘above results may help to interpret broader

geographic trends in the importance of bryophytes. The
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Rocky'Mountains and other ranges in the western cordillera
provide an opportunity to examine geographical variation

in bryophyte cover as it relates to latitude. A1l 3 vegeta-
tion zones found at Jasper arc present, though at progress-
ively higher elevations, further south in the Rockies. The
alpine and subalpine zones extend far to the north of thé
study area. Within eachAof‘thé zones along the gradient
there are definite ﬁrends in’bryophyte cover.

In the Douglas-fir—dominatéﬁ upper montane zone’'of
Ari;ona's Santa Catalina Mountains, Whittaker and Niering
(i965fﬂreported that bryophyte cover reached a maximum of
1.3%. Montane Douglas-fir foresté in Waterton Lakes
NationaL Park in southwestern Alberta were found to have
1-5% moss cover (Kuchar 1973). 1In contrast are the fiﬁd-
ings of Stringer and La Roi (1970) for Alberta's Banff and

Jasper Parks at the northern limit of Rocky Mountain mon-

| tane vegetation, where bryophyte cover in Douglas-fir for-

ests averaged 10%. In.the present study, I found that i
north-facing mesic fofests of white‘spruéé, which are un-
common in the Jasper montane, had 50% bryothte cover.

The subalpiﬁe spruce-~fir forest§ of the Santé
Catalina Mountéins of Arizona'have‘poorly developed bryo-
phyte strata.with cover reaching a haximum of ‘1.3% in the
most mesié stands (Whittaker and Niering 1965). Further
north, near Crested Butte, Colorado, Langenheim (1962)‘des-

cribed Engelmann sprucg—subalpine fir forests in which
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mosses again played a minor role. In the Medicine Bow
Mountains of Wyoming, Oosting and Reed (1932) observed
that moss cover averaged less than 1% in the spruce-fir
forést type. Bryophytes were likewise unimportanﬁ in the

. . ¥
red fir (Abies magnifica) forests of the Sierra Nevada, where oo

Ooéting and Billings (1943) have noted "mosses are r;ther

: rare'except in very damp places and occasionally on rottihg
wood and on the bases of treés." In Waterton Lakes'Pafk,
Alberta, Kuchar (1973) ~noted that ‘the feathermoss forest;.s
found farther north in the Rockies}were not charaqteristic
of the park. Howeve;, he did observe stands where absolﬁte
bryophyte cover reached 60%.

Bryopbyté cover seems to”iﬁcrease in §ﬁﬁalpine for-
ests of the Pacific Northwést and in thefnprthern Rockies.
Higinbotham and Higiﬁbotham (1954) found‘that bryophytes
weie noticeably-abundanf in subalpine forests of the west-
ern slopes of the Cascade Mountains in Washington, énd
Himet-Ahti (1965) has reported extensive(%eatﬁgrmoss wefts’
of Pleurozium schreberi in the Engelmann spruce - scbalpine
fir forests @f Wells Gray Park in interio:;British Columbia
wesf of Jasper. In Banff and Jasper Pafks_in Alberta, Beil
(1966) obSérved that'bryophytes represented the best devel-
oped subordinate stratum ih subaipine spruce-fir forest,
éveraging 57% cover. -For thié reason_subalpine(fo:ests in
the Jasper anq.Banff areaé_more clbsely resemble’boreaft‘

forests of white spruce and balsam fir (4bies baléwned), at



least physiognomically (see Beil 1966, La Roi and
Stringer 1976). M& results.fo: climax forests in the sub~
alpine zone of Jasper largeiy support. the WO;k of Beil.
In éhe Alsek River region of thenYukon, the white spruce
forests below timberline are boreal ih chéracter and sup-
port luxuriant bryophyte communities of up_to 90%-bryophyte
cover on nbrth—facing'slopes (Douglas 1974) .

Mosses and'liverworts are usually importdnt consti-
tuents of spruce-fir forests in the Appalachian Mountains

of eastern North America. Ooéting and‘Billings (1951) com-

pared New England spruce-fir forests with those of North

Carolina and stated that, although important  components of

both forests, bryophytes were apparently less extensive in
thé northern area. | |

'Although brydphyte synusiae‘in the alpine zone
rarely match the high absolute cover values they have in
the subaipine,'geographic,trends in abundance are similar

in theée two zones. All.plantAecolOgists studying alpine
A . .
A .

vegetation in the Canadian Rockies have found bryophytes

\

‘to be numerous and abundant (Beder 1967, Hrapko 1970,

Broad 1973, Kuchar 1975). Hrapko (1970) has observed that,

concomitant with a decline in'heath tgndra vegetation,
bryophytes héve‘reduced importance as one travels‘south in
the Rbckies.._Studies of alpine veggﬁation,in the central.
Rocky Mountaiﬁsvcoﬁducted by‘Langenheim (1962) in centfal

Colorado, and Johnson and Billings (1962) in Wyoming, both

<
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méntioned lichens as community components but congpic-
uously ignored brYophytes; pxobably beéause they were un-
%mportant. Bamberg and Major (1968) listed several mosses,
all kerophytgs, in tundra communities of the Méntana Rock-
iés, but none of ﬁhese‘were abunaanf. Bliss (1956), con-
trasting alpine communities in the Medicine Bow Mountains
of Wyoming with arctic tundra in_nortﬂe;n Alaska, found
that "heath species, lichens and mosses were very importaht
in the Arctic but very rare in alpine tundra." Even in. the
high arctic bryophytes assume considerable importance as
noted by Brassard (1971) for northern Ellesmere Island and
" Vitt and Pakarinen (1972) for.Devon Island. | |
Thus théré is é general-trénd of increasing bryo-
vphjte cover from the southern end of fheACordiIlera in the
southwestern U.S. northwatd.to southern Alberta. There is
probably little further increase in bryophyte cover as'one‘v
‘moves north from southwestern Alberta. The increase of
bryophyte cover with increasing latitude.is probably corre-
lated with decreasingievapotranspiration rates, a result
of decreasiﬁg Eemperatures_and increasing cloud cover,
along the‘grédieﬁt.”" |

The pattern of bryophyte cover in relation to mois-

ture in Jasper supports an interpretation of lati’dinal

trends in brfophyte cover based on moisture-related factors. -

In all 3 vegetation zones in Jasper bryophytes are most
abundant in shelteréd; nofth-facing stands where humidity

-

{
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is probably high. Farther south in the Rockies higher
evapotranspiration rates may cause similar topographic

positions to be less favorable for bryophyte grthh.‘

48
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RESPONSE PATTERNS AND HABITAT METRICS

Introduction

The conSJ.derable confu51on in the lltergture con-
cernlng the teéms "habltat" and "nlche" has been recently
| clarified. by Whlttaker, Levin and Root (1973, 1975), whose B
.lnterpretatlon I have adopted To describe a speCLes re-
sponse to the full range of blotlc and phy51cal environmen-
tal variables to which it is exposed these authors have
p:oposed'the term "ecotope", - which is the "ultlmate evolu-
tionary context of a species...." and has two components.
The first, “niche“, is the population response of a‘species
to the n Variables(by which species in a community are ad-
aptiVely related; In contrast, ;he “habitat“ of a species
is.-defined on an intercommunity level, being the population
fesponse of a species to "soatially extensive" variableé'
such as moisture regime and elevation. |

The habitaﬁs ofnspecies may be viewed using species
population response patterhs (Whittaker 1967, 1973) which
gfaphioally‘d;splay the impo»tance of speciee at sample
locations along selected gradients. The range of distribu—‘
tion of a'epecies alohg inte;community'gradients'is the
"habitat breadth“.of the speciee and is roughly synonomous
with "ecological amplitede“, a term used almost exclus-
ively in plant ecology (e.g. Shimwell 1971, Mueller-Dombois
‘and Ellenberg 1974) . The degree of mutual occurrence of

two species’along a gradient'isAreferred to as "habitat



overlap" and provides information about the similarity of
5pecies,tesponees along the gradient.

Aithough the species response pattern conveys a
visual representation 6f the location and shape of a spe-
cies' habitat and allowe gross comparisgn of habitats,
quantitative measures of habitat breadth nd overlap may
aSSist in. the rifolution of finer differenges.

| Any of the. proposed measures of nic e breadth may
be embloyed.to estimate habitat breadth since these two
entities differ only in spatial context. Levins (1968) iﬁ-

§

troduced the following as possible niche or habitat met-

rics:
B, = wrur | (1)
i ZZP.%;
1]
- B
Bl = -IP  log(P;) (2)

1]

wbere B, is habitat breadth, -and Pij is the proportion of
species i in stand j. Both'(lf and (2) are really‘measures
of heterogeneity of population distribution between stands
and may be regarded as indices of the piobability that an - .-
" individual of a giben sgecies_will be‘encountered in a
given cohmuﬁity. Equation (2) has received more extensive
use in . the receqtliiterature (Pielou 1972, Pianka 1973,
Sabath and Jones 1973, Cody 1974, Heithaus et al. 1975).

o
Habitat overlap may be quantified using

G . ’
: overlap = lOO(lfi/ZZ|Pij Phjj)

e
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where Pij equals the abundance of species i in stand 3
(schoener 1970). Levins (1968) has suggested treating
overlap as equivalent to the coeff1c1ent of competition,

a, where

, ‘ +. _ LP.. P .
' : alj = ;j hj.
P, .

1]

The measurement of habitat.breadth and overlap has
been cqmplicated by severe sealing problems that include
1) the range of the gradient sampled, 2) the spacing of
sample units along the resounce’grédients and 3) the non-
linearity of tne gradient (Colwell and Futuyma 1971). In
the first case, comparisen”of habitat breadth measurenents
for the same species in two different sets of gradient sam-
ples demands that an equal range of variation be sampled
along each gradlent. A spec1es may have an identical hab~ ‘
itat breadth in two areas, but if all sample units are |
taken within the species rang® on one of the gradients while
some saﬁple units fall above and below its range on the
other, different values will result. Secondly, the spacing
of samples along a gradient may introduce bias into habitat
'measurements. Certain sectlons of an env1ronmental grad-
ient may be oversampled and the habltat breadths of spec1es
common to that segment exaggerated. Consider also a third
case, in which env1ronmenta; gradlents or the responses to

those gradients are non—llnear; under these c1rcumstances
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even a systematic distribution of sample units albng a
seemingly, but not quite, uniform gradient would bias.re~ >
sults through oversampling the segment of lecast variabil-
ity. |

Colwell and Futuyma (1971) have proposed a meas-
| ‘ ‘ , SN ,
urement technique that minimizes the scaling problems by /

"‘.:.-'\.A

-{weighﬁing factors are developed for
the r"eéo’u.rzé'réﬁ ,fﬁt,“s;:, basegi %ﬁ ‘their distir.lct‘ness. Thus, a
Aétand which is fig}{siiéally very different from most other
stands would be assigned a greatrr weight. The weighting
 factors are used in the modifiéation.6f.the-habitat'métrics
to compensafe for the 3 problems described above.

.Such»a &eighting.system has obvious‘utilitynin
studies such as the present one, where equal distinctness
or similarity of samples is impossible to achieve in the
field and, conseqdently, researchers are beginning to make

‘use of this valuable technique (e.g. Sabpath and Jones

1973, Heithaus et al.1975).

Méthdds

The method of Colwell anduFutuyma (1971) was util?'
ized tq measure habitat breadthAénd overlép. Two kinds of
habitat metrics were computed using this technique: rela-
tive measures in which bfeadth and overlap have the'range'

0-1; and -absolute measures,. which take inpo,account the

'

IS

1 )
N
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range of variation covered by stands along the gradients
and for most situations produce breadth and overlap values

smaller than the relatlve measures (see- Colwell and Futuyma

1971).
[}
. Absolute stand weighting factors were defined by
6. _ M. (X) where
g - X.(log X. - log z) - IN.. log (N,./Y.)
M.(X) = 3( ° J : J1] g lj/-1¢;

Y Ix. log X. - 2 log 2 -
R A 9

(Colwell ‘and Futhyma'i971); M (X) is the distinctness of

", the jth stand in the stand matrix, NiJ is the cover of*

spec1es i in stand j., Xj is the total cover for species i

in ®he stand matrix, and Z is. the total cover, i.e., sum

of all species covers in the stand matrix.

- Relative stand welghtlng factors were deflned as

LML (X) .
4., = .

J IM. (X
: jJ.
Modifying equation (2) by including weighting factors,

relative habitat breadth was measured by

K Id, (% log P*,.)

" = -— e
Bj log K J 1]
where
pr.. = Nig=_MNiy
1] yx. £d.K N..
B N J J 1)

53
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and K is-a constant greater than the number_of stands.
R‘hatlve overlap between species i and h was computed

= - T A.K|px.. - P* _.|.
1 - % J‘| iy plhjl‘

Yinh o
~ The expression'for absolute habitat breadth is

1dent1cal to that for the relative measures except Gj rs
substituted for all d] but the values of. P* j_and»?*hj are,b
calculated using dj In addition the overlap summation,
must be subtracted from Zdj instead of 1.

' Clrcularlty in the technlque was av01ded by remov- -
g the specnes whose habltat breadth was belng computed |
_(or the pa1r of spec1es whose overlap was belng computed)
from the data set resulting in the need for a different " P
set of welghtlng factors for each ca&culatlon of a habltat.
mettic. | R ‘ : ‘ L,-l" |

Relatlve and absolute, circular and non-c1rcular

.‘habltat metrlcs were calculated for bryophytes usang a

varlety of stand matrlces as follows: 'all ‘stands, - rock

outcrops (stand nos. 3, 9, 10, 16; 21 .and 28),;dry,stands

v

" (stand nos,'l; 4, 5, 8, 15, 19, 23, 29), moist stands

(stand nos: 6, 11, 12, 13, 14, ‘20, 24, 25, 26, 30), sub-

alplne stands, and ~montane stands. The. latter five_stand

. groups. are selected coenocllnes along elevation and mois-~’

ture gradlents.

v v

In aaéﬁﬁases welghtlng factors for stands were

derived from absolute bryophyte cover. Habltat metrlcs
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were computed first using cover data dgaWn from all quad- n

rats on the most abundant substratum in the stand,_whlchfc.
was usually humus, rock, or soil 'ln this case, oresence
and abundance of bryophyte species on other substrata were
ignored in the determlnatlon of welghtlng factors A sec-
'ond~serles,of'computatlons utilized total cover data-for '
each stand. | i .

Metrlcs &ere calculated only for species that had

. i
.over 3% cover in a single stand or. had a mean cover greater

than 0.3% cover oyer all 30»stands} All calculations'were
eperformedvuSing'aAFORTkANvIV algorithm, written'and éener-
ously prov1ded by R.K. Colwell,whlch was modlfled Sllghtly
for use on the University of Alberta IBM 360/67 computer.

Of equal 1mportance to determlnatlon of habltat

O

metrlcs was the graphlc representatlon of spec1es popula—

tion response to complex gradlents of mOLSture and eleva—

‘tlon. Response patterns for each of the more importa ' ,
specmes were ﬁonstructed by plottlng the cover class val es

for the spe01es on the dlrect ‘ordination (see‘GRADIENT
) . ’ . t

Due to the 1mportance of substratum 1n controlllng
\

‘bryophyte dlstrlbutlon, espec1ally in forest communltles,
an ordlnatlon of spec1es based on thelr occu!xence on humus,
rock or wood was devised (see La R01 and Strlnger 1976)

USlng data from forested stan%i ahly (stand nos. l,.4, 5,
6, 8, 11, 12, 14,19, 23, 24, 25, 26, 29,,301. Because it

a B
PR B

3
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is a within- communlty phdﬁbmenon, substratum 1s really a

nlche variable, but 51nce substratum avallablllty varies -

" along habitat gradlents (e.qg. wood is not available above

LA

tree line) - 1t 'is important to con51der habltats in llght o

. of available substrata.\ The total number of quadrats on

each substratum was determiued-and the per cent fregquency

of occurrence of eac“species on each substratum was cal=

“culated. Then, fqrveach‘5pecies,_the_percent frequencies

'absolute measures were selefted for analysis and dlscu551on.

tween 5pec1es were. 1dent1cal u51ng both technlques, and

were added. Tﬁe'proportions of this‘sum‘coutributed by :#»

humus, wood, -and rock were then plot ed as percentages on

a triangular co-ordinate system. The results prov1de an

assessment of bryophyte perfornance‘ﬁku‘an 1mportant niche

'0

dlmen51on, subsbratum, generalized for all roreséLCOmmunl—

ties. Species on outcrops,-ln fens, and in the alplne al-

@;
SO exhlblted substratum restrlctlons but Sane substratum T

S

dlver51ty was much: less ln these communltles and since I
N

had much less data for/these communltles, no cOmputatlons
BRI / :
were made.

Results o

’ Relatlve habltat metrlcs were always %ﬁgher than
A\

icorrespondlng abSolute~values. Because relatlonshlps be-

J‘e':,‘)-.

-

L

llsane absolute measures potentlally allowed comQarlson of

'_a spec1es performance along dlfferent coenocllnes, the

3

‘1"‘ .
N T s
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.precise meaning.

" N a
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I found some differences in circular and non-circu-

lar metrics for species that were present and abundant in
. , .

. only one stand, but since relationships amonyg the majority

/

of species were identical for both kinds of mutrics I de-

~cided to present only'the less ambiguous non-circular val-

o, &j 4";; T . .
ues (seeftolwell%and Futuyma l97l);§?

.g/' g,bitat breadth and overlap values computed using

~.dat& from the most abundant substratum per stand were very

* 1" : n
similar to those based on-data from all substrata. This

u

result is not surprising Sane the most abundant substratum

: almost always accounted for aver 80% of the .stand's ground

surface,,whiie other'substrata were poorly represented.
Thus, species on the less.ahundant substiata contributggn
little to stand weights. |

: _The.hahitat measurements based on.brpophyge data

from the most abundant substrata were selected for presen-

tation because these data reflected a narrower range of’

,~microenvironmenta1 variation within each stand.. Species

:on minoxr Substrata could. have been repreaentative of dif-

ferent micreenv1ronmEntal cond{tions and, 51nce the pres-

ence’ or absende of additional substrata was not con51stent‘
: e

r

’between.standgﬁzcomputed.stand weights would have,had less
& :

.S

Oueralllhabitat breadths for each species\ as well

as habitat breadths'for each’species along selected' oeno-
L3
‘¢lines, are presented in Table 5, and overall habitat

-\ LR FUERN



58

o
- \ / N
; Ry . >
e * .
- VT % - ey B .

- €T 6€ - 05" - ' un3esitod wnueidtd
6€° - A 6V - . 98 « S TI9yd3ey etzoydoT1gaed
g€e” ov* 8Z" 99° - 15 UnTToyoTnd wnTysuUAYINI
vy 4N LE" v9* - mmw wunsoxgaTes wnioaylzlyoeaq
z9" LS* e 6" - 8s” snjeutoun snperoouedaig
INA 9% * AN .ce” - .66 TI9aIYdsS wnTzoanaTd
vo- A L9® vL® . - ZL*: ; suspua1ds wntwoso1AH

- ve’s A - . - mmq@&% 'sna3anbra3l snydieperptiiyy
6C° Ly ot¢” 1 - 16" S§TSU8I3SEO-LISTIAO WNTTTId-
0c - S [z L0 - 2% 67" PORPTAISNE BRTWWTY
9g’ - - €¢ z9° - ‘&WNm. SU3DSIOSNI WNURIADTQ
0p° o - zg” 9¢ * - 9y : UNITOFT3NO® wnueIdTd
9y - cg” - - Ly mmﬁaoaﬁoaoo>ﬁ erzoydoltgaed
eIt - €T" - - AN ' : untIxedoos wnueiotd

SALAHdOSANW

8-’ 9y - - - - 86 * . @a3snred wuniuwodelny
z." Lg" - - - 16° - 113103suxem wnubeyds
v p9° - - - z9° ‘sua3Tu wnudAyjuswog
Lb” - - - " 09" '~ unijenbrtajopnosd wndag

. " ‘ SALAHAOYAAH
(17) (€T) (0T) > (9) _NSC ) . S41034S ;

INI4TIYENS . INVINOKW TIANNL VYIANNL dNY S40d2L00 TTVHIAO ) T
ANV ILSJdd0d LSHEYOd AO00Yd 1 — ®
DISIN OIUIX » v

.mumuuMQSm juepunge 3sou 9y3z uo aoduewzrojxad a3Aydokiq uo paseq aae

pue SauTTd0uUl30d g 103

T

po3juasaid axe S3USWIINSE)W

“eqae Apnys aadsep ayjz ur

saroad~ Pa3oaTas 103 (,4) S3jusWo ‘NSeawW Yjpeaaq 3I¥3TeY IBTNOITO-UOU ‘d3NTOsqy
A - el s

*G aTqeyl



59

Ar. o~
) .},M.,n\!, - ’
.co..ﬂ*,;u.ﬁmo zu@.mwmn 103 e3ep ucmﬂUﬁww.dmch
) > - g *9UTTO0US0D UT SpuUels 3O Isqumy,,
“( *d ‘SQOHIAW °9S) (G = ) SBUTTOOUIOD IJYIO I0J ‘(00Z = X SONTeA TIRIDAO 104

=

i

- - 8Z" 29" 09%* . - wnz9z1TTd wnydoTI3ATOd
- - ¢ . - 09" S0 unsoutbnue wntgiTwoceyy
- - 8z" 29" 29° 6% " - umutdie wnjeuobod
o S4ID4dS ANIATY
- 90" - - €5 T Taoyonea wnudAy
- A - - 09- 61" uopoue eTWYTIH
- 8Z° - ‘6€° LS 3 T STTeaIni einixo]
62" - - 8- 9¢* €y * i 9TNEOTXSTF unyosTa3Id
- - - - 19° -9z wn3injoaax wnudAiy
- 80" - s . - : rad ' uwnsobnx untprilAyy
- T - ST* 69" 90 ° _ wnur3arge wunipinyg -
_ _ : SILAHJOUAX
(11) (€T) "o - (8) (9) - (0g) S3103dS
INIJTYEAS INVINOW  VHONNL YMANAL ONY Sd0¥DINO  TIVVEAO -
dANY L1S3¥0d ISTHO0J AO0Y :
JISdNW DN RINCH.4 ) A

© . ’ . : ” \\

panuUT3UO0D - ¢ BTqel



overlaps are prgsented in Table 6.

Examination of species response patterns (Fig. 6-8
and 10-18) revealed that no‘Z'specles had.identical habi-
tats that exhibited varying degrees of similarity reflected
by the habitat overlap values in Table 6. In the overlap
matrix species were arranged to maximlze overlap values
along the diagonal, w1thhﬁﬁ?®reault that hydrophytes were
located to the left, xerophytes to the right. Alpine spe-
cies were treated separately at the far right due to their .

low overlap with species common at lower elevations. On

the basis of the overlap matrix and_ the population response

patterns, 4 "ecological groups" (Whittaker 1966) of speciesr

were identified. Species whose habitats or habitat centers
lie iy® the mont.ane or subalpine zones were grouped, accord-
'1ng to their position along the moisture gradient, as xero-
phytes, mesophytes, and hydrophytes; alplne species were

treated as‘a fourth unlttl These ecological groups were

~ further subdivided as discussed below. Several‘of the spe-

<. ..cies mentloned in the ensuing 1nterpretatlon were too rare

) for calculation of habitat metrlcs but were characterlzed

_g}y Ne
Qraphically u51ng populatlon response patterns alone.

I A '

':4

Xeﬁ5§n¥tic species. Xerophytlc spec1es were those

Iound?on rock optcrops, 1n grassland or in dry forest.
l‘ .
They grew on bedrock aﬁratlc boulders, 5011 humus, or
. ¢ LN 4 §

wood. LT

X
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Table 6. 'Matrix of absolute overall habitat over{ép values
performance on most abundant substrata in all 30

HYDROPHYTES . o S

’ /’05 3 3 - E N I g
- . 0-1 c - .y O'H .
Rl B s WA E £ O -
Ho> EN O EB3 A E A
SRS S50 Ew 3+ 0w 30
0O $uw g O+ £484 —HO BW.
E T o a o0 Ow ©©C AL ®&-A
53 Qo ©g ®©WI HOQ Q0 HP
S50 ER LS4 HH 00 MO 03
bnw OHA LM 2S¢ A0 @> 40
Mo B8 w3 <& Aw @4~ A«
Bryum~pséudotriquetrum .33 .19 .24 ].05 .02 .02
- Tomenthypnum nitens . .21 .26 1.0 - -
Sphagnum warnstorfii. . . .35 .13 - -
Aulacomnium palustre R . 05 .06 .05
. Digrahum scoparium 4. S . .28 .19
Barbilophozia lycopodioides ., . . . .31
Dicranum acutifolium - . . . LTy
Dicranum fuscescens . S . . RETSEEE
Timmia austriaca . . . . v
Ptilium crista-cagtrensis L. . e . A
Rhytidiadelphus triquetrus - . . B . . .
Hylocomium splendens . . . . . .
Pleurozium schreberi “ . . . . ’ ‘
Drepanocladus uncinatus . . . . . .
Brachythecium salebrosum . e . . f
Eurhynchium pulchellum . ] . . .
‘Barbilophozia hatcheri’ . . . . .
Dicranum polysetum : .« v el . .
‘“Thuidium abietinum - . . . .. . .
Rhytidium rugosum . . . . . .
Hypnum revolutum . . . « . e .
.Ditrichum flexicaule . & . . ‘ .
\ Tqrtula ruralis " . . . . Lo
* "~ Grimmia apodon . . . . . .
Hypnum vaucheri = . . . .
Pogonatum alpinum . . . ) . .

Rhacomitrium lanuginosum . . e . .
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Several species were restricted exclﬁsively to rock
outcrops. Grimmia ano;lon- and Hypnwn vaucheri (Fig. 6) both dpm—
inated léw elevation odtcrops but were not fouhd else&here.
This narrow habitat was reflected by low habitat breadths
for both species. (Table 5). The high degree of overlap be-
tween these two species (v38¢’£e1ative to other species
pairs indicated strong habitat similarity. Orthotrichum
jamesianum (Fig. 6) was also an outcrop exclusive, possess-
ing a response pattern similar to Grimmia and Hypnum, 1t was
less abundant (Plate 2).

TwOo Common xerophyteé;, Thutdium abietinwﬁ and Rhytidiwm
rugosum (Fig._?), were limited to the driest .forest and tun-
dra types where they wefe sometimes important. Although
occasionai inAfissures and crévices on rock dutérops, they
reached,é;ver valges of 3.1%'and 0.8%, respectively, in Q&y
Douglasffir forest. It is interesting that while I%wﬂﬁum
exhibited a continuous\distribution with elevation,)ﬁyt&ﬁum‘
seemed to be bimodally‘distributed, with a second region of
peak abundance in the cushion plant;lich;n tundra of the
low alpine. : A _ S

The less.abundanf members of 6utcr§p éommuniﬁies
tended to be more‘widespréad in their distributioﬁ, extend—
ing‘into dry forest on a variety of substraﬁa and having.

’ e
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Plate 2. (Grimmia anodon andHypnum vaucheri on
” a montane rock outcrop (stand no. 3).

»
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.vgenerally greater habitat breadths than‘the 'exclusives'.
Ditrichun flexicaule, Tortula ruralis and Polytrichum juniperihum
(Fig. 8) were rare on rock outCrops;'where‘they grew on
soil in crevices, but were also found in xeric or even
mesic forests. The extenSion of'Dimﬁchwninto more mesic
standslthen Tortula was evident_from the esponse patterns
‘of these species and correlatéd Qith the br\oader habitet |
(Table 5) of the former. Both spe01es, however, were most
common on rokk and humus in: forest stands whereas Pohr
mWGMmzwas malnly restrlcted to wood and humus (Fig. 9).
ties were Grimmia apocarpa, Hypnum revolutum and Orthotrichum
Zmnngahm7 (Fig. 10), all of which.were widely distributed
_ N .
on erratlc boulders. As was typical for‘widespread Xxero-
,phyteswthey were never abundant on low elevetion outorops
O,althou;h Grimmia and Orthqtric}{wn were present there. Hyprum,
xhowever,.was an importent component-of highér“eievationv

rock outcrop communities. Orthotrichum laevigatum was one of

a'few'SPecies preSentuoﬁ all rock outcrops sampled, includ-

" ing the high alpine lichen desert et'2676m.

Y

.Mesophytic species. Species whose response pat-

Aterns or. pattern centers were located wirhin mesic forest
or'tundra'as.desigheted oh the moseio'diagram‘(F;g. 3) mere
con51dered mesophytlc. Since forests.provided-the highest
substratum dlver51ty of all sampled communltles with rock

humus, 501LL~wood and bark often available for bryophyte .

Three characterlstlc sax1coles of forest communl—' -

O™~

i
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}colonization 1@ the same stand, it was -especially important  *-%

to keep bryophyte substratum relatlonshlps in perspectlve

when 1nterprét1ng the response patterns of mesophytes.

Within the mesophytlc group, two sets of-.@peCJ,eg

N

were ident;fied:;, "hbiquists-'f,‘ characterized by broad hab-

' . o o ‘
- 1tats and large response pﬁ;terns; and "spec1allsts“, that-

PUNRN

were COnflned to specific ;‘gments along the gradlents and

- had narrow habltats. -

th

)

Theﬂ&mportant ub’ t;:u),, €8 wifl:luded the three most

abundagt feath@rmosses 1;1 the - s’tudy arQd: Hyloco';n?um sper@'eﬁ/s,

g PZeuﬁozwm schrebert, and ‘%’me cmsta—castranszs (F,5g~4 11) .

®
Zﬁl tha:ee had ver)r broad overallﬂ'gablta'ts, but @Zocomum Ca
was the most Ayaﬁdely dlstrlbuted spec:.@"un the study area,

o T

7 ’ ]

o
“%“a\ung an 'gveﬁhll habltat breadth of .72 This robusq«

» .’weft former waSgthe most abundant spec1es 1n the stud))éfea g

.)

| and ‘was also the leadlng do, 3 in 37% of the s‘tands Sam-
pled‘ y ts res:ﬁmse pattern cl arly 1nd1cates that peak *
~ .
abunda,nce values were’ ‘attalned in meslc spruce-—fﬂlrgor-n

ests of the Subalplne and montane zones whexe 1t ccvered

f
" a major compqnent in alplne dwar/f shx‘ub-heath (1. 4%) and-
. t ~
'wet 'sedge tundra (6 4%) . HyZocomwn ‘was present, altt;ough

s /
/ as. much as 48% of the ground surface. However, 1t was also

L]
qulte uncommon, in fen comriunltles where it was usually

assoc:.ated‘ w1th hummocks-. . I observed 1t 1n, mlxed clumps .
i -
 with' pronounced hydrophytes lJ.ke Aulacommum paZustre and <

' Sphagnwn warnstorfit: HyZocomwn extended' beyond the lJ.mJ.ts :
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of Pleurozium and Ptilium not only on the wet side of the
moisture gradient but opn the dry side as well, being
abundant in montane Douglas—fir forest and,in xeric sub-
alpine forests (e.g. stand no. 19). The hroad.reSponse
of this species‘to the'moisture gradient was quantita—
tlvely demonstrated by habltat brqadth measurements 1n
suﬂi&plne and montane stands (see Table 5) which were, in
both- cases,-greater tha;{cgrrespondlng Yalues for Pmlzwn
and Plewroziun. Hylocomiun had greater habitat breadth than
the other feathermosses inbrelation to altitude as well. L
PZeuroz‘Lum schreberi, desplt’&,l.ts smaller overall habltat .
b (. 55), was a. w1despfepdw6pec1es as exhlblted by its re-
isponse paptern (ﬂ&g= llﬂﬂ' I%s greatest abundance was"
reached in me51c montane ﬁord&ts %yach had lower mq1stu

H

-‘1nd1ces than stands 1n which’ ayloamnum attalned peak val-

ues. Plauvzum1 .covered l7 to 21% of the.ground surface

1n these stands.‘ , ' ¢ S

- Ptzlzum cméta—castrenszs was found 1n the same stands

v

’%,‘*

i as PZaawzzwn, w1th one exceptlon, but due to 1ts cpncentra-

w -

t:Lon of abundancef in-a few !stands Ptvlwm had smaller over-
Y . | 4

.fail habltat breadth (. 51) Although~the outlines of the

4

:response patterns for these two spec1es were- nearly 1dent-~ K {-yj

aical; I%ilium attai ed maxlmum caver of 10% (stand no. 6)
m‘Qﬂdl’ﬂf‘ (no. 12 i wet-qesg.qrupper montane and lower sub- L ’
: alplne forests of. spruce -and f1r ‘where Hylommnum cover was

also hlghest jE%zZzum was an»uncommon speczes 1n the upper
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B ‘ ! . .
subalpine, even in mesic situations, and was virtually

-

ansEnt above timberline.

B In moist fo_g{sts Hylocomium, Pleuroziwn and: Ptilium

formed lush, continudus, undulating Wefts ;v/vhlch inc a

viduals of all, three species were intermixed (Plate 3)

-

In 10 of the 13 stands in which all three fe‘thermgss spe- .

cies occurred, H_/Zoqomum was the leadlng dominant with

Pleurozium second and Ptildum third 'In twd of ‘the stands

Ptzlwm replaced Pleuroziun a%;thre second most 1mportant

spec&}s and %’x one staand Pleuromum waé most abundamt w1th
(g B ‘ '

Hylocomiwm secona and Ptzlwm third. . Within- forest commun-

‘ities the,se three < 'ec1es were most cpnunbnly assoc1ated

wlth humus andw,w‘ "'w1th occa51onal occurrences on rock

(Fig‘. 9) . Howev;er-, in. wet—meg ’sEands, rottxmg logs and“y

t

rocks were often covered with feathermOsses (Plate 4).
N

Unlike the 1mportant ublqulsts, there were several -
bryophytes ‘that never produced large populatlons locally,
although they were w1dely dlstrlbuted in the study area.

These minor ublCLu.IStS 1ncluded three. pleurocarplc mosses, ‘

P

Drepanocladus unctnatus, Brachythec‘bwn SaZebroeum and E’urhynchtwn
: pchheZZum,kanq\ one llverwort, Barbzlophoma hcztchem (FJ.g 12)

» 'In most stands cover of Drféanocladus uncmatus was
l:;s than l% but peak values of up..to 5% ‘occurred in mes:Lc
sgbalgpine pine’ and-. spruca-‘ i gorests.' In these commun:
tl_eSQDI'ep‘a?'lOCquus was a com n;en)tv o.f “the’ HyZocomzwn—PZeuroz‘Lum-
Pt'il‘;:m_‘weft; ‘.D’es.pite' genera ly small populatn._on 51zes_thls

73
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Plate 3.

2

eathermoss carpet in lower montagé whlte

spruce forest (stand no. 24).
Hylocomium - spllendens, Ptzlzum crista- castrensis
and , PZeurozz ‘schrebert are present. '
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_Plate 4.);Erré;ic'bogldér,éﬂgéredyby.feathermosseé,
mafhly HyZ@comium;ngéndens{in montane
white spruce’forest, {(gtand no. 24).
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Figure 12. Habitats of Barbilophozia,haﬁcheri,'Brachythecium'
" “salebrosum, Drepanocladus uncinatus,. and o
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. species ‘had -the third broadest }

"hab:;tamtj (B = .56) that normally occurred in small pqpula-—

77

L el

Mbitat of all species ex-

\ﬁ’ o

amined (B = .58), and the stan® in which it occurred in-

cluded high alpine lichen desert and montane black spruce
fen.

, Brach&tﬁécium salebrosum arui Eurhynchium pulchellum had
broad habitats .(Table 5) and sho&éd considerable overlap
Qith Dréwicladus although-both of the former were generally
less abundant than tbe'Latter. In direct contrast td the.
robust g‘rov.vth form of Dz“epano'cladus',both Brachytheciwn and |
Eurhynchiwn most‘often.grew as tnreaded forms (Gimingbam
and Birse 1957), loosely tw1n1ng through 'the feathermoss
matrix and rarely producing a continuous, monospe01f1c mat

All three ?Q&these mo werearelatively 1mportant

" »in dry stands due f@gdramatléﬁreductaon of feashe.rmoss

cover with decrea31ng“m01sture 1ndex ' For example, in
me81C*montAne spruce-fir forest (stand no. 6) Hyhxmmtwn S
splwukns wa¥ the most abundant spec1es hav1ng 34% cover and |
'Bracthhecwm saZebrosum ranked sixth in abundance w1th O 1%

cover, whereas, in dry montane ine f rest (stand, no. 29)'- g
- -:?’*%;_ _, L

rwﬂwthanum was the most important species with 1.4% cdver
- - h!

and Hylmxmnum cover was only 0.6%. ’ ‘ ' . S
e s

‘Bczrbvlophozza Hatcheri was another species of broad a

o

f tions; *-Whe%only mesic stands were c0n51dered this .5

llverwort had a habltat breadth of 45 (Table 3) whlch 1n—,

4
dlcated comparatlvely broad- response to elevatlon w1th1n

.
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A\ is segment of the moisture gradient. It was excluded

from xeric and hydric portions of the moisture gradient
at lower elevations, but was ubiquitous in the alpine
zone where it occurred in wet sedge tundra and in high

alpine lichen desert.

All four minor ubiquists had very similar sub-
stratum affinities and were located hear the cenﬁer¢§ﬁg

the ordination in Figufe 9, indicating that there was an
approximately equal chance of fﬁnding qu,of these species
in a quadrat on either rock, woodiQpﬁggmus. This con=

w

. trasts with the performance of thé?iﬂ’pttanf ubiquists,

"l

higw

Hylocomium, Pleurozium, angi Ptilium, tg?gyg&ge more : )a_sjzricted

| o s e oy W
to humus anl wood -and could bemcon$1<4 R 1:S§5£fgxible.
in their substratunt’ relationships. ™ °° f%?" ]

Whereas. both groups of the ubiQuitous_meéophytes

9

‘thus ¥ar treated were somewhat plastic in their'substraﬁum'

' were aérocarpic'mosses that readily Qolon

P & \
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affiliations, Dicranum fuscescens and thZ’ria_n_ ,"""(Fig. 13) . 0'

o o

‘'stages of decay z?d were rarely found on rock (Fig. 9).
Above treeline both specifs inhab‘@?ﬁfsoil and hUmﬁs in

4 : , ' o o . o
tundra communities. Dicranum seoparium was afso‘commqg.in'all

three vegetation zones,ibdt spanned a naerWer'segment of

the moisture.fyradient than D. fuscescens and Pohlia nutams. . At

was.-.also more common than the lattef,stpecies on rock

(Fig. 9). -~ ' oo I o L

1)

t

N

ized logs 1;1 early
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Most;of the speciesfprewiously‘described in this
section. were\not stronély restricted bysélevation; Sev-
eral mesophytes did hawe response patterns strongly tled
to omne segment of the elevatlonal gradlent Four of these,
had thelr pattern centers in the upper montane oOr lower

sufnalpine zones whlle three others were strongly associ-
3 .

'ated with¥the mlddle and upper suBalpJ.ne zone.

Rhytzdzadelphus&mquetms (Flg- 14), a humicolous',

R robu% feathermoss,v reached %over maxima 1n upper montane

: 'ent of the bryophy‘@e &eft.',” It was less abundant 1n other

T stends and was completely excluded from <ﬂy forest communl-‘

R

. A
'es or hydrlc&fens. Thls restrlctlon J.n relatlonﬂ‘ to mo;\.s-

L4

delphus 1,n the montane zone (Bm = 34) Wbenrﬂhabltat

bread& mwas’ meaSured for mesic stands, 1mPly1ng elevatlon
as the controll;.ng varlable, Rhytzdzgdelphus agaln had low

habltat» breadth The’ narrow raxtge of response for thls,
7y . .. X

' specres for both elevatlon .and m01sture regxme was reﬂ-

flected by lqy OVerall habitat. breadth ( 33)., =2

»0"

Whlle Rhymdzade}phus tmquetrus was’ predomlnantly

K
-

,hufni'co}ous (Fig-. ".9')",‘ Mmum spznulosum Oncophorus uahlenbepgn

and Dicfanum poZysétwn (Fl«g 14) were chlefly xyl:.colous } |

. and llke many other ploneers on rottlng wood all three

L were turfs (Glmlngham 'ahd Blrse 1957) Mmum and Oncophorus

w

- x&alntalned p\opulatlon srzes too small for calculatloh of

re rng.me was reflected by the narrow habltat oi Rhytzdw— '

80

spruce flr forest (2 5%) where 1t was a consplcuous oempox/

PR o
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. Dtcranum,polusetum bn xel
moxsture and elevatlon

are: ) = 0-1.0%, 2 -1-
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habitat. metrics, but‘ﬁrom thelr response patterns it was
evident that Mniwn had a siightly broader habitat with
elovagion since it was present in some subalpine stands
where Oncophorus was not. Dicranwen polysetwn reached the mid-
dle subalpine zone but was more conspicuous in montane
pinc forests on partly decomposed wood.

The dlstrlbutlon centers of the second group of
clevational specialists were located in the subalpine
zone. Included were 1 leafy liverwort, Barbihnﬁozﬁzlyco—
podiaukw, and 2 a-rocarpic mosses, Diqmnnmracutiﬂﬂium and
Timmia austriaca (Fig. 15). All thre%fspeciés werge humi-

colous (Fig. 9), had high over;ap values .with cach other

(Table 6), and had overall habitat breadth values in the

range .46-.48. In wet-mesic forests the 3 species were
4 , S
mixed with one another and the feathermosses in a contin-
. o N

uous carpet over the forest floor.

&ubilqﬂwzazlyaumdidzﬁk was most successful in wet,
upper subalpine forests under Engelmann spruce and sub—
alpine fir where it sometimes covered over 8% of the ground
surface. It was also an importa%t component of the bryoid

stratum in subalpine heath tundra (3.6% cover). As well

‘.

as belng the largest leafy live.wcrt 1n the study area it

was ‘the only hepatic to attain rcal significance in any of

’

the stands sampled.

One of the more characteristic bryophytes of the

3

subalpine zone was . Timmia austriaca which, although occasion-

ally present at‘'lower elevations, became an important
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Figure 15. Habitats of Barbilophozia lycopodioides,
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member of bryophyte synusiae at elevations between 1530m

, ) . ‘
and timberliné@' In middle subalpine, mesic lodgepole pine
forests, Timmia verached 4.2% cover and although often less

abundant, it wa:s ecxtremely widespread within the subalpine

zone and had a broader habitat in this zone than either

E)

Barbilophozia Zycopodioidés or Dicranum acutifoliwn (Table 5).
| Dicranum acutifolium was found at higher elevgtions
than either of the preceding séecies but achieved ma*imum
-éover‘of 4%—in middle to ﬁpper subalpine spruce-fir for-
est;. It was -a minor component of the bryophyte communi-
vties‘in'these forgsts; relative to other species, and this
contrasts &ith its pérformance as leading dominant in dwarf
shrub-heath tﬁnd;a and in upper subalpine dry forests (i.e.

stand no. 19). Its cover in these latter communities, how-

eJér, was only 1-2%.

v

Hydréphytic specieg. Only 4 bryophytes reaching '

peak cover in the fen communities were abundant enough to
permit discussion of their habiﬁat relationships. All “
four respondéd minimally to elevation and Qere present in.
| all wooded fens as wéll és in wet seage tundra, bﬁt théy
~were differentially successful in.driér stands. Sphagnun
'wgrnstorfii, 4ulacomnium palustre and Tomenthypnum nitens (Fig.
16, Plate 5) shared domin§nce in the mdﬁtane and subaibine
wetlands, although the latter twélhad less cover ig wet

sedge tungra. They were also the dominant brydphytes in

t
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Aulacomnium, palustre Bryum pscudotriquetrum
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Figure 16. Habitats of Aulacomnium palustre, Bryum . .
o~ pseudotriquetrum, Sphagnum warnstorfii, and

Tomenthypnum nitens in relation to complex
- moisture and elevation gradients. Cover classes
are: 1 = 0-1.0%, 2 = 1.1-5.0%, 3 = 5.1-15.0%, 4
= 15.1-25:0%, 5 = 25.1-50.0%, e = stand with

- species absent but included within species
habitat. . ,
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Plate 5. Sphagnum wdrnstorfii in wet sedge tundra
(stand no. 22) near summit of Signal
Mountain. '
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hydric communities. The fourth widely disﬁ;ibuted-hydro-

phyte, Bryum pseudotriquetrun (Fig. 16), never exceeded 13

cover and was typically scattered throughout fens in small

clumps or as individual stems.
i

The habitat breadth values for these spec1es were

revealing. Sphagnum warnshn#%z was st ngly testricted ‘to
wetlands and had the‘lqwest‘overall habitat'breadth of the
1 o .

4 1.51f. The diverge t turf, Tomenthypnum nitens, however,

was abundant ‘in_ the open montane Sedge fen and present in

- some mesic forests;_ It thus had the second broadest habi-

tat of any spec1es 1n the study (.61) largely because it

e

was present in the montane sedge fen (stand no. 27) which

was consistent}y'deighted as the most distinct stand by the

Colwell and Futuyma (1971) technique. It is interesting

. that in the montane zone, where the sedge fen was included

in the computation of weighting factors, ﬂmwﬁﬁwpmmzhad a

very high habitat breadth (Bm = ,64) exceeding that of

‘Aulacormium palustre (see Table 5). I the subalpine zone

: . . / . 5 :
Auhuwmnﬁm1 had a‘broader habitat due to its more extensive

invasion ‘of mesic forests and to the lack of an open fen

that heav1ly weighted Tomenthypnum. In both zones Aulacomniwm-

:exhibited greater success in upland forests than lbmenﬂwpnwm

'but‘thefTatter was more successful in the environment pro;

vided by’the open sedge fen, indicating- greater tolerance

or competitiVe ability in extreme hydric situations.
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All of the hydric species presented above- were

¢ usually found growing directly on partially decomposed,

organic peat. . .

B

Alpine,species; A small group of sbecies showed
stgong restriction to the alpine zone. But since only.
fivg truly alpfﬁe'communitigs were’sdmﬁﬁed, response pat-
té;ns and habitat measurements for alpine species were
less certain than for 1ower—eleva£ion.species.

PogonaM alpinum (Fig. 17) was certainly the most
widespread b;yophyte in this groué and Qas collected in
h%gh alpine lichen desert, le alpine rock outcrop, and
wet sedge tundra communities apparently spanning the‘en—

‘ti:e_moistufé gradient.. Like many, but not al;; wide-
spread species it was never abundant and wés typically
scattered throughout a stand growing as individual stems
on humus or éoil. | |

?&6 other important spéfiés, Grimmia cdlyptrata and
Rhacomitrium lanuginosum, were primarily alpiné in distribu-

tion (Fig. 17). G. calyptrata was common on ,_r'ocik_ outcrops

and also on erratic boulders in subalpine forest and al-

¢

3

N

4

pine tundra communities, whereas Rhacomitrium was a boulder-
field specialist that dominatéd'the highAalpiné lichen des-
‘ert (Plate 6). | | |

\b Desmatodon latifolius, PoZ:ytrichwn piliferum, arid' Rhacomit-
rium canescens ‘(Fig. 18) , grew on humus or mineral soil in

dry to mesic tundra communities and dry, upper subalpine
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Habitats of Grimmiacalyptrata, Rhacomitrium
lanuginosum, and Pogonatum alpinum in relation
to complex moisture and elevation gradients.
Cover classes are: 1 = 0-1.0%, 2 = 1.1-5.0%,

e = stand with species absent but included
within species habitat.
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Plate 6.

Rhacomitrium lanuginosum, a dominant species

of upper alpine boulder fields, is shown here

on Mount Tekarra (stand no. 28).

N

4

~
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to complex moisture and elevation gradients.
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forests. Polytrichwn was the most wide-ranging of the 3 and

was fouhd on alpinc¢ and subalpine rock outcrops and in

f?f lichen desert at higher elevations.

{

" Discussion

< .

Consistency of species habitats. Although little

)

quantitative information is available on bryophyte popula-
fioh response pattérns in other regions, it is woFthwhiie
to compare the-perfbrmance of bryophytes in‘Jasper with.
.their performance in community-studiés undertaken else~ .
wﬁere.N“Such a comparison serves to test my resylts and al-
so provides information for potential studies on ecologi-
cal bryophyte geography and, perhéps, ecotyp&é differentia-
tion. . ~ | >

" Four importanf hydrophytes, Sphagnun warnstorfii, -
iﬁmehthypnum nitense.Aulacomnium‘palustre and Brywn pseudotrique-
trum, are associated with Wetlands_throqghout their ranges.
The. first three of these are very important in the P&w&
mariana wetlands of Jasper &eécribedlgy Laidlaw (1971).
.Because»of the high.CErreAation beﬁweén the abundlnce'éf
Sphagnum wafﬁséorfi_i and Tomenthypm)m nitens. and the nutrient
levels in wetland commuﬁities, both EuropeanvandiNorth

American phytosociologists have come to regard these two

species as indicators of "ric¢h fen" conditions (Martensson

| 1956, Perrson and Sjors l§60, Sj6rs 1963, Crum"l973, Vitt

and Hamilton 1975). Using soil analyses Laidlaw (1971)

demonstrated that Picedmariana fens in the Jasper vicinity
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are‘ indeed eutrophic, and the presence of Sphagnum warnstorfit

and Tomenthypnun nitens in wetlands sampled in the present
f]

study suggests that these peatlands are also nutrient-rich.

The response pattern of the hydrophyte Aulaconmwm -

palustre in the study area correlates well w1th ltS perform-

ance in northern MlchlgWum 1973) and northern&urope r
, (Mértensson 1956) . Aulacormium seems less tied to eutrophlc
conditions. than Sphagnum warnstorfz_m or Tomenthypnun nitens
(Jeglum 1971) and this fact may account for its ability to
invadéx-less hydric.and perhape more oligotrophic upl-‘and'
communities. - . | |

t

The feathermoss, fIyZocomium splendens, Pleurozizm gchre=
beri and Ptilium crista-castrengis, are irnportant constituents
of mesic forest corgmunities thrmoughout boreal -North America
and Eurasia, altho,ugh their abundance relative to one an-
other \‘/aries geographically (La:Roi and Stringer 1976)‘. - My
habitat breadth results for these thre€ species are in
agreement with the work of other researchers'in tne study
area (Beil 1966, Stringer and La Roi l976vanat1uk 1969,
Hrapko 1970, Laldlaw 1971) . However, in contrast to the
present findings, both Beil‘( (1966) and ﬁnatiuk (_1969)' sug-

gested that Pleuroziwn reached peak abundance in more mesic
A

stands than did ‘Hylocomium,  Beder (1967), working in east- :

ern Banff, and Hrapko (1970), on Slgnal Mountaln in Jasper,
both reported Hylocomium splendens as abundant in alplne

dwarf shr_ub—heath communities. Briassard (1971) has
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ally, the ablllty of the feathermOSses to 1nvade alpine

described a f@loamwwnsplmukns community associated with
dwarf shrub-heath Qegetation on Ellesmere Island in the
Canadian high arctic. Martensson (1956). said Hylocomium
also ranges above timberline in Swedish Lappland while
Pleurozium and Ptiiahr are largeLy restricted to forested
zones. It is noteworthy that Hylocomiwm is absent above

\ ]
tigmberline in Wells Grdy Park in interior British Columbia

'l(Ahti and fagersten 1967). Further, in eastern North Am-

v’ 14
erican alpine areéas, Pleurozium is common in dwarf shrub-
heath communities (Bllss 1963, Slack 1971) whlle Hjummmum

is rare and Pttltwn absent above timberline. Geographlc—

¢

communities seems to correlate with their performance in

subalpine forests. For example, Phuu@zﬁmvdoﬁinates spruce-

- fir forests 1n the Adlrondack Mountains (Helmburger 1934,

Slack 1971) and in the White Mountains of New Hampshlre‘

(Forman 1969) where it also crosses timberline, whlle

‘ Hylocomium is most lmportant in the spruce-fir forests of

the Alberta Rocky Mountalns where 1t is" common 1n the al-

‘pine zone.

Geographic patterns in the ‘relative domlnance of
the 3 feathermosses may be ‘related to climatic or edaphlc

factors. Research in boreal forestvcommunities 1qdlcatesv

-

that Pleurozium dominates feathermoss wefts in humid, maris

time cllmates (Helmburger 1934, Davis 1964, McIntosh and_‘

© Vit )

Hurley 1964 Hamet- Ahtl 1965) Whlle Hylommnum is more

"

o
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~abundant in the forests of dry, continental regions (e.g.

Douglas 1974, La Roi and Stringer 1976). Ptiliwn seems to

be mgst successful in areas of extremely high precipita-
tion and cool temperatures, such as the higher elevation
forests of the Swan Hills (Achuff 1973) and parts of the
eastern .boreal forest (La‘Roi and Stringer 1976).
However, La Roi (pers. comm.) has suggested that

the various abundance patterns of the feathermosses, par-

ticularly Pleuroziwn and Hthohumu are likely not controlled

by climate alone, but may be strongly influenced by the
- mineralogy of the substratum. For example, in eastern

Canada Hylocomiwn dominatgs on nutrient-rich sites while

Pleuroziwm 1is more abundant on'nufrient—poor sites. Nagano\
(1969), however, has demonstrated that although very diﬁ:/
fergnt saxicolous bryophyte communities develop on differ-
ent rock types, communities developing on humus over these
fgck types aré very similar Nagano's results are not sur-

prising since it is diffi:cult (o understand how substratum

mineralogy would affect p.ants vhose living parts are no

longer in contact with the : '+ .cratum. Unfortunately, since

>

acidic rock'types are mostly coincident with maritime cli-

mates in northern North America, climatic and gdaphic var-

iables cannot be separated by exémining only geographic

P

) . £y
patterns in feathermoss abufdance. -

Since the feathermosses are responding to microen-

vironmental, rather than macroenvironmental factors, broad

o
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,qcographicicorrelation does not permit cause-effect state-
ments to be made. However, large 55510 patterns in spe-
cies abundance may give better di}ectiod to future studies.
An experimental‘épproach to the feathermoss question will
undoubtedly prove rewarding.

The mesophytic species reported herein as minor
ubiquists, i.e. Drepanocladus uncinatus, Bn‘achithecium salebrosum
and Eﬁrhpwhiwnpuhﬂwllwm perform similarly elsewhere. La
Roi and Stringer (1976) described these species as minor
components of Pjicea ‘glauca-Abies balsamea and Picea mariana for-
ests in the boreal zone and noted their great plasticity
regarding substratum affinities. Kil'dyushevskii (1965)
statedgfhaﬁﬁalthough Drepanocladus 1is never dominant in sub-
arctic SiberiaAit is very common there and has wide "eco-
logical amélitude".

Two ubiquitous mesophytes that are restricted to -
rotting wood in;the Jasper region, Dicranun fuscescens and
Pohlia nutans, have been reported as successional on wood
in the Bow River.drainage, Alberta (Lacusta 1970). The
former is also cofimon on wood iq‘subalpine forests of
Wells Gray Park in Interior British Columbia where it ex-
tends beyOnd timberline on humus or mineral soil (Ahti
and Fagersten 1967) just as it dgeS‘on the Maligne ﬁange
in Jaspef Park.

. Many of the spéciés showing restricted-eievationai

ranges in this sstudy are similarly limited in other
» I
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regions. &u%ikwﬂmnd Qmapxﬂoaks,f ‘example, reaches peak
abundance in the /Fper subalpine zone of the Bow River
watershed (Bird afd HOhg 1969) and in subalpine communities
in Wells Gray'pe,/' BT {tish Columbia (Héim-et-Ahti 1965).‘

, Althoug}]’f‘luch \as peen published concerning the
ecology.of wetlan/ apd forest bryophytes in North America, -
xeric habitats Su/h 3S pck outCrops are poorly known.

Most of the reseé/ch Oon outcrOpﬁcémmunities hés been done’’
by British ecolggﬁstg (palme 1953, Yarranton 1962, Bunce
1967, ?arranton 19673' 967b,/l967c, Bates 1975) in mari-
time regions. ph thy f}&\g and communities described in
these studies ag /2 ss/those Studles completed in North.
America -by Oostlnﬂ apd AnderSOn (1937) ,. Redfearn (1960)
and Foote (1966) /T8 Qy e dissimilar from the rock out-
vcrops I sampled, HQWeVer, results obtained in grassland
and dry forest Qo/m“n \ijes in Saskatchewan (Looman 1964)
and in the grassl% dg V¢ Jasper and Banff Natlonal Parks,
Alberta (Strlnger 19715 Lndlcate that I%uuhum<ﬂnettnwn
Tortula ruralis ang Zythwhum Jumpemnum are strongly xero- )
phytlc in other p% ts V¢ their ranges Stringer (1966)
found that Rhyt&ﬁ/m3vgﬁmm7 was abundant in dry montane
Pseudotstuga menz.iegl;i. £Oyests in the Alberta Rockies and
Beder (1967) ang #%apky (1970) demonstrated that FRhytidium,
as well as.ll’huidb/ Wnd Tortula ruralis are associated with

dry tundrafcommup}gles ih these same mountains.



Pogonatun alpinwn and Polytric@um piliferum are alpine
species in the‘White Mountains of New Hampshire (Bliss
1963) aﬁd in New York's Adirondacks (Slack 1971), and both
are reported from the high arctic (Bfassard 1971). Another
alpine ‘species in theAstudy area, Rhaamﬁtrﬁyzhnmghwswm is
apparently a rock-field sp&cialist in many regions
(Mértenssdn'1956,.Brassard 1971) while closely related‘R.
canescens 1is restricted to less exposed tﬁndra communities.
Hypnum revolutwn 1s widespread'in high arctic plant communi-
ties on northérn Ellesmere Island (Brassard 1971) fluch as
yit is above timberline on Signal Mountain-(ggg Figure 9).

Although most species seem'to maintain similar sub-
stratum, relationships over their.rangeﬁ, Dieranum polysetun
appears to be a stiong excepfion. La Roi and Stringér
(1976) reported that this robust turf was most commonly
fdund on humus in Picea glauca-Abies balsamea and Picea mariana
forests in the boreal taiga of North America. 1In the
Jasper area this species showed pronouhced affinity for

‘'wood.

. Summarizing( it is evident that on the northern
end of the Maligne Range in Jaspér National fark most of"
the ﬁo;e~common and impoftant bryophytesvrespond'to mois-
ture and elevation gradients in a Qay fhat is quite similar
to_their ﬁerformaﬁce elsewhere in the worid.'-Although ﬁuqh

of the literature surveyed presented only scant,qualitative

data, no major contradictions with the habitats and

P
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‘response patterns of species described in the results of
. ‘ 2 ,

this study could be found.

Shapes, sizes and distribution of habitgts. Since

"its inception,. the technique of gradient analysis has been
used to demonstrate that populations of vascular plant spe-
cies distributed aiong two continuous environmental'grad-
ients usually fotm binomial solids "any transection of
which cuts a binomial curve" (Whittaker 1967) . As.expeéted,
the population response patterns df brybphyte_species.in
the present study are binomial solids but these are gener-
ally elliptic in shape; In most cases, the longer axis of
‘the ellipse is aligned parallel tothe‘élevational gradient
while tﬁe-short axis corresponds to a segment of.the mois-
ture gradient. ‘Givenlthé ranges of'elevational and mois-
ture gradients withih the study area, this orientation of
most species habitats implies that bryophyteS'a:é less re-
‘ sponsive to elevation related fa&tors than to factors
associated with the complex moisture gradiehtt Furthef\

elaboration on this point will be presented in the section

on beta diversity.

Another tenet og\gradiént dnalysis is thé principleA
- of spécies individuality\thch concerns the distribution

of species.habitats in hyperspace and is based largely on .
the theoretical arguments of Gleason (1926,-1935). It
states that along cdﬁplex‘giédients'specieﬁ héva diffe;gnt

rather than coincident population maxima, with no two
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species hav1ng 1dent1ca1 response patterns (Whittaker
1973b) . Whlttaker (1967) has observed that plant spec1es
evolve& toward habltat differentiation through occupatlon
of dlfferent positions in the "environmental hyperspace,
so that plant species are,‘in general, not competing w1tb
one another in their population centers;. Also, since
many of the species which occur together in the same com-
munity are separated within it by niche characteristics,
populatlons tend not to form'distinot boundaries but- over-
lap broadly. Thus the observed pattern of species ‘habi-
tats is a result of species evolution toward niche and
‘habitat differences.

The pr1nc1ple -nf species 1nd1v1dua11ty has been
sdbstantlated by recent research (Curtls and McIntosh 1951;'
wbittaker 1956 1960, Whittaker and Niering 1965, Beals
1969) and 1is supported by the results of this study as
well. The more. 1mportant Jasper bryophytes exhibit the
expected separatlon of habitat centers and broadly overlap-
‘ping dlstrlbutlons in a (complex population contlnuum. In
general, 'species with very similar ‘habitats do not share
the)same substratum in a communlty, and thus separate on‘
‘nlche-related variables. ' For example, Rhytzdzadelphus
triquetrus -and Oncophorus wahlenbezigii have very similar re—
'sponse patterns (Fig. 13) but very different substratum

relatlonshlps. However, there are species with nearly

identical habitat centers that also grow on the same
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substrata such as ‘Hylocomiun splendens and ‘Ptiliu}nl crista-
castrens sis, Or Sphagnwn warngtorfii and Tomenth prum {Ltens.

Several hypotheses may be . advance tO‘aCCOUHt for

v

such anomalous, i.eé., coincident response

atterns; First,
it oould be arguedvthat the commdhities in\which species i
with similar habitats.co-occur may not be at‘competitive
equilibrium, especially if spacevand resourﬁes4arenot yet
limiting. This situation is conceivable in eafly success-
ional communities such.as recently burned forests; fallen
- logs or perhaps erratic boulders, but in stable, climax co
communltles, such as the ones sampled, where bryophytes
often provide continuous cover, a non-competitive condltion
is uu;ikely. A second explanation is that'species are sep-
arated 1n communltles by nlche variables that I did not
measure. Subtle, patchy changes in mlcrocllmate or nutri-
ent regime‘might permit species to gain or lose competitive
advantage'over short distances within the stand or even .
within a quadrat. | |
Ah“important question arising from this line of
thought involues the rcle of competition. in bryophyte com-
munities. For example, hL-.w is it that Hylocomium splendens,
Pleurozium schreberi and Ptili.~ crista;castrensis form mixed
wefts under what appear to be very homogeneous conditions?
What role does competition play in <Jetermining the species
stguéture of this feathermoss guild? What life history

strategies are associated with species growing under such



102

‘packed conditions as opposed to those more conmonly found ///

on ephemeral, patchy substrata?’ These kinds of questions

open doors to experimental studies that are the logical

consequence of the present research.

One of the earliest ideas in the development of
!

nlche theory was that some spec1es utilize broader seg—

ments of resource or env1ronmental gradients than do other
0‘

specxes (MacArthur 1965, Lev1ns 1968, Cody 1974). Cody
(1974) has opserved that "species with broad niches in a
particular dimension have come to be known as 'generalists'
in that dimension, whereas species with narrower utilizae
tion curves are termed 'specialists.'" The same concept§k
" may be applied to utilization patterns along habitat dimen-

s:.on_s . . J

The results of the present study show that Hyhxwmzwn

splendens quallfles as a habltat éAnerallst since it is
widely distributed along both gradients. Inrcontrast,‘
Rhytidiadelphﬁé triquetrus is relatively more specialized in
its response to both elevation and moisture and their
associated variables.' Likehise ‘hdaammﬁm{éahwtreis a‘gen-
eralist in response to m01sture regime when compared to
Sphagnwn warnstorfii although both respond s.LmJ.larly to ele-

" vation. w;thln some genera there is a tendency for some
species to be marked habitat specialists and otherSuto be

more generalized‘ Grimmta anodon is a spec1allst on low ele-

vation rock outcrops whlle G. apomn?u is widely dlstrlbuted
I
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on erratic boulders in forests and on rock outcrops. Sim-—
ilarly, Orthotrichum Jamesianum énd Hypnum vauchém’ are low out-
crop specialists whereas thein éongéners 0. laevigatum and

“H. revolutwn are more widespread. Two liverwgrts,Barbih%
phozia hatcheri and B; lycopodioides provide another examplé of
this phenomenon; the former is present in all three vege-
tation zones in a variety of community types while the lat-
ter is limitgd to mesic éubalpine forests.

The concept of ‘'generalist versus specialist; has
beén discussed, usually in terms of niche variables, by
MacArthur and Levins (1964, 1967), MacArthur (1965)., Pianka
(1974), Cody (1974). Pianka (1974),observed'that although
generalists are usually more widespread and have more flex-
ible habitat requireménts, "more specialized individuals
are more efficient on their own .ground than generalists."

‘ Ope might expect, thefefore, that bfyophyte habitat spec-
ialists would reachvgreater abundance in communities than
do ﬁhe generalists. | .

‘iThe Barbilophozia species seem to follow this predic-
tion since B. hatchefi, the most;widespread species, is never
very abundant in communities (usually less than 1% cover),
despiﬁe the fact that it occurs on a wide variety of sub—
strata, while B. iycopodibides reaches over 8% covef on humus
under most favofable conditions. Specialists Grimmia anodon
and'Hypnwnzxnwméri are the most abundant species on the low

elevation rock outcrops where their generalist congeners



are not common. Grimmia apocarpa and Hypnwn revolutun are rel-
ativély unimportant 1n most communities although Hy.pnum‘
revoLutum attains some prominence in high alpine stands.
No clear abundanée patterns’can be discerned for the other

congeneric species pair, Orthotrichum laevigatun and 0. james-

Tanum.
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SPECIES DIVERSITY

Introduction - |

Species diversity may Be examined within communi-
ties as a function of the number of'specges in the commun-
ity and the way in which they divide available niche space,
or between communities as a function of changing species
'composition and abuhdance alonévhabitat gradients (MacArthur
1965). whittaker (1965, 1969, 1972) refers to within-com-
munity diversiéy as "alpha diyersify" and between community
diversity as "beta diversity“, and further suggests that
alpha and beta diversities combined fo; a giveh géqgraphic.
unit‘be cal;ed "gamma diversity". éz} i' |  \

Although the concept of alpha diversity is theoret-
ically stimulating, its measurement has proven diffiéult |
.énd,las.a regult, researchers have taken diveréent ap-
proaCheé refiec%ive of varied‘ogjectivés and the.wide array
of ecological systems under study. Peet{(l974) has re-
viewed the measﬁremént of alpha diversity and,,élthongh he
‘has offered no panacea, he has clarified-re;ationships be—A
tween di?ersity indices by eXpliq}tly-defihing three(fén&
cepts of diversity. The'first, "speéies richness", is?

simply the number of species in-a'community'sampie and is

X

~

the “leaét-ambiguous of all diversity terminology". Spe-
cies richness is inherently dependent’onusémplg gize
) ‘ . . . . . . . - .

e
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(Gleason 1922). "Equitability" refers to the evenness of
distribution of species abundance witﬁin a comﬁunity and
is independent of specieé richness. Heterogeneity, how-
ever, measures the functional or apparent number of spe-—
cies in a.sémple and is thus a composite index of richness

and equitability. Heterogeneity indices include what have

i

“'become known as "diversity" indices, such as’ the informa-

tion theory formula (H' = -Ip ;log(p;l, where H' is hetero-
genéity and Py is‘the'proportional abundance of the ith
species [Shannon and Weaver 1949]). and the inverse of
Simpson's (1949) index of dominance (¢ = Z[pi]z, where c .
is a dominance index). Peet (1974) hQS'usgd the term
"heterogeneity" to describe these indices, freeing the

‘term "diversity" for more general denotation.

106

Althoﬁgh heterogeneity measures Have been most pop- .

ular in diversity studies, many ecologists such as

Whittaker (1969), Addicott (1974) and Nicholson and Monk

/

(1974)'have_preferred to utilize separate indices.for rich-.
neés and-evenhess since these concepts are, as Peet has ob-~
 served, indepehdent. However, Hill (1973) has demonstrated
that‘#ichﬁess, Simpson's index and the'Shannoﬁ-Weaver in-

formation formula are related by -a common function, and has

defined measures of evenness based on this

/

 Hill's approach_provides a.clear relationship between in-

‘ - _ ‘
dices of richness, evenness, and heterogeneity, it has been

viewed favorably by Peet (1974) and has been adopted for

function.. Since
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yse in the present study.

Patterns of alpha diversity have been identified
Vo ‘ : .
for many groups of organisms and:their explanation has ‘

been the cause of much speculation. Plant speeies diver-
sity has been related to a Qariety of fectori among which
are enviroemental rigor‘jWhittakerllQGS, MonkélQG?h;Nash’
1975), predation (Harper 1969}, disturbance (Platt 1975),
island or pe£ch size end degree of isolatiop (Johnson and - -
Raven 1970, Terborgh 1973); sdecession (Monk 1967, T
Nicholson and Monk 1975, Mellinger'ahd McNaughton 1975,
Tramef-lQ?S,‘Bazzaz 1975) and‘others; In‘mesé,of these
studies the diversity of vascﬁlarﬁplanee has been the sub~-
ject under study}~while bryophytes and;lichens have been
largely ignored. Slack (1971), however, completed a study
of bryophyte speciesvaiversity in northern New York State
in whlch the relaﬁlonshlp between alpha diversity and ele-
vation was examined.. o

In this part of the study'I chose to 1nvestlgate
patterns of bryophyte alpha dlvers1ty in relatlon to m01s—
ture and elevation gradients. | .‘-\

As Bratton k1975) has observed, beta/di?ersityl
the change in §pec1es composxtlon per uniEfg}adient, may
be expressed ag a 51ngle number or as a functlon. A singie

index of beta: dlver51ty has beenhﬂg\?ested by Whlttaker

(1972) : ,

o

BD = sc/§ o /‘



108

4
where Sc is the number of species in a composite sample

and S is the mean QPmber of species per sample. An alter-
native beta index is the number of "half changes™ which is
a complex measure of the dissimilarity between the 2 end
tsamples on a gradient (see Gauch 1973a fof details.)
Treating beta diversity as a function; however, permits
ekamihation‘of.non—linear changes in, and the influence of
‘specific gradien£ seﬁaﬁhts on, species composition (Bratton
1975). To view beta dlver51ty as a functldn, Whittaker
(1972) and Bratton (1975) have suggested the use of sxmll—
arlty indir~es such as coefficient of communlty ‘and percent—
age Slmlluthy (see GRADIENT ANALYSIS, p.30 ) whlch ‘may be

computed and then plotted for stand palrs along any habi-

tat gradient.

N

In plant ecology much'attention has beens focused
©on the influence of beta dlver51ty on.various ordlnatlon'
technlques (Austln and Noy- Melr 1971, Gauch 1973a, Gauch

and Whittaker 1972) but only a few ‘researchers have at-
tempted to examine other impiications; .Bratton's (1975)
-stud§, forAexéégie} indicates that different strata or
synusiae may respond differentially to environmental grad-
ients, a suggestion that has theoretical eqd,practical im-
. portance, . | : |

: Thfee specific quesfibns conceinihg beta diversity

were asked 1n this study.; (i) whét afe the'patterﬁs of

'7bryophyte beta diversity along mOLSture and elevatlon

’



gradients? (ii) what differences in bryophyte beta diver-
sity exist petweep these 2 gradients? and (iii) are there
important differences between bryophyte and understory v%g-
cular plant beta divegsity along moisture and elevation

gradients?

J
Methods : .

Alxha diversity. Alpha diversity and evenness were

examined‘u‘ing the diversity numbers and equitability
measures presented by Hill (1973). Diversity numbers for
each stand,afe defined by:

Na = (Pl + P2 + ..., Pn ) ’

where Pn is the ratio of the cover of the nth species to

total cower in the sample and a, which may be any number,
- 1's the O:;L

r of diversity number N, {Hill 1973). Thus de-

0 is simply the richness of a stand, Ny is
(—XPnlog(Pn)) and Nz‘is l/(ZPnz); the latter two are

fiﬁed, N

" .s related to Shannon's and Simpson's indices respec-
tively.
Evenness, as redefined by Hill is:
a,b = Na/Npr

L

where a and b are ény order of diversity numbers.

I Calculated_diversity*numbers for a =20, 1, 2, 3,

o

4 and@evenness values Eloy E21 P E32 p E43 for bryophytgs
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in all 30 stands. Since the number of substratum types.
per stand was fo&nd to be ppsitively corrélated witﬁ rich-
ness (see RESUL;;, p-112), it was thought that richness,
-evenness and heter eneiﬁy should be.examined on the single
most imﬁortant substratum in each stand. Cover estimates
ﬁsed in the diversity indices were derived from 40 quadrats
on the dominaﬁt substratum of each stand. All species col-
lected on the dominant substratum in the sfaﬁa were 1in-

cluded in the computation, with species not found in the

quadrats being assigned a cover value of .0l percent.

Beta diversity. Based on elevation and subchtive

Amoisture index, standsAwere‘grouped into coenoclines;

stands of similar moisture regime weré classed as eleva-
tion-related coenoclines; stands of similar eievqtion were -
calledsmoisture-related coenoclines. These arbitrary

classes and their constituent stand numbers.are listed be-

low.

COENOCLINES 'RELATED TO COMPLEX ELE\I’ATE[ON GRADIENTS
rock outcrops‘— 3, 9, 10, 16, 21, 28
xeric forest. and tundra - 1, 4, 5[ 8, 15, 19, 23, 29

mesic forest and tundra - 6, 11, 12, 13, 14, 20, 24, 25,
26, 30 :

' mesic spruce - fir and heath - 6, 12, 14, 20, 30

fens - 7, 17, 18, 22 o,
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COENOCLINES RELATED.TO COMPLEX MOISTURE GRADIENTS
montane - 1, 2, 3, 4, 5, 6, 7, 9, 18, 24, 25, 27, 29
subalpine-0 8, 10, 11, 12, 13, 14, 17, 19, 23, 26, 30

alpine --15, 16, 20, 22, 28

For each coenocline a single index of beta diversity, BD

(see above) was calculated. o \

To examine beta diversity as a function, I measured
the total change in similarity élong a given coenocline-
using'ah index of similarity between stands. A refereﬁce
stand was chosen for each coenocline and,kfdr all other
stands, similarity to the reference stand was plotted
.along an axis representing the variable in question, i.e.
moistgre or elevafidn; Two similarity’cques were drawn
for each coenocline, one based on bryophyte similarity,
the othér on understory vaséular_plant similarity;: Fbr
elevatioq¥related coenoclinés reference stands were those
; of loﬁegt elévation but for mqisture-related coenoclines,
which tended to have greater beta diversity (at least fo; _
bryophyﬁes) , a.reference stand of vinterm.ediate moisture ‘
regime was chosen. .Had én end stand been utilized for .

- moisture coenoclines, béta functiqns_for both Qascular
plants an@ brfophytes would have reached 0 oﬁly a shor£
distanéé along the gradient, due ﬁo the great.floristic‘
dissimilarity between exﬁréme stands and ﬁesi¢ stands.
For each coenoc;ine b;yophyte and vascular plant ¢urves

- L R o . .
were determined for 2 similarity measures, coefficient



of community (CC), which computes similarity’treating each.
species equally, regardiess of abundance, and percentage
similarity.(PS) which results in an index'Weighted by the
more common speeies (see GRADIENT ANALYSiS, p.30 ).

The change in similarity per unit elevation was

determined for all stand pairs in the "4 elevational coeno-

clines by subtraeting the CC or PS value for a stand pair
from 1.00, then dividing by the elevation difference "be-
tween stands. These values were then plotted along the

gradients.

‘ Results

-~ Alpha diversity. The total number of bryophyte'

species per stand, irrespective of substratum;“ranged from
8 in the montane sedée fen to 33 in subalpine Pﬁmstwnmuwa
forests (Table 7) andlaveraged 23.5. Fdreét.cemmunities
seemed to maintain greater richness than eitherJrock out-
crops or fene. This phenomenon was largely;atirieuﬁable
to ihe greater structural heterogeneity of forests which,
in turn, was primarily due to the large rnumber of eubstrata
available forfbryophyte colonization. In‘fact, the prod-
uct—moment correlafion coefficiehﬁ between bryophyte rich- .
ness apd the number of eubstratum typee stand was + ,45
(d.f. = 28, significant at p < .05). Since my intent was
to view patterns of diversity regarding elevation and

. moisture gradients it was necessary to eliminate the in-

fluence of substratum number by examining dive;sity on

112
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only the most 1mportant; dominant substratum in- each stand
Fortunately the ch01ce of dominant substratum in all cases
was easy;_ln,every stand humus or rock and mineral soil
covered over 80% of the mac:oplot;-
Richness,vheterogeneity and evenness on dominant
substrata exhibited definite trends Qith elevation but
seemed less influenced by moisture regime (Tables 7, 8).
Richness varied from 7 on_mineral soil in the montane
gfaséland to 29 on humus and soil in the alpine cushion
plant-lichen tundra, and showed a very strong, positive
correlation with elevation (Tabie 8). This felationship
was visually demonstrated by plotting‘richness values'onu
the direct ordination of stands (see GRADIENT ANALYSIS,
p.30 and Figqg. 19).' Maximum richness occurred in lower’
Alpine c.ommunities.ineluding Dryas octopetala- dominated
-eushion plant-lichenetundra (stand no. 15)’having 29 spe-
cies, Cassiope tetragona—l?ryas—dominated dwarf shrub-heath '
(stand no. 20) with 26 species, and wet sedge tundra
(stand no. 22) With_28.bryothtes. Even the lichen des-
ert at 2676m could be considefed species—rich'sincz/?s
bryophyte‘species were-preSent there. Envirenment at the
extreme end of the moisture graaient hadAlowest richness
with 7 species ‘found in montane.grassland (stand no. 2)
and 8 species in'the'mogtane sedge fen. The positive cor- ¢
relation between richness andxelevatien sﬁould be viewed

only in the context of the range of e#evation sampled.
1 .
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Figure 19. Bryophyte spec1es richness on the domlnant
: substratum in each stand, plotted with elevation
and subjective moisture 1ndex on the direct
ordlnatlon. '
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For example, one would not ‘expect the correlation to hold
_at elevations much above 3000m because rock and boulder
fields eventually give way to snow fields and glaciers.
Observations I made in Jasper Park indicated’that bryo-
phytes were few and inconspicuous above 3300nm, euen in
' rocky areas. A
Richness was not significantly correlated with
subjective moisture index nor was it'associated &ith the
‘deviation of subjective uoisturevindex from thevmesic
state of S.M.I. = 3.0 (Table 8). Correlations ofurichhess
with bryophyte and‘understory vascular plant co;er (cover -
of vascular plants under 1l.5m in height) were also exam-
ined (Table 8). These cover values were thought to pro-
vide an index of the degree of interference or competltlon
for space by bryophytes or vascular plants and thus rela-
tlonshlps between cover and rlchness were believed possible.
The results 1nd1cated though, that for richness no strong
correlation 'existed with either understory vascular plant
or bryophyte cover. |
Heterogenelty, as measured using Hill's first order
dlverSLty number (Nl), was p051t1ve1y correlated with ele-
" vation (rs = + .54, a.f. = 28, p < 01) although not as
strongly as was richness (Table 8). Neither subjective
m01sture 1ndex nor dev1at10n from mesic was correlated with

heterogenelty, nor was . there any obv1ous relatlonshlp with

J_vascular plant cover.
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Hill's E,, measure of evenness followed both rich-

ness and evenness in being correlated with €levation (rS =
-~.58, d.f. = 28, p < .0l1) and showing no relationship with

vascular plant cover. In contrast to the other diversity

measures, however, evenness was positively correlated with
subjectiyé moisture index (r_, = +.42, p < .05) and bryo-

phyte cover‘(rs e ¥,54, p < .01).

Beta diversity. ,From the results of the single

index measure of betﬁ diversity, BD (Fié. 20), iﬁ iS'evi~‘

deﬁt that .bryophyte BD values were‘generally greater for

the moisture-related coenociiﬁes in the'monﬁéne, subalpine, - .
and alpine zénes where they ranged from 3.3 te 5.5, than
for the‘élévation-relatedﬁcoenoclines of rock outcrops,
géric Stands,'mesic‘stahds, and fens, where values were
‘between 2.4 and 3.3. BD'values fo; understory vasculaf
plants were similar to those;of the bryophytes along mois-
ture gradients, but were slightly higher along elevation
gradients. | |
| Highést BD fof~both bryophytes and uﬁderstory vas-
cular plants occurred in the montane zone and may have been

due to the greater variety of communities sampled therein.

e

Specifically, grassland (stand no. 2) and sedge fen Qstanq
no. 27) were commuﬁities“sampled dnly in Ehe‘montgne zone
since they were rare or absent at higher elevations. fhé
Additionai,spécies present in these sﬁanés and the lack of

-

other species common elsewhere in the zone may have been.
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responsible for high mon£ane BD values. This explanation
emphasizes the fact that-bet;\éiversity“shquld be intefr
prgted in viewlbf the ranges of the grddients sampled and,
conséqﬁentiy, absolute stateﬁents-about the felétive influ-
ence of different gradients on beta diversity must be
viewed with some caution.

The results of the single index measﬁrement of beta
diVersit§ were suégorted.ﬁy the_analysis~o%'béta functions.
However, the lattervconveyed more,igformation. Since beta.
functions computed using éoefficien£ of community (CC) and
peréentage'similarity (P§) gave similaf'results, only find-

ings based on'CC are presented here.

Along moisture gradients the similarity change from

a reference stand was very similar for bryophytes and vas-
cular plants (Fig. 21, 22). Beta functions for these -2
‘ plant groups tracked each other closely in both' the mon-

tane and subalpine zones, 1In both zones beta functiops

S

dropped sharply as the gradient extremes were approachéd.~ 

wWhile bryophyte and vascular plant simildritiés
were similér for moisture coenoclines, they were often di-
vergent along elevation gradients (Fig. 23}26); For this
-.reason the beta functions for elezation-re}éted*coenoclines
received more thorough scrutiny.

One way of more q}osely examining eleVatibn—relafed
beta divgrsity to meésuré change ih similarity'per unit

elevation. The results of this analysis for 4 elevational

120
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Figure 21. Similarity of stands to a reference stand (no.
. 25) along a moisture gradient in the montane
zone. CC = coefficient’ of cormunity; squares
.= bryophyte similarity, circles = vascular
plant similarity. '
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‘Figure 24. Similarity of xeric forest and tundra stands to
a reference stand (no. 4) along an elevation
gradient. CC = coefficient of community, squares
= bryophvte similarity, circles = vascular plant
similarity.
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Figure 25. Similarity of mesic forest and tundra stands to

’ a reference stand (no. 24) along an elevation
gradient. CC = coefficient of community; squares
= bryophyte similarity; circles = vascular plant’
similarity. :
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Figure 26. Similarity of fen stands to a reference stand
(no. 18) along an elevation gradient. CC =
coefficient of community; squares = bryophyte
similarity; circles = vascular plant similarity. °
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coenoclines complemented the,information-generated using 
the totai change technique (Fig. 27). !

For rbck outcrops the curve of total change for
bryophyte CC had markedly\leés sloée than the vascular
plant curve (Fig; 23). While the highest elevation stand
had almost l3§ bryophyte similarity with tpe low-elevation
referenee stand, these stands shared no vasculat plant
species. Change per unit elevation for the rock outcrop
coepocline was quite similar for bryophytes and vascular
plants kFig. 27), but bryophytes showed slightly greater
change at higher elevations.

In xeric forest and tundra commﬁnities; total
change‘ih CC was very similar for bryophytesvand-vascular
plants.until tiﬁberlfne was reached, at which point vascu-

lar plant similarity to the reference stand dropped to 0,

R P
while bryophyte similarity remained very high at 45% (Fig.

24) . This phenohenon was feflected by sharp upward change
in vascular plant CC per unit eletatien at higher eleva-
tions (Fig. 27). | - ."

For me5154§§ands domlnated by spruce or spruce-flr
below timberline, and by heaths above tlmberllne, there was
greater total,changg ip similarity for vascﬁlar plantsl
(Fig. 25). Bryophytes showed a sharper rate of decrease
than vascular plants at lower elevatlons but had greater

51m11ar1ty to the reference stand at hlgher elevatlons.

The change in CC per unit elevation for both plant groups
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Figure 27.

Change in similarity (coefficient of community)
per unit elevation for bryophytes (solid lines)
and vascular plants (broken lines) along 4 ‘
elevation gradients. Change per unit gradient
is computed for all pairs of adjacent stands by
subtracting CC from 1.0, then dividing by the
difference in elevation. .
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correlated nicely with these trends (Fig. 27).

~In the 4 fenhcommunities analyzed, bryOphyte sim-
ilarity to the reference stand decreased more slowly than
~vascular plant similarity (Fig. 26). The change per unit
\ gradient was slightly greater for vascular plants than for
bryophytes throughout this coenocline ‘Fig. 27) .

_The differences in bryophyte and vascular plant
similarity for~a,number of stands composing a coenocline
were tested statisticélly using the non-parametric Sign
Test*(Sokal and Rohlf 1969). The results of theisign Test
for 7 coenoslines are presented-in Table 9. Differences
‘in.bryophyte and vascular plaﬁt'similarity on réck outcfops
were significant when CC was used but not when PS was util-
ized. In the xeric forést and tuhdra coenosline'these dif-
ferences were statistically insiénificant for b&%h similsf-b
ity measures but in mesic stands and in fens these differ—
ences were highly SLgnificant for both Similarity indices.
For moisture-related coenoclines differences in bryophyte »
and vscdlar plant similarity were not significant except in
subalpine stands measured by CC where.significaﬁt differ;
ences'did'occur. In all cases of signifitant difference,
bryophyte\similggity greater thahbvascular plsnt similar-

ity, 1ndicat1ng less bryophyte beta diversity.

Thus there appeared to be a trend for bryophyte
communities-to have 1sss total change in species ComPQSl*

tion and less change per unit elevation than understory

!



Table 9. Results of Sign Test (Sokal and Rohlf, 1969) on
differences between similarity of stands based
on bryophyte versus vascular plant data for 6

coenoclines.

X ,
3 COEFFICIENT PERCENTAGE
COENOCLINE OF COMMUNITY SIMILARITY
rock outcrops x2 = 6.67 x2 ="2.40
p < .01 NS
~
xeric forest x2 = .17 “xz = .03
and tundra NS NS
mesic forest x? = 15.02 x%2 = 22.75
and tundra p-< .005 p < .005
fens x2 = 4.00 x2 = 4.90
p < .05 p < .05
Montane x2 = .14 x? = .37
NS NS
\\ ‘
Subalpine x2 = 15400 x2 = .39
‘ / .
p < .005 NS

131
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hvascular plant strata along\elevatioq gfadients% "This dif-
ference, which was most evident at highér.elevations, sug-
gested that elevation and related factbrs plaxed a more im-
portant regdlatory'role for understory vascular species
composition than they did‘fbr bryophyte species coﬁpdéition.
Furthermore, for the range of elevation andvmbisture regime
sampled in the study, moisture and felated factors appeared
to exert greater'ihfluence over bryophyte species composi-

N

tion than did elevation and related variables.

Discussion !

3

Alpha diversity. The correlation of total species

richness per stand with.the&numbér of substratum types is
ﬁot unekpected since many researchers héve reported-a
sﬁrong relétionship between alpha diversity and environmen-~’
‘tal heterogeneity. MacArthur and MacArthur (1961) and sub-
sequent:wbrkers (MacArthur 1964, Recher 1969, Tomof f 19745
have ¢onfirmed tha£ bird spécies diversity can be predicted
from the structural c&ﬁplexity of tﬁgmglant bommunity.
 Abele (1974) found that the number of substrata in benthic
marine communities is the most importanf factor regulétin§'
decépod crustacean richness.

Thaf the kihd of subst;atum is cruciél for bryo-
phytes is a generalization well documented imnt the bryo-
ecologicalllitérature'(Nagano-l966, Scott\i97l, Crum 1973,

La Roi and Stringer 1976). Not only do various substrata

provide different textural surfaces of colonization as well

132
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as  different outrient regimes, but their shape and size
may;oramaticalIQ influence mf;roclihate. Tha\p}ésonce of,
rock, rott;ng wood, or bark io d stand dominated by hunmus
incpeaéés the range of resources and conditions in the

Ta

“stand and permits‘coexiétence‘of species that use these

differentiallyL | . ‘ )

’ Less common substrata (e.g;“rock and wood in for-
est) forﬁ islaodé whose species richness may be regulated
bfbdisperSal and extinction rates which are, in‘turn,.ref

lated to'd;stanco to sources of colonists and island size

(MécArthur and Wilson 1967). Furfhermore, rotting wood is
not only d}scontihuous in space but is~temporally'impérman;
‘ent as we%l; providin§ a looation for a successional micro-
sere within_Wha£ mighf be a.c}imax stand (McCullough 1948,
Lacusta 1970). Environments such asvthesé‘WOuld likely
select for "r—sﬁrategists", i.e. épecies with high‘repro-
ducti&e effort (Planka 1970, Gadgll and Solbrig 1972).

Thus we may expect many substrata to provide favorable en-

~.ronments for species with different reproductive strate-

gies as well as species with different environmental toler-

ances and competitive abilitiés.

In &ﬁe pfeéent study the strongest correlation of
species rlchness, heterogenelty and evenness on dominant
substrata is with elevatlon, not w1th m01sture. . This re-

latlonshlp, like so many in communlty ecology, rs open to

multiple interpretation. It is temptlng to speculate that

133



reduced. vascular plant.cOmpetition at higherAelevations,

partrcularly in the alplne zone, may release niche space

for utlllzatlon by bryophytes. With less litterfall, less,

competltlon for space and establlshment sxtes, bryophyte
rlchness mlght be expected to 1ncrease w1th reduced vascu-
lar plant cover. However, there is no correlatlon of bryo-
phyte r;chness w1th understory vascular plant cover and 1t
is not at all clear that vascular plant cover decreases
continuously with elevatian, except w1th1n the alpine ‘zone.
Furthermore, many_alpine plants are more similar to bryo-
phytes in stature and growth form than are theularger, more
robust herbs and shruhs ot lower zones. ‘Thus, interference
betWeen bryophytes and vascular plants m.y be more, not
less, intense in lower alplne tundra communltles.
Undoubtedly one of the reasons for high species
richness in the alpine zone is increased heterogenelty
~and mlcropatternlng of the ground: surface (see Hrapko 1970
for descrlptlon). Although I selected only the most homo—
geneous stands for'sampllng, some of thesejexhlb}ted small-
scale pattern and disturbance which my pldts were too,large
to resolve. For,example, in lhyaa-dominated tundra (stand
no. 15) frost heaving and solifluction had“created a pat—‘

tern of bare and vegetated areas and, although I separated

these'ontthe basis of substratum as soil vs. humus, bltS

ey
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of soil were inevitably included in humus samples and vice~

versa. - High'richness.and heterogeneity in the alpine is



%
undoubtedly attributable, at least in part, to the nature

of this micro-pattern and the increased heterogeneity that
iesult; from it. -

| However, the richness imcrease from mesic mgﬁkane
stands to mes;c subalplne stands cannot be attributed to
heterogenelty. "White spruce forests of the mont;g% zone’
(stand nos. 6, 24) support only ll species each on humus,
while subalplne Engelmann spruce- subalplné~fir'foreSts
(stand nos. 12, 14, 30), which are v1rtually 1dent1cal to
" the montane sta?ds in phy51ognomy, support between 19 and
23 species.' This dramatlc change 1n richness is dlfflcult
to explain ‘and data are 1nsufflclent to properly analyze
-env1ronmental dlfferences between these stands. Based on

meteorologlcal datafrom La R01 (unpubllshed) it is ev1dent

that the subalpine zone recelves'more precipitation and

has lower mean temperatures than the montane. . It is doubt—_

ful, however, that the magnitude, per se, of environmental

factors should influence richness {see Terborgh 1973).

in the regulatlon of nlche preadth and spec1es diversity.
Undexr more predlctable circumstgnces species could, theo—

retlcally, evolve greater resource spec1f1c1ty although it

is not exactly clear how . thls would be accompllshed in bry- -

dphytes. one must assume that communltles 51m11ar to those

presently found in Jasper have eXisted long enough to

- 135
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Slobodkln and Sanders (1969) and Colwell (pers. comn. )N\have L
suggested that environmental predlctablllty may play a\;éle\“‘*d/r—
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permit edqlutiqn of such finely-tuned relationships.

Measurement of climatic predictability is not possible
presently since only a few years of climatic data are

available from the Pyramid?Signal environmental transect.

Even if such measurement was possible,meteorological\éiii//_

colleCted 2m above the grbund‘would not have direct rele-
vance for bryophytes. |

‘ Very faw studies have examined. plant species diver-
51ty along elevatlonal gradients. Whittaker (1966) has
)shown .that, in general, tree spec1es rlchness decreases
with elevatlon in the Great Smoky Mountalns. Whlttaker
and Niering (1975) have observed a complex pattern of vas-
cular plant sbécias diversity related to elevafion and

associated changes in precipitation in the .Santa Catalina

Mountalns of Arlzona. Total vasdular~plant specles diver-

51ty is maxlmal 1n the desert grassland of the Santa Cata-
llnas, but dlver51ty patterns for»herbs, shrubs and trees
are quite different.

| On Secretary Island in the temperate Sbuthern.'
sHemlsphere, Scott (1970) has sampled the ground |
‘vegetatlon at several elevatlons and their data 1nd1cate.
that bryophyte rlchness is hlgh at mlddle elevations below
timberline with 26~39.SPECleS per stand,uand drops above
tlmberllne to 19 and 23 spec1es per stand Slack (l97l),

u51ng 5 by Bm quadrats, found a falrly constant number of

bryophytes, about 20, inﬁstands below tlmbsrllne but also
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observed a drop in richness in alpine quadrats.

- The results of Scott (1970) and Slack (1971) con-
trast with my data, since richness 1is strongly associated
with elevation in the Jasper area. One might-speCulate that
"an island effect is responsible for low fichness in the
Adirondack alpine. Alpine conditions and vegetation aré
limited to only a few of the highest Adirondack summits and
the nearest source of colonists is the‘White Mountain Range
of New Hampshire, over 240km awéy. The low migration rates
and high extinction rates hypothesized for small, isolated
islands might be in effect in the high Adirondacks , and it
may be that many specialiéed arctic-alpine b?yophytes have
cither not reached these mountainé oi have become extinct
therep In the Canadian Rocky Mountains the alpihe zone 1is
extensive and virtually continuous with the arctic, and
there is a large number of arctic-alpine spgcies in the
flora (see Table 2). It is possible, then, thatélow rich-
neés_in-the Adirondack.alpine is é.result of insular bioge-
ography. o N

The positive correlation between évenness (E21) and‘
bryophyte cover is a second relationship of interest: Since
bryophyte cover is generally greater in stands with high
subjective moisture index, it 1is not sﬁrprising that even-
ness 1is also positively correlated with moisture regime.

The high evenness of stands having high bryophyte covef and

hiéh moisture indices results from the shared dominance of



seve%;%gpecies. For example, in spruce or spruce-fir for-
ests,J;Here cover and evenness are high, the dominant spe-
cies are ﬁylocomium splendens, PZeurozium schreberi and
Ptiliumlcrista-castrenéis. In contrast, communities with
‘low evenness have dominance concentrated in one or two sHe—
cies (e.g. Rhacomitrium Zanugznosum -dominated llchen desert)
' Whlttaker (1965) has implied that communities ex1st-
ing under rigorous or severe condltlons exhibit low evenness,
while those under more "favorable" conditions have greater
equitability. Although Whittaker's rationale for this trend
is not clear, many studies have indicated that communities
'in which resources are limitiAg show greater dominanqe than
those in which species populations are.not intensely com—'
peting for resources. For example, predation by starfish on
sessile crustacean communities maintains high species diver-
51ty by preve%t;ng domlnance by one species (Paine 1969,
197i) The evenness of protozoan communltles within pltcher
plants is 1ncreased through predation by mosquito larvae
(Addicott 1974). Predation on pasture plants by herbivores
_ increases the richness and evenness of pasture communities
(Harper 1969), and Platt (1975) has shown that equitability
is increaqed by dlsturbance of grasslands by gophers. Corns
~and La"* %7. have described forest communities that
showed inur~4’cd‘eVenh°SS ~“ter removal of the tree canopy
by clearcutting. In all the above cases, perturbation main-

tains high evenness by preventing the achievement of competl-

tive equ111br1um Pata collected by La Roi (pers. comm.)
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indicate that boreal sprgce—fir stands in stressed or re-
sburce—limited situations exhibit low evenness compared. to
other stands. Nash (1975) has shown that under extreme pol-
lution 'stress iichen communities exhibit reduced evenness
'coTpared to natural situations. .In the only other stﬁdy of
‘bryophyte community structure besides the p:esént one, Slack
(1971) has also reported strong dominance associated with
low” bryophyte cover‘in‘stands at Kenrose Preserve, near
Albany, New York. .
bne hypothesis to account for gréater dominance in
_ severe environments or under intense competition is thét
dominaﬁce ié best expressed where one or a few factors are

: -
strongly limiting, allowing only one or a few Species to
gain a strong cbmpe;itiﬁe advantage. In communitiesvwhére'
'many factors play a 1imitidg role or where recurrent distur-
bance is aAféctor, evenness ma¥4be higher.

“The actual méchanisms controlling bryophyte species
structuré have not yet been examined. In dry stands, small
locations that collect moisture or are less exposed to des-
sication may serve as estéblisﬁment mi;rbsites for bryo-
phytes. Inténse competition for such‘microsites méy result
in strong dominancé by one species; Once establishment is
achieved, howevér, competitiﬁn would be reduced. In mesic
stands competition for estabiishment sites might be impor-=
tant but competition for sbace after establishment might

also be critical. Species that were successful in getting -

established might lose ground to species better adapted to
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growth in crowded eonditions.

Harper (1969) has noted that many factors interact
to influence species structure and,'Without doubt, factors
other than the ones mentioned above affect the-species'
structure of bryophyte communities. For example,+ competi-
tion with licﬁens may also shape bryophyte eveneess. Since
“bryophytes and lichens have similar stature, water relations,
and substratum affinities, it could be argued that bo":h
'groups belong to the same guild and, hence, species’ struc-
ture should be examined for both groups together.

I have not commented extensively on the relatienship of
" heterogeneity to moisture and elevation gradients, primarily
becw *'this measure of diverSity (N ) showed no special or
unusud . response or trend of its aown when correlated with
the investigated varial-les. Rather it seemed to behave in a
'manner'intermediate between.richness\and evenness, indica-
ting that as a single index it is. less informative‘than the
other two.- This conclusion supports the views of Whittaker
(1965), Addicott (1974), and Nicholson and Monk (197;;\who

preferred to utilize separate 1nd1ces for richness and even-

ness..

ﬁeta diversity. The eniyiother study of bryophyte
beta aiversity of which I am aware is that of Slack (1971).
By analyzing the distribution of the bryoflora of New York
,State usiné multiple regression, she foﬁnd that ranée of

elevation within equal-sized quadrants of the state

PFARRERY
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accourited for much of the variability in flora size between
quadrants. Analysis.of data collected along transects in
the Adirondack Mountains'ahd at Kenrose Preserve near'
Albany, N.Y., demonstrated that elevation exerts influence
over the distribution of bryophyte sbecies amd, therefore,
beta diversity.

The present study also shows that mosses and liver-
worts reépond to elevation, with sdme4species quite re- >
stricted in their d;stribution along the gradient. However,

I have shown that bryophyte; in the study area are even’
more sensitive to complex moisture gradients which ‘support
coenocllnes of hlgher beta dlver51ty than elevational grad-
ients, at least over fhe range o£ environmental varlatlon
sampled. Thus, one is more likely to find floristically
similar communities at the far ends of an elevational grad-
ient théh at fhe far ends of a moisture gradient. Slack '
(1971) did not gxamine‘bryophyte distribuFion along a topo—\
graphical or moisture gradientf“éo it is not possible to \
. compare theainfluencé of moisture iﬁ the Adirondacks with \
the Rocky Mountains. It is probable, though, that the \
>high richness Slack reportéd.for mbuntainous areas in New .

York is got nly a functién of beta diversity along eleva-

tional gradient$, but also of beta diversity along complex
moisture graddents which are more pronounced in mountainous
country than in lowland terrain, due to slope and éspect

- effects.

]



Plant strata may respond differentially to habitat

gradients. For example, Bratton (1975) found that beta

diversity in the overstory of Smoky Mountain beech forests

differed in magnitude with, aﬁd‘did not parallel, under-
story beta diversity. Cajander (1926) and Heimburger (19
(1934) have described situgtions iﬁ which several kinds of
understory types are associated with a single overstor}
type, implyiﬁglthat understory species are senSitive.to”
factors which do not seriously influence overstory compo-
sitioﬁ. Since trees and understory spécies within the same

i

stand have such different environments the results of these

studies are not surprising. In comparing beta diversity of

.

understory vascular plant species and bryophytes, however,
one might expect these two groups to have similar patterns
since both inhabit the sameﬂoverstory-modified environmént.
In the present study, it has been shown that these two com-
ponents have similar beta functlons for complex momsture
gradlents, although there are dlffarences that a smaller
scale study might better elucidate. There are smgnlflcant

differences, however, between bryophyte and understvfy vas-

cular plant beta diversity along elevatlon gradlents. Sev~

eral explanations may be invoked to account for the differ-

ential rés?onse of bryophytes and vascular plants to ele-

\ il

vation.
A first hypothesis is that microenvironmental vari-

ation along the gradient is responsible. Although«herbs}
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shrubs, and bryophytes share the.same moderated environ-h
‘ment in forests at lower elevations the subordinate vas-.
cular strate become exposed to direct solar radlatlon and
dessicating_winds above'tlmberllne, while bryophytes re-
main somewhat protected under the mantle of dwarf shrubs,
herbs and cushlon plants. For bryophytes the m1croenv1ron—
ments of a heath or cushlon plant tundra community may not
dlffer greatly from those of a subalpine forest, and mah&
moss specxes are common to both stands. In contrast, rapid
changes in: env1ronment across treeline might be correlated
with significant changes in shrub and herb species comp081—
tion. In support'of-thisvhypothosis, the coenoclines for
~mesic and xeric forest and tundra show highest rate of - |
change in vascular plant species composition per.unit grade
ient at higher"elevations~(Fig. 27). Beta diversity on

' rock outcrops, where bryophytes and vascular plants are
both exposed to the full rigors of the environment, is sim-
ilar for. both plant groups (Flg. 27). This comparlson sug-
d gests that, When subjected to the same magnltudeeof envir-.
onmental change) species composition changes in these:

groups are similar.

The above hypothesis, however, does not account for -

all the observed differences pbetween bryophyte and vascular

" plant beta diversity: For 3 of the 4 elevational coeno-
~clines studied,'bryophyte'beta diversity'is lower than vas-

.cular plant beta diversity at lower elevations where canopy
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cover is continuous (Fig. 24-26, 27).

One may hypothesize tﬁat bryophytes, in general,
have broader tolerances to eleQatiénal gradients than do
- vascular plants. Thus, bryophytes would not divide’ele—‘
vational habitat space as finely as vascular plants.
Broad tolerance to elevati¢n—related factors could result
from either phenotypic plasticity or from ecofypicvdiffer-
entiation, but little is known of bryobhyte‘population
biology or populafibn genetics. Most bryologists seem con-
vinced that mosses are }-static, slowly evolving’grdup in
which genotypes are well establishéd (Crum 1966). Others,
such és Loﬁgton (1974) , have suggested that'ecotypic dif-
ferentiation ‘does occur. Bazza%, Paolillo and Jagels
11970) have demonstrated differences in light saturation,
appareht phbtosynthegis and CO2 response for alpine and
forest populations of PoZy_thchwn‘juniperinwn. Boerner and
Forman (1975), however, found thét'pdpﬁlations 6f séveral
Speéies from salt‘spray and dune habitats showed insignif-
icant differénces in salt séray tolerance, indicéting that
little ecotypic différentiatioﬁ had taken place. Whether

or not elevationally wide-rahging speciés in the Jasper

- area, such as Hylocomium splendens, Tortula ruralis, Drepanocladus

uncinatus or Orthotrichun laevigatum, have undergone genecologi-
cal differentiaﬁion is a fascinating question that needs

attention.,
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Setting aside thisyquestion, there are some consid-
erations that lend support to the notion‘that mosses db,
in fact, have broad tolerances to elevatlon -related factors.
Dilks and Proctor (1975) found that many mosses malntalq
net photosynthesis over a wide range of temperatures and
that northern and moﬁtane species do not differ substanti-
ally from temperate'species in net assimilation in response
to temperature. They also observed that bryophytes are
protectad from intracellular freezing by the withdrawal of
water to form extracellular ice. In addition to what seems
to be inherént cold—hatdiness, bryophytes have not evolved
a dormancy mechanism in which life processes are reduced.
peribdically for protracted.periods. Bryophytes photosyn-
'thesize whenever environmental conditions permit. Thus,
fgrowing season", which we view as decreasing with eleva-
tion, may.have less meaning for thém.tﬁan for vascular
V'plants.
. ' The.differential patterns of’bryophyte and vascuiar
plant beta dlver51ty w1th elevation may arise from both
mlcrocllmate modlflcathn by vascular plant strata and |
broade; tolerance.of bryophytes to certain varlables.‘ The
former explanation is almost certainly'true while the lat-

U

ter awaits further critical testing,'



Comparison of Alpha and Beta Diversity Trends

While bryophyte beta‘qiversity i$ greaﬁest along
moisture gradients %? the study area, species.richness on
dominant substrata is most stronglywrelated to elevation.
A closer relationship between richness and beta diversity

»

might haQe been expected since factors that influence b
species composiﬁioh'should also be capable of alte;ing the
number of species in a community.> Species richness does

. not change significantly in #esponSe to moisture regime,
except at fhe extremes, but beta diversity is quite high
,;long the moisture gradient. In contrast, richness in-
éreases withyé&evation where beta diversity is low.

' ' Apparently there is a “core" of ubiquitous species
such as Hylocomium spZendené, Polytrichum juniperinum, and Drepano-
| cladus wncinatus, that have wide habitats with elevation. 1In
the subalpine and alpine zones additional species of more
limited distribution, like Barbilophozia lycopodioides and
Dicranum acutifoliwm, are added, increasing fichness.r Thus,

while species composition exhibits only small change,

richness increases with elevation.
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INTEGRATION

The role of descriptive ecology is to organize,
quantify, and synthesize field observations ands present '

the results as specific questions or hypotheses in neeg/

of solution or testing. ;‘m' | '5{f his intimate familiar-
ity with the organisqs fﬂ 4 Jtﬁé descriptive ecolb-
gist often has the abm' ;
cal systems and SpéCléQ"
testing cextéin hypothesés. $bf these reasons the descrip-
tive ecologist serves as a link between purely descriptive
natural history and expgkimental écolsgy. In this section
I will describe broad areas of bryophyte ecology that re;
guite future researqh, and identify specific ecological
questions that have arisen directly from the present stgdy.

There is‘a’need for mote descriptive work in bryo-
phyte'ecoloéy, but such research should be oriented toward
specific prdblems. In the western cordilléra, forv%Xample,
the latitudinal trends in bryophyte importance and flora
size merit further study. Is the trend in bryophyte impor-
tance closely tied to moisture related factors, as I have
suggested? | |

More studies like the present one are needed to
examine the relative roles of moisture and élevation in

.. regulating beta diversity. Specifically,.do'moisture
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gradients affect bryophyte beta diversity in maritime cli-
mgies as dramatically as they do in the continental Jasper
area? Although'slack (1971) presented no data on bryo—
phyteQmoisture feiationships, she implied that elevation

’ [}

was a more.important factor in controlling the number of
species in an area. The fact that she was working‘in a
sub-maritime climate may be significant. In sucﬁ a wet,
humid aféa, @Eoriditions as dry as those found at Jaspe‘r

' probably do nqt exist. Thus we might expect reduced beta
diversity in maritime areas;

Future briobhyte—oriented, descriptive research
should examine patterns.of sgecies richness with eiévatian.
Is the incresse in richnsss with elevation consistent in
other areas of the western cordillera? 1If so; why does
the pattern contrast with the Slack's (1971) results in
eastern North America? .

High priority should be given to experimehtal stud~
ies in bryophyte ecology. My study has shown that moss
species respond to complex gradients of moisture and ele~
vation. In essence, each bryophyte's habitéﬁ, as.described.
in Figures 5-17, represents an hypothesis. Thevspecies
response pPatterns can act as a quide to experimental work .'
aimed at determining the direct factors ihfluensing bryo~-
phyte distribution. Both'physical ahd biotic factors, in-
cluding coﬁpeﬁition, réqUire scrﬁtiny; The hypothesis that

broad bryophyte habitats in :elatibn to'eleﬁation'may y
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result from broad tolerance, wlth or without‘ecotypic dif;
ferentiatigh, to elevation-related factors; rather» than
mlcroenv1ronmental modlflcatlon bx vascular plants, pre-
sents a dlfflcult eco- phy51ologlcal problem.

An area of current 1nterest in population blology
1nvolves reproductive strategies, and mosses may provxde
a good system for studying resource allocation to reproduc-
tive and non—reproductiveq;unctions. Bryophytes grow in a
variety of env1ronments 1nclud1ng ephemeral or patchy hab-
itats like rotting wood and erratlc boulders where. densxty—

dependent mortality would be low; and packed stable habi-

tats like forst humus, where density- dependent morallty

mlght be hlgher. Thus an "r-K selection continuum" (Pianka

1966) could be identified‘for bryophytes. Resource allo~
catlon might be more ea51ly studied in. bryophyth than in
vascular.plants, since the former lack roots. Species
pairs in the genera Dieranum, Mnilum, Gmirmn:a, Orthotrichum, and
Barbzhnﬂumza (see RESPONSE PATTERNS AND HABITAT METRICS
p. 49 ) would provide excellent: systems for comparatlve
studlegﬁof reproductlve strategles.-

The.coexxstence of bryophytes under apparently |
homogeneous condltions is a situation somewhat analogous to

Hutchinson' s (1961) "paradox of the plankton.“ The ablllty

of Hylocomzuw splendens Pleurozium schrebern, and Ptzlzum erista-

castrensis to inhabit the same communltles over much of thelr ]

wor o
ranges defies simple expl ation. 1In Jasper, the humus
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guild at higher elevations packs more spec1es than at lower

33

elevations. Why is there a difference? What role does
competition play in these moss communities? Is small—scaie
environmental heterogeneity involved, or do niche dimen-

sions I did. not measure enable spec1es to aVOid competitive

excluSion?

This study has ‘shown that. a descriptive ana1y51s_
of bryophyte distribution-patterns in relation to complex
‘gradients can prOVlde information on speCies habitats and
eluCidate patterns of community variables, including spe-
’cies diversity Many question and ideas have arisen from
the study .and some of these have been outlined above.,f
Research on these tantaliZing questions and hypotheses is

one natural consequence of this study.

\}
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'_* o &qasper Natfbnél‘Park*.
Polypodiaceae o H?r '?v o
e |
Cystopterzﬁnfragzlts (L.) Bernh e 1.0
“ev P o A
qu%setaceae , T . s
Equé@etum arvense L. * o v e 7 3.0
E. pratense ‘Bhrl.. ~ _— s e e 400
E. scirpoides Mich. oL o 4.0,
E. sylg?g?cum L. o T SRR L470 3
' aeh, XL . o
< e _Y' C o . o o . N ) " ’ .
o -anﬁotznumgt S SRR TR S 3.5
UL chense Rupr Coe ' v . . .3.0
Setlaginellaceae uqf" - 4 _ o
' 2 i 4 v M e .
Selaginella densa Rydb. BN 1.0
Pinaceae . l
ot . . . T . ‘v'-?,_,,,,
Abies lasioeanpa (Hook.) Nutt.- T35
Juniperus communis L. 4 2.0 -
M hortﬁontalts Moench . \ 1.0
Picea engelmannii Parry . 3.0
P. glaugca (Moench)Voss . o S 2.5
P% mariana (Mill.) BSP. : 4.0
Pinus albidaulis Engelm. - . S - 2.5)
P. contorta Loundon var. latifolia Engelm. : 3.0
Pseudotsuga menziesii (Mirb.) Franco 2.0
Gramineae
Agropyron dasytachgim (gook ) Scribn. . 1.0°
A..Zatzglume'ﬂScrlbn. & Smith)« Rydb. “4.5
Arctagroetis dwvundinacea, (Trin.) Beal' . 4.5
Calamagrostis canadensis (Mlch ) Beauv.. ! 4.0
C. montanensis Scribn. 1.0
C. purpurescens R.Br. ' 1.0
Degchampsia caespitosa (L. ) Beauv. 3.5
EZymds innovatus Beal 2.0°

'APPENDIX B. List of vascular rlant species and their sub-

.jective moisture indir~ for 30 stands in

~
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Festuca baffinensis Polunin

F. brachyphylla Schultes

Glyceria striata (Lam.) HitEhe.

Hierochloe alpina (Sw.) R.

Koeleria ecristata (L.) Pers.

PHteum alpinum L.

Poa alpina L.

P. arctica R. Br.

.
ow

(e

~~ P. glaucifolia Scribn. & Wwill.

P. interior Rydb. o ,

Trisetum sptcatum (L.) Richt.

Q?QQQQQC}QQQQ

"Eriophorum angusttfolium Honc

Cypgracege

Carex aquatilis Wahlenb.
atrosquama Mack. .
_.bunqescens (Pers.) Poir. w- -
coneinna R,.Br. - L2
diandra Schrank

disperma Dewey

drummondiana Dewey

gynocrates Wormsk.

nigricans C.A.Meyer .
phaeocephalt Piper g#k
rostrata Stokes - P )
seirpoidea Michx. 3
. "spectabilis Dewey . v

_E. brachyantherum Trautr.

Goodyera repens (L.) R.Br.

- E. scheuchderiggoppe;‘ .

Juncaceae

Juncus castaneus Sm.

J+ mertensianug Bong. =
Luzula spicata (L.) D.C.
L. wahlenbergii Rupr.

Liliaceae - R
Allium cernuum Roth - -
Smilacina trifolia_ (L.) Desf.
Streptopus amplextPgtius (L.) DC.
Tofieldia pusilla(Michx.)Pers.
Zygadenus elegans ~Pursh.

Orchidaceae

Cdiypco bulbosa (L:)_Oakes»‘ IR

Corallorhiza trifida Chatelain

Habenaria hyperborea (L.) R.Br. e
N T

B b W T UT WS N &= U1 U

PHWRNRNDWRWWOH -
nuunmoounoocoowunun &

auUuUooocooULIOoOVNUTO OO

h)

. 1‘h
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-
[Xes
)

Habenaria obtusata (Pursh.) Richards 3
Orchis rotundifolia Banks » 3.

Salicaceae

Populus balsamzfera L.

p. tremuloides Michx. . Coa
Salix arectica Pall.

barklayi Anderss.

barrattiana Hook. ‘ ‘ @
bebbiana Sarg. ‘\
glauca L. : - \
maceal liana Rowlee v

myrtillifolia Anderss.

nivalile Hook.

vestita Pursh.

hhhnhhhh
WS WWWDWWWe
couunoounmUo oo

Betulaceae ' ' : o

Alnus cerispa (Ait.) Pursh.

A, tgnuifolia Nutt.

,Betu%a papyrzfera Marsh.

" B. g andulifera (Regel) Butler }'

(6, OSIN - 8]
oo uno

{S@ntzlaceae .

¥

Geocaulan 1ividum cRichards.) Fefn. . : ' _g-3;0
~Lai‘anthaégae
‘ Avceﬁtﬁobiuhtamericanum Nutt. , = o -
Polygoha;eééu'

Polygonum viviparum L. ' P 3.5

Portulacacea) } o 3

Claytonia lanceolata Phrsh.‘ »~';7 n., . 3.0
Caryophyllaceae o s ' S R
ftlenefaaaulzs 1,. var.ezséapa (All Y DC.- 1.5
Stellaria longipes Goldle : ’ 1.5
S. monantha Hulten . . o ' B - N

Ranunculaceae e ) C e

Actaea rubra (Alt ) Willd. 4
Anemone drummevditi S. Wats. : 1
A. multifida Poir. | o _ 1
A. occidemtalis S. Wats. .3
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Anemone pgrvﬁflora MichxaamAV;ﬁ“ \ ﬁb, 5.0
A. pate fﬁ,dvar;wolfg&hgiana (Bess.) Koch. 7%%' 1.0
Aquileg@@ fluvescens S. Wats. B 3.0
Clema'?tg ﬁrticéllaris pDC. var. columbiana ( .) A.Gray 2.0
RanunX¥ cschscholtzii Schlect. ’ 4.0
Prollius albiflorus (A.Gray) Rydb. 3.5
Cruciferée
Arabis holboelii Hornem. 1.5
Cardamine bellidifolia L. ° . 1.5
Draba spp. ' ' 1.5
Crassulaceae

e o ] _
Sedum stenopetalum Pursh. _ 1.0
Saxifragaceae ' ~ , ;

Mitella nuda L.
Parnassia fimbriata Konig - :
P. palustris L. var. neogaea Fern.

Ribes lacustre (Pers.) Poir. . :

R. oxyaeanthoides L. ‘ '
R. triste Pall.

Sagifraga aestivalis Fisch. & Ma%ﬂ%‘ . .
S. bronchtalis L. . L P g - g -
byt

S.. cernua L. , .
S, -Tyallii Engler . »
ST punctata L. o -
S. rivularig L. o
S. oppositifolia L.

b N W N R U
COUNNOOOOUNOOOO O

Rosaceae

dme lanchier alnifolia Nutt. S . : ‘
Chamaerhodos erecta(l.) Bunge ssp. nuttallii Hulten
Dryas octopetala L. ‘ .
- Fragartia virggn{ana Duchesne var,glauca §-,ﬂ3tq§ £,
Potentilla diversifolia Lehm. : .Y T e

- P. fruttcosa L., .t

. P. gracilis Dougl. .

. P nivea L. :
?. pensylvanica L. S
- Roga agicularis Lindl. :
égbus caulis Michx.
R. pub scems Raf: - |

" R. strigosus Michx. %@
Sibbaldia procumbensg L. % : ' .
Sarbus scopulina Breene ,
, Spirea lucidda Dougl.

-

-
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Legumindw 'g&'\* ¢ ’

As tragalus btrlgtus Nutt.
& aboriginum Richards
Hedysarum alpinum L,
Lathyrus ochroleucus Hook.

" Oxydropis podocarpa A. Gray

~

»

%

0. sericea Nutt. var. spicata (Hook)Barneby

0. splendens Dougl.
Vieia amerieana Muhl.

Linaceagb

Lirum lewisii Pursh.
Empetraceae

Empetrum nigrum L.
Violaceae -

Viola renifolia A. éray

Elaeagnaceae

Shepherdi%,canadenéis(L-) Nutt.

Onagraceae

Epilobium anguatifolihm L.

E. palustre L.
Umbelliferaé.u ¥
Dsmorhiza sp.

Cornaceae’

Cornus canadensis L. ' ‘i?

stolontifera Michx.

Pyrolaceae 4

Ckfmaphzla umbellata (L.) Bart{

Moneses uniflora (L.) A. Gray
Pyrola asarifolia Mlchx.
P. gecuada L. - -

. «P, virens Schwelgg
~

1.0
1.0
2.0
3.0
2.0
1.0
1.0
3.0
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Ericaceae

Arctostaphylos rubra, (RehdergWils.) Fern.

A. uva-urst (L.) Spreng.

Cassiope me'rtensiana (Bong.) D.Don.

C. tetragona (L.) D.Don. 'ssp. saximontana (Small) Pors.

Kalmia polifolia Wang. var. mierophylla (Hook.) ' Rehd.

Ledum groenlandicum Oeder

Menzieaia glabella A. Gray

Oxycoeccus microcarpus Turcz.

Phyllodoce empetriformis (Smith) D.Don..
P. glanduliflora (Hook.) Cqville '
. Vaceinium cdespitosum Michx.:

V. membranaceum Dougl.

V. écoparium Leiberg :

V. vitis-idaea (L.)var.minus
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Primulaceae

Androsace septentrionalkis L. , i , 1.0

Gentianaceae

s
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=~ tentiana glauca Pallas 1 : R
'ggntianella amarella (L.) Borner ssp. acut?,(Michx;)
, J.M.Gillett St
G. propinqua (Richards.). J.M.Gillett A TR

o .

o , , : - \
“Moraginaceae o A S \
R . - o |
}

Mertensia panicuiata‘(Ait.) G.Don. A Ry
Myosotis alpestris Schmidt ' - -2

- gcrophulariaceae =~ . S 4 -
Castelleja miniata Dougl. - > @2
¢. occidentalis Torr. - C L2
Pedicularis bracteosa Benth. C a .3
P. ,capitata Adams " : , 2
P, lanata Cham. & Schlect oo E . 4
. Veronica .alpina L. var. unalaschendis C.& S. 3
: : , upac . .

4

. : . —TN . ] - B ‘ . :
Rubiaceae : . L B s

Galium boreale L,,M- e SRR \ 2
G. triflorum Michx. : -3

¢h

Caprifoliaceae =~ = ‘ "

Symphoricarpos aZbus,(L.)‘Biék;:\’ . .
Linngea borealis L. var.@americana(Forbes)'Rehd.
‘Lenicera inqolucrata'GRidhards.)\anks ,
Viburnum edule (Michx.) Raf. b '
: oy
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Valerianaceae
Valeriana sitchensis Bong. ST 3.5

Campanulaceae

’ , .
ampanula lasiocarpa Cham. 3.
C. rotundzfolza L. » : 2

[« 38,

Composxtae

Achzlle& mzZZefoZium L. : o~
Antennaria alpina(L. ) Gaertn. ' . ’
A. lanata (Hook.) Green@ ‘ S v
A. nitida Greene .
A. racemosa HoOOK. : : s '4
~A. rgsea Greene L.
Arnz&‘q'alpqm.a (L. )%n ’ o .
4. cordifo®ia Hook. - ' k) —
A. graeilis Rydb. S : €
,'A. latifédi¥a Bong.. v Ty o
moZZﬁ&‘ oo} IY o \
Artemzs “campestris L. 4
" A frzgzda ‘Willd.
Ay norvegica Fries
Aster ciliolatys Lindl.
A conspzcuus '
Erzgeron caes ) Nutt.
CE composztus - T ' Co
B peregr%nus (Pdrsh ) Greene ssp. callianthemus
" (Greene) Crong. o th' .
Hieracium gracile Hd&k » A2
Petasites palmatus- (Rl% ) \A. Gray A
P\ vitifolius Greene . s , -
Sene,to cymbalarioides Nutt. ', ' ' - o
#vc7florus Pursh. fﬂ
ularis Hook.,‘_ .
decumbens Gxeene
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. *Nomenclature and sﬁtﬁfnce ofﬂFamiliés.from Moss (1959)

" and Packer. (1974).
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