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'communltles.-

o U ~3
' ABSTRACT
Vo : o . - v S e

The Bald Hllls, just uest of Mallgne Lane in: Jasper” ,

=

Natlonal Park, ent all a’ small range of glac1el-scoured low

o mountalns w1tn a rlch flora and mosaic of alpine tundra

w . » : ‘ -
' ’ Fleld observatlons, transect studJes and ordsnatlo

of stand data helped eluc1date plant communlty types in four

major Groups- (l) tony Tundra domlnatfq by Dryas octope-

taZa or by a low cover of cushion and rosntte spec1es- lichen

-cover and’ spec1es rlchness hlghest here, (2) Heath Tundra,

:C tetragona and PhyZZodoce aZanduszZora, (3) Herb Meadows,

on N and E aspects, and domlnated by Casszope mevtenszana,
downslope from meltlng snowbanks, and w1th hlgh vascular
nlant dlversaty and cover, . (4) spec1es poor and. structurallj
51mple Snowbeds.{;vfl‘ v.' - 'v ':l; ,'{J'

Vegetatlonal pattern and phenology are closely tled

~

1n with snow ‘cover and snOW“release”dates.'w”f‘

/ .

, type of Stony - Tunola. D. octopetaiqy}s a cllmax dominant:in 7

end of its range.. e,

" The DPJaS ottopetala/l;chen communlty is the nodal

- ¢

the Canadlan Rockles and Prctlc, butvseraliat.the SOuthern

T v . .‘.... -~

N Dryas leaVes overw1nter in all stage& of development

N

'and many llve two years. Most growth is in May June, c01n-

»

.cident w1th hlgher 5011 molsture levels. Thls,and other

features of Druas have adapL1Ve 51g11f1cance.

~

, Dryas mat expan51on is slowest and leaves are smallest




w! .
. g . .
. . N
/

- on- gravell w1ndswopt rldges, and largest'in-warm'sheltered_\

. mlcr051tes. "_vg' T e

There is a commensal . relatlonshlﬁ between D, octopetala

?

and assoc1ated blota. Mats in upland tundra often harbor a
: AN
g ,large assortment of plants and anlmals. Dryas 1s an ideal

host: 'abundant ’stable, long—llved tolerant of commensals-

it is an 1mnortant source of food (malnly lltter), warmth,

shelter and stablllty.

Dryas octopetala is a ‘much better host than mat ana-i
logues Sasz arctzca does not oroduce a suff1c1ently
coherent mat; St7ene acaulzs is much smaller 1n 51ze,'and‘¢‘

'coversl;ess area- ampetrum nzgrum has excessrvely dense mats

with g auperate arthropod fauna.

' A mealybug (Chorzzococcus sp ) and red splder mite

(Eotetranychus sp. ) were the only important Dryas herblVores -

a51de from the numerous pollen and nectar feeders, ‘mainly

-’ s @

 flies: T

o

___;“W,wlMany\arthropods Seem to prefer. the . most me51c of

W

A

m1cros1tes 1n D octopetala/llchen communltles. Dryas
tundra is poor in bugs and beetles but comparable to Heath
and Herb Meadows in most other groups.

The outstandlng -success of D. octopetala in the upland_ !
'alplne habltat of- the Bald Hills can:be attributed to its.
relatlve freedom” from dlseases and herblvores ltS flex1ble

3,

lcycle of leaf Droductlon,.certaln phy51ologlcal adaptatlons,
i . :
and the competltlon free habltat.

PR
,
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M. Meinander (11 e RAL 5oniopterygidae), H.E."Milliron‘

(HYMENOPTE o mphy ta), D.R. Oliver (DIPTERA:
Chirchnomi : VRS i (IIPTERA: Bibionidae,'Phoridae,
. ’ ’ N . . . . #
Sciari Conlaadae ;revimae), D. Pforr (LEPIDOREERA);

W.R. R_chard- ~OLLEM LA: ..O' OPTERA), F. Schmid (EPHEMEROPTERA;

TRICHOP”ERA) o 11 T IPTERA: Ephydridae);‘A. Smetana
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S .. 1. INTRODUCTION

3 ‘ e :

At the inception of this study, only one in—depth
\l\\\\\

analysis of alpine vegetatlop anywhere in the’ Canadlan Rockies

(Far—Northern Rockies s engls

‘aubenmlre 1943) had been completed
-(Beder'l967) At the tamﬁ.";wrltlng, five addltlonal studles |
- -are avallable (Bryant and Schelnberg 1970, Hrapko 1970, Balg‘
1972 Trottler 1972,~Broad 1973)" ThlS 1s,a rather small
" output for such a large region.’ -Practically any vegetatlonal
study here is bound to add conslderably to our understandlng
of these vast alpine areas. h

| Some 1mportant studles of alplne vegetatlon are avall—
able from the U.S. Rocky Mountalns "(Cox 1933 BllSS 1956,
Billings- and BllSS 1959 Bllllngs and Mooney l§59 Johnson and
‘Bllllngs 1962 Choate and Habeck 1967 Klener l967 Bamberg
‘and Major 1968) } Major studles have also been completed in
“other western mountaln ranges (Kllkoff 1965, Moore 1965 4
Johnson 1970 Kuramoto and Bliss 1970 Eady 1971 Chabot aﬁﬁ
,Bllllngs 1972). However, most of the plant communltles tn,-

these areas are florlstlcally unllke those of the Canadlan

Rockies. Southward, summer drought condltlons (Major and

Bambe: 1967), and coastward’ the much de‘ er snowpacks, as well
. &, CEa d
geographlcal,and geomorphologxcal settingsg, present,'

ments-unlike‘those in‘the_Canadian Rockiesf

Alplne tundra vegetatlon of Jasper Natlonal Park 1s"
vfagreeably close 1n ‘structure and comp051tlon to arctlc vegeta—

Utlon. Numerous plant synecologlcal studles are avallable
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from ar ic North Amerlca (e. g. Hanson 1953 Brltton 1966,

Barrett 1972, Corns 1974), northern Europe (e g* _Gelting 1955
VNordhagen 1955, Gjaerevoll and Brlnger 1965 Raup 1969) and \‘
Asia (e.q. Aleksandrova 1960) There are some 1mportant

env1ronmental dlfferences between arctlcland alplne tundra

‘(BllSS 1956), but many spec1e§*of plants\have succeSSfully

_overcome them. - 3 : - o " ':' o

In the alplne tundré of the Canadlan Rockles, as in
many parts of the Arctlc, Dryas is a promlnent taxon. It has
=.f1gured in some northern European vegetatlon studles (Geltlng

1955, Nordhagen ‘1955, R¢nn1ng 1965), but 1ts "bu1lder" aspect

(sensu Sukachev 1926). and' adaptatlons to env1ronment have,

agone relatlvely hnheralded' ’Only recently, 1n the ngh Arctlc,'

* had 1t received autecologlcal attentlon (Mayo et al 1973
HSVoboda 974y, 50 S AT
' o Slnce Dryaa octopetata Drov1ded a great deal of the .
plant cover and- blomass Of . upland tundra 1h the Bald HlllS,‘ A:¢§
. 1t was/laglcal to suppose that 1t had some effect on- assoc1ated
plant and anl al llfe. A key. aspect of the pro;ect was theb
establlshment of a SOlld vegetatloral base. Too many,zoolo-,
'_glsts ignore or much underestlmate the 1mportance of vegeta-
tion 1n the control of anlmal dlstrlbutlon and abundance..

Even Manl (1962 1968), 1n hlsJotherw1se excellent rev1ews

' of 1nsect life in alplne reglons, attaches very llttle 1mpor—l?'t§e
tance to vegetatlon, bafely mentlonlng lt.//HlS the51s, that

u‘ 5,72

mlcroenV1ronment governs@

&hsect dlstrlbutlon and act1v1ty, 1s:

-correct as far as 1t goes but does not acknowledge that ln

o
’
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many - alolnrlv1t§§tlons m1croenv1ronment 1tself 1s molded by
VvegetatloJ Tart of the problem is that an%mal ecologlsts

have tradltlonally thought "populatlon" rather than " community"

£

or ecosystem".f; - S .,- . R

The study of alplne 1nvertebrates has been grossly )

3. J

‘ nelgected in ‘North Amerlca. The prlmary reasons for this are

lack of .in erest“(or fundlng), and ‘an unfavorable ‘ratio of "

<

numbers &f 1nvest1gators to numbers of spec1es of 1nsects. T
FA51de from superf1c1al studles of w1ndborne 1nsects collected
on snow- (Caudell 1902, Howard 1918 Van Dyke 1919 Chapman 'ﬁ& s

v1954a b), the only reasonably detalledflnvestlgatlons are those

<

of Hayward (1952) -in' Utah and Schmoller (197la b, c) i -

e.Colorado. One other stud& is presently bElng completed 1n
2

-the Slerra Nevada by Papp (J K Ryan pers _opmm )k

>We are stlll at level atha w1th alplne 1nsects and

) other 1nvertebrates' not only are dlstrlbutlonal patterns and

N

eco'oglcal relatlonshlps very 1mperfectly known, many of the '~‘(':

4»'

spe01es have not yet been descrlbed -ThlS creates obvrous
pdlfflcultles for one who would stugy them in a general way.

f Taxonomlc studles (e g. Nlmmo 1971 Grlfflths 1972a b) may

.,1nclude some alplne forms, but there 1s no empha51s nx specral y -

con51deratlon of 'the alplne env1ronment and fauna.-

; i
;" So far the Arctlc has been a much rlcher source of -

fentomolOglcal 1nformatlon, due to three large scale programs. B

1) A major study of Canadlan subarctlc and arctlc

1nsects undertaken by th-ﬁ adlan Department of Agrlculture ) P

1n collaboratlon w1th the4 %) adlan Department of Natlonal e



Defencev(Freeman'l958). 'Much“ofxine work has been at'Lake
Hazen on ElleSmere Island (biiverfet al. i?64, Leech 1966,
Hocking .1968, [Kevan 1970) . | | |

| — 2) An IBP study at Barrow, Alaska (Bohnsack 1968
Challet and Bohnsack 1968, MacLean and Pltélka 1971, Edwards
"1971) . o
‘ 3) An IBP study at'béébn.xélénd (Ryan 1972).

Some other areas 1n the Canadlan Arctic Archlpelago

have been covered (Bruggemann 1958, McAlpine 1964), and

/ -
' studles have been made 1n North European areas Hammer 194A,

“Holm 1950, 1967, Dalenius 1962, Agrell 1963,‘L1ndroth 1965

. SolhBy "1972) .
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2. OBJECTIVES OF STUDY

In 1ts original form, ‘this study had two interrelated
'objectlves- desqube the plant communltleSIOf the Bald Hills

and relate them to env1r3nmentL As I came to reallze the
\

importance -of Dryas octopetala, I added a number of objectlves e

c'

to the study, all devolv1ng from pras prlmary role 1n the

vecosyst%m. ;

3
The major objectlves of thlS study have been to:

© 1) ‘Descrlbe qualltat1vely and quantltatlvely the florlstlc

| comp051tlon,.structure, phenology, physrcal habitats and

jrelhtlve abundance of the alplne and forest-tundra plant
communltlesaof the Bald Hllls, Jasper Natlonal‘Park.

- 2) Relate plant communlty patterns to major env1ronmental

varlables. | A “
35;'Prepare a cla351flcatlon of the Ba&? Hllls vegetatlon. |
4) Descrlbe the grbwth and development of, Dryas octopetala I

SSP. hookerzana, ‘and some of its. adaptatlons and responses

to envrronment in the Bald Hllls. - -

——

5) 'Indlcate some 1nterrelatlonsh1ps of D. octopetdla with
L

,assoc1ated plant and anlmal llfe, and prepare a- prellml—'

nary CheCkllSt of the arthropod fauna of the study area.

L
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.
i 3. STUDY AREA
LOCATION -
R . 44‘/\ ’ s
S

The Bald Hllls1 (Flg. 1, Plate 2), 1n Jasper Natlonal'
. Park, are approx1mately c1rcumscr1hed by latitude 52039 -42'N
and longitude 117040 -42' W They form a small part of the ‘
Mallgne Range Whlch trends NNW ‘some 40 km to Slgnal(hountaln]
overlooklng Jasper town51te. _ g o ’ : ot
The Bald Hllls cover ca. llOO ha. Some Studles were .
| -made in the southern part of the area but most were conducted
‘ 1n _the northern 400 ha, 1n the range 2100 =-2375 m (6900 -7800 ft)
'ASL. ‘
Excellent access, flne v1ews, and'a good - array of tun-
dra- communltles were the maln reasons for selettlon of this

l

partlcular study area.\ Only fﬂve other areas in the park can “
boast thlS sort of access. to the alpine zone. Mt, Edlth Cavell :
'-Srgnal Mountaln, The Whlstlers, Pyramld Mountaln,pand the |
- “Columbla Iceflelds area. A paved hrghway up the Mallgne Valley_
ends at Mallgne Lake.' A7 km long fire road climbs to a flre
lookout hut at the north end of the Bald Hllls. Constructed

¥.
1n 1958 thls road occ 1oned the most serious dlsruptlon of

. the area. Scme of the talus at the north side of the Bald

1

»,

'lrn this study'"Baid Hills" refers to the above - ~timberline por-

~ tion of the hlllS° "Bald Hlll" refers: to a 150 m high promon—‘

l
i

tory near the northern end of the area. : R

s
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DPLATE 2.

West side of the northern half of. the Bald
~Hills, photooraphed 9 August 1968. The
steep, unstable upper slopes have neollqlble
plant cover, but the forest-tundra zone has-
good. cover” of heaths (greeg between trees).

. Note fire line at extreme left- centre.
Queen Bllzabeth Ranges in backgroaed

.,\ 4,/
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Hill was utilized for gravel, and presently the short spur

road is actively eroding.

The pDSSlblllty of former Amerind use is slight -

-, most Indlan act1V1ty was 11m1ted to- trapplng along Mallgne

Lake (Schaffer 1912). The Bald dllls have potentlal as a .

skllng area, but thlS has not been exp101ted except by occa—'

s1onal Skl tour1ng partles (e.qg. Stewart 18565) . vTralls in the

area are~undoubtedlv-natural game-tra’i‘lc A former riding

i

\s

concession at Mallgne Lake, as well as occa51onal warden tours

‘by hor:e, probably had no 1mpact on the area..ﬁ

Visitor use in the Mallgne area as elsewhere in the
Rockies has cone, up drastlcal Yy in- the last Few years, but .
human 1mpact on the Bald Hllls tundra does not appeam.to be
1ncrea51ng s'cnlflcantly , Perhaps~the kest ev1dence for lack
of anthro ogenlc 1nfluence 1s the small groups of Rocky Moun-

tain carlbou, an anlmal truly sbtnnlng man, that may be seen

v in the area practlcally any tlme of year 1nclud1ng summer.

4

CLIMATE -

The Mallgne area has a modlfled contlnental cllmate.
e F

' Wlnters are cold but weather from the Pac1f1c Coast has a

moderatlng 1nf1uence.f The mean annual temperature at Ma11gne

Lake (1675 m). is ~1. 70¢C compared t0°2.50C for Jasper town51te,

' 665 m lower in elevation.. ‘Most of the year the dlfference 1s

in. the order of 59°C, ‘narrow1ng to abott 2°C for November and

December;‘ Th;s is not_qulte‘the dlfference that,Rawson (1942)

[



~ . 2). The summer mean at Benthoud Pass, Colorado 1s 138 mm

10

expected when, u51ng adlabatlc lapse rate values, he estl—
: mated the mean annual temperature at Mallgne Lake as -6.00C.
Summers 1n the Maligne area are farrly cool and frost is
p0851ble any time of year KParks Canada, unpubl data)
No year~round-temperature data are avallable for the'
Bald Hllls. Summer temperatures are ca. 4OC lower than at .
”lake—revel an elevatlonal dlfference of 500 m. Mean
minima are about the same, but %ax1ma are con51stently greater
‘at lake-level.
The amplitude of diurnal and‘annual temperatures, as.

Hrapko (1970) also found at Slgnal Mountaln, is smgller at

the hlgher elevatlons. In daytlme,'alr at the tOps of the
' mountalns and hlgh hllls does not ‘warm up as much as at

lower elevatlons. At nlght cold air dralns off the hills,
collectlng in the valleys and smaller frost pockets. In 1970
' for example, the top of‘the Bald Hllls got no colder than
-270C, whereas temperatures of -400C were recorded at Mallgne
Lake. Conversely, the hottest day of the year had 210" i ,,.«,r
the Bald Hills but. 30°c by the lake. |

E Preclpltatlon 1n the‘Mallgne area is nothhigh, at
.400 mm/yr'justvslightly higher thanjthe 375 mm'at Jaspér tOWu;'
site.‘:About'70% of the prec1p1tat10n is in the form of snow, -
prOgre551vely more w1th 1ncrea51ng elevatlon (Table 1). Sum- .
'mer (July + August) prec1p1tatlon in the Bald Hllls averages

136 mm, but the total varies w1dely from year to year (Table

V(Judson l965), yet the Colorado Rockies are considered to

» .

-
\
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TABLE 1. Depth of snow (cm) on ground in Maligne Valley‘ﬁ'
- Regiont. Al1l figures are means for late\in'each

month. | o , . . , \\7

-
Medicine L. Maligne L. Bald Hills "Bald Hills
1350 m 1650 m -1950 m 2100 m
September ' 0 N 10 10
October = 5 5 : © 10 ' - 20
November 25 ' - 25 . 35 ' - 45
December 40 - 45~ ‘ © 60 o 80
“January - _ 60 75 90 110 -
February 65 : 80 - . 100 120
March 0 85 110 ‘ 140
April .. - 60 " 85 105
‘May , o 0 . 0-207? - - 602

lBased on records from November 1968 - March 1972 (Parks
Canada, wnrmbl, data){- ‘ _ o S

TABLE 2. Summef'precipitétion (mm) at the
S Bald Hills fire lookOgtL;

; N
YEAR | | 'JULY“gﬂEéigyGQST TOTAL
11963 © 72 37 o 109
1964 36 41 77
1965 82 76 o 158
1966 121 87 . 208
1967 » 74 31 ‘ 105
1968 g1 78 139
1%69 79 33y | - 210,
1970 48 30 g 78
‘Mean - 72 ) 64 136




have a relatlvely xeric alpiﬁe env1ronment (Major and Bamberg
'1967) . The Maligne area is deflnltely not a high snowfall
reglon compared to mountaln areas along and west of the Contl-

nental Divide. I ' o R

Prevalllng winds 1n the Bald Hllls are from the NW

throuoh SW. Wlnds up to 11 m/sec are not uncommon but speeds

a,

of 20 m/sec are Very rare. This is 1n contrast to alplne

areas in western U. S., Europe, Asij §'and New Zealand where‘\
: >
much ‘higher w1ndspeeds have been recorded in steady blows as

&
well as gusts (Judson 1965 Bliss 1969)

Avorage sky- condltlons (Table 3) glve some idea of the ,ji‘

Es H Pl - B v
o T

variability in cllmatlc condltlons. There are very few to@Hf
tally clear.or totally cloudy days; There is a sllght dally

~trend toward greater cloudlness and hlgher w1ndspeeds (Tables'”‘

4, 5) In ‘the- Colorado Front Range, Clark and Peterson (1967)

¢

noted, on the average, sllghtly more cloud in p. M. than A M

« . | . N . 4

Table 3. Daytime sky conditions in the Bald Hills, as percent cloud covéf.1*

- JUNE. | JULY . AUGUST  SEPTEMBER - | "ne. totally No. totally
- ' ’ o UG I 5 re s -
T 62310 714 2128 4'11 1825 1 15 22 | MEAN MEAN hzhy S0 dava selddy Pagr o
- 815 A 3 ATIA g AT -

1960 " 3759 33.58 €9 57 - ; ' -

4
1961 34 61 40 44 77 64 33 4531868 ©  se 43 8 . 1 ¢
1962 69 79 28 45 §9 51 75 % ss 69 62 1 6 4
1963 43 64 75 3& 72 71°64 50 41 49 74 37 &7 48 61 50 55 0 -1
196¢ ) | 4941 66 59 80 55 57 47 80 55 39 82 . S4 . 0 57 0o 1
1965 " 7858 78 65 54 34 50 65 53 58 55 S e 57 55_ 1 o '
-'V19cé:‘ ’_ 58 €38 68 60 61'78.45 75 82 14 €5 42 37 34 67 §9 61 o 6 ‘
1967 | 49960 51485415 4418 56 54 35~ 53 33 42 0 4
1968 ) 18 76 2052 51 57 88 91 59 57T 1¢ 64 2 0
1969 4 86 32 75 79 50 78 54 79 64 39 5964 50 84 71 60 64 0 1 1. 8 1 .9
1970 © 38 75 43 30 .60 83 61 53 62 26 71 86 58 80’ sq 53 s4 o 5 s N

[N

1

- Based on four daily observations (0800, NI’OG, 1400, 1700 %rs) of egch of the sky. quaararts from
the fire loorouc. The dates subtend the prccedxng week's neans. (Parka Canada, -unpubl. data)



TABLE 4. Mean monthly cloudinessl at four times
of day, at the Bald Hills fire lookout,

-1961-72. -
o JULY “ AUGUST ,
YEAR ; . _ :
0800 1100 1400 1700 0800 1100 1400 1700
. 1961 44 55 62 67 35 42 48 48
1962 61 65 64 64 62 66 . 73 73
1963 59 56 . 69 59 45 48 52 56
T 1964 51 54 ' 56 56 54 60 62 . 63
1965 50 66° 69 70 - 54 59 55 58
1966 ° 59 69 72 69 60 60 - 60 57
1967 - 55 65 65 64 ° 23 .36 "3 40
1968 . 52 52 63 59 -. 70 72 73 72
1969 59 72 70 75 - 54 62 59 66
1970 47 49 56 . 63 . .51 53 55 53
1972 53/..69 69 76 31 40 50° 55
MEAN ~ '55 - g1 g5 65 - 49 54 60 58

'1Percent cloud cover, based on daily obSégvations.'
. of .each.sky quadrant. (Parks Canada, unpubl.
- data). ‘ ‘ .

TABLE 5. .Mean monthly wiﬁdspeedl'at four £imes
of day, at the Bald Hills fire look-
out, 1961-68. o S

o JuLy AUGUST -

YEAR - . .

: 0800 1100- 1400 1700 0800 1100 1400 1700

1961 1 0.8 0.9 1.1 1.1 0.7 1.2 1.3 1.9
1962 0.9 1.0 1.1 1.1 0.8 1.2 1.2 1.4
1963 1.1 1.2 1.5 1.5 0.7 1.0 1.1 1.9
Teea L0 1.1 1% 13 1l 12 105 103

1285 . 0.8 1.1 1.3 1.9 0l 0.5 1.3 1s
1966 1.0 1.1 1,212 " 1l0 100 103 1.2
98T 0.9 LY 1.3 1.4 0l7 101 103 1%
1968 © 1.0 1.1 1.3 1l4 9le 101 103 1.3
AMEAN 0.9 I8 N1.3 1.3 0.7 1.1 1.3 1.3

loﬁxa rélative:séale: filight;'2;médium,'
w8=&trong, .(Parks Canadaf unpubl, data).
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Mean monthly cloud cover is. 58u, but can vary a lot es-
pec1ally in August. The weather in the Bald Hills and Mallgne
area in general is rather unpredlctable, both within a glven"
season and from year to year.( _

PHYSIOGRAPHY AND GEOLOGY

;ﬁﬁ

‘The Bald Hllls comprlse a series of large rounded hills

or small mountains. trending N-S along the west side of the_

gne Valley They form -sne of a number of eastern outllers
yof the Maligne Range, conneCted only,at.the southern end
(Flg. l)., It may be 1nstruct1ve to view them as-a oenlnsula'
of alplne tundra jutting northward 1nto a sea of su lplne
Aforest -and ad301n1ng an exten51ve and very rugged alplne -
~ area (Mt Kerkeslln and Endless Chaln Rldge)
| The Bald Hllls lie at the extreme eastern edge of the
Main Ranges of the Rocky Mountaln Cordlllera., The ‘Pyramid .
_Fault the leldlng llne between the Main Ranges and Front
_ Ranges, runs N=S between the Bald Hrlls and Mallgne Lake.
‘East of the lake are the Queen Ellzabeth Ranges, prlmarlly oL
_Devonlan and Carbonlferous llmestones and dolomltes of extreme
relief - (Mountjoy 1964) North—northwest of the Bald Hlllsz
are outllers of the Mallgne Range, chlefly Precambrlan quart—
‘21tes. Southeast are further outllers, then large mountalns‘
-(e,g;:Mt. Unw1n, Llysfran Peak) of Cambrlan and Ordov1c1an |
sediments; West and S of the ‘Bald Hills lies the maln . mass : o

. ‘[{f;'_‘ .
of Mallgne Range. Local rellef 1s 1500 m.



The Bald Hllls are composed of Upper Cambrlan and

Lower Ordov1c1an sedlments, mainly shales and conglomerates.-:w‘l

Detalled studles of bedrock geology hare or elsewhere 1n'the

Mallgne area are lacklng. The area. is 1ncluded on a small-

scale map- by Prlce an Iountjoy (1970) that covers the southern
_half,of Jasper Park. The surf1c1al geology of the Mallgne |

Valley has been mapped by Roed (1964) but the Bald HlllS were»

not 1ncluded - The hllls owe thelr rounded shapes to the

scourlng action of Plelstocene glaciers which may have reached
—"2400 2500 m in thlS area, Thus the top of Hlpeakl (Flg. 2)

was not overrldden, but glac1 - events\played a-preeminent '.>

ligésewhere.' T ) ' : ~

\\

) thexnorthernspart of the ﬁills, the E s1de has a’
' &

‘rollihg, somewhat 1rregular terraln of thln tlll colluv1al

slopes and bedrock exposures, leadlng eastward 1nto a - rldge

I
N

. and gully topography at around tlmoerllne.' East—centrally,» \g\
a small c1rque glac1er produced a Cllff a mass of boulder :
debris, agg two 51zeable E- trendlng rldges. The W s1de of the
Hills is. very steep, a serles of Cllffs and rldges above thlnly
bvcgetated talus and forested colluv1um. T e hlgh slope angle N
is probably the result of undercuttlng by glac1er orlglna—

tlng at the base of- Hlpeak. This 01rque glac1er produced the

300 m high N face of Hlpeé%‘ the boulder fleld at 1ts base,‘ o .«j‘
~ and the flanking moralnes., : ff T .
e o \ , S o
.‘:_;/(/

s

lUnnamed’mo'untain centrally located in the Bald,Hillstb
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In thessouthern part of the Hllls the phy51ography 1s
reversed The W 51de comprlses a 4xl km hlllSlde, ltS'tlll—
| mantled lower slopes dlssected by recent water er051on 1nto
shallow gullies. - The E side:includesia;long.seriesiof'cliftsp

',100~200'm.high, with an apron of flat alpine'terrain'and'

the Bald HlllS, but nelghborlng ranges hold alplne glac1ers
' and small 1cecaps up -to 20 km2 1n area. A w1de array of

" perlglaCLal features (e g. Plate 3) can be found in the Bald
-nHllls-'turf hummocks; c1rcles, polygons, nets and strlpes,

. large stone strlpes-'flelds of sollfluctlon terracettes and

lsmaller numbers of 51zeable sollfluctlon lobes; debrls 1slands

1n boulder flelds Permafrost has been.reported in the Rocky

Mountalns (Johnson and Bllllngs 1962 0gilv1e and Baptle 1967

17

- ment, ice is also inyolyed_in-frost/wedging, the chlef weather- '

v'1ng'grocess 1n the Bald HlllS Of lesser 1mportance are. .

“granular dlslntegratlon and cavernous weatherlng. Also at

t

ﬁwork is mass dlsplacement through occa51onal rock falls; small'jp.

1

" rock slldes, and downslope creep of talus flelds.'

The phy51Ography of the Bald Hllls has had an 1mportant ,

1nfluence on plant colonlzatlon ag% communlty development 'Inyf

c_the northern half, where I d1d most of my work S fac1ng com—-
’munltles are uncommon and w—fac1ng communltles v1rtually

. non-eXLStent duE\to the coarse, unstable and dry surfaces.



- PLATE 3.

o

Intense frost action has prevented plant
establishment on  these sorted polydgons,
“whereas® surroundine~forb meadows hdve a

rich bryophyte andG;Fscular plant cover.

IS

'
o 28



‘Most of. the vegetated terrain is of two types: (1) ridges

: Amerlca (e g Retzer 1956, Nimlos and McConnell 1962,

. and small plateaux where xeric fellfield and other rock- baséd

communities have developed and (2) N and E- facing slopes,

cooler and.less dry, with a solld heath mantle.A Meadows are

I

small and local There are also a few small ponds above tlm-

)
berllne. -

.- " . L. . ! . *

2 ‘ N A.,‘ Q"’
& soins -

Some studles have been made of .lpine soils in North

—— I RV

(N8

Sneddon L "et al 1972a b, Knaplk 1973 Knaplk et al. ID 3)

Alplne tundra soils typlcally have very shallow proflles,

poorly developed horlzons, weak to nonex1stent structure, low

_clay_content, a high, decree of 5011 1nstab111ty largely due

b
to frost actlon, hlgh content of weakly decomposed organic

matter in the surface horlzons, ang llmltEL dlver51ty of types.

' Slgnlflcant amounts of amorphous alumlnum and - 1ron compounds ot

may be present (Knaplk et al 1973).' Knaplk (l973) noted that
class1f1catlon of alplne soils is very . confus1ng due to the

many. systems that have been used as well as the general lack

of 1nformat10n on - alplne 501ls. R s

~ -

Tundra 501ls in the Bald Hills as elsewhere belong to

. three ordersa 1) Brunlsols, 2) Gleysols and 3) Regosols. The'

- best development 1n alplne tundra 'soils is exhlblted by bru-

=2

nlsols Alplne Dystrlc Brunlsols have been characterlzed by

Knaplk et al (1973) as. turfy. alpane 50115, strondly ac1d,

19
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'w1th brownish sola and low base status,‘and without eluviated
horlzons Coarse rock fragments are common in most proflles,'
and increase with depth. Most soils of thlS type have devel—
'oped on claclal tlll, under heath vegetatlon. In limestone
,ranges Alplne Eutric Brunlsols develop.. These are Very'calr
careous, base—saturated, w1th black Ah horizons; Where the
B horizon is weaklypdeveloped, profiles are'characterized-as
Lithic‘Brunisols. : ; . d_", .' A_ | ;

g In sites of impeded- dralnaqe gleysols may develop.

1‘Where(plant cover 12"sparse, the organic matter content is
vlow and sorls here are characteri: :=d as Orthlc or Rego Gleysols;-h
. Under good plant cover and lO lS cm accumulatlon of organic
matter, Humlc Gleysols deve10p (hnaplk et al. 1973)

Soils w1th horlzon development too weak to meet the‘
.requirements of any or&er are by default regosolc" In many
alplne sites pedogenlc development is mlnlmal ard accumula—
.tlon of organlc métte only 1mmed1ate1y beneath plants. Orthic
Regosols characterlze Lalrly stable s1tes w1th very Smele
proflles of rocks, pebbles and fines: that show very llttle
change with depth. Cumullc Regosol profiles are found on some
‘ steep slopes where the 5011 pedons have Been churned up by
.grav1tatlonal movement (Knaplk et al 1973).

Soil under tree 1slands in the forest—tundra zone (see
: below), and in contlnuous forest be ow timberline, has a pro- ;
flle qulte distinct from‘tundra soils;“ There,is'abcharacter-,:t
istic eluvial A horiaon and=illuvial B'horizon. The Canadlanf;
system of soil cla551f1catlon (Can. Dept Agr. 1974) would

o : . SRV '
, . ‘ | v | g‘* -



'i‘engplmannzz and 4bies Zaszocarpa. Thls has been theutradl—

place these in the Luvisolic order. .
VS

VEGETATIONAL ZONATION

Altltudlnal zonation of vegetation has a long hlstory
of 1nvestlgatlon, and a number of different systems of termi-
nology have been advocated (Dav' »nmire 1943, Love 1970).

- In my own study, subalpine ref" S to higher- elevatlon

tional use of tho\term 1n Jasper N.P. (e.g. Heusser 1956,

Bell 1966), and in other parts - the Rovby'Mountains (Dauhen—
‘mire 1943, Oosting and Reed 1¢52) Aocve t_mberllne, whlch ‘”{m?'
dellmlts the upper edce of. th~ . halnine oze, forest glves \%h

.way'gradually or rather suddenry tc a2 o wra landscape where'

1l

low (<0.5 m- hlgh) yegetatlon predomlnates (plate 4y ..
The/éommonly used term "Lreellne" purports to delimlt

a purehy tundra landscaoe from the. last of erect conlferous

: growth . waever, the term has very llmlted use. Above tlm—

-

berllne, scattered conlfer islands grade 1nto krummholz on

exposed rldges. ‘The belt is not at all un1form—w1dth (cf.

: Flg. 1).° Forest 1slands and’ tundra 1nterf1nger, and a con-

tlnuous upper line 1s not dellneable. "Alplne"-lS’the bzone‘;‘
in whlch tree spec1es ‘can no longer malntaln uprlght supra?h‘
nlval flagglng (Hrapko 1970). However, local w1nd condltlons
rather than altltude related factors constltute the most |

1mportant shaplng 1nfluence on conlfer form at these elevatlons.

21

continuous, forest domlnated in the clim: % condltlon by chea DI



PLATE 4.

East side of the Bald Hills, looking south.
Predominant cover is heaths, also some krummholgz
and tree islands.of Abies lasiocarpa. The
yellow patches are Carex nigricans snowbeds;
Snow covers bare gravel. ' '

L sETn
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Between treeline and timberline,is the forest-tundra
zone (forest tundra. ecotone\of Weaver and Clements (1938),
also known as the hudsonlan, subalplne, or krummholz zone
(Love 1970)) The term "forest—tundra" is qulte unamblguous,
referrlng to amlandscape w1th both forest and tundra elements,
viz. moderately low (5- lO m) conlfer clumps dotted over a‘
tundra matrlx chlefly of heaths (Plates 2 4) D1V1d1ng the

above ~timberline landscape into forest-tundra and alpine sec-

tions has ecological merit. For example, a number of mountain

'birds are reStricted to one or the other zone (Kuchar:1972)'

a,

However, the noh- tree vegetatlon is 51m11ar from tlmberllne
to well up 1nto alplne. There, are probably gradual upslope J
N % N

shlfts in comp051tlon and domlnance,-but nothlnéisudden enough

to ‘warrant an alplne-nonalplne dlstlnctlon._ In the present

lstudy, therefore I rely on the descrlptlve lanoscape term

s"tundra" rather than ‘the zonal term alplne”

As elsewhere in the Mallgne Range except the very N

A

end where it. seems depressed (Hrapko 1970), tlmberllne in the'

'_Bald Hllls averages 2040 m on the E s1de and 2130 m on the W -

side. The amplitude ofAt;mberline isﬂca,'SOO,m,,from’lQZS-

2225 m. S d

- @N _
‘The landscape at 2040- 2200 m.is forest-tundra, its

N : :
upper limit 1n places reachlng A350 m. Above treellne, conl—

g h

-~ fers are very stunted (krummholz) and glve way to a strlctly

tundra 1andscape ("alplne") Its mean lower llmlt is 2130 m

on the E side of the Bald Hills and 2200 m on the W 51de,

N but 51gn1f1cant areas of tundra can be found down to 2000 m.

a



At the N end of the study area, particularly its W slope,
true timbe\llne cannot be traced w1th any degree of confi-
\\\dence. A flre in the 1890's swept up to 2100-2200 m,’ and the
slow rate of regeneratlon comblned with erosion have obscured

the p051tlon of the former tlmberllne (Fig. 2).

 FLORA

Vascular plants in' the Bald Hllls number 197 spec1es

1n 96 genera and 34 famllles (Table €, Appehdix~l).c Larger
’ 4
f{‘

‘ TABLE 6. Numbers of plant and animal taxa seen or - collected
in the Bald Hills.

~

- i R ’ -SPECIES
g?\ylgéll‘é\: " CL2SS B ORDER FAMILY GENUS SP:;CIFS IN PHYLUM
o : /DIVISION
Lichenes Ascomycetes 2 20 40 135.
' Fungi Imperf. 1 1 1 2
: , - ; ) : ) 137 .
‘Bryophyta . Hepaticae 2 11 17 - 26 N
' : - Sphagna - - "1 PG N | 6 .
Musci '8 23 49 86
Tracheophyta Lycopodineae 1 2 2 5
oo Equisetineae 1 1 1 1
Filicineae 2 2 4 - 4
Cytmospermae -1 L2 4 4
Angiospermde B :
Monocots 2 4 17 50
T Dicots ' 18 23 68 132 ‘
, ’ , s o : ’ o136 -
Arthropoda Crustacea 1 1 1 1
Diplopoda 1 1 1 2,
) Chilopoda ‘ 1 1 3 4
‘ ‘Insecta 13 94~ 334 474
* ohrachnida 3 . 51 111 . 161 g
Chordata Aves 6 21 47 .. 57" '
' - Mammalia 5 12 22 . 27 .
(totals) .17 69 271 723 1177




famllles 1nclude the Comp051tae (3l spec1es), Gramineae (20),

Cyperaceae (23), Cruc1ferae (13), Rosaceae (ll), Saxifragaoeae
(11), Erlcaceae (10) , Ranunculaceae (10), and Caryophyllaceae

(9)at Large or ecologlcally 1mportant genera are Antennarza,

“Arniea, Carex, Cass one, Draba, Dryas; Erzgeron, LuzuZa,'

PhyZZodoce, Poa, Potertzlla, Sasz, ‘and Saxzfraga. Thelchief

growth forms are dwarf shrub rosette(.eushlon, and tussock
(tuft). SR - “ -

Most'of thé species also-occur'in the subalpine zone.
Less than 20% seem restrlcted to above- tlmberllne habltats._
These 1nclude Lycopodzum asznum, Luzula\qqguata, Carex

aZbontgra, C. gZactaZzs, c. haydenzana, C. zncurvzfopmis,
c. nardzna, c. phaeocephala, C. rupestrzs, Kobresaa beZZardtz,
Agropyron Zatzglume, Hierochloe alpina, Poa Zettermanii,,P.

rupzcoZa, Cerastzur beerznazanum, Anemone drummondzz,

Ranunculus gelzdus, Dapaver kZuanen@zs, Draba paysanzz, Evysimum

paZZaszz, Luetkea pectznata, PotentzZZa hyparctzca, P. nivea,
P. unitflora, P. szZosa, Oxytropzs podocarpa, Casszope
tetragona, Gentzana gZauca, PedzcuZarzs arctzca, Campanula

Zaszocarpa, Arnzca Llatifolia var. graazlzs, A. Zouzseana,'A.

‘rydbergit, Crepzs na@wa, Erzgeron humLZzs, E. paZZens, Saussureq

4

densa, Seneczo fremontzz; Taraxacum Zyratum.

Ca. 10% of the flora comprlses subalplne spec1es found
very locally and near tlmberllne in the study area.. They re-
present a subalplne element near 1ts altltudlnal limit at
tlmberllne.' Another 10% of the spec1es were represented by

small numbers of 1nd1v1duals at just one or two 51tes in. the

25
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Bald Hills. _
.Both‘bryophytes and lichens are exceedingly well re-
presented in the study area, with 118 and 137 species respec-
'tlvely (Table .6). The 1arger lichen genera, all with eight .
vor more spe01es, 1nclude Cetrarza,.CZadonza, Lecanora, Leczdea,J
and PeZtiaera.‘ By growth form 36% are frutlcose, 21% thallose/
_and 43% crustose of Wthh almost half are sax1colous._ Impor-
tant bryophyte genera are Bryum, chranum, Polytrzchum,
Rhacomztrtum and.TortuZa. In tundra studles it is unusual to
have a complete Or near-complete llSt of bryophytes and llchens
.such as the one here (Appendlx 1), therefore comparlsons be—
 tween dlfferent reglons are not really possible. It seems,..
however, that the Bald Hills' tundra and other areas in Jasper

Park are much rlcher in cryptogams than the U.S. Rockies e.g.

central Mbntana (Bamberg and Major 1968), but not as dlverse

as some mountain - areas e g‘hcentral Transcaucasus (Major and

Bamberg 1967) . SR J” .”./d }ﬁ,»
Bacteria, algae and fungl were not studled A prell—

mlnary plate—dllutlon of some{surface 5011 layers revealed a

fairly rlch bacterlal flora, but thlS was not pursued.‘ Ter-

, restlal algae are 1nconsp1cuous and uncommon in the Bald Hllls.e

A few of the small waterholes near ponds have ‘algal growths.

The phenomenon of red snow, due malnly to Chlamydomonas

'nzvaZzs Wllle (Kol 1964), is seen_ here as in other parts of

the- Rockles._ .Tundra fungl may be dlverse but are 1nconsp1—

cuous and for the most part mlbroscoplc > A sparse scatter of

'gmushrooms on the tundra adds 1nf1n1te51mally to plant cover.

Y

3
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‘Small puffballs-(Lycoperdon) are the commonest
Nomenclature and taxonomy follow Hltchcock et al

(1955- 69) for vascular plants, Crum et al. (1973) for mosses,_
Isov11ta (1966) for' sphagna, Frye and Clarﬁ (1937 ~-47) and
Schuster (1966, 1969) for hepatlcs,'and Hale and Culberson

(1970) for,llchens Vascular plant exceptlons 1nclude Aaropyron
Zatiglume, df the 4. canznum complex,-and Festuca brachyphylla,'“
of the F. ouing complex Spec1es not found in Hltchcock et al
(1955~ 69) wWere taken from Hulten (1968) The treatment of
'Mnlcaceae rollows Koponen (1969), Polytrlchaceae follows

. Smith (1971), ana Lescuraea follows Lawton \1971"'- &

A set of vouchers of vascular plants. bryo;?ff\

vBotany, Unlver51ty_of Alberta (ALTA) Sets of b: yophytes and
lichens are also dep051ted in the Herbarllm of the Department

of Blology, Un1vers1ty of Calgary (Uac) .

FAUNA

About a thousand spec1es .of 1nvertebrates are resident,
in the Bald Hllls tundra. Flies, parasitic hymenopterans,"
“beetles, moths and splders are the most 1mportant macro-
1nvertebrates (Appendlx 2). Mites and collembolans are smal- <
vler 1n size and much less conspicuous, but numerlcally and
Aprobably ecologlcally more important. Major groups of 1nver-

‘ tebrates that were not. sampled 1nclude rotifers, nematodes

and enchytraelds.' Based on d1vers1ty estlmates in arctic

P

—

—
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tundra‘siteS'@g.K. Ryan pers. comm,), the three groups might
- embrace, 30% of the.invertebrate fauna of the bald Hills.

A total’of 84 species of vertebrates have been recor-
ded from the Bald Hills (Appendix- 3) : Only about 25% are
51gn1r1cant elements 1n the tundra ecosystems here. White-

- tailed ptarmlgan, water plplt horned lark and gray- crowned
rosy flnch -are the only blrds breedlng in upland tundra 51tu—
Q&s i the Bald Hills. Common nesters in. ghe forest -tundra
. zone and near krummholz patches are the robln, hermlt thrush,

fox sparrow, Brewer S sparrow, and golden—growned sparrow.

o ’
zw;:portart herbivorous mammals 1n the Bald Hllls are the pika,

Columblan and qolden—mantled oround sculrrels, Rocky Mountaln

. carlbou, mule deer, and some mlcrotlnes.‘ Mountain goats fre-
quent the southern half of the area. Carnlvores 1nclude shrews,'
marten, ermine, wolverlne, the occa51onal grlzzly, and the gol-
den eagle.‘ More 1nfornatlon on the birds and mammals of the |
area can be. found in - Kuchar (1972) |

Invertebrate taxonomy follows Borror and DeLong (1964) .
Nomenclature of Rhopalocera (Lepldoptera) follows .dos Passos
(1964), and varlous authorltles for other groups. Nomenclaﬁ’
dture and taxonomy follow Amerlcan Ornlthologlsts Unlon'
(1957) and Elsenmann et al. (1973) for blrds, and Soper
(1970) for mammals. SR S

Representatlves of most lnsect, splder and mlte taxa
are deposrted in the Canadlan hatlonal Collectlon, Ottawa.
Some sawflles are dep051ted at the Canadlan Forestry Labora—

tory, Edmonton. Centipedes are at Wooster College, Ohio, and



millipedes and phalaﬁgids at Concord College, W.Va. Many
i ’ o : o

flies and paraéitic'hyﬁenopterans remain in my personal col-

lection. : ' Lo

W




4.  PHYSICAL ENVIRONMENT A

METHODS

— - 1

A Main Statlon was establlshed centrally in the Bald
Hllls (Flg. 2) on a gently SE~slop1ng plateau at 2300 m. The /
' vegetatlon was a mosaic of heath and Dryas domlnated communl—'
tles. InSLde @ Stevenson screen set on the tundra @Mrface
‘were a Belrort hygrothermograph (sensor 10 cm above ground) -
and a Moeller dlstance~record1ng thermograph with leads at O,‘

: N o
—10 and -30 - cm. . Both 1nstruments were callbrated at the N~

beglnnlng and end of each season.‘ on the tundra were a three-

3

[ cup totallzlng anemometer (+40 cm) and an actlnograph (+10 cm)

N .

.
AN

A portable statlon, moved to a new 51te every two weeks‘
or so, 1mc1uded a hygrothermograph 1n51de a louvered alumlnum
shelter, and an anemometer., Dally maximum and mlnlmum temper-"
atures at +10 cm were taken through the season at - several

sites using 51xes type Taylor thermometers mounted under shelters

. of plywood and styrofoam Prec1pltatlon and W1nd pattern in »ﬂ

a w1de range of communltles and 51tes were 1nvest1gated u51ng

©

ca. 90 1. 4 liter (48 oz) t1ns, aperture dlameter lO 5 cm,

charged: Wlth mlneral oil. B v '_vn

5

o Dally means of thermograph data. were calculated by

> T
«"\

averaglng hourly values: Comparlson 0f these means w1th ose
obtalned by . 51mply.averﬁglng maximum and mlnlmum showed no ,
SLgnlflcant dlfferences. There was a sllght blas tOWard hlgher
than true mean when max-min: average was - used, as BllSS (1956)
also found.v | | - : |

Over 100 soil profiles were‘exposed; most to the C

30
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‘horizon, in a wide range of plant‘ébmmunities.' Each horlzon

'. was noted and'thiCkness .measured. Depth ‘and degree of root

'penetratlon, abundance of cobbles, and ev1denqe of congell—

- Color of= dry samples was determlned us1ng Munsell color charts

-

U

turbatlon were noted Samples were collected from each ///

: horlzon, alr drled ‘and the flnes fractlon s1eved out Tex-

ture was determlned by the hydrometer method (Bouyoucos 1951)

(Anon. 1963);« Chemlcal analy51s* was dene by the Soils and

B Fegd- Testlng Laboratory, Unlv. Alberta, Edmonton.

Dupllcate sorl samples at 0- 8’and lS—?° cm uere'taken

'w1th a probe sampler, 1n 15 communltles, in

“ta

‘and September 1970 '9011 temperatures 1—15

varlous 81tes and tlmes w1th a Weston probe

0 . - n, .

Photographc we e taken at ca weekly

‘On several w1nter trlps ln 1969 7l I

s oo

curlv July, August

cm) were taken at

2 .

thermometer.

1ntervals from a -

vnumber of flxed posmtlons, to . follow snow releaso oatterns.

made general ob- h

31

servatlons 0N snow - accumulatlon patterns, using a 1 8 m probe,_v"

V':took 2 - 6.m$asurements of snaw depth 1n a varlety of communl—

ties; obtalned dupllcate or trlpllcate sSnow densrty samples

from dlfferent s1tes ahd depths- took some readlngs of. s01l

surface,_and amblent temperatures

e " SUMMER CLIMATIC CONDITIONS

2 ¢

. o
g ¢

ted in F1g 3. No 1 represents the commonect type ‘of day,

- w1th a. sunny mornlng and. cloudy afternoon, and falrly llght

“*N extracted with water and determlned oy the phenyldlsulfon;c

m‘ The range of~ summer weather 1n the Bald Hills lS deplc—vh_

acid procedure; P, extracted with ammonium fluorlde and sulfuric”
. agid and determined by the ammonium molybdate vanadate procedure;
‘K“extracted with amthonium acetate and. determined by £lame photo=< " -

-: e ~‘ Lo,

metry; -pH by a 1:1 3011 water paste W1th an eleétrode pH meter. .
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//\/ .
© wind. No.4, is also fairly- representatlve. The typlcal dally

9

trend 1s one of rapld warmlng in the mornlng, and gradual .cool-

) -

ing follow1ng the early to mld-afternoon peak.
o

Essentlally clear days, all with llght w1nd, are exem—
pllfled by no. 3, 5 and ,. The flrst one, early 1n the season,
whas hlgher temperature and VPD than no. 9, beyond the end of

the grow1ng season of vascular plants.‘ No.5 had the highest .
v : A
mean VPD for the year I

“The remalnlng profiles. show abnormal 1nstances of syn—

Red

chronlzed march of solar radiation, temperature and VPD
No 2 Fog and rain all -day, strong N w1nd 1n
afternogn. Soldr radlatlon was very low, o
- and VPD zero. : '
. No.6 SE w1nd from previous day, averaglng 10 m/sec
’ by late A.M. This creates anomalous condi-

tions of high temperature and VPD through

the night. Sudden shift to N wind in P.M.

: resultlng 1n'temperature drop. :

No.7 . Low clouds all day, wi 4 nll to very llght.
Lowest recorded total ¢ solar radlatlon
for the summers ‘of l968 70. .

2 - No.8 Fog and snow flurries in A ‘M. Sudden“strong
. NW wind in P.M. brlnglng abrupt temperature
o - drop. i

Weather in the Bald Hills is generally unpredlctable,"

and there may be extremes or anomalous condltlons of tempera—
) ture, w1nd and clqud cover. However, they .do not seem to |
- last long, and the majorlty of days have the normal warmlng—‘

o

 cooling trend.

SOLAR RADIATION = = ©

Mean daily increment of 'solar radiation_in summer was



'437 ly (Table 75. The extremes recorded were 100 ly on 28
Aug 1970, and 793 ly on 19 June 1970 On Signal Mt., Hrapko\
(1970) reported a mean of 502 ly/day in the summer of 1967,
anc a range of 198—837 ly/day. Instantaneous values in the"
Bald Hllls dld not exceed 1. 7 ly/min. These are not hlgh

, compared to those irn some. hlgh-mountaln areas where the solar
‘constant may be exceeded (Clark and Peterson 1967)
TEMPERATURE

At the Main Station, mean monthly temperature in the

t

-'TABLE 7. Summary of July-August 1968- 70, env1ronmental data
for the Maln Statlon, Bald Hills.

H

* - ENVIRONMENTAL 1968 1969 - 1970 . SUMMER

PARAMETERS J A J a - g A 1968-1970
- Temp. mean 7.4 6.6 5.8 6.0 8.7 8.1 7.1
"(°C)  mean max 9.1 9.1 9.9 9.6 11.9°12.5  10.4.
mean min 3.8 3.7 2.1 2.2 5.2 4.2 .. -3.5
abs. max ' 14.0 13.5 15.5 20.5 18.0 18.5
abs! min 05 0.5 -1.2 -1.0 . 0 :
Lo ‘ ' - o
R.BH. . mean' ..7 "72,7 75:5,76.8 71.3 71.3 69.0 72.g
(¥) . mean.max ' . 1.7 90.5- 95.1 91.0 89.1 90.4 91.3
meAn min. .t 55.0 57.4° £7-9.55.0 56.9 50.5 55.5
o VeP.D.o o, R o
= (mb) °  mean - 3.06 2.54 2.35 3,63 3.52 3.61. 3,02
‘WIND ., Mean speed - L . . -
(m/secg at 40 cm ' . 1.77 1.44 1.91 1.97" 2.10 2.07 . 1.88
(mi/hr) above surface 3.96 3.22 4.26 4.42 4.70 4.65 - 4.20
'SOLAR RIDIATION : o Lo
(ly/day) 462 314 472 420 520 432 - 437
DIURNAL CLOUD . S S L
COVER* (%) - 57 74 7Y: 60 54 53 62
PRECIPITATION* ' - e .
(mm) - 61 78 79 131 . 48 30 142

% At fire lookout.
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summer nas 7.1°C (Tahle 7). The, seasonal trend of alr tem--j
perature 1n 1969 and 1970 is deplcted in Flg 4. No part of
the grow1ng Season seems dlstlnctlve in air temperature reglme.
‘Note the sudden drop in early September 1970 (Flg. 4), a gra—.
phlc deplctlon of the end of the grow1ng season.

Dlurnal trend Qf air temperature is shomn in. Flg.uS.
Amplltude ‘is much greater at the ground surface than 10 cm
above. It is very much dampened at 15 cm in the s011 and
virtually nil at 30 cm. |

| Air temperatures of S arl 7 aspects 'rve relatively
high maxima and minima (Fig. < $=n 19). . Tops of hills and *

-'higher ridges“(Fig. 6, Stn'll 7, have iower temperature ma—;
- xima but higher minima. A 51mvl_r relatlonshlp was reported
by Hrapko (1970) .for Slgnal M* Jasper Park » The lower
maxima are due to cooler alr ac hlgher elevatlons, the hlgher

, mlnlma 1ndlcate the presence of 1nver51on layers. Cold air

'dralns away from ‘the tops 1nto shallow ba51ns and slopes at

| :the foot of the hllls (e g. Stn 6, 8) . , ’,. _ |

The relatlonshlp of topographlc p051tlon to nlght
temperatujes is ev1dent from Table 8.‘ Many more nlghts of

' free21ng temperatures ‘were’ encountered in alr—dralnage chan-

nels (Stn 6, 8) than orn tops (Stn ll l7) : Monltored for

'vone month (Aug 1968), T pper N W and S 31des of the Bald

‘ Hlll had 7-8 frost-nlghts, but the E 51de had l3. Heathu
tundra, 1ntermed1ate between upland- and bas1n s1tes, had
'15-25% frost- nlghts._" e Qh-‘~1“~ '”: R

One mlcrohabltat that often remalns frost-free whlle

t

35
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TABLE 8.

Monthly numbers of freeze-thaw cycles at selected

Stations in the Bald Hills, July & August 1968-70.
- 1968 1969 1950 Percent of through-
Station . o ’ freezing days
A J A .J A ‘T A J A MEAN
Stn 6 ' 16 17 21 8 9 " 50 46
Stn 8 .12 13 17 14 9 10 41 40 40
" Stn 11 2 1 6 11 2 0 11 13 12
Main Stn 3 4 8 * * * * * *
Stn 17 -2 2 9 10 4 4 o167 17 17
Stn 19 2 3. 8 9 4 5 15 18 17
mean'%b 22 .39 18

*Temperaturq_extremes

screen, therefore fewer

‘Wwere dampened within the Stevenson
through—freezing cycles were

recorded than were actually experienced at the site.

the rest of the forest-tundraf%one is belOW'freezing,

centres of tree islands.

1is the

-An island monitored in l970{had_

,Only.two frost'nights for all of July and Augdét, whereas an

adjacent patch of tundra
air-drainage channel hag
were significantly lower

‘the tree islang cdméared

had seven and a nearby meadow in an
19.f In Aug 1970, temperature_maxima,“
and minima significantly higher within

to an adjacent’tundra site (Table 9).

Winter températurés'show a similar correlation with

'5ftopqgraphy.

 valley bottom.

. . . . . . . '. ) R «,} Y
Minima are highest{on'hilltops and lowest in théid

R
oy

Unpaired-mean compard¥on of temperatuxes.at +10 cm

TABLE 9,
-~ Within a krummholsz clump (K) and an adjacent tundra
" L site (T). - . - . o '
u‘i R -~ Maximum » Minimum " Mean Differende
: : K LT . K T max - . min
June 1970 14,2 16.7 2.9 2.0 2.5 ‘0.9
July 1970 15.4 1g.4 4.8 3.6 3.0 1.2
~ - 3 . : |
Aug. 1970’ 16.0 19.4 5.3 3.7 **3.4 *1.6
R .

%
2
i

significant at 95% level
significant -at 99s level

39

=Y



N

No seasonal patterniof vpp Was evident in the Bald

0

Hi115‘(Fig: 7). Mean VPD’was.geherally.fairly’low; The

~extreme high was 17 mb on 24 Aug 1969. on Signal Mt., Hrapko

lossﬁin4biologica1'organisns than is relative humidity (Wil- .

)

FIG,'7, Mean-daily vapor pfessﬁre deficits (based on

VAPOR 'PRESSURE DEFICIT (mb

‘liams and Brochu 1969). mThe daily trend of vPD (Fig. 8) is

)
ol

L

>

Juty - | AveusT . B

. hourly values) at the Main Station, 1968-70.



41

T .. *(sueaw wwusosAqo peseq) 0.L-896T 3Isnbny pue ATnp ur -
.now&mum UTBW 3Y3} 3@ 3TOTFOP ouammmum xodea 0 wcouv A1tRq

(s). awiL -

8 *DIa
>

A N L Y z vz
, | - ,
L 00—, .
Om—0—_, o\ s y— ”m”m”e ,
/4/4” . - L ww““m“wﬂﬂ ”M” I~
e AN | AT N g2
e N\ , o o\ ° : 2 |
e . . o \u\ ~ . oo /w .
Mym” / /o/ ) <\ Valk .
SN - /% o
o m/ E o—o—o— L ¢ g Tt
/ / . o\ o\\q\o s
N e /c” . ~ «\ o\ 4 . : :
/o/ . T.IJ«V.A«\ 4 ‘Bny -2
. *—e. \ : : m_'bny oy
Y ~ . \ \ o Anp ozl |-
S v~y o o By
o/”” _ wvoknlnu\ o v eosi Le
~a T v ‘Bny .
‘ AN \. - v Ainr goer |
/I\I . w B

. (aw) gdA



f‘ﬁ'

a v1rtual mirror image of relative humldlty which in turn 1's{

_ temperature dependent (Fig. 5).
A

 PRECTPITATION e

N\

July plus August prec1p1tatlon in 1963 70 varled from 77
to 210 mm (Table 2) Raln, occa51onally hall or .snow, fell
in falrly small increments, over 2-4 day perlods (Flg. 9).
/PreClpltatlon was usually well dlstrlbuted through the season.‘
The entlre season could be cool and damp; e.qg.’ 1968 - or warm’
’and dry, e g. 1967 (Fig. 9Y: |

on 6= =7 Al

1969, a 91 cm snowfall was recorded in the
Bald Hills. Meltout was complete within a week. Meadow vege-—
tatlon was flattened but no serlous permanent effects were

4 .
ev1nced._

WIND

n:

Mean Jul"—August w1ndspeed (+40 cm) at the Main Statlon
was 1.88. m/sec (Table 7). The values between years and months
are rather close. No real trends are apparent between o.-
witﬁ}ngyears_(Fig. 10). Wlndspeeds ‘above 20 m/sec are Verj
rarei Hrapko (1970) reported & mean of 2.78 m/sec (at. +2 m)
for the summer of 1967 at Slgnal Mt

- Winter w1ndspeeds in sthe "Bald HlllS are not much hlgher.
than summer (Tables 6,10). pecorded windspeeds in most alplne

areas are somewhat to much hlgher in w1nter than in summer

(Judson 1965), 'and summer w1ndspeeds are generallé somewhat -
: @) ' ‘
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WINDSPEED

1968

1969

11970

nys(r JyLY"'-AUGUsT

N

FIG. 10.

28

Mean week]
at the Mai

TABLE 10. Mean winds
the_Bald.H

y windspeed
n- Station.

(+40 cm),

péed at 40 cm, on
il1, 1970-71.‘

INTERVAL

 MEAN WINDSP
- m/sec

21
16
‘11
16
27
26
9

Sep

Oct

Nov

"Dec

Feb

Apr

May

May

- 16
- 11

- 16
-.27
~ 26
- 9

- 28
- 29

Oct
Novwv -

Deac
Feb

Apr
May -

May

Jun .

3.76
2.83
3.84

4,23 .
3.67

0 3.11

3.64.

3.11
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rates.' In warm dry weather, the relatlvely hlgh w1ndspeeds

° i

on S and W aspects mlght ‘increase vapoerressure def s to

1ntolerable levels for plants, hence'thelr poor develic aent

a .

‘on ‘these slopes o : v‘.1 =

Wlnd is also important. 1n snow redlstrlbutlon.~ As at

fl
Q-

“Slgnal ME. (Hrapko 1970), prevalllng w1nds in the Bald ‘Hills
are NW through SW- snow therefore accumﬁlates on the E side

.of rldges. Il of the W slopes are essentlally snow-free the

13

v,entlre w1nter (Plate 5) Some rldge crests and the Sw—fac1ng
portlons of the “balds" (Plate 6) are relatlvely w1ndy sites
(Table ll), snow—free except for very: thin (0 5~ l cm), ‘dis-

contlnuous crusts of 1ce and hard snow that form and th

;

’throughout the winter. - In ll w1nter trlps, I saw these s1tes i

eSSentlally bare on all but one occas10n, dlrectly after a:?

snowfallaandjpresumahly‘prior to redistribution by wipd.’

a5

. TABLE 11. mparison of mean wxndspeed (at 40 cm) at the Main Station (Pnglloaocc glanduliflorg~
. . ch a.;opc SPp.) with that %f other’ sLtCS in :be Bald Hills. S

o

- ) - LOCATION OF SECOND ANEMOMETEZR

- COMPARISON . NO, — - — PEPCENT .
', INTERVAL DAYS ELEVATION ASPEC"’ & e ot DIFFERLNCE
’ : , T tm) DEG. SLOPE. | }sx':'s.mo c_o.\;.fmum : PRt
- — — - -
4-13 aug 10 2378 ) E10- ridgetop Drycs oes a—ctc-a/lxchen T
31 July-17 Aug 69. 18 2350 . W2 ridgetop Druce oc‘owetatallzchen 57
8-11 July 68 4. 2375 S30. Aobregia bell:rdz 45
©11~14 July 6 4 - 2350 . w2 - ridgetop 0. .pes cretala/lichen’ . 44
23-31- July 69 . 9 2360 SE25 D. octapt.ala ~Arctostapiylos uva-~ urci 14
19-25 July 68 C 7. o 2300 . N3 " forb neadow . 9
26 July~4 Aug 68 10 2320 SE2 . mixed, rostly snowbed -2
18-26 Aug 68 : 9 72228 SE5 . . heath & forb tundra ;.- - L w13
19 Aug-3 Sept 63 - 16 2200 NE? Pngllauc-c—»zc:-o:c “ertcnsiang - =13,
14-23 July 69 10 © 2320 - 81 ‘PryliodosavCcaag: Op2 rircansicra -19
14-19 July 68 - 5, 2350 - SE10  "heath's snowbed, below 'sharp oL =30

crest of hill

~ . -~ e v
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West ridge of Bald Hills on;26 qu”g 1971:
snowfree west=-facing slopes, a line of-

©

partly covered krumholz along .crest, and-

aeeply snow covered?heéth and
‘munities leeward.

Midwiptér‘(24 Jan 1970) appea-
tundra:  the only snowfree are
of boulder-field subtype of 1i

-snowbed com~

N BN

ance of upland
as are sections’
chen tundra

(in foreground), and of Dryas octopetala/

.+ lichen tundra. (centrally and on far hill). -

©
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Heath and snowbed communltles occupy s1tes with rela—’

tlvely low. w1ndspeeds (Table 11). Correlatlon of snow pattern

_w1th spec1f1c plant communltles is dlscussed in Chapter 5.

Den51ty ‘of sSnow in very w1ndy 51tes - w1ndslab - was

. 0.4~ -0.5. Most other 51tes ‘had low den51t1es in Nov—Dec :

(0. l 0 2), rlslng to O 5 0 6 b" May. Snow den51ty varied much

'more in a vertlcal rather than horlzontal plane, and did not

seem to correlate with the mosalc of plant communltles.

&7

©

e

[+

801ls 1n the Bald HlllS have developed malnly on a

~

thln layer of glac1al tlll derlved from local shales and o

conglomerates and dep051ted durlng Plelstocene glaclctlon.-

Ishallow lithic contact is found only in. areas of rock out—

~

Ccrops and the tops o0f some of the rldges ; Alluv1al znc COI"

i
/ ] -
‘luv1al parent mate 1als are unlmportant on an areal basis,

SN

'AlluV1um is very 1 cal ‘in: occurrence in the Bald HlllS’ and .

P

[

most colluv1um 1s/fresh and unstable (i. e. talus), and has_
negllglble plant fover and 5011 development

The Bald Hills soils strongly resemble those of other ﬁf

~alpine areas in the Canadlan Rockles (e. g. Beder 1967 Baptle

1968, Hrapko 1970 Knaplk 1973, Knapik et al 1973) . They/
: [
'are-extremely young, weakly developed and very coarse textdred
/
due to recent glac1at10n, slownéSS of weatherlrg and- 5011—‘y

formlng processes,.and dlsruptlve actlon of frost (Beder 1967)
Most 501ls 1n the Bald HlllS have a hlgh content of

pebbles and cobbles (Table 12) and are-coarse—textured,.
“‘, P2 “,, . N L o

RN
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TABLE 12. physical and c‘\cnlcai propcrties« of some Bald Hills soils.

Sete

- T ———
. SMNIPLE  COMRSE  2mm FRAGTIG PPM AVAIL,
PLANT COMMINITY Tvpp pas? Tgo;s ?;‘;r Hgg?f‘o.. JEPTH  FRAGTION i o
- : Tre SRR (m), T tem) (s wey SAND SILT Giay P N P g
Pryae octezetaiz/licnen g 2285 3-0 24 L :
: o S R TN 0~6 28 72 224 ¢ 4.5 ¢ ¢ 735
_ S G om 6-12 ¢ 16
Dryae octorezalz/lichen . g2 2285  an 0-9 63 -7
K o v c1 9-20 62 ]
: : SRR €2 . 3p0-39 £0 L 12 .
Dryas. octo;ctclc/lic}:cx; WIR2 T 2300 L. ®”-0 68, 4.9 1 9 gp -
S ] . o T ok 220 gy Tt 1 12 107 .
IR S R LI 0-18 33 T 802 4 39
Pryas octopetzizflichen - Cov 2288 apn 15 18 s2 3 10 ’
, Lo 0 Bn 15-20 . 4g . - 3.6 4 g8 26
: T L e B S 1 25-36 . 4 R 4.1 3 38 22 .
. R T 11c  40-s0 . 33 80 13 g S-4° 1.2 45
Dryas octopstela/licher . g2 2330 ang 0-5 . 51 73 ° 14 13 5.0 1 2 5
: coe T S . Ah2 5-13 ' g %1 3 3 5.4 0 3 s3
Yot IIC  20-39 30 42 41 19 ~
cnl o JILIC 40-50 0 4 51 28 21 5.6 1 12 75
lxtchttia roz-:’c'"gc/ S SES - 2285 0-10. | 35 5.0 1 9 g5 -
‘Dz‘yas ac;.o,a:a»: o ) Bm 10~ 28',' .38 72 . 19 9 5.2 - 0 15 58
e v o - 11C 28-3g’ < 8 54 g 5.9'\ 0 4 47
L. vm et S 5 11IC . 58~73.. - 49 7 19 .5 4.9 1 1 31
"cauiap. tetrzzce 0 ‘2330 Ah P or-4b 24 N £1. . 2 36 3
Dr{a’a ocio:y U : ) ; . £_4c .. 29 . <.0 -3.33 43
=/ 20 0 % a3 ;::1;; 13 . 22 M4 .18 g
Dryac oo c"e::.: (A . .. Ba - dvlS -25 5 64 24 12
o e S IXCT U 25-35 . 3. 65 21 14
s o © . IXIC  45-55 20 477 36 .17
tﬂ.BlOPd tet r—' = o b A 20 .24 ] 4.5 4 27 o4
Pryliocdoce® "’z:V liflora an 0-14- 31 g5 4, 19 4.8 1 3 33,
zubty'pe . : By 18-28 . 39 722 16 )2
‘ p c 48-53 ¢ . 52 35 18
Pryllodoce £lznz E3 . 2330 1 - 0-11 46 75 19 ¢
~Cassiope Foriengizma e Bxn 11-25 50 72 14 14 s
i o IIC 25-69 33 65. 177 g :
R P IIc 60-75 15 50 .25 . 15
S Ly : - 1IC 75.g% 12 . 64 12 22
d o _ s " - 11IC ss-'ss_. 49 64 212 24 5:1 ) .
L‘arcx,'v:‘i;ric:r.q‘ S s2 2315 2n " 0-5 g8 -, 3.6 7.77 24
(Burmock) R ” Bml 8-16 1 30 62 8 5.6 0 3 16
: - Bm2-  21-7¢ 5 40 52 g 3.8°° 2 47 357
c I5-43 . 53 S 5.0 1. 2 28
Carc: m»-z«.c:-s . Rl - 2300 an 0-10 1 60" 34 3 ’
(hazmdek) P ; N Bml 15-25 - 34 s¢ 19
. . © ' Bm2 28-32 0 30 .65 5
: ) N C - s3-57 0 20 71 9
. 1,5 - . kd . .
o % NE1S- 2285 oA . '0-4 S I 86 ¢ 8 5.6 1 10 s9
. W c s ‘€8 8¢ 8 8 5.3 1 8 59
, c 1 58 86 .. g 8 5.5 1 11 61
‘,,?, S : € . 30% 53 8s 7. .8 5.5 0 13 75
bare (snbvpatc.h) i 0 2250 < 0-2 - 31 T4 18 g . 4. 3 14 s9
} c2 2-8 S8 137 12 -
o lrtc:rfn.a . E3% 2225 ac 10-30 3s 20 24 €
¥R hunonl oc-x--'c i < . : . . .
“,...lrttnzcux rerze 0 2315 An 0-e 23 o 4.8 1 ¢ s3
& Salir arctica T . - Bm . ‘8-2% 8 - 33 3¢ 28 5.4 1 3 -39 )
1 , : . _ c1 25-60 22 R S.2° 1 ¢ 33 i
o o v € . §0-75 -38 44..26 . 30 -T°7 ¢ . -
‘Sliqht depression. f : : e L N o R e

Under Caaeizize :c:.-::;::.r'.u. _ . ) v
cOnder Drgcn ocizzezala. : . ) : ) o o . ’ !
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mainly sandy loams with some sil@?loams, loams and clay loams. ‘

- They are acid to highly ac1d (pH 5.9-3.6), and pH 1ncreases

‘with depth. Frost action has dlsrupted many of the proflles.

The commonest effects are (1) burial of A horlzons 1n SOll-

\

fluction terracette flelds, and (2) formatlon of 51lt bands
and lenses in hummocky tundra.“ Knaplk et al. (1973) reported
thin- lay rs and lenses of VOlcanlc ash in tundra 501ls from
'Banff Park, and. ash dep051ts to 1 m thlck in small depres—

: 51onal areas. The latter has not been observed in the Bald

Hllls. On Slgnal Mt., Hrapko (1970) recorded 5011 pH values
¥ L
between: 6.5 andv4,5, generally low nitrate. and phosphage (

Y

valuesr and very varlable potassium.. A 51m11ar pattern . I

obtalns in the Bald Hllls (Table 12), though pH values seem.

slightly lower. | | °f' |
.Much of the upland tundra in the Bald Hills has a very

Smele s01l proflle of rocks, pebbles and flnes that show

llttle change with depth.. Class1f1ed as Orthlc Regosol ‘this

5011 type 1s characterlzed by a thln, dlscontlnuous A horlzon

over rocky, relatlvely unaltered materlal ‘and- lacklng a B :
hori zon.’ . The parent materlal is loose and ‘near - tﬂeﬁsurface.

a

Even less altered are Orthlc Regosols 1n extrémely late—’

meltlng snowbeds w1th llttle Oor no plant cover. -There~1s

-

typlcally a homOgeneous proflle~of small loose pebbles ex-»

hlbltlng very llttle chemlcal or phy51cal change w1th depth
(cf LuzuZa snowbed Table 12)
An Orthlc Regosol proflle 1s descrlbed below.v'It is -

sitebs38, altltude 2330-m,ﬁon agzo S-facing slope. -Thef

. 49
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rapldly dralned pedon supports :a Dryas octopetaZa/llchen

communlty
IHOrlzon Depth‘u ‘ Description
. " (cm) '
L ;’2-0 Discontinuouszrycs turf;_abundant, consplct
| . .uous fine and medlum roots; clearﬂboundarf;
l'b to 3 cm‘thick.
_Ah QflS fellowish gray K2.5Y,5/3).§ra§elly loamy
.. 'sand; weak, fine Qranular- very friable;
- rfalrly abundant, consplcuous roots, 55%r
'coarse fragments, strongly acid;
'.1rregular boundary. |
- I'IC’t , 15-40 5Yellow1sh gray (2. SY 5/4) clay loam, weak
M-i_granular°-some roots to 30 cm, verylfew
beyond 30% coarse fragments; medlum B
‘ac1d- abrupt 1rregular boundary. j o
< \)e\+ Dull yellow (2.5Y 5.5/3) gravelly clay

loam; loose, exceedlngly few, flge roots;

40% coarse fragments medium aci

Under hlgh or complete plant cover 1n me51c 51tes

.there is better s01l development B horlzons are/present
/

and -the soils are clas51f1ed as BrUnlsols* 3;/ g soil pro-

flles in heath-domlnated tundra are Alplné Dy&trlc Brunlsols.
. ‘, E‘i _f 14‘ , /
A falrly typlcal proflle is. descrlbed below. It 1s site Sll*_

altltude 2330 m, on ‘a. 3 E-faclng slope. .The well dralned

”pedon supports a PhyZZodoce gZanduszZora Cass ope mertenszana.

50
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community.

-

Horizon = Depth ‘ : Description
. (cm) ,

]
N

L 5-0 ° Brownish _gray (lOYR‘4/1 5) turf' abundant,
| | flne and mediuh roots, strongly acid; clear,
- wavy boundary; 4 to 8 cm thick. - -

Ah . 0-6 Dark grayish yellow (2. 5Y 4/2), graylsh

yellow brown (lOYR 4/2 Lay loam;.weak

flnely granular; friable; airly abundant
flne roots,'strongly ac1d- clear, wavy
R  boundary. | , |
" Bm _a v”»6f16 Dull yellow1sn brown (lOYR 5/4), dull yel-iy
| | | lowish orange (lOYR 6/3) clay loam,.weak
‘medlum platy, few,\flne Foots; 10%
coarse fragments, strongly ac1d- "
» - alrregular bounﬂary, 8 to 18 cm thlck
gﬁ/IIBm -l6—26' Dull yellow1sh brown (lOYR 5/4) 51lt loam,
| ‘ medium subangular blocky, few, flne roots,i
only l% coarse fragments, strongly ac1d
yclear wavy boundary. ' ‘ .
IIC 26-55 ° ‘Dull yellow (2.5Y 5. 5/4)° gravelly sandy ‘
| . | - aloam, medium subangular blocky, very few,\3§
- fine roots to 40 cm; 60% cobbles,- |
:;strongly acid; ,;rregular‘boundary, )
c | _55+"J@Yellowish”grayv(Z.SY 5/4) sandy loall"n.;_~

%
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Correlation between soil subgroups and vegetation types~

. in the Bald Hills is not very good. In general, Orthic

“Regosols support rocky upland tundra communltles, while

”ﬁAlplne Dystrlc Brunlsols support heath domlnated vegetatlon.
- There are exceptlons, ‘as Knaplk (1973) has shown 1n an alpine

tundra area of Banff Park For example, communltles domi-

aated by Casszope tetragona may have Orthlc Regosols, Cumullc

'-Regosols, or Alplne Dystrlc Brunlsols (Knaplk et al. l973)

3

There is better correlation between soils and some of
the less 1mportant plant communlty types 1n the Bald Hills.
4'Cumullc Regosol proflles on steep Slopes where the 5011
pedons have been churned up by gravitational movement |
‘support herb meadow vegetatlon, specI?lcally the Artemzsta
norvegzca -Anemone occzdentalzs community type (cf. p 108)

“f Cumullc Regosols on gently sloplng, recent alluv1a1 depos1ts

have willow scrub or certaln herb meadow communltles. Bog

communities have poorly dralned Gleysollo-solls.

52



% .5. VEGETATION

METHODS

ﬁeconnagégance e

*ﬁ» first field season;,l968, was spent in environmen-
talumonitering and general familiarization with the flora of
_the study area; Tentative community types were delineated,
,_and'phenologyvpursued to some extent. *”“ |

,In41§68—7l I‘Vlsited‘tundra ateas in Jasper Park and
other Cordilleran.regions, to get some“idea of geographical
relationships of‘the»Bald Hills.plant.communities and tﬁe
reglonal status of Dryas. My 1972 =73 1nvolvement in- vegeta—A
tion studles at- Waterton Lakes Natlonal Park (Kuchar 1973) |
_and Yoho Natlonal Park.(Kuchar unpubl ) enabled-me to supple—‘
ment Bald Hllls data, espe01ally ‘in the typlflcatlon of

‘vegetatlon domlnated by Dryas octopetala.

Stand ;

Most'ofAthe.quantitative data on'plant community struc-

-

 ture and composition were gathered in 1969. I'subjectively,
1‘_chOSe'representativeastands (Fig.VZ) ofﬁa;eally importaht

~commun1ty types, and'of some un‘common but unique or atyplcal

o

b valze,a 2) by Vlsual ﬁnspectlon no cllnal varlatlons of plant
'¥J,cover, plant comp051t10n, or phy51cal habltat- 3)- w1th1n the

l?.?stand no pockets larger than l m2 of vegetatlon belonglng

.to a dlfferent communlty type. Sampllng dates were in- most

'~1nstances suff1c1ently late for full expre551on of vascular

S
Y e
o

f::types.v Crlterla for stand selectlon were. 1) llx21 m mlnlmum -
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plant_phenology and cover.

Thirty 25x25 cm quadrats were used in 18 of the 21 -
stands. ’Twenty—five 20x50 cm quadratsiwere'used for.more pre-
cise‘quantification\of plant cover.in one stand, site of inten-
‘sivefinvertebrate studies. One hundred quadrats were used in,

éach of two low-cover stands. The 25x25vcm-quadrat was used
in another alpinelstudy in the park (Hraoko 1970), and is a
vmore aépropriate size for estimating coverage of small.clones
" of lichen and bryophytes'tnan the more comﬁonly used 20x50 cm
quadrat.. isodiametric quadrats are tneoretically inferior to
“rectangular:onesrkDaubenmire.l968), but'not by much since there
is the'perimeter,factor. The 20x50 cmvsize seems'to be tradi-
tlonal in North American studies of ‘alpine vegetatlon. Its
: use can be traced to Caln (1943), who advocated it as the 1deal
51ze.. However, hlS conclu510ns were based on wnat can hardly |
be ‘called exhaustive study, in varlety of tundra types as well
as sampl;ng'schemes. Eddleman et al. (1964) investigated -
‘dgfferent sizes; numbers, andishapes of quadrats and’concluded
that shape was not important. They'stresSed‘quadrat size,“ 
and indicated that for tundra veget%tion, 4 am? quadrats wereff
as'suitable'as 8 or 16 dm? ones. . N o

A random numbers table was used to'establish'coordinates'
Qfor‘quadrat placement in;eachaiOxéo'm plot, ?Within'each dua¥ |
’drat, visual cover estlmates WEre made using: thlS scale. +<l%,
'-151—5%, 2 6 15%, 3= 16-25%, 4 26 50%, 5=51-75%, 6=76~ 95%,

7rCa 100%. Estlmates 1ncluded' each dlstlngulshable taxon of

,vascular plants, bryophytes and llchens, ground surface type,' , §

-t
o
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total cover of vasculars, of brYOpﬁytes,'and of lichens. True
cover, i.e; the vertical'projectlon on the ground of living |
plant parts, was gsedArather than "canopy cover" (baubenmire
1968). The majorjdrawbackvof true cover was.its dememphasisA
of‘mat-forming specles‘especially«Dryas octopetala, whose low
live.shoot cover belied its ecological weight. o S

| AS~a'standard with which ro coﬁpare the degree of accu-
racy of cover estlmatlon I also used the p01nt—sample method -
in the first stand. 1In each quadrat I. took two rows, perpen=
dlcular to one anbther, of 2% p01nt samples each At 1 cm
’ lntervals on a wooden sampling frame, no. 12 knitting needles:
- with sharpened points were‘lowered vertically'andzall~hitsl
recorded.'.My subjective.estimates were high,’so I aajusted'

quadrat cover values. I compared visual and point-sample-

esﬁfﬁaaes\, in in the ninth stand.¢ 4

'wle. Unfortunately,
7~

Aﬁyegetation hompgeneous
‘;mOSt species when‘
\aito»ﬁse rigorous
'“:95%-conf;dence llmlts, viz. 10% of mean? 5o Of}the'more
important.species; however,-lirerally huﬁdreés'offquadrats
would have been required in almost all stanas.‘ My-choice of
30 quaarats was a coﬁpromise - it gaﬁe the florisﬁic picture
and good estimates of total cover of major plant groups (Ta—
ible 13), but poor estlmates for most spec1es. Thirty 25x25

2

em quadrats, orvl.88 m,, compare favorably with the commonly



ST LR 130 Nirety-five vcent confidence intervhl expressed
as a frhciio o5f cover estimates of ajor plant

Jrouns irn s: . stands.
VEGET ATT ON STrD. SCULAR BRYOPHYTES LICHENS - TOTAL-‘
Yr= , T 2LANTS i . VEGETATION
2zEl tuniia 9 0.12 . 0.19 0.16 0.09\\
14 0.09 0.19 “0.21 0.07
0.12 - 0.28 - .0.22 0.08
Dryas/lic 6 0.43 0.43 - 0.21  0.18
tundra 7 0.30 0.51 0.15 0.11
Forb meadow 217 " 0.12 | .0.14 0.57 ' 0.08
=
:used twenty 20x50 cmlquadrats,ﬂor‘Z 00 m2. 1In stands 29
.and 30, (Table l6 81), the- Very low % plant cover (and

therefore hlgher sampllng speed) p“ompted me to use a larger
number of quadrats Very low standard errors of the means,
and the low numbers of specles not found in the quadrats, are
'suggestlve_of adequate sampllng 1ntensity.
Other observatlons in the stands incluc.:d: s01l tem~
-peratures at -15 cm, taken four tlmes in the l970 seaso n.

plant stratlflcatlon and helghts, slope and- aspect rlowerlng

‘and trultlng of vasculars, plant spe01es absent from the‘Qua—

I3

'fdrats, topography, cryopedlc features,4w1nd deflatlon features,.

o \

mlsccllaneous (e.g. burrows).

&3

-

Transects R R v p. S '}

- Three transect studies were done (Fig. 2): (1).on DrJas%
domlnated tundra on top of the Bal@—ﬂlll (2) across’ a’ snowbed—
L meadow complex, (3) 1n a coenocJJne from Druns/llchen through '

‘to Carem uvgrLcans communlty.
: : A
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(1) Three basellnes,t375 55 and 35 m long, were

'establlshed over pryas domlnated tundra. on the Bald Hlll At

N/

5m 1ntervals, two ' 25x25 scm quadrats were set out at random
,) ¥
dlstances of l =10 m perpendlcular to the llne. Estlmates

were made of each vascular plant.spec1es cover; total cover
P

‘lf

of each of vasculag plants, bryophytes, and lichens; _pover by
major ground suré%ce types. o

- (2) g basellne was establlshed across herb- domlnated‘
vegetatlon in a sllght depressron trending up a very gentle
' SE—fa01ng slope. Eleven 20x50 cm: quadrats were lald down at
2m intervals. Then came three serles of 3 quadrats at 2 m
~‘1ntervals, each series separated by 10 m. All quadrats were
orlented w1th long axis perpendlcular to slope. Percent coverv

o

" of all vascular plants and cryptogams was estlmateidgsﬁeach

, quadrat

i (3) A N-S-baseline was establlshed over the rounded_
;top ofusmsmall hill and down the 5-—10O N slope, cuttlng across
ps;x dlStlnCt plant communltles. Nlnety—one 20x50 cm quadrats

?“were lald ‘down at 0. Slm 1ntervals, long'ax1s ofueach perpen—“

"dlcglar to slope. - Cover estlmates 1ncluded. all recognlzably

dlffereht vascular and non- vascular plant spec1es-'total Q-

ver of each of vascular plants, bryophytes and llchens- ground

surface type.~ Soil temperature ( 15 cm) and % soil m01sture

(at 0 8 cm) were determlned three times in the season. Pheno—'p

loglcal notes were taken at approx1mately two-week 1ntervals

1n 1969

=1
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Other vegetatlonal stud1es~'.@¢.&mm
o S

Some plant communltles, notably small, poorly developed

58

s
or florlstlcally Simple ones, were not sampled quantltatlvely.

Spec1es llStS were made, domlnants noted general habltat
‘descrlptlons secured and'someuphenological events3followed.
| | The small hlll Just south of the lookout was chosen as
a good site of forest—tundra vegetatlon. A 45x115 m tract
and assoc1ated ground vegetatlon. .
: Mlcro—COmmunlty-patterns were studled but thesehare
related in Chapter 7. - l" P ". f: | j%j' .
Phenologlcal notes were taken throughout the 1968 70
:1seasons,oand durlng trlps in 1971 and 1972, 1 usually noted
_flowerlng, frult development and frult dlspersal : Phenolof :
: glcal curves and profiles were lrawn up, based on Presence

of flowers, frult and sheddlng frult

YISXnthesis ' ,T-‘”: o ,; e .~; _

- Mean, standard devlatlon, standard error of the - mean,;
" and” percent quadrat frequency were calculated for cover estl—l
mates in each of the sampled stands. The second and third

,transects were - sectloned 1nto what appeared to be natural |

communltles, and the‘above,calculations‘made within each. = -

than l@% or mean cover greater than 0. 5% 1n any stand.v Pro—
mlnence Values (PV = mean cover X frequency )(Strlnger and

R ]

La-R01 l970) were calculated for each speCLes in each stand,



|
e

-Similarity coefficients (C = 2w/(a+b) X 100) were computed
between all p0551ble stand pairs., The stangs were ordlnated
using Easton and Precht's (ca. 1973) ordlnatlon program based
on Beals (1960) and Eray andaCurtis;(1957).4“Ordinations were'

i

based on Prominence,Vaiues as well as mé€an cover values..

‘ RS B ue o ) ' 3 |
Whittaker and Gauch. (1973) recommend the“Bray and Curtis me-
thod over other" types of ordlnatlon, for ltS clarlty of tech—

nlque and relative freedom from dlstortlon.

_ CLASSIFICATION -

Vegetation units’
By av01d1ng overt gradlents while selectlng Stands, Id

{was opt1m121ng the chances of flndlng (and deSCrlblng) near-

\

i_peak or. nodal expre551ons of dlfferent plant assemblages, viz.
commynlty types. These are abstract unlts of low rank that

' represent the theoretlcal nodd“.of the"study'area's vegeta—

s

tlc.. -I con51dered domlnant‘species'in-major strata as‘the

most 1mportant crlterlon ln ‘the dellneatlon of communlty types.'

e ¥

"Most types were named after the two spec1es w1th hlghest per—_'

cent cover. Dlstlnct and usually recurrlng structural or .
comp051tlonal varlants were aSSLgned subtype status.

Communlty types were’ organlzed 1nto Groups, based j
chlefly on growth form in the domlnant layer(s) and on srte »
condltlons espe01ally 5011 m01sture. ’These'Groups‘correspond“
to alllances of European phytosoc1ology, and the communlty

types correspond to, or perhaps are: used in-a. sllghtly broader

sense than,'assoc1at1ons. Whlttaker (1973T recommen- the

/



";second Spllt the use_of domlnant specles, to be a self—evident

s )

I

".features are common. There are two,Subgrohps, one character—

~and.natural. choice.-

'crlterla used above in vegetatlon classrflcatlon. He considers

+

. the fllSt split, based on structure, as tradltlonal- ‘and the

L

o

,Classificatfon'df Baid.Hills vegetation'

I3

Bald Hills tundra embraces four ma]or Groups of plant

communltleS‘ Stony Tundra, Heath Tundra, Herb Meaoows, and

Snowbeds (Table 14). Stony Tundra’ occuples exposed, sometimes»
. rather unstable 51tes. hilltops and rldge crests, S and
"W~fac1ng slopes, some steep E- fac1ng slopes. Most communltles

of the Group have a coarse surface of varlous -sized pebbles,

sometlmes boulders, v1rtually no 5011 development (Regdsol); -

%

a‘w1ndy, xerlc env1ronment rock llchens, Dryas octopetala

and/or cushlon ‘and rosette vaSculars. 'Frost—patterned ground

.ized by the domlnance of Dryas octopetala and the other by F

its ﬁotal or v1rtual whcewce. . . R -
- - . -
Heath Tundra is ueveloped on mesic N and E- fac1ng

9o, -

tslopes and locally on W- fac1ng slopes.— It i& most promlnent

1 AN : ’

within and lmmedlately avae the forest tundra zone (Appendlx

4) The Group is a tlght knlt one- most communltles have a
hlgh and homogeneousl cover of mOuntaln heathers ln the genera

Cass¢ope and PhyZZodoce,'there 1s,_for alphne vegetatlon,

\
“relatlvely good 5011 development (often Orth;c Brunlsoll, the

B

W

»

) N ‘ R i

'leq Table 14 the - ratlo of meap cover; to standard dev1atlon,

an estlmate,of dlsper51on, is relatlvely hlgh

"
N !
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: glandulzﬁibp& and C.  mertensiana in the depressed sections.

.S0ill is cold, well- dralned rarely low in soil moisture. The

nities of the Group are small size. (<O 3 ha) /dlschaﬁge of

b

only perlglac1al features are hummocks (in most communltles)

an{ small bare patches generated by needle -ice formatlon -and

wind. Larger tracts of Heath Tundra often entail a mosaic

of" two community - types, one dominated by cC. ~tetragona and

Dryas octopetala on sllght rlses and rldges, the other by P.

Herb Meadowsl are found below 2300 m on. gentle to steep ; i'

slopes of E and N aspects. Features possessed by most commu-

. -

water (and probably nutrlents) through the co unity from
meltlng snowbanks, soils therefore silty or clayey, absence -
or: relatlve unlmportance of per1glac1al features, high pro-

duct1v1ty and thick cover of forbs, lichens very;low:in-coverp/

,Artemtsza norvegzca, the-binding species\Of the Group, usually

abundant

Snowbed communities are typlcally small, lylng in con-

cav1t1es, 1ee sides of rldges and other 51tes w1th deep snow

accumulatlon andllate meltout. The grow1ng season 'is shorter'

.)'

than two months, ln some years only one month Gram1n01ds,

| from sparse to very dense cover, usually far outwelgh all

T

lA varlety of appellatlons 1s avallable for Herb Meadow. tlm—.

berllne meadow (Habeck 1969, Balg 1972), alplne meadow (Moss

,1955 Beder 1967 Habeck 1967), subalplne meadow (Kuramoto

and Bliss 1970 Douglas 1972), forest/tundra meadow (Kuchar

.1972), chlonophlllc meadow (Kuchar 1973).



other plant groups. O o ' T '”,v [

Due to thelr local nature, small size and unlque S
— oo -

structure, flora or: abltat six commun:ty typos do not flt

3

into the above scheme. These.: 1nclude conlfer domlnated

areas, w1llow and othfr sé ub, and boggy or marshyVSLtes._

—~

‘Orxdination- | ' - \\>

.
e ‘\‘c

Ordination using Prominence Values proved virtually

o

41dent1cal to that based _on cover values alone (cf also.Achuff

1974), so I selected the latter. A 51mple correlatlon coeffl—

c1ent was cpmputed betueen)lnterstand dlstance and, correspon—,
ding matrlx dlSSlmllarltV values for all palrs of stands."%A
alghly slgnlflcanc correlati®n (r‘=={§. 5, P’ﬁ 01) - Suggested

“hat the ordlnatlon oeolcted the simi arltv matrlx in a rea-

. LK-\‘ SoLw
sonably faithful manner. - S \5\&

Ordlnatlon was not used to ldentlfy-or even suggest
F

-he communlty types or major ' noda bUL rather as.a relatlve-

ly oojectlve valldatlon of the clas51f1catlon.‘ Since the low

sampllng lntenSLty missed s$dme cerumunity types, I would have’

been hard pressed, usin g what' data I'had, to derive a definite .

cLasslflcatlon of the Bald Hllls vegetatlon through synthetlc,
1nduct1ve or other stthstlcally based technlques. Lambert
and Dale (1964) conteno tnat it is probably better tb start:
classrfylng lmmedla tely, ndVOrdlnate later. a %

In my oplnlon, tqe dellneatlon of major and mlnor con—

] .
manltv types can- be helood as mutn by experience as by:the

atncrlng and syntheSLS or guanultatlve data. Some communl:“a'

R

~'t1es can be readllv snOtted in the rleld and lJLLle experlence

A

is nz2eded to characterlze tnem. vOtﬁers are more subtle,,and

- : .. R . Lo ’ ¢

’
B



only some or a good deal of familiarity wit

tation may be a prefequisite'for-their»detectiog.

o

where experienCe has been stressed by European phytosocielo—

‘_ gists.

™

Yo

% FRR

& "

h 'the arca's vege-

Here 1is

. Distribution of starnds on _the ordlnatlon

The ordin@tion using alg stands and transect segments )

is displayed in Fig.

in the lower left portion of the field.

.27,28) and cushion—rosette (nos.’

1.

Most of the stands are clustered
The two snowbed (nos.

29 30) stands are lsolated

..L. e ~-7

P

-

T4

3 -
S 29
. -b ¢
N ; '
4 1 s ) °. ‘
s e -
;g ‘ 8 } 16 2°7 2.8
1 180' ( . o
29 Booq5 -t
Ll 1 ; L] 4
0 2
. ; 9 4 ]
2% 17,
. 20 ) 23
o
- 22
\\ .
T 224
L J -
i _,1 L
FIG. 11. ‘Distribution of all stands on

the ordination field.
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from the others. Though this comes as no surprise, cdnsider—

ing theLr extreme dlSSlmllarltY (Appcndlx 5),'the clusterlng

effect tends to obscure stand .

1nterrelatlonsh1ps. To increase

the spread I excluded stands 27-30 and re- ordlnated the data.

(‘(
The new ordlnatLOn (Flg

12) proved much . more satlsfactory and
was used thereafter.

There 1is strong separatlon along both axes (Flg. 12),

and_ mlld clustering °

n the upper middle of the fleld. The

stahd dlstrlbutlon may be explalned as a curv1ng coenocllne.

Q. - 2.6

PO

z
Cass/pe tetragona . o
, 9* /Dryas octopetala v

Dryas oCiopatala™~
liichen s 3 4 ‘
78 ) 21

" A \g i ' i ““
Dlstrlbutlon of"éfands on the ordin
"

ation fleld

stands 279- 30~e<cluded from the. ordlnatlon),~
and the major noda«of Bald Hills Vegetaﬁﬁon
%that - ‘they replesamt

o E

PR




' tundra type).

'Ordlnatlons when viewed in’ 3 two—dimenSional form often produce'
dlstorted coenocllnes, sometlnes (as here) in the form of an ,'
axrch LWhlttaker and Gauch 1973)._

Major noda on the coenocline 1nclude Dryas octopetala/
llchen conmunltles at the very left, Cassiope tetragona/D.
octopetala at ‘upper left—centre, grading into Pryllodoce.
gZanduZLonra Casszope merterszana and,; at the bottom, Luetkea
_pecttnata.; Herb meadows are pos1tloned near the mesic portlonv-
of the heath sequenceq but form a ‘group apart from the coeno-
cline (as one mlght expect, 51nce they are probably not a zonal

[

Instrlbutlon of communlty attrlbutes on the ordlnatlon

Env1ronmental varkables and vecetatlonal attrlbutes were
' plotted on the o;dlnatlon field, and 1socene5'(Whittaker 1972)
.drawn (Flgs. 13,14). 7This Was not done for altltude, aspect
'slope, or lltter cover, 51nce llttle Or. no- correlatlon was'
ev1dent between thesecand\pgant spec1es or communlty patterns.
There may be a correlation with mean daily surface or near~'
rsurface temperature in July and_August but toa few sites were

dmonltored to present an adequate}trend.

a

A trend is seen along the coenocllneﬂbetween major com—f}
muhlty types and percent rock cover,.snowdepth and snow re—
.lease dates (F’g. 13) From Dryas-domlnated vegetatlon through.
thﬂ heath sequence to Luetkea pectznata, there is progre551vely
greater w1nter snowcover, later cnowmelt dates, and decreaSLng
rotk cover; Both herb and shrub cover. rlse along the coeno-

cline. Totak'plant cover 1ncreases, but‘llchen cover-decreases

-~
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H=10- 20 May, ‘c=21- 31 May, ¢= 1 =10 June, e= ll 20
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as open, lithic sites are transmogrified rnto a vegetatlonal
' canopy. nghest vascular plant cover and lowest lichen cover
‘are in the herb- domlnated group.

Most. plant species, 1nclud1ng those w1th hlgh cover
(Flg. 14),‘show clear- cut polarlzatlon. Dryas octopetala and
Saliz nivalis (and also all sax1colous llchens) are strong in
the left section of the ordlnatlon field that reflects early
snOWmelt and relatlvely xeric conditions, but are wanting
elsewhere. " The heaths (Casszope sSpp- PhyZZodoce gZanduZLflora)
are strong in the me51c central portlon but very rare or absent
elsewhere. Artemzsza norvegzca, Carex spectabzlzs, and many
other herbs are best represented in the rlght part of the
fielq, 51gn1fy1ng contlnuous m01sture supply from meltlng
snowbanks. LOphozza s.1. and Carex nzgrzcans/pyrenatca (and
Luetkea pectznata, found only in stands 16— 19) are correlated
w1th very late- meltlng snowbeds. Antennarza lanata (and
Szbbaldza procumbens) is situated ﬁedially between snowbeds
and herb‘meadows | |

Casstope terraaona, Phyllodoce gZanduszZora, Leprarza
neglecta and PoZytrﬂehum ptszerum peak in the upper centre,

s

_in what mlght be termed the mesosxeric nodum Notable is the

kY

correlatlon of the two cryptogams w1th peaklng mlneral surface ‘
cover - thelr ablllty to colonlze denuded surfaces is» reflec—
ted ln the;r hlgh cover here.'

e There are no spec1es equally abundant throughout the
ordlnatlon fleld. Vearest this condltlon are some llchens of

- wide ecologlcal amplltude (also cf. Apoendlx 6), elg. Cladonia

69
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&

ecmocyna and Cladina mitis (also Stereocaﬁlonfplpznum, Cetraria

,“»4 .
R

erzcetorum/zslandzca, Cladonza cocczfera/pnrzda f 3 but even

these exhibit deflnlte habitat preferences.

In conclusion, the stand dlstrlbutron on ‘the ordination
'fieid.may’be‘eXplained in terms of snowgdeptb,'snowmelt,,and
available soil mbisturefthrough the season-togetner with
second—order factors such as siope; aspect; soil temperature.‘
Dryas oomlnated communltles are assoc1ated with gravelly,
pthlnly snow- covered and early- meltlng 51tes. Heath communities
dominated.by dwarf shrubs, form an ecologlcal series with
. three noda, relat}Vely'xericpsites with'Cassiope tetragona,

mesic PhyZZodoceﬁglandulifloraebassiope mertensiand, andi

v

_meso—hydric Luetkéavpeetinata where snowdepth is greatest and - -

' meltout latest. Heavily Vegetated herb meadows stand apart
from the . Dryas -heaths coenocllne They are probably correla-
ted with ewven moisture supply 'rather}than with snowdepth or

meltout times.

PLANT COMMINITY TYPES

'Stony Tundra Gro_p

1. Dryas octopetala/llchen type (stands 3-7, Table 15)

ThlS communlty type covers the most area of any in the-
Bald Hllls, in a w1de elevatlonal range. - It is represented
on stable rldge crests anc gentle slopes of. all aspects, and
is exposed to w1nd from most dlrectlons. ‘The ground surface

is a mixture of pebbles and sand (Plate 7),-or may have a



TABLE 15.

Percent éover and frequency (in 1ta11cs) of ~lant species in
stands of the Dryas ~undra subgroup. _ .
STAND NO. 1 2 3 4 5 6 7
ALTITUDE (m x 10) 229 213 226 229 \?35 235 235
ASPECT & DEGREE SLOPE SE7 0 NE3 - 0 SE4 W2 0
DWARF SHRUBS .
Cassiope tetraaona . +.03 +.04 . - . . S
Dryas octopetala 6.80 5.60 6.99 3.46 13.87 1.13" 5.90
Empetrum nigrum . . P - . - .
Phyllodoce gZ"nduszZora . 1.03 P . . - o -
Picea engelmannii .« . - P . . - .
Salix aretica .07 2.50 - +.0¢4 . . . .
Salix nivalis 2.47 3.60 1.60 +.25 5.87 2.%3 4.60
Sibbaldia procumbens . +.07 . . ‘e .. .«
' Vacczntum vitis-idaea . 4.03 4.99- 2.58 . .
GRAMIWOIDS E -
Agrostzs variabilis . +.40 . . S, J.
Carexz albonigra. o +.13 P .. +.03 +.07 07
-Carex-nardina . < . . . . #.33
Carex phaeocephala +.23 . . . . .. T
'Festuca brachvphylla e 1.93 1.63 +.20 . 4,30 +.07 +&13
Hierochloe alpina - | *.07 P +.04 +.03 . - *10
Luzula spicata +.60 +.07 +.20 . +.37 +.07 B
Poa grayana +.23 +.07 P +.21 +.07 +.'0.3’,l N3
szsetum spicatum - .. . +.13 P . 4.0¢4 P . "+.1§
" “BORBS . S
Androgace sep+ﬂnvrtona1zs o +.03 . U4 . .. - .
Anemgﬂaadsummo : e . - e e . - P
Antennaria’ 315 a{umbrznella +.17 +.50 +.04 <08 +.20 +.07 +.17
Antennaria Zanata 1.77 +.07 . . P . .
Arenaria obtusiloba 1.77 +.10 - +.28 . +.10 . .
Arenaria rubella .l . o+.16 . . +.07 +.03
‘Arnica alpina ' e Ut e . . . . P
Artemisia norvegzca 7.90 '2.57 P . .10 o .
C&hpanula lastocarpa +.37 +.60 +.16  4.13 1.17 . +;§3
Castillcéja oceidéntalis - +.23 | . o . . . .
Draba incerta : oy T e +.12 . e . -
Draba Zonchocarpa‘ - +.03 . . . +.03 +.03
Draba sp. +.072. +.03 Ju .. +.07 . .
Erigeron aureus 2.97 . o e . . .
Gentiana glauca , . +.30 B [ . . .
Ozytropis campestris. en . \ o e . +.23
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TABLE 15 (cbnt'ad)

&

STAND NO. 1 2 3. 4 5 g g
I ‘ 4
El
O:thaprs~vodocarpa ' - . - - - . . +.23
Pedtcularis arctica . +.07 +.08 -, +.07 . . L
Polyconun vivipapum +.17 - +.30- . . +.20 . -
Potentilla. dzverszfolta 1.72 +.20 . Lo . . -
Potentilla‘cf. nivea . . . “u +.08 +.03. +.13
fotentilla uniflora . . +.04 - i R N .
Saxifrasz bronchialis .- . p . . . +.03
Sazxifraga caespitosa . . . . . P .

.~ Sedun sterove*alum +.50 . P . //ﬂ_g;,///f .
‘Selaginella densa +.57 . . . 1.40 . +.33
Silene acaulis e +.07 . P .« +.17 . .
Solidazo n¢,§zradzata . ., . . . . +.03
Stellaria Zongzpes +.03 . . . - . .
HEPATICS | o ‘ o ; _
Anasiropryllun minutum C. P . . - . .
Cephalozia sp. P . . +.04 . . .
Cepnaloziella sp. . P . e .13 . +.13 .
‘Gymnoritrium corallioides . 1,57 1.2% . +.10 . +.17
Lophozia sensu latol .13 .37 +.16 . #.21 +.17 +.77 .
'Piilidium ciliare . . +.08 .- . . . -
MOSSES . - —
Anblystegium serpens . +.07 . 8 . . e
Bracr/,aenzxn sp. o P ‘- . . . . .
Bryum-spp. Fe17 1.83 +.20 #.16 " 4.50 +.30 +.47
Ceratodor: . p4rpureus_ : K"vf P . +.08 2.57 . -
Conostorum tetragonum - R +.27 2 . . +.13
Eosravo”on;lat,‘olius . +.03 +.44 ., . . .
Dicraroveisia erispula . . +.08 s b . . .
IDLcranxn’?aqx ifolium . . 1.72 +.¢08 . . . .
Dicrarun scosarium +.07 +.47 . +.33 4,03 +.03 +.03
Znealyoia ”c::,ocarva . . . . . +.03 +.10
SL”PJncnzx" pulchellum - . . +.04 ’
ﬁyloco"z41 sgbendens . . . - . +.03 .

Mnium blyttii . . <. #.08 +.07 4117 +.10

Nyurella julacea - - l1.92. . . e
ParﬂZQJchr,xv enerve . tor? T +.04 . T .
"Pogornaium urnigerunm . .- . . . 1.47 .
Polytrick:sﬁr4ﬂ alpinum L e . . 4,43 +.60
Polytricsium jutinerinum - - +.37 2,87 +.60 - e e . Lol
Polytricaum 2iliferum 1.80 12.97 '1.80 1.751.73 +.33 +.37
Rracomitrium cf. canescens . +.13 . . - e e
-.hacov'tr~5v‘ia,ugiﬁosum . . ¢4 +.54 1.37 1.53 .

o RAgiidium ruzosum o . . . +.13 +.10 P .
mrtd ‘ruralis , Fed3 4,03 +.04 #.13 +.03 +.17 +.03

"N
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TABLE- 15 (cont'd)

' STAND NO. 1 2" 3 4 5 6 7.
i "SAXICOLOUS LICHENS « _ - - v o S
.Zectaria,pubescens . v .52 +.08 3.353 7.97 10,99
Candelariellaq vitellina . . +.64 - . +.23 +.83 +.8¢0
Cétraria commizta ~ . - . . 1.32  1.89 - P .

Cetraria hepatizon . i . +.03 . .

] . ‘) M ~' . B . !
Haematomma lapponicum . s . . o . +.13
Hypogymnia ingestiniformis . . +.44 2.46 2,50 3.97. 1.97

Lecanora cf. dhelanophthaima
Lec@nbra,polytropa : :

Lecanora rupicola
Lecanora sp..

Lecidea spp.2 .
‘Parmelia cf. disjuneta

Parmelia taractica
Rhizocarpon disporum - -

‘Rhtzocarpon
Rhizocarpon

Rhizocarpon

gecgraphicum.

macrosporum

sphaerosporum

Rhizocarpon.sp. . D

?Umbilicaria-hyperborea
Umbilicaria proboscidea "

Xanfhoria‘elegang'

NON-SAXICOLOUS LICHENS = '
Alectoria chalybeiformis
. Alectoria ochroleuwea &
A.;nigrécanS' o
Alevtoria vextllifera .
Artkrorhaphi57éitrinella}.

Buellia papillata .
CaZoquca}jﬁngérmanniaeh o
CaZopZaca_sinapﬁspermd'
CaZongca stillicidiorum

" Candelarizlla Sp.
© . Cetraria cucullata & ..
R - nivalis e
Cetraria ericetorum
“C. islandica &
-Cetraria tilesii

A

&<

Cladiia‘mitis ' S
Cladonia c¢hloroohaea s.1. -
Clidonia coceifera/pociliwn/
- pyxidata. -
hcladonia cornuyta

Ny

.';/

- S +.04- '.,gﬁ-\;;
.10 4.97 1.96 +.64 .1.50
187 1.s57 1y92p“%/é;' -
1.87 3.97 1.0 1.77- ' +.47
N - P i N ’,: “ C e RN
+.75 5.90, 4.96 1.42° 3.83
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v ' i
h o . ) B o i
"4 STAND NO. 3 4 5 6~ 7
‘ R ( . .
. ' : . C f ' L Y N
Cladonza eCFOCJna' AN 2 87 2,67 +.32 '1.38 +.13 +.07 .
‘Y Cladonia, ¢f. racrophJZZodes‘ S - < 404 . . e
Cladonic .uncidalis @ o 4.17 404 4. - . S . .
Carnzcu@awta acuZeat ‘ e . 1. 99 B % 1 ? +o-~ %.43
“ C N T ) ‘ L ) - \
. Dactylina erctica PD+ +.10 +.23 - P . 1.16 +.40. . . .
Dactylina ranulase ' Ce g . .76 . - p . .
-« Lecanora/cf: castanea j° e e o 232, . . .
, Lecanor%;cf. verrucosg : . e +.20 +.13 . . .
,Eeczd»qﬁgaoﬂerulosa . ‘j o .o +.04 . .ﬁ}; . AV
- Lecidea granulogsa e < - 43, +.04 e .07 +.20
Leprarza meraranacea. e AN . e o +.04 . . e . ,%
Leprarza neglecta S . 9395 3.80 .+.52 -, o 3.77 . +.07 +.33
Lobaria erlta:‘%v *' f‘ s . . A‘ . . P .
Hephrora expatlidum_ e S - . P .
Ockrolechia w33a216n618 A . o« . . . 2.47 1.53
. Peltigera SPP .~ Te v 40,23 +.07 ~2.88 +.33‘ +.20 1.43 -
qutuscﬁﬁc corzacoa - A .“ ’»g . :+.08 o .  ;
. ‘Pertusaria dac*dltna _ R N +.32 +.0¢ . . ..
*Prysconia nruae igena . TR P . ‘o . e Lt
Psoroma hypnorium - S oF100 P L.80 +.13 +.10 . +.03
Rznodzra nimbosa SR e .32 L . . .
™ Rinodira sp. DR T 2 A 4.03
Solorinag erocea = T . - +.04 . +.07- +,03 - .

Stereocaulon alpinum- -

‘-Thamntha.subuzifo?mfg“ 1.99.°1.99. 4,71 1.90 +,90 +.93 -

. ROCKS >6cm dlam | L - +.03 7.92 +.18 .7.57 ‘8.93 25.99
_ PEBBLES S 21,99 5.£2 29.99 65.95 35.99 55.97 25.99
[ MINERAL SOIL  ° . 1.27.14.22.1.76 +.33 2.77 '2.93 -5.97

LITTER T 32 99 22 .38 .36, 99, 9.83 22.99 4.99 15.99

" VASCULAR COVER : Ry 19.09" “14.92 10.99 5.79 ST . 4,99 10.99.

BRYOPHYTE COVER - T 2493 20,29 3.96 2.797 < 3,871 1.99

LICHEN COVER , o . 17.99 29.99 16.99 9.99 - " 26.99 34.99
s ) ) . : . . a3,

1, : ' ' o =

_Barbilophdzia»hatcheri' Lovhvzza spn. o RS

2. atrcbrdnnea,lb. d‘cksonzpu L. Spp. S T

tP. malacea, P. rufescens,>P. scabrosa, ». spurta '

r ~

, ’ % o e
‘Here and elsewhere’ "litter" refers to detached + atffached dead
Oroanlc matter._ ) . : . ) .

<

2.65 1.99 2.58 2.67 +.43 +. osb



PLATE 7.
o ] ‘

A

“"o

. .tionship

'.Drydé.bc%o
2500 m., -The Dryas covers the areas between:.
the boulders, partially blackened by 1ich§gs%

) o

. ) . _‘\' " o - . I ) ,‘
Dryas octopetala/lichen community with\,
soliflugtion~tgrracett s (stand
much of the arthr

i were investigate Note yel-
lix arctica leaves, and ‘some -

lowing 3 d
_pink'Dryas leaves (23 Aug_1970);‘

o

Y

petaZd/iichen community at ca.

: 7 3), where .
opod-micr-" “bitat rela-




considerable proportion<§§ large_rocks (Plate-8)31>SoiE.de—* R
velopment'ls extremely-poor,'regosolic_profiles'pnedoninatfhg
ATable 12). o .-

.? “ A common feature of 5rgas/lichen tundra (Plate-7) is

‘solifluction‘terracet%esi(Anderson 1967, Hrapko 1970), also

: called step-llke terraces (LruryﬁbeZ), pancake terraces‘
(Hrapko 1970),° Dryas banked or turf- banked terraces (Benedlct
1970) "The terraces form as a: result of’ surf1c1al frost
creep, modlfled by wind and by the restralnlng 1nfluence of
‘the vegetatron cover"'(Benedlct 1970) In the Bald~Hllls they
develop on gentle slopes/ and entall flat topped lobes up to'v\
5 m long and wlde,-wrth steep or st llow faced rlserSrlo =20 (-50)
cm hlgh Sqall hollows and dlscontlnuous shallow grdoves- T
delimit’ adjacent lobes., The top, normally snowfree or very
thln&y covered in w1nter, is typlcally dev01d of vascular e
plants.and has ca. 20 40% cover of sax1colous llchens, malnly

on the larger pebbles and rocks because these are .less. suscep—"

t
- A

tlbl( L/ frost lnduced movement. The rlsers.and.hollows have

a thlck plant cover., B ’

¢

There are three plant strata .(l) a sparse upper layer

\ —\/

of éram1n01ds and forbs tq 15 cm; (2) a. prostrate layer of
dwarf shrubs and forbs A= 5 cm hlgh and (3) a ground 1ayer of‘
cryptogams. Dryas octopetala, 1- 2 5 cm hlgh, lS the*domlnant

‘ spec1es.’ Sasz nzvalts and Vaccznzum vztzs zdaea are other N
1mportant woody - spec1es.ﬂ Bryophytes, espec1ally Rhacomztrtum g -

Zanugznosum and Polytrzchum pzltferum, are abundant in dep

sions and on- lower_portlons>of rLsers._ Liche s_are abun
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L
\

) . , )
in Jll parts of the habltat, and exceed all’ other plant groups

%

e

1n cover. ’Terrace tops have dark brown ‘and black sax1colous Lo
a P C
spec1es of AZectorza, Cetrarza, Hypogymnta and Umbilicaria - ° K

cantrastlng with greenlsh—yellow hazocarpon. In 'stand 6

[

they formed a dark tallror‘"shadow" on the, lepe, windward
R T t .

51de of(old Dryas mats. Assoc1ated w1th Dryas and other, vas—u'

culars are frutlcose and follose spec1es of CZadonza, Dactylzna, .

-

Cetrarza and Pethgera, along thh 1nconsp1cuous but dlverse

4 -

Qrdstose forms. S%ereocaulon asznu@. Thamnolia subulzformas,

Cetrarza cucuZZata,_C. ntvalzs gnd CZadzna mafzs form proml—x_

’nentjgrouplngs ln\mlcro hollows;- A ?n..‘_bé k,’i';
Dryas octopetala cover 1n thls\communlty type Yanges

from'l%, of dlscrete mat 1slands, thrOugh to v1rtually solld,

cover.’ Island mats occur at the physrcally most hostlle end-

i

B of the habltat range, w1th extreme w1nd exposure and/or Shlft- S

ing unstable slope, usually on shale. In_lntermedlate smtua-:‘;
tlonsree g._rocky but stable slopes -often- of conglomerate,j*““‘
A ‘mats. form & retlculate netwprk Vascular plant cover and
varlety seeni greater on conglomerate than on shale substrata
(e g. Table 15 stands 6 &7) hen cover, dlsper51on and

/ . 1
spec1es flchness, however, seem comparable on dlfferent sur-
faces (Table 14) Both sacholous and non—saxrcolous llchens
may be controlled less by substrate type and mlcrotopography

than by géneral 51te condltions such as- aspect, snow relatlons,

) surface tablllty,‘and degree of vascular plant cover. S <

PN

NE

lb. Dryas octopetala Arctos+aphylos Uva- ursz subtype.”

Only one small stand of thls type was found, at. 2300-

o . : . . . " . -~
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.40 ._ \\) ‘ : - ] »[..

2350 m on a SE- facrng slope. The stable rocky surfacen_

'abundance of D. octopetala, and promlnence of 11chens 1nd1ca-

¢

te} close afflnlty w1th the Dryas/llehen commuhlty type.. How-

Ed

Fever, consplcuous mats of Arctostaphyios uva ursi covsjlca.

L.

‘15% of'the surface. Over a 3—week perlod in August 0,

' thls stand had the hlghest measur®d mean dally temperatures.

*

4. uva ursz also thrlved near tlmberllne on,a- steep,
(‘\

munstable 8- fac1ng gully slope along with Junzperus communis,

Dryas octopetala -and a few’ forbs.

A

2."Dryas octopetala/PoZytrzchum pzZLferum type ' ‘
(stand 2, Table 15) o . ‘ . L

- This type»seems restricted to)the forest—tundra zone,
‘} where 1t occuples level or. very gently sloplng upland 31tes
‘%ﬁbt accumulate much 1ess snow than heath vegetatlon but more ’

than Dryaa/llchen communltles. Shallow brunlsollc proflles

\
oare: characterlstlc, w1th moderate subsurface frost actlon

iand lntense needle lce actlon. Up to 50%\bf the surface

x§2;k
-~ﬁhave deflatlon patches, developed through,thgfcomblned actl

of needle ice and w1nd, the ‘direction of removal eastward. L-, wh

The bare mlneral 5011 is colonlzed and stablllzed to varlousr'

<

. degrees by PoZytrzchum pzlzferum and D. ’octopetala. In stand

[

,2 Dryas mats covered ca. 40% of the surface, w1th shale peb—'i‘
‘bles and Polytrzchum-stablllzed organlc matter coverlng ca..
'j30% each ; : ) _ N » |

' The communltybhaS'three’strata: (1) a thln upper layer,
“to 20 cm,_of gram1n01ds and forbs, (2)4D actopetala, 3- 4 ‘

x*cm hlgh, -as.’a well deflned mlddle 1ayer, (3) cryptogams



forming- a conspicupus low layer. Polytrichum piliferum is a
R . 1 .. A A ‘ . k:(: R T ' ) .
. most importantd%olonizer of bare minergl-patcﬁes, but‘also

occurs in Dryas mats. Lichehs, espeoially Cetraria‘nivalis;

CZadzna mztzs ‘and Thamnolza subulmformts, are common in Dryas

. N
mats and -in mlcro-dGPIESSlonS. B

Thls communlty has some florlstlc afflnltles w1th heaths,»:

r"l
har@orlngfspecles.su¢h<as Agrostzs variabilis, Condstomum
. . N , o s ""f,v v

tefragonumkand a numbem.of.the frutiooserlichens. :The ordina-.
tlon (Flg 12) sets., 1t nearest the CaSsiope tetragona/D
éctopetala communltles, but it belongs to the Dryas serles by |

. v1rtue of characterlstlc llchens such as Cetrarza cucullata,-

.(\;4 .

“C. nzvalzs and’ Thamnolza subulzformzs, the domlnant vasculars

7

Salzm nzvalts and D. octopetala, and the v1rtual absenée of
heaths.‘ It leerges from D. octopetala/llchen communltles by

lacklng many sax1colous llchens and by hav1ng better 5011

development. _ '
v .

3.. Dryas octopetala/moss type.

LI

In one locality I found the unusual comblnatlon of

deep snow.accumulatlon but relatlvely rapld meltout., D.

octopetala and Salzx ar%tzca mats were: domlnant.‘ These wére
1nvaded by mosses, espe01ally HyZocomLum spZendens and Hypnum
' revolutum a@hat formed a thlck cover through whlch only leaves
and upper parts of the mat stems protruded. The unlque habl—
‘ tat and comblnatlon of spec1es in the communlty precluded its

a

treatment as a subtype of another communlty type.

o



4. Artemzsza norvegtca/Dryas oatopetald‘type,'

" {stand 1, Table 15). | T 1 SRR

. ’
v [ ~s .,.'__

Bes1des the well deflned Dryas communlty types,:there

are in some s1tes comblnatlgns of herb meadow and Dryas tundra

spe01es. AlthOugh content anﬁ habltat of. thlS communlty are Y

.1ntermed1ate, lt falls w1th1n the Drgas tundra subgroup (Flg.'

I

Snowpack.is?cal 1'm, the surface is- usually\shaly, and

sax1colous llchen cover 1s low. The 5011 ‘has a homogeneous‘%

O

proflle of fine shale pebbles.- The communlty is characterlzed

~v1sually by a retlculate cover of D octopetala mats and a

Leprarza negZecta crust. There are three layers-: (1) an open

i

.

\

.fﬁpper-layer,of gram1n01ds and forbs to O_cm (2) a med&um:

iayer of D. octopetala, and (3) a low layer o ens and

Sasz nzvalis.f Leprarza weglecta contrlbutes 80% of the llchen

\’
cover and is conflned to the very sllght (1 4 cé? locally more)

4
<.

’ mlcro depre551ons. Moss cover 1s low,_restrlcted to c_ c&s_j,ﬂ,“

R

“f‘

between adjacent lumps of L. neglectqqé'n\e e

i »

5. Cushlon-rosette type (stands 2955f30q A

e evatlons,.aspects,_




" - Stdraldia procurbans

— Ry - a

_STAND NO., *© : S .

. Lecanora ?rupicola’

" PEBBLES . .
o LITTERL

I3

) C - ! - Ny
. ~TABLE '16. Pcrcent cover and fregquengy of plant snecfés in

ad jacent stands of cushion~rosctte tundra.

29 ' . 30

COVer frequeéncy cover treauency

- M Y Ty
VASCULAR. PLANTS ST . .

Ancaone drummonlis

Arabie 1lyallii

Arnica alpira

Artemisia norvegica
Campanula lasiocarpa
Caret phasocephala .-
Cerastium beepingianum’
'Draba incerca .. ..
Draba cf. lonchecarpa
Eriogonum androsaceum
Festuca brachyphylia
Luzula gpiccta .
Nyogotis aylvatica.

®ca alpina . B
Poa cusickii'l

Poa greuyanag '
Potentilla diversifolia

[-)
CANNIYR

+4+ 4+ 4+
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+
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4+

-

(™

VMW
~N
-
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Salfx nivalie

e
w
o

Silene acaulia - 9
Solidago multipadiata
Stellaria. lorgipes
Tarazacum lyratum

TIrisetum spicatum

O b

b )

. . w
N M eSO e W

+ + ¢+
=
N
: ' [- TV -3
B AR I e o

L. . ' i

. [ HA . - . .
BRYOPHYTES L - o

“Bryum 'sp. - :
- Ceratodon purpureus
~Grimmig sp.

+ 4+
bt ot s

2
1
. Bypnum revolutum - . . . B -.,- + 1 .~
" Polytrichum piliferum o o K 1 ‘

.

Rhacomitrium spi”
Tortula ruralis

v

++
[
o

s

i
o
P
ot
o
I

LICHENS ‘ R . )
Busllia papillata . : :
Caloplaca sp. - .
“ Candelariella-vitelling - e e g
+

+

B

_Cetraria-ericetorum : .
Cetraria islandica & C. ericetorum
Cladina mitis - . '
Cladonia aaricsd T . -
Cladonia coociferc §°C. poctllum  _ 4

“Odovyling ramulosa - ) + .
Lecancra polytropa - S 1

Leaidea sp)> ' . - .. . d.1- 4 . 0.2 65
;Pcltigcna(achbroag . i o e

Paltigera apuriq - : +
,Pnorbmq”hypporhm".-.< " +
Rhizo%aiponhcf;;geagrabbiaum" +
Bhtggcarpon\cf.\ﬂhcroépb?um ) +
Rhisodggrpon sp.. .- L i
Binodina nimbosa . -4 +
.Stqguopqutpn alpinum +

BOCKS 36 ‘cm diam, . * ...

¢ -

+
Or MO Oampw!

[
o

MINEPAL 50 41

N n
()
~

- a e

DRI s
CE

MEAN .NO. VASCULAR SPECIES * ..
MEAN- NO. BRYOPHYTE SPECIES

MEAN-NO. LICHEN. SPECIES & & . ..
v SRR e

oo+ aown

“ e
N el o
‘Oam .
o
W
<
Worm own

v
N
)

S o

Yiere ind‘eia@wﬁéie_‘li;;éi;giéger: o detached + attached

dead organic matter.
NOTE: + <5.05I.:;.7; )J’i" v
- " - ‘\ - . .. g

Wl
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!

slopes  with'little Snow acecum

.a.’on, where most vasculars

: {compiege their grow: : U~ gL mid—July.L'Some stands

(e g. nos.‘2§ﬁ§ 5L Kaih -2+ .th  >derate snow'accumula-

tlon, but here - e 21y pe. ater*holding~capacity’of

the gravelly.regosol wbined . an 1;stable surface 'mili-

. tate agalnst exzensive 210 wi. . not only of vasculars but
also‘cryptogams. " A N

Communlty structur -8 Lrl‘tlatal\: (1) A thin upper

layer, 20- 30 cm hlgh has grawinoids e g. Carex phaeocepuala,

® . S v
Poa spp LuzuZa spzcata, and taller forbs e.q. PotentzZZa" ‘
dzverszfolza,- (2) the mlddle layer 1ncludes most other vas-

B

cular spec1es, of ‘cushion  (e. g. Szlene acaulzs), rosette

Y

(Arenaria obtusiloba, Potentzlla nivea s 1.) and loose

82

(Campanula Zaszocarpa, Cerastzum beerzngzanum) habit; (3) the

1

surface layer has cryptogams and some Salzx nzvalzs. Sax1co~

-lous 11chens are more numerous w1th 1ncrea51ng rock (vs. peb—> o

';-ble) cover*fe—g‘ ‘Table™ 18y~ Non—sax1colous iichens and
1

bryophytes show a highly contaglous dlstrlbutlon, s1nce they«

are mostly assoc1ated w1th vascular plant c]umps. “,5;

- 5b. Eryszmum paZZaszz -Ranuncklus gelzdus subtype.
ThlS entalls a low cover of very early—matuwurg dwarf
. forbs on rocky and- shaly W and SW-fa01ng rldge cres-.s. ‘The‘j

characterlstlc spec1es are the ryszmum and Ranunculus along

- S

W1th Potentzlla vLZZosa, P. nzvea, Draba Zonchocarpa and D.

tncerta. oAll are in full bloom by ‘mid- June, and dlsperglng
seed by early July. Assoc1ated may be other, later—developlng

plants tyglcal of xerlc tundra 51tes, e.g. SzZene acaults, .

Cow

PR
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Saussurea densa, Crepis nana and Cerastium beeringianum.
‘. " : M . . Cow ' . N : . - .
\ >

v ’ . _ : .

4 3C., Vegetation stripe subtype.

9

~

-Vegetation stripes, 0.5-1 m broad, are conrined7to a
few upper sections’of,steep W-facing slopes in the Bald HlllS.
They have a matrlx of Silene acaults, PotentzZZa nivea and- |

- som& Dryas octopetala colonlzed by a large varlety of. vasculars

,and cryptogams.

5d. Polygggfsubtype.‘v S ‘
‘Level exposed sites, espeC1ally those that have some
winter snOw; may develop patterned ground if there is enough
l‘mineral!soil The poly ons ‘are mostly 20~ 40 cm w1de, separajf/
ted by flssures averaglng 3 cm deep. Plant cover is ',hQQ
usually conflned to the reglon of the groovesdﬁformlng discon-
tlnuous anastomos1ng strlps. Xerlc-51te species e. g Arenarza.
obtuszloba, Cerastzum beerzngzanum, Dryas octopetala, PotentzZZa
T'nzvea and Pedzcularzs arctzca occur along with plants charac-'

terlstlc of more mesic sites e. g. Ar+emzs¢a norvegzca, Szbbaldza

procumbengkand PnyZZodoce gZanduthlora. o o ; 5

Se. Cliff-ledge suthPe-m.“w;

West fac1ng cliffs are g L ‘y too dry to support

'tanythlng 1t Grzmmza and some c; vlrchens, ‘but east—fac1ng

Jcllffs and outcrops harbor a.rlchlfdoza.; Most spec1es also
-occur in Dryas tundra or forb meadows. - A few Vasculars e.g.
< Arteszza mzchauxzana and/Arnzea rydbargzz are characterlstlc

of thls habltat, or much more abundant here.® The cryptogams

.gPhyscza endococcznea, Xanthoria soredtata, Amphzdzum ~

&
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_ k/
lapponicum and Orthotrichum rupestre were only collected here,

Ca

6. Lichen tundra type. = . - : . | - .1‘A
"y Yp Lg, {

AEl llthrc 51tes with vascular plant cover less than
l% but llchen cover generally more than 10% belong here. VA

w1de range in elevatlon,zmlcrotopography, aspect and slope is.

=]

subtended Conglomerate lS much more commonly 1nvolved than
shale, ‘through erodlng shale outcrops may have a hlgh cover
@ and varlety of llchens. Areas w1th negllglble plant cover (cf

Plate 9) are con31dered to lack vegetation types.

‘-

bv6b.‘;Boulder—fie1d subtype.

4

Thls subtype comprlses areas of upconsolldated but
-

stable bouldﬁgs plled on oné another. Where boulders are
large and rounded the plant life 1s exclu51vely sax1colous
llchens, usually w1th a hlgh cover over most of the surfaces,f
and fairly: hlgh dlver51ty (20-30- spec1es) Where boulders

_Nj_are smaller and ggdged“over_more of*thelr surface area, or
| where there are flat areas, the communlty takes on a very
i dlfferent appearance. In addltlon to rock 1lchens over the'
| upper ‘rock surfaces, there are cryptogam mlcro—communltles 1n
5‘~crev1ces and on flat, sheltered rocks.- Bryophytes -are 1mpor—,
‘tant here, espec1ally Pttlzdzum czZzare, Chandonanthus
setszrmts ‘and Rhacomztrzum Zanugznosum, the latter forms
large polsters that serve as colonlzaﬁlon 51tes for llchens,
espec1ally Cetrarza nzvalzs.
Iebrls lslands, generally less than 50 m2, may be found
in boulder flelds., They support Salzx nzvalzs and other

. a
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PLATE,Q.

Lo T

t iy

‘Centraily in’ thHe Bald Hills, looking south.

Barreancree’slopes predomihape;fvegetation
(the purpile network) on . the hilltops and

petala.  The small yellow.dépresSiOns are
herb meadows. ' Lo S . ,

0,

8'5_'_'

I




w

L

vasculars along w1th.a varlety of llchens and bryophytes. S

There are a’ few places where boulders are deeply snow-

- covered The very late meltogthexcludes most llchen growth ‘33

eXcept for some thln, dlscontlnuous £1 lms of gray crustose /f

B

i

@

,;spec1es. 'SOlld carpets of mosses may occupy 5011 accumula

;between b ulders.

Tl .
- a [ S

‘7. Kobresta beZZardzz type.';‘v-”i7' B “»' h,if« S SN

ivw,l Although only a. few smalk—stands occur 1n the Bald

I Hllls, and none were sampled, they must - be recognlzed as’ part

RN

~ 4 . B
T . : : . o ek
R * L

3 accumitig

7-" P i : s

‘socks characterlzes this’ type, on- S fa01ng slopes or rldge ‘. T

-'crests that accumulate very llttle snow-. The largest commu-

nlty, coverlng ca. .05 ha,

&

was “on a stable, expoag$, 25° S—

,;Qfac1ngrslope,. Inethe same stratum W1th-Kobresza “were” smalI D

a

famounts of-Carex rupestrzs and forbs characterlitrc of Dryas/a

fllchen tundra SOme cryptogams were present mostly in j

x Kobresza free patches.
, ‘va N
Heath Group>

\}8;-vCasszope tetragona/Dry

(stands\§—12 Table 17)

h Small’ (0 1-0.5 ha)
2100 2250 m, and there are

.7

X N o
- ol . . . . . A
o N . . e IR .

as octopetala,type
: e

communltles of thls\type abound at b

local occurrencesxto 2500 m., Max1-

mum snowcover is generally less t%;n 75 cm, though to l 5 m.’

1n stand 9. (Table 24, p- 13

uasence of Dryas octopetala,

3. | Th Sy, comblned with the pre—iﬂ o

suggests a medlal p051t10n between

\ o

fi e }

‘?‘\,
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0

xerlc tundra domlnated by D. 'octopetala and lichens, and mesic
r,

'tundra doanated by PhyZZodoce gZandulszora and - Casszope

-

mertenstana. The ordination: (Flg 12) supports thlS v1ew.

f; ~ On E- fac1ng sldpes, the prevalllng aspect Casszope
,tetragona/D.,octopetaZa communltles occupy the sllghtly raised -

‘portions, generally 0.5 m above the PhyZZodoce Casszope'

mertenszara matrlx. The surface is‘level or lrregularly hum-

mocky.w1th a 10-20 cm:microrelief, and some large rockS»May

-be'present. Sorls vary from coarse regosols to 1ll déflned

e

brunisois. There may be Iarge numbers of small deflatlon

S

,patches, ‘kept under partlal Contfnlfby Polytrzahum pzlzferum

and fllms of crustose llchens.v Burrows, probably of ‘the

Columblan ground squirrel, occur in some stands.

1

_There are, four strata : (l) a thln layer of "emergents“

‘~to 20 cm tall formed by Artemzsza norvegzca and gramln01ds,e

E (2) Casszope tetragona, the aspectual and probably ecologlcal

dominant (Plate 10), forming a distinct layer at lO—lS(eZO)

—

Lol of-discrete clumps in a canopy‘COVer of 20—30%;‘ (3) a 1ow=

layer of dwarf shrubs occupylng the openlngs between c.

<

tetragona clones. Druas octopetala is the most abundant

w1th leaves at 3-4 cm; Sasz nzvai*s is 1ess than 1 cm. hlgh-"

' Sasz arcytca extends 1nto the c. tetragona clumps where 1ts id

v &

"Stems may reach upward 12 cm or more whereas in the open 1t f.i
‘is no taller than 7 cm. - There is also a small Cover of herbs.
dh(4) Cryptogams form the lowest layer. Patches of 1lchens,

v_2 3 cm thlck are common, domlnated by Stereocaulon alpznum,"

Cladzna mptzs,.Cetrarza erzcetorun Cladonza cOchfera/



PLATE .10.
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.
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Cbasibpe'tetragona/Dryds octopetaZa"

community (stand 10).  The heath gives
this community type its characteristic
. brown color.. Note yellowing Salix

arctica leaves. S S

’
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pyxzdata, and;g ecmocyna. In some communltles Leprarza »

™~

_'negleeta covers up to 30% of the surface lnxabfumpy mlcrorellef

S
'of - 3 cm. Bryophyte cover 1s ca. 10% \mostly Dtcnanum )

‘scoparzum and- Lophozza spp. in mlcro—hollows, and Polytrzchum

EN

pzlzferum and Po%ytrzchastrum alpznum 1n unstable mlcrOSLtes.

Total vascular plant cover is ca. 30% of nhlch.more ‘
than 90% is made up of Dryas octopetala, Casszope tetragona,-ﬂ
”and 'the two Salzx spe01es K, ;' ’ }“0 't‘

Where relref 1s more pronounced mlcro rlses are occu—

94 .

v:pled by C tetragona and D. octopetala, and the depres51ons Ve T

~

by Artemzsza norvegzca and even snowbed SpeCLLS such as -’ —m\
;Antennarza Zanata.' The E 51des of hummocks may have some ‘
Vacczntum vitis- zdaea.: Mosses are most abundant on the lowest
llpart of the E 51des of hummocks. . | |
8b.‘ Cassaope tetragonaiPhéZZodoce gZanduszZora subtype

(stands 10-12, Table 17). B | e
~Some heath areas are transltlonal between Casszop%?‘
.tetragona/Dryas octopetala and PhyZZodoce gZanduszZora-’

Cassiope mertenstana communities. Stands 10- 12 ‘are 1dent1—
Tifled with the C. tetragona/D octopetala communlty type
through its overall vegetatlonal similarity (Appendix x) and B

prox1m1ty on the ordlnatlon fleld (Flg. 12)

Casszope tetragona clones, 5-8 cm hlgh form @ con-

C 4

splcuous and homogeneous upper layer.. PhyZZodoce v
gZanduZt‘Zora clones, ?:(exceptlonally,to 7) cm hlgh are

’ |
1rregularly scattered about. Salizx arctzga (3 cm) - and S

nzvalzs (l cm) form an 1mportant 1ower layer. Rare,emergents,-'



,,,,,,,,,

of,ﬁrtemisia norvegzca and grass- culms reach 25 cm. Llchen

cover 1s falrly high, especlally of Leprarza negZecta

Stereocaulon alpznum is conspicuous in some ‘micro- depre551ons. '

& - -
Bryophytes are iless consplcuous, but chranum and- Polytrzchum N

can be falrly abundant ‘Ibflatlon patches are colonlzed by
cryptogams along w1th some vascular spe01es such as LuzuZa
spzcata, Festuca b?achyphyZZa, Campanula_lasiocarpa‘and Salixz
Spp. -%~{ o o o .;;

- -~ ' - s

9&,, Leprarza neglecta subtype (stand 26 Table 18 p 100)

On the ordlnatlon fleld (Flg 12) stand 26 lles near
the Casszope tetragona/Dryas octopetala group. Many spec1es
are common to both the major dlfference belng the absence of

C. tetragona in stand 26 - _\‘ ; o

depres51ons on, N and E- fac1ng slopes surrounded by heath

tundra, or: in’ rocky uplands where pockets of flnes have accu— .

._mulated Stand 26 covered ca. .05 ha and was the largest ln

the Bald H111s.~_--‘ o y- PR S

>

The ground surface is flat or gently hummocky, Wlth
- !

some deflatlon patches and some wind- dep051ted shale fragments.'

501ls are. coarse regosols or ill- deflned brunlsols w1th rela-'

4

tlvely high 51lt content (g\aie 12)
' “The outstandlng veget 1onal feature is a whltlsh sur-

B face crust of Lepraria nquecta. It forms a lumpy microre~

llef of ca. 5 cm, and has a cover norm&lly greater than 25%

and locally approachlng 100%. Assoc1ated are a well- dlspersed

Small patches of thls subtype, l 100 m2, occupy sllght '

95~



lgroup‘of lichens including Ceéraria ericetorum3.CZadoﬁia

ecmoeyna;'c. cocczfera, Solontna crocea, Stereocaulon asznum
Nephroma expallzdum and Lobqrzq Zznzta, and bryophytes 1nclud—
1ng Barszophozza hatcherz, Bryum Sp., Pogonatum aZanum and “
PoZytrzchum pzlzferum Some of these are abundant only along

‘Y'eracks’ between adjacent "tlles“'of the Leprarza crust o

- 9. PhyZZodoce gZanduZLonranCasszope mertengidna type
) (stands 13-1se, 18 Table 17). .

-

—/YEI Large areas from tlmberllne to 2300 m and locally to

“24@6\m are domlnated by PhyZZodoce gZanduszlora and Casszope
mertenszana (Appendlx 4), malnly on N- and E aspects, but also
'on W and S "aspects where‘snow accumulation‘ngdeep enough'
V(2f3 m late—winterfsnowpack)' The suﬁface is usually sllghtly
Ihummocky. with a 10 -15 cm rellef of mlcro terraces or pseudo—
‘terraces on most slopes Somé&ﬁeflatlon patches,_l -5 (very
rarely lO) dm2 are usually present.3 These are slightly -
depressed areas of bare, 1evel mlneral 5011 somet1mes_w1th‘

a veneer of small pebbles. Shale fragmentS\ evidently,blownv

1n, may cover up to lO% of the stand surface. ‘The: soil 1%,

1mmature but shows a better developed dystrlc brunr;ol proflle
]_than the earller types- (Table 12) Ground squlrrel burrowsv
- occur in some of the stands. ‘ _
* Two low shrubs, PhyZquo;e gZanduZionrd'and dassiope |
mertenszana, domlnate in a combined cover of 15 50% Toward
tlmberllne Yaccznzum 3coparzum and PhyZZodoce empetrzformzs

assume some 1mportance.. The two domlnants usually form a .5;

'closed canopy a unlform 5—7 cm hlgh w1th flower stalks to 9



O

fﬁcm.v In communltles with earlier snow release\the P,
gZand&ZuPZyra is up to lO cm hlgh It has falrly open grov _. .
the branches farther apart and - tendlng toward the horlzontal,
whereas C mertenszana has a dense erect ha lt.A In contrast -
to- Casszope tetragona, C mertenszana is shorter and eXhlbltS

dense contlnuous growth rather than well spaced clumps.

Vascular plants at three levels prov1de lD -15% cover N2

- (1) a sparse "emergent““layer, to;25 Cm;ﬁofvgraminoid'culms_
mainly of Cdrem spectabilib and C. cf. pyréna{ca, and flower
stalks to 15 (exceptlonally 20) cm, of Antennarza Zanata and .
Artemisia norvegzca, (2) forb leaves, mostly of the preVLous

. - \
- two, conformlng to the heath height; (3) a layer of Sath

arctzca at 3 -5 cmy- and a very low layer of Stbbaldza procumbens.

Lycopodzum asznum lS Important 1n some communltl

Some clones form rlngs to 2 m or more 1n dlameter, w1th only l—d

~ the outermost 20-30 cm Ilve, dylng back 1n a. conspucuous band

of yellowrsh—whlte stems.

The cryptogam layer is well developed and homogeneous
‘(cf low ratio of standard dev1atlon mean cover fh Table 14),
"w1th bryophytes and llchens about equally 1mportant. Members
of the Elcranaceae form much of the mosSs cover.A They are not
, consplcuous but falrly abundant, espec1ally in mlcro hollowsa

=]

and along the E 51de of hummocks. Llchen'cover 1s,dom1nated

@

,by species of Cladonza,,Cetrarza and CZadzna, malnly 1n the -
: many llttle openlngs between heath clone aggregatlons.
'Leprarza neglecta is alst 1mportant, espec1ally as a stablllzer

~

Nern
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of deflation patches, and creates a bumpy mlcrorellef of 3- 6 B

cm:, Cryptogam mlcro—communltles are common, w1§h L. negleeta
@

and Conostomum tetragonum on tops of tlny (5 cm) mounds, .

Y‘Lophozza on the srdes and 1n cracks, and bits of Bryum and

other bryophytes on the bottom sectlons.

9b. Phyllodoce gianduZifzpz‘ etype (Stand 13, ‘Table 17).

1)

In the Bald Hllls, theLu wo’dominants of the PhyZZodoce-
Casazope mertenszana type occur together much ‘more often s
than they do apart. I have’ cons1dered 51tes where P.‘
'gZanduZLonraﬁls the sole domlnant as tran51tlonal between.‘
Casszope tetragona/D _octop@tala and PhyZZadoce Casstope
mertenszana communltles but nearer the latter (cf. Flg. 12),

and ‘have' relegated them to subtype status. A51de from the ’:

_ domlnant specles,vthere seem to be no other dlstlnctlve fea-

tures to thlS subtype. Lo _$'

Ky

9¢. Casszope mertenszana subtype (stand\l8, Table 17).

C mertenstana as the sole domlnant occuples large

o

areas 1n the headwaters area of Evelyn Creek,; and small standss

in the N half of the Bald Hllls The surface 1s usually more"

R

——————

-‘hummocky than that of PhyZZodoce Casszope communltles. There
are more snowbed spec1es e g. Antennar%a Zanata, Deschampsza'
atropurpL . and Epzlobtum aZptnum, and totaA vascular cover

s hlgh (40-70%) . 'AL tangta and Carex ntgrtcans nay form a

rather ‘dense cover 1n depress1ons (20 -30 cm) osses’ are not

t

consplcuous but form a 1-2 cm cover: of 20~ 25%. Ktaerza-
L.

lstaﬁkem and Barbzlophozza hatcherz are the most abundant



'COVer 2 cm high w1th scapLs t

;ll., Artemzsza norvegzca/SaZLx arctzca type'"‘
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el )
: (3
c

formlng solldrmasses on. N-facing srdes of hummocks.
Polytrzchastrum stems a-a dotted about in heath free patches,

and llchens are tonflned malnly here. Polytrzchum pzlzferum

¢ .

'and hepatlcs ~cover’ stablllzed deflatlon patches. o o c',

‘ l
5

- 10. Luetkea pectznata type (stands 17 & 19 #able 17).

~.

Luetkea occuples the deepe t snowpack portion of the ,

Heath Serles. The substrate is. usually m01st through the
: /

season, though not necessarlly cool v1z.'stand 16 (Table 177
on a steep W-fac1ng slope. The surface is generally mlcro--
hummotky; and sometlmes concave.f 8011 s1lt content appears
hlgher here (30- 45%) than in: the rest of the heaths (20 25%).7

Luetkea forms)a varxably dense but falrly unlform

h

vcm.* Casszope mertenszana,

scarcely hlg forms an 1rregular (1n deeper snowbeds) or o

v . ; S
I

falrly unlform cover, or 1s absent Consp1Cuous emergents

’1nclude Deschampsza atropurpuwea at 15 20 cm, a d Antennarza

Zanata at’/75 -Cm w1th scapes to 12 cm. Other spe01es are’

drawn from Heath Eundra and Fork Meadows but do not form a

N |
hlgh cover. - -

1
DR
o

“The hlgh bryophyte cover is sz mllar in comp031tlon=to

- -

that 1n the Caészope mertenszand subtype. chhen-cover is

. very low.:

. y B 5% R
HerbLMeadow Group Ai_flv ’ - , blf"/: : '

.

e

(stand 21, Table 18).
_‘) ; l\é‘/ ‘\“

o

Small'communitiesv“é

1® . "_/‘: s s O S

thlS type occupy gentle slopes,

P N

mostly N & E- fac1ng, from below tlmberllne to ca.A2250 m. .

14 . i 1
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TABLE  18. ‘Percent »Hve and frequency of plant species in stands and transect

Arnica diversifolia

100

.seaments . che Herb Meadow (nos. 20-25) and Snowbe? (nas. 27-28)
Grqups. e ) e '

STAND NO. S 20 21 22 23 24 25 26 - 27 @ 28"

ST : : ) ‘ . . o L

ALTITUDE (m x 10) - 232 213 223 223 229 232 232 223 229

ASPECT & DEGREE SLOPE ' 822 NS 0 E35 E16 E20 . N17° E15 N1
DWARF SHRUBS . ‘ : -

© Cagsiope mertensigna .o . +.03 . . 2.13 . +.10 . ‘
Dryas ‘octopetal - . e - . T 40100 . .

. Luetkea péétinaég e T T & . . v . . +.33

* Phyllodoce empetrﬂformie - . “4+.13 +.03 . . . . .
PhyZZodoce glandulzflora +.11° . L. 1.03 . . . +.10 .
Salix arctica 8.99 9.90 8.93 . . . 7.70 . " "
Salix nivalis - Lt . e . . +.07 . . :
Vaccinium caespitosum & . - '3.70.}.10 - p . . . . .« - ¥ 3
" V. scoparium ‘ : . o oo ‘

© r et

GRAMINOIDS - , , J d .

- . Agrostis varzabzlta ' +.11"' - . +.30 . . . ~. . .
Calgmagrostis znexpanaa . .07 . . . . . . . v
Carex atrata N v e . . . N .
‘Carex brugmedcens’ - . ‘.’i +.13 . .

Carexz nigricans & S 1.550 +.37 243 11.97- 4.60 3.87 +.27 57.99 T4.99

. . C. pyrenaica: , - . . S . ’

" Carex speutabzlzs 0 1.727 2.57 6.97 2.57 4.76 2.87-1.03 . .
Deschampsia atropurpurea  1.77 = . . 1,60 - « *.031 . +.855 2,677
Déschampsia'cespitosa R 1.30 . P . - Se .

S - ‘ : :

. Festuca brachyphylla . L~ l.11° +.37 1.53 - +.13 . +.60 . .

* . Hierochloe alpina et *.17 . . . T .
Juncus _rummondii - . +.88., .. +.07 P . P L. +.13 .
Luzula rarviflora - e e 6.67  2.73 +.23 1.20 . 5.67 .

o v . U LT P a4
Luzula spicata : C L #.11 +.0% .07 . . . +.10 +.50 . e
Luzula wahlerbergii, 2 .. - +.03 . . e e . .

Phleum alpinun . . ) n* 22 +.10 '2.?3"1.%ff o XTI . +.07 .

Poa alpzna . : Cos i #0830 . . +.10 +.13 +703 . ’
Poa cusickii - 4,11 +.33 +.37 .1.57 #.25 1.80 . P @,

Poa grayana ; T s 403 4,130 #.13 +.3p . +.472  +.33 . ’

,1Trtsetum spzcatum : e e, +.03 4013 . . +.03 +.10 . .

4 . T v : :

"Agogeris aurantiaca. . +.37 +;03&Q¢.13 . 1.33 . . . -
Androgace septentrionalis . . I RS - . . . .

. Anermone occetidentalis - . . 12.93 . P L e +.07 .

' Antennaria alpina/ . - 1.0 o 0 . . .30 +.03° ..

umbrinella ‘ : o e " g

Antennaria lanata 5.99 1.33 4.90 7.77 7.87 8.97 +.10 +.07. .

. ‘Arabis. Zyall;t ' ; : . +.23 . +.03 . . .
Arabis lyrata - ) . . Ce . . .
Arenaria obtuszloba . +.03 -+.13 1.80 . .

*:Arnieca alpina . P o . . . ‘

. P P . X ‘
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TABLE 18. “'(cont'd) P
‘ i .‘—/w , ] . . " e ] . .
© STAND NO. / #2021 22 23> 24 . 25 26 27 - 28

— — - —r—— —
Arnicd rollis .Lo1.13 0, 2.27 3.53 4.63 .< . L
Arrica rydierzii e oo e R P, R L T o/
Arie=isiz rorvegica l.44 17.83 15.87 -4.70 11.90 6.80 2.83 +.03 - 0./

: Ca tra Ze,.oscyana L 0 2.47 . o . - . . /'v/

h ) . e - ’ - /
.CGFDGYJZQ fasiocdrza s+ v e *013 4037 +.33 +.93 +.038 .

.Ccai~—zr2 clizosper=a . e 0 +.13 v . . o
C’syzlleda oceiieniai<s 177, +.03 -+.13 1.37 +.03 2.43 e o e
Ceeiilleja rrez=<iolicz . P e . . C. . . . g

# - v . /'l P

Clagtoria lavceolata . . - . . P . . . v
Drzde lanceolzta o . e e X . . +.07 A . {_ -
‘brzba Zancrocﬂrpa B . - - +.217 . +.10 . . X
Draba sp. - o . - - - s . &,07 . .

 Bpilodium alpindm + - . 407 . +.77 . .23 . 1.720 -
Eriggror Terecrinus. 177 3.73 +.10- +.0701.33 1.50 . +.03 +.17

" Gentiana 7lauca *.22 +.03 403 -0 o . .
Gent:cnc‘pro;;nqua‘ R 4 L e ///(/E? . g///' S .

¢ . : ' . . '//
Eierzeium crasile . +.07. . C¥.27  +.03 +.13 +.03 .
Lyeopcsinm alrinum - S . +.03 " . . - .
Pelicuicris éractecsa . H¥.03 . P . . - . D
Pe icularis graenlcrctca' o .97 0 . . . . .. . .
< e LT, ' RIS T

- Pol;conun vivipgrum . 1.53 - .. . e . . ?
Péterniillc dz;ar51 olia . 1 +.22 4.93 1 63 +.03 "1.33 + 03 -+, 07’ . .
Renurculus esrzgonolizii . +.43 7’03 +.53° 1.23 +.30 .. . .

Sedun sverope talunm . oy - t.10 +.27 . . -
'Se’a”zﬂe7la densh e, //ff; e 3.70 . %1‘ Ce e
‘Sereaio paucillorus. Ce +;20‘r . +.03 . . . e LT
Senesio triarzuizris : 2.43 . 5.73 - . . T +.07 .
Dbcldza prozurnder.s 9" /1.50 9 93L 1. 47. 4.63 .5.83 1.53 ‘+.03 .

. S‘Zere acculis Ce - . K . . +.07 . .
Soiidzgo Puliiradiad . 1.172 .. N . e . . "
Stzllizriz lonzipes . +.50 +.13 . . . . . .
Trolilius. lazus. - < 3.3% . . . . . .
Velericna sitchensis @{:a- . P . . . ’ . . . o
Veron-ca ;or”oxdolﬁ, +.56 . 1.80. +.43 1.%% ) .1

L : : N T
EePaTICS - et - . S :
qurcr¢s,onﬂ_»rzck kgllum;.’ P, e - T e 8. . . s .
Cepnzlozia redia,_, - +.07 . - . P e T e - ot
Ce“raloz,allq sp. ¢ e -, . P . 7 . . . .
Leskozia s.1.1 . 1.63 . 4.95 6.87 +. 07 +313 2.87 +.27 .

. ' 4 v ' .E:‘

?0r: Po"aulzs sp. - . . P . . . . - ‘.
Sezpenia irriyua . +.03 . +.03 . . . " . 1.17

‘ zz&%oncrta Sp. . P . . . . . . . T
} ‘ i ‘ ) . . i

° - , “ . . e
’ -1\"\-_/"".
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CL . TABLE 18 (cont'd) ' ;

STAND NO. - .. J20 21 22 23 24 25 26 27 28

"‘L . L i . i d .

MOSSES - , a ; '
Amdlystegium serpens - . < e *.87 +.10 +.03. . . .
AuLaconrzum palustre . . 15.97 20.93 +.67 .- . v e, . .

* Bartramia ithyphylla . . . P . e . . .
Brdachytheceium salebrosum . 5.67 +.20 +.10 -1.33 . . . .

" S0 ‘ : : : ;
Brachythecium turgidum . . +.03 Y1.23 . . . . .
Brachaythecium cf. velutinwn . . . . . e 4 e07 . .
Brachytheeium sp. S 408 . +.37 P +.27 . . Tl !
Br/ur pseudotrtquetrun Ce . +.20 +.03 P . oL e e T . .
v \\ c N ) N M N N ' "

-l_QrJum spp. ., 1,71 +.10 . +.17 1.43 +.27 +.30 1.87 +.03. .

Ceratodon purpureus - . . +.07 -, e . . 5 e
irriphyllum cirrosum -, . ., . . o *.10 0 .. . .. 7.97
Conostorum tetragonum e . - +.03 .- . . S e - ‘kgg

vDesmatodon latifolius o . +.03 . . . . .
Dieranum scoparium . 1.47 6.70 - . . . .
Ditrichum flexicaule . - ., Y.10 . +.07 .
Drepanocladug, uncinatus- +.33 . +.07 . . .- +,67
Drepanveladus verniccsus . .4.60 +.17 . - . -
Encalypta cf. rhaptocarpa ., +.08. . , . . . .
Eurhynchzun pulchellum . . o v e c e e . P . .
Grimmia sp. o . . b +.07 .. . . - .

D AN : , 2 p .

_HJZO”OMtum sptendena ‘ . 12.98 . .- o Y. EZ{ . . .
Kiaeria starkei : < N\ . . +.13 . . . P 4,13 1.17
Paraleucobryum endrve . T . - . °1.70 - e
Plagiothecium denticulatum- . . . - e Y 1l.20 .

. . : : : ficecg . _
Pohlia eruda ' ' . : . +.03 . . C. +.23 .
~wPolytricias trum asznum/ . +.03 +.03, 1170 1.70 1.93 +.47 +.20 1.99
lyallii '’ S ' S T, o
_ P, a. var. septentrionale < o e . . - . +.80 .
lPOZJpPiCﬂum commune & ) o : C
2. Junzpermnum " ‘ 1.99 +.50 3.99 2.73 . R . ..

. Pozytmchum 'ZLfe‘rum ©3.44 +.03__#.03 +.07 1.53 +.57, 5 93 +.07 .
Lescuraea”. .cosa .- . . . 7.93 .. . ‘1.17
Rnacomztrtur canesgcens e *.03 - Y. +.10 + 07“ + 17 S .
To"tella tortuoaa . . +.10 « e < . . . .

- Tortula norvegica ' . . +.07.°1.58 . . +.03 -, .
Tortula ruralis o . . . %07 . . +.10 . .
ﬂontula norvegica & L e e - 37 +.50 0 . . .

. -ruralis . ) o : :

LICHENS : ' L : : o

© Buellia papillata +.22 . o e +.03 4.0¥ +.27 +.27 .
_CardelarteZZa vitellina S e, . +.03 . Se e . .
Caloplaca sinapisperma . e .03 . o’ . . . KRR
Celraria islandica & . ° 1.77 +.17 +.17 +.07 1.60 1.53 2.87 o T

C. ericetorunm o, . , - : .
, -
a ¢
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LICHEN COVER

40.97 +.13

Iy
TN
l TABLE 18 (cont'd) A
i
- » T 7 7
STAND NO. % -y 200 21 22 23 24 23;, 26 27 28
Cetraria nivalis . 403 . +.07 . +07 . R
Cladina mitisg 4.99 +.07 +.10 +.20. . - . +.40 . .
Cladonia cariosa . . . - t;gﬁ . . . "o
Cladonia- chZorophaea . . +.03 +.13 . . . . .
s:1. s :
Cladonic coceifera & . 1.772 . ‘+.20 . P +.10 1.90 . .
'~ C._ pyzidata .
Cladonic ecmocyna 2.99 +.23 +.37 +.33 4.80 Y.67 4.97 +.07 .
Cladonia macrophyllodes : . +.03 . +.03 .- . . . .
Cladonia pleurcta. ' . . +.03. . . . . s . .
" Daetylina ramulosa . . . . . . +.13 . .
Lecanora poZytropa o e . +.07 +.17 +.20 +.70 . .
Lecanora sp. . . . R . +. +. . .
- Leeidea granulosa . +.11 . +.03 . +.03 +.03 +.07 . .
Lecidea sp. . - . . - M. 4.03 4.07 +.13 +.70 © . .
Lepraria Membranacea - - . P L. . . . .
Lepraria neglecta l.66 . +.10 +.03 +.03 1.53 26.97 . .
Lobaria linita & . .. . +.10 o . 3.80 . .
Nephroma expallidum - . o : : '
Peltigera aphthosa .. +.10 3.43 p . . P . .
Peltigera spp.2. 6.77 1.23 .1.47 3.63 3.67 3.63 : . .
Pgorgma hypnorum +.11 . . P .17 +.07 +.07F . .
 Rhizoearpon cf. . . . +.13 4,03 +.07 +..45 o, .
gedgraphicum . )
Rhizocarpon macrosporum . . . +.10 . . ..; . .
Rinodina sp. . - . . . P . P . .
Solgrina crocea : T4.12 . . . . « ¢+ 1.53 +.07 .
Stereocaulon alpinum 1.99 . 1.33 +.10 #.13 +.23 1.87 +.10 .
fhamnolta subuliformis . . o +:03 .. . . . .
: y ; SN -
ROCKS >6cm. diam. I . 330 . . +.03 +.10 .
PEBBLES . . . +.27 27.97 27.99 24.99 - , -
MINERAL SOIL . +.03. +.03 - 1.80 +.13 3.50 . .
LITTER . 34.99 30.99 22.99 32.99 27.99 28.99 17.97 37.99 27.99
. . - o ' .
VASCULAR COVER ©32.99 46,99 53.99 48.99 27.99 35.99 14.99 61.99 74.99 .
BRYOPHYTE  COVER- 23.39 47.)99 40.99 22.99  3.90 6.99 ¥.93 10.97 2.99
17.99 .53 6.83 4.83 9.93 7.90 .

2

zMostly P. uf?scena; also P.’

llLophozza Spps Barazlophazta hatcnerz,

also B. lycopodioides %n'sténds‘21 & 23,

canina, P. horizontalis/polydactyZa.

103

/



104

They melt out falrly early but remain moist most of the sea-
son, fed by snowbank meltwateruwhlch sometlmes dissects the .

stands with a number of ephemeral Streams. Thelcommunltles

N
Aare subject to accumulatlon Sf . flne alluv1a1 sediment and

. the s01l clay content (20- 30%) is 2- -3 tlmes that in other
" Bald Hllls communltles (Table 12) There are no surface rocks,
’but the range of mlcrorellef is up to 5 dm inclusive of

'streambeds. Some stands have small earth or mqss hummocks.

A

The communltles are never large since they are related g
v \ .
to surface—dlscharge 51tes. But they are dlstlnctlve in three =

respects : (l) the duratlon of vascular plant. growth is rela—
'tlvely long, usually‘three months, (2) there 1s hlgh vascular o
plant cover and speCLes rlchness, hlgh bryophyte cover,,and

very low llchen-cover; {3) there is .a characterlstlc three-

stage phenology Fig. 15) :

a. TroZZzus Zaxus,.CaZtha Zeptosepala, Ranunculus
eschscholtzii and Salix arctzca bloom in early
June. )

b. In early to mld—July Pedtcularzs spp. and
Potentilla dzversszlza are in conspicuous-
bloom together with many less prominent species;

Artemisia norvegi .. leaves are very abundant.

. C. A burnst of flowering in late July early August,
: by tall forbs and grasses. In some yedrs the -
season is too short to allow this," and flower-'

1ng stalks of Artemzsza predomlnate :

QThls communlty type is the most unllke of the Herb
' Meadow Group (F1g 12 Appendlx 5), probably due to'the.spe4

_&c1es rlchness. There a > . three strata (l) an upper layer .

?

of tall forbs at 25 35 cm and gram1n01ds at 40 50 cm, ;mpor—.

" tant §§e01es are TroZZzus Zaxus, Potent;ZZa dzperszfolia,



N o - 105

CULUS
ESCHSCHOLT2II -

TROLLIVUS LAXUS
CALTHA LEPTOSEPALA
SALIX ARCTICA
‘SIBBALDIA PROCUMBENS

o~

-

- POTENTILLA DIVERSIFOLIA
' BIEROCHLOE ALPINA
GENTIANA' GLAUCA

VACCINIUM SCOPARIUM &
STELLARTA LONGIPES
ANTENNARIA LANATA

FESTUCA BRACHYPHYLLA

~ VERONICA WORMSKJOLDI 1
*® CAREX SPECTABILIS 5 S - e

" CASTILLEJA OCCIPENTALIS

S SENECIO PA‘U"CIFL(“)‘RU‘S

VALERIANA 'érrcmznsxs PaRR:
LUZULA WAHLENBERGII
’ CAREX ATRATA

_ pxﬁhmz\ PROPINQUS
.vpz:/oxq:ux.msvamcréos)x
ARTEMISIA NORVEGICA
"POA CUSICKII®
PEDICULARIS GROENLANDICA
POLYGONUM VIVIPARUM
: " ERIGERON. PEREGRINUS .
" AGOSERIS .AURANTIA(_:A”
SOLIDAGO MULTIRADIATA
e | .. ARNICA MOLLIS . .
’ . DESCHAMPSIA CESPITOSA L/ i ; -
L o . Poa ALPINA - ‘
SENECIO TRIANGULARIS -
PHLEUM ALPINUM

S Lo o o . -
‘1 JUNE | JuLy | AUGUST | - :
o o , | w . [Ef]rowene
.. PIG. 15, ‘Phenclogical spectrum of vVascular plant - - :

species in an Arteoriaia nervegiea/Saliz FRUIT - :
) - —J DEVELOFMENT_ .

e s i

B . .

arctica cormunity (stand 21), 1970.
Seed release stage not ascertained .
oo for:some of the specics. . : . SzE0

I reense

5 ) . . : » . -
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Artemisia‘norvegicd,'Erigeran peregrfnu3, Ainica moZZis,i
Senecio triangnlaris Carex spectabtlzs,-and ln some stands
VaZerzana 8ttchenszs and Castzllega hhexszlza~ (2) a dense
layer of vasculars at 5-20 cm, formed chlefly/hy Sasz arctzca,"
) Veronzca wormskgoldzz, Soszago muthradzata Caltha
,'Zeptosepala, and follage of the tall forbs especially R . .?.'
lArtemzsza norvegtca,, (3) a luxuriant 4~ 5 Cm thlck layer, in
places contlnuous, of bryophytes domlnated by Aulacomnzum

‘palustre and Hylocomium spZendens.ﬂ Lichens are conﬁined to

5

lsmall water-eroded bare patches. ,
F: agments of this communlty tYpe, generally <50 m2
occur here and there‘ln the Bald HlllS, usually in the VLle :

'nlty of streamcourses (Plate ll) They have a relatlvely
! N

‘depauperate flora domlnated by a few tall fOrbS,‘usually ;
Arnica mollis and Seneczo trzangul%fis "I noted one stand
where Erzoeron peregrznus Qas the domlnant-‘

Spec1es belonglng to the Artengza nOrvegzca/Sath Y

apctzca communlty type, espe01ally Seneczo tpzangulavf ,7also_

occur at the baze of sollfluctlon lobeg, prObably in reSponse
‘o ) ) N . .u )
to’water and nutrlent dlscharge.vi ' T ‘

12. Artewmisia norvegzca LusuZd pdpvifZOra type"
(stand 22, Table 18). ; ' :

¥

One stand of this~ type,‘O 5 ha 1n size, occurs in the.
Bald Hllls (Plate 12). - It occuples a very Shallow basmn w1th
a hlgh water tabfe. The 5211 proflle is unusual in two‘re—
_ speCts-ﬁ (1) 1t is undlsturbed whefeag other 5011 proflles

sln the study area reflect some degree of frost or grav1ty— ’



Shaly streambed w1th Herb Meadow fragment.v'

‘Dominant are robust clumps of Senecio
triangularis (shiny-leaved) and’ Arnieca -
mollis, two cornucopian spec1es for
anthemophllous insects.

/
)
 PLATE 11.
PLATE 12.

Artemisia norvegica-Luzula parviflora
community (stand 22). Note the charac-
teristic color of the woodrush. 'In the
background is mostly heath domlnated tundra.
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induced movement; (2) it has a pale gray B horlzon, probably

FNSY

a. product of slope wash

The community has»four strata : (l) an upper lay\r —~
at*30.cm, of graminoids Although lt has only 6% cover,
Luzula parvszora is the phenologlcal domlnant of the ‘communi-
ty, glVlng it a dlstlnctlve dark IEddlSh cast (Plate 12)
Olner 1mportant gram1n01ds are Carex spectabzlzs,"c, ntgrzcaﬁs
" and Phleum asznum. (2) .a diffuse mlddle layer, mainly at,
- 15- 25-cm, of scapes of Artamzsza norvegzca, Festuca
| brachyphylla, Juncus drummondzz and Agrostzs varzabzlzs,'
(3) a well developed leaf layer of A. norvegzca, Salzx arcttca’
_and Antennarﬂ, 7onata at 7- -10 cm, and Szbbaldza procumbens
close to the surf.ce; (4) a 5 cm thlck moss layer domlnated
by Aulacomnzum palustre. Llchens,gespe01ally Pethgera spp..
and Stereocaulon asznum ' are mostly conflned to mlcro—hollows;dh
4.The dlagnostlc features of the communlty type are the doml--
nance by granlnozds 1n the top stratum, and the hlgh cover of

AuZacomnzum paZu tre.f

. 13. Artemrsza morveatca Anemone occidentaiis type
K (stand 23 Table 18). ' o .
Stands of this type cover a very small part of the h
study area, ln.the range 2150 2300 m. They are conflned to
- very steep (25-400) hlllSldeS on NE through SE aspects, w1th(
11ate meltout and a steady,mOLSt e supply from upslope snow—'
"'banks. They. . grade into Carex nzgrzcans snowbeds at;the’foot

-~

of the sldﬁes.

Theysoil,is a Cumulic‘RegOSOl,IChurned up by frost
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action and- contlnual downslope movement . Cave-ins of ground
squlrrel burrows have resulted 1n bare mlneral patches and
.overhangs._
‘There are four .strata : (1) scapes and heads of Anemone

oceidentalis {(30-40 cm) , and a number of sllghtly shorter
forbs partlcularly Seneczo trzangularzs, Artemtsza norvegcca
~and Arnzca mollis; also gram1n01ds'espec1ally Phleum alpznum,
Poa Spp.., Carex spectabzlts and LuzuZa parvzflora, - (2) a N
:dlffuse 15-20 cm layer of forbs together with 4. occidentalis ;
follager (3) a low leaf 1ayer of Arnzca, Antennarza Zanata,"f.‘ £
and Carex nzgrzcans/pyrenazca, (4) ‘a cryptogam layer of nu—
‘ merous bryophyte spec1es. Llchen cover 1s ca. 5%, malnly
Peltigera spp. | |

| The - phenologlcal and ecologlcal domlnants are Anemono"*'%u
oactdentalts,»Arntca moZZzs, Artemtsza norvegzca and Carex
ntgrzcans/pyrenazca. The best 1dent1fy1ng features of the
- communlty are 1ts restrlctlon to cool steep slopes fed by “;.Ylj_fﬁﬁ

I3

‘snow meltwater, and the abundance of A occzdentalzs. f R jﬁ*ﬂ{?;

7
3

l3b: Artemzsza nozvegicq—Anémoné‘occidentaZéB/thZqudce

‘subtype. - , .
e ’ : . i LI - ',_(:',‘.‘d
Smallkcommunltles of this klnd occur in the S half of conl Bl
Athe Bald. Hllls, on well-watered gentle slopes of. all aspectsb x”., :%

‘ malnlyvat 2200 2300 m. Although unlque in comblnlng forbs_

......

jand heaths 1n a dense cover, these communltles have obv1ous . R

‘florlstlc afflnltles w1th the Artemisia norvegzca-Anemane'f:g} Y
occtdentalzs typea )
Therepare_four laYers ’(1);3 thick_upper;forbﬁlayer,

R , S e T
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to 40 cm, dominated by:Artemisia norvegica, Ahemonel
voccidentaiis; Senecio triangularis‘and CastiZZeja rhexifolia;
(2) a mlddle layer, at 5 -10 cm, of PhyZZodoce empetrzformts‘“‘
andRP. gZanduZLonra; (3) a discontinuous layer of low forbs»
’e,g: Veronicd wormskjoldzz,'Campanula Zaszocarpa and
Antennaria Zanata{. (4) a layer of cryptogams, mainly bryof

phytes srnce these are better adapted than 11chens to the

- damp andvdark surface microenvironment.

©

N?l4; Artemistia norvegtca Antennarza Zanata type
; (stands 24 & 25, Table 18)

ThlS commun/ty dlverges from other Herb Meadow types
'by 1ts pebbly surface and negllglble soil development Repre-
sentatlve stands occur on falrly steep E- facrng slopes at '
v2200-2350 m. Downslope pebble movement has resulted in a

g_dsl Stepped appearance, level or slightly sloping strips Ofvbare

{tpebbles alternatlng w1th "risers" stablllzed by plants. Snow—»-“'

melt 1s falrly late, and ground water from upslope snowbankS‘

\

There are four layers (1) at 25 30 cm are Arntca
.moZZzs, the late—season phenologlcal domlnant,'and Artemzsza
;nprvegzca, ‘less- consplcuous but more abundant' Carex ,’

;ctabzlzs (30 cm) forms falrly dense patches, (2) a 1ayervh
@y ~wfof‘leaves, at 4- 8 cm, of Artemzsza, Arnzca and Antennarta"‘
‘ Zanata, the latter very consplcuous ‘in mld-season, also,

dense patches of Caref ntgrzcans/pyrenazca,_ (3) at -2 cm,‘

patches of Szbbaldta Q:ﬂfumbens and (ln stand 25) SeZagzneZZa

den?a,v (4) a cryptogam layef?w1th 10% cover each of

e



‘bryophytes and lichens; Predominant lichen forms .are the very
'appressed (Pelttgera, prlmary thalll of CZadonza ecmocyna)
and loose (Cetrarta) Colonies of Polytrtchastrum cf. Zyallié
~and Polytrichum ptlzferum characterlze the bryophye complement.
The risers of large sollfluctlon lobes support vegeta—
tion that most closely approx1mates this community type s..
Artemtsza norvegzca dominates, w1th Szbbaldza pro‘xmbens and -
_Carex spectabzlzs strong as5001ates. The latter is especrally
abundar on lobe faces that have been broken up through burrow—
1ng act1v1ty of ground squ1rrels.‘ Thick patches of. the sedge

are good lndlcators of ground dlsturbance.'

.
\

. Snowbed Group - R e L .
“15.’ Carex nigricans type (stands 27 & 28, Table 18). ;ﬁb'»¢
ThlS type is represented by numerous patches rarely |
exceedlng 02 ha in depre551ons or concave sectlons of mostly
N & E- aspect slopes. Snow release is ln late June f_early
July. The surface 1s unlformly hummockyj the mlcrorellef ca.
‘30 cm.f The" hummocks typlcally have a large central s11t lens,
silt’ accumulatlon is greatest in thls communlty type (Table 12)
Stands are ea511y recognlzed by the yellowrsh cast of
‘prev1ous seasons Carex nzgrzcans leaves (Plate 13) _ ThlS
'sedge is an outstandlng domlnant formlng a much denser coveri
than any other specres in the Bald Hills. The bottom 3 cm L
Iare partlcularly dense,. thlnnlng to 7 cm; w1th some leaf tips:
'pto 12" cm. Scapes are . abundant though not consplcuous, gener-

-ally 12—17 cm hlgh.
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PLATE 13.
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Teleécoﬁed'Végetationai‘zonatibn;'WithéDryas

octopetala/lichen'tundra at.loWer'right grading_ﬁ

directly.into Carex nigricanS'snowbed.. Beyond

“is a fringe of Antennaria lanata (bluiéhégraY),\

e

some Phyllodoce gla duliflora (in flower), and
D. bctopetala matsfﬁegr;ridge_brest; Caga T
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tufts of Juncus drummOndim an"

~

There are three addltlonal strata : (1) a thin but

\homogeneous "emergent“ layer of gramanLd scapes -DeschamPSLa

AN ' .
atropurpurea at 15 =20 cm,’ Ehz'ld_parvtflora at 35- 40 cm, ‘also

Trzsetum spzcatum and Pog grayn%bﬂ (2) a low layer of evenly'

R

dlspersed EpzZobzum alpznum,A (3) a thln layer of bryophytes'

whlch although 1mp0551ble to see W1thout partlng the Carex

»

leaves,‘form a surprlslngly good, even cover. Czrrzphyllum '

czrrosum domlnated in stand 27.- Llchensuare extremely scarce.

In the - communlty type S - nodal or optlmal expre551on,

!

these are the only plants., Seneczo trzangubarms, Arnzca

‘MOZZts, and a few llchens are common at the stand perlphery

and sometlmes on hummock tops, and 1nd1eate/sllghtly earlier -

snowmelt ’

’

More noteworthy yet lS the p051tlon of Antennarza
Zanata.k Thls spec1es gets progre551vely more. abundant from

xerlc to me¢ lC communltles 1n the heath serles.‘ Its optlmal

development seems to be in a constantly recurrlng l 3 m w1de‘

e
band between heath and Carem nzgrzcans snowbeds (cf Plate

21

l3).v Aspectually it is very prominent due to the numerous

pale A Zanata leaves.
LN - . '

e
.M .

16, LuzuZa snﬁﬁ%ed type.

"This typé 1s represented on some very late snowmelt'

/

' 51tes w1th moderately steep N and E—fac1ng slopes of loose‘

' shale pebbles.» The ‘very short grow1ng season,'no more than

.[? 6 8 weeks“ comﬁlned w1th contlnual downslope movement of the

T}

]

‘Yféwﬂstems of Phleum alptnum,“



L }
L, ;t. P : : . X
surface, preclude any so;l development., However,»the shel-

. A

tered site does favor some vascular plants.
The normal pattern con51sts of regularly dlspersed

dark red clumps of Luzuba parvzflora and/or L. arcuated. Also"

a "‘v"- .

present may be L. spzcaﬁa; Carex pyrenazca,'Cardamine B

o -

'KbellzdzfoZ}q Oxyrza dzgyna, Epilobium aZanum and Juncus

'

drummond%i?L StZene acaulzs, a. typlcal upland tundra spec1es,g_
may also occur here. There may be some moss clumps, bnt,'
llchens are- very rare. Total plant cover is ca. 5%, rarely

approachlng 10%

T a larger 1ncrement of conglomerate rock the LuzuZa snowbed

v grades lnto Carex n@grzcans, Luetkea pectznata, or Casszope

-mertenszana communltles. There 1s also .a transltlon to ex- R

}Vtremely late lylng snowbeds, often hectares in Size (Appendlx

e

4), where plant cover 1s neg11915le or nll

17.° Pog cuSick‘ii type., S T

dix 4)hare;Eé&ered,withlloose shale_pehhles; Upslope m01sture

sourtes are' lacklng, whlch leads to drought condlﬁaons soon

after the’ rather.late snowmelt The surface is not partlcu~ Tt.j”}?T}

v

‘H.Iarly actlve except 1n gullles, where subject to runnlng—wai”

. eros 1.01'1

_ : . oL e
Poa cuszckzz tus S prov1de a very low (ca. l%)-bgt

consplcuous cover. There are . rare ¢ _of Ggrex nzgrzcans,

VSzZene acauZzs and Arabzs ZyaZZzz, and a few 1oose mats of '

&y

e

L'PoZytpzchastrum. There Is v1rtually no other plant’ llfe.'gida,;@
“ @ - SV : Lo L s

. o A ) . C B : oo R ’ : R L R

e



Other commur. types

1 1§t Erzophorum poZystachzon)CaZZzergon sarmentosumktype.(.“'
g ! ‘Communltles of thlS type are found locally from tlmber—i
llne to 2250 m. They occupy level flat areas that are water‘
saturated all or v1rtually all ‘season. The 501ls have a thin
layer of oﬁganlc matter and are probably Orthlc Gaeysols.

a ,B’ : There are two plant strata : (1) an upper layer of gra-
mlnoids at 2C—25 Cm. Erzophorum polystaehzon with its whlte

frultlng heads is the phenologlcal dominant in late summer,

though 1ts cover - may\bexlower than thatsof the associated

Ay

o/

sedges Carex paysontz,‘ci saxatzlzs @C bipamttta and’ c.

eZeusznozdes.s Total va8cular plant. cover is ca. 10 15%.

E‘ poZystachzon also grows 1n pure, dense stands in shallow
. water of.hlgh subalplne ponds. (-, The moSS CaZZzergon

i

sarmentosum forms a dark surface layer.
R I

/ﬁ\j 19, Sphagnhm bog type.
Ponds and communltles of the precedlng type are bor—

dered by hummocky ground Hummocks enc1rc11ng Erzophorum '

N
5,

B communltles are spec1es—r1ch in hepatlcs (Lezocolea mueZZer},
Lophovza SPP. s Barbzlophozsa hatcherz, Cephalozta,
Cephalozzella,'Scapanza zrrzgua) and mosses (AuZacomnzum
palustre, Tomenthypnum nztens, HyZocomzum splendens, Bryum
pseudotrzquetrum, Dicranum scoparium, Paraleucobryum enerve,
Sphagnum warnstorfaz, Polytrzchum commune, P} Junzperznum).

‘é; The hummock tops also have frutlcose llchens Ciadqnia

B pleurota, C.'chloﬁophaea, 5.‘0000Lfera, C.. ecmocyna,'Ctd

-

pymﬂdata, Cladzna mttzs, Cetrarza erzcetorum
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. Timberline ponds are. bordered by hummocks malnly of

Svhagnum russowzt. Assoc1ated bryophytes include many of the

N

above.  There are’ also ,some sedges and Kalmia pOZLfOZLa.

- 1 20.  Salizx barxattiana-scrub type.
Thls type is represented in the study area by a few

“small patches at”the S end. It is much better developed along

hlgh subalplne valleys e. g. ‘Evelyn Creek (Appehdlx 4) Stru

turally it entails : (l) a falrly aense layer of 3-5 dm tal

 Balizx barrattzaua, :(2) a varlably dense layer of forbs, tHe

~

same'speciescas'in herb mefdows; (3) a carpet of bryophyt S.

Spruce trees have 1nvaded some of the scrub meadows..

-

8 21, Artemzsta mtchauxzana/Rubus zdaeus type.,

This type is represented by one small (0 2 ha) stand

7

" on- a steep, W-facing shale scree slope’ at 2250 m. The un-

stable surface has ca. 10% cover of clones of Artegzsza.

&

mzchauxzana and”’ short (30 cm) Rubu@-zdaeus A“There are ;Jcal
patches of a few other speCLes, notably PenstemOn eZthtzcus

, whlch occurred o y herer

e

A._mtgﬁauxzana is. characteristic. of Cllff ledges on
both warm and cool aspects, but here it occuples a dlfferent

‘and for it, rather largevexpanse.

- 22, 'Pdpulus ¢remuloideé sCrub type. v

One small stand of dwarfed aspen was found ‘at ZOOO-m:'
" on a steep. SE- fac1ng slope of loose shale pebbles. ‘The
PopuZus vegetatlon, apparently one. clone, formed an open

shrub cover less than. l m tall and 1nterconnected at the

R ACEEI g
Y S

Y/
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root” . | There was no sign of sexual réeproduction.

On the bare shale'were Sscattered plants of Juﬁiperus

communis, Rosa aczcularzs, Rubus zdaeus, Shepherdza canadensts,

Fragarta vzrgtnzana, Carex brevzpes, Eptlobzum Zatzfolzum,

wE. angustzfolzum, Aster stbiricus and Saxzfraga bronchialis.
'The shrubs are 1mportant constltuents of montane and subalplne
fj%ests, but at their™ upper elevatlonal limits. here. The S
aspect must be the key to thelr surv1va1 The soil tempera—
ture ( lS cm) on 19 Sept 1970 was 7 C here but only 1~ 2o

over most of the tundra. | '

“ The notlon must be'entertained‘that thisfcommunity
type, though dlStlnCt from subalplne forest and meadow vege—

o

tatlon, is not really a tundra type.

t23.d Abies—Picéo krummholz type.

This type occurs at 2100 2250 m, exceptlonally tc
,2350 m, malnly on SE fac1ng hlllSldeS and E crests of ric-ss.
(Plates 4 5) The key factor in its success is snow cover,
spec1f1cally the narrow range and dellcate balance between
deflclent and excess snow accumulatlon.‘ Some w1nter snowcover
is essentlal to protect ‘the conlfer branches from w1ndb1ast
and de51ccatlon 1n3ury, but deep snow accumulatlon precludes'
conlférs, probably by not allowing suff1c1ent time for carbo-
’hydrate bulldup (cf Bllllngs and Mooney 1968)

Abzee Zaszocarpa is ‘the major krum olz spec1es, form—
an prostrate and flagglng clumps 0. 3 -2 m hlgh taller in the
lee of some rldges and plateaux. chea engeZmannzz is also

;~ <

"common, and ranges into more xerlc habitats and higherv-
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elevatlons ‘than Abies. On Slgnal Mt., Hrapko 11970) found.:
Ptcea attalnlng hlgher elevatlons than Abzes on all slopes.
Krummholz Pznus_contorta is quite rare in the Bald Hills,

and P. albicaulis, a timberline conifer seen in some of the

park ranges, is wanting. Adjacent to some Abies-Picea

krummholz stands are small dense’ patches up to 0.5 m tall

"of Betula gZanduZosa

Practically'all krummholz is associated with Dryas

octopetala, Casszope tetragona, PhyZZodoce glar /ulzflora or

Salim'arctéca, on a loose shaiy surface. Vac énium vttms-

I

éwzdaea and Salzx nzvalus,are also usually present,’ along w1th
ca few forbs and‘gram1n01ds. The geners  grcund yegetatlon

is; then most s1mllarvto the‘D"OGt‘pe;' 2/ iche~ communlty

type but with . the lnclu51on of- spec;es stk as Ph ZZodoce‘

gZanduszZora 1nwresponse to snow accumulation a-ound the

krummhblz clumpsw/HWithin.larger stands ol Auies krummholz‘.-

5

; there ‘are clones ;k P. gZanduthZora Aand Vaccznzum 3copartum,

th1ck clun@s‘of mosses (chranum SPP. s PoZytrzchum spp )

and frutlcose 11chens espec1a11y CZadonza spp., Cetrarza

a

spp., CZadzna mztzs and Stereocaulon aZanum.

A few conlfer 1ndlv1duals penetrate 1nto Casszope

mertenszana heaths and even Carex nzgrzcans snowbeds, but

/thlS is probably a tranSLent phenomenon rather than the be-

-glnnlngs of forest lnvaSLOn such as reported for tlmberllne o

meadows 1n west—coast ranges (Fonda and BllSS 1969, Franklln

et al 1971)

118



= S 119

FOrest;tundranmosaic
| “The superpositionjof trees,over'a tundrallandscaoe
_creates complications in"the analysis and description of the
vegetation. Trees'are;one,to four orders of.naghitude larger
than tundra plant"species. Some conlfer clones are larger-
N than entlre tundra plant communltles, and mlcrocllmatlc ef-.
‘fects are proportlonately greater._ Clearly, any one unit of
vegetatlon cannot handle treed and treeless tundra on an
equlvalent ba51s. That is why, although tree~dotted tundra.
does contaln varlous tundra communlty types,‘thls study
treats it n a zonal or landscape context, viz. the'forestf
tundra zone. - | ,. . Sl R
The'forest—tundra mosidic inlthe Bald Hills. comprises;

conlfer clumos dlspersed ‘over a matrlx chlefly of heath

tundra together with some stony tundra, ‘herb meadow and snow-

o bed communltles.v Abtes Zaszocarpa, the most important conlfer,*

-forms lslands up to 10 or more meters in- dlameter.’ The lsland
4growth—form comprlses a- core of up to 20 or more leaders,
height 1- 4 (exceptlonally to 7). m, the tops often consplcu-
ously reddened ﬁ;nged by -a dense layer of prostrate spreadlng'
=_branches 3~-7 dm hlgh. In the . forest tundra stand that wasr‘
1nventor1ed (Table 19),>con1fer canopy cover was 16%, of |
wh1ch,94% was Abzes._ There are . areas in the forest tundraA;
.zone with greater canopy cover, the Abzes so thlck that Qne
.cannot avoid-: walklng over the prostrate branches.- But taken RER
‘:as a whole the forest tundra zone has only 5- 10% conlfer

- cover. chea enanmannzz, sometlmes as numerous but much

-4

- less 1mportant in cover than Abzes, 1s never layered and

B .



120

e

TABLE 19. Inventory of conifers and afsoqu@ﬂd ground vegetation in a
. 45x]35 m arca of the' fOrest tundri ‘zone.

i

CONIFER ,SPECIES ABIE‘S PICEA . PINUS T-OTAL
. . ' LASIOCAR?A ENGELNANNIT ‘CO¥TORTA . o

'NO. CLONES L 32 T p : 70
MEAN CROWN COVER (m?) © 29.0%4.22 1.6£0.3. . 1.7

% RELATIVE COVER =/ 93:8 5.5 0.7 " 100.0
‘S GROUND COVER . .15.3 08 01 163
MEAN HEIGHT (m) _ _ 2.810.1 '1.610.1 0.8

ASSOCIATED GROUND VEGETATIOND ,

Fhyllodoce ¢landulificra 30 18 1 ‘49
 Cassiope tetragona 3. 10 0 13
Vaceinium scopariun B 5 .0 11
“Empetrum nigrum 3 7 1 11

. Dryas octopetala 1 1 1 3
. Salix nivalis o . 1 0 "1

Cladonia sp. . . .1 0 0, 1

‘bare surface o 0. b o1 2

8standard error.

bNumbers of occurrences of dominant species adjacent "to conifer clones.

‘generally not as tall . Pinus contorta i§ very uncommon.. It

forms short, straggly spec1mens often w1th much dead wood in. -

S

_the upper portlon.ﬁ _ : C L : : .
Tree clumps in the forest tundra zone have much more

1nfluencemon adjacent vegetatlon than does krummholz, whlch ¢

..

Lmoderates only lts 1nterna1 mlcrocllmate. Abzes is much more

‘1nfluent1al than chea. In the study plot, chea was often

¢ '

'surrounded by Casszope tetra@gna and other tundra spec1es
requlrlng llttle snowcover, whereas Abzes was 1n almost all
1nstances surrounded by PhyZZodéce gZanauLLonra and
J,Vacctntum scoparzum (Table 19) The heath cover was densest

at the outer edge of the flr aproh., Herbs were very scarce~

- except for occasional clones of Epzlobzum angustszlzum.
’ B

-

‘chranum spp 5 BarszOpho tehert, Ptvlzdzum ciliare,j‘



Polytrichum spp. and Cladonia SPp. were'abundant Within the
Abies islands espeCially if these were open-centered (25%

were of this configuration in'the study'plot) -EpiphytiC'

growth was very poor, malnly Parmeltopszs ambzgua,,P hyper—

_opta and Cetrarta pinastri near the base, and Lecanora varta

and Bue?lzq disciformis on branches. - ' '
'Phenology of species;adjacent'to and within Abies
islands is delayed about 2 weeks compared_to their develop-

ment on open tundra.

Tt \

_ &WSECT STUDIES

" Bald Hlll transects

Data -from- two of the transects on the Bald Hlll are

. presented in Tables. 20 and 21. The third transect had no

: discernlble patternS»and has therefore been excluded.

" Dryas octopetala is the outstandlng domlnant in the

short S-V transect «(Table 20). Dryas cover values of 20 -25%.

' 51gn1fy v1rtually complete mat cover ("canopy cover") The

_remalnlng vascular plant cover is rather low and spe01es-

=

poor. Cryptogam cover, espec1ally of frutlcose llchens, o o
seems correlated w1th Dryas cover. No other clear patterns
emerge.

The 1ong E-W transect (Table 21, Appendlx 7) brlngs

'Oﬁt‘several polnts : (1) Poollng the data- 1nto 8—quadrat

_means'still leaves_a good deal of" n01se '." Evidently a

considerable number'ofy25x25 cm quadrats, or a fair.number

of very 1arge onesyhvould be required for a good approximation
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TABLE 20. Percent cover of plants in a 55 m S-N downslope

transect in Dryas/lichen tundra on the Bald Hill.

2 3

SUM LICHEN COVER

A @6

- 38 38

" TRANSECT SEGMENT1 1 4 5 6 7 8.9 10 11 12
VASCULARS :
Luzuta spicata -2 N _
- Garex sp. o +°. R
Pedicularis arctica 2 2 + 2
Festuca brachyphylla z 2
Antennaria alpina 2 1 172 o+
Artemisia norvegica 5 + 2 22 2 "
Campanula lasiocarpa 1. + .+ + +
Salix nivalis = : -5 2 7 211 2 2
Dryas octopetala 15 24 20 24 10, 5 29 10 19 7
'Vaccinium,vitisfiddea 2 2 2 + 2. % 2 7 3 2 11
‘Gentiana glauca- ' 5" +
Trisetum spicatum DR R
Poa alpina ' +2 2 .
Salixz arctica : 2 5 2 -2
Arenaria obtusiloba ‘ ' +
Cassiope tetragona ~ 2
" LICHENS | T S
crustose - 1 +2.2 1 1 2 2
foliose Lo ST o+ 22
fruticose 15 38 38 1520 15 39 19" 9 2 1 2
ROC‘KS >6cm dlam. = o _' ' 2 8 '3 "3 8
- PEBBLES. = -39 2 21 119 8 33 .39 74 85 15
MINERAL SOIL 22 3 2.2 9 1 271 1 3 2
LITTER - ©3:.8 26 38 26 26 26 19 20 2 + 26
B o . - ) | o . |
SUM VASCULAR COVER .31 29 28 33 24 15 44 15 27 5 2 21"
'SUM BRYOPHYTE COVER 9 15 3 39 33 9.3 .2 3 8 |, 2
15 20 16 41°21 11 4 2 4

lMean df'th 25x%25 cm quédrafs. |

.fLéss”than’O.S% cover.
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2 TABLB 21. Percent cover of plants in a

1

'

on the Bald Hill.

5

37Sﬁ E-W transect across Dryao/lichon tundra

P . ’ g 'f.5-9:_

s

" 10-15:

16-19: -

%

i

thin winter snowpack.

w—facing slope, conglomerate bcdrock surface, sncwfree #

all year. .-

level ridge, shale-pebble surface; up to 30 cm snowpack.

Gentle E-‘acxng slope, shale & ,conglomerate; up to 80 cm

snowpack.

TRANSECT SEGMENT! 1°2 3 4 5 6 7 8 9101112 13 14 15 16 17 18 19
VASCULARS :
Vacecinium vitis-idaea 7.3.2 2 1 2 2 _
Sazxifraga ?cacsritosa T 2 o 4+ 1 1
Canmpanulc lasiccarpa + ¥ o+ o+ + + o+ +
Carexr nardina 1 1 + 4+ 4+ 1 + 1 +
Carex albonigra + 1 1l o+ 0+ + ' + . o+
Dryas octopetala - 13 51410 5 4 3 3 715 4 310 7 6 9 2512 22
© Salix nivalis 211 32 11113 + 4+ 211 5 3 4
Potentilla rivea + o1y ) -
?Trisctum spicatum B A 5 )
Antennaria alpina 1 + 2 1 + + 1 .+ : 101 + 1
Draba sp. + . + o+
Luzula spicata 5 , 1+ + + + 1 +1 1
. 4 L : . .
Silene acaulis + + + +
Poa alpina : .+
Arenaria obtusiloba , + + + + + 1 2 1 +
Peatucavbéqcﬁyphylldv + + 4+ 1 11 3 1
" Polygonurt vivipdrum + + T+ o+ 1 +
Pedicularis arctica. + 2 1 1 +
Artemisia.norvegiua B - B 4+ 2 1 1
Saliz arctica . + = 2 + 2
Genttana glauca ' S+ 2 4+ 1
Caas{ope tetragona +
Carez sp. . 1
: . Son
LICHENS S . _5;;\ k o . E
_erustose - - . 214 312 6 2 2722 1 111 1 119-8 6 1
fruticose. . . ‘2. 1016 6 5 3 510 82210 3 2 6 5 5 913 713
- folicse 112112 8 7 7 4 1 + 1 i4 1 -+ 1.1 + 2 4+ 1
CONGLCM. PEPBLES 344717323720 89 I 1 3 L2 2 2 ° + 1
SHALE FEBBLES 12 16 47 35 47 52 72.66 45 34 B85 79,62 73 63 S 2 30 36
MINERAL SOIL » 111 3 + 1 1 + 4 I+ 4+ 1 1.2 1419 5
LITTER . o 14 .6 23 .18 14_17 810 29 37 410°17 13 15 59 63 25 37
" 'SUM VASCULAR COVER 200131816 810 6 6.1320 7 6 11 8 9 26 41 22 32
'SUM BRYCPHYTE COVER + 1 1 51 4 1 116 4 2 2 2 1 218 3 5 7
SUM LICHEN COVER : 23 50 21 25 16 14 16 11 2412 8“3 7' 6 6 27 23 14 15
NO. VASCULAR SPECIES - 4 4 4 6 3 5 3 2/45 2.2 272 2810 8 7
~Mean of 4 pairs.of 25x25 cm quadrats,‘each pair at_S'oiinﬁervals.. ..
-NOTE: Transect segment 1l-4: Gentle E- fac1nq slope, conglomerate bedrock

siirface;
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"of the plant cover.
' (2) Eromfconglomerate to shale_there
‘are no real differences in Dryas octoperala or‘SaZix;nivaiis
“cover. Carex nardina;‘C: albonigra and Vaecinium‘vitis-idaed,l
on the other hand,,arewapparently restricteduto_thevmore
_stable conglomerate:surface}-'The Variety of,species‘that ‘
can occur on this substrate (cf. Table 15, stand 7)‘wasv§ot7»‘
_reallzed, pos51bly due to the entreme exp05ure;‘“'

¢ (3) Vascular plant cover and spe01esA
.rlchness rlse markedly at the me51c ‘W end of “the transect
'(Table 21). Plants such .as Genutana glauca, Artemts¢a o
norvegtca and Salzx arctieca ev1dently prefer the le%ﬁ w1ndyh'

»"é{% s
less xeric habltat, even 1f it means competlng w1th ﬁ‘ﬂ_

octope;ZEB\yhlch forms almost'total mat cover. A number Of¢'5ﬂ5;7'
. vascular plant species drop out at the W end, presumably due
to competltlve pressure. There is also_arshlft away  from
saxicolous lichens to<mesophyticrspecles suoh“as Stereocaulon
alpinum and Eepraffdlnegléctq'(Appendix 7). |

o | (4) The couer of saxicolous lichensf
both crustose and follose (mostly Umbzlzcarta) types, is
_'hlghest at the E end of the transect. Thelr poor development.
over the remalnder may be due to w1nd abras10n (segment 5 9),,
surface lnstablllty (segment 10 -15), and overtopplng by
. vascular plants (segment 16- 19)
(5) Cryptogam.cover (a51de from saklco-’
;lous lichens) is more or less. correlated ‘with Dryas shoot

cover and with 11tter whlch is mostly dead Dryas leaves. In
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i

'vsome D. octopetala/hlchen communltles the bryophytes,'most “
frutlcose lichens and many crustose spec1esﬂa;e~wholly depen—
‘ dent on Dryas as su?strate (cf. Chapter 7). | |
(6) Quadrat segments 9- 10 form a deflnlte
vegetatlonal dlscontlnulty The concave and presumably ‘more

sheltered surface may have enhanced the success of vascular B

plants and-cryptogams.

N

Snowbed\&eadow transect

ThlS transect (Table 22) traverses two communltles, a

'¢Qﬁpwbed (quadrats 1- -9, —stand 17) dominated by Luétkea

4, %

,1ata and Carex nzgrzcans, and a herb meadow*( stand 20),

Qﬁnearest the Artemzsza norvegtca LuzuZa parvzflora communlty
type (Appendlx 5). ‘ Quadrats 10-11 form a hlatus, most obv1ous
in lichen coverdand variety. | A
| There is a slicht-upslope‘gradient of decreasingv

. winter snowcover and soil'moisture:_fshiftsbin species_comf
position and-cover along.the tranSect are<moderate. About
half the vascular and llchen speCLes occur over’ most of 1t
Total plant cover anc- numbers of species are comparable_
:throughout. Importanc dlscrlmlnatory spec1es are Luetkeant
pectznata, occupylng only the hydrlc .end, and Salzx arctzca,y
absent from thlS end. Llchens are poorly represented at the -
hydriclend.' A few spec1es of bryophytes‘occur at~only.one
or other end. In quadrats»loland ll:Drepaﬁch&dusAuncinatua
has a high cover, Lophozza spp. are entlrely absent, and
lichen cover is . very ilow.

. Although in the:fleld;there_seemed_to be four distinct.-
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TABLE 22. Cover cstxmatc%l of all plants in 2x5 dm quadrats in an upslopc transcct .of snowbed
" weadows. . . g L

QUADRAT XUMBER 1 2 3 456 7 8 91011 12 13 14 15 16 17 18,1§ 20
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, valuable information. It encompasses three major noda:_

~3
o]

v 127

LLu

) communltles, one would" be hard~pressed to plck them out.of

the transect data. ThlS underllnes the 1mportant role that

gome spe01es play in. our. v15ua1 1mpre5510n of communltles.". e
Antennarza Zanata 1s partlcularly 51gn1f1cant It may not

~have a hlgh cover but its strikingly pale color stands out. ..
agalnst the overall ‘dark background hence small ShlftS in

1ts percent cover.. result in large changes 1n the communltyds
appearance, Color, helght and,other properties of asstiatedrht.;<

\

plant pec1es are also 51gn1f1cant in* enhanc1ng or mutlng . Y

n A

the effect. Luzula parvzflora 1s ‘another spec1es whose

‘ aspectual dominance is strlklng, in quadrats 10 and 11

(Table 22) it was much more consplcuous than any other . . ~

specres

. . Ty S
"'Dryas/lichen to Carez nicricans. transect

ThlS transect (Table 23, Appendlx 6) ylelded the most

(l) pebbly tundra with poor 5011 development, l%w bryophyte

‘and. vascular plant cover,»and hlgh llchen.dlver51ty, (2) ft
snowbed w1th a depauperate flora domlnated by Carex ntgrzcans, :y
(3) all vegetatlon between these endp01nts, and domlnated by .‘,
heath spec1es. The communlty sequencells lndlcated'ln‘o. R

Flg. 16.

L

s

Major trends seen im~tée transect are‘these : ‘

| _&; (1) Pebble cover is very high in ‘the’ flrst
.23 quadrats but decreases abruptly at the start of heath
vegetatlon. thter accretlon and soil : development are much

more 51gn1f1cant processes in heath vegetatlon than onﬂz;gzg:\“f\f‘

g -



TAhLE 23,7 cover cstimaten of sclected plant spocies in a transoct from Oryas catopetali/lichon tundea
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_NOTE Vascular plant spccics xn CAPITALS, bryophytcs in Lower-casq, 1Lchen: Italzca.-
cian .of four '2x5 di quadraits at -5 ~dm xntctvala. oo ‘ o o .
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' .dominated surfaces. . A “U /
."f(z)_ Mineral ‘soil is exposed'mainly in. the
Cassiope tetrdgond/D octopetala cqmmunlty.J Cover of organic
matter in thls mos% xerlc of the heath communltles ls not
‘quite enough to exclude needle-ice formatlon. There seems
_tolbe a’ correlatlon between m~*eral soil surface and presence
of a few plant_ spefles espec1ally Salzx nzvalzs (alsp ck.
.Flgs. 13 &.14) | -
| (3) tYascular plant cover is lowest and most
heterogeneous in the Dryas/llchen segment. It is remarkably
"homogeneous in the Casszope mertenszana segment, and hlgiest
in’ the sgowbed | |
\ ’(4) Bryophyte cover 1s 1ow and lrregular
'1n the Dryas/llchen segment. Through the heath sequence it
is not as unlform nor as high as vascular plant cover, and .
;1t decllnes in the snowbed Ibmlnant bryophytes are Dicranum
seoparium in the xero—me51c heaths, and Kzaerﬂa starket and-
Lophozza s.1. in the hydro;me51c”heaths. e _ |
{5) = Lichen couer‘is-highest infthe first

o

lvhaif of the transect and nll in the snowbed.» The'lichensg; Eos
_can be a551gned to four groups {1_ u |
Sax1colous spec1es, restrlcted to
the flrst thlrd of the transect and accountlng for
‘most of 1ts spec1es rlchness.
(}i;. Spe01es on soil and lltter 1n rela- .
‘tlvely unshaded mlcrohabltats. These spec1es, notaerj

. fruticose forms such as Cetrarta nzvaZzs, C' cucuZZata,
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”Dactylzna arctzca and AZectorza spp. occur inwonlyl
ca. the first 40 quadrats, i.e. the same ranoe as
Dryas octopetala. ‘
| \iii. A few.species across most of the
heath-segment, with Solorzna croceu; Leprarza neglecta‘
‘and Peltigera a. ‘hosa the most 1mportant
iv. A relatlvely ;arge group of frutl-
cose specaes of wide ecologlcal amplltude, lmportant
ones being CZadonza ecmoeyna, C. cocczfera, CZadLna
mztzs, Cetraria standzca, C. erzcetorum and
‘Stereocaulon asznum. |
| .(6) The sharpest breaks in overall pattern
are at the start of the Uasszope tetragona/Dryas oatopetala
communlty and at the start of the Carex nzgrzcans snowbed
’These breaks reaffirm my cla551f1catlon of the Bald HlllS
vegetatlon, viz. Stony Tundra} Heath Tundra and Snowbeds,
! .

-w1th Herb MeadOWS off" the tundra seauence.,
: ¥

e

The commun;ty sequence is related to snowmelt dates

,(Flg 16), whlcn are 1n turn relatéd to (1) degree of»w1nter

“.snow accumulatlon and (2) sprlng weather, ,Sno‘ acoretion.is
mlnlmalhln the Dryas/llchen communlty,llncre,ses progressivelyh
‘through the heath seﬁ:ence, and is greatest/ln the snowbed
communlty. Mel\out always proceeds sequéhtlally from Dryas/
llchen to snowbed 1n a total tlmespan of ca. 2 months.
fSnowmelt depends on solar radlatlon and alr temperature,'

hence rate of- retreat of the snowllne is not constant from

Year to year. B o ; ' °



Observatlons on. snow accumulataon and meltout in other

communltles (Table 24) ampllfy the transect data. Most

Dryas—domlnated sites have sparse snOwcover and are snOWfree,*

,by early May._ Cushlon~rosette communltles have- varlable;
snowpack, from none to l.m orhmore. Casszope tetragona/D
octopetala communltles dlsplay a remarkable range in snow-
depths, from only 15- 20 cm in some, expos1ng the tops of
the C. tetragona stems much of the w1nter, to well over a

meter (Table 24) Obv1ously snowdepth, although 1t may help

explaln the patterﬂ'of plant commun1 ‘izs-in the 1 Q- Hllls,'

i
~

is not the only factor.
PhyZZodoce gZanduszZora Cac, npe- mertenszana com— ..
munltles have more than a meter, to 3 m of snowpack

Snowbed communltles also have deep owpack NThe herb

- meadow communltres that were 1nvest1gated had very unlform

snowcover of 1-2 m. Snowdepth measurements 1n an Artemzsza

norvegzca/Sasz arctzca meadow and an adjacent sllghtly drler

,phase revealed a. cons;stent 15 cm dlfference through the
7"w1nter. Even '*ough a good correlatlon may be demonstrated
between herb—meadow communlty patterns and snowdepth 1t-1s

not con51dered to be the_goverrlng factor.

¢ L. . . : . oo

PHL _oGY .

General patterns

In the Bald HlllS the grQulng_season_for_yascular

132

!

plants extends from early May to late August.. Fall colora--

tlon is normally consplcuous by the last week of August

L



*I33UTH Hﬂm.zocm wo om ST cho m>mn ou kumwm =} mmﬂuacsEEoo mum&m\u:omu&ﬁmu mnoemmUb awog

-

..uauaaz T1® wmuu3o:m 2x9M mmupmouuuwu mo mm aa

<

meuo>o - R ‘

- - §8-0S5 - 'SST-OTT 09T-06 . SL-09- Of 02-ST . - . suoz mnmcsu-umm“om & 0ete|
, : X v . u&oN%vN:ﬁ:uNm ooopo1RYyg L v
- - - 0ZT-00T- 08T  SL-0S 0E-ST -~ 0€-0z - ~.puplsuvgLow 2doissny LaAN 1002
_ o Lo : . “vao1fraand pynzng ‘ -
0 0 SS-G¥ Wm-mm SET-S6 0ET-0TT ~0L-09 0£~-0Z = . g /porboagou prezwogay. . ¢ 44
o | _ | o 5. . ! . poigodp x27pg
c0 0 0Z~0 oL - s6. . - 06 §6-0S ZZ-LT ~' . 6=§ .\uommaagox_cmm@su“aw, EN e ovT
0 ST 08-09 SOT  SET OVT~OTT 0§ ST - 9  ephag/puobvazag sdozeany 013 0pe
0 0. 80 - = 206  0E-ST 0T-§ §T-§ - Nmu»saxu:omuagm% odozsop) ~  Lan 00z2
DS M : A _ . L Ex&m%eNsm L , K
0 0 0 SE~0F  09-0¢ 09=85  0F=0€ =~ TT~L . § . wnyopagfizoq/wohag . 0
S s S . 3 ) v
0 0 0z 09 09-0V 08-09 cv-6zZ - - = numaa\cosmma&o: cesssaggw . 68 _
0 0 0y 0Z-0T 0y-0¢ S5-52 - 0t-§ ST-g #8y (€ mcqumVQ.aosoHH\as»LQ EN H
_ o o . 11T PTYE oyd Jo. A
0 0 o - 08-Sy 09-0€  SE€-GZ 0Z-T OT-0 - m@um oTppes .sozoﬂﬂxmus;m 0 oogz .
. S J ‘ : o _— -
R o TTTH pTeg - |
0 0 0 0 0 T-0 b-€ T-0 €20 -~ 8y3- 30 doy S UeudTT/ 80 flug. 0 7 o0€e
sunp sunp Aey  Key ady 934 290 AON, 300 3dasg N‘;;WNOQm .wmﬂ , ,
12 s Lz 5 - 92 LT 9T - 1T 9T €T .8 1DFASY “NQIIYATTI
TL6T : T OLGT - \4 . . .

‘TL~0L6T 3O umucas ay3 sm;ousu maﬁﬂm PTed U3 :m

.

*o3ep 2ad o37s um@ mpGOEouzmmoE ‘9~z U0 poseq

mwaua:sEEoo uGMHQ snotaea. #m Aaov nummwzo:m

AR

. .
hT

g s - : R
- . oo R T



a

rshow re—lnltlatlon of growth and a second flowerlng in early

o -

A few plants e, g Arabzs lyallii and Arenariq obtusiloba may

forid
September.

. Earllest to flower and shed seed are plaats on warm.,

aspects with llttle Snow cover, e.q. those of . the Ranunculus

\

geltduséEryszmum rallasii (Eig. 17) and Kobresza beZZardzz_

communities. Next are Dpyas-domlnated communltles : dormancy

1ng peak 1s late June - early July (Flgs 17,18). The peak
4

in heath communltles is early to mid-July (Flgs.‘l7 19), and

in snowbed communltles mid-~ to late July Fig.. 17) 'Snowbed

~ grasses e.gq. Deschawpsza atfopurpurea, Phleum asznum and

Trzsetum spzcatum are the latest-flowerlng of all Bald Hills

plants that manage to shed seed PhZeum asznum can ‘be in

"anthe51s 1n the flrSt week of August Yet sheddlng seed by

mld—September_(Flg.-IS). Some spec1es in snowbeds never can

'complete the cycle, and populatlon replacement must come from

w1thout the communlty._
The phenologlcal,sequence can be correlated w1th Ssnow
release dates (Flg 16) From early-release?through to’ Snow-

bed communltles there 1s a progre551vely sh%rter perlod

’between snow*dlsappearance and fIPwerlng i, e..earlxﬁfelease

,communltles effectlvely delay flowerlng whlle late ones. . -

flower very soon a%@pr meltout A common phenomenon in both

' arctlc and alplne tundra, accordlng to Bllllngs and Mooney

(1968), lS the telescoplng of phenologlcal events in plants

released from snowcover relatlvely late in the Summer. In
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* + ERYSIMUM PALLASII -

RANUNCULUS . GELIDUS

" DRYAS OCTOPETALA/LICHEN
‘on conglomerate

~ terracette DRYAS

- OCTOPETALA/LICHEN

PHYLLODOCE GLANDULIFLORA -
CASSIOPE MERTENSIANA -

ARTEMISIA NORVEGICA
/SALIX ARCTICA

50 % of

species
\

~.

in flower"

 ARTEMISIA NORVEGICA -

& - ANTENNARIA LANATA -

CAREX NIGRICANS

FI1G. 17. Phenologlcal ‘curves of seven plant communities
in the Bald Hllls, 1970. :

~JUNE

JuLY | AUG.

135

s ‘Z\Z :"1’4 o
o,



Y | o | . 136

SALIX NIVALIS /ﬁ%{i_

' ARENARIA OBTUSILOBA

SALIX ARCTICA T

DRABA INCERTA

)

PEDICULARTS ARCTICA

POTENTILLA UNIFLORA

DRYAS OCTOPETALA
SILENE ACAULIS

HIEROCHLQE ALPINA . : o A ‘
CASSIOPE TETRAGONA T
ot :
et )

LUZULA SPICATA
CAREX ALBONIGRA

.
" GENTIANA GLAUCA .
ANTENNARIA,ALPINA
VACCINIUM VEITIS-IDAEA
'TRISETUM SPICATUM .
" FESTUCA BRACHYPHYLLA .
. SAXIFRAGA BRONCHIALIS cfiiic: ~
CAMPANULA LASIOCARPA
: POA GRAYANA g
. ke
S o
1 4 ! f ! 1 1 ! | .
- _JUNE ) JULY CAUGUST '
. o ) ; M
FIG. 18. ‘Phénological ‘spectrum of vascular ;| FLOWERING
‘ - plant species in a Dryas octopetala
‘/lichen community (stand 3), 1970. - . FRUIT o
Seed ‘release stage not ascertained . DEVELOPMENT :
in some of th . . ’ . -
- ' e spe01es. R ,:,'.;' SEED .
: - - RELEASE" :
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| SALIX ARCTICA | TG
CAREX PYRENAICA T
. PEDICULK%IS%ARCTICA' AT
GENTIANA GLAUCA ~,ﬁ%%% ]
PHYLLODOCE GLANDULIFLORA r
 <; CASSIOPE MERTENSIANA .
- CAREX SPECTABILIS A{:‘ ! -
'SIBBALDIA PROCUMBENS ~(ib
| ~ ANTENNARIA LANATA
cASTrtLEJA-océIDENTALIs' “
FESTUCA BRACHYPHYLLA

ARTEMISIA NORVEGICA

POLYGONUM‘VIVIPAQUN
CAMPANULA LASIOCARPA

- HIERACIUM GRACILE

DESCHAMPSIA ATROPURPUREA
el wwey | AavausT

L

FIG. 109. Phenolorucal snectrum ‘af Vascular‘ : LCV’V@RNG &

plant species in a P?vyZZodoée L o _9".\'
gtanduliflora-Cassiope mertenszana 'FRUW-
‘communlty (stand 15), J970. " X - DCVELOPN’ENT

e - S f)QSHD&
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the later snow-release communltmes, plant development is

strlctly a functlon of snowmelt (and snowmelt dependent pro-
cesses such as soil heating) rather than second—order envir-
onmental factors such as slope and exposure (Holway and Ward

' 1965)

Duratlon of flowerlng and fruit development

Most of che- studyAarea s tundra communities have
flowerlng perlods of. comparable length’ (Flg 17). fTheir
relatlve briefness c1rcumvents late —Season drought or early-
season snowcover. Herb meadow communltles, on the other hand
enjoy up to three snow-free months with adequate soil mOLSture
The vascular plant spec1es exhibit a longer phenologlcal
sequence (Flg 15) whlch optlmlzes effectlveness of 1nsect
polllnators (Mosquln 1971 Pojar 1974). Seneczo"trzangularis

,»and-Arnzca moZZzs, much v151ted by insects; are very late
E flowerlng and support Mosquln s (1971) hypothes1s that cornu-
copian spec1es force the flowerlng peaks of poorer competltors
“to occur either later of (ln thlS case) earlier than thelr
own. Herb readows are unllke most tundrf communities- where,
'accordlng to Bliss (1971), flowerlng is syncnronous.

The duratlon of fru1t development appears comparable
:between communlty types of dlSSlmllar habltat and spec1es
comp051tlon. %It ages . 46 (30 65) days for species in s ;
Dryas octopetala/llchEh tundra (stand 3’& 46 (37 63) days in
PhyZZodoce gZanduszZora Casszope mertenszana tundra (stand

15), and 43 (30 59) days in Artemzsza noruegzca/Sasz arctieca

-

meadow (stand 21)
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Swiftest degmlopment is seen in some of the grasses‘
‘and Compositae, w1th only 4-5 weeks between onset of flower~
1ng and onset of seed dlSpersal. A minimum of_3QAdays was
recorded for Antennarza aZpbna and Arniec moilis. Holway and
Ward (1965) found that Erzgeron ptnnatzsectus and PoZygonum
vzvzparum frequently took only a week in alpine tundra in
| Colorado. In Siberia, Gavriliuk (1961) found the shortest
frultlng perlod in spec1es with small dry seeds, in famllles
such as the Caryophyllaceae, Gentlanaceae, some Cruc1ferae."
Max1mum duratlon of frult development ca.,9 weeks,
occurs in the heaths (Flgs. 18 19) of vascular plants in
bSlberlan tundra, Cassg@pe tetragona. is among the slowest
(72 days) in fruit development (Gavrllluk 1961). In the
Bald Hllls, seed dlspersal is more or less synchronous in
Casazope tetragona, c. mertenszana and PhyZZodoce,

- glanduliflora.

_The bearing of ‘site on phenology ' ' : o

= — : —_— : . s
,%ﬁ . 4 _ . , . . .

For most vascular plant species in the Bald Hills,

»onSet of growth is a fuﬁ%tion of site. Clones of heaths on
warm aspects or be51de boulders commence flowerlng up to 2~ 3
weeks earwler than those ln‘ nodal" heath communltles.

BN Q .
Flowering is remarkably synchronous between heath communltles

.‘of a glven type, 1rrespect1ve of slope, aspect or eleyafiggif/e/fﬁ».
The most plau51b1e explanatlon forJthls is probably synchro—
" nous rise in 5011 temperature.

l ~.. . Some spec1es e.g. Carex nzgrzcans and Veronzca wormsk-

Joldit range from heath through to snowbed 51tes._ Theis
O - :
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seasonal growth may begln up to a month later in snowbeds
than in ad]acent me51c 51tes., Spéc1es found both 1n herb

meadows and upland tundra communltles seem to flower later

1n' he . latter. Artemtsza norvegtca blooms synchronously in

»

andwxqric 51tesw

ime 1rrespect1ve of srte. In others, development
1n the more me51c 51tes takes somewhat longer. Dryas octo—
petala 'in relatlvely me51c 'sites (e.q. Casstope tetragona/

D. octopetala communltles) begins to flower earller but
takes .up to two weeks longer o start shedding fruit (58 vs.
‘42 days) than in more xerlc 51tes.u Holway and Ward (1965)

found that fIULt development 1n Androsace septentrz@n&lts

took. from as llttle as 3 to as much as'9.weeks. E

Phenoloqy and elevatlon ‘

From lowest to hlghest alpine elevatlons 1n the Bald
Hrlls, a range of almost 500 m, the delay in flowerlng is 1n
the order of a days. The/dlstrlbutlon and depth of snow
. and. the rate. of snowm@lt -rather than temperature per se, are

. e
the crltldal/faétors ln sprlng.~ In late summer however, all &

_/fites/are snowfree and: temperature, or more spec1flcally heat

units, have a dlrect bea on phenology.v For example,‘ y
Campanula.laszocagya reg 8-10 days more to rlpen frult

in communltles at 2250~ 2315 m than in comparable sites at - ‘ 53
2135 m. |

By late August - early September, the grow1ng season;,

Cis deflnltely past at altltudes above ca. 2400 m. Autumn



. coloratlon is pronounced the ground surface is frozen, and
fresh snow does not melt but accumulates ln hollows. LAt

“low%r alplne elevatlons & . the same tlme, autumn coloratlon
Lc N

is ‘Prominent but the ground surface is not yet frozen.ﬁ

.Arthropod act1v1ty is v1rtually nil. In the forest-tundra

zZone autumn coloratlon is Just beglnnlng, the ground surface
.is not’ frozen and there 1s Stlll some overt 1nsect acthlty.
In the mlddle subalplne zone most of the vegetatlon is Stlll

o

green.
X

Year-to-year variations

The less snow that a communlty accumulates the . less
affected w1ll it be by year-to year éllmatlc fluctuatlons.
aThus, plants of w1ndy warm slopes flower at about the same
tlme each year,. whereas snowbed meadows experlence 0501lla-
vltlons or a month or more in onset of growth For example,
1n 1968 Luzula snowbed communltles were just beglnnlng to
melt out around 25 July, whereas 1n 1969 and 1970 the same

stage had been reached: by 12 June (Plate 14), a dlfference

of 6 weeks. ‘By contrast the dlfference was only 2 weeks 1n"

Dryas communltles, ‘and the max1mum 1eeway between years in
*‘PhyZZodoce gZanduszZora Casszope mertenszana communltles és

ca. & weeks. Annual variations in peak flowerrng of up to
two weeks have been;reported by Hocklng (1968) for Dryas
o

zntegrzfolza in the ngh Krctlc.

Phenologlcal development in 1970 was: varlably delayed_-'

'xelatlve to 1969.\ The average and range of delaY?for selec-'

ted communlty types and habltats was as follows:
. SN

’
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PLATE 14. Main Station area’ éf the Bald -‘H_,:'L‘lls7 ;Lcio}zing ‘
~~_'south. Approximately the same stage in snow--
* ‘melt is seen in both views, but was attained .
Six weeks earlier in 1969 than in 1968. ; i ‘
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Earliest Dryas octopetala
.. =~ . flowers 1n a range of:
communities ./

D, octopetala/llchen and
Cassiope tetragona/D.
octopetala flowerlng peak

PhyZZodoce gZanduszZora
-Cassiope mertensiana
flowerlng peak
Note that delay is_ progre551vely greater

Jcommunltles.

S. & W-facing slopes e
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4( 5 to 20) days (7

‘days in most spec1es

3(1 to 6) days

. 8(2‘to 14)‘days'

ca. 15 days

1n later release

In an - alplne ‘area. in Banff Park B%Ser (1967)

found ﬁlowerlng in some species delayed up “to a month in

1966 compared to 1965

oo N
Fprb meadows contaln Ssome species: whose .phen-?

‘yfis

A

.essentlally 1ndependent of xé;r-to—year env1ronmental fluc—‘

.tuatlons,

(Table 25)

-

and others that show great annual varlatlon

Members of the second group are apparently

‘affected more by the grow1ng season than by snow patterns.

In SOme years peak flowerlng 1n herb meadows can be delayed

N rABLE 25,

Dates of appearance of first flowers>
- *of certain spe01es in the Bald Hllls.

v

SPECIES * 1969 1970 19711972 .
Ranunculus gelidus ° 24/5 28/5 - , s
- Ertogonum androsaqceum - 14/6 1/7 . S
Phyllodoce gZanduszZora 5/6 5/6 3/6- 7/6 - :
Trollius lazus 5/6 6/6 3/6 6/6 I
Caltha leptosepala - 8/6 8/6 5/6 8/6. VJv.'
Ranunculus eschscholtzii  8/6. 6/6 6/6 , o
.Senecio pauciflorys . - .20/6- 477 24 /7
Veronica wormskjoldii : 20/6//2/7 23/7
Pedicularis groenlandica  19/6 9/7 25/7




a month relative to other years, According to Jdolway and
'-Ward (1965), the previousqseason‘s envirohmental conditipns
may be the critical factor because they 1nflue1ce late;
season development of floral prlmordla. In the Bald Hills,
the very dry and warm summer of 1967 was followed by a very
. poor year of flower productlon 1n forb meadows.” The . damp
+1968 and 1969 seasons were followed by seasons of profuse
flowerlng. | . o J g
| N Gf:'Cﬁ)‘GRA;PHIC ONSIDERATIONS

/,

i .
. i

Floristic affinities N

The Bald Hills cont in about half of the vascular

olant spe01es occurrlng in the Mallgne area (Kuchar 1377)

, | ‘
Absent from the study areﬁ are some species in the Opal Jllls
A

NE of Mallgne Lake, viz.

gZaucum, Dryas zntegrzfo Ta, Equtsetum sczrpozdes, Papc er

freedmanzanum, Polemont m pchherrzmum, Rumexaacetosa, Scliz

farrtae, S. stoZonzferaL and Saxzfraga tracuspzdata Some of

Y

these can be 'related to calcareous sabstrata, totally.lacking‘

in the Bald Hllls. ?¢

At the N end of the Mallgne Range Hrapko (1970) found

Arctagrostts arundznacea, Campanula unzflora, Festuca baf-

ftnenszs, Pedtcularzs capztata, P, Zanata, P, oederz, Pyrola

grandtflora and about a dozen more spec1es that I dld not

see in the Bald Hllls. of - the 157 v%scular plant spec1es

‘that she recorded in alplne tundra on Slgnal Mountaln, Hrapko

(1970) con51dered ca. 30% to. have a Cordllleran dlstrlbutlon"

conitum dethznszZLum, Delp*“nium

144



‘and 45%‘arctic—alpine.‘

The Bald Hllls contaln ca. 65% of the above- tlmberllne

@

Vascular Plant flora of the Alberta Rockles excludlng the
Waterton Crowsnest area whlch belongs to a dlfferent florls—
th reglon (Kuchar 1973) Onlygthree vascular endemlcs are

4

known from the Alberta Rockles (Packer 1971), none of these

D
from: the Mallgne area¢ The flora is not partlcularly 1mpres—”

sive compared to that 1n many other- mountaln areas in the
world where 10—20% endemlsm and a dlver51ty two or more'
tlmes greatsr aré the rule (Major and Bamberg 1967) On the

,herqhand 1t compares qulte favorably ‘with alplne floras

1n other parts of the Rocky Mountalns and other North Amerlcan

s ; ,-a

ranges, el g the Rockles of cent&al Montana with ca. 200

specles;KBamherg and Major 1968), North Cascades with 250

species k[buglas 1973), Beartooth Plateau of Wyomlng Montanad,l

-

w;th 190 spe01es_(Johnson and Bllllngs 1962). A serious
problem 1n such gomparlsons, as Hrapko (1970) has recognlzed'
5’1s that alplne" has been, varlously 1nterpreted so that one

A qmighthﬁnwittingly'he comparing'a'species list of tundra vege-,

S u? '_.'h' . . | b
;RTundra”dommunltles,ln the Canadlan Rockles,.*
g e R ' :

KJ.@“;; ;lundra:comm/nltles homologous w1th many\rn the Bald
| Hllls have been . degcrlbed from varlous parts of. the Canadlan
Rockles. The clearest correlatlons are in the Heath Group.
Mountaln heathers (Casszope PhyZZodoce) are’ the most 1mpor—

tant 1ow-alp1ne g ound cover throughout the: Canadlan Rockles

except toward the U. S border (Balg 1972, Kuchar 1973) where ;
” f

T
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dry sedge meadows seemuto replace them. )
| Cassiope tetragona, the most xerophytic of the heath-
ers, is set apart in a distinct communlty type by Beder
(1967), Hrapko (1970), Trottler (1972) and Knaplk et al
(1973) PhJZZodoce glandultflora and Casszope mertenszand
are lumped 1nto one communlty type (e g. Hrapko 1970) or |
kept separate (Broad 1973, Knapik et al. 1973) _ In the Bald
"Hllls the two were found together more -often than. not
RP. empetrzformzs is not as abundant as the other heathers

(in the areas thus far 1nvest1gated), and a separate commu4

o ¥

nity type has not been erected for 1t Trottler (1972) ¢

'descrlbed &~PhyZZodoce ass001atlon domlnated by P, gZaﬁduZt— o

w

- B
=
CoRE

. onra P, empetrzfo”mzs and thelr hybrld Balg (1972)

descrlbed two tlmberllne communlty types co- domlnated by

trees and PhyZZodoce. "He con51dered the Abies- Ptcea/

PhyZZodoce type the most w1despread of all tlmberllne types d T
in the %lberta Rockles.'_Thls type would be’ the chlef con—‘

| stltuent of the forest -tundra Zone. . | - | ﬂ.‘ .
| Luetkea pectznata, a dwarf shrub domlnant around |
' tlmberllne ln mountaln ranges west of the Rockles (Dougla§§
_1972 Landals ‘and Scotter 1974), is only locally aﬁdndant 1n
the Rockles, e.qg. at Mt. Edlth Cavell in Jasper Park and in

the Van. Horne Range in Yoho Park (Kuchar unpubl Y. It 1s res-
trlcted to 51tes w1th deep but not exce551vely late-lylng snow.

Communltles dominated by tall forbs have been descrlbed

s . I

Zfrom the Canadlan Rockles. Slmllar to the Artemzsza norvegzca

o

’-Anemone occzdentalzs type are Broad's (1973) NE—aspect‘

w



—_—

Anemone occzdentalts Thalzctrum occzdentale type and Knaplk

et al 's (1973) A occzdentalzs ‘type. Broad's (1973)

TroZZzus Caltha community-is 51m11ar to the Artemzsza
norvegzaa/Sasz arctzca type. I have seen small forb meadows

in Yoho éark that. belong to this type. Hrapko s (1970) S.

Group. Trottier (1972) described three associationshfrom

'Highwood Pass that are probably part of. the S. arctica

N complex.

Artemzsza norvegica is to the claSSLflcatlon of Bald
Hills vegetatlon what Salix arctica 1s to that of Slgnal Mt.

Hrapko (1970) v1ewed S. arctzca as the domlnant and unlfylng

‘sSpecies of her me51c group of communltles, whlle I have Seen

' Artemzsza norvegzca as characterlzlng the herb meadow commu-

nltles of the Bald HlllS._ The Bald Hllls are less xerlc

\

_overall than Signal Mt., hence the lower cover of A norvegica

in the latter area. Interestlngly enough A norvegzca

-meXhlbltS the broadest ecologlcal amplltude of all apec1es

found on Slgnal Mt. (Hrapko’1970), whereas 1n the Bald HlllS‘

it ls”much more "nodal" (Flg. 14 Table 23)

A varlety of snowbed communltles have been described _

v
v

'from the Canadlan Rockles._ Common to all studles is the

Carex nzgrzcans type Antennarza Zanata has beenilncluded

. ‘*—7. .

in thls communlty (Trottler 1972) or set off as a- separate’d

one (Hrapko l970 Knaplk et al 1973) The Luaﬁt'&sgbwbed‘
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extremely late snow- release communlty domlnated by Samtfraga
ZyaZZzL’(Knaplk et al. 1973) _

| Largest and most complex is the Stony Tundra Group
(= Chlonophobe group of Hrapko 1970) There seem to be four
noda : ; (1), Communltles in whlch Dryas octopetala and
lichens are promlnent : Beder's (1967) D. hookerzana Oxytropts
podocarpa Cetraria cueuZZata c. nzvalzs type, Bryant and ’
Scheinberg's (1970) alplne fellfleld Hrapko's (1970) Dryas—
lichen type, Trottler S (1972) .'octopetaZa assocratlon,
.- Broad's (1973) Dryas ampetrum nzgrum type
- A{2) Communltles with high gram1n01d cover,

LAV

especially, of Xobresza beZZardzz (Beder 1967 Knaplk et al.
1973). |
»,(32 Communltles on very exposed and unstable 51test
w1th mlnute plant - cover chlefly af cushlon forms, e.qg.
Kuchar s (1973) cushion- plant tundra type |
*3.' (4) Communltles 1ntermed1ate between Stony Tundra ;ZQ

and ot er Groups, e.qg. Hrapko s (1970) Dryas Salzx arctzca

type, Balg S (1972) Abies- chea/Dryas octopetala type.

Hrapko (1970) deSCrlbed a terracette communlty with D octo- - ; .
petaZa domlnatlng 1nter—terracette surfaces, and Sasz arctzca,b

s. nivalis and erlcaceous ‘shrubs on risers and: bases.d; R U F§35

Communities domlnated by low w1llows, espec1ally Sasz- |

: barrattzana, are common in the Canadlan Rockles (Beder 1967

Trottler 1972 Knapik: et al. 1973 Kuchar unpubllshed) They
jnormally occur along creeks and other well—watered relatif'

.vely sheltered 51tes below tlmberllne.' They are absentjor”
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poorly developed in areas where a constant mOLSture supply

is not assured e.qg. most of the Bald Hllls and Slgnal Mt.

Tundra communltles in other reglons

Western North Amerlcan alplne tundra

The major unlfylng element of Canadlan Rockies: and
far—western tundra communltles is heaths, domlnatlng the
groundcover around tlmberllne (e g. Brlnk 1964 -Douglas l972)
Tall herb meadows rlch in forb and gram1n01d spec1es are also'
_‘1mportant in coastal ranges (Kuramoto and BllSS 1970). |
Spec1es common to the. Bald Hllls and coastal mountains may
dlffer in ecology, as reflected in phenology. Tha flowerlng
perlod recorded by POJar (1974) for vascular plant specres
1n a forb meadow ‘in coastal alplne tundra in B, C ranged from
d5 days earller to 40 days later than for the Same spec1es 1n
a forb meadow stand in the Bald Hllls (Flg 15). The posi-
-tlon of some spec1es 1n the two phenosequences dlverged e. g
lRanuncuZus eschscholtzzz flowered very early 1n the Bald
Hllls sequence but in mld—season on’ the coast. |

Many tundra communltles 1n the Cascades are domlnated
by gram1n01ds (Ibuglas 1973) } ' Some others, domlnated by
heaths or Dryas octopetala, can be referred to Bald Hllls
btypes. The Carex nzgrzcans snowbed communlty is a“very w1de-f-'
spread one in western North America - (cf Cox 1933, Ibuglas
1973). | o | |

Southward (generally S of the Canadlan Rockles),
cryptogams are a much less s1gn1f1cant component of. alplne :

plant communltles. Bryophytes and llchens are scarcely



mentioned by}B

s,sftes. In a-pafisyéikhe Med1c1ne Bow Mts in Wyomlng 1nvest1—

. tosg’Sax1colous species, and mosses predomlnated only in

'_(by Bliss (1956), the only important lichens were crus-

R
meadows,‘

' nerally warner, drier central and southern h
Rockles there is a pauc1ty of lush forb meadows and a total
absence of heath communltles Dryas domlnated vegetatlon, a
consplcuous element‘of Canadlan Rockles tundra® landscapes,

is a very mlnor type 1n U S mountalns, malnly on some N and

E- fac1ng slopes (Hayward -1952, Klener 1967 Benedlct 1970)

-These 51tes are falrly dry, cool ,and thlnly snow—covered

‘ Bl

and in thls combination probably - best represent .the upland

’ alplne env1ronment of the Canadlan Rookles.,-

B

e st

~ Tundra vegetatlon in the central and southern‘Rockles

is dominated by forbs e. g. Geum rosszz and gram1n01de e. g

iKobresid~beZZardit, Carex eZynOtdes, Deschampsza cespztosa

(Cox 1933 Hayward 1952 Johnson and Bllllngs 1962 Bell

1974 ‘Olgeirson 1974) ~Such alplne meadow assoc1at10ns are

4very unlmportant in the Bald Hllls, and raise thN\questlon,
5»If gram1n01d meadow lS the cllmat1C‘c11max of alplne tundra

.:fln Colorado (Bllllngs and Mooney 1968), what then is the

cllmatlé cllmax 1n Canadlan Pockles tundra°

4
> b
gy

o g

tThe communltles of the Bald Hllls are phy51ognomlcally,

florlstlcally and ecologlcally most 51m11ar'to upland arctlc

tundra types ‘ Communltles domlnateﬁﬁby Drdas octopetala or

150
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5:.zntegrzfolza have been descrlbed from Alaska (Hanson 1951,
'l§53, G]aerevoll 1954), the arctlc mainland of, Canada (Brltton
1966, Neal and Kershaw 1973), the Canadlan Arctic Archlpelago |
(Sav1le 1959, 1961 1964 Barrett 1972), Greenland (Geltlng
1934, B8cher l963,”RauD 1965, 1971), and northern’ Europe
(Nordhagen 1955, Gjaerevoll and Brlnger 1965 Kilander 1965
’Rune 1965, Rﬁnnlnc 1969). In the northern part of the Cana-
’dlan Arctic Archipelagoy ‘heath - veaetatlon malnly of Dryas
fzntegrzfolza, SaZzl'arctzca and Casszope tetragona predoml—
nates in uplands (Babb and BllSS 1974) In many arctic. areas
the latter two are the maln competltois of Dryas (Iaup l97l)
vIn northeast Greenland Drgas occurs in v1rtually all habltats
but more abundantly on the drler 51tes, whlle Sasz arcttca
domlnates mesic; s1tes (Paup 1965). Heath is the typlcal
vegetatlon 1n W Greenland and domlnated by Empetrum nzgrum
Casszope tetragona /accznzum uZLgLnosum and other erlcads
. (Holttum 1922). | |

e Cassiope tetragona, the most 1mportant arctlc erlcad

‘sSome but not -a great deal of snow accumu@ates (Savlle 1964),
Jgenerally less than a meter (Barrett 1972). East of the l |
Macken21e Delta, Corns (1974) found C.- tetragona most abun—wuv
dant at the base of slopes where snow lay longest It is
generally referred to as a snowbed specres in the Arctlc,

but thls 1s strlctly relatlve. Snowbeds are so shallow in

most arctlc areas compared to many mountaln areas, thatr,
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-

what is called a snowbed spec1es in:the Arctlc may be/a
-falrly good chlonophobe in an alplne area. ) .
Forb —-rich herb meadows seem pecullar to mountaln
systems." The broad range of 5011 moisture, snow release
conditions, snowbanks and other env1ronmental .relations
does not obtain 1n the Arctlc. In the High Arctic it is

o
so cold and dry that not only herb meadows but also snowbed

vegetatlon 1s-con51derab1y restrlcted in 51ze and flora

Fy
\

(Bllllngs and Mooney 1968)
Most lowland plant communltles in the Arctlc are domi-

nated by gram1n01ds, mosses and dwarf shrubs (Bliss 1956,

Barrett~1972

rSuch0communitiesfare ,b
.small and local in mountain tundra, in sitesfof impeded
dralnage. Floristic and—vegetatlonal similarity between

- arctic lowland tundra and the Bald Hllls or other “average"m

Canadlanfﬁoggres~tundra areas may be VQIX&&OW For example,

a low—arctlc area’ studled by Corns (1974)‘h d some physio- . - S

_gnomlc equ1valents (e. g. shrub heath types, erb types)( but

iflorlstlc 81mllar1ty was low : of the 46 1mp”!want species

'llsted by him, only ZZs occur: in the Bald. Hll’

:nant_ln the Bald Hllls. '
o Bdcher s (1963) claSSLflcatlon of W Greenland.vegeta—"
: tlon exempllfles the thoroughness and detall in whlch European
.synecologlsts have treated tundra (and other) veqetatlon, and |

reflects their greater famlllarlty w1th it. In addltlon to

the basic crlterlon of phy51ognomy, Bdcher has SubleLSlOHS
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based on (a) _.islure rela.:ons 1 (b) geographical distri-~"
bution. | | | :
Europear ,:;ne cundra

"Ao,lne tundra ﬂhfce;tral - rope is rlcher in species
than Can. . a’oine tundra (c dajor and Bamberg 1967), 1s ’
floristically rath - g -+ - (cf. Schroeter 1926,‘Braun—‘n
Blanquet 19438, 195¢ unllke in communlty structure.

The prevalence of dry *erb and graminoid communltles, toge—.
ther with the rlcher flora, is suggestlve more of communltles
of the southern and central Rockles rather than Canadlan
‘RocPles. R |

Canadian ROCPleS alplne vegetatlon seems to correspond
better to that of Scand1nav1a where heaths and Dryas- domlnated_
communltles are prominent. Dryas-sedge assoc1atlons, espe-
101a11y w1th Kobresza beZlardzt and Carex nardzna, are common
in Scand1nav1a (Nordhagen 1955). The Casszope tetragona/D
vpoctopetala communlty type occurs 1n northern Europe, in sites
- with some snowcover as in the Bald Hllls The most important
bryophytes in this assoc1atlon are Rhytzdzum rugOSum,d:
Rhyt@dtadelphus trzquetrus, HyZocomium spZendens and
:Tomenthypnum nztens. The last two are’ characterlstlc of -
‘mesic. or meso hydrlc sites in the Bald Hllls and the flrst
T is llmlted to xeric stony tundra. " Thus the correspondence
rbetween North European and Canadlan C. tetragona/D octopetala
:types is less satlsfactory than would seem from domlnants.’

Snow pattern and substrate are con51dered prlmary
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factors in dlfferentlatlno major vecttatlonai grouplngs in

northern Burooe. Gjaere¢oll and Brlnmer (1965) divided the

tundra vecetatwon of Sweden into chlonophobous and chlono—

phllous grOLpS, and these 1n turn into calc1coles and non—

ca101coles. Their chlonophobous group 1nc1udes three allian-—

ces, Empetrlon, Myrtllllon and Dryadlon‘ Important spec1es./_

in the Wyrtllllcn are thths e.g9. Phyllodoce coeruleq and -
/ .
CaZLuna vuZaarvs Eycggoctur aZD,run and Sibbaldia pﬁocumbens
L ‘{g'_.
afe two dlfferentlatlng spec1es. The Myrtllllon'ev1dently

corresoonds to my Heath CrouD. It does not correspond to

Nordhagan's’ (crted in Bocher l963)-Phyllodoce—Myr illion which

‘lncludes Cassiope tetragona and Dryas. 1ntegrzfolza— dpmlnated

communities many of whose- cryptooam species are shared w1th
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the C. ,et*aﬂona/D 'octopebala community type of the Bald HlllS.‘

Gjaerevoll and Bringer's (1965) Drfadlon is correlated
aﬂ‘gf

' w1th ba51c substrata, and 1s separated on thls crlterl : om

‘»the Emoetr1o§’® Belonglng to Lhe Drvadlon are some vascular'
S v _
plants of Dioo c+ooetaZa/llchen tundra, e.qg. Carex rupestrts,

St lene acaulvs PoteﬂtzZZa ﬁzvea Drnba nzvaZzs,‘Carem

nardina; and some llchens e.g. Caloplaca, ntnodzna,.Ocnpole—r'

chid, Pegcusarza. " The. Fmpetrlon nas some vascular plant
specres and ﬁany 1mportant frutlcost lichens of D. octopetald
/llchen tundra, e. g. AZchorta ocnraLeuca; Ar:nigricané;‘
“Cetrarta'ntvalzs,-€,.cu¢nllata;'fhﬁhnolia varmicuZaris
Vaccﬁnium.vitistfdaea,.Fesiuca cvina, Haerockloe alpuna -If
'the Iryadaon and Empetrlon were lumped as one alllance, it

' would correspond giosely to the Dryaas Qubcroup of’ the Stony

. Tundra Group.

w
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The lnterpolatlon of substrate creates dlfflcultles

in comparlsons of European with Rocrv fountaln veqetatlon.

. The Furopeans ev1dentﬂy have sometn&ng we do not, DrJas

octopetala as a marked CalClCOle (G]aerevoll 1963 Elklngton'ﬁ

1971). 1In the Rockles lt may bc-found on much more hlghly

ac1d1c substrata than reported from Europe. Although it can:

I

v,grow on basic substrata, ltS place in manj llmestone ranges

is taken’ by D. zntegrzpolza. . S

' Other dl crepancles arise with snowbed communltles
'Cryptocams conmon 1n extremely late meltlng snowbeds'i

Eurobe (Gjaerevoll and\Brlnger 1965), e.gﬁ_Kiaeria‘e%drkei,

e e/ L, IR
Conostomum te tragonum Anthelta Juratvkona, SoZortna crocea., .

DLsthnzum captllaceu are common constltuents of heath

"communltles (Table 17) or other mesxc s1tes in the Bald HlllS.’

» They do not. occur in communltles of the snowbed serles except

o

at the drler end 7 Elther snowbeds 1n Europe are not as late—

lylng as. 1n the Rocxles or the SDeCleS are adapted for much
“later release 51tes in .Europe. - The relatlve unlmportarce of
.’bryophjtes in alplne snowbeds in vestern: North Amerlca may be
'due to the snarp tran51tlon from medlum to deep snow: the
‘drj rldge - late snowoank enVlronmental gradlent is much
snarper here than in most of Lurope (Bllllngs and BllSS

1959 BllllnGS and Nooney 1968) P %
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f 6.  GENERAL ECOLOGY OF 5RYAS OCTOPETALA
TAXONOMY AND PHYTOGEOGRAPHY

The genus Drgas (dryad mountaln dryad, mountaln avens),r

" in the famlky Rosaceae, includes a Holarctlc group of mat— o

formlng dwarf shrubs that often domlnate vegetatlon of xerlc

o el

habltats at hlgher latltudes and altltudes PorSle (1947)

con51dered the genus very old w1th its closest relatlves 1n

7Szeversza (Geum) Llnnaeus in fact orlglnally named a Geum

‘spe01es Dryas pentape+aluw. Kuznetsov (01ted in Juzepczuk

h1929) v1ewed Dryas as a’ hlgh—mountaln genus, derlved_froma

Don.. and FaZZugza Endl. Juzepczuk (1929) on‘the other hand

-~

con51dered eastern Slberla, hlgh 1n 1ver51ty of Dryas taxa,
as the main centre of evolutlon of the genus. -

Dryas tradltlonally has 1ncluded three well marked

fspec1es. D.- octopetala L., desCrlbed in l753 .-D. zntegr@fblia

‘M. vahl (1798) ; and, D. dr rummondii Rlchards. ‘ex Hooker (1830) .

Dryas octopetala s. l 1s the most w1dely dlstrlbuted of these,,

‘occurrlng across the Arctlc and into temperate latltudes v1a

the alplne zone of mountaln ranges.' In North Amerlca 1t de-

‘Scends to ca. 37°N latltude (Colorado), in Europe 390 (Greece,

oS

Armenla), and 1n As1a 34° (Japan) (Pors1ld 1947) , Northward

it extends as hlgh as latltude 83015"1n Greenland (Chrlsto-

v

phersen c1ted in Hanson 1953), but is absent from the Cana- °

‘dlan ngh Arctlc. Throughout 1ts range Dryas flourashes in

what 1s commonly con31dered a harsh env1ronment. gravelly,
. &
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poorly developed s01ls def1c1ent in nutrlents and m01sture,'

hlgh w1nd exposure, lack of much if any w1nter snowcover,

'7“d1urnal temperature extremes.v Although rarely encountered in

gmllder s1tuatlons, it can thrlve 1n a v1rtually frost-free
enV1ronment such as the west coast of Ireland (Webb 1962)

Dryas zntegrzfolta is found in Greenland and North

£

Amerlca, where 1t ranges from wooded tundra to ngh Arctlc.

Its southernmost limit is central Montana and 1solated moun-

1

talns in NeWw Hampshlre lee D. octopetala 1t occuples w1nd—

swept, rocky terraln at hlgh altltudes in the mountalns, but- -
. 2 . i -
1t also penetrates well. 1nto the Montane zone in Jasper Park. -

In the ngh Arctlc it is one of the commonest plants, domi—

natlng the drler sites together w1th Saxzfraga oppdsztzfolza'
and lichens (Por51ld-l964 Sav1le 1964 Svoboda 1974)

The present stronghold of Dry&s drummondzz is north—
western North Amerlca, from Alaska to Montana and Oregon.
‘;Isolated colonles in the Lake Supehlor reglon and Gulf of St
Lawrence squest a former morc exten51ve range. Invcontrast-"’"ﬂ
’:w1th the flrst two spec1es, 1. drummondzz 1s restricted to o

b4
mlddle and lower elevatlons where lt is a true colonlzer ?

-

spec;es, abundant and often v1rtually the only plant on allu—jy -
v1al gravel and recently degla01ated terraln. It also stands

f apart morphologlcally by v1rtue\of ltS yellow,,noddlng, partly
_:closed flowers. Dryas octopetaZa and D. zntegrzfalza both o
have whlte, erect flowers thatafully expand’ Hybrldlzatlon .
has been reporte&>between D. drummondzz and D _?ntegrtfdéia QE

(Rouleau 1956). _ .},'.1- L ; _hkb‘ -
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In 1929 juzechuk in a generlc revision of Dryas deal—

1ng malnly with Palaearctlc forms, establlshed two sectlons

v

and four subsectlons and prov1ded descriptions for ten new-

speCLes. This,’ tOgether with. three specres that he had des-
\
crlbéd earlier plus two other species, increased the total for -

Dryas to elghteen. In 1947 Por51ld concluded a‘study of Dryas
in North America that upheld Juzepczuk s cla551f1catlon and

added two spec1es from the Alaska Yukon reglon. Por51ld
. @

'.observed that most of the spec1es<iccup1ed land surfaces that

were elther never gLac1ated or had experlenced local gla01a—

tlon *only. ThlS 1s most 1nterest1ng in view of hlS subsequent
statement that "All seem” well adapted to unstable solls such

-

‘as fresh moralnes, grave 1 bars of glacial streams and erosion

,fans and, therefore, do remarkably well 1n close prox1m1ty to

glac1ers. !

The narrow spec1es concept of Dryas was pased in 1arge"?%
part on morpholo?lcal crlperla, of the leaf 1n‘%art1cular, Aﬁﬁ‘
. such as sE%e, crenaflon, and presence/absence of varlous~types'
:-of glands and pubescence._ Hulten (1959) exposed some of these

as poor characters, and relegated a number of the spe01es to

L4

'taxa of- lesser rank.

/ Studylng Dryas 1n\Greenland, Elklngton (1965) found a
':whole serles of confusrng 1ntermed1ates between D. octopetaZa
. and D. zntegrzfolza, which he exglalned as introgressive -
~hybrldlzatlon subsequent to 1mm1gratlon by D. zntegrzfolza

But he concluded that the two should nrobably be retalned at

the spe01es level beCause the geographlcal dlstrlbutlons were
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dlfferent, and the ends of the morphologlcal spectrum evldently
distinét, . In my" own observatlons in Jasper Park I have found!
“the two usually separated edaphlcally,' i Lntegrzfolta on
llmestone and D. -octopetala on ac1d1c rock ‘ Although they
come 1nto contact locally, e.g-. 1n the Opal Hills of the Queen
Ellzabeth Ranges, they do not appear to hybrldlze. Malte
(1934) reported%a @ybrld from the Alberta Rockles.

‘One of the species that Juzepczuk (1929) descrlbed was
Dryas hookeriana, from the Rocky»Mountalns and Cascadés. J D
Hooker, first to study spec1mens of thls plant, refeff

% - ~
to.D octopetala. Juzepczuk however, set it apart prlmarlly

ed ltzv

on the presence of stlpltate capitate glands. "Furthermore,
D. hookerzana appears to be_lsolated from arctic populatlons

of D, octopetala s.s. Hulten (1959) considered the dlfference
"between”the'two minor, - and relegated D. hookerzana to subspe—

19

cific status'ode,‘octopetala,u I have chosen to follow thls -

s

treatment.

:iMORPHOLOGY

-l .
. . ,‘t‘”\

o @ E Dryas is a mat or cushlon formlng dwarf shrub. It has .
a taproot as much as 4 m long (Geltlng 1934), w1th ectotrophic

mycorrhlzae (Schroeter 1926) Large nodules have been repor— _,;-

17

ted for Dryas octopetala, D. Lntegrzjolza and D. drymmondtz
(Tlsdale et al 1966, Lawrence et al. 1967, Elklngton 19;21////
Adventltlous roots commonly develop from the horlzontal ems t"

but are- generally nonfunctlonal (Geltihg 1934 Raup 1969)
d

\, / f

=
Extreme asymmettonf compre5510n wood of the 'stem is normal

I
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(cf..Schroeter 1926) .

Dryas has sympodlal type, growth. New‘shoot development
: r Yy :
is- from buds in the ax1ls of uppermost leaves, though buds ¢

Lot

‘from lower parts of the shoot often develop (S¢rensen 1941)

".The shoots of D. _octopetala form tlghtly avpressed groups or

o

77fascicles which in the Canadlan ROCkleS, are ver§>rarely well—

spaced (Plate 15) The upper surface of the oblo goovate, -
coarsely crenate‘leavesuls strongly~ruéfse, Withuwart—like>

>

excrescences or merely glandular v1sc1d- the lower surface is
densely tomentose Leaves are typlcally’erect in windy or

.xerlc sites but tend toward a horlzontal po81tlon in meslcv
3 . .
-sites o
‘ - o : s
Gcod morphologlcal descrlptlons of Drﬂij octopetala

are orc ‘Zed by Jessen (1913), S¢rensen (1941 )\and Hltchcock

et ... {"255-69) .. Elklngton (1971) has treated 1t;\ecolog1cal

life “is=ory. S 5

GROWTH AND DEVELOPMENT

" Int . :ction v o : oy

Accordlng to lehomlrov (1963), Dryasﬁpunctata over-—.
wir cers w1th green leaves. JD. octopetala is said to:over-
‘winter with'partly developed, inrolled leaVes (Sgrensen 19415ﬁ
which expand in the first flush of sprlng growth or during °
the flowerlng perlod (Elklngton’197l) The flowerlng perlod
is June July in arctlc alplne habltats and late Aprll May 1n :

- coastal 51tes (Wehb 1962 Elklngton 1971) Max1mum shoot

elpngatlon occurs after the maln perlod of flowerlng

\



PLATE 15.

s

Dryas octopetala in open~growth form," rare
in the Canadian Rockiesé  Note 1nd1v1dual
fa501cles and non-absc1ssed dead leaves.

Dryas octopetala in the Opal Hllls, Queen
Elizabeth Ranges. The extreme dlmorphlsm
. does. not reflect any obv1ous env1ronmental
: dlSCOntlDUltYa ' .

L ' - NV 3 e
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(Elkington 1971). S | |
Althoudh the life cycle of D. octbpeta;a is understoOdv

in general (cf. Elkington 1971),'I'wished to relate earller

.findinés, espec1ally the . sequence of leaf production, to the

J

'Dryas populatlons in the Bald Hllls. I also W1shed to fgllow

St
the phenology of D octopetala and relate 1t to env1ronment
. Methods
Concomltant w1th phenologlcal studles of vegetatlon
1n the Bald HlllS, I recorded dates of snow release, flowerlng, A
and frultlng in D. oatopetaZa

To study. leaf productlon I selected mats in a Varlety

of s1tes, most near the fire lookout I 1dent1f1ed specific

;

o

fasc1cles and from May 1970 to Qctober l97l traced the fate
" of current and new leaves by measurlnq length and width of
lamina, length of petlole, and notlng type«:and degree of
dlscoloratlon.‘ ThlS was also done for shorter tlmespans,

between 1969 and 1972 in other 51tes.'

ReSUlts and_diSCussion
Phenology
: At all sites, xerlc to me51c, dormancy of Dw octopetaZa

is not broken untll several days after snow release. There

was no’ ev1dence of any leaf elongaclon or greenlng beneath

ect that near su face 5011
P ?

temperature may be the crltlcal fa tor. In growth chamber-“

T
&
L3 T




studies of b integrifolia, Svaoda (l§74l'found-that asdléaf
temperatures, 1n1t1ally sllghtly below free21ng, were raised
;by lOC increments every 1-2 days, C02 uptake ‘did not start ,
untll the tenth ‘day./ | /\¥ .
In most upland sites, dormancy of D. octogetala is-
broken in early to mid- May,‘and there 1s rapld development'of

the overwintering halﬂﬁformed leaves (Flg. 20). In 1971,

development 1n stand 3 (Table 15) began ca.,l—SlMay;' By 10 °

leaves at mat edges were fully expanded and the others‘
'were elonga 1ng. : - |

The first Dryas flowers appear ca. l42 June, oraaffew.
'days later in years of late - snowmelt.' The flowering\peak is

from 25 June - 5 July, w1th a dev1atlon of one week in years
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of early or late snowmelt. “?eak bloom 1s earliest 1n matflelds_,

- I

_on warm aspects and latest in heath domlnated srtes lThe
flowerlng perlod is relatlvely short at any glven site -from
the onset of:flowerlng, 1nd1vrﬂual mats take.- 1 10 days to
‘achieve peak bloom and a further 5-6 days for mostfpetals to-:
“.wither. Flowerlng talls off by 10 July but a few flowers
‘darry-on or develop later 1n the season.‘ Total flowerlng
perlod appears longest in xerlc 51tes and compressed 1n me51cﬂ
51tes. ‘In D. punctata, flowering duratlon.lslengthened in-
colder than‘normal-weather (Tikhomirov 1963).

D,)octopetala frult development takes 6 weeks in most

vDL‘octopeana/llchen communltles, sllghtly longer ln D

octopetala/PoZytrzchum pzltferum ‘end cool aspect D. octopetala/d

"llchen/communltles,gand aboutiS weeks-ln Casspope tetragonc/
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LAMINA  LxW {mm) .

FIG. 20.

Leaf déve‘lopment in five '?'fésci’c;l:es' ‘of ‘& Dryas
octopetala mat in' a'D. octopetala/lichen
community, S aspect, near fire lookout.
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D. octbpétazaiand Artemisia norvegica/D. octopetala communi-—

ties. Vegetatlve growth is probably favored in the mesic’ \Jl‘

sites (cf. Holway and Ward 1963) : Lower“ground—surface'tem—
'peratures may also be re5pons1ble for slower fru:tvdevelopment.

Fr" dvspersal in- upland srtes beglns at the end of July and
T1:sts laost a month It beglns‘2—3 ‘weeks later-ianassiopé
<\tuuruuuna/D. oc%opetald‘andED' octopetalayPo%yf;ichum

pzsze;am communltles, but only 1asts about 2 weeks.

Gavriliuk (1961) reported a 40 -day development perlod
for D. puébtata fruit in Slberla. Data from Devon Islandx
(Svoboda 1974) 1nd1cate that D. Lnteprffolia may take as lltf

~tle as 22 days to mature frult.;"

In upland 51tes, the least affected by varlatlons in
snow accumulatlon and meltrate, dates of major phenologlcal
events of D. octopetala are comparable from year to year.
Some relatlvely late -release 51tes may be as much as a month
'behlnd upland'51tes (Fig. 21). The latest date ‘at whlch A
Dryas mats were Stlll snow—covered was - ca. 5 July 1968 in a
fD‘ octopetala/moss communlty. In 1969-72:th1s site melted
. out ln early to mid-June‘ v v:d' [ B gb | |

| Fall coloratlon, a sllght yellow1ng or plnk flush of

_.the follage (Plate 7Yy, is’ synchronous between151tes ,In 1970
hcoloratlon began 20- 25«August..i‘,' o o *A f!;,
fLeaf development'

The development of Dryas octopetala leaves in an aver~

‘age’ D. octopetala/llchen communlty .may be v1ewed 1n Five
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J," ' no ~——_. D. octovetala/lichen community,
50 T o o _ ’ S aspect, 2133n.

——= 'D. octéretala rat on dlstur‘*ed
gravel by leckout, 2135m.

----- D. octo‘*etala/r’*ss comrunity,
. N aspect, 2300n.

MAY ' JUNE | JuLy »'_ AUG | SEpT |

FIG. 21. Dryas octopetaZa leaf development, as mean
’ - length x width of 4-6 mature leaves in -
mats at three 51tes, 1971 ‘

stages. -

;(l) Growth of new leaves is brlsk ‘in the first 2-4

weeks, then normally ceases.; Their emergence is staggered

through the season (Flg. 20),*W1th up to 10+ per fasc1cle,

-

: by mid- August Lamlna s1ze ranges from 2x1 to 18x6 mm, with

petioles 0- 10 mm long Some or all of a fasc1cle S new’

Jleaves may dle 1n ‘the first season.

1 4
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(2) All leaves overw1nter in the form they have

attained by mid- August. - ‘ - _h : i o 'p |

(3) Rapld elongatlon and some broadenlng occur 1n

$

May, an average lamlna is- now 15x4 mm. The leaves turn a -

‘dark. olive . color by September';some brown and hecome non-‘
A - : - ’
functlonal i ' :

3



(4) The leaves overwinter without undergoing any

»

changes in size.

(5) The lamlnae gradually elongate and broaden
,,throuéh May,‘sometlmes through June, puttlng on up to_5x4 m .
Those leaves‘Whichdwere largest at tne end‘ofvthesfirst>season
»are largest now. By”mid—.to'late duly they have a "dusty"J‘
Q;een colofA(cf. Plate 16)Adue'to'numerous tiny wax plaques.f
The laminae may shrink fractionaliy'in‘mid; to late season,
turn a'ditty yellow. in late.August,.and“then brown in Septem—
 ber. 7 | | |
Geltingn(1934)'snggested tnatxtne lifespan of indivie
dual D. octopetaZa leaves‘in_Greenland_was_2—3fyears.'.I did
not study'leaf development long enough to see if soﬁe leaves
actualiy-iasted three years. *Studying D. integrifolia on .
vDevon Island Svoboda (1974) counted ‘a mean of 2.6 functlonal
. leates at the start of the season and 5 by early August.
-B@}ss (1971) 1nd1cated that olde; leaves of mostaevergreen-
‘ﬁatctic—alpine‘species may not"be very active pnotosyntheti—'
3fﬁoally, but act as'storade'organs whence lipids and proteins

5.

‘are translocated to new leaves each summer. o v

ENVIRONMENTAL RESPONSE AND ADAPTATIONS

4

Introduction

The pattern of leaf‘development‘in Dryas octopaﬁéid
has obviouSvadaptive'significancet‘ Dryas grows chiefly in

xeric upland sites with little snowcover;‘ Rapld leaf matu-

"_ ratlon 1n[spr1ng takes advantage of the optimal grow1ng con-

S
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-.B(\ J

dltlons at this tlme, with adequate soil m01sture and abufidant
though not exce551ve heat. 1 | v R o

Dryas has other follar features of adaptive s1gn1f1—
cance. Leaves form the prlmary contact with solar radiation,
'alr temperature, and w1nd Leaves in dlfferent 51tes should
therefore vary, elther through direct env1ronmental(st1mulus
or by ecotyplc selectlon, or both Transplant studies and
leaf measurements are relatlvely 51mple methods of 1nvestlga—;
tlng these questlons. Study of morphologlcal parameters is o
‘certainly a simple and effective way to correlate plant re-

sponse w1th site condltlons.

v

- Methods - - » - e R \
1. Collectlons of live DPJaS octopetala clones were made
from 30 August to 3 September 1969. Altogether 131 clones "\

were obtained from a, W1de varlety of habltats in the Bald - -

J«,

Hllls. They were tran

5 drted to Edmonton in open plastic

,'/

bags, transplanted 1nto rlay pots u51ng a 50: 50 5011 sphagnum

‘b “.’

-mig

x plus as much of the rlglnal substrate as p0551ble, and

¢

put outdoors at tne U of Alberta Agrlculture greenhouses

/-)

wheére they remaln@[flOr the next two years.v
2. 7 Elght clones from xeric habltats at mlddle alplne

altltudes were transplanted to. me51i srtes near the fire

. !
{
y T

1ookout\ "_fﬁ ’; v | '."ﬁ \

3. Of several hundred presSed ngas specrmens, I selec—

ted ‘50 from a range of habltats in the BaldLHlllS and a few

from other parts of the Pockles.' Each collectlon had to have*

enough materlal to allow a count of 25 mature leaves.. ' T
_ _ g,h

-
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.Measurements were made of length and w1dth of lamlna and
<length of petlole. Stlpule length was measured in a few sam-
ples Mean values were computed, along with lenqth w1dth
ratigi’o;/the lamlna, and length ratlos of lamlna petlole.

An unsuccessful attempt was made to estlmate degree of hair-

iness of leaf under81de and degree of wax1ness of upper sur- - '

face @

4. I collected older stem parts (burls) from matSfof’/f///

vy - (

_Dryas octopetala, D. Lntegrtfolza and- D. drummondt; ‘at several

~ sites, counted and measured growth rlngsmand'computedfmean-

widths. e R o RV
‘5. At Qifferent times through 1969-71, at a number of
D. octopétala/lichen and oﬁé‘b octopetala/PoZﬁ*rtchum

‘pzlzferum communlty, I took spot readings of (a) tempera-
turqs near and within Dryas mats, using a Weston probe ther—'

mometer and a Yellow Springs telet?ermometer,A (b) W1nd at'
e ' ‘

,dlfferent helghts above and*near Dryas mats, using a hot—wirgﬁi//f/(

anemometer;. (c) short~wave reerctance off Dryas mats u51ng ]

B a Stoll Hardy radlometer, and global radlatlon (for albedo)

u31ng a Stern pyranometer.

Results and discussion.

Live Dryds‘octopétaZa‘clOnes attEdmonton |
Within a: month of collectlon, 34 (26%) of the excavaﬁed_ i"

. Dryas clones were dead. 'Mortallty was very: low for.the}negt'h.u

two years in Edmonton. Nlneteen (15%) of the clones‘flowered

-between\ls 30 May 1970 and two frowers were seen on 2 July.

‘The flowerlng perlod was thus about a month early ln.relationlj

4y_ ;

G
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N .
to undisturbed‘clones} ~-This further substantlates the ldea

that. vernal responSe of D. octopetala is not 1nnate perlodlc

as in e. g TroZZzus Zaxus, but a dlrect response to env1ron—

ment espec1ally temperature.
Only three of the plants that flowered drd not set seed,_
lndlcatlng possxble polllnatlon by 1nsechs. Most of the plants

appeared in good condltlon, w1th leaves 'in the typlcal near—f

[

uprlght posltlon, but lacklng wax secretlons.
Although all clones were subjected to«essentlally

S 1dent1cal winter condltlons, flowering was not entlrely syn—

¢

chronous. There was no ev1dent correlatlon, however,‘between A

flowerlng date in Edmonton and orlglnal habltat ‘in the Bald

V

 Hills. '”?VJ

1

l The follow1ng vear (1971) all plants

v

Hwere dead Aw
' number of factors mlght be respon51ble,,the most llkely of

theSe belng ‘(l) 1nadequate root collectlon and (2) ver% . *_ L
e T

— . R . . P

warm and long summel, cau31ng resplratory depletlon of ;pod .
L.

41 reserves.
nv

) Y . ) L. . ’ L o " ‘ .“‘ ‘ _' N . .‘I"_ .
o Transplants o . f_'é R v'“ b_// o

[ T

o/
Transplant studles in tthfleld falled.’ I hzd hoped

to see an 1ncrease 1n leaf 51ze’when the xerlc habr at clones

N
el
S

- grew in the me51c site. Instead the leaves reddéned and

\ ey - .. i

the clones explred by the end of the. follow1ng summer. .Ina4\ Ry

-udequate care with- the taproot may«MMVe been_the reason. l.T
: . . RN Ty PR R
”Leaf}parameters‘ |

Leaf'datagare presentedfin TableréﬁL,JMean'length of

A . R . ,‘ - : ) . L -‘ vl - . 4
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TABLE 26. Frean and 35V confidenco intcrval of 25 rnca'surcment_: of lc,l paramcters,‘of Dryas octepctala mats collected .h'\ the Bald &
) Hills and other Mbcru-loca@x{r.}\c:. All mcasugements in . -
oS .o ; . A Aure O MSPECT L0 . IAMINA PETIOLE = LAMINA: 1+
. LOCALITY. & VEG, AIASITAT . & - B = 0 wo. - iENeTH WIOiH T LENGTH  PETIOLE
- 3 ‘. - G s ; SLOPE - L
“Bald Hills é ] : :
? ﬁrya; cotoretcl ll)chcn (matfic}d). . 2280 55 | \r B ) 12.610.8 6.1:0.4 2.0810.06 8.621.1 1.1:0.1 :
. S B ) 2 14.821.6.  6.680.6 2.24:0.08  10.4£0.6 1.4s0.1
. . 3. 11.5:0.8 S5.640.8 '2.06:0.08 9.3 - 1.3
3 ' ' 4 12.9:).0 5.9:0.4 2.19:0.08 8.8:0.8 1.%20.1
: N N : Y $ . 12.6120.9 6.7:0.4 2.0410,06 8.5 1.6 \
U5 e ' [ 12,9209 - 6.220.4 2.11:0.06 8.6 { ~6 v
v < ¢ T . "7 . 13.520.7 6.3:0.4 2.11:0.06 9.420%8 7 1.520.1
. ’ 4 / N 8 15.021.3 7.7:0.6 1.98:0.12 10.621.2 l1.5:0.1
. ‘:3 2 o . 3 12.720.7 6.125.4 2.1220.10- . 9.740.9 - 1l1420.1
\\ : 10 12.711.0 . 5.9:0.4 2.16:0.08 9.8 1.3
; . . . 410 12,3111 5.9:0.6 2.10:k08  10.4 1.3
e . L A ' ; ™
D. octopétala/lichen coifunity on exposed riage. .. ~  £R280 SN2 12 10.610.8 | 5.5:0.4 1.96:0.08 ‘7.820.7 1M:0.1
e g L, N . < . 13 12.5:0.9  6.7:0.6 1.88:3.08 9.5 1.3
L . k ’ 14 10.841.0, 5.7:0.6 1.9420.10 9.421.0 ' "1.2:0,1
PRGN B i * s 13.020.8 " 6.4:0.4 2.04:0.04 9.710.8 1.4t
[ > .. 16 12.220.9 6.C20.4 2.0420.10 . 8.520.8 1.6:0. =
T —x ; 13 10.820.8 5.3:9.4. 2.0620.08 6.3 1.4 N
B < ll.(tD_.l 6.120.4 2.2020.08 10.121.2 1.320.1
. NP . ‘s . L. .
D. octopetala/lichen commund ty.’ .. 4 2290 ° .- @ 19 13.7121.0 6.420.4 2.1620.08 ' ,13.021.1 1.1%0.1
Xobreaig ballardic commupity. L N 2130 828 20 11.720.7 5.820.4 2,04:0.10 . 1.1
0. octp;ttaid/"_ol_y:ric}zuﬂ Piliferum &£ozmunity. 2100 21 ¢ 13.020.7 5.910.} 2%3:0‘-10 10.3 1.3
drtenisia rsrvegicasb. ociopetala =~ < 2250 s3 22 14.310.8  6U810.4 2.1020.10 12.§ 1.2 .
Artexisic norvegica/D. octopetala; under Picea . 2250 s5 23 14.321.2 6.920.6 2.0720.04 14.7¢1.4°° 1.0:0.1
- krursholz. . . . A .
¢ drterisic rorvegica/D. cctopatale; under Adies 2250 .. 85 24 16.921.3 7.5:0.8 N 15.8 »
.. kruecholz. . . b ' ! ) : LI Co
Casaio;e tctrago‘a/.’?. octopetala community. 2150 EBS | 25 14.220.8 6.120.4  2,35:0.08 12.821.0 1.3:0.12 N
Casalops tetragona/D. octopstala community. 250C EJ0, 26 11.720.9 5.620.¢ 2.08s0:10 10.7:1.0 1/2s0.1
. .27 31.71009 ° 6.420¢ 1.82:0.06 . 9.810°9 J1¢220.1
“ - s - 28 13.4:0.9 6.8:3.4 1.98:0.02 14.1 1.
. . ol A R ’ a9 15.2:0.8 7.5:0.4 2.0420.06 12.5:1.0. 1.2:0.1
Steep unstable shale slope ne'u.tlrbelf_llno. i 2040 SE3S - - 30 15.421.3 7.0£0.6 2.22:0.10 - 14.0%1.3 1.1%0.1
. ’ . : | K 3 15.321.3 6.8:0.4 2.2620.10 12.8:0.1 1.2:0.1
' 32 7 14,3211 6:920.6 2.0720.04 14.721.4 1.020.1
- . A y ; - ) )
2. ootopetala-Aretostephylos uva-ursf. . 2100 . w30. , 33 18.0:1.7  8.2:0.8 2.2220.08  15.421.7 - 1.2:0.1 °
D. octozetala-arstostschylon xvg-urei; againat rock., - . . N1 19.2:1.6 8.2:0.8 2.35:0.14 “\15.5¢1.8 1.0:0.1
Cliff ledge. o L ¥ kS : 2100 W5 35 154215 690006 2.23:0.00 13,9 . 1%
Cliff ledge vit.h unculate droppines. . 2100 w5 36 18.3:1.37 g.9:0,8 2.07:0.06 17.2:31.4° 1.110.1
Soral 7acsimiu= secrarium-hcath; on rock.” 2000y N30 37 18.212.2° 7.5:0.9 2.41:0.12 5.222.0 1.2:8.1
On hursock in forb readow. - 2100 Ny 38 ‘21.711.6°  8.B:0.6 2.48:0.10 17.221.1° 1.3:0.1
In hoath tundra. ° : v . ¥ -2350 k 1d4.420.8 6.620.4 2.20:0.06 12.5 . 1.2
' . . R - 16.821.0  7.5:0.1 2.24:0.06 . 15.7 - 1.1 .
Op:l Rills, J.u.p.. Yo L - L .
Shale slore. . BN . 5.2378 . 14.020.8 6.320.4 2.25:0.08 11.621.1 1.220.1
i Lirestone rubble slope. B o 2350 15:010.6 - 6.610.2 20282006 12.1:0.9 1.3:0.3 .
0a livestore outcrop ) T . . 2100 19.2:0.8 ° 9.1:0.4 . 2.1230.03 18.2:0;8 1.1:0.04
. -Ps octopetala/Myosctia sylvatica community. 2215 15.621.1 . 6.8:0.4. 2.3040.10 12.0. - 1.4
o . . 15.6:1.7 6.7¢04  2,31:0.10 14.9:1.0 1.1:0.1°
,On small outerop in Picca-ibies forest. K 2000 20.0$1.2 .10.2:0.6 = 1.57:0.06" 15.420.9  1.320.1
ronet Cr. alluwrial fan, al L.. J.N.P. <o . ‘ .
, Cpen Fizcs ange-mines;/or a8 Irumminzie cosmunity. 1675 13.0t1.0 6.120:4 2,15:0.10 11.921.3° 1.1:0.1
o ) - . 15.5¢1.7 6.8£0.6 2.2420.14 12.8:1.6 1.3:20.1
Karrot Basin, J.1.P. . . - ! . Lo .
Zdreioze cezr =/0. octopetaia community - - 4y 2200 43.920.8  6.6:0.4 2.12:0.08 - 10.9 1.3 J
Sicaal pr., v, . ) : v . R : ! L . N
Czsat078 fecrizona/0, octopetala community on 2020, N25 1] 15.421.2 7.020,6 2.22:0.08 13.821.3 1.2:0.1 . A
ecsic slope. . i I 3 Y 14.641.0  6.920.4 2.11%0008 - 13.620.9° 1.120.04 -
: ; U - 52 15.911.4 7. 6" 2,19:0.03 16.112;7 . 1.020.04
: $3 .16.920.9 ™7, 6 2.26+0.03 17,9201 1.020.1-
54 17,7820:3 L 7.3:0.4 2.43:0.'10. 15.620.7 1.2:0.01 -
55 16.821.0 7.020.4 2.40:0.08 14.721.0 1.210.1
" 2300 w10 36 13.220.7% 692004 2.0000020  14.2 0.9
2130 ns 57 12.‘620'.9 €.420.6 v2.0020.l2 . il.le.! 1.2%0.2
2135 u4s 38 - 131 7.410.6 -1.80:0.08" . 11.810.8° 1.1:0.}
gy . 4:410.6'. 2.0320:18  131611.1 1.010.1
MOTEZ: Confidence interval not givon where €25 mrasurcihents taken. ’ . u 0,
- ! & ,' g M Y
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lamlna varied from 10 8 to 21 7 mm 1n mats from a w1de range :
of habltats . Mean w1dth of lamlna ranged from 5.6 to 10.2 mm,
and mean .. agth of petlole was 8.3 to 19 5. The few free

gtlpule seqments that I measured were’ 2 4 mm long.’ Length:

\

w1dth ratios of lamlnae, and lamina: petlole length ratlos,

were falrly con51stent between mats.
13

Leg characters were comparable among mats from the”

same site.™ Note for example the con31stently hlgh lamrna:

L g

petlole ratlos 1n mats 1-11, and the,s1gn1f1cantly lower
ratios in mats 50-55 \A hlgh or low ratlo does nd&iseem to

correlate with any partlcular 51te charcterl tics or w1th

T

leaﬁ size. The conclu51on is that the ulatlons repre en-'

ted by mats 1-=11 and 50#&5 are clOnal. _ ;- U S ¢€y
‘ Leaf length (both lamina and petiole, since changes

£

~ in. lencth are in- tandem) can be correlated w1th 51te, b
¥

espec1ally wind exposure in general tnL\ulndler the s1te‘

o

. the shorter the leaves.. Mats 1 18 ZO and 57 have short r-
leaves and orlglnate on exposed s1tes. In,E Greenland Gel-.

K t1ng (1937) noted that Dryas octopetaZa on - snowfree sites
had small leaves (f m@nor Hooker), whereas mats in ~Snow-
covered sites had blg, well developed leaves w1th only

p=3

slrghtly revolute marglns. The 1mpllcatlon is that in more

» .
xerlcﬂpltes, Dryas’ response lS to decrease as well as par—
\

r '.

tlally _nclo%e the transplrlng lower leaf surface.‘n]}f. ,f;_a;‘,

-.,'.
v
i

_k Thllleaves of mat 24, under Abzes krummholz, are. s1gn1—
flcantly longer than those of surroundlng tundra (mat 22)
or chéa krummholz (mat 23). The amellorated mlcrocrlmate

| ’ A /
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within the 4bies krummhog:.prodnced a positive response in ®

"Dryas.'VChanges'in growth habit’aiso occur. Under the tlny
krummholz”conifers in D. octdpetala/llchen tundra, Dryas

- mats are loose, sprawllng, and with the leaves tendlng to lie-

horlzontally, whereas adjacent exposed 51tes have compact
k

cushion- llke“mats-w1th~tlghtly clustered erect leaves Slmple‘

v e T e

',response to env1ronment, rather than ecotyplc dlfferentlatlon,

is 1nferred. _ R

Wind cannot be the -only factor affectlng Dryas morpho—k
logy. Note for example mats s 33, 34, 37, 43 and 46 (Table . I
1 26) .- These have among the‘l“}gest oF‘all leaves that were

measured.‘ These pats grew in warm . crohabltats.' A gombina-

tion of llttle w1nd and high, heat lncrement mlght produce the
f‘greaﬂest stlmulus to growth The 1eaves of mat 36 manured/
- by ungulate dropplngs, did not reflect any unusual growth
stlmulus. Shoot productlon of u._tntegrzfolza ‘on Devon\Island o

1ncreased ‘no more than 50% follow1ng appllcatlon of N, P, or. ‘ .
a com] ‘nation of N+P+K (Bahb andellss 1974) .

o - . o . .
Growth rings of D. drummerndii are far wider‘(Table_27);.

-~

' TABLE 27. Growth ring widths of Druas burls collected
’ "‘.1n various parts of the Canadlan Rockles.

- - . 'No.  AGE " RING WIDTH (mm)
SPECLES ' BURLS RANGE - —
o MEAN _'/(Tﬁﬁﬁma\ﬂ
- D. drummondii . 13 7-15 0.37 j9.3o—0.59'
D. integrifolia . 3 8-22 0.09  0.08-Q.10
D. octopetala 32  7-66 0.18 0.08- .30

(
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and rate of . mat expan51on an order of maanltude greater than-

Il

in 3. octopetala.v Dryas Lntegrifolaa has the narrowest

k4 - \

rings and slowest mat’expansioh._
. : ) 4

Stems of D. octopetaZa from mesic s1tes qenerally
'have greater annual xylem 1ncrements than those of xerlc'

'Sltes. The smallest recorded 1ncrements were from a mat on

da shaly w1ndswept rldge.. A mat manured by ungulates hadAa’~' .

/

., mean xylem 1ncrement of 0.21 mm xLarge numbers of rlng—':

)4. @® [

counts would be necessary for a)good evaTﬁEtlon of plant

‘responsé to-environment. - . e, |
,Lyasloctopetala has a very slow,growth rate compared

'to sympdtrlc mat formlng spec1es (Flg. 22), but more»rap;d-

~ 8 L ; : -_A_rctostaphylos. uva-usi

Y
1

Tk | o : Juniperus communis ,+Empetrum
‘ e nigrum

STEM LENGTH (din)

+ 50

AG E (yrs)

‘vFIG. 22. Elongatlon rate in stems of four awarf shrub
T . species, on a steep SE- fac1ng loosefshale
~slope at tlmberllnefv n—l .

v ’ *

e
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FIG. 23. Age—sxze relatlonshlp in four dwarf shrub -

- .. Species colonizinga dlsturhed SW~facrng

- site at ca. 2250 m. L
%/?f

.than heaths.(f‘ig5 23). . A conservatlve crowth rate may be

!
-~
-~

~ vital in xerlc upland tundra where enercy, nutrlents and

water supply are’ severel} llmlted But 1n me51c 51tes D.

'_ocbc*a‘&Za 1s handlcapped compared to other mat speC1es. It

IS

;seems to have ‘an 1n1t1al advantace over heaths, but these

can eventually shade 1t out

rlTemperature L . - SR

On sunny days there were larae dlfferentlals between

Druas tundra surface‘and ambient temperature. ' On.7 May 1970 o
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ftemperatures on a S-facing slope were. as follows:

.

3

-ambient " &

D, octopetala mat surface -

1 cm deep in mat .
2 cm deep .in mat R
10 cm deep in mat '
shale’ pebble surface

10 cm deep in shale

17

7

1

31

4

I3

- 9%
29

Soot readings at, other dates and 51tes gave comparable

gradlents Dryas mat temperatures wvere always hlgher than

amblent often by as much as 20° C.

Adjacent unveoetated

ﬂ-pebble surfaces were but sllchtly warmer’ then mats. In the

’chh Arctlc, leaf temperatures of D

20~ 3OOC hlcher than amblent (I

8

and 5011 surfa-e temperatures (Addlson 1973)

Lntegrzfolza may be
‘ayc et al. 1973) or llchen -

They are nor- f

mally 5 15°C above amblent durlng hlgh sun hours (0600 1800)

in the summer (Addlson 1973).

-5011 under. D,

octovetala mats was marglnally colder

than under unvegetated surfaces, 1nd1cat1ng a sllght 1nsul—

atlno effect.

“In terracette D. octOpetaZa/llchen communl—mw»

tles the warmest mlcrOSLtes were bare terrace tops and the

coolest were mossy hollows.;

Wind

Mean windspeeds over D.

L)

A

octovetala/PoZytrtchum‘~

pitliferum tundra at 1430- 1500 hrs on 10 June 1970 were as

' follows~-

S L - - P S
Windspeed decreases toward‘_the/surface,t

c oA

-1 cme above bare qround

D. octopetala leaf-level

+2cm . a
+10 cm :
+50 cm

+100 cm

0.71 m/sec.

0.82
1.20
1.63"
2.31

3.41

but is still

.-
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: relatlvely hlgh reflectance of th d

apprec1ab1e at the Drdas mat level Deflatlon patches are

h (A}

common in- the D octopetala/PoZytrzchum pztherum communlty“ .

J

"falrly strong wind strlklna Ehe edges of Dryas mats prevents

development of total mat Lover. .Stlll D octopetaZa may be

better sulted for unstable wrndy sites than most other
'plants (cf Bryant and Schelnberg 1970) In‘NE Greenland-
Raup (1971) found.lt the most atable spec1es in dune ‘areas’

3

where actlve deflatlon was occurrlng. - .

o

Albedo o . e 2

Albedo values of Druas maﬁ% 1n a D octopetala/

PoZytrzdhum ptliferun commu%}ty were ca¢ 15% looklng

stralght down and ca. 25% when mats were viewed from an

arigle of ca. 30° to the horlzontal and away\frf? the sun.
~ The ‘albedo of D. zntegrzfolza mats/ln the ngh Arctic is
'13.8% (P:A. Addlson pers.’ comm,), ' .1h.,‘ @@

' When D. octopetala‘ mats are v1ewed from the side
_.while. the_sun_ls.shlnlng, they appear whlte due £6 the"wwm

1&

ensely»halry leaf

unders1des. The leaves stand'e

apices: the circle of wﬁltevundeISLdes reflects radlatlon

o .
42

" and probably moderates,;‘7

)

even curl back on thems

Ty
Ll

leaves an umbrella hthh ay_reduceftransplratlon losses.
. L G . B
Leaf orlentatlogxln D

L
b
6
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e

secretions and the probable lack of stomata on the upper
surface. btomata have | not been found on the upoer surface
~of D. zntearzfol 4 leaves (Addlson 1973) In early Julya

.teg upper surfaCe of -many D. octopeoala leaves develops a

vjsolld coatlng of a whlte waxy substance. This respomse 
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may be temperature—ihdﬁeed, since it is esPeciaily pibminen;

[ . ) 6
in plants adjacent to rocks. .
. .
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: 7ﬂ.fDRYAS,OCTOPETALghANw‘;fSOCIATED PLANT LIFE .

| 1
a .

&;& T JETICT
"'Parasites and sar LT '

L L A total ot ecies ¢ .ungi - ave been recorded on
'-Dryas;in North Amer: :a %G ’~';ui> -onners l967). ‘All
\\ but four ,are Asccnyce. Co Lot saprophytio.on dead

\leaves. Six have»the Speci“ic e i et “dryadis" and, like

the monotypic Isothea rhytinm‘<des, may be’host4specifit
Widdenvet al. (1972) studieg fungal successron on
Dryas zntegrzfolza on Devon Island They separated leaves
1nto 5. classes (l) I1V1ng green, (2) brown,_(3) brown ‘with
grey cast, (4) grey, (5) grey and startlng to fragment The ;
leaves were cut into 2 mm segments and plateqd, There werevd
, no real dlfferences ln frequency of 1nva51on or total numbers;'.
| of spec1es from one stage to another.- _ Success1onal patterns:[“
yere“not as”markedmas‘lnseerem sta;;'“ Ca. 24 fungal specres

)

were recorded on Dryas, compared to 18 for the sedge.

A

\

Othér-plants, | N L
| | Most ecologlcal studles of Dryas stress phytosoc1o-v
loglcal or autecologlcal relatlonshlps. The few stu.. =8 that.
~deal w1th dynamlcs (e‘g. .Anderson 1967 Lawrence et 1. l§é7)t
may understate the 51gn1f1cance of Dryags for other plants,
or their prec1se spatlal 1nterrelatlonsh1ps.

In Spltzbergen, Rgnning (1965) found Crustose 11$ﬁéns

therlng on D. octopetala._ On Beartooth Plateau, Wyomlng—

,Montana, Johnson and Billings‘(1962) found small matfields,

s
- B : . ’ . . -
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of D, octopetala. "The mats have colonlged w1nd —eroded areas
and in turn are belng 1nvaded by various Geum turf spe01es
A
/ 1n the -manner reported by Grlggs (1956) for fell fleld

cushlon plants in Colorado"

Prellmlnary perspectlve in the Bald Hills

. In 1969 and 1970 1 looked at spatlal relatlonshlps | ’-"(
.between Dryas octopetala and other plants.» Therevwas very .
‘scant eV1dence of attack by pathogens, and I dld not follow |

th1s llne’ag,lnvestlgatlon. Epiphytic relatlonshlps were
also very rare - I found onellnstance of the crustose llchen
' Rzmodzna pyrtna on old Dryas wood and . several cases ‘where

the frutlcose llchen ¢ "nicularia acuZeata was attached to }//"

3

-Dryas stems.s There was, on the other hand copious evi
that- Dryas mats were belng used as colonlzatlonﬁsites by
-vascular plants and cryptogams. My\hyoothes1s was, then,

LI

that in at least some communltles D. octovetala was 1moorta t

I looked for Dryas domlnated communlt;es 1n fal‘ly
xeric s1é§s, partlcularly those 1n which it formed a domlnan

but dlscontlnuous cover of dlscrete mats. .Here.lt has,grea

.pbtentlal to beneflt other plan’ft

¢
'actually be a hlndrance by comf. : ‘or space or other re- - -
‘sources. Also, for obv1ous reasonsiat 1s ‘much more dlfflcult ’
- to plck out 1nterrelatlonsh1ps 1n a retlculate or closed mat
cover. My quadrat data from the communlty analy51s (Table , f'w

14) barely sufflced for a x2 test of assoc1atlon.' Even

“hlghly 51gn1f1cant correlatlons between Dryqs and various

4
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. other species -have relatively limited value:. they onl//%ug—
-gest assoclation w1thoat spec1fy1ng age, size, spatlal rela- -
| tlonshlps,?or type of 1nteract10n. ., e vf, | |

| Slipe D. octopetala was the most abundant upland

plant, pone“would logically‘suspect it to be the most signi--
ficant entlty in the establlshment and maintenance of popu—f

.latlons of assoc1ated spec1es;. There are mat analogues such

as Sasz arctmca, as well as cushlon, rosette and tussock— ) B
formlng spec1es that may: Support other plants. One;of the

best known of these is the ubrqultous arqtlc—alplne cushlon’
plant StZene acaulzs. In Italy Whltehead (1951) found tbat

‘1n some alplne communltles 1t prov1ded a most important. sub—

AY

_strate for soﬁe vascular plan? spec1es.. mhe most detalléd
studles along thlS llne were by Grlgcs (1956) in Colorado,_
where he recognlzed the 1nva510n of SzZene cushlons by many
vascular plant spec1es. , In the llterature on arctlc—alplne
vegetatlon, there are numerous cursory references toidzZene wg;_
cushlons w1th plants grow1no on them.'

I3

- METHODS

In August 1970 I evaluated a number of 51tes sultable
) for quantltatlve analy51s of . 1nterrelatlonsh1ps between
‘Dryas octapetala and other plants. I also eonsidered s1tes . r
~,that had Stlene acauZzs ‘and. Salzx arq%zca.»

Two lnten51ve 51tes were selected on these crlterla-
(l)stand W1der than 25 m and coverlng an area greater ‘than

71600 m2 - (2) D, oetopetala abundant as dlscrete mats; (3) no
R _ RS , e C v
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sharp clines’ in plant: dlstrlbUthl or abundance,.(4) no sharp |
gradleltc 1n phy51cal env1ronment A 1600 m2 plot was staked
out in each stand. The flrst (Bl), 40x40 m, was on a 20O SE—

_fac1ng slope of . .loose shale pebbles w1th some conglomerate

’

rocks. - ‘The second (B2), 20x80 m, was %n a shaly E- W trending.
rldge.' Each plot was lelded 1nto fou@'@0x20 m subplots, and
jthese partltloned 1nto 2x2 T quadrats. U31ng a. random num—"ﬁggﬂ

bers table, 100 of the 400 quadrats were sampled as follows-

(1) Plants of every recognlzable soecres except

*
\
.

sax1colous forms wereaenumerated.

' (2) Diameter or lxw of each olant of'Dryaé‘octo—‘ .
o a Px

]"petaZa, StZene acaulis and Salix arctzca was measuréﬁ. e

(3) The dead percentage, f each Dryas and Szlene

:plant was estlmated. ) B S, o 'Q;
e (4) A number of Drda& burls were collected for o
: 7 | . .
age det,rmlnatlon.o Lo . S v .
: rZ -
-

05

w" . . .
'm“; (5) All 1nstances f;§ositiveiassociation_betWeen =
lants were noted. For Dryas a . SzZene the association waS\( ";j
-'noted by zone: for Drdas, plants (a) near the. m?t (within ca. 7
‘,2 cm), (b) w1th1n the outer actlvel\ gfow1ng portidh, (c)‘ln

»{rgsldual organlc matter and old leaf—haSC"-(d) on. mlneral
f'§011 w1th1n the'. mat for SzZene plants (a) near the cdshlon‘
n(w1th1n ca. 1 cm), (b) in. the out=r half- nadlus, (c) on:the
scentral portion;' érustose llchens were underestlmated some~t”'
vdwhat, 51nce lt was very dlfflcult to detect mlnute c10nes.

| I also selected a shale pebble hlllock populated w1th

‘ ~
SLZene acauZts cushlons. A le7 m plot was staked out and



. .
\ . C

its. macroscoplc plant llfe 1nventor1ed Dlameter of SzZene,

h"
T

- by cushlon zone.. - - LT f - &

>

-

To fac111tate 1nterpretatlon of the data,'these two
assumptlons were made. (l) The 1nte actlon between 1nd1— /;

v1dual plants 1s commensallstlcl There are, to'be sure” f

1nstancj§ of 1nteractlon that would be better descrlbed aé
e < \f :

(a) para51t1c, ‘one plant decrea51ng its host s eff1c1ency;

Q- /

(b) competltlve, ‘both’ members of the a55001atlon weakened-x
{c) mutuallsm, both members benefltlng, usually due to‘bf
greater stablllty vs er081on.‘ But 1h general the assoc1a—-y.
tlons should be v1ewed as "eplphytlc“ (Huntley 1971K 1 e.(

- a form of commenSallsm. (2) Thef§elatlonsh1p between any

two spec1es 1s unldlrectlonal (Grlggs 1956) For most - spe—

yu'

01es in the Bald Hllls study, thelr role as host of‘commensal

1s qulte obvious 1n all lnstances of assoc1atlon. The role

of a feW'spec1es is not obv1ous in a few 1nstanc é of asso-,mr.d'

K4 —

' cratlon, however most 1nstances subtend a clear chronolo—

N . - 3 . - . ot

glcal prlorltynof one spec1es, therefore we ass&ﬁe the uncer-

tain- 1nstances of assoc1atlon to be of the same type (Grlggs‘

-cushlons was measured and all assoc1ated plant spe01es noted

o

-

1956) : The One eXceptlon is in’ 1nstances of obv1ous reversal

7
of the relatlonshlp, e. g. a’ Dpyas seedllng assoclated w1th a’

large clone of some other plant. In hls dlscusslon»of the
problem of prlorlty, Grlggs (1956) mentlons p051tlon, size -

and age as useful crlterla. He also recognfées that an
- .. . . \7 . - EE G .

RN )

7

EY

es better' and the other
he one that does better-
is called the commensal and the
host " (Malcolm 1966) T

unaffected spec1es is the s

L

IS

_54\
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. - : ' =
: ‘apparent 1nvader" mlght have been subsequently surrounded

-

T

. through strong radial growth b% the "host" " There is no
firm ev1dence that the important host spec1es in the Bald

Hllls employ enC1rc11ng tactlcs.‘

v

'ECOLOGICAL SPECTES-GROUPINGS

: ' FETIRIESEE S

o To paraphrase Watt (1947), I am here atte‘rri}ptiri'(g:wth~
----- - w
descrlbe the plant communlty not from'a dlagnostlc and

'clas51flcatory v1ewp01nt (as in Chapter 5), but as’ a worklng
mechanlsm.h I have cla551f1ed the plant llfe of the study

>

plots 'on the basi's of spatlal relatlonshlps, from which I

R

Y may deduce type of 1nteractlon (and role) There are three

. ;gr%ups. ‘ (1) Non—assoc1atlvo plants.

.. (a) Sacholous cryotogams. In stand B2

sax1colous llchens - F ¥Do mnza zntestznzfarmzs, AZectorza

pubescens,vCetrarza commzxta and crustose}spec1es expec1ally
. P
‘of thzocarpon, Lecidea and Lecanora - formed a falrly unl—v

form cover of 'ca. lO%.v The group ‘was presentﬁln only trace
amounts inIBl. Saxlcolous llchens and mosses (Grzmmza)

comprise an lnactlve" group of- plants.f There is total
negative cogfelatlon between these and other plantS° wh$§ever

gthe latter grow the former are excluded.

= (b) "Inattive" vascular olants. Salix

’F?.‘ : T

L4
nzvaZzs, Campanula Zﬂszocarpa, Cerastzum beerzngzanum Stel-

B »Zarta Zongzpes and a few other vascular plant spec1es are -
‘rarely found assocrated with. other plants (Tabl%s 28 29)

|,
lee the sax1colous llchens they are ev1dently autonomoé}aln A

L <,,r\ L
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TABLE 28. Interrelétionships of plants in 100 2xA m quadrats on a SE-facing shale-pebb: :
Drucs octopetala matfield (stand Bl). - : '

. : IN CCMMENSAL ROLE IN HOST ROLE
o \ X TOTAL - fQ. NON- e
SPECIES : . NO. /O MENSAL NO. IN NO. WITH TOTAL NO. MEAN NO.
: PLANTS .~ LANTS LRYAS OTHER NO. COMMENSALS COMMENSALS/
o MATS  PLANTS, " HARBORED HOST PLANT
VASCULAR PLANTS } : R ’
Campanula lasiocarpa 27 - 23 1 3 0 0 0
Carexz phaeocepraia - 128 96 30 2 33 70 ' 0.7
Ceragtium beeringianum 17 7 .. - 0 0 - 0- 0 o
' Dryas octopetala 235 220 -0 15 169 538 2.3
Festuca bracivophylla - 123 80 bL42 6 6 8 0.1
Ozutropis canrestria™ 44 32 12 0 1 ) 6 - 0.2
Ozytropis podocarp 120 95 ‘25 0 1 e 0.0 .
~Poa grayara 30 22 5 -3 1 1 0.0 )
‘*Potenttllac divers. .. 81 68 10 3 21 41 0.6
. Saliz nivalzis . . . 89 e0. 28 1 6 9 0.2
Silene acaulis ] 12 9 N\ L2 1 5- 7 0.8
Solidago ‘multiiradiata 14 6 & 7 g " 2 0. 0. 0
. v ST : B
Trigetum spicatum © 26 12 11 3 0 0 0 &
other vascular plantsl. 54 38 12 ‘4 0 C0 "0
BRYdPH'YTES ’ ~rr »
Bryum spp. . 14 .0 8 ) 6 0 0 0
Ceratodon purpureus’ 13 ] ] =4 o 0 0
8ypnum revoluturn S 89 5 . 35 49 S ? 1.4
Jortula ruralis _ 26 0 18 8 0 0 0
“other bryophytes- . 5 .0 3 2 ' 1] 0 0
LICHEN ‘ .
Cetraria 45 o) 42 3 0. . 0 o .
Cetraria erice 126 1 121 4 0 0 0
Cornicularia acu 23 .0 - 21 2 0 .0 .0
Peltigera spp.4 57 0 42 15 [ 0 0
Pgoroma hypnorum 23 0 12 11, 0 0 0
crustose species 29 0 13 16 0 0 0
other lichens® ' 10 0 s s, o o -0 a

NOTE: 'Listed are only those species occurring indg o;'@ore:quadrats.'

llbies lasiocarpa -(1 &lone), Agropyron latizlume (), 4nemone drummondii (1), Antennaria .
alpina (7), Arabia.;yallii (1), Arenapia eébtusilcza (1), A. rubella (5), Larez

albonigre (€), Craba inceria (5), D. tonchocarpa (3), Ericgonum androsdcenm (10),

Luaula spicata (3), Picea engelmannii (1)}, Banurcuius sp. (3), Salix aretica (1),
Saugsur.. densa (1), Stellaria longipes (8), Tarazacum lyratum (2), Pod lettermanii (1),
Saxtifraga bronohialis (%). e . - R . Q; ) ;

2Polytr£chﬁm sp. {2), Rhapamitrium canegcens (1}, Dicranim sp. (1), Rhytidium ragosum (1y.

Low estimate? . - ‘ ) LX . . ' .
. r'd . . »,/ . . R
4 . . ' e ~ - =L
P. canirn. P. gpuria. . >
5

Ccloplaca jingermanniae, €. sindpisperma, Lecanora cas:cnee, Pannaria pezizoides,

Ri. .dino scida, Buellia papillata. . ‘
6czadonia cf.-chlorophaca (1), C. ecmocyna (2), C. pociliur (1), Collerma spiﬁ(Z)’.
Daetylina rarulosa (1), Stercocaulon alpinum (2). : )

< .
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all parts of the 1life cycle. Their loose habltl and/or

small size are not condu01ve to lltterwaccumulatlon, there;lg

fore they rarely play a host role (Tables 28,29). '
(2) Commensal species.

(a)’ Facultatlve commensal species. The

majorlty of" vascular plant species in the study plots

(Tables 28,29) seem ‘able to surv1ve on a mineral surface,

and even to- germlnate here in more stable mlcr031tes such as -
the lee side' of rocks. However most of these Species appear
to have taken advantage, in varying degrees, of the amello-
rated m1croenv1ronment prov1ded by host species. Facultative

Species eXhlblt a w1de range in ablllty to harbor cOmmensals.

(b) Obllgate commensal species. These are

Species that.are exclu51vely commensal they 1nclude v1rtu—-'

.ally alil non—sax1colous llchens and bryophytes (Tables 28

30, Appendlx 8) and p0551b1y a few vascular plan: spec1esy' 2//r
e.q. LuzuZa spicata (Table 29). Under certaln c1rcumstances,
v

e,g5 ‘n Sllght hollows or at the lee - 51de of rocks, certaln //
'of these may survive w1thout the a551stance of other plantsf
It must be: empha31zed that many plant communltles, e.g.

boulderflelds, have thr1v1ng pOpulatlons of these cryptogams

*

1n ‘the absence of hosts. .

1’4’

A very few' spec1es fall into thlS category._

.,Dryas octopetala is the most abundant host . spec1es of upland,_

\ .

I¢ was dlfflcult to’ clrcumscrlbe 1nd1v1dualﬁplant llmlts
for some of these. species, espe01ally Campanula Zaszocarpa'
and Salix nivalis.
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TABLE 30. Frequency of Occurrence of commensal bryophytes "and lichens
S ~in host plants in a ridgetop Dryas Octopetald/lichen

community (stangd B2).

-

. . . 3 -
TOTAL NO. HOST pLANTS OCCUPIED

COMMENSAL SPECIES . Pigfq'rs SALIX = DRyss SILENE ‘OTHER
) ) « _ ARCTICA_OCTOPETALA ACAULIS HOSTS - .
. L live dead . i
BRYOPHYTES o o S : :
Bryum ‘spp. 43 2 3 27 4 7
Leratodon purpureus . 31 3 ' 2 15 : 7
Dieranum scoparium , 17 0 , 6 2, 5 4
Bypnum revolutum 142 8 7 57, 14 56.
Lophozig s.1. ) 5 0 2 0 1 2
Paraleuccbryum énerve 9 1l 3 5 0 0
Polytrichum pidEferun 41 2 T 14 10 8
Rhacomi trium canescens 100 <11 - 13 27 15 - 34 -
Tortula, ruraiis 67 3 3 30 8 23
othersl - | 8 1 4 2 o 2
LICHENS . : : e
‘crustose spp. - 62 3 7 32 1o 10 -
Caloplaca spp,3 81 7 5 37 15 17
CandeZarieZZa'sp,._ ‘ ..8 0 0 7 0 1 B
Cetraria cucullatq 79 5 18 - 28 12 16

. Cetraria ericetorum 95 -8 17 32 11 - 27 -

- Cetraria tilesii -8 B 5 0 2 L0
Cladina mitis T4 o . 2 0 3 - o
Cladonia ecmoeyna .46 .3 4 22 8 T9
Lladonia spp. 57 S | 5 . 30 9 12 .
Cormiculeria aculeata 109 - 1 .8 30 12 47 S
Dactylina arctica pD+ . 16 0 - 11 -X 2 c 2
Dactylina ramulosa . 37. 4 1 10 6 le
Ochrolechia spg.5' 38 ey 2 16 ¢ 13
Peltigerz spp.6 93 6 10 - 40 14 23
Pgoroma hypnorum . . 36 2 S 20 3 6

s .. . . L - = - . -
Stereoccuion alpinum. - 38 310 8 .10- 7
Tharinolia subuliformig 13 Y 0 - 5 3 3. -2
others” , 7 ¢ 0. 4 1

- L : e . R ro
Yeephatozie1la SP-s Mnium blytsii, Peilidium ciliave, Rhytidin
rugosurn., " I ‘ o o . .
Rinoding mniaraea, K. rosetda, R.turfacea, EueZZiawpapiZZata,
Lecancrqg castanea, : S : oo
C.'jungermanniae, C. sinapisperma, C. 8tillicidic:. .
C. coccifera, C. pocillum.’ o R ‘ _ . _
0. frigida, 0. upsaliensig. ' . : . . e
P. malccea, £. rufesceng; P, gcabroga, P, gpuria’ :
Collera sp., Lecanora verrucosa, L. sp., Solorinarcrocea,
Stereocaulon subalbicans. ' - ’
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:w
tundra 1n the Bald Hllls. Dryas ma¢ analogues, notably AR =
Empetrum nzarum, Arctostaphulos uva-yrsi, Vaceinium vitis-
zdaea, Salix_nivalis and S. arctica are locally abundant.
The‘last‘ls the commonest, and stand B2 was chosenvwith it
in mind. . Species Qlth rosette and'cnshion fprms‘may be
c0nsiderea'miniature mat analogues of D.’octopetala. The
commonest of these. is Stlere acaulms, and large populatlons
are present in stands B2 and B3 (Table 29 Appendlx 8)

: Dryas octopetala, SzZene acaulzs and Salizx. arcttca
are called host dpmlnants because they are superlor‘host

-spec1es-»(l) they are abundant, aﬁﬁ (2) they harbor rela—

tively high numbers Qf commensals.

POPULATION STRUCTURE AND INTERACTION OF HOST DOMINANTS .

All Silene'acaulié-cushions appear to be of.seed
-orlgln - the plant has no anparent method of vegetative: per—
‘.petuatlon. SzZene seems a,remarkably "free-llv1ng“ speciez;
'honly 6 of 380 cushlons had of certalnty orlglnated in pre—
establlshed plants (Tables 28 29).

Druas octopeuaZa is well equlpped for Vegetatlve
reproductlon,.but I do not know what % of the mats in Bl and J
- B2 are of dlrect seed orlgln,‘and what % the result of _a<i.
‘mat fragmentatlon and rejuvenatlon. Twenty~seven seedllngs

were found; they were assoc1aﬁed w1th other plants (12 1nstan-_

“ces), by stable rocks (2 1nstances), or a. c0mb1natlon of the

o two (13 1nstances) o thls ba51s Dryas mlght fall lnto the

facultative category, but the ultimate 51gn}f1cance of the
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tseedllngs 1s not knOWn they are no guarantee of sexual
success or nece531ty in mat populatlon malntenance.v\ln a", o
D, octopetala community in Iceland Anderson (1967) found no f
‘mats younger than 17 years. In hlS oplnlon all” orlglnated

»by Separatlon of older’ clones into smaller, physiologically_ g

v younger morphologlcal unlts.

Scattered 1nstances were seen, both in the study plots
and - other areas of the ‘Bald Hills, of assoc1atlon between
spe01es of host dominants. This should not however be
construed as evidence for some sort of cycllcal successional
relatlonshlp. SetelncS develop not on the vascular plant

itself but on the organlc substrate prov1ded by the crypto—‘!’
gamlc commensals in long—establlshed hosts. 1In one case for
. examplei-I saw an old Sa7zl arctzca mat whose cryptOgamlc
v‘microjcommunlty had a laxzae scljne acaulzs cushlon on it,
TherSiZene cushion's own cryptogam-complex had a young but -
thriving Drgas plant. | |
o In‘both'D.hoctopetaZa and S. acahlis, the youngest_
. plants in the study prlots were the most numerous, with a
y\giharo decllne beyond lO 15 years.' Assumlng a stable popu-
lation strgcture (ard there is no reason not to), the data
(Appendlx 9) indicate: (l) hlch mortallty of young plants,
(2) no s1ze/age range lavored 1n Szlene acaulis; (3) medlumf
young Dnaas,mats seemlngly favored over other 51ze/age ‘
classes. - Svoboda (1974) figured a populatlon of D 'zntégri-

'foZza clumos on a beach-rldge slope on Devon Island in whlch

the 100-200 cm? 31ze (falrly small) was favored 'whereas the
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ridge orest Héﬁ a steep.death rate of small clumps.

- There is an 1nverse relatlonshlp betwegh numbers of
plants An “ene cushlons and % of cushion that is éead //mlf
(Fig..24), but thls is not proof that larger numbers of
FCOmmensals in the ‘Silene cushion accelerate its death. The
death of Silene cushlons is greatest in the §oungest age
class, despite thelr freedom from commensals.

Few Dryas mats in the study plots (as well as most

other areas -of the Bald Hllls) are more than 40f50 years old.

ES W * . , . / . : .17 :
. . ‘ , . : e i; : - oox
80t % OF . . . B
CUSHION ALIVE = - . S 16
- . . =
! , : . =
1N
i - 15
koeof o
z <&
L i Q.
O )
x . iy
FT3] 'S
| Q
[« B . W
40 o
‘ ‘ : _ ‘ w
SR R | -
1 L . =
% CUSHIONS o -
‘ - OCCUPIED _~ .
-20p
H'QJ ., . » o 3 ) '
» L) 1
:..-n._..'.‘..‘.';.. ..... sy . — . ; , ]
<3 _ “10-25 _25-50 50-100,_ 100-200 200f500 )509_

CUSHION SIZE CLASS (cm?)
FIG 24 Size, v1gor and lnterspe01f1c assoc1at10n of-
- 239 Silene acaulis cushions in a ridgetop
Dryas octopetala/llchen community (stand B2).
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uThe actual clones could easily. be hundreds of years old,. but
fragmentation and rejuvenation, or 51mply erosion of old

wood, have disallowed large measurable ages.
T : &

' HOS& COMMENSAL RELATIONSHIPS

'Host species

The numbers of commensals 1n Salzx Larctica mats

exaggerate its 1mportance as a host. At 4 cOmmensals per m2
of host area (Table 31), it is an extremely poor substrate

‘compared o Dryas octopetala (38/m2), in turn much less

TABLE fl; Cover and plant associates of the three host
dominants in a ridgetop Dryas octopetala/
lichen community (stand B2).

: o ' C DRYAS SALIX  SILENE

SPECIES = | OCTOPETALA. ARCTICA ACAULIS
, : o) ' ‘

, 7T — — _

No. plants/400 m2 25 - 21 241

% ground cover , . 1.78 - 6.47  0.77

Mean cover/plant (dmz) o ©.28.5 | 123.2 1.35.

Largest plant (dmz) 96 - 276 12

3 Plants with commensal spp. 84 , 86 .69

Mean no. commensal spp. /host

vascular plants 3.0 0.7 0.9
-bryophytes . 2.4 1.5 1.1
lichens S ‘5.5 3.0 2.1
total ' ‘ L . 10.9 L 92 L4

No. spec1es/m2 host } w ti\\‘38; 4 \ 250

- Most spec1es in one host plant 32 17 24

. Total no. commensal Spp-. o - N ; )
" vascular plants : 9 - - 7 -+ 20 T

' bxyophytes - : 012 T o 10

" liehens - . 28 18 32

'~ total o 59 35 62

PIS
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efflclent" than Szlene acaulis (250/m ). An average Szlene

: cushlon may cover only 1/10 the area of a Dryas mat yet har—

bor the same number of commensals; however, the mean area
per commensal species is relatlvely small,;

Salim arctica forms large but Very loose mats. thter
accretlon is mlnlmal) and bare mlneral surface is exposed
throughout.' In a number of mats the only commensals were
Cbrnzcularza acuZeata .and Cetraria_erzcetorum, attached’ to
the_woody'stems.

Dryas ‘octopetala prov1des a much better substrate.

Its olad leaves do not absc1ss and will only erode after many
o .

years. There is consequently more orgaglc matter whlch

,able microenvironment for other%bﬂants.

ol

SzZene acauZzs forms an extremely compact cushlo

; Grlggs (1956) noted 1nva51on of)SzZene by large numbers of
~vascular plant spec1es, whlch were somehow able to germlnate

~and develop among the tlghtly appressed stems and leaves.7‘

For.potentlal commensals the Silene cushlon s only major"

'drawback is its small 51ze.

Otherrmat analOgues ;n?the study plots were not‘nearly

 so effective'in a- host capacity Potentzlla hyparctzca was

the.%ost 1mportant of these (Table 29) - Most gram1n01ds were

poor. hosts, except Carem phaeocephala (Tables 28, 29) Its

: relatlvely good host capac1ty 1s probably related to 1ts ‘@‘

-larger (up to 100 cm? ) “and longer-llved clumps.

193

comblned w1th the more compact growth form, provides a .favor-



Host size .
A e

| “;ghgge}is arclear trend toYard larger numbers of com
mensals in'larger, older hosts (Figs. 24,25). While the
potential host 1s Small the chances are re atively low that
it will be contacted by propaqules of potentlal colonizers.
More 1mportantly perhaps, a relatlvely rapld growth rate o
early in the host' s«llfe may produce an unstable substrate
colonlzable only with- dlfflculty, partlcularly by slow—»
grow1ng llchens. Young Szlene cusplons'are unlnhablted
possibly because‘they ére_faster—groWing; %lielooathy may
also be implicated. | |

"Most of the . rosette and.small mat species in the

:ﬁiots, even common ones llke Oxytropzs campestrzs, 0.' Y

[P
t

100 e — — —3
s . . . : _ . g e @ @ . |
8o - / L
- 12 =
=z 6o &
[ L5 I .
e g
w 40f - v&g .
[ 1 - ‘ Iy u)i
o . % MATS OCCUPIED o-
- 20} o ast - 2
sttt N LI
<01 R X 5 . 510 1020 20-50 350 .
N B MAT SIZE CLASS  (dm?)

L d

FIG. 25. Relatlonshlp between size and interspecific
: association in-Jryas octopetala mats on a
SE fac1ng loose—shale matfleld (stand Bl)

194
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podocarpa (Table 28) a‘nd-npéba incerta (Table 29), had very

few coqmensals;' There may be seyeral reasons for fhls-

(%) The hostsmare small therefore less llkely to be contacted

/

by colonlzers. (2) Growth is relatlvely rapld over the.en- e—

'tlre plant surface._ (3) The hosts?are too small to producel

any 51gn1f1cant mlcrohabltat chi
Potentzlla dzverszfolza-andJCarex phaeocephala were

, by far the best tuft- type hosts P probably due to thelr

s1ze.” (l) they are relatlvely long—llved and stable, o ca

N\
(2) they prov1de more colonlzable surface than most other

such spec1es.

Zone of colonization of host | A e <_f Y f'
The dlstrlbutlon of commensals over the host surfacef

‘ pls markedly contaglous. Most conwensals in Dryas ocgopetala

:mats grow on’the re51dual organlc matter which 1s in the

',central portlon of most mats (but on‘the'w1ndward 51de of

4

: edge—erodlng mats on some w1ndy rldges) i In gramlgOId hosts

and. the clump—formlng PotentzZZa dzverszfolza, most- commensals

‘commensals.

In any host the metabollcally most actlve part
typlcally he the fewest commensals. ‘Dryas matsmhave,a 3—6
.fcm w1de outer band of grow1ng-1eaves’in which'commensal ’

' ﬂspecxes are very rarely successful In stand B2 there were_
243 commensals ln the central portlon of the Dryas mats yetf

‘only 7% 1nrthe actlve leaf zone.

Tussock—formlng and tufted plants have a verybaCtived

.« 195
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Vvare at the edge., All parts of Silene acaulps cushlons,support -
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central aone where leaves and culms deveiop each year;'and
a very.slowly'expanaing outer part. Commensals inhabit this

outer zone and arevrestlicted'tO‘it unless the host dies.
\

Vascular plants and crustose llchens were founa more - - ¢

s

frequently in the central zone of Silene cushlons (Flg 26),.
N .
desplte the fact that thlS oortlon has only ca., Half . the area

dd ~.

'of the medlal portlon. Note theiyelatlvely ngh frequency

\

of vascular plants at thehcushlon edge (Flg. 26) . Thelr
| dlstrlbutlon is thus blmodal hlgh in the centre and at the
~‘edce, but low 1ﬁ the ‘outer half of the cushlon. In alplne
conmunltles 1n Italy, Whltehead (1951) found some vascularv
plant spec1es con51stently assocxated w1th Si acaulzs cushlons.

Furtherrore, soro of the soec1es con51stent1y colonlzed the

cushlor edge khlle others the cushlon surFace..

- .
s w2y, .

NO._| M
o0}

Bl

50b

| VAS_CULARS BRYCPHYTES ilc:Hs‘N._s}“

R

- FIG. 26. Frecuency oi}occurrence of lichen, bryophyte'

-7 . and. vascularwm%ant species. in dlfferent parts
of Silene aectis cushions in a ridgetop
-Dr,as octopetala/llchen conmunlty (stand B2)..

g
>

N o o , R ’ R
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' Host habitat- f“ . T o S

“h

' Dryas toleﬁéla mats are able to create a mlcroen-,

ﬂv1ronment dlstll,t from but partly modlfled by the extr1n51c o

fhabltat. “In stand Bl mats are contlnually belng 1nflltrated A

By shale pebbles, and they cannot provide commensal w1th the:j' ‘
R et
same degree of protectlonwthat they do ori the B2 rldgetop,'~, %"

,'hence the “low (2.3 vs 10. 9) commensal frequency per mat. s :‘1L]1Pﬁx

r'w1th v1rtually no’commensals because the mats’h
,1trol over the unstable substrate. At the other»eL '
.‘some later snow—release 51tes, e.g. the D octopetala
'commuhlty type,'where mosses such as HyZocomzum splendeﬁs.an

: QHypnum.revoZutum grow so luxurlantly that only the leaf fas—"

'colonlzed by cryptogams, whlch do not’ compete for subsurface

fEffect of commensals on host

Brs

I have seen'gﬁyas matflelds in- the Bald HlllS and elsewhere

'llttle con-

v T [ <

. 7 Y : )

>‘01cles of Dryas protrude- ven the Salzx arctzca mats iny

L}these 51tes aré: thlcPly covered w1th mosses.“-'\,‘ *J; L
& Colonlzatlon 1nto StZene acaulzs cushlons seem rela- .

'tivel 1ndependent of general habltat Unllke D.poctopetala,
: SiZene retalns a compact form in all 51tes. ;Wherever Silahe /

-}p‘thrlves 1t seems to harbor commensal% B

: i i
- . B s

®

Heavy colonlzatlon of hosts by vascular specxes could

N N
; have an adverse effect by redu01nq already 11m1ted nutrlent

J'and mOLSture supplles. Mat hosts are much more frequently

e & :

y~resourcesf' Cryptogams are: generally restrlcted to. parts of .

=

the mat that rare. older andv

sﬁologlcaliy less actlve. By o
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~.colonizing séneScing"secﬁions'of a mat, they may'actually be

, e

doing .the host a favor, by accelerating the death of ineffic-

: q

b

iént‘tiSsye that may be a_respiratory hurden;‘ Fruticose '
;ion in older host plants, may lose water at a

llichens, co

higher rate than does bare 5011 (cf. Addison 1973), and thus

o

may create further stress on the host and- poss1bly accelerate
] . 1 § “
llts fragmentatlon.

o

Tuft -and tussock species are ‘probably not adversely
5

- /

;affected by most commensals exc¢ept vascular commensals whlch /
Vhowever do not often colonlze these ‘hosts. Their active
central area remalns unaffected by perlpheral cryptogam . .
dexelopment, Indeed, a ring of tlghtly 1nterwovenpllchen

'and bryophyte clones may ensure greater stablllty by reduclng

il:needle 1ce actlon at the tussock perlphery. One common

'grouplng in stand Bl was Carex phaeocephala Potenttlla

‘dzverszfolza Hypnum revoZutum‘ the assoc1atlon of the two

vasculars probably vncreased the*bhances ‘of. surv1val of all

- .

three.'

o}

o SzZen;\acauZzs is. probably the only hcst spec1es whose,

death 1s llﬁely accelerated by co nsals (1r whlcn c e they \k

are not really commensals) It is readlﬂy colonlzed by many
"plaﬁts In Colorado, Grlggs (1956)~£ound 1t*harber1ng more

‘spec1es than any other host. Heavy colonlzatlon by vascular

o s &

plants i%s bound to.weaken SzZenecushlons, through shadlng of

leaves and’ competltlon for nutrlents and water. Live éfshlons
- e . ,
are also colonlzed by cryptOgams, and it is dlfflcult to see

how ‘there could be benef1c1al to Szlene.g

'y ; . . . . B I ' T ST
* . , : - . R

J

&
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'and S%ereocﬁulon confined to the larger( host plants. °

Host-comménsal species correlations

Most,cbmmensal'species showed no appar at host prefer—
ences. Some- facultatlve commensals e.g. Festuca braahyphylla
and Arteryszngvrvegtca seemec to prefer Dryas over SzZene,’

F i
whereas others e.g. Poa lcottermanii and Taraxacum Zyratum‘

showed a preference for SzZene (Table 29) Some obllgate

4
commensals e.g. chranum scopar um, Dactylzna arctzca and

Stereocaulon aZanum preferred DPJaS, whereas others e.g.

,Bryum spp. and Ochrolechia spp.. preferred Silene (Table 30).

There 1s some correlatlon between spe01es of obllgate
commensal and host 31ze, the larger commensals e.qg. Dicranum
i
Cetravza spo. and Thamnolza subuthormzs are relatlvely more

common' in Druas mats than SzZeno cushlons poss1bly because,,

ﬂw1th thelr thalll attached to the substrate at only certaln

p01nts, they are much more vulnerable to w1nd erosion on

‘Szlene cushlons. Crustose spec1es, on ‘the other’ hand cannot

be dlslodged by w1nd and are common constltuents of SzZene

cushlons Substrate preferences mlght also explaln some of

: the spec1es assoc1atlons,

COLONIZATION SEQUENCE AND SUCCESSION - |

Colonlzatlon of nruas octooetala o - ¢

The colonlzatlon of a growing D. octopétalh matymay'he_

recOnstructed in flve»stages..

e

r(l) The young plant, ‘to 10-15 years old and

50 cm2 in area, is veryqrarely colonlzed (Flg. 25)

P
A, .
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.gradually thins out, i.e. fewer leaves per unit area are pro—

A

v.(ZT4 As the mat enlarges, the central portion

duced. Cru=tose 1ichens appear, particularly Calépidca

»jungermanniae. Some non- crustose spec1es e. g,fPethgera spp.

and Cetrarza erzcetorum may come in, as also one or two
spec1es each of mosses and vascular plants. The moss Hypnum
r:uaZutum may in a short whlle "homogenlze" the habltat

creatlng a relatlvely unlform dense cover. fAlthough 1t

fseems to dlscourage further moss colonization (cf Plg. 25),

the Hypnum prov1des an - excellent substrate for llchens.'

(3) With the mat covering 5-10 dm? .and contain-
C e ! k] !

inéia well-established nucleus of commensals:”another set

: appears, inilarge part utilizing the first as substrate.

-~

"'Establlshed mosses, e.g. Tortula ruralzs and Hypnum revelu-

ctum, are -in ,some cases completely overtopped by ,rustose

llchens. Establlshed lichen thalll are colonlzed by other
11chens, frutlcose spec1es e.qg. Cladonza spp. and Cornzcu—
Zarza acuZeata overrldlng crustose spec1es,.and other crus-

l

tose spec1es colonlzlng.old or dead PeZtigera thalli. &

‘crustose lichen sequence may also occur.. Mosses grow.in

: v 4 L N : o _ R -
‘cryptogamic~microfcommunlties.'AThe dead leaf bases of vas-

cular tommensa.s are colonized to-a limited degree by -

»

crustose lichens.

BN

(4) As the Dryas mat reaches 20 50 dm2 and ca.f

30 40 years old the central portlon becomes move and more

bt

open.: Areas.of’bare-mlneral surface show thra;—h, and are

LY

openings among~establishe lichens, and vascularsfdeuelopdin' |

200-
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colonized to a limited extent by vascular plants and by

A . ' . . .
flora are still provided by lichens. Fruticose species begin

Polytrichum piliferum. Most new additions tZ'the mat micro-
“to predominate on the stabile cryptogam-:crust. This crust
“sgreads onto‘mineral surface bot,_since.it has no strong'hold
~on the sﬁbstrate, is stillmrelianc on the:ehcirclingADry&s
mat for protection agalnst windféfosion..'Watt (1947) des-
cribed a'sequence'in.;hich‘older parts of CqZZhna were
vcolonlzéd by lichens which eveﬂtually dominated, but were
'broken up by wind. | |
(5) Large (>l:m ) 1ntact Dryas mats are, uncomﬁon

in!the Bald Hills: Before'they can.reach thlS size they
break up into“clonallunits that eltherpreluvenate or totally. .
erode away. Most or all commensals are apparently lost' No
mats were actually‘"caught in the act" of- dlslntegratlon or
rejuvenatlon. 'However, this is the only loglcalbexplanatlon‘
for the present vegetational pattern, assumingfthat}theuveée-
tatlon is in a mature state. This is much easier to accept .
than:the idea that the mats and remainder of'the-vegetation

‘are prec1Sell now beglnnlng an 1nexorable spread culmlnatlng

in a closed plant cover. } Co - o -

Colonlzatlon of SzZene acauZzso

Colonlzatlon of SLZene cushlons (Flg. 24) follows the

same general sequence seen in D. octopetala, but the steps

le more predlctable 51nce general habltat characterlstlcs

7

“ have very llttle 1nfluence on the commensal s substrate i.e.

«

v-the cushlon surface.



1

‘(l) Young ~cyshions, up to ca. 50 cm2 are very

rarelx%colonlzed (Fig. 24) .

‘

(2) Crustose llchens,’espe01ally CaZopZaca Spp. ,
'begln to appear on the central portion of the ~cushion along~
w1th the flrst vascular commensals. Hypnum revolutum is
usually the-flrst bryophyte‘to appear;'and may do'so in{any»,

a

part of the cushion.

(3) Just as in Dryas,'the next wave of colo--

o -

‘nlzers play the roIe of "hyperpara51tes", developlng on :“
‘establlghed lichens and bryophytes. A common conflguratlon
at this stage has Hypnum revolutum on the outer half of the-
cushlon, patches of crustose llchens (CaZopZaca, OGhroZechia;

Psoroma) centrally on dead Hypnum or. Szlene, a few tufts of
- =V o

:vasculars centrally or at the edge, and some small cloneshof ’

frutlcose llchens (Cornzcularta, Cetrarza).

(4) Medlum—51zed cushlons (100~ 500 cm2) acqulre L

a set of lichens, mostly fruticose species, that colonlze

the stable cryptOgamic.crust. Some colonrz%tlon by mosses

also 0ccurs. Vascular plants begln colonlzlng 1n\quantlty,
o :‘/,1
: malnly in the central portlon of the cushlon (Flg.»27)

(5) Large cushlons ()500 cm ) have a final wave‘
‘ 'of vascular plant colonlzers. These occupy prlmanlly the
;dmedlal portion of the cushlon (Flg. 27), whrch suggests a
‘~:deter10rat1ng/ab111ty of the cushlon to exclude vascular
"‘plants, poss1bly because of decelerated growth—rate. Note

.the levellng off of. numbers of colonizers in the cushlon :

'»centre, 1mply1ng saturatlon den51ty of commensals.‘

. 202
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FPIG. 27.‘>Freqﬁency of occurrence of vascular plant species-.
: in Silene acaulis cushions of. different size
classes, in a rldgetop Dryas octopetala/‘ichen
coqunlty (stand B2). v
5. AN

L N . 4 R
o (6) &as the SzZene cushlon ages, the percentage
dead Surface increases. (Flg 24). It ultlmately dles: ‘and
‘the bUth‘UD stems are completely covered by a layer of com-
-mensals Some of the vascular commensals have by now attalned
a respectable s%ze and may themselves ‘be colonlzed.: Most of
‘the facultatlve commensals seem to prefer dead cushlons (Table
29) ' Potenttlla hyparctzca and Poa Zettermanzz appear 1nd1f—
ferent ‘to host status. Most cryptogams also seem 1nd1fferent
(Table 30), a few,pe g. Stereocaulon asznum, show deflnlte

-

i, ’ -
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/

-bias'for. ad\cushions.’ ' o - 3

| ‘;ﬂ///éégfzy Unllke Dryas* termlnal phase, where mat -
fragmentatlon and rejuvenatlon llkely occur, the ‘Silene
cushions dle and’ populatlon replacement must come through
seedling establlshment Dlslntegratlon and total er051on of
the SzZere commensal complex must be assumed otherwrse 1t

1s dlfflcult to account for the low‘total Plant cover,

partlcularly of non- host spec1es.v

" Succession

The colonlzatlon sequences outllned ﬂbr\ are- by no’ B
means 1nflex1ble. There 1s a good deal of varlablllty 1n o
pattern of colonlzatlon from ‘one host plant to another. It
is pos51ble to dlscover almost any colonlzer spec1es 1nla

host of almost any species or age. ThlSKdlmlnlShes the

1mpact of the idea that blolpglcal succession is taklng

¢

»

" place.
| Another reason why a success1onaL sequence may be

doubtful is. this: " In both the- Dryas and Szlene sequence

most colonlzers, even the earllest, hang on to the end.

There is- contlnual flux in relatlve abundances ‘of commensal

clones, but no real- turnover.v The only hint of succe531on.

is the decrease in mean numbers of bryophyte species in.

| medlum-s12ed Dryas mats (Flg. 25) . The ‘only truly-succes— o

| 81onal event is the death and d1s1ntegratlop of the Szlene

. cushlon, or the fragmentatlon of the Dryas mat

§

There is ba51cally a three—phase cycle~ host plants

' begln to develop,vare colonlzed by commensals, and ‘erode.



S a - 205
"The estimeted.pime of one Cycle iqDDryas is 50 years; I.
Would guess 50~ lbO yeafs”in Silene. Slnce ‘host plants\are
in all stages of develoPment and colonlzatlon, the tung}a ‘\\_
will look ab%%i”tﬁe same through the years. As Watt (1947)
put 1t- “Although there is change in time at a qlven place,
'the whole community remains essentlally the same.'
' ° In regeneratlon complexes studied by Coombe and
,Whlte (1951) and Anderson (1967), severalpdlstlnct sqcces;
51onal steps were reco“stlacted Wﬁite-(lQSl) described a
‘2-dom1naqt eycle: Silene acaulis cushionS‘were'colonlzed
by Feetuca dﬁra whieh'persisted after thepSiZene eroded;
Siiqﬁe_eeeéliﬁg: deve10ped ih the:accumulatedjsoil'1eft'by

the grass.

0

¥



8. DRYAS OCTOPETALA AND ASSOCIATEﬁ ANIMAL LIFE
INTRODUCTION

Invertebrates -

¢

e

Most studles of tundra arthropods stress env1ronmental
temporal or taxonomlc relatlonshlps. Few 1nvoke vegetatlon
and if so, usually in a very general way. For example Hammer:
(1953) and. Bohnsack (1968), worklng on tundra Collembola and
general invertebrates respectlvely, 1mp11cated only three
‘basic m1cros1tes, hydrlc, mesic ‘and: xerlc._ In a study of
insects on Devon Island Ryan (1972) compared meadow and
beachrldge catches. | | |

Two 1nvestlgatlons of flower insect relatlons in the-‘
,Arciic shed.some light on Dryas-arthropod interaction. D.
zntegrzfolza was the domlnant vascular spe01es_ln the Lake
Hazen, Ellesmere Island area (Sav1le 1964) where both studles f%}f.

-Were'conducted.' Hocklng (1968) found that Dryas flowers were 17;
' v1srted by many dlfferent flles and Lep;doptera and had ‘a’
much hlgher value of grams total sugar per’ unlt alca _han the

-

"next—best spec1es. Kevan,(l970) followed up these studles and

e

_ .
1dent1f1ed 42 genera of arthropods in 21 famllles v151t1ng

Dryas flowers, it was "the most dlversely v151ted flower
-‘Dryas flowers - also served as 1mportant mlcrOSltes where, Kevan ;
found 1nsects could rapidly warm themselves well abOVe amblent

rvtemperatures..jp, tntegrzfolma beneflted from the 1nsect asso—-'“z

PRI

':c1at10n.'although it could set seed autogamously, it depended
\ on insects for max1mum seed set. Important polllnators were

'Rhamphomyza nzgrzta and R. lezcauda (Empldldae), Eupogonomyza,
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groenlandica,;Pogonomyoides segnis and Spilogona spp.

(Anthomylldae), Aedes spp. (Culicidae), Caqéﬂ/bé{@s cariﬁdtus B
(Syrphldae), most Lepldoptera, and the bumblebee Bombus
polaris. These, "along with Smtttza veZutzna (Chlronomldae),
BoreeZZus atrzceps (Calllphorldae) and tachlnld flles were
the most 1mportant polllnators in the Hazen area.

Hocking (1968) noted‘very'small;noctuid larvae
(Sympistfisllabradoﬁis)'in D. integrifolia flowers. There
was usually onljvone per Ilower. It “fed rapldly, startlng

“ 'on the tlssue between thefnectarles and the ovary, but
damaglng both of these structures, and proceedlng to eat out
the whole of the//vary ., 'Kevan (lQ?pLﬁgound many flowers
with the reproductlve organs eaten_out and only frass left,

‘v:even in flowers not yet opened. Oliver et al, (1964)

| recorded several other, polyphagous lepldopterous larvae on
D, zntegrzfolza in the same study area. The larvae of Anarta

‘Q rzchardsonzz and Lastestra Zeucostyla (Noctuldae) in the”
Canadlan Arctlc were most often collected on the commonest
plantstlncludlng D tntegri}olza lMacKay 1972) . On Bathurst |

;ﬁ< Island Danks .and Byers (1972) found ‘that larvae of Psychophora' |

sabznza (Geomet id e) would eat proffered D. zntegrzfolza

4_leaves. In Slberla, larvae of the geometrld Czdarza caeszata

i aused con51derable damage to D punctata frult (Gavrllluk 1961).

. Kevan (1970) recorded a splder mite (Bryobza) on D

'zntegrtfolza and cruc1fers. Richards (1964) descrlbed the

»

mealybug Pseudococaus (Chorzzococcus) aZtoarctzcus from D.

2

- zntegrzfolta in thefiagé Hazen area.~ The aphld Acyrthoszphon-

bﬂevzcornzs 1nhab1ts stems ghd leaf under51des of Dryas in’

i

C



the Canadlan Arctic (Rlchards 1963) and Greenland
(Lambers 1960) Flve spec1es of moths w1th leaf-mining larvae
- have been recorded on D. octopetala in the Alp5‘ Tinagma
dryadis (Dougla511dae), two. spe01es of caSe—bearers
(Coleophorldae), CoZeophora fulvosquamella and C.
dewasofasczella, a fold—mlner (Grac11ar11dae), Parornizx
aszcoZa,'and StzgmeZZa (Neptzcula) dryadellaiéyeptlculldae)
(Herlng 1957). Pelham-Cllnton (1967) recorded the last two,.
alona w1th Parornizx Zeucostola and Epinotia ;ercurzana
.(Euccsmldae), on D octopetala in Scotland

Compared to Salizx arctzca, 1ts most 1mportant mat
analogue, Dryas is relatlvely unscathed by paras1tes and

phytophages. Salix is notorlously susceptlble to attQEF by

a w1de array of leaf—mlners, gall 1nsects and . other mlcro—

'consumers (Herlng 1957 Buhr 1964, Ke\an 1970) ' Oliver et al.

‘).(1964) found that s. »arctzca in the ngh Arctic brought
i'together "a con51derable and diverse group 'of insects that
depend on it for food" ~at least tw1ce as many spec1es ‘as on.
'vDryas (excludlng nectar and pollen feeders) Other mat
analogues are much better Off. Empe trum nigrum and Siiéne
acaulzs have only one. gall -former each (Buhr 1964) and no
»mlners. Arctostaphylos uva—ursw in Europe hosts four mlners
*and 3 gall 1nsects and Vaccznzum vitis- zdaea 7 mlners and 3
gall 1nsects (Herlng 1957 "Buhr 1964), but some of these are
probably restrlcted to lower elevatlons.

In feedlng experlments in Gretnland the plant bug

ChZamydatus pullatus was glven a ch01ce of the nine commonest

208
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heath tundra plants. It was recorded sitting on Dryas
zntegrzfolza in ll% of observatlons, yet only once seen to .

feed on 1t (Bdcher 1971).

Vertebrates

| Ptarmlgan are the only blrds known to feed on Dryas

'broﬁ content analy51c f 286 whlte talled ptarmlgan in Colo—
-
rado 1nd1cated llght utlllzatlon of D. octopetala leaves ln

. winter and sprlng (May and Braqn 1972) : In east Greenland
Geltlng (1937) observed that when heavy, snowfalls precluded
' Saltx arotzca as a food source, ptarmlgan would Shlft to D.
am:moctopetala. As ‘many as 5000 leaves were round in one crop.
Willow ptarmlgan in Alaska lnclude small amounts of D.

(‘“&'J:_ ’

zfolza leaVes in their dlet 1n fall and sprlng (West

and ‘ig 1966) Druas octopetala 1s ‘an 1mportant sprlng ﬁ

food of tundra ptarmlgan in. the U.S.S. R. (Aleksandrova 1964) \
A cd;%on RusSlan name for D._octopetala is ptarmlgan grass .t g\
oo Wlllow Ptarmlgan and -arctic hare (Le;us arcttcus) on
Ellesmere Island were recorded eating D. 1ntegrzfolza flowers.f
(Kevan§1970) In winter the plant is- utilized by lemmlngs
(Aleksandrova 1964, Speller 1972) It and ot er plant specles'
seem to be utlllzed in proportlon to the1Q)abundance. Young
leaves and flowers are eaten by relndeer (Aleksandrova 1964)
The leaves are used as a tea substltute, or even as food by
| Esklmos in Chukotk (Aleksandrova 1964) |
Exclosure\studles in Scotland 1nd1cate that 1ntense///
gra21nq, mOstly by sheep but also by rabblts,'may ellmlnate

- D. octopetala and induce herb- -rich grassland (McVean and

Ratcllffe clted in Elxlngton 1971) Gra21ng changes the mat
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from v1gorous, long leaved and many-flowered'to short-leaved,

few-flowered and slow-grow1ng.
, - , S

o

Through the 1968 70 seébons, as well as in short
w1nter and summer trlps in 1969 -72, 1 took notes on blrd

and mammal act1v1ty in the Bald Hills, -and related anlmal

'dlstrlbutlon to habltat and communlty types I also studled

plants of Dryas oetopetala for evidence’ of utlllzatlon.

The 1nvertebrate fauna was treated in 51x ways.
s

1.~ Dryas ohytophagy was 1nvest1gated by collect—

ing leaves and flowers and scrutlnlzlng these for abnormal
) &,

coloratlon, swelllngs, exc1s1ons, and presence of arthropods.
)

‘Some leaves and flowers were v1ewed zn sztu for presence of

: o}

mites and other mlcro-arthropods. One l7x10 cm ma; was col—.

‘lected on 3 Aug 1970 and all leaves examlned at the fleld—lab.

eActlvity Zf known Dryas phytophages was also 1nferred from _

- !

other sampllng procedures, treated belowfa“

"2 I noted 1nstances of bumblebee/flower 1nter-;

. actlon, and fly and butterfly v151ts to D octopetala flowers,

~.and_date. B “t o ""tf 7’\" - ",y:_- fo,d

,but no 1nten51Ve polllnatlon studles were undertaken.

also trapped s‘me flylng 1nsects, “mo's tly flles. ‘I transferred

'thesé to 70% alcohol ~and related éLec1es and numbers to 51te

/

L. 4 Spec1f1c relatlonshlps of arthropods to Dryas

?:tundra mlcr051tes were 1nvestlgated through pltfall trapplng.‘

Y

o,

L"‘"’us" i
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Select%d were. an ‘average" Dryas octopetala/llchen communlty
with sollfluctlon terracettes, a xeric D. octopetala/llchen
communlty, two D. ‘octopetala/PoZytrLchum pzszerum communltles
near conlfer clumps, a Cassiope tetragona/D 'octopetala
communlty, and a hlgh alplne D octopetala/llchen communlty.v
In 1970 34 traps were malntalned decrea51ng to 27 tr&ps for
two Dryas—domlnated communlty types in 197l‘and 29 traps in-

'1972 (Table 32) In 1972 I also monltored a transect of nlne;'

TABLE 32. Numbers.of.pitfall traps set out in the Ba;d Hills.

s -

VEGETATION TYPE . de70 1971 1972

Dryas 'octogpen;aza/llchen o 19 19 27

D. octopatal&/PoZytrichum" 10 3 (U

‘piliferum BRI ‘o '
.Other Dryas- domlnated tundra, - o5 - 5 o2
cush10n~rosette ) o 0 -3 -3

heath - | . P . S 0 - 6

forb meadow = = - . . =5 .3 0 -
Snowbed ' . " 6 .0 0

‘others 7 - 0. 0 -
‘poran. LT .58 33. 38

x .
- o

,traps iﬁQb' octopetala/llchen tundra, from shale—pebble to
conglomerate\snrface., In 1970 only mld— and late—season
darthropod act1V1ty vas accounted for, but 1n 1971 and 1972 |
the entlre season (May to early September) was’ 1ncluded

I used plastlc dlshes (dlam.,95 mm), plastic cups
(dlam. 61 mm) and tlns (dlam. 73 mm),,though one type only -

~at any glven 51te. I subjectlvely placed all traps 1n
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4representat1ve patches of the three basic micro- habltatS°‘

/
1) gravelly bare surface, 2) mesic mossy hollow, 3) D

octopetala mat cover. The largest number of traps at any
' NG

one community was 13 in stand 3 (Table 15) in 1970 and 1971
Emplacement‘was ‘flush w1th the 5011 surface.. Blow1ng sand
or organlc debrls clogglng the traps was not a serlous'
problem. The traps: were half- fllled w1th a 40- 50% solutlon ﬂ
of - efhylene glycol (1970) or commerc1al antifreeze (1971 2)

together w1th a few drops of formalin and ilqu1d’detergent.
o c"\ . ’ ‘

(cf. Leech 1966). "¢¢ SR ' "”;M

Servicing was at da. 2-week 1ntervals except in 1972

) when I could only manage 1t orce ©  1ohth. All organlsms were
transferred to vrals Wlth 70% etgyl alcohol sorted into- major‘
L roups in the fleld—lab then sc-ted i:- detarl-andchunted athl

o

'the Un1vers1ty of Alberta.‘;Many specinens,were sent toVex—-

- perts for 1dent1f1catlon malnly at the Blosystematlcs

,Research Instltute, Agrlculture Canada, Ottawa. .Adult

+“ Coleoptera were-mounted on prns or. p01nts. Hymenoptera and
=§D1pte1a larger than ca._3 mm were mounted on plns\or‘bolnts ]
| using ba51cally the ethyl acetate/glycerol method descrlbed
.by Vockeroth (1966) The restnwere sent in 7%—75% ethyl
alcohol., h | | |

5.' Pltfall trapplng was used to compare the
*:arthropod fauna of Dryagltundra w1th that of other qommunrty
vtypes. I selected forb meadow, heath tundra and snowbed
v51tes and putwln a feWatraps (Table 32) o - . :f“

6. Other collectlng methods were used to augment
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/"f

~ the pitfall-trap data:

$
a:
-
. A% N

4

i. Hand collectlng. Thls met with only

llmlted success and was abandoned except 1n Dryas phytophage"
studles and.: random collectlng of some arthropods that I

happened to spot.‘-Schmoller (197l)h studylng alplne tundra

lréhroppds in: Colorado, found hand collectlng and sweeping

'rather unproductlve.

Cq

o Sun- funnel extractlon. I set up Berlese

- ~

\extractlon equlpment outdoors near camp, .nd tested lt Qith
‘'some lltter samples.' On clear days the heat of the sun
drove arthropods through but on overcast cool days the

gulpment appeared very 1neff1c1ent S v i cﬁ.nﬁmmpﬁh

S et ;
. et Kl
t - -3

111.A Tullgren funnel extractlon : On 20 Sept

1971 I collected twenty 25 25 cm surface samoles at random
1ntervals (1-10 m) along a transect across a. terracette
Dryas octovetala/llchen communlty (stand 3, Taole 15) i
collected other surface samples from varlous mlcrOSLtes
malnly in Dryas-domlnated vecetatlon, at dlfferent/@imes of =
year 1nclud1ng w1nter._ The samples were transported to
Edmonton, 1nverted onto ware mesh, and arthropods extracted
into 70% alcohol by use of 4 dm dlam. Berlese funnels w1th
25—watt bulbs. Mlnlmum extractlon tlme was three days.

. Edwards and Fletcher (1971) studied a
fvarlety of extractlon technlques and found that the Tullgren

By

method, the most popular w1th entomologlsts, ylelded hlgher

numbers of arthropods than most other methods., The Macfadf“n

a1r condltloned hlch—gradlent method was the most efficient;

/
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\

yielding 1%-2 times as many mites and collembolans of most

groups as~the Tullgren method
. _DRYAS*-VERTEBR’ATE INTERACTION I’N' THE BALD HILLS - -

-
undra, usually Dryas octopetaZa/llchen communltles.y Gray—

: o Whlte talled ptarmlgan and horned larks breed rn upland

.,/t
crowned rosy flnches nest in cliffs and forage through all
51tes w1th(prostrate or sparse vegetation. The only mammals
in the area that can be identlfled w1th Dryas tundra are the
golden-mantled ground squirrel, least chipmunk, plka and

- Rocky. Mountaln caribou. The rodents prefer 1rregular rocky

| terraln-, The plka occupres ooulder fields and coarse talus.
The carlbou S common occurrence in winter on Dryas tunura,
where 1t‘paws for llchens, is related to the very thl‘ snow-
cover here. None of the four are restricted to upland sundra

4] ’ \
or indeed the alplne zone.

The carnivoresg Ln oz area are very wide. ranglng and
cannot be slotted ‘into any spec1f1c ‘tundra habitat. A large
varlety of other blrds and mammals,gacc12entals and mlgrants,
have been spotted in Dryas and other communltles (Appendlx 3)

| D octopetaZa seems v1rtually untouched by tundra
'mammals; I sometlmes noted upper portlons of Dryas leaves
nlpped!off. ThlS was probably acc1dent .+ by carlbou concen—‘
tratlng on . llchens. I once saw chlpmunks collectlng D
: octopetala seeds, but this was - the only observed 1nstance of

K-

utilization. Chlpmunks are very scarce in the study area.
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P -
The golden-mantled ground squlrrel mlght 11kew1se collect
Dryas seeds but I have no Droof of this. Although plkan<“’
occupy rocky slopes,that may have much D. octopeta%&,:they
seem to iqnore it. Examination of several haypiles revealed
a wide. selectlon of vascular plant spec1es, but no Dryas.
Martin et.al. (1951) reported.z—S% ~ilization of Dryas by
West coast pikas. Other studies of plkas dr not mentlon
Dryas (Sharp 1973)

’..',

Of the blrds,.all but ‘the . ptarmlgan can be ea511y ;

e

" . dismissed. Thekplpit has an. exclu51vely anlmal dlet

[Ias

l(Verbeek 1970), and rarely frequent errs cﬁdra;' Dryas
’seeds have not been recorded in czop conter ks cfbéosy‘finches
or horned larks (Fartln et al. 1931 B cor*vplng seeds of
{the other plant spec1es, these birdc cc 14 c-iceivably be
'decrea51ng compwtltlve .pressure on Drdas.A Thelr effect on.
1nvertebrate populatlons in the Bald HlllS, and the 51gn1f1—
ccance ot thus w1th respect to D. octopetala, cannot now be .

1

- answered

v
-

I have no .conclusive evidence that whlte talled ptarnu—-

‘gan utlllze D oc+ovevala in the Bald HlllS‘ Durlng the =

winter, when 1t is the chlef exposed vascular plant on: the

tundra, the blrds feed on WIIIOWS 1n subalplne valleys. In

early May they concentrate at patches of snow—free tundra and

mlght take Druas, but preferred plant food is- becomlng avall—
Aable at thlS tlme.f In July and August ptarmlgan 1nhab1t forb
meadows and stream-courses ‘which provide greater cover and

sultable, abundant food for the CthkS. In August the blrds

FEY
:wig%
.
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return to upland tundra where they remain'until ca. October
when snows drive them down. . _
In east Greenland'Celting (1937) found that utiliaation

of D' octopetala leaves by ptarmlgan dropped to v1rtually nil
.1n July and August They picked some\ﬂryag flower buds and
blossoms, but the bulk of thelr food cons1sted of fruiting
parts of varlous herbaceous spe01es. In the fall, Salix
>.arctzca was most heav1ly used. By November the ptarmigan were
~back to Dryas leaVes. Studles in Norway (le cited in Geltlng')
-1937) Jevealed a s1mllar cycle of Dryas forbs—Dryas utlllza—

tion. ) | | H. ) 4
| From mid- September to late May, Sath prov1des 90% of
the diet of ptarmlgan 1n Colorado (May. and Braun 1972) Some
Dryas octopetala is: taken in w1nter and sprlng, a llttle in
'jfall but-none in summer. Use of D. .octopetala by ptarmlgan
1n other parts of western N.A. seems to. peak 1n early sprlng
(Weeden 1967) nghest use was seen 1n two ptarmlgan,collec—'
"ted in Banff N.P. ‘on 27 ‘May 1958 (Weeden 1967) ;- thelr cropsi
‘contained (by welght) 41% leaves and 23% flowers of D.
oatopetaZa. Sprlng and fall are the most likely perlods 1ny

~which white- talled ptarmlgan mlght eat D..qctOpetaZa-ln_the

Bald Hills. o w0 S P



INVERTEBRATE FAUNA IN THE BALD. HILLS
: . :

Taxonomic groups

Altogether 642 spe01es of 1nvertebrates have been col-
‘Jlected in the Bald Hllls (Table 33) Large groups are flles,
hymenopterans, beetles, splders and mites.r The mite-epecies
list'(Appendix 2) is incomplete;-aﬁd moths were aleo inade-
quately samﬁied. Major groups not collected were rotlfers,
-.nematodes and enchytraelds. Thelr 1nclus1on might double the
‘number of species (cf Mulvey 1963 Ryan 1972 Procter 1973).

Total number of 1nvertebrates collected was ca. 56 000

~—

;.

. SR C 1 ;'b ;
TABLE 33. Numbers of famllles, genera and spec1eé of'
e arthropods collected in the Bald Hllls.’

‘13' o

\

- CLASS _ ORDER C FAMILIES " " GENERA SPECIES:
Crustacea ~Calanoida 1 1 1
'Diplopoga . Chordeumida 1 L 2
Chilopoda = Lithobiomorpha 1 3 4
-Insecta = Coll ola .- 3.. 12 20 f

T -~ Ephemeroptera’ 1 1 1
A . 'Orthoptera .- 2 2 2

Plecoptera N2t 5. 5
- Thysanoptera - 1 5 7 7
. Hemiptera 3 3 a7 8
 Homoptera % 5. 19 - 24
_ Neuroptera 2 5 5
. Coleoptera. 14 42 60,
- Trichoptera - , ».'1 3. 3
Lepidoptera "~ .9 . 23 28 -
 Diptera . - . 30 - 94 155

L : Hymenoptera =~ 21 - 121 156
Arachnida Phalangida = - 1. ' 1 1
: . BAcarina . . - 38 , 55 - 63

Araneida . 12 55 . 97

217
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in pitfall traps, 50,000 in Tullgren extractlon samples, and
a few hundred hand-collected. Most plentiful 1nxthe pitfall
samples were flies (48%) especlally Sc1ar1dae, Phoridae and
;.*Anthomylldae, large mites (19%) espec;ally Trombldlldae and -
| Erythraeldae, and collembolans (18%) Mites formed the bulk
of the extractlon samples, which beSt reflected'the'arthropod
fauna of glven mlcr051tes.' Thelr major drawback was the large
tlme expenditure yet low yield of most arthropods except mltes.
Pitfall sampllng was much ‘more practlcal for evaluatlng‘pat-
terns of seasonal \and spatial d;strlbutlon.of macro-arthropods;
This method too h::\drawbacks. catch numbers reflect moblllty
rather than pOpulatlon size. They may also reflect the posi-
. tive or- negatlve response of a glven spec1es to the trap, or

the varlablllty of thls response under dlfferent condltlons
of plant cover and mrcrorellef. ‘There are also strlctly
mechanlcal problems, partlcularly those. of trapplng fluld
_evaporatlng or the trap fllllng with sand Oor organic- debrls.

Southwood (1966) has dlscussed problems in pltfall trapplng.

\ The most consplcuous arthropods on the tundra were

'flles, especra’ly anthomyllds. The large anthomylld
1(Q¢adru2~rz€ 7aetzfzca seemed ublqultous.' March flles (Bibio),
lln August exceedlngly abundant on me51chtundra, created a
'backgrpund hum on mild days w1th little. w1nd ' Syrphlds were"
c0mmon around flowers. Metasyrphus Zapponzcus abounded in
Lbies thlckets along wlth smaller numbers of wasps (mostly

:Vespula norvegzcozdes) ‘which it p0551bly mlmlcked - Biting

flies’ 1ncluded mosqultoes (Aedes spp ), no- see-ums
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(Ceratopogonidae), horsefliesi(Hybomitra}spp.) and blackflies
(Simuliidae). None were present in'large'numbers, and were
not bothersome except on the rare days of very light w1nd
MacLean and Pltelka (1971) reported very promlnent insect
act1v1ty, malnly flles, on tundra near Barrow Alaska. |
Whereas the fly swarns there were’ heavrly preyed upon by
birds espec1ally shoreblrds, predator pressure. in the Bald
Hills seemed low. .

Other readlly apparent arthropods were bumblebees~
(Bonoue) and wolf splders (Lyc051dae) ‘The noctuid Anarta
?meZanOpa was commonly seen in rocky areas. Butterflles, es-
peclally Nymphalis mz}bertz;.werefabundantvin floweryrmeadows

"~ thoucgh rare'elsewhere; s | ' R ”pl- SN
| Although the precedlng arthropod groups provrded most
of the visual records of 1nsect act1v1ty in the Bald Hills

tundra, they were far outnumbered by mltes esoec1ally orlbatlds.

- These were ublqultous and together with collembolans, formed ’

the numeriCalvbulk‘of the arthropod fauna (Tables 34 35)

LI

Ecological'croups_
Viewed functlonally, the Bald Hllls arthropod fauna .
1ncludes five major gn@ups.~ »

l.. Phytophaces. . These 1nclude Homoptera,

Hemlptera, and ‘larvae of Lepldoptera and ‘Some Dlptera (leaf-

| mlners) and Hymenoptera (sawflles).5 Here as in other tundra

I

areas they are not nearly so 1mportant, 1n species rlchness

or populatlon numbers, as in temperate and trop1ca1 ecosystems.,‘
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2. Polllnators. Strictly speaking phytophages,
?r}“ ’
but obtaining a special type of food these are headed up by

many flies together with bumblebees, moths and butterflies.

3. Scavengers & detritus feeders. This is the
largest group, with ca. 200 250 spec1es. Many beetles,
collembolans, fly-larvae and mites obtaln their nutritidn

' ! t

from organic debris.

v 4. Carnlvores. " Included is 20% of the fauna.

" 5. Parasites. Compr1s1ng’25% of the fauna, ‘this
N,“ugbnp is headed up by ‘many Hymenoptera, espec1ally 1chneumo—
i

nids. Also parasitic are_some flies (Tachinidae) and the -

. - ’ K
" immature stages of some mites. - '

Alpine tundra fauna

Probably 80- 90% of the spec1es llsted in’ Anpendlx 2
;'are a legltlmate part of the’ tundra fauna, completlng thelr =
llfe cycles‘here. The rest are acc1dentals, flylng in or
blown in from subalnine ecosystems. There are many references‘
in the llterature to summlt frequentlng 1nsects (e.qg. Caudell
1902, Chapman 1954a) and masses of insects blown .onto snow-
fields and g1a01ers (e.g. Van Dyke. 1919 Edwards l972) ‘In—
' sect "fallout" on such a scale was not. seen 1m the Bald Hllls.
‘A thln smatterlng of Homoptera on snowflelds in- sprlng was
the furthest extent to- whlch this phenomenon manlfested it-

self.
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Approx1mately 15% of the Bald Hllls arthropod SPg

it
are. undescrlbed The llfe hlstorles of most of the others\

have not yet been worked out. R ‘ ' /

ARTHROPOD INTERACTION WITH DRYAS OCTOPETALA FLOWERS

[4

Flies seemed the commonest v1s1tants of D. octopetala

vflowers. In the Bald Hills are members of many of the fly \

"
genera and families reported from Dryas zntegrzfolza flowers
in the High Arctic (Kevan 1970), -and 1t is reasonable to in-
- fer that they behave 51m11arly here. Fourteen specimens were

collected on D. octe k£ ala flowers. 2 of MegaseZza (Phorldae),_

3‘Elqtycheirus{fg¥f: idae), 2 Rhamphomyza, (Emp1d1dae),_2
jPhaonia, 2 HyZemya, and 3 Laszops (Anthomylldae) *Anthomyiidsb
’seemed to be the commonest types at the. flowers. Tlny dark '
humpbacked flies (Phorldae), genus Veaaselza; were alSO com-
“mon and very actlve, enterlng the. flowers and walklng on the
-4hypanthlal segment exposed between stamen bases and ovary.
Pltfall data do not offer strong ev1dence that D;yas,
is 1mportant for flies in the study area. Many more flies. of:
’most klnds were collected in forb meadows and cushlon rosette
itundra than in Dgyas tundra (Table 36) Furthermore, the
seasonal abundance of flles in the Bald Hllls dld not seem to
c01nc1de w1th Dryas flowerlng peak (Tables;37 38), i. e.'mldf
fJune“-Aearly July._ The best correlatlon between fly and flow-
ering peak was w1th ecaselza Spp. and Anthomylldae in. 1972 -
f(Table 38) Both showed a blmodal pattern, the early peak
.probably 51gn1fy1ng flower-correlated fly act1v1ty in Dryas

’ .

.
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TABLE 37.  Numbers of arthropods caught in pitfall traps in the Bald nills through
' - the 1971 ,Scason. . -

v

28 iy~ ’

iS(;‘O):unc- 1 Julv- 7 Aug-

g ¥ i 7 ‘Sept- - .
SMPLING PERDIOD 13(2007une AL uly ) hua 7 sepe 1o obe TOTAL
NO. TRATS 22 23 "3 ) 25 24 " 29
DIPLOPODA_ . 12 . 34 "8 .54
"CHILDPODA ™ : -2 3 1 r 7
COLLEMBOLA ' : , . :

Sminthuridae 3 30 : : : 3 9

Ento=ofrua nivalig 216 34 1100 61 6 1417

Isatcma spp. ‘ 262 240 395 135 95 1027

Norulinag pr. zizanzex- 84 ‘19 36 ., 26 4 169

Torocerus flecvegcers 57 24 102 103 32 313
° .

> HOMOPTERA i < -

; Erpcascz sp. ‘ 115 146 .2 263
Sclercrceus Sp. 1 . 9 31 4 45
Peyllc cmericera 4 8 1 25 1 39
Iriozz sp. 2 8 .1 o 11
Aphididae 2 . 2 4 8 -
Pseudococcidae - - 3. 2 ~2 €

COLEOPTERA ' o
Caralus taedaz:us 8 9 w2 ) 19
Tebria intermacia 4 : 2 12 ‘B 2 z8
Arpedium brunnegcers v . 27 . 2 o2
. Nycetoporus n.sy. ’ °2 3 9 o LT
‘other Staphylinidae 1 6 6 .3
Cantharidae ‘. 1 7 7 S 24
- Byrrhus spp. 4 11 7 . ‘3 1 26"
others ' 4 2 33 36 3 78
HEUROPTERA )
LEPIDOPTERA . -
' Rhopalocera ad. 8 3 R 11

i lar. 4 1 : s

“" Noctuidae ad. 0 . 10 s 25°
- lar. R 11 37- 10 2 65
Nepticula spp. ©173 108 S : 287
ctﬁers A 7 1 1s
DIPTERA : . : : :
Bradysia’ spp. 12 126 694 - 1968 20 33s0
Megaselia spp. 31 43 .- 276 2% 2. 527
" Mycetqphilidae 2 25 47 10 84
Empididae : -2 S 18 13 33
Aathonviidae 23 .73 440 110 - 4 650
Tachinidae o 33 51 10 .2 96
- others . < 21 36 122 152 23 354
HYMENOPTERA _ ) o , -
Tenthredinidae . e i 'Y 4 4 25
Braconidae 12 ¢ 17 3¢ 24 1. 84
+ Ichneumonidae 9 14 - 11 132 15 205
Chalcidoidea 21 1 9 40. ’ 71
Proctot,rup_oidea 27 CLs 18 40 1 68
. . Bormbus spp. " .26 . 34 22 92 174
PHALANGIDA -.. can 6 1o 16
ACAPINA : ° : ) S . :
" 4drolophus sp. 1 8. 55 11 v " 75
- Erythrzeus sp, : 35 3%3" 1314 197 7 ~1880—-
v Rodothrombium malisnum 56 - : 1679 - 643 88 2554 -
Microtrombidium 8p. ‘ 42 . 9 43 s8 158 ’ . 434
- Parasitoidea 64 33 3 0 15 1 116
ARARNEICA ’ :
Arctoaa insignita 5. 10 P L 7 2 - 27
Argerrz lorna . -2 14 27 . 3 - 46
Ceratinopais lciradorensis 31 . 4 7 - 42
Gnapkosa spp. o : ‘2 -2 14 > 6 - 24
Bzhnia glacialis : -21 20 - 41
Pardce= fureifers o4 11" - 45 - T 6 - 1]
Other Pardcsa SPp.. N 12/ 72 16 - 94
Rhaebothora= n.sp. .26 10 - 28 125 - 189
Typhociraestus zyz=aeus s3 2 .9 , 62 - 1%6
. Iyeticus spp. : 6 ~10 27 12 - - - 54
other Linyphiidae 14 o 35 82, - 130
others 12 ‘17 9. - 68
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/

Xurbers of: arthro
through the 1972 ;Season.
before - 11 June- 11-27 27 July- 11 Aug- TOTAL
11 June ll July ~ July 11 Aug 10 Sept
DIPLOPODA . 2 6 8 16
.COLLEMBOLA ,
Smlnthar‘dae -3 ' 16 1
Entcrcdrya nivalsu 318 208 751 535 170
ITsotora spo 304 384 604 589 406
Morulina nr. ﬂzcautea 18 49 47 142 157°
Torocerxs flazexeens 18 46 144 118 221
HOMOP’TEP.A '
_ Empoasca sp. 4 129
Aphidicae 1 2 2
Pseudococcxcae 3 33 5 2 4
‘others . 6 8 6 8
COLEOPTERA o
" Carctus tzelztus o 3 13 8 24
Nebric inter=eiia . 2 7 R 1 16 31
Staphyllnldae 14 7 7 7. 8 43
Cantharlcae ‘ 2 2 9 22 35
_otheérs 6 5 9 S12 . 35 67
LEPIDCPTER: :
Noctuidae ad. _ 1 B 5 -8 14
. LT lar., 6 28 53 36 . 15 138
Eev c;Za Spp. 5 84 3 2 .94
others” o ! 4 ‘ 6 3 -1 14
 DIPTERA : v _ R
Brocdysia SpDe— 5 -45 483 3098 "9095 . "12726
Mecaseliz sro.- 14 T 426 -109 95 210 . 854
~Mycetoghilidze 1. 3 2 12 8 -« 26
Empidicae ) 1 7 . 227 © 350 65
Anthoryiicdae 4. 103 84 158 150 " 499
i Tachinidae 1 1 31 19 22 74
others 25?2 " 42 ‘105 60 27 259
v .
NOPTERA . -
Tenthredizidae -2 1 8 5- 7 23
Braccnidzae -3 10 - 18 11 21 63
Geiis sco. -8 12 18" 23 -
.Other Ichneuzcnidae 4 11 38 -100 ‘287 - 140
Chalciccicea. 31 . 9 39 69 44 192
Proctotrugoicdea e ! 1 3 26 24 54
" Berilus sop. ‘15 49 30 7 . 33 134
ACARINA ' . i - =
Erythrceus SD. T 2B . 106 - .- 182 179 ‘275 770
Podotrrf—""-\—alzanln - 35 142 178 675 1058 2088
Mlerotrc=3idium sp. ¢ : - 94 132 45 ‘29 300
Parasztoxcea - 49 72 - 20 3° . | 148
/ARA“'EA .. - - 336 306 391. 300 . 1361

s

TABLE 38.

R

)

pods caught in pltfafl traps in the Bald Hills
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communities. Peak numbers of flles in Dryas/llchen tundra |
“Yater in the season (Table 36) probably represent an’ 1nflux
from forb meadows and forest tundra habitats. '

As in the High Arctlc (Kevan 1970), bumblebees and
) Lepldoptera were the two otl - 1mportant polllnator groups.

<

The common moth Anarta meZanopa'was occa31onally seen at D i
octopetala ‘flowers. Adults of leaf-mlnlng mlcrolepldoptera

in the genus Neptzcula ‘were often seen at D, octopetala

flowers. All 380 pltfall trapped spec1mens were from Dryas
tundra. Neptzcula activity peaked early in the season (Ta—
bles 37, 38),‘more or less coincident with Dryas flowerlng.‘l
Most moth and butterfly act1v1ty in the Bald Hllls was in late“
July and August at forb meadows, especially where Seneczo :
'.trzangularzs and Arntca mollis were abundant.

“ \ -
Five & c1es of bumblebees (Bombus) foraged in the

S
_Bald Hills; Largest numbers were seen and * apped in forb
meadows (Table 39), but some wefe trapped in various xerlc:
communltles. Peak Catches were late’ in the season 1n 1970
and 1971 but early in the . season in 1972 {(Tables 37 38 Appen-
dix 10) lebees were seen at Dryas flowers 1n only three
of- 135 regg:Zed observatlons. Early in the season they wene )
';attracted to staminate aments of Sasz arcttca. . In mid-season
they v151ted a w1de varlety of spe01es, but w1th an ev1dent
blas toward Pedzcularzs arcttca. Later lnrthe'season;Arnicau
~mollis and Seneczo trzargularzs were heav1ly used. Gavrllluk
(1961), however, con51dered bumblebees-very 1mportant Dryas
polllnators in Chukotk

Four noctuld larvae were collected from D octopetala

:flowers. One was Zosteropoda hzrtzpes, by far the commonest
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lepldopterous larva 1n the Bald Hllls, the others could not

b

be 1dent1f1ed On 21 June 1971 I collected 175 D. octqpetala'

flowers in a s- facing Dryas/llchen communlty Six had frass'

229

on the hypanthlum, ev1dence of. larval act1v1ty.i Only one had

a caterplllar. Other observatlons corroborate thls ev1dence

for a very low 1n01dence of attack by lepldopterous larvae.

" Noctuid larvae can be fairly abundant in upland tundra but

do not seem to attack Dryas much In other parts. of the

’Rockies-I have ‘seen D. octopetala Flowers wit cheir floral :

'parts, usually the gynoec1um buz | metlmes par, of the andro—
ecium," eaten away, probably by otk larvae.v

Also s@en at D. octopeta.u llowers in the Bald HlllS

were a few crab splders (Xystzc Zabradorenszs) These

lurked w1th1n the floral cup, a ushlng flles attracted +o the -

blooms. This is the same phenomenon that Leech (1966) repor—v

_ted for x. dezehmannz at D. 1ntegrzfolza flowers 1n the ngh
'Arctlc.b Some. arthropods probably use the flowers 51mply as
f perchlng 51tes. Groups of plants in flower mlght be used as -
swarm mar .3 by certaln flies (Kevan 1970) e
Hellotroplsm of Dryas zntegrzfolaa flowers in, the Arc-
& tic results in floral -cupr mperatures well above amblent

'-(Kevan 1970) . This is = ageous to 1nsects, for they can -

‘achieve a hlgher metabolic rate than in. normal tundra env1ron-'

ments. From photographs tak at dlfferent tlmes of day at

five marked p. octopetala mats rn the Bald Hllls, T saw possi-

'jble ev1dence of hellotroplsm in only one. case, and this

-1nvolved flowers w1th longer-than-normal scapes.' Flower



orientation appeared a functlon of p051t1dh on the mat with
edge flowers normally fac1ng outward Slnce there wert-gen—
erally more  flowers along the south edges of mats, a second—
order hellotroplsm obtained. _ |
: Mty

Dryas can set seed autqgamously, though seed set is.
'enhanced by polllnator activity (Kevan 1970). Dryas repro-
ductlon in the Bald HlllS seems mostly vegetatlve, SO polll—
nators are probably not 1mportant in its success here.

. . . N ,
HERBIVORES OF DRYAS OCTOPETALA :

A31de from nectar and pollen feeders, I found only"

© two. spec1es of arthropods dependent on D. octopetala as the

major and probably sole food source.‘ These were a mlte, ‘ \

Eotetranyckus sp (tzbtarum grp ). and a mealybug,
Ghorzzococcus sp. One aph;d (Acyrthoszphon sp.) and one or
more noctuid larvae may be at least partly reliant on D

octopgtala for food.

L]

gf,Eotéfrdnychus sp.

230

Eotetranychus SpP. 1s a 'small red splder mlte 1nhab1t1ng€

"the leaf under51des of D. _octopetala. It prefers young but

- at least partly expanded leaves, and rarely occurs on’ ‘any

~

other part of the plant. LSome clones seem free of the mlte,

but most are 1nfested. The one mat I examlned 1n detall had

x82 fasc1cles and 323”1eaves, 1nhab1ted by 131 mltes.' There
were 93 mltes on fully expanded leaves (O 57 mltes/leaf), 38

'mltes on partly expanded leaves (0. 36 mltes/leaf), and none'



’

on the 54 tlny inrolled leaves. There was an average of l 70
mltes per occupled leaf s1x.be1ng the largest number on- one
- leaf. Al11 but six mltes were on the leaf under51de.-

The mlte occurred in all extractlon samples from Dryas-.
domlnated tundra, but in none of the samples from tundra lack-
ing Dryae. Thus; it occurred in only sample nos. 1-5 in Table
34) . The numbers of adults (all females) were, respectively,
Sl, 64, 269, 266 and 35. Wlde'fluctuatio in numbers from
sample to- sample was also seen 'in other extractlon samples
from Dryas tundra. No correlablon was apparent between num—'
bers of these mites and percent cover of D. octopetala (Flg,

28).

. Eotetranychus Sp. was found in all Dryas-mat extractlon

?

samples, even -those 1solated in other Vegetatlon (e g. Table -
35?§sample no. 15 1n a forb meadow and no. 8 1n a Kobresia

community) Wlnd or phoresy are probably 1nvolved in trans—

portation to these "1sland" 51tes.

Populatlons of Eote,ranycnus sp., as reflected by extrac—

tion” samples; were larcest in m1dw1nter ang lowest in fall
" .
(Table 40) Very high m1dw1nter numbers of Eotetranychus (equl-

valent to lOOOO/mZ) were found 1n Do octopetala mats on a w-

,fac1no slope. (Table 41) In late Aprll exposed D. oegppetala

mats had much hlgher mite den51t1es than snow-covered ones

-

(Table 42) _
[ . . -
Eotetranychus Sp. seems to stay on D. octopetala leaves

o

most or all year., It overw1nters on the leaves in both_

adult and 1mmature stages, and mlght.even be actlve whenever

231
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'

TABLE 40. Mean numbers of arthrooods in extraction samples" of Dryas
' octopetala mats from a O. octopetala/licheh community
(stand 3),_sampled at differént times of year. Animals
as no/.1 m2.

1970 . 1971
DATE ‘ — : . ' ‘
20 Sept 11 Nov 27 Feb 25 Apr 11 July
INSECTS . ~ '

Chorizococcus sp. 30 68 29 - 5 - 20
‘others = 4 5 0 X 150
COLLEMBOLA 112 9 g 20 225
SPIDERS o 7 Y I S 0
MITES | S 2318 2216 2305 850. 2950

Mesostigmata 34 37 7 12 40

Prostigmata . . 587 560 o267 137 . 415

Eotetrangchus sp.2 - 94 159 - 174 - 88 90
others 473 401 90 54 1325
oribatei 1717 . 1619 . 2034 696 2495
grp.1P . 744 194 7400 215 180
grp.2 © - 14737 1425 1634 481 2315
.ALL ARTHROPODS aum 2301 2339 877 3345

-8Adult females.
bee. footnote p.2s3.

leaf temperature exeeeds a certé’n'threshold
(Some of the samples of D. octopetala leaves, e. g..27

Feb 1971 had small numbers of a prostlgmatld mi te (Abrolophus’)
(vThlS mlte mlght be a predator of Eotetrarychus sp. ~The densi-
ties. of the predator, ca. 100+ 40 /m 1n*D octopetala c0ver,

were 10- 50 tlmes fewer than the numbers of Eotetranychus.

Chorizococcus sb.

The mealybug Chorzzococcus sp. has close taxonomlc af—
flnltles w1th an arctlc Dryas feeder, C. altoarctzcus (W.R.

| Rlchards, pers. comm.). It was co;lected in both pitfall and
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TABLE 41.. , Arthropod components of exgractlon samples of tundra surfo-on
‘ ‘samples collected 27 Feb ) 71. Anlmals as no/:1 m2,

SAMPLE 1, 2 7 a2 4 5 6 vi 8
) )

. ELEVATION (m) 2260 2260’ 2190 2150 2230 2230 2230 2230
ASPECT & DEG. SLOPE . . N3 ° N3 W20 W20 W15 W15 W15  Wls
SAMPLE AREA (cm2) 400 400 400 400 180 63 70 100
PLANT COVER o ‘ : ‘

Drya octopetala mat X . X, x X .

Potentilla nivea cushion - 4 ‘ ‘ x x ‘
SzLene acaulte cushion : . ‘ x x
INSECTS . . - 33 0259 g 5 228 0 29 106

L+ COLLEMBOLA , 3 s o o 0 . 0 286 130

SPIDERS 0 "3 ot o 0 0 0 o

. : : . :
MITES .. : 2193 2416 1453 11083 12000 746 2929 930 g
Mesostiqmata - S .8 o' o 22 0 143 6o
. Prostigmata - - 175 353 1425 . 928 473 0 1243 230
Eotetranychus sp.b 133 215 1010 860 0 .0 0 "0
others : 42 138 415 ' 68 473 0 1243 290
Oribatei » 2013 2055 28 155 705 746 1543 580
grp.l 260 540 0" 790 711 48 143 0
grp.2 - . - 1753 1515 18, 65 694 698 1400 530
undet. sp. L ; _ ‘1 i (4000) (950) -

- ALL.ARTHROPODS = . 2229 2449 1461“'1088 ‘1428 746 3244 1070

aOnly-li\}e b, octopetala l\_aves and stems.:
Paduit females. - o
Cet. footnote, p.253. . ’ ‘ o W
- / ? ¥ ," -
ektraction*samples. Its numbers were smaller but 1 ”s.ex-

\treme in- contaglon (Table 43) than those of Eotetpanycﬁ%ﬁ spfﬁ"

<.

Although doubtless dependent on D. octopetala for food

ke
c orzzococcus sp. was not as 1nt1mately correlated w1th%1ts e

hoFt as was Eotetranychus. It was ev1dently more mobile.

aQ
,Sm%ll numbers were con51stently collected on bare gravel pat-
- ches in D. octopetala/llchen communltles (e.q. Table 35, ﬂ#”f

’

sample‘nos. 1 & 2), and even in non-Dryas_plant cover (Table
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TABLE 42. Arthropod comvonents of 15 cm? extraction samples
of tundra surface collected 25 April 1971 in a
Dryas ocitcreialc/lichen community (stand 3).

Anlmals as no/.1 m2. &

bare . .
] o O.. pebbles Dryas mat cover
AMPLE NO. ‘
o 1 2@ 3 4 5 6
" snow depth (cm) 0 o0 o o0 30 40
cryptogram cover 4% 25 _ 30 . 45 20 .15
INSECTS L
.Chorizococcus sp. 1 2 3 1 8 9
others 0 2 0 1 0 o
COLLEMBOLA 7 8 79 3 1
SPIDERS 0 0 4 0 0 0
MITES 37 458 1091 975 471 744
" Mesostigmata 0 lg - 14 - 30 1 S
-Prostigmata 8- 242 163 208 .30 - 62
Eotetranychus sp. 0 137~ 114 128 P21 41
others -8, 105 55 80 -9 21
‘Oribatei 29 206 - 908 757 440 677
grp.1¢ 7. 25 407 130 759 264
grp.2 22 181 501 627 381 413
ALL ARTHROPODS

".h
w

469 1106 1056 482 754

aPoor extraction?

Padquit females. - I E

CCf. footnote, p.253. '

'34).  Like Eotetrany lﬁs, it also occurred in Dryas mats iso-
lated w1th1n forelgn vegetatlon (Table 35) Its’activity Ras,

nevertheless, in larce part conflned tgbvegetated sectlons of :

Dryas tundra. It-did not occur in_ vegetatlon totally lacklng
Dryas (Table 35).

- Correlation is poor between -Chorizococcus population
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’{fln meadows, and two nymphs in'D. octopetala mats. The closqa

L

- numberslandvD. oz2topetala cover/except poss1bly near 100%

5than in.. the open (Table 42). Early winter populatlons seemed ’

' the study perlod.

B .
. . .
(:\
~

7 : .

—mat cover (Flg. 28). ' 5 ‘ S

‘Like Eotetra ychus sp., Chbrzzonoccus sp. seems tO' . .

oVerw1nter in all stao S 1nc1ud1ng adult. In contrast to

.Eotetranychus, mealybug mbers seemed higher under snowcover

_—

flargest Table 40) lPeak act1v1ty, however, was 1n June - -

L B

’early July (Pseudococ01dae - Table 38)

a

~eVery few: mealybugs were " trapped in 1971 compared to

1970 and 1972 _ Year to—year fluctuatlon might. be due to

‘para31te pressure by Stemmato teres’ kuchari, a tlny (<l mm)

“apterous chalcld. 'S, apterus W s reared from a Paeudococcus

spec1es in Callfornla (Yoshlmoto 19723 @ Few. collectlons, and

Coa very lrregular temporal and spatial dlspers1on Qﬁ)S kucharz, ’

obscure the correlatlon of host/paraslte populatlon cycles.

The large numbers of Stemmatosteres collected: later ln the -

9

51970 season and early 1n 1971 mlght be 51gn1f1cant in rela— _ﬁ

tlon to the low numbers of Chorzzococcus encountered in 1971'

‘Other,Dryasf? .. vores

Four males of the aphld Acyrthoszphon sp. ‘were trappe

ly related 4. brevzcarnzs is a Dryas feeder in the arctic-

S

. (W.R. Rlchards, pers icnmm.).\\#cyrthoszphon was evidently ny

not an 1mportan§ Dryac ophage in the Bald Hills during

Dryas 00topetaZa is host to several spec1es of leaf-

fvmlnlng Lepldoptera in Europe.' Examlnatlon of llterally:
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thouélnds of Dryas leaves from . the Bald Hllls revealed only 'f
" two 1d§1dents of mlnlng act1v1ty.' One 1nvolved a spec1es of
.Coleophora; p0551blv a case of mistaken host 1dent1ty by the
imoth. The other entailed a mat under a bit of krummholz in
“a Dryas/llchen community, w1th a numbernof the leaves mined.
| A low 1nc1dence of feedlng 1n3ury to D._octopetala
'flowers by noctuld larvae has been dlscussed earller..

DRYAS OCTOPETALA VEGETATION AND ARTHROPODS

Arthropod fau

About 330 spec1es of arthropods(or 55% of thegBald
Hills fauna has been recorded from Dryas-domlnated tundra.r
.Important groups 1nclude mltes, collembolans, flles, Hymen-
-optera and splders. " Many spec1es are éulte mobile and ea51ly
-‘aole to appear in- other communltles even if they mlght be:
I'dependent on'Dryas—domlnated communities for some part of
thelr development.. ‘ | o

Restrlcted to Dryas(domlnated communltles, or occurrlng
mostly here, are at least 30 snecxes. These 1nclude three e
;beetles (Byrrnus,_Hdperaspzs, Podabrus), two collembolans
'(Bourletzella nortenszs, Fonomza quadr§o0ulata), flvegyr
_,more flres (thbzgrza debtlzs, Bradysza Spp- ), at least three
para51t1c hymenopterans (Gelzs SP. Zygota sp., Stemmetosteresd
.kucharw),:a few Lepldoptera (Veptzcula spp., Argynﬁis larvae,

’certaln noctuld larvae espec1ally Zosteropoda hzrtzpes),

twelve splders {Clubiona pra“ratura,—Xysttcus.Zabradorensis,-



'"{to establlsh communrty restrlctlons for most specres.” An',

fArthropods'inwpitfall samples

'they are not attracted to these traps. 7"",‘ ,' o s

Argenna Zorna, chtyna Spp. , Mzcarzd“ﬁ%

29 @Zla, CeratzAOpszs

'Zabradorenszs CochZemboZus alpinus, Coﬁnbcm}arza karptnskzz,

Oreonetcdes vaaznatus, Rhaebothorax n. sp., Typhochraestus

w

pyanaeus), one bug (Chorzzococcus Sp. ), and three mltes“
(Eotetranyc%us, Epidamaeus,. GamaseZZus) Forty—one sp’ s
of mltes 1n 22 famllles have been 1solated from Dryas Lo .ra
1n the study area._ Some would probably be restrlcted &0 this

tundra type though .not enough spec1mens were, 1dent1f1ed to

' verlfy this. Many para51t1c Hymenoptera, 1chneumon1ds ‘in o f

partlcular, mlght find thelr hosts most1y~rn Dryas tundra,

but here agaln not enough spé01mens were 1dent1f1ed beyond

famlly Fly adults are. very moblle, and it would - ber dlfflcult )

-

emergence trap study could dellneate larvae habltat relatlon-

'thps. ‘».a. ",..“- o e

L - - . . . - ' . . ¢

Pltfall traps were effectlve for most ground—surface

‘5;4, K}

arthropods partlcularly splders,<large mltes and collembolans,i*

.and beetles. ‘Large numbers of flylng 1nsects were caught in

<

the pltfall traps._ Bradysza, a dark-w1nged fungus gnat

(Sc1ar1dae), outnumbered all others .combined. Many other»

'faspec1es of flles were caught. Some of the catches may reflect
;pOSltlve response to the ethylene glycol solutlon. Leaf-mlner

’;'flles (Agromy21dae) are one group present on the tundra but N

4

" not caught because, accordlng to G C.D. Grlfflths (pers. comm{)r,';
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' Also,collected in abundance were the collembolans

Entomobrya nivalisg, Isotoma viridis, I. vzoZacea and Tomocerus

A\

240

flavescens; a.variet{‘of splders, mostly those mentloned pnove;

uand the large mite: Podothrombzum malzgnum. -AlsO'trapped ai
Dryas s1tes were some noctu;d larvae, ny species but r=1-
tlvely low- numbers of 1chneumon01ds, and fewfproctotrupoidslr
‘and chalc1ds (except Stemmatosteres) , Veryilow numbers of

beetles and bugs were trapped

?.

'Arthropods in extractlon samples C%,

o

All extractlon samples from Bryas tundra ‘had over-
o 'whelm}ng numbers of mltes, amountlng to 10000 =3.700 ‘m? at
dlfferent 51tes (Tables 34 35 43) and dlfferent times’ of

j'.year (Table 40) Or;batlds predomlnated numerlcally and in

- numbers of Species.. . Prostlgmatld mltes were generally 20-50¢%

as abundant.’ There . were few mesostlgmatld mltes, ‘mostly

‘ﬁZercon.Spp.

Collembolans formed the only other reasonably abundamt .

. group, but not nearly 1n the humbers expected. - Other tundra
.hstudles report close to a 1:1 ratlo of mltes to collembolans
l(e g. Bohnsack 1968 Solhoy 1972)v but 1n the Bald Hllls
Amltes were ten ‘'or more tlmes as numerous.» Large losses in én
lroute samples mlght be con51dered but the extractlon flgures
11kely reflect a real numerlcal superlorlty of mltes. Accor-
dlng to Manl (1962) the mlte collembolan ratlo reflects degree
-,of vegetatlonal "maturlty“-' The Bald HlllS aata would 1nd1—k.
‘cate an exceedingly "mature" development'_'At the very least

¥
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- they imply a ﬁild environment by‘tundra‘stardards.
7 Very 1ow numbers of other organlsms, mostly fly larvae,

. were encountered in extractlon samples (Tables 34,35,43).

Lateness of the season would partly account for thls._'But

even .samples taken in mld-season had relatively 1ow numbers
 of iﬁsects (Table.44) Funnel extractlon is obviously far.
?1from ideal -in studylng tundra macro—arthropods. Much de—
’structlve sampllng and a lgrge expendlture of tlme and extrac-
ting equlpment would be necessary to acnleve reasonable popu—

i

‘latlon estlmates.

TABLE 44. Major arthropod onstltuents of lelO CI squares
S of tundra surfac collected 11 July 1971 -n = '
Dryas octopetalajllchen communlty (stand ro. 3).

Anlmals as no/. l/m :

. R . . - L j o

f

PLANT COVER

Dryas bctopétaia mat | X b S
Salix nivalis diffuse mat ° : ‘ "X
SPIDERS [ S .0 " o - o :
‘contemsora . . g 39 . 200
INSECTS - o . o .
Chorzzococcus sp. _ 30 10 . 20
-others v R - 230 70 - 110
MITES - RS | .
Mesostlgmata _ g 30 - 50 90
- Prostigmata ‘ - .7 420 410 - 580 .
Coa Qribatei : , 2410 - 2580 - 2380 E

- TOTAL NO. ARTHROPODS = - - 3180 3510 - 3470
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Arthropod acthLty in dlfferent Dryas communities

Pitfall catches of ﬁradysza and lepldopterousvlarvae
were higher in p.- octopetala/llchen than in D, octopetala/
Polytrtchum pzltferum communltles (Table 45) ,There were no
other substantlal faunlstlc dlfferences.r Note espec1ally the

comparable numbers of mltes (T&bles 34 43) Relatlvely few
. bl -{’ i+
splders were trapped 1n the Artemzsza norvegzca/D octopetala‘

communlty (étand l Table 45) which was otherw1se qulte com-

parable to D;‘octopetala/llchen tundra. A trap in one Y
Casszope tétragona/D octopetala communlty (stand 9, Table

45) had fewer splders, mltes and collembolans, but many more
e erl

“;Homoptera and beetles than»other Dryas-domlnated communltles.

The arthropod fauna resembled that of PhyZZodoce Casszope

v u

mertenszana vegetatlon‘

‘Traps ineq hlgh—elevatlon Cassaope tetragona/Dryasv“v‘

~ _i
Lt

o octop@tala communlty (Table 39) had more Tomocerus flavescens
: e
than dld those of any other communlty, but ﬁar fewer of most

other arthropods. The dense plant cover in thlS partlcular
<

i communlty may hamper arthropods .surface act1v1ty, resultlng

- in smbnormal catches. " The num%:}s of mllllpedes are one

: “d -
1nd1catlon of :a fav rable mesic habltat

'h-light'sqge‘marked differences invarthropod activity. ngher

embolan species except Tomocerus flavescens

conglomerate sectlon. Also more*abundantx\
.ly trapped here were Bradysza Megaselza and Anthomylldae,' ,‘I

along with Neptac_Za adults and noctuld larvae. ~Other groups’

I
i
b
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TABLE 46. Numbers,ofuarthropodS'collected in 1972 in pitfall traps in a transect
across Dryas Octopetala/lichen tundra of two substrate types.

SUBSTRATE - SHALE PEBBLE R.ISER CONGLOMERATE
& ' ' :
" TRAP NO. i 115 116 117 © 118 119 . 120 121 122 123
DIPLOPODA ‘ 1
' COLLEMBOLA/ »
Morulina nr. gigantea '8 1 20 1 2
+ Entomobrya nivalis -3 2 77 3 9 135 - 55 - 50 202
Tsotoma'spp. . 32 33 ° 25 . 51 80 230 ~ 155 112 378
Tomocerus flavescens . 20 45 . 41 . 39 3 ) 1 5 5 .0
'NEUROPTERA , 2 2 1 . ~ 2
HOMOPTERA ,
Psylla americana 1 1
Aphigdidae . : 2 2
Pseudococcidae 1 7 1 10 1 1 :
COLEOPTERA :
Carabus tcadatus ) 1. 1
' Staphylinidae - : S 2
Cantharidae (lar) _ .4 1 2 ° 1 5 1
Byrrhus sp. - : : 1 S
others : . 1 -3 ) 3 2 ‘ .4 P
“LEPIDOPTERA . T .. .
Rhopalocera (ad) g ] : v 1 : 1 )
y (lar) 1 . 1 . A
Noctuidae (ad) ' ’ 1, : , ‘ : :
i (lar) 2 .5 1 2 11 11 3 3 9
Nepticula spp. ’ 5 - . .3 14 23 . 18
others ) 1 . o 1
DIPTERA . _ o
Bradysia spp. . 83 112 . 77 68 i 48 le2 289 261 972
Megaselia spp. 8 5 7 10 . -5 12 34 ©9 .27
“Anthomyiidae 7 12 10 4 3 11 8 20 38
others © 1 6 20 N 8 14 8 -5 4
 HYMENOPTERA o e ,
Ténthredinidaeg(ad) 1 1 1 1
. (lar) l 1 1
Braconidae - 1 1 1 4 1 1 2 2
Ichneumonidae . 14 7 12 15 12 14 14 6 15
Chalcidoidea - 2 7 1 2. 5 5 - 3 4
Proctotrﬂpoidea -4 3 1 : 2 1 . 1
Bombus spp. 8 2 3 2 1 7 2 - 5 3
ACARINA o . '
Parasitoidea 3 7 : L4
Podothrbmbiup malignum 59 162 42 73 28 | 221
Microtrombidium sp. .- .5 . 2 -1 1 R _
ARANEA - 85 M2 130 . 39 45 o 87 100

NOTE;' Trap no. 117 on’bare(shalé, Eraps no. 115,116,118 in D.;octopetdla‘mats;.
%Staﬁd no.6, p.71. ' e : o
. Stand no.7,“p,71.

4
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3

‘ e
were inadequately represented or were caught in apprOXimately

equal numbers on shale and conglomerate.“

The conglomerate~based community was richer in plant
<speCies, and had a vascular plant cover twace as great as on
shale (Table- 15 p 71) It also had a much higher percentage
of large rocks ‘and of litter. The coarser surface provides
.greater surface stability ‘and a fuller three dimenSionalization
of the habitat- and the greater plant variety and cover and

resultant increase - in litter, provide more escape and living

space and more food for small arthropods.v

2

Elevational relationships - o R e

In general,ithe.numbers and-kinds:of-organiSms decrease
with.increasing elevation. In Tables 47 and 48, note the low.
’ values for most arthropod groups at the highest elevations.
‘The only ones with comparable or’ hiqher numbers in traps here
Mere Isotoma SPP., Podothrombzum melzgnum, and noctuid larvae.
MorJZzna nr.sgzgantea and Erythraeus Sp:, two arthropods abun- o
: dantly trapped in the lower alpine zone, were totally absent
from high altitude catches. Certain insects, trapped in very
low numbers at the highest elevation but absent elsewhere, pro-
~bably flew up or were blown up. _ | , .
x‘.Spiders_in the Bald Hills form a good group in- which .\35
“to investigate altitudinal relationships in arthropods-
| l 1)-“They -can be caught in reasonably large numbers,
| for they are fairly abundant as well as mobile.

2)%lThe§ entail a relatively large number of species.

om0
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3) rThey are apterous and thus less 1likely to occur
outside thelr normal habitats. -
There was a negatlve correlatlon between altltude and

number of spider species (Flg. 29). “The hlghest elevations

soF
o |5 [
7, R0
58] , . 2 ~—
] | 6 30 B o ::;.d ) ::.":'
. R X% )
% ‘ ) ) . ‘ . I
20 - S _";'T;:? . .':_:,:'. K O
: g 4 i B ‘{::{‘ovthers
' 16 i ; Lycosidae
{ Linyphiidae

: <2150 2150- 2300- >2450
© 2300 2450

ALTITUDE (m

FIG._29. Numbers of solcer spec1es in reWatlon

:C)' ”\ to altltude in the Bald Hills.

:had less than half the species near tlmberllne. It should
be noted that no forb meadows were represented ln the hlgher—.e”
}elevatlon collectlons. Local meadow pockets here might - o
vharbor a few addltlonal spec1es.'
The largest group was ln the forest—tundra zohe and
comprlsed two basic elements~-(l) elghteen cases of 51ngletons

yor_vefy few spec1mens, 1mply1ng subalplne spec1es at thelr

SN .o : - . Ry
e . " (-
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~~

upper alti udinal limit; and (2) ten forestftundra,species,
; tlstraying much above it. Also
pPresent were a few alplne strays, eleven widefamplitude
'_alplne spec1es. In the forest—tundra one these were trapped .
.‘The‘second group, in the low alpine zone, was only
sllghtly smaller than the first. It 1nclu‘ed a few strays.

- from the forest —-tundra zone, and a large number of bona fzdev
tundra spec1es such as Xyetzcus Zabradorenszs chtyna
borealis, CochZemboZus aZanus Cornzcularza karpinskii and
Typhochraestus pygmaeus. « | | . o
Progre531ve reductions in sbec1es numberiwere recorded
‘1n the thirgd and fourth groups Five of the Bald Hills spe-‘d
c1es were found 1n only these groups but this is not srgnlfl—

cant because some of them, e. g. MeZocosa and‘ZZEiEEelra,

could oce in suitable.habitats at lower elevaiic
. ' : Coed o

‘are Cornzcularta karpznskzz Erzgone zogrd“hzca Islandiqna_
.',aZata,‘and Oreonettdes vaginatus.

I

Schmoller (197la), worklng in a 500 ‘ange above tim=

. (»n
: berllne 1n Colorado, reported‘agdrop in the’

';hers.of species:
of spiders and_carabids at higher‘elevations; f,could see
?’no effect of altltude per se on the numbers co le ted in plt—
"fall traps,- whereas I noted dramatlcally smaller catch numbers
.of some: arthropods 1nclud1ng splders at the hlghest elevatlons ‘

in the Bald HlllS (Tables 47,48) .

D. octopetala/lichen communities are floristically and
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structural'. similar at oal i evations in the“Bald Hills.

Fﬁrtherm 2; ‘he reaction of v + arthropods to D. octopeiaia
‘mats £ i ¢onstz .t - che rroru -ion trapped within mats vs.

outsi J- T xS seems: como arap’ atgdifferent‘elevations. !
(Tabl :°). Vet St ar .arop: activityils much lower at the
highe. _zv-tion-. Stroné dinds and lower'surface tempera-- °
ftures may se th . me " .s responsible. .

Microsite relatiousnips

:Plant cover and arthropod numbers

| | There‘is a pOSitive correlation between very low percent
plant cover and low numbers of arthropods of most "groups . (Ta-
bles 3d ,43). Collembola seem the Only exceptlon, mainly on.

‘the strength of Fonomza quadrzoculata whlch had hlghest popu-
lation levels. on bare ground Plant cover greater than lS 20 7
harbors much hlgher numbers of arthropods, mites in. partlcular,
than does very 1ow cover (Table 43) | But among hlgher—cover
samples there ls no apparent correlatlon between population.
'numbers of any arthropod groups and percent cover of Dryas'
octopetala (llve),“b, octopetala mats, vascular plantospec1es,
bryophytes- lichens; rocks and pebbles- lltter, or any combi-
natlon of the ‘above. o 0

 The levellng off of mite numbers beyond ca. 20% plant

cover is noteworthy. leen a greater surface area and volume
of lltter,‘l e. a greater carrylng capac1ty, one would antl—’

' c1pate a proportlonate increase in mite numbers. Losses

durlng extractlon and a varlable thickness&of organlc matter
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between samples mlght account for somé&bfﬁthe results. But.
they do ‘not adequately explaln the reiatrvely equal numbers

J
between samples Certalnly, mlte numbers are not well attuned}
. v
to percent cover of any plant or. total plant cover. There
'even seems to be a decrease in mite numbers with very hlgh

.cover of vegetatlon and organlc matter (Flg. 30).

Collembolan populatlons showed very poor correlatlon
"wlth plant cover or mite nunbers (Flg 31) Ev1dently Col-y
lembola occur in "pockets" rather than randomly. Dense or
areally larce acgregatlons .Sseem to be the exceptlon. - A sam—'

pllng size of 1 m2. might produce much more comparable pumbers,

2504 -
— MITES (x10) =~ = |
200 —— COLLEMBOLA
v © ,
Z 1504 , _ : ‘
u.l . - LI -
w R ‘ : ' . .
o v ) ,
w1oo- _ /\
'»15 . e ) -v// :
/\

5 © 6 w0 ‘1‘7V1s 20 1 B 3 B W 7 s 9 4 5 4
N e SAMPLE NO ’. o
. PIG. 31. ..Numbers of" nvtes and collembolans extracted

. from 625 cm2 surface samples in a Dryas . octopetald
/llchen comnunlty (stand 3), 20 Sept 1970.

’.T,\;
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by dampenlng the small scale pat ern of contagious distribu-
taon.. Edwards and Fletc er (1971) succest a’sampllng unit of
10-25>cm2 for Colle mbela, but thls seers much “too small. |

| Sample no.9 (Table 43) exbmpllfles the contaglon of
tundra p0pulations. lhis sa,ole had many mlrld nymphs, numbers
“of fly larvae, a large cocket of Prc:sotoma,,and a pocket'of
the orlbatid‘EuﬂdawobéZE:. The plant cover was qulte undls- -
’tlngulshed qualltatﬂve’v or cuantltat*vely.v )

The immature zacu lt ratio of orlnatlds .was- hlgher under:
condltlons of sparse “lant cover. ThlS sucgests a flom of
_young mites from-Drgas rats onto cravel patches, p0551bly a
Aconsecuence of saturaclca pressure. Tnelr sustenance 1n the I
perlpheral habltatsivs hot aSSL*ed apd they,must be v1ewed as
surplus, unimportant cc:carec to tbe large nuclear populatlons’

w1th1n ‘the mats..

The'lmmature wlt ratlo of grp l* orlbatlds averaced
3: 1 through most samoles (“Lg. 30), and the grp 2. ratlo was
bO 5 1. T >cre seemed to be a correlatlon between grp. 1 and 2
oribatids 1n thelr 1mlature acult ratlos. No sbrong correla-

tlon was apparent betﬁeen[nu:berS'of Hesostlgmata, Prostlgmata,

grp.l oribatids, or grp.2voribatids., EERE s,

‘*Grandjean (1954) pre“arec a orcv151o 121 c1a351f1cat10n of

the Oribatei. fThree ©I his eleven asserblages are represented-'

4 in. the Bald Hills. Brachwvchihcniidae telongs-to one; MNothridae,
Cam1511cae, Trhypochtrcniidze znd Malaconothridae: to a second;
and all others (Appendix 2) kelo“g to a third. I have .combined
the first two.and call thea cro.l; his last assemblage I call

- grp. 2.  The grp.l mltes cenerally larcer and more rectangular .

in form than grp.2' mites, are eas*lv_ eparated under 20-30
-magnification. The two =av cenform to Oribatei Inferlores and

' Orlbatel Superlores rescectlvelv (hoolley 1971) ng&.%ﬁgﬁﬁg'



e T IR ‘ 254

- Pitfall trapping in different microsites o B s
Mlcr051te relatlonshlps were also 1nvestlgated through

pltfall trapplng. The major - dlfflculty in 1nterpret1ng results;

1s that arthropods may behave quite dlfferently in unllke
mlcrohabltats.- Splders, for example, are probably ‘more actlve
on -a bare surface than in a vegetated patch because l) they

are less c0nstr1cted in thelr movements and 2) they probably

- seek shelter and will move faster outs1de 1t Thus the num—

bers of - splders and other ‘arthropods trapped on bare patches

: may be overestlmated in. relatlon to vegetated 51tes. :

The, most 1mportant mlcr031te studles were conducted in

a terracette Dryas octopetala/llchen communlty (stand 3 . "
. Table 15) The three ba51c mlcrohabltats 1nvestlgated were
gravel patches (terracette tOpS)V“;'octopetaZa mats, and

mossy hollows. Empetrum nigrum mats were also_lncluded.in o

14

1971 and 1972.
| Some arthropods,'e g; most‘beétles, were not’trapped
_in sufflc1ent numbers to a0wW a mlcr051te bias (Flg. 32)
Hymenopterans vere, trapped in much lower numbers in the i
hollows (Table 39, Appendlx”ﬁl) Most flles were caught 1n
. about equal numbers in all mlcrohabltats (Table 39). In all
| three years of study, Bradysza Yas caught in larger numbers
1n”D. octOpetaZa cover than on bare gravel (Table 39 Appen—

mdlx 11). Does this lndlcate that BradySza prefers to swarm A

over Dryas cover, or that 1t seeks shelter in Dryas mats
. ¥ . * . . .
’ when it gets w:.ndy'>

"o s R K
. >"l

l Arthropods 1deal for mlcrohabltat study were, actlve

J,,[, ‘

apterous spec1es trapped in relat1VeJy hlgh rumbers:\.Two

2
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species of mi es, several collembolans and some splders flt
thlslcategory. Most exhlblted clear and usually consistent
differences‘in‘numbers trapped at each m;cr051te.“Entomcbrya
‘nivalis and Rhaebcthorai n.sp. seemed virtually restrlcted'to
‘gravel patches (Flg.‘32 Table 392). All others were trapped

»1n highest numbers 1n the mossy. hollows (even though moblllty
‘1>\= ‘fl.
‘is presumably m0stfrestr1cted here) . and least abundantly on

the gravel patches (Flg. 32) The pattern was con51stent/

/
between years except for some of the 1970 catches, but 7hese

leSzEd early-season act1v1ty.~ ; . o N

Empetrum nigrum mats had,very low catches of most

arthropods (Fig. 32). Even'Entomobrya ﬁivdlis~avoidedﬂEmpetrum
about as much as it did'mossy hollows. We thus have the pecul—
iar s1tuatlon of many arthropods shunnlng Empetrum mats . des-
plte the thlck presumably sheltering layer of stems and

leaves. Extractlon samples in the forest-tundra zone ylelded

lower. numbers of mites from arvetpum than from Dryas mats

,(Table 34) Pltfall traps in two mats near an. Abtes clump had

contents comparable to those of nearby traps in other types of

R.-cover (Table 45).
V . .
The overall impression is that Empetrum is faunlstlcal—-

ly . depauperate compared to DPJaSn thter w1th1n Empetrum mats“
seems poorly>decomposed comprlslnq hard and blackened intact
‘.leaves.' This- could be the key to the poor development of its
‘mlcrofauna and the reluctance of many organlsms to even enter

it. One an1ma1 that deflnltely preferred Empetrum mats in-

v,the study area was the spider Arctobzus ageZenozdes. Its webs_



1257,

: . . ¢ B ) L . ¥
were abundant in mats in the forest—tuqd;a zone. Arctobius
. N j v - N K

3 . S

agelenoides 1s a fairly lirge spider compared to most tundra -
species, and it might require the ‘sizeable space that Empetrum®.

provides between the leaf mess and the ground surface. = - 2

—~— - 47

Seasonal trends : ' . \\E |

.%‘

*/

Most arthropod groups in.the»Bald Hills exhibit defi-

nite peak periods of activity. Some“orgaggéms, e.g. Hepticula
~and 'a spec1es of mate (Para51t01dea),°peak in the earliest -
part of the se ason (Tables 37,38). Many arthropods peak in

Juv - Beetles, ncctuid‘larﬁae, mest*flies,'and t@e mites
”Pyt/ﬁaeus sp."and?oa’oihzvcmbiu}nlmalignun‘l Peaki%@ later in
the =:ason are parasitic hymenoPterans R% 1n‘arctlc tundra
(:iacT 2an and Pltelka 1971) their emergence 1s\ae%ayed to dllow
imc for suLf1c1ent host develogment. Peak arthropod acﬁ%yity_
ia.nc:.synchronoue with peak,DryaSvactiviﬁyf The seasonal
devo,opmenf of arthropcds of.most\grogps probabiy'begips in

-

1. May - early_June. But. D, oéé%petala has completed much

its growth,uahd<hasafinisheé'flbwerihgi by the time most
arthropdds begin moting)aroundvmuehl
There‘is’no stroﬂg seasonal peak in spidefvactivity?
(Tabies 37,38), but the majority of Species seemvmost acéive'
in lafe July - eafly Augast.‘;ﬁales‘and females of seme spepies

exhibit unlike patterns of acti%ity. In some, e.g. Pardosa
\

SPP- , the males, s how an early season burst of actlv1ty whereas
the femalea are)more actlva toward fall. Thls is in general

\

agreemedt \Jlthik sservations by Leech (1966) who found
. X " Al ) S

7
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non—synchronous peak act1v1ty in males and females of some

hlgh—arctlc species.
. ¢

Two large cursorlal mJtes, Erythraeus sp. and Podo-]
thrombvum maltgnum, were. very actlve in many of the same hab1~
tats at lower elevations. If both compete,for the same re- .
source,‘one would expect two peaks of.seasogal activity. .Both‘
peak at about the same.time (Fig.'?ﬁ)} suggesting. 1ncomplete
competltlon at best. The temporally varylng response ‘to mlcro~'
habltat bymthese mltes is notable. As the séason progresses,
there is a tremendous increase 1n catches of both Erythraeus
and Podothrombzum in mossy hollows, then aﬂv1olent decrease
in late Aug. - early Sept.’ Those in Dryas mats and gravel A
patches exhibit much more moderate“rlses and falls.\ These
data suggest that Dryas mats and gravel patches have a limited

carrying capac1ty for: mltes at all times of the season where-
\
as mossy hollows have a hlgh carrylng capac1ty 1n m1d~summer

X
compared to early or . late summer. Two conclu51ons are possi-

ble., 1) Mltes mlgrate to the mossy hollows in mid- summert

o P
av1ng stable populatgghs 1n other parts of the tundra. 2)

K 1 A
Mites develop ‘at a much faster or hlgher success ‘rate in the
F] >
Y hollows They show ‘some dlspersal (e.q. mld-summerv

peaks of miteg in Dryas mats and gravel patches'in.l97l), but
\ 4 : ' L

most individfals remain in ‘the hollows.
Collembolans of the genus Isotoma exhibi _ a7Similar
.seasonal‘pattern (Fig. 33). Entomobrya hivalis is trapped

almost exclu51vely on bare gravel in the off- season (Flg. .33).

- -~

In July and August numbers are also trapped in Dryas mats and

- . o
i < + B

I

G 3sg
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mossy hollows.- The significance of this is unclear.
"b
The seasonal trend of relative numbers of Collembola,
- or relative numbers of the two mites, shows no pattern. |, The

numbers of trapped mites and collembolans of different speCies

. do not rise and fall proportionately.‘

Yearrto—year.variability
- There was a dismayin variability in arthropod catches

" between the three years of npvestigation.‘ The early season
actiVity was missed in 1970, but the numbers are still very
‘low (Table 45) compared to 1971 and 1972 (Table 39 Appendix~'
"11). Just one season s investigations may lead one to wholly
‘erroneousvconcluSions regarding arthropod actiVity in alpine
tundra. Even ‘three years' work 'is not- enough,uthough it does
‘give some idea of the range of variability between years.

It is not pOSSible to draw up correlations between -
Year-to-year animal numbers and any factors. Weather would be-
implicated and’ predator—parasite cycles would also be in-
volved. For phytophages and detritus feeders, the food Supplv o
_itself is no problem, for it seems more than adequate during
‘the.growing season ~ The problem is more one of- being able to 3

function effiCiently enough to use this food.

. \ - AR . R .
. OTHER TUNDRA'VEGETATION AND ARTHROPODS
Dryas octopetala tundra compares favorably in arthropod
‘diverSity With other vegetation types in the Bald Hills. It
has comparable gr higher levels of actiVity in most groups

'l
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1 1nclud1ng flles,.Hymenoptera, Collembola,'spiders and.mltes
" (Tables 39 .45, Appendlx ll) Splder<soec1es.richness.seems
max1ma1 in the D. octopetala/llchen communlty.: Herb meadows,i
_by contrast have few spec1es but many 1nd1v1duals, mostly'

Ceraticelus and several Pardosa spec1es.~ At Barrow Alaska, .

e

Bohnsack (1968) found splder numbers hlqhest in: m01st meadowsww7

LT

Cushlon rosette ‘tundra has ‘much lower numbers gf arth—
:ropod species and 1nd1v1duals than Dryas tundra Major actl—
'v1ty is provlded by: (l) flles and Lepldoptera,'usually ;
scouting for flowers, (2) noctuld larvae, 1nexp11cab1y actlvelyvr,f{
.on bare shale pebble surface (3) Entomobrya nivalis (Table
. 39) . ' On a per unlt area ba51s, cushlon and rosette plants'
may have mite numbers comparable to those of D octopetaZa
:mats (% ables 35, 4l) but the very low percent plant cover in
cushlon rosette communltles dlsallows the establlshment‘of-

.large arthropod populatlons~v o hf_.”‘";.Usy‘ B : lf',t;;;m}
Dryas tundra has lower beetle act1v1ty and very few 3

ibugs compared to more mesic communltles (Tables 45, 47 48)‘”"3:~‘:ﬁ

-The relatlvely mlld env1ronments and hlqher product1v1ty of .

herb meadows are rather unllke those of most tundra communl—

tles,'so 1t is no surprlse to. find good representatlon by

sllnsect groups (e q.~beetles) more tyolcal of temperate than

arctlc latltudes. At a tundra 51te ln Alaska, Hurd and Lind-

quist - (1958) found the- greatest varlety and numbers of terre¥”"‘::“

strlal arthropods in more heavrly Veoetated substrata, |

S - .
:espec1ally where the vegetatlon was dlverse- and the lowest

pS

where the habltat was ecologlcally srmple or=51mllar throughﬁ

out. Vertlcal stratlflcatlon of arthropods may contrlbute
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to the large numbers and yariety in readow compared to:tynical
tundra (Chernov 1971). However, numbers of oribatids may be\j
much lower in herb meadoWs‘than in Dryas—dominated tundra
,(Chernov 1871). Relatively low numbers of mitesﬁwere collec-

.

ted in herb meadows in the Bald Hllls (Table 35) .
The 51mplest plant communities, e. g. Leprarza surface
2 "riczhorum meadows (Tables 34 35), had fewest kinds of

orcanlsrs, mostly orlbatld mites, but hlGheSt numbers.

Arc+os zzhulos uva-ursz‘had,hlgh arthropod numbers but the

most dLssimiiar rauna comoared to normal'tundra communities.b
"’Kobr ia bellardii had hlgh numbers of: prostlgmatld mites
'espec1ally Tydeldae, Bdellldae, Erythraeldae, Trombldlldae,
‘collenbolans esoec1a11y Isotoma sop.; and splders. 'The;com—
blnatlon of exposed site but thick turf may be-51gnificant.A
Although‘relativelybsimple in.structure, Xobresia meadOW‘is_
near the top end of arthroood dlver51ty and den51ty among

tundra cormunity types.

D. ocicpetala mats lsolated 1n other vegetatlon reta1n~'

_thelr faunlstlc 1nteor1ty falrly well.' In Table 35 note

onlj halF as many mltes in a vans mat as in surroundlnc

‘Kobresia turf and the hlcher numbers of mltes but lower:

'1nnumbers of 1nsects 1n the DPJao mat surrounded by forb meadow.

-'Dryas tundra. ThlS conforms w1th observatlons 1n W Talmyr by
: u,,,__.w

\Chernov (1971),~that mlcr051tes or communlty fraaments w111

‘thave an 1nvertebrate composition.similar to that of the com-J

munlty they resemble, rathcr than the one in whlch they lle..

R



. 9. DISCUSSION AND INTEGRATION

- PHYTOGEOGRAPHIC RELATIONSHIPS OF BALD HILLS BIOTA

Arctic and alolne affinities

The Bald Hllls area has. falrly close blotal afflnltles
with tundra in both arctlc and alplne areas of western North
Amerlca. Gram1n01d dominated communltles prevall in the
U.s. Rockles (Cox 1933, Hayward 1952). whereas dwarf shrubs
are most 1mportant in the Canadlan RockleS‘(Beder 1967,

. Hrapko 1970, Trottier 1972). The exténsive hydrophytic
gram1n01d commanltles of arctlc lowlands and coastal plalns
(Bllss et al l973) find their counterpart in only small
pockets 1n alplne tundra. ‘But upland arctic communltles,
-partlcularly those domlnated by dwarf heaths and lichens,
thave very well developed analogues 1n the Canadlan Rockles.
Such communltles are depauperate and relatlvely 1nsrgn1f1cant
~‘1n the U S. Rockles. Xerlc cushlon—rosette and llchen‘tun—
dra communltles in tbe Canadian Rockles have thelr counter-
.part in ngh Arctlclareas of Polar Seml-Desert (Bliss et al
1973). Thus, althouch rlorlstlcally the Bald. Hllls are more
,llke the rest of’ the Rocky Mountalns (Tables 49 50), in

x

communlty structure and domlnants t?sy resemble upland
arctlc tundra.v ' o AN . -
| "In terms of florlstlc rlchness, viz. numbers of vas—

cular plant genera and specles, the Bald Hills and other

" tundra 51tes 1n the Canadlan Rockles compare favorably with

other alplne as well ‘as arctlc areas in North Amerlca.

.2‘>63>\ : 13 " o /v

X



i

. 264

N .

— ——

TABLE 49. Florlstlc s*t;’a*x*va of th° Bald Hills to some other tundra areasf
: in North 2rerica.

VASCULAR :
LOCALITY _ . SouReE - PLANTS  MOSSES.  LICHENS

gen. sp. -gen. sp. gen. sp.

Coloracdo alpine zone Marr 1967, wWeber & 63 37 85 52
3 Willaré 1¢67, - .
Weber 1973 . "

Barrow, Alaska | Murray & Murray 1973 V54 20 70b 352 95 39
Truelove Lewland, Barrett & Teeri 1373, 47 22 63 33 71 45
Devon .Island, N.W.T. < Vitt 1975, Barrett- : :
- ' 1972 : .
Lake Hazen, f lesnere . Savile 1964, 53 25  69€ 43¢
Island, .W, T. Brassard 1871 . o ‘
Canddian Arctic Porsila 1964, 64 27 ‘71 41,
Archipelaco - ) i Brassard 1971 ~ . : - o o
%percent similarity = E%g’ where w = no. taxa in corimon, aghb = no. taxa in

each of two areas.

-

bIncludes‘hepatics.

Ca11 of Ellesrere Island.-

' _; ~ TABLE 50. Percent of Bald Hills plant taxa found
C : in tundra of%Cclorado 'and the Canadlan
. Arctic Arcnlnalago.

' ' - COLORADO  CANADIAN ARCTIC . <
PLANT GROUP ALPINEL ARCHIPELAGOZ
.. vascular. © . gen. . 78.7 77.5
plants spp. - 51.1 , 43.9
mosses gen.”  100.0 ©100.0 ,
_ .. Spp- 68.4 - 69.5 .
. lichens °  gen. ' 100.0 . 92.7 ‘
Spp. 76,0 - 82.6

1Based on Marr 1967, Weber and Wlllard 1967,
Weber 1973 Snushan ard Anderson 1969. 5

2Based on Porsild 1964, BLassard 1971 Lynge
1947, Hale 1934 Barrett 1972



They are not as rlch ln llchens as. arctic areas (e. g. Hale

‘ 1954 Barrett 1972), but richer than the central and southern

Rockies (e. g. Bamberg and Major 1968 Shushan and Anderson
1969). BryOphyte rlchness seems comparable througlout the
geographlcal rance, though tundra bryophyte cover is lower
in- the central and southern ‘Rockies (cf. Bliss 1956 Weber .
1973) ; 3 - vg;‘k" -

14

About 70% of the Bald Hllls vascular plant species

fall into 9 famllles, some of these among the most important.

in alplne areas through Europe and North Amerlca. Although
adaptatlon to the alplne env1ronment has been accompllshed
by a falrly large number of anglosperm famllles, Packer

(1974) suggests that alplne tundra through much of the

-world has only a few famllles of overall SLgnlflcance, Viz:

v’
COmp051tae, Cypegaceae, Gramineae, Rosaceae, Scrophularlaceae,

- Ericaceae, Caryophyllaceae, Ranunculaceae, Legumlnosae,

~ Cruciferae. _

eyt
. b_.,..
"y

The vertebrate fauna of the- Bald Hllls has strong
afflnltles w1th that of the rest of the Rocky Mountalns,

closer certalnly than with AICth. The 1nvertebrates, on -

v»)
/ 8y

1meoﬂmrhm@“\

_‘dently correlate qulte closely w1th those

.of arctlc tundra. Many of the samd 1nsect genera and spe-«

_c1es occur throughout (cf. Hurd and Llhdqulst 1958 Ollver

. are very much’ the same all over the worldo, S ‘

et alﬂ\1964 Kevan 1970 Ryan 1972) Brlnck (1974) states.

that the 1nvertebrate famllles lnhabltlng alplne habltats

"
Compared to’ arctlc tundra, the BalU’HlllS have a

265
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relatlvely rlch arthropod fauna (Table 51). In both there =

is a preponderance of flles (Downes 1964, MacLean and

/

Pltelka 1971). Also amply represented are mltes, céllembo-
lans g%d\pbras1tlc hymenopterans. ‘The Bald Hills are much‘ ‘

'rlcher in splders (Table 51). The Arctlc is- rlcher in
V'chlronomlds whlch comprise up to 35% of the arthropod fauna o

(Hurd and Llndqulst 1958, McAlplne 1964 Ollver et alf 1964, R

Danks and ByerS’l972). The ratio of insect to vascular/__;4</<i'
plant species is very low (ca. l 1) in the ngh Arctlc (cf ’
McAlpine 1964, Ryan 1972), but ca. 3 l in LowwArctlc. It 1s

ca. 3-1.in the: Bald HlllS. In temperate areas 1t is more"

| llke 10:1 (Lindroth 1965) | h - 'n', ";.C - »Q._»
The arthropod component of - Colorado alplne tundra is |

generally comparable,vln the maln groups anyway,‘w1th that

of the Bald Hllls (cf Schmoller 197lc), but not enough 1s

TABLE 51. Estlmated arthropod fauna of the Bald Hills and
o several arctlc sites.. o ’ : :

Lo
HR]

u v B . P NO. ., - NO )
.LOCALITY. ~ - / - SOURCE ARTHROPODS SPTIDERS
Bald Hills - o . 600, - 70 .
Barrow;“Alaska » B Bohnsack'lQGS; . 450 . 38
Lake Hazen, Ellesmere Downes 1964, 300% - 13
- Is., N.W.T. : ‘Leech 1966' L
Devon Is., N.W. T Ryan l972 . 200 ga%;i 8 ,
Bathurst Is.,.N. w T.  Danks & Byers 1972 .150._
Ellef Rlngnes IS«, S McAlpIne 1964 ' 50' ;fl’ 2
NWT S SRR coL e
, el — R ./
. I o . . . L “

-Insects»only;
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AYet_knOWn for detailed cdmparisons. The mostrsignificant
disparity isJ;hé abundance in the'U.SQ_RQckiesvof ah;s and
‘grasshoppers (AlexanderleSI,-Haywardflész,ﬁGregg 1963,

" Schmoller l97lc),vfwd“grbups—virpuallywabsent'from‘fhe Bald
Hills. Some alpine in§¢c£ faunas'have 50%‘§r méré_apterb@s
’aﬁ&“vesﬁigialrWiﬁged $peciesw(Mani\1968), but\oni&‘éa.:S%j

[
ks

of the Bald ﬁills insects:éréuflighﬁlésé. ?They are Chionea;v

Oreadomyia, Grylloblatta, some ﬁarésitic»hymenopterans

(Stemmatosteres, Monoctdnué;;befaphron; Cirrospilus, frimorus,,
o L e T ST SRR
. Agrothereutes, Gelis),:and possibly some beetle..

o i . . . . e - . _“‘. . ‘ A ’ ) .
 Relative impoverishment ©f Canadian Rdckies alpine biota

= N ry Y R

::In a broad,biogeographical“perspecfive,nzlpihe'and”-

';aréfic tundraS‘havé"depéuberate iQ?éftebiéEe fa;néé (béwnés
1964, Lind#oth 1565,“ﬁ5hi:;968)," T@é_Béld’ni;}L ﬁundra'hasw_-
beén;invadéd,byvgniy 6ne'op:a handful‘of s;eéieg iﬁ‘Sbme'; Q'is"
érouﬁsfthat are wellfrepreéentéd‘fﬁ‘éeﬁpéraﬁe ahd:tfopicalu/ﬁj.‘
ecdsystéms,f&iz; phaléhéids; mi}lipedes; ééﬂtipedés,fants,/r

t
°

p thrips;fmirids'éndtgrasshoppeisg‘ Beéflésﬁage;also{reiati_ely o

poor ‘in. species and numbers, especially in upland tundraj.’

~this-despite Mani*'s (IQGS)finsféﬁencé that‘beetléé'are. he
most impd;tant'high;altitudé‘insédﬁgﬂinfall parﬁs,of'” e
! ~ > . P N L v . ‘

world.” Tundra flo:as.are:aiéb-;é&ﬁ£iyely;dgpadp§;asg KBil;éij

'i;lings;and Mooney 1968, Packeg;4974),vthough‘some mdfélso '

qthan others.  Although comparable in richness to many North ~ -

L

T : P o~ 0 . - .\ it 'A. . l'.’ . ! : » ' - ) “J‘V
"Emerican ‘alpihe, ¥loras, the Cand@lian: Rockies flora lS‘muCh”"
poorer than many -alpine floras in mid-temperate latitudes -

OO . e ot Lt . =S
R S L : , D

o v = e : S
(cf. Major and Bamberg 1967).. = . . T L9 =

¢
[

V.ol

n_,},vu.bb‘o.' ' _26\74

Pid

-x,v‘ ‘DQ,J f f].”'
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few spec1e -
. N e ‘
fl97l) Thig Ts: normal for hlgher-latltude mountaln baOtas

(Brlnck 1974), and\contrastSIW1th some mountaln reglons, e.g.

] : \v

_the Hlmalaya (Ménl 1962) and Colorado Rockles (Alexander

19§l ‘Séhmoller l97lc) Wlth dlstlnctlve spec1es and 1ndeed

‘ \

genera of alplne 1nvertebrates- and numerous mountaln areas,

P

e.g g.. Slqrrg Vevada of Callfornla (Major and Bamberg 1967)
\ o

and the Sw1ss alps (Schroeﬂer 1926L w1th 51zeable autochtho*F
nous floras. 1" h“”, - lef o : - : . %A |

One reason for the ﬁow endemlsm in the Canadlan

2
R0ck1es may be the lack of major barrlers to the Arctlc.

‘Brlnck Y1974) notes that the 1nsular1ty of northern'mountains’
is very low, whereas 1n the Pyrenees, "Alps and@many other:

mountalns at 1ntermed1ate latltudes, ecologlcal and"geogra—

~—

. phical 1solatlon are’greater and the ecosystems are also

&
‘older.' The rélatevely 1mpoverlshed Canadlan Rockles alplne s

- SO AN - DSOS [N R A

f10ra may be in part attrlbuted to the exten31ve forests

?ﬂbelow the alplne zone (Packer 1974) . There is no prox1mal '

“

.source of preadapted specres for the generally cold dry,\

and llght—rlch alpine habltat. Alplne florag in, Asra, 'de~ :' hs
rlved from steppe or . sparsely WOoded'hlghlhnﬁs,‘are much

rlcher (Tolmatchev c1ted 1n Packer 1974) The~ch1ef expla— '

.nation for the relatlvely undlstlngulshed Canadlan Rockles
. ’.‘\" ' .
blota is probably the recent clac1atlonﬁthat covered vir-

vtually all of the area.‘ Southwest Alberta and adjacent-areas oo

v
o)

of B C. and Montana constltuted one probable refuglal area _‘



a3
.

(Pack%r l97l), and a handful of'alpine\endemics'are

‘tion of thlS. After deglac1atlon, rec1procal mlgratlons
t‘foccurred between Berlnglan and: sodthé&@ (U S alplne) refugla,
- but me ~-- 7 S: alplne spec1es and ecotypes have not yet mlg—- ﬁ
rated far adross the old glac1al boundary into. Canadlan

mountalns (Blllings 1974)

SR ECOLOGY OF BALD HILLS 'VEGETATION =
' Environmeé% . o e ' o

than contlnental The most 31gnlf1cant feature 1s the hlgh

frequency of freeze-thaw cycles, uﬁ\to 40% _n July\and Aug—
' ugtxln some sites, and generally 15 20 n most s1tes (lable

8) : In the Olympic Mts of Washlngton K%ramoto and BllSS ' llgg

(1970) recorded almost 50¢ cycles 1n a tlmberllne-51te with_' _
y: b
Q,cold-alr dralnage Contlnental alplne\sites seem to have
. N :

few freeze—thaw cycles in July and August At leot Rldge"m4~"

Colorado, freeze~thaw|cycles are normally conflned to sprlng )

and fall (Fahey 1973).' On Plateau Mt. ln Alberta, Bryant

L1 and 6 cycles in July and August respectlvely, but 15 and_'

11 1n June and September respectlvely.' On Slgnal Mt in the

3

Malrgne Range, Hrapko(1970);rec0rded:3cycles'inuquly and 1.
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Bliss-197lé, the w1nters .are relatlvely mild compared to

‘nearby subalplne s1teS(§hd to alpine sites in other reglons,
- ]
winter prec1p1tatlon 1s not hlgh ‘summers are cool w1th

, generally low vapor pressure def1c1ts, and congellturbatlon

\

'processes ‘are locallzed or small scale.

e .

«

,Plant‘communities_

characteriZed byfstrong solifluction,l..sedges'and grassd

heaths,- shrub heaths, shrub thlckets, bogs (mlres), stagnant

&

'water bodies, and runn1ng~waterJ The plant communltles
change with the area, but the phys1oqnom1c aspect is much

 the same"‘(Brlnck 1974) . The last . ur habltats are nela—

-i.tlvely unlmpd&tant in the Bald Hllls.f Most of the vegetatlon

lls domlnated by dwarf shrubs (Appendlx 4), there are also ‘_/:

.gram1n01d and forb meadows, and rocky, sparsely vegetated

up ands.‘ Four major vegetatlonal Groups (Table 52) are

recognlzed based on growth form and habltat crlterla used ‘-

"1nrmany European and North Amerlcan studles of tundra vege-

“;tatlon. The communlty types w1th1n each Group are charac-'

L

terlzed by domlnant spec1es in- major strata. Important
communlty types in the Bald Hllls are Dryas actopetala/
llchen Casazope tetragona/D octopetala, PhyZZodoce

gZanduszZora Casszope mertenszana, Carex n;gricans,-and-r
Artemzsza norvegzéa/Sasz ar"tzca : ‘ B ;

. ¢

Most Stony Tundra that lacked Dryas octopetaZa was

¢

: characterlzed not on the bas1s of domlnant specrj% but by >'3ﬂ
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dominant‘gr0wth-form, and the subtypes on a habltat ba51s.
The reason is that the vegetatlon repreSented hereln was a

- seemlng hod —podge of spec1es assemblages 1n a. great range

of relatlve abundances.; In the Stony Tundra complex it may

well be futlle to attempt to dlstangulsh dlstlnct contunlty
5 types on a. florlstlc or: domlnant-spec1es ba51s.. In the N
= i :
Ca"cades, Douglas (1973) found hlgh betc (between—communlty)
dlver51ty in what he termed "blockfleld tundra“ sta:ds, -and

3

: remarked on the notable lack of success ln sathfactorlly

class;fylng them In the ngh Arctlc, Sav1le (1960) noted

‘

f"the absence of clearly deflned assocxatlons 'in the poorer

.

Q? habltats The plants that are;

tats generally occur randomly 1d/any comb1nat1on...In such

0 S

reglons 1t 1s advrsable to descrlbe the flora 1n terms of

- i

major habltats rather than by assoc1at10ns. f

Drgrs octopetaZa/lldhen communlty type o
¥ e S ' .
¥;E*j{j;: A few*Dryas-domlnated'communltles fn the Bald HlllS

'/

hr‘are co-domlnated<by bryophytes¢or forbs, butlln most others-r

llchens form the most 1mportant assoc1ated component The
D. octopetala/llchen communlty type 1s the nodal type not

only of Dr,as~domlnated tundra but of all upland tundra in

S P

' the Bald HlllS and probably the Canadlan Rockles 1n general
Stands occupy boulder strewn or’ gravelly but falrly stable
g rldge crests and oentle slopes of alh\aspects.ﬁ Character-‘

1st;c vascular plant spec1es over most of the’ North Amérlcan

~

range of the D’ octopetala/llchen communlty 1nclude Festuca

an'achdphuZZa,r Antennarza aszna, Arenarza)obtuszloba, A

-

272

;able to surv1ve -in such habl-,'

I

2
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roésiij‘A; rubeZZa, Polygonum vzvzparum, Sadum Zanceolatum .

SeZagzneZZa densa, and SzZene acauZLs (Table 53) : Also
_.B

characterlstlc are’ certaln llchen spec1e§’1n the genera ;’ .

®

Alectorta, Cetrarza, Cladonza, Corntcularza, Thamnolia, f

1fLe¢idea, Lecanora,;Rznodzna uéhtaocarpon, UmszzcarLa ' |
S Although the overall structure of the D. octopetala/g-!l
llchen communlty is 81mllar across 1ts range, the specxes e
, = ¢ K
conp051tfon varles (Tablg 53) In the Canadlan Rockles We -
get Sath nzvaZzs,»Agropy;on iatzylune;/Luaulawsp:cata, Poa;
.alpzna, P grayana, Oxytropzs campestrzs, 0 podocarpa,

: PotentzZZa nzvea, P.'unzflora,‘Saussurea densa, Saxtfragane;;f

bronchzalzs, Soszago muthradzata Many spec1es ‘in Arctlc s

-.-"'_‘7 o .

stands are abse t from the Canadran Rockles, the;same is’ .

.,(1

“true of many spec1es in’ the cehtral and southern Rockles.-,

. Some spec1es extend partway down the Cordlllera, e g

i

Vaccznzum vztzs zdaea, Campandla Zaszocarpa, szcularts oot

arctzca, ..Zanata A few occur only in the southern part -

of“the Canadlan Rockles, e. g. Smelowskza calyctna, Hédysarum

suthurescenﬁ. ‘A more rlgorous dellmltatlon of the Dryas
[ ~ .

octopetala/llchen communlty types would yleld a. more unlform

rspe01es assemblage than ls seen 1n the Canadlan Rockles

stands (Table 53)

'Vegetatlon-env1ronment correlatlon

Table 52 summarlzes relatlonshlps of major factors of f

" the phy51ca1 env1ronment to the Bald Hllls communlty types.

In the alplne zone, snow is generally held to -be the key

"v.factor in: the pattern and.phenosequence of plant communltles

. . R L -
o L ) ) . S . “
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. I ’ N N ' 3
Draba payl_cni?a . . . . . x .’ . . x . X .
Prada streptocarpa. o - - . . - Y . . . . " 3
tp{lobt‘u@unyun‘rfyfoliua T e, - ¥ x . . . . ., ‘e . .
Erigeron aureus . - R e v - = x x x . . . x .
.7 iBrigeron ) e e . . ‘e . . . v x . x R
L Erigaron p‘era;rinx’g ’ e ¥ . . x . . . K . - . -
) &rizeron aimples By e e, . . . . . - . x . x
S Erigeron sp. . 0 ‘v -l . a . . x . . - .
RN B - J o w - - «
_kuitr(éhiun. argentoum Tt < PRI . . . . L . . x
ragaria virgiriang.. N . [N . . - . . . B .
“Calium borsal. ; R . e « : e - . . K . o . .
Gentiana amarclila oo - . x x x . e . . . g .
PR LT B . ) N \
- - K .
& S . A “s . . °
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Gentiana ;lauca . . . - . . . . e . e
Gentiana rropingua . : - . . x . . . . . c
"Centiana prosrrata . o x - . x . .

© ' Gewm roseii ) . . - . .- . . x -

Raplopappus luajls . - x . e . x . ‘ )
Redysaru alpin Nt 4 - - - = . .

Nedyearua boriale : - - ) :

- . - - . L. -

Hedysaru= #ulphuresccns, . k- A A x A . -
'lyluna:yl‘a:auliu - , LY
Lagotis glcuza . . : ‘e : : : x
Lloydia seri:ina - - - - . - ‘X . :

Lupinus lepidus. . - . . . - B - - . . N e A - -

Lycknis cratala - - - . - - C x . .

Lyoopodiuv crrotinun - . . . N L. - .

Nyosotis sylvezica . . - x x x x ., \

Ozyria digy=a . . . . P ‘X . . ,
) ‘

Ozytropis cz=restrin/s 1~icea . - - x x x x -

Ozytropis desleza s x - . - o :

Ozytropis nizrescens x - - - . - : ‘

Oxytropis podozarpa . x . - - . . : '

. . N L
Papaver macounit x . - . - - . . 0>
Paronychiz pulvinata N . - . - - - . ;

Parrya nudiceulis 3 - - - - - - .
Pedicularis arctica B .. x - e v e . - .’ - :

. B ! B - ~
Pedioularise bracteosa - . - x . - o - - - - ¢
Pedicularis capitate x . .. . - - - - . - - . -
Pedilcularis groenlarcica . . - . - - . - . x - . .
Pedicularis lanata x x - . . - - - - - . :

’ .
) Lo, ) .
Phlox casspitosg ‘e .. . . - - . . - - . . x
Phloz eibiriga ~ A ., - . - Y . - - - - -
Pirguicule uulgarie ) x . . . - . . - . - . .
Polemoniun «lcyans s . . .. . vt . . . - - x e
4 . i . M
Polemoniun pchEcrrim:n . Ce t ‘e - . oL - x . - x .
Polemoniun vigcoaun S . - "o v e . . x x - - .
Polygonum tistortaidas x o - - . . L. x . x L. .
Polygonum viviparum . A x _ . A x x x x A . x
Iottntflh-: diversifolia . x . - x Vx x A x x x x - .
Potentilla grzcilis . - « . . . x . . . . B .
Potentilla r z . A x x x - Tx - A x . -
Potentilla urniflora x - - - e T, - - - . -
Potentilla vshliana xi. . . . . - . - . :‘,' . . . !
Prinula angustifolia . - . . - - - - . .. . x -
,Prtculq egd reis x ‘e - . o« -, - S - - . -
Ranunculus eschacholtaii - - - . L - - - x - e o e -
B
Romansoffia sitchensis . . . . .. - - x . . - L .
Rumer acetosa . B . ‘. . . . . - . . . 2 R
. ~ Sauesurea densc: o x L ox x x: N ‘ . PO
...8axifraga bronciialis. .. - x XN Tk - A x . X LR
Sazifraga caccpitosa. - L, . . . x . x - /4 . - . - ! RE
-Sexifraga cerru= . x . . x ‘- x . - . e . . N
Sazifraga flazellaris . x . . . - . .. - - - e .., - .
Sarifraga oca}‘dcn:ulic . . . . - x x x x . S
e o P - . : 0, .
Saxifraga orpositifolfa : x A . . e x X x x . « ey
Sedun larceolatun e . x x °x, x x x L x . x X
Sedum roseu~ ! T e . - . L. "o x - 4 x . '
Selaginella dchea : ‘A x x| x - x A x x X,  x . x
Senecio ccnus’ . - . K . - . . . x . .
Senscio contcrminue . . L. . . . . - - x x . . L.
Serecio luzers R . - - x . x - - . . -
- Seneoio wverneriacfolius - . . L. - . . - x . .
- el e
Silens acaulis A A ‘\x x x % o ox x  x x x x
Silene parry: . - Ve e . . . - .. x .

Smelovekia czlyeing ., . . . . x A A x .
Sulauakiaﬁoval‘ia ., . . - . . . . . . i .

L. B -

Sol{dage muliiradiata: . . x A x - x - x x : .

Stellaria lenzipas - x . i x - x x x . .
fararacum lyratun/ceratophorum s . . - x x x x . . . - .

Thaliotrum alpinum . x ., / o . . . « e ./ - . .
Tofieldia coccinca ‘X . . . . . . - - . . .

Tofieldia pusilla x - . . . - . . .. ., . " ‘v o o
Trifollun cioyrt jllum .. e . . . . s . ! e - . x
Voodsia glatella” x . - . . - .. . . . . .

x . . . x . . x x . . Ne

tigadcnus elcjzne

NOTE: A»ln c‘o‘..'r:r,' x<llmj. . ) R . T S0,

. -~ . - I. . 3
l!m.-'""e‘l oMM no e, o Prachyprylen, F. ovina.
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TABLE 53 (cont'd) Y

&

) Dryaa

octopetala llchen communlty, Nome, Alaska; 2 stehds

(Hanson 1951, )1953)

Dryas

CHrapko 197b).

Dryae

- N.P.,

7.

8.

.w'
+«

10,

11..

12,

Dryas

-Banff

-

Dryds

b

~lichen ¢ommunity, Signal Mt,,‘Jasper N.P., Alberta

2

‘octopetala/lichen”community tfpe, Bald Hills, Uaspef

3

Alberté; 5 stands + unsampled- stands.
octopetala Empetrum nigrum. assoc1at10n, BOW‘Summit,
N. P.,vAlberta, 7 stands (Broad 1973).

hookerzana Oxytropts podocarpa Cetrarza cucuZZata- ’ .

C. nzvalzs assoc1atlon, Snow Creek Valley, Banff N P.

277

Alberta- 5 stands (Beder 1967) o ‘ , e

'.Dryas

'octopetala/llchen communlty type, Yoho N.P.,'British;g

Columbla (P Kuchar, unpubllshed)

. ' AT
Dryas octopetaZa assoc1atlon, Highwood’Bass, Alberta; 7.
stands (Trottler<1972) oo \
Dryas tundra, S of Bovln L-,»CiqyénesﬁLPoxest Reserve;*““““"””

Alberta (Kuchar 1973)

.Y )

,tundrav/w/terton'Lakes N.P., Alberta; 2 stands

Dryas
.(Ku¢hax_1973l. L T R
Dﬁ%as,obtopétala tundra, Slyeh Pass, Glac1er N. P., Mbntana;

16 standss (Bamberg and Major 1968). o fﬁ -

Dryas

10 stands (Ddhglas l973).'
D*yasetum dctopetalae, Longs

{\i CbISradoi'Gistands .
e U e AN

(Kiener 1967)

octapetala communltyw N

: agcaﬁes,'Washington - B.C.;




in the. Bald Hllls is the same . .as that reported - by Hrapko .

(e.g. Holway and Ward 1965, Beder 1967,  Kuramot6 and .Bliss
1970, Broad 1973) ‘Vegetation in'the-Bald7Hills can be cor-
related w1th snowoover (Flg. 13, Table 24): thin snowcover

e : ”
in theﬁgtony Tundra Group, moderately deep_cd;er in the

Heath Greup, deep cOverLih the Snowbed Group, moderate'cover

_and uplepe'snOWbanks in the Herb-Meadow Group-

- The order of’snow-release'of major plant communities

£

',(1970) for tundra communltles on Slgnal Mountaln. Major

»phenologlcal events occur flrst in upland tundra communltles, ,

)

then in heaths and r1nally 1n snowbeds.' Herb meadows ‘have a °

long phenosequence and in’ thls and other ways may not be

true,'l e., zonal" (Cheghov l97I) tundra communltles.

! - .
"Temperature is often empha51aed as belng the most

4

1mportant ecologlcal factor 1n the tundra, controlllng growth

“and development of the pla\ts" (R¢nn1ng 1969) Soil and sur—
~ face temperatures .are hlghest in Stony Tundra, lowest in

‘f.Heaths, and 1ntermed1ate 1n Herb Meadow and Snowbed communl—l

E 4

' tles. Aftervsnowmelt, temperatures rlse and E 3011 m01sture

falls‘in the Carex ntgrzcans Saowued conmunlty (rlg 16)..

'eSoil‘drought is actentugted in 1ater release 51tes because of -

the relatiye lack of meltwater,,relatlvely hlgh evapotrans—
plratlon, and rocky SOllS low 1nfhumus and water-retalnlng

capac1ty (Bllllngs and,Bllss l959)

‘ Other factors, e g. aspect,/WLndspeed elevatlon, are

.less well correlated w1th communlty types,,most can be traced -~

to the\b951cmcorre1atlon with depth and duratlonnofvsnowcoverh

-~

SIS
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: e?ough mlcr031tes, v1z._small derlatlon ratches, erodlng

fa1orable for plant growth

279
Correlatlon with bedrock an important 1ndependent Varlable\‘~ 7
is generally toonlow to“be of value.‘ Correlatlon w1th 501ls
is al so falrly poor; however, there is generally better pro-
flle development under mesic condltlons, good‘plant'cover,
and at least some snowCover.g Brunlsols are malnly under h'”-i
heath cover, Gleysols 1n bogs, and'Reéosols.ln most‘other' }
communlties. ' T :w TN Y B | _
‘Species rlchness S | ' .""r B :-" 7‘ } ndf

i’ ” . . A B
‘ In the Drdas/llchen to Carex nzgrzaans transect
‘(Table 23) spec1es rlchness per unlt\area is hlghest in the

sectlons domlnated by Cass"ove tetragona and PhyZZodoce'

ua

‘ gZanduszZora, sllghtly lower in the C mertenszand/ Luatkea

-
[ -~
o

pectznata and Dryas octopetyala sectlons, and very low in the

e Carex nzorzcans snowbed : elatlve numbers of llchen bryo—-

- s :

phyte and vascular plant spelcies ‘is. ca. 3 2 4 in the heath

o ] \ ' '
’a ot )
communltles. There are many ewer vascular p%ant spec1es in .

the p. octopetala/llchen se”ﬁﬁ

dead heath clumps, and mlcro-htnmocks andcqollows to allow a
varlety of plants to malntaln tnemse ves. Thelr low cover ﬂ'
(Table 17), however, reflects the competltlve domlnance of.
Casszope and PhyZZodoce o | |

. Spec1es rlchness can bJ}hlghest in. the habltats most . - .

d lowest (or nll) 1n the most

BN
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- : . v ST & . : - /

unfavorabie (Whlttaker 1965 Bennlnghoff 1968) In the Bald -

hd s

Hllls, hlgh numbers of vascular plant specres 1n me31c hab1~'»,

D - v, 14

AN
- tats viz. heath communltles and herb meadows, and low numbers

*

}at both the snowfree and snowbed ends of the habltat spect—' f-)

rum,,conform wrth the notlon that the most severe alplne ‘L

& v

=7jenv1ronments are late lylng snowbeds and dry w1ndswept I e

'"rldgesT}Bllllngs and Mooney 19&8) ﬂhese authors further =

of plant growth, usually%mosses in snowbanks and crustose
- ’.} K - ‘_ . v b ) ©

llchens on rldges. > S R o _-‘_-_ 4,’:

[
The oppos1te v1ew was~elaborated by Douglas (1973) 1n

'f:'hls 1nvest1gatlons of alplne communltles 1n the N Chscades..f

LN

. He classrfled snowbed commun1t1e§ as mlld env1ronments,
~vnca;i:ed relatlvely few spec1es 1n them, and consequently con—’

©

.cluded that spec1es rlchness was low 1n mlld env1rdnments

: 'and hlgh ln falrly harsh env1ronments.,

S, g - - .‘ P . B P '~ .»— . B . » 5 ‘ _ i ..::". v"~ v
"SUCCessiOnﬁ ‘ ST A,~« ST .

. i ’ [N

In thelr 1mportant rev1ew of dynamlc cogﬁepts in tun-s
Ai ,'er
"dra vegetatlon, Churchlll and Hanson (1958) present the ar- -’
"gument -"The prlnc1pal reason for questlonlng the appllca-vf? ‘;x;ﬁf

luty of a clrmax concept to arctlc and alplne areas 1s

R
!

,"concerned w1t? the apparent 1nstab11rty of the habltat and K N !Jj
'Vegetatlon.v Part of thelr COnclus10n, however,gns that L }
“The permanence of many communrtles in arctrc and alplne

‘areas 1ndlcates that changes 1n the habltat\are not. 51gn1~

¥
f?flcant or. that the spec1es prese{E—%n rapidly changlng

7

X

"

habltats,ri;ch as sollfluctlon are%s, are adapted to=hhem-"\

S

P Lo o . ’ -
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LS ‘and man-c

) ‘ ‘ i » ! /)\ T 'f/"(: ) : . r‘d
Dynamlc concepts have played a very minor role 1n

eluc1dat1ng the mosalc of uundra communltr - comoared to

envmronmental correlatlons espec;ally w1th 5011 mOLSture.

v

Attempts to 1nvoke succe551onal relatlonshlps have had much

Y

less success in arctic and alplne tundra vegetatlon than in

v

forest ecosystems. For example, Drury (1962) found the con-

) cept of - succes31on of llttle value in descrlblng the vege-

tatlon of Bqut TIsland. In Utah alprne tundra, Hayward
. : ! .

(1952) saw’ a‘complex of. community development that'is most

confu51ng to the ecologlst who attempts to galn some compre--x

- hcnSLOn of the success1onal processes-ln operatlon.

. Most tundra communities in the Bald Hllls can be con—

[y 4
s1dered insa cllmax sgate. Except for- rockfalls, rockslldes,

is probably stable.‘ Autogenlc success1on, 1 e. . the short—

term,‘organlsm—lnduced unldlrectlonal replacement of entlre
—\‘ . o .‘. .o .
cOmmunities, would be an 1ncorrect vlew of the hlstory or

'ultlmate fate of most of the communltles.A There is an ~__ g

exceedlnglj slow process of allogenlc succe531on, due mainly-

to gradual 1nfllllng of bas1ns (cf Hayward 1952 Douglas‘

-

972) | dynamic phenomena are cycilcal

e.qg. thémbulldup and degr datlon of hummocks,uor vef§ slow

!

Spread and er031on Of Dryas mats.

v

. w

1sturbed£surface at the N end, theﬁvegetatlon mosalc

281
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'*EGOLOGY OF DRYAS OCTOPETALA™ - -,

!

Ecological dynamics of D./octovetala

"~

Dryas octopezala, is the outstanding dominant of drier
5 : R
-

alpine tundra communities in the Bald Hills, and probably ‘the .

‘most importamt plant ecies in the alplne zome of the Cana—

Y,
. 7
dian Rockies. "In sofe communltles it comprlses up to 99% of

-

the plant cover. In others 1t may -have only 1-10% llve

cover, but’ by v1rtue of 1ts mat hablt prov1de° the chlef
-d
amelloratlon of mlcrohabltat On Slgnal Mt., Hrapko (1970)

h

noted‘that " ‘ever Dryas occurs it 'is usually the prlmary

'or occa51onar.y the secogdary domlnant .this Gan. be sald of -

‘ho. other alp1ne/spec1es.

ro

D. octopeta c is atha and omega, in communlty dynamlcs._

- )

vIt is firstly a colonlzer because Bruas occuples shallow.

‘stony 50115 show1ng mlnlmal proflle development 1t is often

con51dered ploneer, pav1ng the way for later 1nvaders espec-. ..

dally certaln gram1n01ds. D. octopetala may 51multaneously

be part of an apparently stable communlty type ev1nc1ng no

_shlfts in comp051tlon or domlnants. Both v1ews, at flrst

-fglance contradlctory, are supported by some authors.

3

P

Jorklng in the Pyrenees, Braun—Blanquet (?948) argued

that ordlnarlly the procre551on from Dryas octopetm@a to \T

-

Xobresza beZZardzz was only a matter of tlme. Thls v1ew of . a
, N . |
D. oci  etala as a seral §pec1es 1n Europe is. supported by ‘

-

El _.ngron (1971) f
» Cox (1933), dlagrammlng hlS concepts of al§§ne cllmax

in éblorado,‘lndlcated both e ;erose'(lncludlhg Dryas-

S
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domlnated communltles) -and hydrose trendlng t0ward alplne . fy

-

o meadow cllmax, the Elynetum. However, he concluded that @:

"The Dryas associ oy :rms.an edaphic climax on_thefexposed
slopes and appe—"f c. nru“ed,to-persiét as long as the con-.
'dltlons of w1nd . “.ration, and rocky sofl remain as.
they are at present " d\x"\ S _ .

s

Klener (1967) stated "As a ploneer plant Dryas
octopetala has a world wide reputatlon._\ In Colorado he
*noted that "The Dryasetum 1s a ploneer assoc1atlon in the
sense of belng ablé to 1nvade a bare area." ”NeVertheless)
the Dryas assocratlon that he descrlbed ‘had all appearances‘,_

of stablllty, and no 1nd1catlon was glven as to what if

anythlng might succeed it. | T

In Utah Hayward (1952) ccn51dered the true -alpine
cllmax, domlnated by sedges and grasses, to be restricted to
relatlvely flat tops of hlgh rldges. In his opinion sub-
cllmax communltles occupled upland 51tes in glacral valdeys _'”‘_,f\
and - 1ncluded a varlety of grasses,.sedges\ forbs, and also

Dryas.octopetq}a.‘ By this outdated topographlc-based v1ew of S
‘L e _

L ey ’ _
. climax, these commu ies mlght never.reach'the climax con-

7
!

- W8ition. - | . e V;xf . - :
- :' In southern Alberta, Bryant and Schelnberg (1970)

reconstructed a succes51onal sequence from llchen tundra
”
through)Dryhs octopetaldﬁ;over to a cllmax communlty doml-

nated by Carex nardtna and SeZagzneZZa densa.f Although

\
Dryas—domlnated vegetatlon is here viewed as a seral stage,

14

the authors concludedgthat due to dis- uptlon by frost and

. . =
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wind erosion, a cyclical state exists and climax -vegetation
' i > _ ;

'in the traditional sense will'not be réached.

-~ o

- In an alpine sit® in Banff Park Broad (1973) noted

humerous'Picea and 4bies seedllﬁgs in D. octopetala cover,

and con51dered thls evidence of- succe551on to chea+Abzes/
PhyZZodoce. But he opined that tree establlshment was re-

tarded by mechanlcal dlsturbance and w1nd er051on of organlc

- matter and upper 5011 horlzons, — B ‘ - e

Perhaps most confusing are Oost1ng+s (1948) views on

vegetatlon in Greenland Solldly entrenched as he was 1n

- the mainstream of North Amerlcan dynamlc ecology, Qosting

[~ 4
did not fa11 to note that prev1ous studles of Greenland s

vegetatlon had been flOIlSth'Or communlty—descriptive and

‘that suggestic 5 of succe551onal relatlonshlps appeared only’

>

rarely. He found Dryas octopetala domlnant oQver exten51ve

7

areas, but postulated an ericaceous ‘heath - climax for the

- ) .
reglog, He noted ‘that success1ona1 relatlonshlps were //,
"Eompllcated by the appearance of the major spec1es in almost

/

every locallty and under varylng condltlons. Frequently

' cllmax spec1es may appear as ploneers and numerous ploneer

,spec1es are always abundant in every climax communlty."' But

‘he also reallzed that "Ev1dence that succe551on on the xerlc

\

~ sites proceeds eventually to the cllmax is not avallable.

)
; _
Oostlng seems to have ascrlbed succe551qnal status to vege—‘

tatlon that was in- all llkellhood a cllmax type.
The consensus of v1ewp01nts 1s, then, that Dryas octo-

Wetala is a bona fide pioneer spec1es, that 1t has seral f
: ] : :
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) : i
attributes, but that 1t is usually not succeeded due to
‘1nsuff1c1ently altered habltat. A rather dlfferent v1ew of
'Dryas domlnated vegetatlon, probably more reallstlc than the-
seral-cllmax idea, is that of the cycllcal cllmax (Churchlll'
and Hanson 1958). Thls notlon of vegetatlon as a mosalc of v
chronologlcally related units, ‘i. e. a regeneratlon complex
:'(Watt 1947),~ obv1ates the. need (1n some vegetatlon types)
\for concepts such as cllmax and seral"; , ,
- In northern Norway, Coombe and Whlte (1951) descrlbed'
- a regeneratlon complex in whlch "The patches which constltute
the communlty as a whole can be clas51f1ed into flve phases,
vwhlch are spatlally dlstrlbuted to form a mosaic pattern... v_'
and seem to bear a temporal relatlonshlp to one another whlch
is cycllcal the end of . the last phase belng very 31mllar to
the beglnglng of the flrst Phase ‘one had many spec1es 1n—v
tolerant of competltlon, among them Drdas octopetala. Phase N
s

| two had a closed plant cover omlnated by Carex rupestrzs

]

-l
lgp; octopetala and Emne*”um hermaﬁhrodztum, on 5 ‘cm of peat
'fhy the tlme 15 cm of peat had accumulated few of the ow‘gi-
nal species remalned A few weak shoots of D. octopetala }JQQh'
"persisted. Llchens were abundant 1n phase four. Phase{flve‘
anOlVed peat erOSLOn down to mlneral surface. B |
S

In Iceland Anderson 11967) descrlbed a regeneratlon
,complex with Dryas octopétqla playlng the central role. . lt,
-was the chlef colonlzer of eroded 51tes._ In-thebnext‘phase,-ﬂ
Kobresza beZZardzL rooted in. the decaylng centres of Dryas

‘clones. Phases three and four were charruterlzed by the .

‘R.
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domlnance of Betula nana and B pubescens respectlvely. N

e

Eventual erosion allowed re- 1nva51dn by Dryas and the start
.of a new cycle. L h SR o A g | i
S Dryas—heath vegetatlon such as descrlbed by Coombe
and Whlte (1951) and Anderson (1967) is not found in the
| Bald Hllls (and probably not in the Canadlan Rockles in = .
general) ' Furthermore, 1n much of the Dryas—domlnated vege-_
tatlon there is no ev1dence for a mosalc—typebsugcess1onal
sequence in whlch D, octopetala 1nvades, 1s replaced by _.

other plants,(and re invades. The nearest thlng to such a

sequence occurs in Dryas matf;elds, where mats are colonlzed

\ /
by varlous plants, undergo fragmentatlon, and rejuvenate.

Vegetatlon domrnated by Dryas octopetala seems. much
1ess prone to change in the Canadlan Rockies than in the
southern R0ck1es or central Europe._ Throughout the Rockles,
the spe01es was prooably an 1mportant colonlzer followrng
deglac1at10n. In the southern hockles (and central Europe)

{ ©
it 1s at present severely llmlted in area,.therefore 1ts

role as ‘a seral specres mlght once_have been very 1mportant

s In the Canadlan Rockles however, lt is presently the domlnant

P
/

f'of meso—xerlc tundra. It 1s tneoretlcally p0351ble that most B
' of thls Dryqs-domlnated tundra will eventually be replaced
by a gram1n01d cllmax domlnated chlefly by Kobresza beZZardrg{
(Cox 1933) or by Carex nardzna (Bryant and - Schelnberg 1970) i
‘ ThlS sequence, were 1t to occur at all would take hundreds
| .or more llkely thousands of yearsh,-In the égld Hllls these'vx

cllmax" gram1n01ds -are presently restrlcted to small 51tes,

L 48
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chlefly certain S-facing slopes and rldge c ests. Only l
these offer the comblnatlon of relatlvely stable site that
does not dry out exce551vely 1n summer ‘yet remalns v1rtualfy

_ snowfree all year (cf. Bell 1974) b |

So, 1n contrast to central- latltudes Druas %ctopetala
whlch may be seral and its low-altltude relatlve D. drum-

mondit whlcﬁ’ls strlctly seral over 1ts entire range, the

~Canad1an Rockies D. octopetala is a bona fide cllmax spec1es. -

In many upland alplne sites it forms part of a very charac-
terlstlc and long—llved ecosystem rlch in llchens, and. har-
borlng a predlctable assemblage of vascular plants and
arthropods. | IR

This same latitudinal shift from seral{to climakfrole
‘isvseen;inyother plant species, e.qg. Pieea gZauca.rIn‘thev
“transition zonevbetween boreal and eastern deciduous forest,
‘P. glauca is a seral spec’:=s common lnudiSturbed'sites. k

Northward it is anrea51njly more "climax", and in the boreal

forest is a cllmax domlnant (G H, La R01, pers. comm, )
Threats to Druas Oﬂtovetala

- Phys1cal env1ronment A L = .
“'Since Drdas octopetala does not lay down a contlnuous
&
lltter layer as do heaths, it is vulnerablepto deflatlon

£

through needle—lce formatlon. Washburn (1969) considers this"u

phenomenon extremely 1mportant in the Arctlc, where the fre-

quency of" freeze—thaw cycles is ev1dently much lower than in

the. Bald HlllS. But much of the Drdas vegetatlon in the

Bald Hllls occuples gravelly uplands where need1e~1ce

287 .
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formation is thwarted by lack of surface flnes and m01sture.‘
In D. octopetala/PoZytrzchum pzlzferum communlt .es, deflatlon

probably accounts for ‘the 1ncomplete Dryas cover[» The mats
: ‘(m. !

seem to bé erc d slowly enough that they can continue’ to

— T~

colonlze recently denuded or cryptogam—stablllzed segments
of the surface, and thus malntaln a- s1gn1f1cant mat popula-

tion and cover. o
» , ‘

A key to Dryas’ success may be its partlal but not .

total alteration of the, ground surface. Total stablllzatlon '

allows spec1es such as arex,nardzna, SeZagLneZZa densa and?

iCetrarza cucullata to’ ¢ 1onlze Dryas mats and eventually

totally exclude them (B yant and Schelnberg 1970) ‘The ‘

'-strategy of Dryas is to gain a suff1c1ently strong foothold :.3’

‘and stablllze the surf ce enough to preclude rapid er051on,

but at the same time alt&g the edaphotope so llttle that ;

other plants have difficulty in establlshlng or malntalnlng

'themselves Wind 1s helpful in breaklng up. senesc1ng mats -

harboring many vasculars and cx yptogams, into "clean"- .

phy51ologlcally refﬁvenated clones. o ’ . o -4
Drought does not appear a serlous problem for Dryas

"octopetala in the Bald HlllS. It has c1rcumvented late—

‘season drought by completlng mos™- . growth 1n the early part , \g\;$

of"the season, mostly May—June (Fig. 20), when s01l m01sture

'levels are Stlll adequate (Fig.' 16) _D; zntegrzfalza in the

Arctic has a hlgh re51stance to water loss (Addlson 1973

tSvoboda 197 ) & malnly duegto ‘the tomentose lower epldermls

J
of the leaf (Addlson 1973). The prostrate hablt has obv1ous

£ . 1



289

T
o

adaptiye significance in windy uplands. However, the absence
9 {',/ ) : ¢

of D. octopétala on snowfree tops of solifluction terracettes
may be due to abra51ve or de51ccat1ng action of w1nd (cf.
Bllllngs and’ Mooney 1968) &

D. octopetala mat form varies'widely, an expreSsiOn.

of specific env1ronmental condltlons. Leaf size variés as.a’

functlon of site, the warmest sites generally with‘largest—

j

" leaved plants, and mats on w1ndy rldges with smallest leaves.

FSvoboda (1974) oplned that reduced leaf area is part of the

survival strategy in xerlc polar habltats, by exposing a .

‘smaller transplratory surface, and by curbing eXxcessive

heatlng o o ' I .' ‘ ”\\\
i * on Devon Island, 2ddison (1973) reported Dryas :

tntegrzfolaa leaf temperatures above 46°C for a 3 hour

vstretch “with nQ 51gns of heat kill. Svoboda (l974) found

ev-

most D. zntegrzfolza leaves orlented so as to substantlally
_ -
lower direct eﬁpgsure to ‘the” sun. He speculated that dlrect

exposure would probably lead to 1ntolerable temperature

brlses. Whereas D. %ntegrszlta w1th its .cishion habit may

>

be unable to dissipate energy effectlvely,‘ D. 0ctopetala w1th

1ts looser mat form will probably not experlence as hlgh

temperatures.' S R : o

Contlnually hlgh temperatures may be lethal to D.
octapetala by creatlng exorbf%ant resplfatory demands. Thls
may be the reason why transplants that I kept in Edmonton :
daed Whereas Dryas integ. JoZza and D. drummondzz occur'

well 1nto the montane zone (to qa. 1100 m) 1n the Caﬁadlan

» . &N
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Rockies, D.Uoctopetald'seens confined to the alpine and"
subalpine zones (down to ca.-16504m). In Colorado it is
fouhd mostly on.N:facingealpine'slopes (Kiener lQb), Bene-
dict 1970). : ) o ;
In the High‘Arctic, the distribution of ﬁ integrifolia
.may ‘be at least partly goVerned by minimum, not max1mum,
heat.w In the western;Queen Ellzabeth Islands, Babb and

T v
”BllSS (1974) found it restrlcted to warmer 51tes.

N . .
N Seasonal and annual.weather-vagarles are'overcome by

AN |
,’bryas' opportunlsm".‘ D. octopetdia can tolerate  from vir44
vtually snowfree to rather late snow—release condltlons.‘
‘Accordlng to Mayo et al (1973),' D Lntegrzfolza "appears to
be well adapted to. take advantage 3f almost any condltlons

. experlenced durlnc the grow season-and ass1m11ates C02 for
"some.portlon of the day." Svoboda (1974) recorded p051t1ve_

photosynthetlc balance in D. zntegrzfolza at leaf tempera—- .

tures of 3-4°c.

Biotic environment' ' o . B L E

l Competltlon ) B -

- On the subject \Y ngh Arctlc habltats w1th very low
“plant cover, Sav1le (1960) noted "Under such severe phys1cal
:restrlctlons blologlcal competltlon is greatly reduced and is
:o.;en negllglble.; In warmer arid lands a sparse ground cover
ilS often accompanled by an extens1ve root system, and the’
ground may thus be nearly fully occupled But 1n-these/;ré—
th deserts the root systems generally occupy approx1mately

the same arba as the aerial - parts of the ‘plants.” { ' >_
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Bennlnghoff (1968) remarked that "The hlgh latltude env1ron-
'ments 1mpose intense phy51cal stresses and relatlvely weak

‘ blOth env1ronmental stresses. |

| In 1ts nodal" habltat, Dryas octop /aZa does not
iseem competltlvely threatened by any plant spec1es. Most
‘other vasculars form small w1dely spaced slones, and there )
is v1rtually no shadlng /. Dryas mat cover is freguently gf A

greater than that o{ all other species comblned Bryophytesbw

e
do not 1nfr1nge on‘Dryas growth because the habitat drs—1 )

allows develoﬁment of large, thlck moss masses. Llchens are
lower instature than Dryas, and none are- eplphytlc on llvlng ' /;).
leaves,, Potentlal competltlon mlght come from mat agalogues
espec1ally Salzx drctzca, but 1t does not do well in most '
upland tundra.' Empetrum nzgrum is rarely. abundant and seems
to occupy the most mes1c mlcr051tes (cf Hrapko 1870). z
Dryas' natural ecologlcal amplltude termlnates ‘in the
Casszope tetragona/D octopetala communlty.. CommunltleJ/that
are’ more mesic have few, doubtless temporary Dryaa clones '3";
that seem able to lnvade only by seed : The env1ronmenta1 ]
condltlons here may be qulte adequate, p0531bly 1deal for
_the growth of D. octopetaZa. v1gorous mats can be found on -
recently denuded heath tundra surfaces. Low comnetltlve
_.ablllty is. doubtless the pmlmary reason for Dryas' abysmally
dpoor show1ng 1n me51c abplne habltats. Although 1t is an.
outstandlng colonlzer and can at the outset spread more
rapldly than heaths (Flg. 23), these (in Heath Tundra) or -

7

herbs (1n Herb Meadows) :veritually form a dense cover and , s

Qa
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'7exclude'it. Studles in Europe (Coombe and White 1951,

Anderson 1967) demonstrate that the development ofg a heath
L

or other shrub cover relegates Dryas octopetala to a mlnor
- >

/

p051tlon or ellmlnaces it entlrely. N
o , .
2.-Disease.

In the study area Dwuae ; ug;tala had a very low
1nc1dence of dlsease symptoms; Most of the fungal species
recorded on At from the Arctlc (Conners 1967) seem ‘to be
saprophytes of the dead leaves. -In marg1na1 SLtuatlons, 'Z.g

ke.g. exce351vely damp or - shaded the plant does seem sus—-;u

,].«)

ceptlble to attack by pathogens.‘ ThlS may beia'further f‘
reason why D, octopetala is generally absent from mesrc or
meso—hydrlc tundra. "; ' i , -_". o

L

3. Herbivores.‘ B L e v &

Bl ] N
o Very few anlmals eat llve Drgas octopetala. Noctuld
1arvae attack 1ts least 1mportant part the floral tissue.

Most reproductlon by Druas seems vegetatrve, dlsparaglng the

value of flowers. Nep+zcu2a moths whose larvae mlght mlne

'D{ octOpetaZa leaves, were ccmnonly seen at the flowers., But

1nc1dence of - leaf mlnes was very low, seemlnqu restrlcted to
unusual 51tes e.q. under krummholz. : _ "" {
Two : ortant DrJas herbivores ‘in the Bald HlllS,

Eotetranychus ‘SP. and Chowzzococeus sp., were cons1stently

assoc1ated w1th the plant.» I do not know what sort of popu-"

latlon levels would ‘be regulred for serlous debllltatlng

effects on-the plant, or what thelr regulatory mechanlsms

9
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are. The Tetranychidae 1nclude some notorlous economlc pests

_of worldw1de 51an1r1cahc ' rhe total llfe cvcle of Tetranychus

o . 3

urttcae, the glaashou 2 red spider mtte, requlreskasidlttle
as 19 days (Mltchell 1973) Hewever, females and yo ng feedo

\

1n a restrlcted area of the lear and ethblt[llttle act1v1ty
lf they are not crowded and resources are abAndant uo%et—

ranyehuh sSp. was not found in h;gh numbers .on. any Drdas ¢ 5

' plants or leaves. o /Jﬁ

“y - - i “

Whlte talled ptarmlcan are probably the only verte—
brate at least .partially deoendent on D. octopetala'for fdod‘
1n-the‘Bald Hills. In arctlc and alplne areas ptarmlgan
utlllze Dryas leaves mainly in sprlng and fall (Geltlng 1937
.fAleksandrova 1964 West and Meng 1966, May and Braun 1972).
The piant seems to have verirllttle dlrect 51gn1f1cance 1n ' ',_Y§
:the.malntenance of other tundra vertebrate populatlons 1n ’t d‘ }f
‘the Bald Hllls The anlmals are all attracted to~the general
,a,habltat - the xerlcﬁ open and/or rocky tundra 4/rather than
‘Uto partlcu;ar p1ant speCLes. : Lh‘ud S : v__1= 

I do not k?ow the overal_ enfect of herblvores on. the
econOmy of Drgas Qctopet”Za in the ~ald HlllS.. Heavy 1nfes-
tatlons by ChOPuZOCOC"ue.Or Eote vlﬁf ch&é mlght explaln the3: 5
death or- poor health of somevmats.a But thls #ae not 1nVes-q,

. 1
:tlgated and is purely conjectural

. : ; i L
VEffects.of Druds oétf?ftala'on assocmated blota/

- S il

The dlrect relat onshlp of D. ocvopetala to plants.'

and anlmals in the Bald Pllls is dlagranmed 1n Flg. 34
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f biomass, Drugs mlght be critical to the contlnued existence

i

- T S ‘\\ | l”rﬁff o

j ) ‘ . i . . 3 . . L
indirect food source, and as-a microsite of relative warmth

and stability. - - S -

. ‘ - g;Jl“
F°°d' Y C : o A

-

Many insects” feed on Dryas nectar and poflen (Hocklng,

1968,. Kevan 1970). Slmply by v1rtue of ‘its hlgh ‘cover and

ef populatlons of many - of these in upland alplne habltats.

Dryds seems esotc1ally important early in the,seas n, but as,//” o
vforb—rlch meadows and heaths éfm@ into flower there seems a {

'Only two spec1es seem obllgate, the others are opportunlsts, . ?w

general 1nsect exodus to these. Excludlng nectar and pollen

feeders, relatlvely few herblvores utlllze ‘D. oct“pﬂtala.

) usrng Dryas leaves and flowers when they are avallable or ' f@ﬁy

'*when other, presumably more- palatable, foods_are‘scarce.

,Litter"\ o fee '/

.x_‘
3 o o

Many arthropods are attracted to the organlc matter

,.that D. oetopetala creates.v A food web,’ based on lltter lald

down by Druas>§nd plants in the Dryas mat 1nvolves a large

' 'varlety and~ﬁumber of detrltal feeders, malnlf orlbat_. ' ‘ _;@

mltes, together w1th thelr predatorsxand,para31tes. Mats.

-_a{e then loc1 of arthropod act1v1ty»/2nvolv1ng a large per— e

'centage-of all organlsms found in Druas—domlnated tundra.

#

Warmth e
_In.daytime D. octavetala mats are among the warmest D B
B : . . .

of.miCrosltes.' Temperatures do not.reach the extremes repor—f

OB

tedﬂfor D. 1ntegrzfalza in the ngh AICth (AddlSOn 1973,



Mayo et al. 1973), which mlght be lethal‘to '~ 2 generally

cold;adapted alpine fauna. But temperature  zoove ambient

.are of deflnlte advantage to arthropods, lnclea51ng meta—
/"‘\

bollc rate and efflcfency. The flowers of D. zntegrzfolta-

-,

are 1mportant warm mlcrosltec 1n ngh Arctlc tundra (Kevan
1970) . | : T |
In térracetté D. octopetala/llchen communltles in the

-Bald HlllS, the warmest mlcrOSltes are the bare\terracette'

tops and coolest the mossy hollows._ Greatest arthropod .ac—.

;t1v1ty was recorded in the°latter (Flg. 32, Table 39) Some

-
facf/r other than warmth, probably humldlty in the boundary

: layer, 1s attractlve to the anlmals.

ei? : L : ’
R . ) , . !

Shelter and stablllty . )
’Dryas octopetala is a very 1mportant@amellorator of :

‘ mlcroenVLronment.' Surface and w1nd movement are dampened
'“w1thrnamats. “The mats are noda‘ofyplant_and arthropod'popu-
lations. ‘In:some-communities on loose7sliding shale or on
w1ndswept rldges,”most cryptogams and many of the vascular _
plants P v1rtually or totally restrlcted to the centres of
'Dryas mats (e. -g- Table 28) Arthropod numbers and act1v1ty
are much hlgher in these mat "1slands" than out51de them -
(Table 35, Flgs. 30 32) A few spe01es: e.qg. the collembolan.
Entomobrya nivalis and the phalangld Leptobunus sp., seem to

* shun. the mats (Eig. 32 Table 39). .
| Dryas. octopetala may functlon in nutrlent release to
1va55001ated plants. Svoboda (1974f’v1ewed D. zntegrzfolza‘

clumps as mlcro—ecosystems, absorblng nutrlents from very
aQ . .

£
.
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llmlted surroundlng sources, and probably recycllng most of

AN (-
these. " Dryas spec1es in at least some sites are nltrogen

flxers (llsdalo et al. 1966 . Lawrence et al. 1967 Elklngton
/

1971), and .aight thus enhance edaphlc resourges fbr other

hY

o

plants. On recently deglac1ated terrain D, dﬁhmmondzz plays
an 1mportant role in . nltrocen flxatlon and may accelerate |
‘succession to mature forest by 20-30 yégrs (Lawrence et al.).
Drya° octopetala cannot be nearly so 1mportant in substrate
amelloratlon. It has a re atlvely slow growth—rate (Flg. 22,
1Table 27) and usually forms an 1ncomplete cover, furthermore, '

the very fact: that it is not succeeded by other plants sug—

&gests that the. edaphotope is altered very llttle by it.
E ,l o ‘ oo [

' EffectiveneSS'of D c+ouera7a in dlfferent habltats

The effectlveness of D. 'octopetala as a substrate for

pl?nts and arthropods is partly tempered by phy51 2l envir- =

-~

A

'onment. In exposed unstable sites, partlcularly those w1th
a loosebsurface, litter . accumulatlon 1s prevented by w1nd -and
| by relatively rapld movement of pebbles through mats (cf.
.Tables 28 30) _ In»Waterton Lakes Park I saw, on some warm-
aspect limestone scree slopes 1n the suba plne zone (1650 m),h
'D._octopetala mats that=harbored no macroscoolc plant llfe.
Mats in such unstable hab—tats are “very poor mlg§o—refugla\ h
for blota, and lthough Dryas. 1tse1f may surv1ve, llttle rlse
can. At the other extreme, lush Dryas mats 1n some warm but
sheltered and mesic 51tes produce lecves over the entlre mat\
'?surface, and ‘other plants may - be excluded.' Arthropod.acti*

“ vity and numbers, however, may be enhanced.

e - 0.
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..'High—elevation D. octopetala/llchen tundra is florrs-'-
tlcally and structurally slmllar to that at lower altltudes,
bdt seems less effective in malntalnlng an aJtlve arthropod
fauna (Tables 47 48) . In 1972 arthropods-were caught in -
extremely low numbers ‘on bare gravel at the hlghest elevatlon
(Appendlx 11y. The large catch a: screpancy between bare
1grave1 arid Dryas mats suggests worse than-normal env1ronmen-

- tal condltlons in thats year, pos51bly hlgher w1nd veloc ties
that would curtall anlmal acthlty out51de of plant\cover..
'These data suggest that Dryas mats may be crltlcal to the

continued success of many hlgh elevatlon arthropods in years;

of abnormal env1ronmen§al,stress.

Commensalism between Dryas octOpetaZa’and associated biota «
Dryas octopetala is a boon to a wide range of - arthro-

pods and plants in some upland alplne habltats.\ It“ls much
: U 4
more 1mportant for them than they for 1t. The only real

*

beneflt to Dryas is enhanced seed set through polllnator
L ——e :
‘act1v1ty, but since most plant reproductlon seems vegetatlve,
' thls is" probably not very 1mportant f;; 1ts contlnued success.
_Each,Dryas mat- in upland matflelds Is‘é "life support o
systemt, prOViding food 1shelter and stability for'plants and
‘arthropods.i ‘The mats are crltlcal to the malntenance of some
cryptogam populatlons in matfleld situations: Thls is not to
'jlmply that dependen B 1s total for many other 51tes e. g.-\
‘fellflelds and boulderflelds, CllffS, outcrop54 support

Ty

_assoc1atlons of the same cryptogams: 1n the absence of Dryas.”

v
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Numerous flies ‘and some other 1nsects, e.g. Neptzcula spp.,

probab depend on the flowers of D. octo etaZa over all
p

other species' for shelter and warmth and, most 1mp0rtantly,ﬂ

as a food'source. Very few arthropod spec1es are demonstra—
bly host—spec1f1c on Druas, but populatlons of many are en-
hanced and possibly dependent on it for their continued
existence in upland tundra habitats.V

BB a host D. octopetala is near—perfect it is abun—

dant, stable, long—llved, and usually tolerant of- plants and -

"anlmals in the mars._ ln contrast, mat analogues of D octo-

petala have much lower cover and 1mportance therefore for

plant and arthropod populatlons. Silene acaulrs would be an

" . s

excellent ‘host were 1ts cushlons larger and more numerous.

“

'S
_Pmpet”um nzgrum, on the other hand, supports-a relatlvely

‘plants. Salix arctieca may support a relatlvely large,feeder

depauperate arthropod fauna, ‘and few plants grow 1n it.

_Hrapko (1970) noted that the‘%ore compact, closed cbver of

Empetrum probably 1nh1blts the establlshment of some vascular

fauna (Herlng 1957, Buhr 1964 Ollver et al 1964, Kevan

(’_ i

\
'1970), but 1t does not accumulate lltter and therefore has -

relatlvely few plant and detrltal anlmal assoc1ates.
| Dryas octopetala in the Canadlan'Rockles»ls evidently
a very.“clean' plant. Its" large biomass and broad range, yet

e .
very llmlted utlllzatlon by herblvores, ls a perplex1ng aspect

of its ecology. Many arthropods have- developed a dependence

~on Dryas flowers for food and warmth but the vegetatlve

parts of the plant entall a great waste from the standp01nt

299
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of potentlal herblvores. .Intensity of“use seems very low,
reflectlng a general trend toward fewer numbers of herbi-
'vorous specves and overall lesser 51gn1f1capce of phytophagy
'1n harsher environments (cf. McAlplne 1964, Oliver et al.
1964).

The low utlllzatlon may reflect the presence of
blochemlcal substances in Dryas renderlng it unpalatable,-»
‘unpleasant or otherw1se unfit for consumptlon. " Two other‘
hypothescs might also be con51dered :

(1) There has been a slow rate "of evolutlon of
Dry.s phytophagy.v Papldly changlng env1ronments due to
-glaciatiOn, and‘the general "slowness" of llfe in tundra
habitats,. mlght be two of thé more 1mportant factorsm-'

,(2) Communlty evolutlon may have favored the
dascendancy of detrital feeders, ﬁnd conservatlon of the chlef
| photosynthetlc apparatué‘ln upland tundra. Dryas may be the- .

key to the upland.alplne ecosystem, ‘and heavy attack by herb--

:1vores as we%} as pathogens mlght 1mper11 the ent .re system.' )

'

= - In conclu81on, Dryas octdpetala 1s an emlnently
Vsuccessful plant enjoying a relatlvely competltlon free
'habltat low incidence of disease, and low 1nc1dence of utll--.
"1zatlon by herblvores., Dryas domlnated communltles are gene-
.rally stable, in most llght to moderate needle-ice and w1nd
actlon, togeth&r with' natural senescence and mat fragmentatlon,
result 1n an 1ncomplete, ever*shlftlng but never really dlf—

ferent cover. In the Canadlan Rockles, the 1nab111ty of D



{
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1

y ‘ : ‘ , . » '{
/octonCtuZa to Slgnlflcantly alter the habltat-may be the

key to._its climax ‘status. In upland tundra it is an exem-

‘hlary\egglogical'dominant _1 e. a spec1es which largely

—

controls the eHEan £1ow gnd. strongly affects the env1ronnent
of all other assoc1ated spec1es (Odum 1971) In the shale
"balds" 1n the Bald Hllls it creates condltlons favorable

for the development of many pooulatlons of vascular plants,
cryptogams, and arthropods Therelis a commensgl relatlon—

1

ship between Drygs octopetala and aSSOClated blota, Dryas.

nelther enharced nor suppressed but plarc and dnimal pop’uv~ “

lations greatly benefltlng. : o ' ‘ o -

Nmr N
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1. - The Bald Hills study area lles just west of Maligner\‘
Lake in Jasper Natlonal Park and eéntails the alplne and, -

forest tundra 2ones of a small range of low mountalns malnly

Ordov101an shales and conglomerates that were scoured to |
ounded hlllS by Plelstocene glac1ers. Tlmberllne is at . '}
\\j 2000 2150 m ASL, krummholz reaches 2350 m, and.tundrafvege—'

tatlon ascends to the summlt at 2600 m.

~

2. _ The cllmate is modifieq contlnental July &. Aug mean -
‘l air temperature lO cm above ground for 1968 70 at 2300 m was
.7leC.‘ Maa_mll air temperature recorded 1n the Bald Hllls
: was 2l°C ét the ‘ire lookout (2135 m) and 28°C at 10 cm above
a steep S- fac1ng slope, mlnlmum was —27°C. Summer freeze-
thaw cycles occurred on Ca. 15% of nights in the. "balds"' but
up to 45% in some meadows in the path of cold-alr,dralnage,'
Summer prec1p1t§tlon ranged from 70-200 mm.. Vapor pressure -
def1c1ts were generally low, averaglng 3 mb and rarely ex~
z~ceed1ng 10 mb. 53 Wlnd soeeds were moderate, averaglng less
than 2 m/sec at +40 cm. - Weather is hlghly varlable through
the season and between years.

¢

o~

3;A B 801ls are developed mostly on tlll locally ‘on col—‘~
_ luvial and allLVlal dep051ts. Tﬁey have shallow proflles,'
weak structure, low nltrate and phosphate, very varlable
pota551unﬁ?and are medlum to very strongly acid. Sandy loams

predomlnate, often w;th high cobble content. Congellturbatlon :

W ‘302'-
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has disrupted many profiles. Upland tundra has mostly Orthic

' Regosol profiles;‘Cumullc Regosols occur on some steep lepes-
_ &

Alplne Dystrlc Brunlsols have developed under a complete

T

plant cover, malnly heath tundra, Gleysols are restricted to

)
“ »

a few small pockets of impeded drainage.

Y

4. Blrds and mammals common .in the area are-the water -

plplt horned lark, gray—crowned rosy flnch white-tailed

o ptarmlgan, Rocky Mountain carlbou, Columblan and golden—

mantled ground squirrels, plka, mule deer, and shrews.

5, A total of 642 spec1es of arthropods have been col—
'lected in the Bald Hllls, an estlmated 1000 species of 1n--
vertebrates inhabit  the tundra. As 1n most other tundra

_areas, both arctlc and alplne, the most nmmerous and dlver-flﬂj

51f1ed arthropoas are‘mltes, ollembolans, spiders, flles,

- parasitic hymenopterans and'beetles. - '; - : ‘.'.l'f‘;f'

6. ' The flora 1ncludes

197 vascular'plant~species,,118:.'
bryophytes and 137 llchens.” It has strOng ArctiCuandACorﬁ-

'dllleran afflnltres, and there are no reglonal ndemlcs

' -Vascular spec1es rlchness compares favorably“w1tt that of;

.other North Amerlcan tundra 51tes. The relatlvely hlgh “f%_a Viﬁsﬁl
cryptogamlc dlver51ty is at least partly attrlbutable to , -f_f"g?

, the more 1nten51ve collectlngr

7." Vegetatlon was sampled quantltatlvely in 22 stands
‘two 1nten51ve Dryds matfleld Sites, and five transects. In s i

sttu observatlons and ordlnatlon helped eluc1date 23 e p_@
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community types in four major Groups: - |
t(l) Stony Tundra, on rldges and slopes of all s
aspects w1th llttle Snow accumulatlon, domlnated by mat,

cushlon and rosette forms, and rich in llchens,

<

© (2) Heath Tundra, malnly on N. and E .aspects;

' domlnated by Casszope mertensiana, C. t@tragona,”fkgiiifoce :
ngnduszZora, ' , S ‘ . ' .'J' B

(3) Herb Meadows, in mesic to meso- hydrlc.51tes-

. “high in vascular plant cover and species’ rlchness, Artemisia
'”“norvegtca the binding spec1es, . »

© (4) Snowbeds, W1th a phy51ognom1cally heteroge—

ot

' neous group of communlty types but hav1ng in common ° very

late snow release and a depauperate flora.
- 8. 'The mosalc of plant communities is correlated with

-, dept of snOWpack and time of release.~ Stony Tundra communl-

ltf ‘re typlcally covered by less than l m. of snow, and melt.
out 1n Aprll—May (unless snowfree essentlally all winter) ;
-\the flowerlng peaP occurs in June. Heath Tundra has snowpack
from 0. 5 to 3 m or more, it melts out by m1d -June and flower-
'rlng peaks in &ar y-to mld July. Snowbed communltles melt out

‘1n late June-July. Herb Meadows melt out -in. early June, and -

@ﬂare supplled w1th meltwater from upslbpe snowbanks.

Iyg e sueel | =" o
i T S ST R —— T

9.; . The‘phenology’of most vascular plantispecies is diC1

: tated by snow—release dates.‘ A few Herb Meadow specres (e g.._"
‘Trollaus Zaxus) begln flowerlng at the same time each year.,

'} Q
~In general ‘the moré§sgﬁm that a communlty accumulates, the
| -. N R | | _—
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greater,the_year—to—yfar.amplitude in onset“of’plantdgrowth. -

10., Bald Hills tundra vegetatlon lS s1mllar to that in’
'jmany other parts of" the Canadlan Rockles N of 50°N lat..tA
few communlty types descrlbed elsewhere do not occur in thet
study area._ ng snowbed communlty types in the Bald HlllS
“are apparently prev1ously undescrlbed Upland arctlc tundra
has some 51m11ar1t1es 1n structure, compcsltlon and hydro—
edaphlc relatlonshlps to Bald HlllS tundra. i@%ndra in- the
central and southern Rockles, and in central and southern

Eur oe,- 1s rather d1551mllar espec1ally structurally

1. " The mat—formlng dwarf shrub Dryas octopetala ssp.‘
';hookertana is the domlnant of the D .octopetala/llchen com-
munlty, the nodal communlty types of Stony Tundra 1n@§%e
’-Bald Hllls and elsewhere through the- Canadlan Rockles. Dryas
vgrowth commences in early May, 1-2 weeks after snowmelt -
Most leaf expansion occurs“through May;\and new leaves begin
'elonéating in June-jxdsg.' The:flowering peak is late-dune.'
Leaves overw1nter in all stages of development- and normally

seem to last 2% Seasons.

112. * Leaves are smallest and mat expan51on slowest on
w1ndswept gravelly rldges. Largest leaves are found 1n warmy'
-,‘and shelterd‘m1cros1tes. Elevatlon and substrate seem to RN

-*have very llttle effect on Dryas morphology.

':13. . Adaptations of D. octopetala for its- typlcally xeric

habltat 1nclude early—season peak g owth evergreen-condltlong‘
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prostrate habiz, vegetatlve mode of reproductlon, retention

of dead leaves on stem, densely halry leaf under51de and waxy
_secretlon on upper surface The ability of Dryas mats to - -
absorb heat may . be crltlcal 1n Maywwhen amblent temperatules

can be rather low, but the possible lnablllty to malntaln a

lower temperature than ~adjacent m1crosrtes (as seen 1n arctlc

v n

'D. zntegrzfolza) may be deleterlous, espec1ally during rela-
tlvely hot, w1ndy weathr ln,August. l
14. Dryas octopetala is a cllmax dominant in upland tundra

in the. Canadlan Rockles and Arctlc; Although it has the
potentlal to ;hrlve in mesic tundra, it 1s competltlvely ex—

'ﬂckuded by heaths. At the southern end of 1ts range both 1n

Europe and North Amerlca, D. oc¢ opetala is a seral spec:es,v

5

'reporbg ly - succeeded by gram1n01d communltles.

«
. ~
o ) S

iny communltles where 1t prov1des the chlef plant

15. lnf‘
COyer, D. octopetala seems crltlcal to the success of vir-
”tuallyrall.non sax1colous llchens and bryophytes,,and of some
vascular plant spec;es.; The senescrng centres of Dryas mats
prov1de stable mlcr031tes that are colonlzed flrst by mosses
Nand crustoﬁ% llchens, then vasculars and fruti dose llchens.
) Cvmpetltlve exclu51on of early colonlzers by 1la er ones rarely =
occurs. Colonlzatlon is the longest phase of a'51mple cycle.‘u
The mats ultlmately break up' and the colonlzer m1cro~_
fcommunltles are eroded awan; The Dryas clones rejuvenate,

Co

'and~as they grow are colonlzed anew., R

16. -D. octopetala is much'more‘important.inva'host_role
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P o N
,”'than-itsfchieﬁ mat analogues. vSaer anctzca mats are too

dlffuse to 51gﬁ1f1cantly alter the mlcrohabltat therefore«
= harbor many fewer colonlzers Empetrum nzarum matsmpre too

dense‘for many colonlzers,,and furthermore have. a relatlvely

v‘m & v_’,

depauperate 1nvertebrate fadna.‘ Szleue acau@zs cushlons

provide avfayorable subStraf

“

¥ are relativelyﬁsmall and -
R - v . >
1n the Bald Hllls only locally abundant

} '

'l7.“ Where Dryas mat cover is at least 15% mites especi—
ally orlbatlds number ca. 12 000 20 OOO/m2 through‘the year.

Collembolan numbers are much lower and much less unlform

1

"Splders and 1nsects are actlve in June—August.L Dryas tundra
.has lower beetle actlvgty and very few: bugs compared to Herb '; .
Meadow and Heath Tundra commuﬂ&tles.' Most other groups, - -
dlncludlng flles, Hymenoptera Collembola, spiders and m}tes, :

aPPear as abundant ln Dryas—domlnated as 1n more mesic com* I
4mun1t1es. e AR LT ‘.n B

. : N . - . . R . “] . -
18. Arthropod aCthltY is hlghest in- the most me51c, -

3

3m1cr031te of D voctopetalq/llchen communltles, and lowest‘
v /_-.1 - -

~on- bare grave1 patches. "In Dryas matfrelds, the mats are 'f'f

vcenters of arthropod act1v1ty, though a few species of ar—

thropods seem to shun .thé' mats.' The mats support much more,
”unlform numbers of arthropods through the season than do y
lhollows or gravgl ‘patches. ': o ;“-a»,f,""“ Al
o u/»" . N AR ~‘L.rkv .
-1§;A “A red sgrder mite (Eotetranyiéus sp ) and mealybug 'g.
';(Chorzzococcusvsp ) are’ the only 1mportant Dryas herblveres bu >’

" in the ‘Bald Hllls There 1s a low 1nc1dence of noctuld ’
o - R i o L

Q_ q—‘:’-,l o . »‘;.‘ v_ . . . . - ~



larvae eating floralhpartsl Leaf mlner"act1v1ty is extremely
. Y : ‘ \ .
Jow. 'White- talled ptarmlgan may utlllze Dryas ‘leaves in

<

sprlng and fall Many 1nsects-part1cularly flles v151t'
Dryas blossoms, and some speoies may depend'on the nectar T

.or pollen as their chlef energy source., Peak 1nsect act1v1ty
— k) .o
~in Dryas domlnated vegetatlon does not however, c01nc1de

w1th the peak flowerlng perlod "(/‘ - 'v-”

" '//‘é : o %\\l

o AL i % i
26.»' -The relattonshlp between Dryas octopetala and assocl—

ated blota may be termed commensal Dryas 1s-ne1ther bene—‘

E?;flted nor harmed but spec1es rlchness, populatlon numbers,l

and- po551bly stablllty are much enhanced ‘in: the lichen and

‘.

'arthropod groups in partlcular, As a host Dryas is near—.
'perfect: abundant, stable, long—llved tolerant. In upland
alplne habltats lt is an 1mportant source of food (malnly
.lltter), warmth (1n the flowers and mats),'shelter and stabi-

” 1%

llty (vs surface>and w1nd movement) The 1nc1dence of -

dlsease and phytophagy is remarkably low, and suggests allel-'

L
)

opathlc of other eVolutlgnary mechanlsms that have ensured

 its contlnued domlnant role.A?

[ 2 o '\
Yoee T s »
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APPENDIX 1. Flora of the Bald Hills,
. -
4 e LICHENS . %
) R PERTUSARIACEAE
LECANORALES : .
Pertusaria cf, bryophaga Erichs.
COLLEMATACEAE P. eoriacea (Th. Fr.) Th. Fr.-
- . P. dactylina (Ach.) Nyl.
“ollema polyecarpon Hoffm. : P. octomela (Norm.) Erichg. ..
C. tenmazr (Sw,) Ach. | F. €f. panyrga {Ach.) Mass.
PLACYNTHIACEAE 9 ACAROSPORACEAE
et TIACEAE R AR
Paorona hypuopum (Vahl) s, Gray ’ Acaroapora chlorophana (Wahlenb. ox Ach.) Masgs.
4. sp. : :
PANNARIACEAR : ! Nt
LECANORACEAE
= UACEAE

Pannaria pesy

zotdea (G, Web.) Trev. L
. AdeSetomma lapponicum Ris.

PELTIGERACEAE . .
T : . Iemadophita ericatorum (L.) Zahlbr.
Pole ra aphthosa {(L.) Willd. -
R cantna (L.) Willd. Lecanopg alpina Somm.
Py korinphntalis or polydactyla L. badig (Hoffm.) ach.
Poolrucophlepiq (Nyl.) Gyeln. ' L. castanca (Hepp) 'Th. FPr.
malasra (Ach.) Funck Li chrysoleuca (Sm.) Ach.
rufescens (Weis,) Humb . . 44-fru‘n:ulona (Dicks.) Ach. -
acabrosa Th. Fr. 1A melanophthalmg (Ram.)} Ram. —
cpuria (Ach,) bpC. . L. polytropa (Ehrh.) Rabenh.
vernosae (L.) Baumg. ’ . L. rupicola (L.} zahlbr. ’
\ ) T : . ge b+ varia. (Ehrh.) Ach. -
"Solorina eroeca (L.} Ach, - A4, 5. Verrucosag Ach. .
"‘ “L. s8p, . 2
' NEPHROMATACEAE I . .
. . . Ochrolechiq frigida (sw.} Lynge f. frigida
Yephrome aretioum (L.) ’I’orss." a. geminipara (Th. Fr.) vain, .
o cxpallidum, (Nyl.) Nyl. ' " O. uposalicnats (L.) Mass. . RN
. . S
STICTACEAE . ‘' CANDELARIACEAE i \
Lobaria linita (Ach.) Rabenh. ! ‘L'(mdclariclla aurclla (Hoffm.) zahlbr. (Scotter 10140, vAC)
C " C. hudsontca Hak. . : A
LECIDEACEAE . = C. viteliina.{Ehrh.) Mu1l. Arg. R
S C. 8p. - e
Arthrorhaphis eit; Poelt . *
citrinella var, o PARMELIACEAE ‘ 34

Cetraria gommirta {Nyl.) Th. Fr.
€. eucullare (Bell.) ach.
€ricetorum Opiz .
heputizon (Ach.) vain. =% ) \
ielandica (L.) Ach. . \
‘valis (L.) Ach. . C

o2 (DCL) Fr.,

(Ram.) Schacr.
: {Ach.) Spreng,
(Gmel.) Ach. -

¢ (DC.) Steud. wpftneotri (Scop.) s. Gray
ranulone (Ehrh,) Ach. . s C-*tflepii ach.
. RN

mirginaln Schaer. .
rubifer=is (Wahlenb. ex- Ach.) Wahlenb, ?" . Hypogymn ¢ auaterodes (Nyl.) R4s,
sp. ygh s H.inteatiniformip (Vill.) Rés.
. ’ A. phisodes (L.) W. wats.
fesddella 817 aMaten (Ach.) Hett., & Leuck. ° . ! :
. . . v Parmelia ef. diciunerg Erichs.
feporum (Haeg.) MOLl: Arg, P, onzatiiig (L.) Ach. .

&
(L.). DC. P.ortypia (L.).Ach.
" F

m Ris. . taractieg Kyemp.
ferum 5. R4 -
' - . + Parmeliopais .ambigua (wulf.) Nyl.
'STEREOCAULACEAE ’ Bad v P. o hyperopta (Ach.) Arn. - ’
Stcl'rm'auéé& ,'S;];:a:'r::u" Laur,® . USNEACEAE
& conden¥istwr, Hoffm. . - o ‘ ’
Y. subalbifara Lamb ) ' Alectoria chalybeiformig (L.) 'S. Gray
, LI . . q. nigricans (Ach.) Nyl.
. CLADONIACEAE . - - 4. ochroleuca (Hoffm.) Mass.
: ' - “. pubesceng (L.) R, H. ‘Howe
“lad? Aitic (Sandst.). fale & W. Culb. " A verilldifery (Nyl.) Stizenb.
- FoTIoring wigg. : o
5 - o . . . . -Cornteulapriqg aculeatq (Schreh.) -ach.
7.0 Cladontia caripge “(Ach.) Spreng. C. normoeripq (Gunn.) by Rietz
[ otca (Ach.) Schaer. . . " LT '
C. ehlerophaca (Fl8rke ex Somm..) Spreng. . Dactyling aretica [Pm] {Hook.) Nyl.. K
Ol coceifera (L.) Wwilld.” . L : U, rarulogq- (Hgok.) Tuck. L -
L Ce cornuta (L)) Noffr. . . ] K 7 .
C.%decoriicats (Flérke) Spreng. ' Letharia vulpina (L.) Hue
C. eformio (L.} Hoffm, ' : . R -
. edmmeuna {Ach,) Nyl. - 3 " Thamnolia aubuliformis (Ehrh.) W. Culb. . , .
C. furcaia (Huds.) schragd. .- A R D i .
C. gonceha (Ach!) Asah. oL v ¢ BUELLIACEAE , N
C.'macrephyliodes Nyl, - ’ . N .
C. phyllophora Moffm.. N . ) Bucllia digciformio (Fr.) Mudd *
€. pleurota (Flérke) Schaer. - 8. papillata ‘(Somm.) Tuck. -
Lur (Ach.) 0. Rich, B - o
data (L.) Hoffm. * "t Rinoding nimbosa (Fr.) "Th. Fr.
C. subcervizornis (Vain.) Kernst. ) e i B mntcraea (Ach.) Kérb. *
Coouneig (L.} Wigg. - ©: R pyrinag (Ach.) Arn. .
Co cf. verticiliorg (Hoffm.) Schaer. . s A, roseida (Somm.) Arn. @ -~ ;
. A . - R R. turfacca (Wahlenb.) K&rb. . A -
UMBILICARIACEAE : Co . -
T P : i PHYSCIACEAE
diacud vidsinig (Schaer.) Schol. vz B SR
A ' - - Phyacia dubia (Hoffm.) Lett.
o Umbilicaric eyldndrics (L.) pel. - P. endococeinca (KOrb.) Th, Fr. #&
U. huyparborea (Ach.) Ach. N Yy : . .
Yo proboneiides (L) schrad; . S0 . Phyacaniq mudetgena (Ach.) Poelt . . e .
U valica (L7 Ach, (Scbtter 10146, vac) C [T,
’ R _ R e oo : .ﬂ«,’ w
. 4.



TEmSC’lISTACEM

e E IR TACEAE

oplava Junqprnannzuv (Vahl) Th. r
ULnupxnpnrma (Lam.) Mah. ¢ Gi11.
atillieidioprim (Vahl) Lynge

e tetragpopy (Nyl.) Oliy.

Xanthoriag -.lmmnu (Link} Th. Fr.
X sorediaty (vam ) Poelt

| SPHAERIALES
VERRUCARIACEAE
YERRUCARIACEAR
P.yﬂa‘uvur,an Sluvigtile

D, ominiatum {L.} Mann

FUNGI IMPERFECTI . !

fa membranaoca (Dicks.) vain.
(Nyl.) Lett.

Leprar
L. neglecca

BRYOPHYTES

N\

HEPATICAE

JUNGERMANNIALES
LOPHOZIACEAE
R i .
Anaastropiyllym (Sphenolobug ) rinut um

Barbilophon{y hatehers
8. Iye ap{mwxdau (Wallr.) Loeske

uﬁandunanthun ( ,—»ora) vetffornig (Ehrh.) Lindb.

Lefocolea mueliert (Nees) Joerg,
hopiozia spp,

\"tIOHuul,n cf.
,.nzux.ﬁ' {Kaal.) Buch

Liformig

AG. Web.) .

(Evan..) Loeske

arlantien (Kaal.) Schiffn,

SPHAGNA

- SPHAGNALES

SPHAGNACEAE " : )
.,p}munxm anguati foliun (nus.;.) C. Jens,

oompactum DC,
ripariun Angstr.
russowis Warnst.
aquarroaur Crome
vamatorfi{ Russ.

RS TRR

Fr.

Muscr +
DICRANALES
DITRICHACEAE .
Ceratedon purpurcus {(Hedw.) Brid.
. e Platichium capillacoun (Hedw.) B.S.G.
- Ditrichum flaziocaule (Schwaegr.) Hampe
uaclania qilaucescena (Hedw } Bomanss. & Broth,
DICRANACEAE
.Amphzdzum Zappo»ncxm (Hedw.,) Schimp. ’ Ce
"‘L‘ynodortzum ochiati (Wahlenb.) Lindb
c. otrumifopum (Hedw.) Lindb
Schust. Vichodontium pelluctdum (Hedw. ) Schimp,
DXeranoveisia erfapula (quw.) Lindb. ex Milde

N
A

Dﬂg}anun acutifolium’. (Lindb. g H.
uscescens Turn.

D. "ycoparium Hedw.

D. dpadicoum zett,

Arnell) C. Jens. ex Weinm.

Kizenia ostarkei (Hedw.) 1, Hag.

PuraZoucobryum ernerve (Thed. ex C. J. Hartn{.) Loeske

(Breidl.) Schiffn, POTTIALES
{Huds.) Bych - .
quinquedenty £. urceiiia {Jens.) Schust. ".ENCALYPTACEAE
T, sp. : . . s e N
X CEncalypta l‘}lap..acurpn SchWaegr,
JUNGERM}\NNU\CEAE r . vulgaria Hedw, <o
= IACEAR 8
» . 3 g sp,
Aungermannia (5 aluvnn:on4) cf. achiffuers {Loitl.) N
Evans POTTIACEAE
MARSUPELLACEAE . B
oV ELLACEAE L
K . v Bryoary:nroph4[7uﬁ rccurntroatrum {Hedw, ) Chen
Fumnonitrin coielnnatyn (Lightf.) Corda
9. corallisiden Nees , Deamatodon lartfoh‘m (Hedw.) Brig.
SCAPANIACEAE Tortella fragiiis (ilook. ex Drumm.) Limpr. o
. T. tortucsa (Hedw.) Limpr. | ’ :
Seupania “yua (Nees) Dum.
- - Tortula mucront falia Schwaegr,
PLAGIOCHTLACEAE 7. novvegica (Web.) Wahlenb. ex Lindb.
K . . ! T. ruralis (Hedw ) Gaertn,., Mayer & Scherb. .
Plagiodhila woptenioider (L.) pum. : o
HYGROBIELLI\CEAE ' GRIMMIALES :
,mnf“ liu Juratakang (lepr ) Trav. GRIMMIACEAE |
ST IACEAE
dspmwzrmmcs,\s Grimmiq ' alpwola Hedw. 5
== BALOCIELLACEAE
G.. apocarpa Hedw. .
vfu'hulczzszAu byssacea (Roth) Warnst. @, apocarpa yar. vdé;:xa:a (Dc Not.) ‘Lindb.
C. rubella (Nees) Warnst., 5. donniana ¥m,
C. osp. G. temerrina Rent_ & Gard. .G aiplanrig)
" . - G. torquata Hornspie, "2 .Grev.
cammz,ozmcr:m: N G.osp. T
uuﬂmlc:rw conniieny (Dicks.) Lindb. Hhacomtmum C‘GHLUL‘L’HU (Hedw. ) Br.id.
media Lindb. - R. hetaroatichum {Hedw.) Brid
C. sp, o R. n) var, sudotioum (Funck). Dix. ewuer
v . . N R. lanxginosum (Hedw ) Brid.
PTILIDIACEAE ‘ R.: sp.-
= nLnAs \ s
Prilidium oiligre (L.) Hampe.
'FUNARIALE$
BLEPHAROSTOMACEAE . . R
. . . . SPLACHNACEAE
T Blepkarogtoms tpf Dum,
Tawloriq un,ula:u (Dicks.) Lindb.
Mz\RC_HANTIALES ’
. o ) - l"UBRY}’\LES -
GRIMALDIACEAE . .
R ACEAER
BRYACE)\E
Asterella sp. . .
. BrJun argnn,cum Hedw. B

5. cacopitiotum Hedw,
8. paaudatmqurtrun {Hedw.} Gaertn.,

Meyer & Scherb.
a, 8PP
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[cng \ .
! : N POLYTRICHALES
fohlia eruda (Hedw,) Lindb.
P. nutaena (Hedw.) Lindb. . POLYTRICHACEAE
i waklenber;ii (Web. & Mohr) Andr. -

. Oltgntrtchum parallelum (Mitt.) Kindb,
MNIACEAE * . : . !

. Pogonctum urnigerum (Hedw.) p. Beauv.
Mutum bluttii B.5.G. S

M. erthorrhynchum Brid. . Polytrichaptrum alpinu= (lledw.} G.L. Smith
: (Pogonatum alpinum)
Ahizomndun pacudopunctatun (Druch & Schimp.} Koponen Fooas var septentrionale (Bria.) G.L. Smith '
: - (Polytrichum norpe dteum)
AULACOMNIACEAE ! Po lyallii (Mitt.) q. L. Smith
— , ([’olx/trwuhudulphua lyallii)
Aulacormium falustre (Hedw.) Schwaegr. ° . .
B - s I’OLJY}'!(‘}INH cortmune Hedw.
MEESIACEAE : Po Junipdrinum Hodw.

. P. piliferum Hedw. o ! . !
Veenia “longiacta Hedw.

f BARTRAMIACEAE . . VASCULAR PLANTS
DO RANIACEAE
Aartramia {thyphyila ‘Brid. LYCOPODIACEAE
X .

f‘m;nn:m‘.w—: totragonun (Hedw.) Lipdb. Lyoopodium alpinum L.

N ihi Lo 2 i L. annotinum L.
1‘7[L70r:f7tLLv Sfemtana ~(Hedw.) Brid,. 3 ] . L opnotinun I
. . .
TIMMIACEAE . - . 'L. osalago L,
Timmia sp. SELAG‘INBLI.ACEAE

Selaginalla denaa hy;ﬂb.

[SOBRYALES EquiseTackae ’
ORTHOTRICHACEAL . Equicetum varicpatum Schleich.
ORTHOTRICHACEAL

. . 1
richun lacvigarum £. macounit (Aust.) Lawt..& Vitt OPHIOGLOSSACEAE

'« rupeatre Schleich. ex Schwaeqr. . .

feaum Nees oxtscurm . \ : ‘Botrychium lunarza (L.) swartz ,

POLYPODIACEAR _
HYPNOBRYALES EE “ . .‘ ’ Cyetopterin fragilis (L.) Bernh.
THELIACEAE : ' Gymnocarpium dryop:c;'in (L.) Newm.
Munrella .iul«xpv‘a (Schwa;{g;.) B.S.G. C . Polystichum lonchitia. (L.)  Roth. ot : . "
LESKEACEAE . : . ) ‘ CUPRESSACEAE Cn : e ) .
& ' A Surtea radicona (Mitt.\: N . ‘ . . Junip‘crua communig L.‘ . ' . oo >

THUIDIACEAE .. °
——— ]

PINACEAE et
RS 0) . s
Ve BEFII B 4

Crivier (Hedw.) B.S.G.

Sk neila abic fed ‘_aunuv.arprz (};ook ) Nu%t
tur (Hedw.) Lindbl ’ W 2
Picea rngalmann,
AMBLYSTEGIACEAFE P
. . . : -_ mey) contorta Dougl. ex»'houd o var.
A’r:iw‘u‘u Jtum ao rrn.r.u {(Hedw.) 'B.S.G. . . =
S Juﬁcmsu v
Crzew sarmentonum (Wahlenb.) Kindb. N :
: : : Juncus drummondii E. Meyer

Jampylium wtellatum (Hedw. ) C. Jens. ) - J. mertensianug Bong.
Drepanociadus revolvens- (Sw.) Warnst. T Liaule arcuata (Wahlenb.) $w. # - Yool
L. uncinatus (Hedw.) Warnst. . L. parviflora (Ehrh.) Desv. . .
. vernicosus (Lindb. ex C. Hartm,) Warnst. . . L. spicata (L.) DC. . ‘

. L. wahlcrbcr_n* Rupr.
BRACHYTHECIACEAE
SOALHYTHECIACEAE

‘ o c.‘{ngm\csm: e : B
ythdotum ualcbraa,m (Web. & Mohr) B.S.G. . - L

Arac
2. turgidun (Hartm.) Kindb. ! Carex albonigra Mack.
3. ¢f. velutinum {(Hedw.) B.S.G. " C. atrata L.
B, sp. . . * C. bipartita -All: R
’ : C. brevipes Boott . . : o
Hrriphyllum eipposum {Schwaegr, ex Schultc..) Grout C. brunncecens (Pers.) Poir. . - - o
C. eleusinoides Turcz. ex C. A. Mey. 1, - o
;..u'}x‘/r‘ urt pulehellun (Hedw.) Jenn. . .glacialie Mack. ' .
. . haydeniana Olney ° - .
Anmanf,_éypnum niterns (Hedw.) Loeske . C. anurutformma Mack.
’5!' . . . : : C. migandra R. Br. . , . f) BT
PLAGI! IECIACEI’\E B . C. nardina Fries . P A
€. nigricans C. A. Mey. |
Plagiothaciym dentioculatur (Hedw.) B.S.G. . C. pauperoula Michx. -
- . C. paysonin Clokey
HYPNACEAE } C. phaaocaphrxla Piper
' C. pyrenaica Wahlenb. -
Hyprum ;zroc»‘\'r[nu"} Mol. C. rupestric AllBioni var. Hrunmnnd ana’ (Dewey) Bailey °
#. revolutum)(Mitt.) Lindb. C. sazatilia L. (C. phusocarpa) . .
‘ ) . . : C.. opectabilis, Dewey tincl. ¢. tolmier)
RHYTIDIACEAE N
- \ : i Eriophorum polyeta e}*'an L. (8. anpuotifolium)
Rhytidium_ rugdewm (Hedw.)} Kindb. . E. achsuchacr1 Hoppe
\ . E. viridicarinzeum (Engelm.) Fern. °
HYLOCOMIACEAE ‘
| o Avbma;a bellardit. (Alllohx) Degland.’ R, mueauroiden)
Hplocemim aple sdens (Hedw.) B.5.G.: . .
. GRAMINEAE ! EL

‘ . ) L Agropyrmx latiglume Rydb.

v L . - : Agx;natin variabilis Rydb.



‘

Calamagroaties inczpansa Gray
C. purpurascons R. Br.

Danthenta intarmedia Vasey

Deschampoaia atropurpuréa (Wahlenb.) Scheele
0

IQ ceoapitosa {L.) Beauv.

Elyrnun innovatun Beal

F;utuca brqchyphyZZQ.Schultcn
Hicrochlve alpina (Sw.) R. & 5.
Phileum alpinum Lt

roa alpznu L.
P

custckii Vasey (incl. P. LpLL;a)
P.-grayana Vasey (P, aratica, P. Zonqtptla)
P. interior Rydb.
P, lettermanii Vasey N
P. patteraoxnii Vasey '
P. rupicola Nash. e

P. ucabralla (Thurb.) Benth. cx'Vascy
“P. ‘sp.

Trigetuam apicatum (L.} Richter

LILIACEAE

Vrr trum viride Ait.. var. enchschcltzii (R. & S.)

SALICACEAE
Popuing tremuloides Michx.

Sa3liz areticz Pall.
5. barrattiana Hook.

8, nivalio Hook.
$.veetita Pursh M

BETULACEAE
Hetula ylandulosa Michx.
POLYGONACEAE
* Eriogonum andronaécum Benth.
Ox;ria digyna (L.} ‘Hill
'Polygonun viviparum L.
PORTULACACEAE
Claytonia Zanqnnl&La Puish
CARYOPHYLLACEAE .
/.mm.am'.ﬂ obtuniloba (Rydb.) Fern.

. rossii R. Br
A/rubcllu {Wahlenb.) J. E. Smith

Carastium bchLngtanqm_Cham. & Schlecht.

.. .
Lychnis apetala L.

Sagina szginoides (L.} Britt.

ene acaxlia-L.

tcllegria calycantha (Ledeb.) Bong.

- - : (E. lactiflorum) N .
5 . - .
. o ; - E. a. var. nutans (Hotnem } Hook. N (E. hornemanniti)
S. LS"NIPLB Goldie (incl. 5. monantna) "E. anjuetifolium L. - . ,f
. R =
RANUNCULACEAE E. erttfol’-l.um L.. N
Ancmone drummondii Wats. o EELEA—~——

A. occidentalis. Wats. )
parvt flora Michx. L

Aquilegia flaucuccnu wats.
‘caltha lrptoncﬂalu DC.

Ranunculua ogchocholtzii Schlecht.
K. gelidua Kar. & hir. Lo
R, nivalis L.

R. pygmacus Wahlenb.

glauca L. var. villoaa (Hook ) Anderssa.

’ . Draba aurea Vahl.
D. orassifolia R. Grah.
D; incerta Pays.
D. lancoolata Royle
D. lonchocarpa Rydb. {incl., D. nivalis)
D. paysonii Macbr.
D. praealta Greene

Erysimum pallapii (Pursh) Fern.
CRASSULACEAE .
Sedum lanceolatum Torr.
SAXIFRAGACEAE
Laeptarrhena pyrolifolia-{(D. Don} R. Br. ex Ser.
- Parnasaia fimbriata Konig. -

Saxifraga adscendans L.
S. bronchialis L.

5. eaogpitosa L.

(P, canbyi) 5. .eernua L. B .
S. debilie Engelm. ex Gray (S, rivularia)
5. lyallii Engl, o
S. ocoidentalio Wats. s
S. oppeoasitifolia L.

hd S, punctate L. (S. acotivalia)

ROSACEAE . .

breitung Dryas octopatala L. ssp. hookoriana (Juz.) Hultédn

Fragesta virginian: Duchesne
)
Luctkea pcc:inatc (Pursh) Kuntze

POCCnttZZa dzucrutfolna Lehm,
- tharcttca Malte
N : ’ Pl nivea L.
‘ ¥, mniflora Ledeb.
P. villoga Pall. ex Pursh

Rosa acichlarin Lindl.
Rubup idaeud L.
Sigbaldié procumbene L.
LEGUMINOSAE N
Aatragalue aboriginum Rlchardu.

uns L.
liflezua Sheld

Ozytropin Lanpca: s {L.) DC.
0. podoecarpa A. Gray

EMPETRACEAE

Empetrum nigrum L,

ELAEAGNACEAE ¢ o

fo(L.) Nutt.

Shcphrrdra canaden

ONAGRACEAE Lo

' ’ ’ Epilobium alpinum L. .
£. a. var.‘cTaua:um (Trel.) C. L. Hitche. - (E,
E. a. var. lactiflorum (Hausskn. ) C. L. Hitche.l

- . 0
, ~ Arctostaphyloo uvae-ursi (L.) Spreng. '

Cassiope mertensiana (Bong.) D. .Don
¢, tetragona (L.).D. Don .

Kalmia pvlifali% Wang. var. microphylla (Hook.) Rehd.

) -
N Ledum groenlandicum Oeder

i . Phyllodooe cmpetriformio (Sw. ) D. Don

. Rl 7.nndulif7cfa {Hook.) Covxlle E >
Trolliuoa lazus Salisb. (T, albiflorus)” Veccinium cacupztaau; Michx.
: : ¢ V. pcoparium leiberg
PAPAVERACEAE

Papaver -kluanensis D. L8ve

CRUCIFERAE ,

. Arabia drunmondii Gray N
A. lyallii Wats. v !
A. lyrata L.

Fardan;nu bFZZLdL}OZLH L.
“oligosparma Nutt.

V. witig-idaca L.
- . PRIMULACEAE
Androaaca_ucitcntrjonalia L.
GENTIANACEAE
Gentiana glauca Pallas” ’ -
G. glauca (yellow-flowered form)
G. propinqua Richards., {Gentianella propinqual

G. prostrata Haenke AGentiana” fremontii)

'
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’
RORAGINACEAE .
M. stig uf?vJ}iua Hoffm. var. alpestris (F. W. Schmidt) I
Koch \ .
SCROPHULARIACEAE

Caatillvja oceidentulis Torr.
C. rhexifoliu Rydb.

Pedicularis arctica R, Br.
P, bractcesa Benth.
P. groenlendica Retz, ]

Penntemon cllipticus Coult. & Fish.
Veronicd wormokjoidii Roem. & Schult. (V. alpina)
VALERIANACEAE '

Valeriana .aitchonsin Bong.
;

CAMPANULACEAE
Campanula lagiocarpa Cham.

COMPOSITAE ™ \_'ﬁ N '
. . v "
Achillca millefolium L.

*
Ayoserio curantiaca (Hook.) .Greene

Antennaria alpina (L.) Gaertn.
4y lanata (Hook.) Greene
A. umbrinclla Rydb.

Arniaa «lpina (L.} Olin o 2
A. cordifolia Hook. ! L
A, diversifolia Greene . :
A. laty folia Bong. i

A folia vag. jracilis (Rydb.) Crong.
g itsenng Faxy .

Al Hook . ,

Greene !

Artemioia michaquxziana Bess.
A. nmoruegica Fries °
Astuer sibiricus L. . L ) '

Crepis nar: Rich. - ’ N

Erigeron acrig L. var. leb
E. curcus Greene .

T, componitus Pursh s : A
humilis Graham ' '

rallane Crong.

peregrinue (Pursh) Greene

!is Gray

Hiﬂrc:ium qracilc Hook. .

Petasiten frigidue (L.) Fries (P, palmatue!

Saugsuraa densa (Hook.) Rydb.

checia fremontii T. & G. RN
pauciflorug Pursh

8
3.
§. triangularies Hook.

Solidage multiradiata Ait.

axacur lyratum {(Ledeb.) DC.
sp.

=,
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APPENDIX 2. Arthropods collected in the Bald Hills.

CRUSTACEA
CALANOIDA [ .
DIAPTOMIDAE

Piaptomun whoshome S. M. Farbes .

o * DIPLObODA
CHORDEUMIDA : 0 .
CONOTYLIDAE e

tatyla albertana Chamberli
atrolincata™ (Bollman)

;opoQA
\ L

LITHOBIIDAE . \‘

LITHOBIOMORPHA

Lophobiua cf. helenay Chamberlin
. sp. . i

Hadubiuaﬂcf. ameles Chamberlin
"roabiue sp. ©
R ISECTA
COLLEMBOLA . RIS
PODURIDAE

Hurogastrura cf. mapubrialia (Tullberg)
H. wocialia (Uzel) .

Horulina sp. nr. K -{Tullberg)
M. ?n. sp.
pechiurue wubteruis (Folsom) -
sp.
ENTOMOBRYIDAE
omobrya cf. somparath Folsom N
nivalin (L.) .
E. n. sp.
E. Bp.

Folaam? s quadriceulata {Tullberg)

Igotomu grandiceps Reuter

I. violacea (Tullberg)

J. viridie (Bourlet)
i, sp.
*rao: . uruwlpaluntrfu (Mliller)
;roéunT;“q sp. o >
Tomociirus flaveacens (éullbcrg)
SMINTHURIDAE ' ’ : ‘
vy fowr oticlla hor?rnnin {Fitch)
ﬂruLunoumindhgrun repandua Agren
;
~ EPHEMEROPTERA . ° .,
HEPTAGENIIDAE
S:ynoncna’cf. ezZiguun Traver
ORTHOPTERA i
ACRIDIDAE A .
Malanoplua barcuZ}n_(Ficbcr) ¥
* GRYLLOBLATTIDAE '
Grylloblatta campodeifurmio Walker
" pLECOPTERA K s
TAENIOPTERYGIDAE . °
uAaet. gen. T
PERLIDAFE ‘-

. Taoperla fuoca Needham & Claassen'

\

Megarcyas watcrtoni Ricker

Paraparla wilgoni Ricker -
) lapoda columbiana (Claassen)
h .
THYSANOPTERA
THRIPIDAE
Anaphothrips acotiocrnis (Trybom). .
Aptinoshrips rufue (Gﬁ;lin).‘ ‘
A. otylifar Trybom .
franklinieclla cf. qchacta Hood N

F. oceidentalis (Pergande)

Ozythrips sp.

Tacniothrips orionio Treherne

HEMIPTERA -
. ANTHOCORIDAE s
Oriug tristicolor (White) s -
MIRIDAE
Deracocoris sp.
Lygua sp.
flagiognathug sp.
Trigonotylug sp.
undet. nymphs
‘LYGAEIDAE

Ceocorin bullatus
G. sp. .

{Say) .o o %

Nyoiua: thyri (Wolff) . L

HOMOPTERA ) ' -
CIcAbELLIDAE
Empnanng sp.
+ Lataluec sp.
Sclcrarauug sp.
PSYLLIDAE

Paylla armericana Crawford
v P, atriatz Patch

Trioza sp.
undet. nymphs
. APHIDIDAE =

Aeyrthooiphon sp,'

Amphorophora m,. sp. . - ‘.

A. sp.
‘Cinira sSpp.
Dactyrnotua cf. nigra:ubrrculatouOlive

Kakimia alpina (G. & P,)
X. n. sp. .

Macrooiphum sp.
Mindarug abictinus (Kpcti)

Myzodium modcatum Hottes
M.-8p., nr. modegtum (Hottes)

Pterocomma bicolor (Oestlund) 88p. groonlandicus H
>t .
. ERIOSOMATIDAE .
SRSV OPATIDAE
- b
Pemphigus sﬁ?l} T '

PSEUDOCOCCIDAE

Charizocécqho sp. nr. altoarctic;n {Richards)
Paa;docuccun sp. . N ; -
nymphs
COCCOIDEA

undet.. spp. (34)

" o

RL
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NEUROPTERA z

CONIOPTERYGIDAE

anbantnia 8p.-

Wesmael.us longifrons (Walker)
undet. genus

HEMEROBIIDAE

‘Halicoaonis lut‘a Wall,

Hamarobius sp.

COLEOPTERA

&
CARABIDAE
Amara dincorn‘xsy. .
‘Bambidion complanulum Man. 4
,B. grapei Gyllenhal
©B. ep. (incertum grp.)
B. B8p.
Carabus taodatus agassii LaC.
Dysochiriuas ap.
Nebria intermedia Van Dyke
Notiophilue uquatious (L.}
N. direotus Csy.
N. intermedius Lindroth
¥. ‘ap.
Ptarostichus haamatopua Dej.
DYTISCIDAE )
Agabus ingoriptus (Crotch)-
~-Hydroporuuimorio Sharp -
H. oocidentalis Sharp,
LEIODIDAE , oo
j ©
Hydnobiua c¢f. lobatus Hatch
H. ¢! matthewsii Crotch
Letodes. sp.
ETAPHYLINIDAE
Acidota quadrata Zett.
Aerolosha prob. n. sp.
Aleochara bimaculata Gyll.
Anthobium sp.
Arpedium brunnescens J. Sahlb.
A. tenue (LeC.)
-Athata sp. .
“Lordithon rubescens Hatch . .
L. 8p. .
Myoetoporua prob. n. sp. . K !
M. 8p. . : m )
Phlaeoptarus prob. n. sp.
Quediua dannivuntria‘(cuy.) .
sp. . . -
Stenue 8p.
Malthodes sp. nr. idahoenais Pend.
Podabrus extremus LaC.
P, tatragonoderus Fall
ELATERIDAE
Hypolithue bicolor Esch: ’ o

Negastriue tumasoans (LeC.}
BYRRHIDAE

" Byrrhua faeciatus Forster -

(B, stolidus Cay.)
B, kirbyi LeC. )

%1 (B, wickhami Csy.)

Simplocaria remota Brown
..5. tessallata LeC. .

"y
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NITIDULIDAE
Thalyora aonaoléﬁ {leC.)
LATHRIDIIDAE :
Lathridius -minutus L.
COCCINELLIDAE
.Coaa?nnlla novemndtata Hbat, /’
JH{ppadamia oragonensie Crotch.
Hyperaspis n.-ep.
SALPINGIDAE
Sphasriestes aitcrﬁa{pu {LeC.} ' -
SCARABAEIDAE

Aphodiue congregatus Mann.
A. op.

CERAMBYCIDAE
Callidium 8p.
Cortodera longioornise kKirby)

Pachyte lamed L.

CHRYSOMELIDAE

. Chrysomela sp. . L
Ganéoctﬂna niﬁoua alborta Brown
G. nivosa arotioa Mann.

G. spp. .

Hydrothassa boruella Schaeff.

TRICHOPTERA

LIMNEPHILIDAE
Asynarchua lapponious Zatt.
Lanafchua/faubini Denn.

Limnephilus hyalinua Hagen

"LEPIDOPTERA
PIERIDAE

Colias alexandra christing Edwards
C. nasctea gtreckeri Gr.
C. pelidne minisni Bean

SATYRIDAE
Oeneis polizenes bruocci (Edwards) -

NY&PHALIDAE ‘;57" .
Boloria aeunomia dawsonti (Bﬁ}nea & McDunnough}
B, titania botaduvalii (Dup.)

B. titania grandis (Barnes & McDunnough) -

‘Euphydryas cditha beani (Skin.)
Fymphalia m§lberti milberti- (Godart)
Speyeria mormonia bisohoffii (Edwards)
LYCAENIDAE ’ "

Lycaeides argyrogomon soudderi{ (Edwards)
HESPERTIDAE .

Pyrgus centauraas (Rambur)Q:

ARCTIIDAE

Pararctia lapponica yurrou%i (Stretch)
NOCTUIDAE . o

Anarta cordigera (Thun.)
A. malanopa (Thun.})

Autographa californica Spey.
?Copablepharon viridisparsa Dod. o
?Paronta diffusa Wlk.

?Spaelotis clandastina Harr. . -
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~ ¢ : . ’
. T . .
Syngrapha orophila Hamp. K -
o Cordyla sp.
?Zosteropoda hirtipes Grt. -
~ Docosia Bp. -
*GEOMETRIDAE : . .
. Exaochia sp. m
?Xarthorhe sp. ~ . ' o /
- " Mycatophila fungorum (Deg.) . )
undet. genera. M. ichneumonea Say
8
. PYRALIDAE . ’ i i H_;conyu sp. A ’
: ) Co : . B
Lo_outhu & commiztalia Wik. . . o ug.
COLEOP:(ORID)\E » H_/nauuz crigtata (Staeg)
: ; R. tarnanii Dzie
pqlooph'g.r;:z AR ,
RS . ' ! o new genus R ° -
) 7 - SCIARIDAE
NI I B : . - ] ’ 1 A
: ’ ‘ . .- Bradysia spp. (4+) .
G : - ‘ CECIDOMYIIDAE - .
Nepticdla spp. - . * K - T
L : . ' ' CECIDOMYINAE
DIPTER}\? ’ ' LESTREMIINAE
TRICHOZERIDAE o ’ : undet. spp. .
Triokboera coluhb{analklex.,‘. - C ’ TABANIDAE ) S .
T, 8p. . i . —_— _ . .4
. y . ' ‘ Hybaomitra lanifcra (McDunnough)
TIPULIDAE . o . . © H. owburni (Hine)
. [ ) .
chifhea albertensis Alex. N . " RHAGIONIDAE
c. alo:andriana Garrett c : —_ . .
) N Ptioling -ulberta Leonard
T-Lpula (Pterelaphious) sp. A . . '
T. (P,) 8p. B . : . . THEREVIDAE .
T, (P.) 8p. .\ - . . .
T. (Vestiplax) arattca [Lurtis . B , Therava cf. brunnea Cole n
T. (V.) leucophaec, Doane . ' ’ (. : i . : -
T. (V.) platymera Walk. : ) ) N pmpipibaE o
' . B .- o ) . )
NYMPHOMYIIDAE | _ S - N » Anthepiscopus n. sp.
Oreadomyia albertae Kevam Y L e : L‘haz;‘l:dr‘adrﬂmia n. nP-. <o T
.. . . ..
CULICIDAE : ’

K PR - . . o Iteaphila sp. ( r)

Acdea cataphylla Dyat ’ S s .

A. impiger (Wlk.) . ) ) .
A. pullatus (Coq.) ; . S . . Platypalpua prorsus Mel. .

Hilara Bp.-

CERATOPOGONIDAE . - Rhamphomyia (Maegacyttarus) up.
. R, ("ararhamphamyta) sp. 1
Ccrqotopogon {Ceratopogen). n. sp. R..(P,) sp 2 . .

Culicoiden yukonensis Hbff?mn faahypau: o. 8g.

Dasyhaelea sp. 1 . - L undet. genus: (Tachi,’dromiinﬁe)

D, sp. .
. PHORIDAE
Forcipomyia sp. . Lo T .
Y R : B biplongvra n. BP. .o o
. CHIRONOMIDAE . . . - N

Megasalia (Aphtoohaa tal lpp.

Chactocladius .8p. N. (M.} 3ap.

Cricotopus sp. ’ ’ - : Triphleba pciposa-(Zett.)

Gymnomecriacnch:. 3 J : EAM T . "

chropuaatra 8p. . . . Mierosania sp.

Smittia cf. paranudvpanm.a E"ﬁndin . SYRPHIDAE
5. m. sp. ) : S ) B runnnsae -
S S . Aretophila flagrans 0.5. R —~
. SIMULIIDAE : C X S : - ) . SO
: : DI _- Chryasotozum 8p. - ~
Proaimulium fulvum (Coq.) ' N R . - — RN L .. R o
P. cf. traviei Stone i oy . : . Eristalis tenaz (L.) ) - - . Jo
Simulium aroticum Malloch Helophilus hybridus Loew o
S. huntari Malloch B i B H.-latifrons Loew . o .
S. tuberosgum Lund.: o ' : T 7
: ) Malanoatoma sp. / !
Twinniaq nova (Dyar & Shanno . . : PR E
T ’ Mctaayrphus aberrantis. (Cn.)

'JIBIONIDI\E lapponicus (Zett.)
" Bibio ap. nr. nigri

Curran & s:¢. .lker -
8. sP: .

Phalﬁcrodira 8sp.

: . : o Platyochairus albimanus (Fab.) )
MYCETOPHILIDAE - : . P. sp.. . ' : 5
Alloéia sp: > ‘ . : : o ’ Scaeva pyrastri (L.), .

Boletina Longucornw Joh.* Sertoomyia nilit_urin’ Walk.

3, 8sp. A . -

8. sp. B’ . . . ) Sphaerophoria 8p.
B, 8p. 6 . o

3. sp. 19 Syrphus torvus O.S.
B, 8sp. 20 L an



.0 - .
DRYOMYZIDAE / . Gonia (Dnyc)‘xogon{a) fissiforcaps Toth. v
- . . . - "
Dryomysa aetoaq (Bigot) " Ietochata ‘olaripennis (Rnh,) -
PIOPHILIDAE . ! . Linnaemya varia Cn. . - .
= oLIDAE j
Mycetaulua' nigpitellua Hclnndur. . Pelateria angulattz Cn. or posticata Cn.
. , . P. bryanti‘Cn. .

SPHAEROCERIDAE " P. ourriei (Tnsd.)

N a . . B
‘ Copromysa equina Fall. an.uaopp-x.a cf. hcl_/r-mu (Wlk.) o -

. : - ] P. n. sp.. i
Laptocera fontinatie (Fall.) . -
L. ap, 1 . . undet. "genus - \
L. sp. 2 . . .
EPHYDRIDAE : . HYMENOPTERA
R —— - .
Philygria debilio Lw. ) . ' : TENTHREDINIDAE .
A ——2AF
AGROMYZIDAE ’ , Amauronematus sp. nr. borecalpina (Linaqvist)
: ’ 4, vartator (Ruthe) . .
H‘_./tonyna dcﬂn.anzx Spen. . N ? A. 8p. |
P.sp. 1 . . 0
P.oap. 2 c - : Prz,otophara boraa (Knw:)
. . : P. breadalbanensis (Camex'on)
HELEOMY ZIDAE P. galida Wong-
‘ - P. 'n. sp. | ° L.
Ascothea sp. . . . : . . N
. i Pteronidea sp. &

Holaomyza diffieilis Gill

Tenthredo anomocera Roh.

Orbellia barbata (Garrett)’- T. originalie (Nort.) : ’

- . Ts 8p.

ANTHOMYIIDAE : N -

T . . ) - ‘SIRICIDAE

Azelia maocquartt (Staeger) B
A . . .

Urocerue albtcarmu (F.)

Eremomyioides satasa (Stein) - . U. gigas flavicornio (F.) °
Helina oineralla (van der Wulp) S BRACONIDAE . -
H. Sfulvisquama (Zett. ) . . o
H. aqualgns (}ett ) - © Apanteles yakutatensio Ashmead . : i
. . A, ‘sp. 54° L . .

Hydrophona cf. altilega Huckett . . . ‘A, sp. 110 e . . -’

3P. nr. verticima (Zcmt ) v . . . e A. n. sp. .

S . . . .
Hylemya platura (Meig ) T . v Aphidius nigripas Ashmead -
H.' (Botanophila) 8sp. A, sp. ' . . 3 N
H., (Delia) sp. - ' . .
H. op. Aspilota sp.
< . .

Lasiops albibqoalis (Zett ) N . [ Colaaten sp. - . . . .
L. furcatus (Stein) . . : : . . ’
L. ZLU'LdY.Ua?lt)"Lﬂ {Zett.) ) dacnuda sp. .
L. epiniger (Stein) . U . . . .
L. subrostratus (zett. ) o

Hormiug sp.

. X . : ] . . P .
Paregle oinarélla (Fall.)" - : Tehineutas n. sp.
. » . . -
‘Pagamyia 8p. (Zipaia 9rp.) Mateorus lau‘ief&ntrin Wasm. :
3p. N
. . : ;'{ Microplitia n. ap.
F)manuz altiocola Mal}, . . X | ‘M. n. 8p.
B, morio (Zett.) - . . -
P protubcrans (Mall.) - " Monootonus n. sp. . -
18! rugta (Walk.) . B .
i - - : - Orgilus n. ap. _ . .
! Ouadrulam.a lactifica (R.-D.) . ) S .
. (N Praon aguti Smith . X ' L
Spilogona sp. nr. melanocaoma 4 latilaming . . : . -
S. sp. A L ) T Rogas n. sp. L ! : .
S.i8p. B 7 .
: . . : = ICHNEUMONIDAE

SCATOPHAGIDAE - . ’ T ’
; . ) N : A . Aolastus 'sp. . . v

Midroproaocpa diversipas Cn. .

| L o ! Aoul’ichnaumbn (Crypteffigiees) obnfuuus (Ashm.’) -
Scatophaga furcata (Say) . ) d .

L . o ' . . Agrothorautes abbreviator rufopeotus Cush. B
MUSICIDAE : Coe ) o
i Alezoter. app. . X . .t
Pagalnamyja 8p. - s
’ . ’ X . Atractodes spp. .
CALLIPHORIDAE 2 . o - . .
Sot TDRIDAE ACH .
- . : : Bathythriz n. -8p.
Auronaaia anana Hall . - v ¥ P . . " - .
Barycnam.c chZator Muller ™y . . T
!i:/namya cadaverind R.-D. emmm . B. sp. ] . N - :
\ : ..
E""GZLUP’W“’ tilaca (Walk.) ot - Bm\stkra laborator altonii (D.T. ). ..

Frangilia j'uoatpalpu {Zett.) Campodorus sp.

SARCOPHAGIDAE. i L . S Campolatis spp.. -

‘Agria hou}ui Shew. . Campoplex sp.

. . . o
Wohlfahrtia vigil (Walk.) . . Caahohnaumonopa cashmani Heinr.

> . . o C. oceidantalis (Roman) ’ :

. TACHINIDAE . B ] R . C. solutus (Holmg.) : e .
Allophorogera n. sp. i  Cremnodes sp. - . ’ -
Arctophyto. marginalia cn. . ) ). - Cryptus arc;t-iaua Schigdee

. B N ) :
Chaetovoric seriata (A_J‘d.) , Ctanoohira infang Tow. & Tow. -



G

E
o
Livveric lugubris (Cress.) -
sp. ' - '
. P
birlomeristy tezana (Cress.) 5

Nudeygma s

[

«

Endanys 8p.

Fugtepint sp.

Fxochuo cvetriac Roh.

ieite spp.

Hubophoreitus injucundun nedheticue Heinr.
ishndumon approximans Prov.
I. sp. - “ )

sp.-

;.::hx-.wti:uu ap.

Lisaenata sp.

_.‘j/ﬂl:f‘l'd ap. 4 . o s

Medophron sp. -
.

Meiobdric sp.

o~
MHeoooho
Mooave

ws agilis Cress.
Jdus gelidus Dasch

Mesoleiua spp. ] -

Meaoleptug sp.
3

Seostroh

urateles sp. . L -
Wipiphagd sp.

bioiphagd sp.
cClecicanmpe sp.

.

i ragblus s5p. . . .

irthocentrus abdomivalina (Prov.)
O, sp. .

Fhacogenes 8p. Lo
Prugadeuor sppl b

le sodalis.
a .

PlneLia_m’dca. sp. _. CoL -

Polublabtua (Polyblastus) gtrobilator (‘I:n hb.)

:;vo;}.‘qia spp. c . T
.-

Stenormacrua Spp.

rutes Sp.

Stilpnue 8p. v
- T3ynodites sp. . ‘
"undet. Gelini
MYMARIDAE * » . .
v Anagrus armatus Ashmead '

A. ?n. sp. . . -

Gonatocerus sp,
1]

’i‘RICHOGRAMMATIDAE BN S . [ I

Trichogramma minutum’ >
EULOPHIDAE

Ac}xryugch'ar.'ll;: sp. - —
.L‘hrgfn(>c$:arin (Chriysocharis) sp. ’ )

L‘:‘,vrroapi lug ?n. sp.

n

Coi luphus begini {Ashmoad) »l )
D. websteri Crawford N . .

Yuderug J ;-:ml-mmz'; (Crawford)

froapaltella ?n. 8p.

Tetrantichus sp.

- CYNIPIDAE
(RITIDAE

rhysokermia Compere

Paeudoencyrtun

R [ )
Stemmafontercn kuchar? Yoshimoto .

Tetracnemup ?n. Q-
T. up.

“PTEROMALIDAE

.
Gaatranciatrun auturmalio {Walker)
G. 8p. L : -
fiabrocytuc spy
Magopolobua sp.

Fachynceuren sp. . .

Alloruata s'p.
Calofigites sp.. Lo ) -
PROCTOTRUPIDAE -

Codrua ap. - . ' T , a

Cryptoserphus sSp.

Fhacro wypphus SP.
'CERAPHRONIDAE

Aphanogmie Sp.’
‘.C«'rapf'xrov: sp. T N

Conop a

Lygocerus sp.

DIAPRIIDAE

Aclistu sp. -

Bai

Do spl

Micta sp.

nosp, A"

bdpzlzv.
Pantoclis sp. .
Pantoluta-s
lygota sp. A . . - .
I, sp. B i . .

- i . o

. SCELIONIDAE - : R

Telenomus sp.
o 3 - . o
E4

Trir'.orun“sp:
Allotropa sp. ‘
Plu:‘y{{ac:nr" sp.
FORMICIDAE

Camponotup hn.-rculqm‘wa (L.)
¢. noveboracensis (Fitch)

Formice fugsca L.
F. 8p.m

-Lastug sitkaensis Perg.

Leptptioras (l: ncbthorar) egnadensie Prov. T
e - ~ :

Myrrica lobicornic fracticornis Err(efy R "-,_
VESPIDAE .
Veapula acadica (Sladen) - .

V. norvegicoides (Sladen)

ANDRENIDAE " | N
Andrena ?fulvierivta Vier. -
HALICTDAE -

.'Lanioglonuum sp.
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MEGACHILIDAE : .
domia 8p. nr. brovis Cr.
APIDAE . :

‘ Bombus kirbyallus Curt. )
»8. malanopygue Nyl.

B, mixtus Cresa,
8. polaris Curt. A
B. aylvicola Kby. . .

Paithyrus fernaldae Franklin

_ARACHNIDA
PHALANGIDA
PHALANGIIDRE

Leptobunus 8p.

ACARINA .
PAEASITIFOhMES
MESOSTIGMATA L.
CYRTOLAELAPIDAE
( Gamaucliuu ap.
o HAEMOGAMASIDAE
Haemogamaous Sp.
PHYTOSEIIDAE
" Amblyoaius 8p.
TRACHYTIDAE
?rauh&tau Bp.
EhRCONIDAE
énrcon ;}. 1
Z. ap. 2 . .

Z, ap. 3
Z, sp. 4

PARASITOIDEA
o

undet. genhs

AC%RIFOREEE -

ACARIDETI

‘ RHIZOGLYPHIDAE
Schwicbea sp-

' PROSTIGMATA
ANYSTIDAE
Anygtia ﬁp. &
BDELLIDAE '
Bdalla longicernic
B. muscorum
B. 8p. . '
Cyta Bp. .
-—EREYNETIDAE
Erﬁynotau 8P,
ERYTHRAEIDAE ~
"fjbrolophuu ap.
’ gryehrabuu.sp.
EUPODIDAE
Cocacupodau:up. R
. Eupodao sp.
NANORCHESTIDAE
Spelcorchenten sp.

PACHYGNATHIDAE -

Bimichaalia 8p. A\
Tachygnathus s8p. S

~

PENTHALODIDAE PN . Py
Punth&lodco Bp.
RHAGIDIIDAE
Rhagidia 8p.
STIGMAEIDAE
Lracrmucllvria sp.
‘Mediolata 8p. o
Stigmacus 8p.
fETRANYCHIDAE
Bryobiq sp.
Eotetranychug sp. (tiliarum grp.)
fROMBIDIIDAE
Microtrombidium sp. -

Podothrombium malignum Vercammen-Grandjean

" TYDEIDAE

Lorryia 8p.
Parclorryia sp. : f

Pargtriophtydaue sp.

Tydcus 8p. ’ -

ORIBATEIL
AUTOGNETIDAE ' -
'Autoghntﬁ sp-. .
Eobrachychtﬁoniun sp.
CAMISIIDAE .
Camigia Sp: 1 oL
7. sp. 2 . s .
Xaonothrus Bp,

Kothrus 3SpP-

CERATOZETIDAE

Dentizetes SP.
Hemmeria SP.
lfugoribates 8p.

: DAMAEIDAE

]

gpidaraeug 8p. 1 . . .

E, 8p. N N . ] ﬂi!-

Hungdvobelba sp. u
EREMAEIDAE

Epcmacue Sp. 1 o

E, o sp. 2

Ercmulgn Sp.
LIMROZETIDAE ‘ -
Limnogetes 8P, -
MALACONOTHRIDAE . '
Trinal;canothrun 8p.
.MYCbBATIDAE‘ o f - . s
‘Mycobates sp. o
NO;HRIDAE
Nothrue SP.
OPPIIDAE . . =
. Oppia sp.
GRIBATELLIDAE

-
frivatella sp.

y . . .
¢ ORIBATYLIDAE ' ~

Hemilaius sp.- Mg e .
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PARAKALUMAIDAE e P. groenlandics comples :
F¥eoribatur 8p. i ;;I,Ipﬁ,:—fa?—.os?t“:n;!l)ilckwall)
$] - 5] : !
TECTOCEPHEIDAE o ,;Z?%ﬁzr?i"'éimm Y
';"“o:og.:phcun 8p. ) . - 5’. ‘z?é;;::{éﬁﬁ;é};s wevt
TEGORIBATIDAE . ’ . R g: z:éaig.(2§ér:§;;anﬂ Gcrt??h .
‘ Lepidoacten sp.’ . - . ‘ g: :: gg: 2
TBNUIALIDA? 1 THERIDIIDAE
. Tenuiala 8p. . . Tﬁuriiinu sp. .
THYRISOMIDAE P - ARANEIDAE, T
Mribetla sp. 7 ) . Aculepeira sp. nr. aculeata (Emerton)
TRHYPOCHTHONIIDAE - ‘ N ’ . - ‘> ‘ LINYPHIIDAE v .
Trhypochthening sp. ! Agyneta cauta, (Pickard-Cambridge)’
)\R}\NE;DI\ s . : Caledonia cvanei Pickard-Cambridge -
AMAUROBI IDAE . o o . a Errf;{ciluu sp. nr. atriceps (Pickard-Cambridge)
Arotohiun ag;lunqidvn (Emerton) o ceosp 2
. DICTYNIDAE i . . A Gura’ wHla sPe g .
/” Argenana lorna Chamberlin z§;Lr£ach '(J - -Ceratinopoia Zabﬁad@runuia Emerton ’ !
/ Dictyna sSp. nr. borealis (Pickard-Cambridge) . CHCPhaldéatqq obacurus (Blackuall)”

‘ D. ocquernoga Jones - -
av y Cochlembolus alpinus (Banka)

-C. aacer Crosby

iwthys aiberte Gertsch

woe L gollinata sp.

GNAPHOSIDAE (DRASSIDAE)

Cornicularia cof mmuris Emerton

skooa holmi : . ol c .
gqniﬁzi:p;o”g;mTullgrpn ) . - C. dircrta (Pickard-Cambridge)
- ¢ o . karpingkii (Pickard-Cambridge)

G. mugcorum (Koch) . . . - o

Sriyénc n. sp. nr. sogrcphica Cr=sby & Bighop

Micapia Haoporclla Gertsch & Jellison )
. o \ E. n. sp.

Zeletea 8p. nr. hentzi Barrows

2. asubterrancus (Koch) o ) Bularia sps

CLUBIONIDAE

Clubiona praemctura Emertdn
€. riparia Ko&h - :

'rubmsm;\z‘ o
"Philodromus alascenaia Keyserling
Xysticus duruu-(Soefcnscn)
X. labradorensic Keyserling
X. luctuosus (Blackwall)
SALTICIDAE
Eucam?ic ?n. sp.
" Habrenattuor sp.
Iciug sp.

Ncan sellit Peckham & Peckham

ittieua. gaxicola -(Koch)
Sp..,

t

S:oiqgu sp.

Talagvera minuta (Bénkg)
AGELENIDAE . .
Agclcnz_;puiu 'ytahm;u Chamberlin &’ Ivie
HABNTIOAE
Hehnia glacialin (éoereﬁ%eﬁ)
LYCOSIDAE .

~drctooa inui&nita (Thorell)

#ilaric spa
Islandiana faioifica. {Keyserling)

E s
epthuphatop arboreus (Emerton)

:
L. complicatus (Emerton)

L. poliicaris Zorsch

Linyphantcs.n., sSp. . N

. Meioncta sp.

Minyriolug castarous (Emerton)

Urconetides vagingtua (Thorell)
Pitjohyphantes phrygianus (Koch)

Hhacbothoraz n. sp. nr. broccus {Koch)
5. sp. : .

Seiaates sp. W
 Seylaccun obtusus V(CEmerton)
Sigicottus rontanuo (Emerton)
Sisis rotundus (Emerton) ) 'v_‘f
. ’ ot

Smodiz retfeulatus (Emerton)
Tigo,acotivus (Koch)

Fuphochracatua pyamacus {(Soerensen) ,
. sp. . :

Walekenacra sp. ’

undet. genus nr. Helophora

undet. genera

[}

Mclocoaa fumos< (Emertony '
@ : g ,
Pardosa sp. nr. aromala Gertsch . . RS
P. n, sp. nr. distincta (Blackwall) K - .
P. .furéifera (Thorell) . . ' . : - T
™, Juscula (Thorell) : o : ' S .
. . “ . c BN
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*APPENDIX 3;-:Vertebrate‘fahna of the Bald Hills. ;
7
AVES " - ’".fﬁf ._" -
ACCIPITRIDAE e '_
. Aceipiter atriafus“Vieiilormiif Sharp—shinqaélﬁaWk.'i: u
Aquzla chrusaefds (Llnnaeus) ‘; Goldénagégiefx - - (B)
Buteo Zaﬂopu ﬂPontoppldan) Rough?Ieéged Hawk .~ = m
Cerus cdargus (Llnnaeus) - Marsh‘Hawk_ ‘ ' m’
 FALCONIDAE | B -' - o
Falcolma"zc&Aus Shhlegal Prairle Falcon ) Y\B)'
F,Jpereﬁr~nus Tunstall . Peregrlne Falcon u
F sparﬁerzus Llnnaeus Sparrow Hawk m
TE(TRAO\IIDA.. L A ,'vxj/fafdi‘f“,:/‘?; S B
| Dendraaavus obscurua (Say)wgéA{Blue Gﬁ;use'- o s
‘Lagopus Zaaopus (Llnnaeus) - Wlllow Ptarmlgan o B -
L. Zeucurus (Rlchardson) Whlte -tailed Ptarmlgan . B
» CHARADRIIDL o . R 7
i Charadrtus ugczferus Llnnaeas_ ’ Ki;ldaer  ” o : -om’
PZuvzaZws domznzca (Mﬂller) | Aﬁériéag Golden Plover m
SCOLOPACIDAE | | | i
Calzdrzs‘bgzrdz; (Coves) Balrd s Sandplper‘v . | m .
Eeterosc;lus tncanus (Gmelln)gi) Wanderlng Tattler - m
- STE;&IDA_. / LT | |
.;:%szof;tus (iinjaéus)i ' Long eared owl ‘r.:‘- | ou -
‘StrixinebuZOSa Forstar = Great Gray owl : » E— ]
| TROCHIL’IDAE - | | “!
Selaspnorus rufus (Gmalln) -Rufaus Humﬁingpird o
TYRANNIDAE | o ’ »
.NuttaZZorrL éoreaZzs fSwalnson) o Ollve 51ded ?~"1u7:

} o : o “". Flycatcher
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ﬁayornis éaya~(Bonaparte) ~ say's éhoébe o o u' m
ALAUDIuAE ' 2

Ergmophila aZpésﬁrié (Lihnéeus) Hofned Lark . -‘ B
HIRUNDI.’NIDAE | ‘

Birundo fustica'Linnaeus Barn éwalloﬁ_ - B

Petrochelidon pyrrhonota ‘(Vieillot) Cliff_Swallow f é'
CORVIDAE o R A{
. Corvus corax Linnaeus Common Raven : ﬁﬁ "& (B)

‘ .byaﬁpcitta stelleri (Gﬁélius 'Stelléf?skJay \ | u
Nucifraga coZumbiana;(Wilson) - Clark;é Nutdrackeﬁ" (B)
“}erisoréus canadensis”(Linuaeué)‘ " Gray Jay . 's .
PARIDAE - o N R N

Parus atrtcapzllus Linnaeus ~ Black- capped Chlckade S °
P, gambelz Ridgway . Mountain Chickadee S
P. hudsonicus Forster | ‘Boreal Chlckadee S
SITTIDAE | |
Sitta canadensis.Linnaéqu' ' Réd—breasted Nuthatch " éf
cINcLIDRE N . AT ;?
Cincius Mexicaﬁus Swainson - :uDippér ';; , S .S
, TROGLODYTIDAE R e, '%“'9" S
Troglodytes troglodytes (Linnaeus) 'Wintei'Wreu‘ ] m @
TURDIDAE R _ . e
' ' - o - I . o .
Catharus fuscescens (Stephens) - Veery . . (B)
C guttaﬁus (Pallas) ‘Hermit Thrush EE . B. 7
Ixoreus naevius (Gmelln) i Varled Thrush | L s
‘ Myadestes tdwnsendt (Audubon) - Townsend s Solltalre (B)
Swulpa currucozdes (Be steln) ; Mountaln Bluebird (B)
Turdus mtgratqrtus plnn eus ‘American Robin o B
sxtviioat A

Y
i

' Regulus calendula (Linnaeus) Rubchrdwﬁéd Kinglet . S .



status uncertaln

S

MOTACILLIDAE
Anthus spinoletta (Linnaeus) . Water Pipit’ B
CE L TEH - e ST
BOMBYCILLIDAE
Bombycilla garrulus (Linnaeus) Bohémian Waxwing (B)
~-PARULIDAE -
pendroica'corOnatd auduboni (Townsend) Aubudon's S
oo _ Warbler
D.. c. coronata (Linnaeus) Myrtle Warbler ' S
Wzlsonza pusilla. (Wllson) Wilson's Warbler. s
: . -
FRINGILLIDAE C L - S n '
Cdlcarius Zappbnicus (Linnaeus) = Lapland Longspur - m
o . '; ' ) . . o . . )
Jundéo hyemalis hyemalis (Linnaeus) " Slate-colored S
: N ’ ' : o , Junco.
J. hyemalis oregaius (Townsend) " Oregon Junco ' S
Leucosticte %ephrbcotis (Swainson) . Gray- croWned' B
o ' - - Rosy Flnch
Loxiaecurviroétra Linnaeus =  Red Crossblll S
Passerculus sandwichensis (Gmelin) -  Savannah . B
T o ) - Sparrow
At . B . .
Passerella iZiaba (Merrem) . = Fox Sparrow B
Pznzcola enucleator (Llnnaeus) , Pine Grosbeak S
.sznus p”nus (Wllson) Plne Slskln § S
szzella brewerz Cassin Brewer s Sparrow B
V‘S..passerina-(Bechstein) Chlpplng Sparrow S
Zonoﬁrzchza atrzcapzlla (Gmelln) ' Golden-crowned B
: o Sparrow .
2. Zeucopnrys (Forster) . . Whlte crowned Sparrow (B)
B = summer. nester , o
- (B)= seen but probably not nestlng ‘ . ' T
S = subalpine, but regularly wanderlng above tlﬁﬁerline
m =-mlgrunt , . : ﬂ/ i .
u =
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“ MAMMALIA

SORICIDAE

Sorex cinereus cinereus Kerr
S. vagrans obscurus (Merriam) .

OCHOTONIDAE

Masked shrew -
. . Vagrant shrew

Ochotona prtnceps prtnceps (Rlchardson) ‘Pika '

LEPORIDAE

Lepus amerzcanus coZumbzenszs Rhoad§

SCIURIDAE

. Varying'hare

"CzteZZus'(SperMOphiZus)'c} columbianus Ord

Columbian ground squlrrel

C. lateralis tescorum (Hollister)

> o Golden—mantled ground squlrrel

b Eutamzas mznzmus borealzs (Allen)

Marmota caZzgata oxytona Hollister

Least_chlpmunk

Hoary marmot

Tamzasczurus hudsonzcus coZumbzenszs Howell

CRICETIDAE o iy

Red squ1rrel

Clethrzonomys gapperz athabascae (Preble)

D

Mzcrot#s Zongzcaudus veZZerosus Allen
Long- talled vole~
& Bach.)

M, pennsylvanzcus drummondt% (Aud.

M. (Arvzeola) r. rzchardsonz (DeKay

‘Peromyscus manzculatus borealzs Mearns

" Phenacomys zntermedzus Zevzs Howell
' Synaptomys borealzs chapmanz Allen
ZAPODIDAE

Zapus princeps saltator Allenylt

: ERETHIZONTIDAE : .cﬁ

-

Eretkzzon dorsatum nzgrescens AllenA

)

“Red- -backed vole

Meadow vole
Water vole

Heather vole

Lémming vole

Jumping mouse

Porcupine

Deer mouse

uc

uc .

uc

. uc
Cue

ue.

uc -

ex

ex
uc

ex

ex
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* ‘CANIDAE o

Canis Zatrans znco7atus Hall . Coyote T r
C. Zupus columbzanus Goldman Timber wolf Ce r

URSIDAE
Ursus aretos Zatﬁfronsi(Merriam) - Grizzly e - uc

MUSTELIDAE

Gulo luseus luscus (Linnaeus) Wolverine o uc

.- Martes americana abietinoides Gray " Marten. - ' uc
M pennantiﬁcolumbzana Goldman - - Fisher Lo r ‘

MusteZa ermznea wnvzcta Hall ' Ermine_ ¥ S :'> uc
FELIDAE | |
Felis: concolor mzssoulens¢s Goldman Cqugar : r
Lynzx canadenszs canadensisg Kerr‘;' vCanéda lynkv >
" CERVIDAE | 4
AZceg-aZces'anderéoni Peféréon{d Moose.' ‘ ">£ [~u¢
Cervus canadenszs neZsont Balley _"Elk ' - _ r

Odocozleus hemionus hemzonus (Raflnesque) . Mule deer C

Rannger tarandus ~earibou (Gmelln) - Rocky Mountaln ‘
' ' ’ carlbou C.
BOVIDAE | . S T B AN

Oreamnos americanus missoulaevAllén_-'-,Mountain goat - ye T

common .
uncommon

rare or accidental - _ P .
expected to occur L A

uc

I

. ex

)
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APPENDIX 8. NumberS}of~occurrencés bf‘vaséulqy‘and cryptogamic
Plant species within and outside of Silene deaulis
cushions in a 7x10 m area of cushion-rosette tundra. .

zongl ' BRI A B C. D - TOTAL

VASCULAR PLANTS - . - S o , ¢
Arenaria obtysiloba L . ’
PArtemisia norvegica
- Carex phaeocephala
Draba cf. incerta ..
Festuca brachyphylla
Luzula spicata
Poa arctica
Poa ?lettermaniti o
“Potentilla divérsifolia -
Potentilla ?hyparctica .

T SR
TR
NP RO 0
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X

SRS NS

v N o .
S TN WO WON
)

suM L=y

u
-
N
oW
o
o
o«
[%Y)

-

BRYOPHYTES R . SR R S } A

" . Barbilophozia hatcheri . ' R .

Bryum sp., i .
Ceratodon purpureus
Dieranum sp. - o
Hyprnum revolutum .

. Paraleucobryum enerve.
Polytrichum ?duntperinum
Polytrichum piliferum
Rhacomitrium canescens
Rhytidium rugosum .

. Jortula ruralis: .
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LICHENS b . Ve
Buellia papillata?. - - 5 -
Caloplaca jungermanniae & T15 1 .3

- C. stillicidiorum ‘ E ' '
Candelariella sp.
Cetraria -cucullata : 2
‘Cetraria cf. ericetorum 2
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. Cladonia cf. eécmocynd .. . 2 s
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Cladonia coccifera - )
Dactylina ramuiosa T s
Ochrolechia sp-. - '
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Deltigera rufescens. & P.ispﬁria_.
Pgoroma hypnorum - C v ’
Stereocaulon alpinum R §
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~SUM ALL SPECIES - . . 133 38 33 43 C247
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centrally on cushion .~ . o ,

medially on cushion .& at edge o

‘unassociated with host' plants S - o -
with host Species other than Silene 4 . ST e
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?Also'po;sibly Lecanora caStanea;;Riﬁodina_sﬁ.f
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APPENDIX 10. Numbers of arthropods caught in pitfall traps in the Bald Hills
through the 1970 season. ;
. 5
6-12 12-24 24 July- S-19 19 Aug- 1-15
N July July 5 Aug Aug 1 sept Sept TOTAL
DIPLOPGDA - 1 .6 12 . 131 38 30 118
CHILOPODA o 1 2 - ' 3
COLLEMBOLA - . '
Sminthuridae - ‘8 . z3 L. 32
Entormchbrua nivalis 85 - 36 19 27 13 16 - 196
Isotora spp. 75 . 61 T 102 302 197 276 1013
Morulina nr. gigantea - T 27 .76 91 51 256 ~
Tormocerus flavescens 154 . 63 . .89 192 197 95 791,
; . . . 5
HOMOPTERA : ' - ’ : Yol
Ermpoasca’ sp.. , 1 14 12 2r 30 12 96“7”
Scleroracus sp. ‘ 2 1 18 26 18 65 |
Pgylla americana ) 3 51 - 33 - 277 270 634 |
Trioza. sp. ) 1 3 3 2 9 ) 3
Aphididae . -, 25 20 9 13 24 16 107
Pseudococcidae - 6 10 3 14 1. 7. 41 !
. . .ol
' COLEOPTERAY - : : , R
liebrig ir&tcl‘nedia . 16° 31 25 32 42 18 154 ]
othérs - 34 g7 105 113 73 80 492
LEPIDOPTERA = ' . . C . '
Noctuidae ad. Lo . 2 1 . 6 4 4 17
: lar, . 10 37 16 " . 35 24 2 124
Hepticula spp. 2. i ’ 1 : 4 _
DIPTERA Cre o . LT ‘ : - &
Bradysia sppa. . 104 278 . - 142 3918 1428 101 5971 .
Megaselia spp. 32 143 © 92 77 53 . . 5. 402/
Mycetophilidae ) 23 Y 14 5 3 77)
Empididag  °* 2 8 » 2 1 £ 17
Anthomyiidae 78 158 104 59 25 6 430,
Tachinidae . . 1 : 1
others . 18 . 15 - 8 12 2 : 62[
. ’ o
HYMENOPTERA, Co : | -
Tenthredinidae ] - 4 15 10 3 32’
', Braconidae : 4 6 2 7 9 24 4 49
Ichneurmonidae 9 14 10 74 20 8 13
Ch&lcidoidea 1 ' . 6 5 1 15" 2
Proctotrupoidea 2. 2 - .-18 31 22 7
Bombus spp. . 1 12 .. 17 - 3‘5
PHALANGIDA . : 2 4 20" 23 4 53
ACARINA = . ’ ‘ . R - ) L
Erythragus sp. 52 168 - 283 385 326 11 l2§15 Lo
Podothrorbium malignum 17 238 228 195 125 © 47 850
Micrecrorbidium sp. - 19 63 57 2. 36 ‘1 197
Parasitdlidea o 1 ’ ' 2 3
* ARANEA ’ S . L,
Cnapkesa spp. . . 9 4 17 9 1 0 @ .
Micaria hesperella 1 21 - 8 .. & - . 3 1 9
Hékniz glacialte SIS} 20 1L 23 - 3 1 /59 R
Arctesc tnsignita ) 11 6 7 11 35 .
Pardcea spp.. .i... 7 31 35 48 38 -3 62 .- - ?
Xysticus spp. e 17 ° 10 11 14 L3 55. :
Linyphiidae" | ~=w 3. . .52 54 106 93 78 96
others LI ’ o1 8 R U R 5 -7 . 130
‘ )
I
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