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Abstract. The patterns of cover and species diversity { mchness and composzrzon} of macro-
lichens, bryophytes, and vascular planrs are described for a Canadzan monigne forest in an area
“where the forest is highly valued both for wood production and for the terrestrial lichen that.is
a vital part of the diet of the endangered woodland caribou rRangxfer tarandus caribou Gmeim)
In 180, 6.5 m X 6.5 m plots placed in nine stands within a 375 km? area, we found lichens were

© abundant, but the ground layer was dominated by feather moss. Mean species richness at the plot
level for lichens (23) is about double that of bryophytes (13) ahd vascular plants (11). Differences
_in species composition are small with any two plots havinglin common; at least 50% of their
vascular plants, 60% of their bryophytes, and 70% of their lichens. Comparisons of 10% iof the
most open with 10% of the most dense canopy plots revealed rhar the more open sites have greazer
lichen cover, higher elevation, older trees, more lichen and uascular plant species, less moderately
decayed logs, and lower cover of Pleurozium schreberi, the dpmz_nanr SJeather moss. Twenty-two
species (14%) were found only once; of these five were lichens (9% of the lichen flora}, six
bryophytes (17% of the bryophyte flora), and 11 vascular planis (1 7% of the. vascular. pfamﬂoraj
None of these is provincially endangered, but all are rare in t}ns par:zcular forest type. Only three
of these species occur in the 20% of sites having the most open or -dense canopies. Our data
indicate that at the local scale, the ground layers of these forests are highly variable and have
little local distinctiveness. The lack of strong- envzronmental ‘correlations with species patterns
suggests that within the natural foresr regime other factors are at least parrmlly responsible for

ground layer patterns at the local scale. These may include dxspersal and esmbl:shmenr success
as well as stochastic disnurbance regzmes ;

Understanding the patterns of cover and species  caribou (Rm{zg{fer tardnz_fus caribou Gmé]ih—Cum-

diversity (both richness and composition) of bryo-

phytes and lichens in the forests of boreal Canada
is of both fundamental value and management in-
terest. Bryophytes and lichens -constitute a large

purtion of the overall forest understory biomass and

overall species richness (MacLean & Wem 1977;
McCune & Antos 1981), particularly in coniferous
forests. They are seldom included in biological sur-

veys and ecological studies and. if they are they™

tend to be lurnped as ‘moss or lichen” and diversity

is often not examined at the species level. However' :

this information has become important. Land man-
agers are increasingly required to plan for the main-

tenance of non-production. values,.such as biodi-
. versity and our current measure of environmental

sustainability is usually some aspect of bicdiversity.
In many areas across Canada, the lichens of bo-
teal and montane forests play a crucial role as a

winter food source of the endangered woodl,and'
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ming 1992; Darby & Duquette 1986; Rettie et al.
1997; Stevenson 1986; Thomas et al. 1996).°
Healthy populauons of favored lichens are known
to be fundamental to caribou survival, supplying a
ready source of digestible carbohyd:ates that con-

‘stitute an es’uma{ed 66% of ‘caribou winter diet

(Cumming 1992 Danell et al. 1994; Rommger et

al, 199¢; Schaeffer & Prinitt 1991; Stevenson 1986).

This study focuses on an.area I'nghly valuad for

* both wood - producnon and caribou winter habitat,

There is concem that changes in ground lichen cov-
er in these agmg forests is partIy respons:ble for

-decreasmcv numbers of canbou in the aréa {(Arm-

leder et al. 1996) Our study was established to de-
termine. whether the cover of ‘caribou lichen’

: (mamly in the genus Cladina) and plant and lichen -

diversity could be maintained or increased over the
long-term, whﬁe ut:hzmg the forests for wood pro-
duction. " Do

Qur short—term aim 1s to describe exmtmg pat-
terns of bryephyte; and hchen cover and: diversity,
Pre- harvest var:atmn in hchen cover and' diversity
patterns may yield msxghts into. how the ground
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layer might change under post-harvest regimes.
This is of interest because it may take considerable
time for some species to adjust to the: new condi-

tions and long-term monitoring is required to ob-

serve effects as lichens are known for their toler-
ance to a wide range of condmons and climatic
extremes (Hale 1967: Pritchard & Bradt 1984} _

In order to.gain some insighit into local variation
in ground cover and diversity, and to make some
early predicuons about post-harvest reSponses we
describe the natural (pre-treatment) patterns, and
contrast sites having the most open and the most
dense tree’ candpies. Specifically, -we investigated
the following research questions: 1) What is the
variation in cover of each caribou lichen species,
and the cover and species diversity (nchness and
composmon) of lichens, bryophytes, and vascular
plants? 2) Can local species cormposition and pat-
tern be predicted by environmental regimes? 3)
How do the 10%. of sites with the most open can-

opies compare with the 10% of sites with the most

dense canopies in terms of a) the cover of each
caribou lichen species and the cover and diversity
of Mchens, bryophytes, and vascular plants, and b)
environmental variables? -

METHODS

Sample design and field methods.—The forests of the.

study site are Pinus contorta (Lodgepele Pine) dominared
and are Iccated in the Upper Foothills and Subalpine Nat-

ural Subrewmns (Beckingham et al, 1996) of the eastern-

slopes of the Rocky Mountains in Alberta between the
towns of Hinton and Grande Cache. These rather open,
old growth stands regenerated from wildfire between ‘61
and 183 years ago, and are characterized by generally rap-
idly drained, acidic soils and poor nutrient status (Beck-
ingham et al. 1998). Individual trees range from 6.6 to
30.6 cm DBH. Picea glauca (White Spmce} frequently
forms a sparse secondary canopy -below the pine. Feather
mosses (mainly Pleurogium schrebert) or-fruticose (main-

ly Cladina mitis) licheris tend to deminate the ground lay-

er. The shrub layer is dominated by Ledum groeniandicimn
and/or Vaccinium vitis-idaea, with a sparse field layer of

. Cornus canadensis, Elymus inrovatus, and Lycopodium
spp. Nine representative stands averaging between 30 and
40 ha each were chosen from a 375 km? area known 1o
be used or thought to be used by caribou. for -winter for-
aging. The stands are located along highway 40, north or
near the Berland river and headwaters of the Little Smoky
River between 53°45" and 53°55'N latitude and 118°18'
and 118°30°W longitude at elevations between 1,317 and
1,527 m.

Twenty 6.5 m X 6.5 m. pIots were random]y established

in each of the nine stands. Vegetation and eavironmental
variables were sampled within these 180 plots. The cover
of major lifeforms (lichens, bryophytes, shrubs; herbs,
graminoids, and fern aliies) was measured by placing 2
measuring tape around the perimeter of the plot (i.e., 6.5
m X 4 = 26 meters), and counting the number of centi-

meters occupied by each life form. The cover of intact -

logs, moderately-decayed  logs, -well-décayed - logs, and
rocks was measured in the same manner. Intact logs may
have been cracked, but were not missing any segments,
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whereas wall deca»ed logs had Iost more than hait their
original form and were soft to the;touch. Any logs falling

‘ bctw een these two ‘classes were _jtsdged as modermely de-
* cayed. RockS'were tound in only a few plots dnd were

small. and thererore not includéd in our analyses.:

- The following :va.nab]cs are quum:ﬁed for eachiﬁ 5 m?-
- plot: stand-age (bv coring a tree’ representanve of each

even-age plot and ‘counting annual tings): canopy denStty
(using a forest dens:ometer with the mean of the fojir mea-

_surements used c‘.’(pr&SSed as a pefcent with 0% béing no

canopv ‘and 100%. being complete!y closed canopy): plot
slope: plot. abpeﬁv elevation: length of Hy!ocommm splen-
dens penuitimate ;mnual increnient length [indicating site

productivity for br\ophyte:s (Vitt, unpubl. data)]; ﬁumber
of microhabitats within the piot {organic soil, mxneral soil,

moist_depression.rock, upturned tree root, sturp, intact
logs. modermelv decayed logs, ‘well-decayed logs. or for-
est floor); and local topography: (1.= local ridge, Z = mid
slope. and 3 = lodal depressxon) Elevation was quannﬁed
using a ‘global positioning system (Trimbie®™ Pathfinder),
No general topographic position was recorded because,
although local topomphy was quite variable, all 180 plots
occupied a :,umia,r ‘position on the landscape bemo above

the tiparian zone ion undulating terrain. Soil pH and soil

texture werg also measured, however, they vaned Little
{50il pH mean.= =l- 88. S.D. = (6, seil texture was either
sandy loamy or loamy sand; Kalra ‘& Maynard 1991) and
were not mcluaedi in the analyses.

"Due to the 1ow cover values of many bryophyte and
macro-lichen ;peczes their intermixed growth, andithe ar-
chjtecmre of many of the vascular plants, it was difficult
to measure individual spemes cover using the tape a.round

the perimetet’ of the 6.5 m? piot However accurate mea--

surements of the ¢over and post-harvest cover of caribou
lichens are of ritical interest 1o land managers and central

. to the aims of the overall project. Therefore, we estimated

the- cmer of each'specxes of bryophyte lichen, and vas-
culdar plaht using fover classes in five 1.5 m? quadrats in
each of the four corners and in'the middle of the 6.5 m?
plot. This connvuranon of quadfats allowed for one meter
walkways so that there was no trampling of the areas be-
ing monitored. Edch species was $cored using the cover
scale: {1 = few stems, 2 = less than 5%, 3 = 5~-10%, 4

= 11-25%, 5 “'26»—30%. = 51275%, 7 = 76-100%).
Mldpomts of classes were used in analyses (1 = 05,2 =
25,3 =73, 4—_1755 32.5; 6 = 67.5,7 = 87.5).
Therefore, where sve refer to’ lTroups such as bryophytes
or lichens, the precise 6.5 m? ‘plot measurements were
used (n = 180). Where we refer to individual species, the
1.5 m?* guadrat esrﬁmales were used (n = 900), We deter-
mined local specigs occurrence rhrough examination of ail
five 1.5 m? quadrzﬁs in each plot—thus alpha divetsity is
the number of specxes found ocwmng ina plot based on
all species found 1;1 the five quadrats

All terrestrial {:nciudmg expanded tree bases) mosses
liverworts, and folicse. and fruticose lichens were identi-

fied to species. Ai‘borcal lichens were not sampled, but
- were included if they were found on tree bases. Nomen-

¢lature follows V{oss (1983) for vascular plants, Ireland et
al, (1987) for mosses, Stotler and Crandall-Stotler {1977)

“for liverworts and homworts, and Esslinger and Egan
(1995) for lichens. ‘Crustose lickens are uncommon in the

terresirial habitars sampled and are not included.
Statistical merhads —Pearson’ product moment - corre-
lation was used to determme the relatzonsmp between two
random variables! Lmear regresuon was used to detérmine
the amount of vafiation in bryophyte and lichen: cover

" explained by ¢nvirbnméntal factors (Sokal & Rohlf’ 1995).

Barlett s test ot equal variance showed no p vaiues less
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Cover of the major terre:stnal canbou lichens and the three mest abundant- mosses all of whlch are feather
mosses. Non-zero cover excludes all: quadrats in whlch the species is not found £3. D =

standard devmuon)

. Number of - - Mean N_on‘-ze_ro cover :
quadrats “cover (%) (%) Maximum
Species (990 48Dy ($:D3 cover (%)
Caribou lickens ' :
¢ wdina mitis 809 3.91¢1.2y 4.43(7.8) 62.5
. udina rangifering - 612 1.31 (0.9 F96 (2.7 S2.5
Cudina stellaris 15 001 40.D 0.63.(0.5) P25
Filavocetraria cucullata 124 "0.14.i0.3) 0.52:(0:2) i'2.5
Flavocetraria nivalis 496 - 0.2810.5) 0.53(0:2) 2.5
Cladonia uncialts T 173 0.2G¢0.5) - 1.O8I(1:2) - 7.5
Stereccauion tomentosum 387 05107 1210027 37.5
-Feather mosses ' G .
Hylocomiwm splendens - - 44 1.04¢0.9) - 217339 37 3
Pleurozium schreberi 871 - 3246021 34,10 (31.7) 87.5
Piilium crista-castrensis 575 1.29 (4.3 62 5

thot 0.05. and analysis of variance was used to determine
significant differences between the most cpen 10% (18
sites) and most dense 10% (18 .sites) of canopy covers
(Sokal & Rohlf 1995). Clustering and ordination were
used to assess differences in species composition between
the 180 plots. Abundance data were Jog wansformed prior
to analysis to give more weight to the rarer species. Sites
were clustered using unweighted pair group meuic aver-
aging (UPGMA; B = 0; using PATN; Belbin 1991a,&) and
ordinated using principal components analysis. (PCA; vs-
ing CANQCO 4 0; ter Braak & S$milaver 1998), Changes
irr pecies composmon were related to their enviroament

by comelating variation along the first-and second ordi-’
nation. axes with the environmental variables. Alpha di- .

versity is the number of species found within the 6.5 m
plot (n = 180); gamma diversity is the total number of

species found in the study; beta di_%fersity, OF species mm-
over, is gamma diversity divided by alpha diversity. Local

rarity is defined as the species found in only one plot,

REesuLTs

Cover.—QOverall mean lichen cover per i)iot wafs_.
i high at 264% (S.E. = 1.0%; range 0-69.2%) but
mean bryophyte cover -was almost twice that at

43.8% (S.E. = 1.6%; fange 0-92.5%). In some
plots, bryophytes almost completely covered the
forest floor and the maximum cover recorded was

92.5%. The feather moss, Pleurozium schreberr,-

was by far the dominant species’ with mean cover
of 32.5% (Table 1). The second arpd third - most
abundant bryophytes were the two feather mosses

Priliuim crista-castrensis and Hylocomzum spZen-'

dens,

Shrubs were also abundant on the forest ﬂoor
having a mean cover of 34.0% (S.E. = 0.8%, range
= 0.4-64.8%). Shrub branches tended to be raised
above the duff and moss- hchen layer, therefore oc-
cupying a different space Herbs were spec;es-nch
but did not cover a large area with a mean cover
of only 3.6% (S.E. = 0.2%, range = 0--14.9%).
Caminoids and fern allies were sparse (graminoids

1rean = 0.3%, S.E. = 0.04%, range = 0—-4.0%; fern

2.04 (5.5)

'a.ihes mean = 06%, SE 0.0’?%, rat:ige = 0—
6.4%).. . :
-The spec1es of lichens preferred by canbou be-
long 1o the; igenera Cladma Cladonia, and Flavo
cetraria, and to a lesser:dégres, Stereocaulon (Ci-
‘chowski 1993) Cladina mitis, one of theé most fa-
vored canbou lichens, was present in 809 of the
800 quadrats (88.4%, Table 1). Despite bemg wide-
spread, the fnean cover of Cladina mitis in each
quadrat wasilow at 3.9% (S.E. = 0.2%). The sec-
ond most abundant lichen; both in terms of number
of quadrats ‘occupied and’ cover within ' . quadrats,
was the morphologlcally s1rmlar C'Zadma rangifer-
ina (Table 1) The third Cladzna (C. stellans) found
in the study! ,area was present in only 15 of the 900
quadrats: sampied and even when present it was
'represented by small patches (Table 1). :

The comparazrvely low cover of each lichen spe-
cies (less thein 4.0%) compared to the totaI (26.4%)
was due to! don:unance bemg shared, pamcuiarly
berween Cladma ranngerma and C. mitis. The
combined cover of these two Cladina species along
with' the Flavoc-errarza and- Stereocaulon species,
which are occasronaliy found in patches of high
cover, added! up to the hlgh cover of I]Cheﬂs overall,
However, each species on its own scores; in one of
the lower cover classes. - :

Correlazes af cover. —The strongest predn:tor of
lichen covera was bryophyte cover (r = —0.67, p <
0. 001, Fig. 1) However, cover of bryophytes and
lichens is not mdependent being measured in the

" same quad.rat There were also relat.wely strong,

sxgmﬁcam correlanons between lichen and grami-
noid cover (r = 0.29, p' < 0.001), and bryophyte
and shrub cover (r = 035, p < 0001) Despite
swmﬁcant correlanons none of the environmenta}
variables: explams a large amount of varxatlon in
lichen, bryophyte or vascular plant cover(Table 2).
—_'I‘he strongest correlations suggest that where there

e
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-Bryophyte abundance

¥2 = .0.42,.p < 0.001

40 -
Fioure 1.

are more intact logs, there is greater bryophyte cov-
er and lower lichen cover.

For individual species, no variable’ expla.med-
more than 0.03% of the varation in lichen, bryo-

phyte, or vascular plant cover. Canopy density and

graminoid cover both predicted significant variation.

in the cover of most of the caribou lichens and
feather mosses, however, with such: Iow r2 values
predictive power is weak.

' (gamma diversity) of bryophytes-and macro-lichens
exceeded the number of vascular plants 1.4 to one
(Fig. 2). In total, 53 lichens, 37 bryophytes, and 65

- vascular plants were found (Table 3). Herbs were

60
Lichen abundance

Correlation between bryophyte and lichen cover.

80 100

the most specxes-nch group of Vascular plants. The
largest g—roup of hchens was Cladonia with 21 spe- .
cies, then the fohose lichens (18'spp.), and theire-
mainder was the. fruticose Hchens (15 spp.). Of the

'bryophytes 21 were mosses and 15 were hepatzcs

Lichen mean specms richness (22.5-alpha diver-

sity) of the 180 plots was double that of the bryo- _
- phytes (13 4) and vascular plants {10.7). There was
- little chiange in species composition between plots
Species diversity.—The total combined number -

for bryophytes and lichens (beta diversity), but rel-
atively high tumover for vascular plants. At 30%
species dissnmlanty (Bray-Curtis), there were only

__two groups of hchens and six groups of bryophytes,

but 19 groups of vascu_'iar plants (data not shown)

TABLE 2. Ability of environmental variables to detect variation in bryophyte hchen shrub herb and grammcnd
cover at the 6.5 m? plot level (r?). Only significant correlations. are’included (., fern allies, .graminoids, elevation,
local topography, log {moderate decay), and site produccivny excluded) A minug. aswn mdlcates a negatwe COrrelauon

Variable Lichen . - Bryophyte . {Shrub . s Herb
Age = = . T oo
Aspect —0.05** 0.06** B : —
Canopy C=(LL1REE 0.03* - S P -—
ELog—intact —(.25%%* Q. 1guxd . = : —
Log-decayed 0.06%% —0,06%* S SR P —

No. microhab, —0.09%*x 0.05%% ~0.02% —
Siope ~0.06%* = f— —
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FIGURE 2. Total species richness of bryophytes hchens, and the five groups of vascular plants The two nght—hand
colnnms are group totals of bryophytes, hchens and vascular plants:

Eigenvalues, which are the percent variance in‘the
snecies data explained by an ordination-axis, “were
h'ghest for vascular plants, but overall wete low for
all three groups (bryophytes: axis 1=20 108, axis
2 = D.096, axis 3 = 0.084, axis 4 A{) 073, lichens:

axis 1 = 0.185, axis 2 = 0.071, axis 3'= 0.063,
axis 4 = 0.060; vascular plants: axis'1 = 0:157,
axis 2 = 0.111, axis 3 = 0.063, axis’4 = 0.053).-

Therefore, any two plots are likely. to. have many
specms in comxuon. Separately, _ordmauons based
on the bryophytes Jichens, or vascular plants yleld—
ed a similar central cluster of stands (Flg 3~shown
cnly for lichens and bryophytes). ©

Local

flora). None of these is provmcnally endangered
but all are rare in this parucular forest type. Only

Liree of these species ‘occur in the 20% of plots .

species ~rarity. ——Twenty -two  species. .
(14%) were found only -once, and no single plot .
contained more than oné of these. Five of these 22
locally rare species were lichens (9% of the lichen -
flora), six bryophytes (16% of the bryophyte flora),
and 11 vascular plants (17% of the vascular plant

H

w1th extreme canopy cover (4 4 would be expect-
-ed). - E :
Correlates of species dzverszty —No vanables

~ biotic. or abibtic, explained:significant variation in

hchen aipha d1vers1ty Variation in bryophyte alpha
diversity was. best explaified by the cover of mod-
erately- decayed logs (2 = 0.07, p < 0001) fol-
lowed by the cover of mtact logs (©* = 0.03, p =
0.018); and stand age (:2:=,0.03, p = 0.018). Nei-
ther bryophyte nor lichen Gover explained signifi-
cant vanamcn in bryophyte ‘alpha diversity.
- Significant_variation in vascular plant alpha di-
. versity was explmned by stand age (22 = (} 06, p < .
O 001), and: cover of well decayed Tlogs (r2 0.03,
= 0.014). Wc split vascular plant alpha. diversity
: mto shrub- zmd herb spec:es Hichness, sincelthese are
the two dommant components and they may have
: different patterns of variation. Significant; variation
in shrub alpha leE‘:rSH}' Wwas, explained by all three
stages of logi cover (well decayed: 2 =007 p<
0.001; mtact- 2= 0.05, p = 0.002; moderately de-
cayed = O 30 p=20 011) stand age (r2 0.06,

W
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-Tastg 3. All species found in the 180 plotsf. Species‘ with asterisk * '\‘ve,re. ffound only once.
VASCULAR PLANTS
Trees

Abies balsameqa {L.). MilL.

Picea glauca {(Wioench) Voss

“Picea mariana {Mill.) BSP.

Pinus contorta Loudon
Shrubs '

Alnus crispa (Ait) Pursh

Arctostaphylos wva-ursi (L.) Spreng.

Betula pumila L.

Emperrum nigrum L.

Juniperus cormmunis L. :

Ledum groenlandicum Oeder

Linnaea borealis L.

*Prunus virginiana L.

Rosa acicularis Lindl.

Rubus arcticus spp. acaulis (Mlchx) Focke

Rubus pedaius 1, E. Smxth
Salix sp.
Spiraea alba Du Roi
Spiraea betulifolia Pallas -
Vaccinium caespitosum Michx.
Vaccinium membranaceum Dougl.
Vaceinium myriilloides Michx.
Vacernium. myrtilius L. '
Vaccinum vitis-idaea L..
Viburnum edule (Michx.) Raf.
Herbs '
Achillea millefolium L.
Aconitum delphinifolinm DC.
Antennaria microphyila Rydb.
*Antennaria parvifolia Nutt,
*Arnica angustifolia M, Vahl
Amica cordifolia Hook.
Arnica latifolia Bong.

Alectoria sp.

Bryoria sp.

Cetraria ericetorum Opiz

Cetraria islandica (LY Ach,
Cladina mitis (Sandst.y Hustich
Cladina rangiferina {L.) Nyl,
Cladina stellarts (Opiz) Bredo
Cladonia botrytes (K. Hagen) Wilid.”
Cladonia cariosa {Ach.) Spreng.
Cladonia carneola (Fr.) Fr.
Cladonia cenotea (Ach.) Schaer.
Cladonia cervicornis {(Ach.) Flotow

Cladonia chlorophaea (Sommerf.) Spreng. '

Cladonia cocczfera (L.) Willd.
Cladonia coniocraea (Flitke) Spreng.
Cladonia cornuta (L. Hoffm!
Cladonia crispata (Ach.) Flotow
Cladonia deformis (L.} Hoffm.
Cladonia ecmocyna Leighton-
Cladonia fimbriata (1.} Fr.
Cladonia furcata (Huds.} Schrad.
Cladonia gracilis (L) Willd.
Cladonia multiformis G. Merr.
*Cladonia pleurota (Florke) Schaer.
Cladonia pyxidaia {L.) Hoffm.
Cladonia sp.

Cladonia sulphurina (Mmhx ) Fr

Aster s:bmuu L
*Aster sp.

Calamagrostis car,zadens:s (Michx. ) Beauv.

Campanula romndifolia L.
Corus. canadensis L.
*Crepis tectorum L.
Deschampsia caespitosa (L) Beauv
Elvmus innovatys:Beal
Epziobmm angus!zfolurm L.
Equisetum scirpoides Mmhx
Galium boreale 1,

Geum aleppicum ._}_at,q..
Graminoid sp, |
Hedvsarum alpinum L.
Hieractum umbellatum. 1.

- Lycopodium annctinum 1.
Lyecopodium clavatum L.,
Lycopodium complanaium L.
*Maianthemum cinadensis Desf.
*Mertensia pamculata (At G. Don.
Orthilia securda {L..) House
Orizopsis pungerzs ¢Torr.) A. S. Hitche.
Pedicularis groenlandica Retz.
Pedicularis labradorica Wirsing -
Petasites palmatis (Ait) A, Gray.

" *Pyrola asarifolia. Michx.

Pyrola chiorantha Sw.
Pyrola viréns Schwelv
*Senecio sp. gl

szlacma steliaza (L) Desf.
Soizdago sparhulara DC.
*Taraxacum. oﬁ‘iormle Weber

" Viola adunca’l. E Smith
Vipla sp.

LICHENS

Cladonia uncialis. EL) EH. ngg
Dactylina arctica (R:chardson) Nyl

~*Dermatocarpon miniatum (L) W. ‘Mann

Flavocetrdria cucutlata (Bcilard1) Kamef. & 'I”he.ll

Flavocetraria mvahs (L.y Kamef & Thell

"Hypogymnia physodes (1) NyL.~

Iemadophila ericeiorum (L.) Zahlbr

" Letharia vulpina (L) Hue

Nephroma- arcncum (L.} Torss.
Nephroma expallzd'um (Nyl) Nyl
Parmeliopsis ambigua (Wulfen) NyL
Parmeliopsis hyperopta {Ach.) Ariold -
Peltigera aphzhosa (L. willd. :
*Peltigera leucophlebia (Nyl) Gyelnik
Peltigera malaceai(Ach.) Funck .

. Peltigera neopolydac@la ((3’3«‘»'.:1r11k)= Gyelnik

*Peltigera retzﬁ)veata Vitik,
*Peltigera, rufesceps {(Weiss) Humb
Peltigera scabrosg Th. Fr.

Platismatia glauca (LY W. Culb & C. Culb.

Soloring crocea (L) Acty
Stereocaulon tomentosum Fr.

Tuckerannopsis americana (Si;re'ng ) Hale.
Umbilicaria rorrefacta (Lightf. } Schrad.

Usnea sp. . .~ 7

Vulptctda pmasm (Scop) J-E. Matts & M. L Lal
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TabLe 3. Coentinued.
BRYOPH‘:’TES H .
“pMosses Polymdrum prlzﬁdrum Hedw

Aulacomnium palustre (Heciw) Schwaegr

*Buxhaumia $p. .

& Campylium hispidulum (Brid.) Mitt,

C:'mroa’on purpurens (Hedw.) Brid. :
._rcmzcm acutifolivm (Lindb. & H. Arneli) Weinm.
scranum brevifolivm (Lindb.} Llndb

Du.r‘am(m HAagellare Hedw.

_Dicranum fuscescens Sm.

Dicranuin muehlenbeckii B.S.G. .

© Dicranum polysetsm Sw,

Dicranum scoparium Hedw.

Dicranum spadiceum Zett.

" Dicranwm undulatim Brid. .
Drepanocladus uncinatus (Hedw.) Warnst. -
Hylocomium splendens (Hedw.) B.S.G.

Pleurozium schreberi (Brid.) Mitt,

ohlia nutans (Hedw.) Lindb.

Cobvtrichum commune Hedw,

Polverichum juriperinum Hedw,

Polytrichum sg'racrum Bnd. :

Prilium crisiatcastrensis (Hedw ) De Not.
FSplachnum arnpzd!aceum Hedw
F}Tayivria sp. |

o Tetraplodon mmozde.s' (Hedw) B.5.G.

- Hepatics :
Barbzlophoam hatr.hen (Evans) Loeske
) Barbz[ophoaq Ivcopodioides (Wallr.) Loeske
*Cephalozia gonnivens (Dicks}) Lindb.
Cephalozze!:’alrubelia (Ne,es) Wa:nst '
Cephaloziella; sp.
Lepidozia reprans (1..) Dum :
Lophozia Iongtdens {Lindb.} Macoun
 Lophozia gzumla.ra (Lindb. & H. Arell) Evans
Lophozia vemrtcosa (Dicks:) Dum.
Ptilidium ciliare (L.) Hampe .
Prilidium puléherrimum (G.! Web.) Harape
Tritomaria ex;?ecn_)“onms (Brexdl )} Loeske

p < 0.001), and bryophyte cover (12 = 0.04, p =

0.012). The three varjables that correlated signifi- -
cantly with herb alpha diversity were the cover of

moderately decayed logs (&2 = 0.05, p' = 0.002),
canopy cover (r? = 0.04, p = 0.008), and bryophyte

cuover (rf = 0.02, p = 0.046). Becaunse of the high -
nmber of plots, these significant correlations are-

present, but overall they explain very little of the
variation in species richness.

Bryophyte cover was the only variable signifi-
cantly correlated with bryophyte species composi-
tion along the first PCA axis (2 = 0.15, p <
.0.00601). No variables explained significant varia-

tion in the second axis for bryophytes. Also, none-

of the environmental variables epra.med s1gmﬁcant
veriation” in bryophyte species composmcn ‘Ele-
. vation explained highly s:gmﬁcant variation in li-
chen species composition. along both the first PCA

axis (12 = 0.29, p < 0.0001) and the second axis"

{r* = 0.09, p < 0.0001). Elevation was also the only

variable to explain significant variation in vascular
plant species composition along both the first (2 ="

007, p = 0.0002) and second (r2

=055, p <
0:0001) PCA. axes.

Differences between operi and dense canopzes —
45 designed, the difference in canopy density be-:

tween the 10% most open and '10% most dense
pPlots was highly significant (12 ="0.94, p < 0.001),

with the open sites ranging from 45. 3——52 3% can-
opy cover and the dense sites ranging from 72.8~ "
- 87.0%. The most open 10% of sites had. signifi-°
‘cantly greater lichen cover than the most dense .
10% of sites (Table 4) a_nd the trees were older on R

average. These older sites were also higher in ele-

 Vation and had less cover of moderately decayed -
e 10 55,

Of the caribou lichens and most abundaat bryo-
phytes, the most open 10% of sites had a signifi-
cantly g cr1'eater cover of Flavocetrana mval:s and F.
cucullata (Tabie 4), There was a greater ‘cover of
C. mitis inthe open sites, although the difference
was small and not quite istatisticatly significant at

" the 0.05 leve; (Table 4). There was little difference

in the cover of Cladina rangiferina (f? = 0.01,p =
0.14), Pleurozzum schreberi, the most abundant
feather - ‘moss; had s1gn1ﬂcanr.1y lower cover in the
-open plots (Table 43, There were some 31gmﬁcant
d1fferences iri; individual bryophyte species, such as
Hylocomzum splena'ens but their covers were low
and the. deferences between the averages were
small. -~ TF ..

Spec1es composmon was significantly d:lfferent
between the.open and demse sites for ’all three
groups (ANQ)SBVI, lichen R = 0.27, p g< 0.000;
bryophyte R = 0.12, p = 0.04; vascular plant R =
047, p < 0000) However the division;between

_the two groups was strongest and clearest for vas-

cular plants-(Fig. 4) with groups saparatmg at a
higher level of dlssmulanty

Of the 22 1ocally rare species, only one vascu]ar
plant Mazan},‘hemum canadense, was found in the
10% of plots ywith the most dense canopies: ‘and only

.one vascular plrmt species (Arnica angustifolia ssp.

tomeritosum); iand one biyophyte species (Dicranum
Aagellare) was found in the 10% most open canopy
plots. None of the more common species i§ restrict-
ed to these plots Wiﬂ’l extreme open and dense can-
opies.

Mean aipha dwersxy was sxgmﬁcantly higher for
vascular plants in the open plots (12.9 vs,i9.1, n =
36-Table 5) Jbut not significantly dlfferent for li-
chens (21.0 vs 21. 2) or bryophytes (13. O vs 13.4).

° X
PR an
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Differences between :he 10% most open canopy sxtes and the 10% most dense canopy sites.. Except for

the two dominant Cladina species, only variables that were mgmﬁcant[y dlffcrent between the open and dcnse sites
are included. Variables are’ listed from strongest to the weakest pred:ctor Co\'er of mdwxdual specxes (%) was esumated

in 900 quadrats (S. D. = standard dev1anon}

Mean values for

Mean. va.%fbes for
10% most dense

.. 10%. most open (S.D.) (S.D) , . - ‘ L
ievation (mm asl) © 14670 (42.5) . 1.367.0:(24.7) © 069 <0.001
Age (vears) 123.9° (30, O} ©95.41(6.4) 0.30 <0.001
Vascular plant species - S ' o

richness 12.8 - (3.6) 9.1i(2.1) 0.30 <0.001
Lichen cover (%) . 292 (13 16.4{8.7) 0.23 0.004
‘Moderately decayed logs (%) o L (D, 23413y - Q21 0.005
Flavocetraria nivalis (%) c.1. (0.2) 0.3:(0.3) S 011 0,001
Pleurozium schrebert- (%) 25.0 (27.6) ) 40.9;:(33.0 © .07 <0.00t
Flavocetraria cucullata (%) 0.06 (0.1 ©0.2{0.2) ¢ .03 0.002
Cladina rangiferina (%) 13 2.0 L.0i¢1.6)- 801 0.170 .
Cladina mitis (%) - D.00

44 (3.9)-

However, the most striking 'di’fferonoé is that even
though the aipha diversity for vascular plants is

higher in open plots, these plots account for. only-

68% of the total flora for vascular plants. This com-
pares with open plots accounting for between 85%
(lichens) and 78% (bryophytes) of the flora. The

10% most dense plots account for between 40%
(vascular plants) and 70-72% (bryophytes and Ti-’

<ens) of the fiora. Thus, open canopy plots are
overall species-rich. when compared to dense can-

opy plots, but vascular plant richness captures few-

er total species than do the other life form. groups.

Species-rich vs. species-poor plots.—We com-
pared the 10% of plots having the most and least
number of species of the three lifeform groups, and
examined whether these species-rich and species-
poot plots were affiliated with extréme canopy con-

¢itions. Lichen-rich plots contained between 28 and’

32 species compared to hchen, poor plots with 12
to 17 species. Specres-nch bryophyte plots con-
tained 16-21 species whereas species-poor plots
had between seven and 10 species. Vascular plant
rich plots contained 15-20 species while species-

poor plots had between five ‘arid seven’ species. -

Thus lichen and bryophyte specres -rich plots have

about twice the number of species, while vascular -
plant species-rich plots contain about three tlmes as

rany species. Only 12% of the specres~nch plots
_contaiped high numbers of both- lichens and bryo-

-Phytes and only 3% contained high numbers of all”
~ three plant groups. More importantly, species-rich '

_ Plots from the extreme canopy covers (the 10%
most open or closed) were only species-rich '_fo'r one

3.3/(8.5) - 0.360

_group, not for both bryophytes and hchens or al}
three groups sunuita.neously

Species-rich plots are. equally represented under
both open and dense canopies, including under the

20% extrem&e canopy conditions versus.the 80%

middle conditions. We conclude: that the ground
layer of piots having natural extreme canopy con-
ditions are not esPecxany unique in terms of num-
bers and concentratrons of specxes, and combma—
tions of spec1es groups.

DISCUSSION

Terrestnal hchens are an important a.nd diverse
component of the ground I_aycr in these ,montane

pine-dominated forests. However, in the relatively
open, old forests of this study, feather moséses often

dominate the‘ plots The only strong corre}atron with
total lichen cover was bryophyte cover :(most of

- which was. the feather moss Pleuroziim schreberz)
‘although thefe two vanables are not independent.

Harvesting may produce a ‘drier microcliinate that
favors lichens in a norma]ly bryophyte- dormnated
forest, a predlctxon propésed by Ahti and: Oksanen
{1980). We know from a study at the northem Iimit
of the boreal; forest that in open forests, hchens are
able to mamtam dominance in the absenCe of dis-
turbance (Morneau & Payerte 1989). Therefore in

_'Lheory, selecuve harvestmg may succced in pro-

ducing greater abundance of caribou hchen
There was a weak, srgmﬁcant relatlonshlp be-

‘tween lichen cover and canopy density, with can-
.opy densrtles:_varymg between 43% and 87% clo-~

SIGURE 3.
Sitos that have the 10% most open canopies. + =

£

Ordmatton of hchens {(a) and bryophytes (b). 0 = sites that have the 10% most densest canoples Q=
the remainder of the’ sates equalling 1o 80% of the total

& ﬁ“-:-
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Fioure 4. Dendrograms of bryophyte, lichen, and vascular plant spec:es composmon using Bray ~Curtis, assoc:anon
measure for 20% extreme canopy conditions. Note the difference in Scales on the f,hree dendograms Salid c1rc1es are .
plots with dense canop1es open cucles are plots “with open ca.nop:es

sure. With such a weak correlation it is not possible
to predict post-harvest change w1th any confidence.

However, lichen cover response to canopy cover.
may be non-linear, and & marked increase ifi lzchen .

cover with canopy openings between O (gap or .

clear cut) and 43% is possible. The key to increas-
ing lichen cover: may be to open.up the canopy
_enough to cause substantial mortality of the feather -
mosses, which presently dominate the ground cov-
er: Cladina mitis, one of the important caribou Ji-
- chens, is thought to be ecoiogicauy sulted to dis-
turbed sites dnd may respond well to the actual dis-
turbance as well as the death of the feather mosses
(Ahti 1961). :
Not only did canopy. cover fail to explain 'rhuch
variation in lichen and bryophyte cover; but none

b (A D A

03 010 0417 0,24 - 0.31 0.38 oqs 0.16 026 0.36 0.46 0.59
Uchens

Vascular Piants

_7 of the envuomnental variables - performed weII
~ Other studies have: .also found weak relationships
. between caribou hchen cover and- environimental

vanables (Webb 1996) This may be because estab-

‘Jlishinent conditions and dxspersal sliccess foilowmg
disturbance, rather than current conditions, are im-

portant in’ deterrmnmg whether a patch is feather
moss, hchen or va&cuiar plant ‘dominated. A sec-

‘ond- aItemate cxplanat:on is that: present day cover

patterns are: only-a reﬂectxon ‘of past disturbance. In

_'rhese montane pme-dommated forests fire. is ex-
_tremely important and heterogeneous Post fire pat-
- terns may be 1mporﬁtan£ in controhng present day
- 'ground layer dynamlcs -

In terms of total s ec1es nchness this Pinits con-

rorra—dommated forest was relatwely species- r1ch

I e

i
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Alpha, beta, and gamma. dwers:ty for vasculac pldn:s brvophvtes and hchens for all sites, pluq diversity

measurements for the 10% most open. m:ddle 80%. and 10% ‘mw t.]osed‘ ‘canopy sites (+ standard deviation).

. 10% most Middle. - 1 10% most :
{anopy cover - open . - 30% © dense ; All stands
Alpha diversity L - : . : i
Vascular 129 3.7y 10.6 (2.8) 92 10.7 (3.0
a-vophyte 13.0(2.0) 13.5(2.3) 13.4(2.6) 13.4{2.3)
1 chen 21.9(3.9) S 22.9(3.8) 21.24(4.3) 225 (3.9)
Bew diversity . : : E
Vascular ) 34 6.4 2.9 6.1
Bryophyte ) R e 17 1.9 2.8
Lichen o 25 23 1.8 2.4
Gamma diversity o o ,
Vascular _ 44 63 : o260 63
- Bryophyte o 29 35 26 : : 37
Lichen : 45" 53 - 38 53
All species ' . ; o '
~pha diversity. 46.9 (7.0 36,9 (5, 9) L 43.7(6.2)
L. 2ta diversity 25 S 2.1 )
(Gamma diversity 118 152 9%

in bryophytes and lichens, with' their combined -
numbers exceeding the number of vascular plants.:

However, it is not clear whether thxs pattem is com-
mon as existing studies of bryophyt;_as‘ or lichens in

North American boreal and montane forests tend to-

¢ ~centrate on the dynamics and habitat preferenc-
es of a few important species, rather-than total spe-
cies diversity (e.g., Frego & Carlto_ﬁ 1995; Hedder-
son 1992).

These montane foresrs are charactenzed by in-
dividual plots with high lichen species richness and

low vascular plant and bryophyte richness. How-

ever, high species turnover of vascular plants-com-

pared to low turnover for lichens and bryophytes'

vialds an area in whxch forest stands are’ much more

vuriable in their vascular plant.flora and more Uni-
form in their ground layers. SIgmﬁcant differences.
in the biota of the 10% most open plots compared .

to the 10% most dense plots include greater cover
of lichens, and mean alpha.species richness and
_higher species turnover of vascular plants in open
plots; however overall differences in-the ground
layer are minimal. Also, species-rich plots are not
over (or under) represented under opén canopies. -

Under the natural forest regime, these montane -

bine-forests have a locally: variable ground layer
both in terms of abundance and richness. Local en-
vironmental parameters do not appear to explain a
large amount of this variation, in eithér abundance

or richness of bryophytes and lichens. In contrast,
the vascular plant composition and richness is
somewhat better explained by’ env1r_onmental pa- -

rameters, with the vascular plant component of in-
_dividual plots being more distinct and having great-
¢ species turnover between plots,

We 1nterpret these data to indicate that at the lo-
cal scale hchen and bryophyte species pattems may
be greatly affected by factors other than current en-
vironmental pattern especxally when substrate dif-
ferences are ‘limited. Factors that may be partially
responsible: for local pattem are establishment re-
gimes, daspersal success, and past dlsmrbance var-
iauon

This study in the montane forests of the eastern
slopes of the.Rocky Mountains documents ';he spe-
cies- diversity' of two much neglected, but conspic-
UOous taxa; bryophytes and lichens. It represents a
startmg pomt towards mcludmg these important
components of blodwermty into ma.nagement plans.
Management of this montane forest th:ough selec-
tive cutting in order 10 enhance certain ground layer
species will not necessa.rﬂy be successfuk if based
on envuonmental/specws patterns alone, | ‘as it ap-
pears that at the local scale environment has a lim-
ited - effect on species chstnbuuon A better under-
standing of . past events,; mciuchng such b1010g1cal
factors -as establishment . and dispersal, as well as

- natural: chsturbance pattem ‘are needed in order to

effect;vely manage oround iayer components

ACKNOWLED'GMENTS

’I‘hzs prOJeCt is supported by three timber compames
whose forest management areas.are used by woodland car-
ibgu: Alberta: Newsprint Cotnpany, Weldwood of Canada
Ltd.; and Weyerhaeuser Canada Lid. Many thanks to the
-enthusmsm and commitment of many of their research and
operational staff particularly Rick Bonar, Greg Branton,
Tony Dozoreci Dave Hughés, ‘Luigi Morgantini, Randy
Pdole, Mike Vitt, and lain Wilson, THanks alscito Shellie
Harrington, Jean Malcolm, Laureen Snook, and Chad
Willms for many long hours in the field, and o Laureen



466

Snook and Sandi Vit for additional support.in the prep-
aration of this manuscript. The project is also. supported
by the Sustainable Forest Management Networks of Cen-
tres of Excellence at the University of Alberta:

LATERATURE. CITED

Anth, T. 1961, Taxonomic studies on reindeer lichens
(Cladania subgenus Cladina). Annales Botanict So-
cietatus Zoologicae-Botanicae Fenmcae “Vanamo™
32: 1-160.

of tauva and nindra regions., Vegetatio 86: 39-70..
ARMLEDER, H. M.,

TuoMAs & M. Woop. 1996, Using afternative silvi-
cultural systems to integrate, mountam canbou and

timber management in Bnnsh Columbia. pp. 141-148. .

Proceedings of the Sixth North - American Caribou

Workshop, Prince George, BC. Nordic Councxi for .

Reindeer Research, Tromsoe, Norway.

BecxXIvgHaM, J. D, I G. W. Corns & I, H. ARCHIBALD‘

1996. Field guide to ecosites of west-central Alberta.

Special report ¢, Natural Resources Canada, Canadian

Forest Service. University of British Columbia Press,
Vancouver,

Berewy, L. 1991a. PATN: Pattern Analysis Package. Us-

ers Guide: CSIRO, Division of Wildlife and Ecology,-

Canberra. . .
. 1991b. PATN: Partern Analysis Package. Tech-

nical Reference Manual: CSIRO. Dmsmn of Wildlife .

and Ecology, Canberra.

Cicrowski, . B, 1993, Seasonal movemems habitat use,
and winter feeding ecology of wooclland caribou in
west-central British Columbia. B.C. Ministry of For—
ests Land Management Report Number 79,

CumsMng, H. G. 1992. Woodland caribour facts for forest

managers. The Forestry Chronicle 68: 481491,

DaneLL, K., B-M. Utst, R, T. Pato & O. ER_IKSSON 1994.
Food plan{ 'selection by reindeer during winter in re-
lation to plant quality. Ecography 17: 153158,

Darey, W. R. & L. 8. DUQUETTE. 1986: Woodland cari-
bou and forestry in Northern Ontario, Canada, pp. 87—
93, Proceedings of the Fourth International Reindeer/.

Caribou Symposxum in. White Horse, Yukon. Nordic
Council for Reindeer Research, Harstad, Norway '

Esstmger, T. L. & R. 8. Egan. 1995, A sixth checklist -

" of the lichen-forming, fichenicologs, and allied fungi
of the continental United States and: Canada THE Bry-
OLOGIST 98: 467-545,

FrEGO, KL A. & T, J. CARLTON, 1995, Microsite tolerance

- of four bryophytes_m ‘a mature ‘black spracé stand:

reciprocal transplants. THE BRYOLOGIST 98: 452458, .
Haie, M. E. 1967. The onlogy of Lichens. Edward Ar-

nold Lid., Londen,

Hepperson, T. A, 1992, Ramy at range limnits: dispersal
capacity and habitat relationships of extraneous moss
species in a boreal Canadian- National Park. onlogma!
Conservation 59; 113-120.

IRELAND, R. R., G. R. B#ASSARD, W. B. ScHOFIELD & D.
H. VIIT. 2987 Checklist of the mosses of Canada 1L
Lindbergia 13; 1-62.

* THE BRYOLOGIST:

& I. OksaneN. 1990. Epigeic lichen communities - MORNEAU, €. & S. PAVETTE.

S. K. StevENsON, K. Broww; D0 Ci- -
cgowskl, J. EpMonos. -D. Sew. 8. Stevenson; D. -

[VOL.?E 1

_ KALRA Y. P &D, G‘ MAY‘IARD 1991 Methods matuaj

for forest soil dnd plant analysis.. Information Repor

' NOR-X-319 Forestry Canada, Northwest Regmn o

Northern Forestry Centre, Edmenion, AB:

MacLean, D, A.-& R, W. Wemw. :1977. Chariges in‘un-
derstory vegetancm “with mcreasmg stand age in New
- Brunswick forests: species composition, cover, bio-
mass, and numents Canadlan Joumai of Botanyi55:
2818-2831.

"McCunE, B, & J. A. :dm'ros 1981. Diversity re[anonshlps

" of forest’ layers in the Swan Va?ley, Montana. Bulletm
of the Torrey Botanical Club 108:7354-361. i

1989.: Postfire lichen-spruce
woodland - recovery at the limit of ithe boreal forest in
nothern” Quebec, | ‘Canadian Joumal of  Botany 67
2770-2782. - ':

Moss, E. H. 1983, The Flora of Ajbena Znd ed. revrsed
by J. G. Packer. University of Torento; Toronto, ON.

‘PRITCHARD, H. N. & B T. BRADT. 1984, Biology of Non-

vascular Plants. Txmes MrrrorfMOSby College Pubhsh-
. ing, NY.

- RETTIE, W. J., . W. SHEARD & F M $SIER. 1997. Icienn-

fication and desceiption. of forested vegetation com-

- munities avaiiableito woedland caribou: relating wild-
jife habitat to forest cover data, Forest Ecology and
Management 93: 245-260. :

Winter. foraging ecology of woodland caribou in notth-
eastern Washmgton, Journal of Wildlife Manacrement

. 60: T19-728. v
SCHAEFFER, I A, & W. O. PrurrT, 1991 Fire and wood-

Monocrraphs 116t :1--39

- SokaL, R.R. & E L ROHLF 1995,: onmetry The Prm-

ciples and Practice! of Statistics in Biological Research
-3rd ed. W. H, Freeman & Co., NY:

STEVENSON, 8. K. _198__6 Review of, foresiry practicesin
caribou habitat in.southeastern British Columbia, Can-

- ROMINGER, E. M., C. T RoBBINS & M, A. EvANs. 1996 '

ada, pp. 289-295. Proceedings ‘of the Fourth Interna- -

tional” RemdeerfCanbou Symposium in White Horse,
Yukon Nordic- Councﬂ for. Rexndeer Research Har—
stad, Norway., = !

StoTLER, R, E. & B. CRAI\DALL STO’I’LER 1977. Acheck—

list of the hverwort’.s and homworts _of North A.menca :

TH:E BRYOLOGIST &6 405-428.

CIER BRAAK; C. 1. F. & P-SMaver. 1998, CANOCO rcf-

erence manual and user’s guide to! {Canoco for Wm~

dows: Software for canonical community ordmauon'

{version 4). Mlcrocomputer Power, [thaca, NY. :
Tuomas, D. C., E. J. EoMonps & W. K. Brown. 1996.
- The diet of woodlard caribou pc>puianons in west-cef-
wal Alberta, pp.- 337—342 “Proceedings of the erth
North American Caribou- Workshop, Prince George.
BC. Nordic Counczl for Remdeer Research, 'ﬂomsoc.
Norway.
WEBB,; E. T. 1996. Survwal persrstence and regeneranon
-7 of the reindeer lichéns, Cladina stellaris, C. rangifer-
ing, and ' C. miris foEIowmg c!earcut togging and forest

" fire in notthwestern Ontario. Rangxfer Special Issue '

' Nolo4147-,g

ms. r'eceive'cli‘ Jan. 11, 2000; accepted Feb. 29, 2000.



