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In. the Canadlan Rocky Mount&&ni} Ca331ogg mertens1ana

(subalp1ne/marit1me) and C tetragona (art1c alpxne/

gfont1nental) are major components of the healthland

-

-vegetatzon ihat 1s characterlstxc of h1gh latltude treellne

'-areas. The two specxes show n1che separatzon along the

complex grad1ent og elevat1on exposure, 1n part related to

;phys;olog1cal d1fferences in. plant water relatlons and cold

'hardlness.' ’ ';'l" 2;173 '

where early (October) and deep (>1 5 2. 0 m) snow.‘“

faccumulatlons provxde m11d w1nter condltlons. Transplants in

-~

Cass1ope merten51ana occuples protected subalplne sxtes9

&

»

1more exposed tundra s1tes experlence lethal de51ccat10n and i

llow temperature 1njury. Plants are cold hardy to only oa.

~the low alplne zone. Variable early wlnter snowfalls

-26 C and requ1re the protect1on of SNOW cover 1n severe

northern»wlnters. Late snow release (early July) reduces the

\

.potent1al of summer drought, but atmospher1c moisture stress

can cause m1dday reductlons in turgor and stomatal closure
even.at high so1l water potentlals..Shoot'groﬁth is redueed
in sites of earller or later snow release and at h1gher

elevat1ons. Greater leaf longev1ty (5 7 yr) than C.

”tetragona (2 3 yr) may g:ve 1t a competltlve advantage 1n:

'jprotected sites. - l, S

Cass1ope tetragona occup1es moderately exposed S1tes in

~

frequently subject plants to de51ccat1ng cond1t1ons and low

"-temperatures (<~25 to -30 C) Plants can tolerate short



perxods of xylem sap cav;tat1on and subsequent t1ssue

dehydrat1on CiL

,sealed by glandular secretzons and frequently surv16!5?\'

to -6 0 MPa)..Ap1ca1 leaves are, effect1ve1y

Vs’are cold hardy to below mxnxmum wzntér
';alr temperatures. Moderate snow accumulat1ons (0 5- 0 m)

: des;cc tlon. P1as

result 1n June snow release and a potent1a1 of late summer

» .

/‘.

.5011 drought Compared bo C. mertenszana plants are.nore
stolerant of atmospherlc and soxl mo1sture stress due to the
1relat1vely elagtlc cell walls of current leaves vhlch o : 5
malntazn pos;tlve turgor at low water potentials. Shoot

,growth 1s favored by e

' snow’ release although w1nter R

Vsurv1val is reduced 51tes.

The evergreen habxt and conservatlve growth stpategy
4. .-

cdnveys certaln advantages 1n treellne env1ronments, but
',h'requ1res wxnter snow cover for the protect1on of erect

t1ssues. The greater phys1olog1cal tolerances of C.,

a“

etragona may explaln why it is mbre w1despread in northern

" alpine reglons and the Arctlc.

.
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1. xm-aonuc'rxon ' -
\\\ftpplgh alt1tudes and latltudes env1ronmental sever1tyl
1ncreases- low air and. so1l temperatures, short grow1ng
seasons, and hzgh wlnd speeds place restr1ct1ons upon plant_
growth and overall spec1es dxugrs1ty Beyond the closed |
«forest, tree growth and surv1val are reduced untll at
,.treellne (krummholz w1th supran1val leaders) thls 11fe formv
becomes clxmat1ca11y 11m1ted Treellne is a 51gn1f1cant
boundary in nature separatlng two fundamentally dlfferent
ecosystems, one: dom1nated by tree specres and the other-
domlnated by shrubs and herbs (Wardle 1974)
Tundra env1ronments, while selectlng agalnst trees and
"_annuals, favor long llved perennlals that e1ther possess
Jevergreen leaves or rapidly produce new . leeyes by.
re- allocatlon from extensive food reserves (Bliss 1971
Callaghan and Collins 19%6). Everdreen shrubs of several
heath famllles are a majorvcomponent of the'treelrney _
vegetation throughoué'theﬁworld and often characterize this,_
szne (Bliss 979, Specht f979) At hlgher lat1tudes in the

.Northern Hemlsphere, Ca551ope domlnated heathlands are a

‘ffmajor component of this forest tundra zone vegetatlon. ‘This

study exam1nes the factors that 1nfluence the d1str1but10n
of two spec1es of Ca551oge at treelrne in the Canadlan Rocky '

Mounta1ns.



A Limitations to Tree Growth at Treelxne‘;» g

To aid in understandlhg the. dominance of. shrubs.at :6‘udp
‘":treel1ne 1t 1s necessary to conszder the 11m1tat1ons to tree
growth in- th1s zone. Alplne and arct1c treellne areas 1n the
Northern Hemlsphere have been llnked by contlnuous routes
for plant mlgrat1on dur1ng the Quarternary era and are
florlstlcally related. EVergreen conlfers of several genera

”

“including Abxes, P1cea and Pinus are w1despread (Ba1g 1972

Wardle 1974) but dec1duous genera (prlmarlly Larlx and }v~
Betula) are 1mportant 1n many areas (Richards 1981)
Numerous hypothes1s have been proposed to expla1n the_
alplne treellnes (see reviews by G;1ggs 1946 'Daubenmlre
1954; Tranquillini 1976, 1979; Wardle_197_1 1974) Most of
thesethypotheses 1nvolve aifactor compIex that.inclndes‘ .
plant carbon and water balance, snow, w1nd air-soilf_'4
temperature, and mycorrh1zal fdng1. Early studles showed the
correspdndence of arctic and alp1ne treellnes Wlth the 1017
1sotherm for the mean temperature of the warmest month
(Brockmann Jerosch 1919) ThlS suggests a\"heat def1c1ency
affectlng the COz balance of trees SO that only resplratlon
requ1rements are met and photosynthétes are 1nadequate to
ma1nta1n a large mass of non product1Ve woody tzssue. The
.~ "heat defxcxency 1dea was also 1nvolved in an early _
hypothe51s that*the maturatlon of shoots of woody plants at
hlgh alt1tudes was 1mpa1red giving 1nadequate re51stance to
w1nter de51ccatlon (Michaelis 1934a b) The 1nvolvement of ,

.w1nter de31ccat10n has been 1nd1cated by many stud1es

?' . - T .



,(Schmldt 1936, Larcher 1957 L1ndsay 1971 Hansen and

‘5~K11koff 1972) but 1t 1s not unxversal (Slatyer 1976
»E?:Marchand and Chabot 1978 K1nca1d and Lyons 1981) |

- Several of the hypotheszs proposed to expla1n alpine
treelines are related and are 1ntegrated into models by
Wardle (1974) and Tranqu1ll1n1 (1979) centered on evergreen
-wconxfers and 1nvolv1ng summer and wznter conthxons..Varxous
1n;erna1 and external factors reduce summer CO, uptake by
trees at hlgh elevations. wh1ch place restrzctions on leaf,
-shoot,'and root growth and seed product1on, thh resultant
negat1ve feed-back effects. In seasons of poor growth or at
higher elevatlons, t1ssue maturatlon is 1mpeded Incomplete

l1gn1f1catlon or late term1nal bud. formation 1ncreases the

¢

chance of damage by low temperatures in early winter. The

"{1ncomplete development of shoog,prxmordla in terminal buds

v‘reduces growth 1ncrements 1n the subsequent grow1ng season.

The 1ncomplete cutlcular dgvelopment on: leaves 1ncreases
transplratlon and reSults 1n w1nter de51ccatlon. The
krummholz growth £orm 1s a result of w1nter and spr1ng

'déSlccat1on of leaves and buds. Above a certa1n alt1tud1nal

-zone,‘evergreen tree spec1es can- only ex1st in the warm T

..macroenv1ronments near the ground surface and in m1crosites

of w1nter snow cover where de51ccat10n 1s avo1ded |
Declduous trees at treellne ma1nta1n uprlght growth and

;_otten form an open woodland above the 11m1ts of 5ympatr1c

evergreen spec1es. The dec1duous habit conveys certain

'advantages over evergreenness during the w;nter wh1ch are’

[



“~offset by summer dzsadvantages. R1chards (1981) compared
-the’ phys1olog1cal respgpses of . the dec1duous treellne

-'spec1es, Larlx lyallll, w1th the sympatrlc evergreen_

conzfers, Ables 1as:ocargg and Picea engelmann11. The lack

of leaves .and- the 1solat1on of buds from the xglem dur1ng
W1nter g1ve alpine larch adg ater re51stance and tolerance
to w1nter des1ccat10n than the sympatrlc evergreensl;The
summer d1sadvantages of dec1duousness are related to the
«dadaptatlons necessary to maxntaxn a posxtive carbon balance.

'Alp1ne larch leaves have a’ h1gh photosynthet1c capac1ty and R

-
AR N

high d;ffu51ve conductances, but the hrgh llght cOmpenSatlon g
-land saturatuon p01nts restrlct 1t to open hab1tats. The hzgh |
'leaf area to we1ght rat1o perm1ts a hlgh carbon ga1n from a
low carbon 1nvestment Summer water use is h1gh and

l photosynthe51s 1s 51gn1f1cant1y reduced by 8011 and

’ atmospher1c m01sture stress. He concludes that dec1duous

(R

trees may have an advantage over evergreens 1n treellne

N_areas where summer precxpatatlon is hlgh and regular and

'severely des1ccat1ng cOnd1t1ons occur durlng wznter. As thh

- evergreen speczes, summer condztzons affect shoot growth "’dfﬁﬂﬁ
maturat1on of dec1duous trees and 1ncrease the

susceptlbxlaty to wznter and sprlng des1ccat1on damage at

4h1gher elevat‘“" . Thus, the general treel1ne model for ;h“'

fhevergreens is also appl1cable to decxduous speczes.

An 1nterest1ng feature of Larax lyalla1 is that young

,trees (<20 25 yr) malntaln a substantial comm1ttment to .

.G\«

w1ntergreen needles dur;ng €he cr1t1cal perxod of plant L



.estab11shment and root system development (Richards 1981)

7*!

"The wxntergreen needles appear to be less susceptxble to

droUght stress in the summer and are usually protected from o
‘deszccatxon by snow cover in the wxnter They prowﬁde the |

"~fyoung trees a summer advantage with no winter dlsadvantage.

- The change to dec1duous needles occurs when rapxd hEIth,.

'fgrowth pronects the trees above the v1nter Snowpack. A h1gh._.

photosynthetlc capacity durlng summer and a resxstance or ’

'tolerance to desiccation ddrlng winter become increa51ngly

'uxmportant This change in the importance of needle types in.

"alpine-larch emphasizes the relative athntages‘of the

deciduous versus evergreen habitslandhshe importance of .

L v

~winter snow ‘cover to protect evergreen leaves from winter

desiccation for trees ‘at treeline.-
Q
B. Shrub Vegetatxon at Treel;ne

v -

Shrubs are a major component of the vegetat1on at .

T.treelzne and in the alpine and. low arct;e tundra in thef

zﬂNorthern Hem1sphere. Dec1duous tall shrubs, primarily

spec1es of Alnus and Sal1x, are locally 1mportant at the

B ¥

,:northern treellne but are usually restr1cted to warmer

‘slopes a10ng r1ver valleys and alluvzal depsslts where’ the

"“fact1Ve layer depths are greater ‘than the adjabent upland

ctundra (Bliss and Cantlon 1957) Dec1duous low shrubs-are

: .wzdely dlstrlbuted in. many treellne areas Sal1x spp ‘are

h_common in many mld-latltude mountaln ranges, typ1cally

roccurrlng on meszc 51tes and in: czrque basxns (Blzss 1975)

. . 4-..,, .- IR
oyt R



AN ' .
At hxgher lat1tudes, Betula spp.,1ncrease.1n 1mportance and
this growth form becomes a domxnaht feature of the -
'vegetat1oh on mesic and ppland sltes where_snow
accumniations are greaterfthan p;ahfﬁheights. Low shrubs are
increasingly restricted in distribution and importance in
the more severe environments at_higher_elevationsland.in the =
* High Arcti¢,~Dwar£ shrUbs~oharacterizerthe shruh-tundra'ana
often form an understory to the low shrub species. These
dwarf shrubs are pr1mar1ly heaths (Ef1caceae, Empetraceae,
and D1apens1aceae) and evergreen (Ca551oge SPP., Ledum sppa,

'1Lolseleur1a procumbens, Phyllodoce spp., Rhododendron spp.,

Vaccinium v1t15 1daea, Empetrum spp. ., D1apens1a lapponica),

) although deciduous spec1es (Vaccinium spp., Arctostaphylos

spp.) are also present.. Some’ evergreen heaths (Emgetrum

spp., Loiseleuria QAocumbens) evergreen non- heaths (D z .S
‘spp.) and dec1duous non-heath species (Sallx spp.) may

occur as prostrate or cushlon llke shrubs in wind exposed

\.

sites at hlgher elevatlons and 1n the H1gh Arctic. However,

' typical habitats of the evergreen dwarf shrub heaths{are
snow covered in winter and nutrient poor. Heathland
communities-are 1mportant in many mountaln areas and the Low

“Arctlc, but *are minor in the Hlﬁh Arctic (Bllss 1979)

~a

Dwarf shrub heath vegetatlon with a h1gh structural'ana -
}
florlstlc sxm1lar1ty and-: often with Ca551ogg as a major

component or dom1nant 1s w1despread Ever: reen”aha“décrduOUS
9 et

RS

-a.-».a- Ly e c ey e e

;shrubs are part of- the hyparat}c ilera (Yurtsev L372) that
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evolved durlng the Bl1ocene from the alplne tundra of
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' '7f}casslope Phyllodoce communaty 1s the most W1despread

N

gnortheastern As1a..From th1s center of. d1str1but1on, thesez,
~ species spread 1nto "Ber1ng1a (Hulten 1937) the Low
Arctlc, and many'subalplne areas at'hlgh latitudes.

Heathland commun1t1es occur 1n northern and eastern A51a

",.(qumaqhey 1966) the‘European Alps (Schroeter 1926,

. Braun-Blanguet 1954), Scandinavia (Muller 1952, Dahl 1956
Gjaerovoll 1956), Iceland (Falk 1940), and Greenland

_i.(OOStingv1948,,Bocher.1954,'1959). In North'Amerlca this‘h
vegetation“occnrs in thekcanadian'arctic islands (Polunin
51948), arctic mainland,Canada (Corn5*1974),;arctic Alaska

~ (Hanson 1953, Britton 1957 dohnson.et al. 1966) ‘the”
nPres1dent1al Range of" New Hampshlre (Bl1ss 1963) and widely
in the northyestern Un;ted States and Canada. . '

. Most investigations of treeline vegetation in the
Pac1f1c Northwest are synecolog1cal hav1ng concentrated on
’plant communlty descr1pt1ons. Many. of these studles 1nclude
ment1on of ‘dwar £ shrub heath vegetatlon. H1stor1cal notes

are prov1ded by Rydberg (1914a b), Harshberger (1929)

‘McAvoy (1931), and Daubenmlre (1943). More»recent<stud1es....” -

‘.“have been conducted in the Cascade Mountains of Oregon andi

'.IWashlngton by Van Vechten (1960) Franklln et al. (1971)

7and Edwards (1980) Douglas (1972) and Douglas and Bliss-
(1977) described plant communltxes 1n the subalpxne and

| _alplne zones of the North Cascades.AThey stated Ehat the -

';communlty 1n th1s area. Communlty descr1pt1ons 1n Br1t1sh

B

T

Columbla are prov1ded by Brlnk (1959 1964) Here the heath

Cgha
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commun1ty was descrlbed as moderately chlonophllous (Brooke
et al, 1970) and was des1gnated the zonal community in. the -
a1p1ne (Archer’ 1963) S1m11ar heath shrub communltles are
found in the north central Olympic Mountalns (Kuramoto and
Bliss 1970, Olmsted 1975). Dry summers in these mounta1ns
’.restrict the heath communities to cool habitats with deepf
long lasting snowicover'such as'northtfacing cirque'basins.
Feﬁmecologicai_studies,have'been conduqted in the
vinterior mountain ranges-of British Columbia, ‘and the
descr1pt10ns of heath vegetatlon are less detalled McLean

(1970) noted the 1mportance of Phyllodoce in the suba1p1ne

forests of southeérn British’ Columhla and,lndlcated”that in

the alpine zone, Cassiope mertensiana is restrioted to

occa51onal small pockets with 1ncreased moisture. Eady ",
(1971) descrlbed s1m11ar treellne vegetatlon from the B1g
White Mountains but Ca551oge was absent from ‘the area.

-

However, Welsh (1971) noted that both Ca551ope mertensxana

and Ca551ope tetragona were - present in northern Brltlsh

¢

Columbla..
Early descriptions of'treelinewveéetation in the .
. Canadian Rockles are prov1ded by: Heysser (1956) and. Pors1ld

-

(1959)1 Recent studres in more southern areas 1nclude those

(1972) Ba1g (1972), and Kuchar (1973) 1n southern Alberta,

e v

and Choate“ahd ﬂaBecE (196]) and.Bamberg—and Major (1968) in

ad]acent areas 1n northern Montana. Assoc1atlons domlnated

.bylelther.Ca951oge or Phyl;odoce-have been,descrlbed‘ln

. of Bryant (1968) Bryant and Schelnberg (T970) Trottler»ff'vf-'u
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‘.hsnff herionai Psrh'hy;ﬁeQer_I196]f,’3§05d”(1973)f’ané
Knapik et él.'(fng).'Studies'in«Jasper.Netionel Park: and
I?icinity,include those of Kuchar (19725 b, 1975)" La Roi gg
al. (1§75), Crack (1977), Hraoko and La Ro1 (1978) Mortimer
(1978) Weiis et al (1978)“Lee and La Roi (19793 b),

and Bliss (1980), and. Ham11ton (1981). Two dlfferent heath

communities are usually\recogn1zed 1n these mounta1ns one

dominated by C. merténsiana and Phyllndoce, and‘one

dominated by C. tétragona. Both Kuchar (19Y5) and Hrapko and .
La. Roi (1978) ‘separated these communities n;ﬁhelbasis’of

observations of. exposure, ;ime,of snowmelt, and soil

moisture.

'C. Adaptive StrategieS"of.DwarfkShruhs at Treeline
Evergreen and deciduous dwarf shrubs possess

. contrasting whole plant Strategies Of:adaptafion to tundra
envirohments. They are characterized by differences in

‘vcsrhonfand)nhrrient”allocation which maY‘have functional
_zmportance assoc1ated with particular habltats (Bliss 1962)

Both growth forms have species distributed w1de1y over

mesotopographlc-gradlents, and ~some in exposed 51tes have
.evolved the cushlon hab;t. D1sregard1ng the latter, sone

o hab1tat generallzat1ons c¢an be made{ Both generally occur 1ne

51tes ‘that are snow covered in w1nter. Evergreen dwarf

h shrubs tend to characterlze 51tes that are nutr1ent poor or

where water stress develops during the grow1ng season.

Dec1duous;dwar£ shrubs do not show as distinct habltat
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preferences and tend to decrease wqth alt1tude and lat1tude
(Tleszen and W1e1an# 1975, BllSS 1979) The characterlstlcs
of these two growth forms will be br1efly d1scussed w1th
empha51s on the evergreen habit and 1ts success in dwarf
shrubs at tree11ne. | Q" |

Dwarf shrubs, as w1th most tundra plants, tend to be
long 11ved. ThlS cond1t1on 1s favored in severe tundra
env1ronments w1th short grow1ng seasons, but is a requ1szte
in plants- which make a substantxal 1nvestment in structuralg
tlssue. Plant lgngevlty may be 30- 50 yr or more, but yearly -
. shoot growth 1s limlted (1-3 cm/yr) Rates ‘of shoot growth
--tend ‘to be hlgher in dec1duous ‘species (Bllss 1963) The
'energy eff1c1ency of - shoot productlon of heath communities
may be high (BllSS 1963) ‘both dec1duous and evergreen dwarf
'shrubs compartmentallze 80-90% of current above ground
baomass in leaves and 10-15% in stems (Johnson and Tieszen
1976). Leaf expans1on occurs rap1d1y in deciduous spec1es
and senescence in the fall results in a definite seasonallty
of radlatlon 1ntercept1on by the ‘canopy. Evergreen spec1es
may also dlsplay a rapid leaf. expans1on phase, but full leaf*
development is often not reached~unt11 near the end‘of the
growxng season. Funct1ona1 evergreen leaves are reta1ned for,
"2 -5 yr or: more, allowlng a long period of radlatlon
‘1ntercept1on, partlcularly in the early season when 5011
moisture is not 11m1t1ng. The evergreen habit may be a-
general adaptatlon to shortened grow1ng seasons caused by
late snow release or late season water stress: (Tzeszen and

) <
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';iW1eland 1975) Net annual product1on of’heath communztmes 1sg’
often h1gh wh1ch appears anomalous-cons;dcrlng the slow
grpwth rates of the plants. Product1on ratés of a1p1ne

(Bl1ss 1963) and arctic (BllSS 1979) heath commun1t1es are

. some of the hlghest reported for tundra plant commun1t1es.wf‘j_'

Sexual reproduct1on, whmch requ1res con51derable heat
~ input for frult maturatlon and seed set may be . l1m1ted in.

-the energy poor tundra env1ronments (Bl1ss 1971) Dwarf

-

exten51vely each year and produce large quantltles of small
_seeds,-although v1abrllty may be reduced Seed germlnatlon -
rates of dwarf shrubs are h1gh1y varlable and are often low

S _
for heath spec1es (Nlchols 1934 BllSS 1958 Karl1n 19787““1“

oa e

Heath seedl1ngs are, often extremely small and have low
growth rates Successful seedllng establlshment occurs
1nfrequently and may be substrate lzmlted in the dwarf shrub
commun1t1e5e(Kar11n 1978 Edwards 1980) ‘The low carbon
1nvestment in reproductive parts (5%) in tundra shrubs may
reflect the 1mportance of ;egetat1ve reproductxon in these
spec1es (Johnson .and Tieszen’ 1976) Most dwarf shrub spec1es
produce long- l1ved rh}zomes or root adventLtuouSIY from
decumhent'shoots'(Bliss'19569' and such’ vegetatlve :
'reproductlon ma1nta1ns most local populatlons.

The photosynthetlc capac1ty of tundra spec1es of

) dlfferent growth forms appears to be 1nversely related to
1eaf longev1ty (Johnson and T1eszen 1976). Evergreen dwarf

-

dshrubs character1st1cally have low rates of photosynthe51s
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A(1—10 mg CO.Og dry wt"Oh ) wh1ch are offset by extended
ngleaf longevxty. Conversely, dec1du0us dwarf shrubs have ~high
fixation-rates (10-40 mg CO,Og dry wt“Oh") and. relat1ve1y
short leaf longev1ty (Hadley and Bliss 1964 Small 1972b
Tieszen and wleland 19751 Johnson and T1eszen 1976) . Maxlmum
, photosynthetrc capac1t1es are usually reached 1n current or =
. . one year cld leaves of’ evergreen dwarf shrubs and are
}t;:generally lower, although somet1mes constant, in older
" 'leaves (Hadley and BllSS 1964 Grace and- onlhouse 1970
'?Johnson and T1eszen 1976) .The lower rates of carbon dxoxlde
‘uptake 1n evergreen versus deCIdUOUS dwarf shrubs is in. part:
Tdue to the lower max1mum leaf conductances (hlgher leaf L
»-«»»resmstanoes) of these spec1es (Korner et hl 1979 Oberbaueri'

L R -n»a cw et e s dee

. rand” Mlller 198T) ‘This results 1n 1ower rates of water

: xfuptake ‘and:: transpnratxon (P;sek and Cartell1er1 1934 Bl1ss

“1960) and may be an adaptatlon to water stress (Courtln and

‘Mayo 1975). T T e T
” The'tvergreen.dwarf shruhs typically possess small{
"‘sqlerophyllous leavesiwith a number of xeromorphic features_
\ that may include a th1ckened cutlcle, sunken or protected '
stomata, or a th1ck tomentum. These features contribute to
- many of the conservat1ve characterlstics of these plants
such as the low CO, conductances and photosynthet1c rates,

hut they may extend the photosynthetxc period in

seasonally water’ stressed hab1tats. Evergreen heath spec1es

\

frequbntl;‘experlence low leaf water potentlals (Small

1972c, Oberbauer and Miller 4981) and leaf sclerophylly may -
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prov1de the cell strengthen1ng necessary to w1thstand low
water contents and ma1nta1n a pos1t1ve carbon balance under
water stress. The increased cutlnlzatlon.and lignification
and high fiber to protein'ratio'may be.modifications
necessary to prov1de structural strength for overw1nter1ng
leaves (Small 1972b) or’ a re51stance to wlnter de51ccatlon
(Gates_1914). Many'subalplne andvsubarctlc heathlands may
also experxence seasonal waterlogglng (Specht 1981b) and the

natural xeromorphy of these, plants may contr1bute towards a

tolerance of condltlons in. the rhlzosphere (Armstrong 1981)

- unrelated to water stress (Small 1972c, Marchand 1975)

Heathland habltats, both wet ‘and. dry, are characterizedf’“”

globally by ac1d1c, 1nfert11e 50115 (Specht 1981a)

L <

R w‘»tundra envmronments,“low 5011 temperatures lnfluence fj

nutrlent cycl1ng Tates and result in 1ow ava1lable n1trogen
:”and phosphorus whlch may 11m1t productlon (Haag 1974)r

Evergreen dwarf shrubs have low levels of these elements ‘in
" their follage Qﬁd the evergreen, sclerophyllous habit'may

represent a mechanism for nutrient accumulation and

conservation (Small 1972a). Low rates of proteln synthes1s '
and storage (Hadley and BllSS 1964) favors the-produqtlon ofag.‘

structural tissue (xeromorphlc features), makzng the low

'photosynthet1c rates comparatlvely more eff1c1ent in. the use
of acqu1red elements, part1cular1y n1tro§$n in nutrlent-

deficient env1ronmments (Small 1972b Haag 1974)

The evergreen, sclerophyllous hablt represents the

m1n1mum energy cost of drought adaptatzon and nutrlent

H

b



conservat1on (Mooney 1974) .The h1gh energy costs of ’a
’\ . .
evergreen leaves related toxyear around malntenance and

JQ
perhaps the synthe51s of compounds 1nvolv1ng predator and
";overw1nter1ng protectlon (Johnson and TLeszen 1976) are

'hoé;set by a more eff1c1ent ut1l1zat1on of 11m1ted nutr1ent

'*elements and of a shortened grow1nq’season caused by Iate" o

-snow release, seasonal water stress, ‘or” waterlogg1ng% Thush

“n

many~of the conservatlve characterlstlcs»of the evergreen-fjj*-

~ dwarf shrubs at treellne derlve from features enabllng the‘-'

plants to ma1nta1n the evergreen hab1t. The adaptlve

¢

igstrategles of thls gtowth form allows eff1c1ent utlllzatlon -

P v e

of treel1ne envxronmentss~HoweVer, the advantages related to

evergreeness can only be reallzed 1f leaf 1ongev1ty is
ﬁma;nta1ned whxch\generally requ1res ‘the: protegtloneafforded

~

by winter snow cbver 1n severe tundra_env1ronments,_
h T R .
D. Cassiope- ' | "'y- B o
| The.genus Cassiope‘D Don iSla'nemherHof the family
‘Erlcaceae that 1ncludes ‘some 100 genera ‘and 3000 spec1es

occurr1ng on all continents except Antarct1ca. The

e e e i

“;;7:relatlonshrps betwéen c 51ope and the other members Qf the“"ffi

7T7fam11y have been uncertaln due to the d1versaty df the

;Erlcaceae (Hooker 1876 Drude 1897 Good 1926 Watson et gl
11967) and the morpholog1cal and anatom1cal s1m11ar1t1es /E\

_Ca551ope and Calluna vulgaris Sallsb (Watson 1964 Stevens

1970). assxope and the closely related genus Harrlmanella
oA

5 Cov1lle, have recently been placed 1n the tr1be Cass1opeae
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Stevens w1th1n thensubfamlly Vacc1n101deae Endl (Stevens_
1977 ¢ | ‘, _ I
Ca551oge is a small genus f seven (Watson 1964) to no'n'

more than twelve (Szczaw1nsk1 1962) spec1es wlth 1ts center

SR

-of dlstr1butlon Jn the Hlmalayas and northeastern As1a

T
»oow ® L e

(Stevens 1970) It is a component of the hyparctxc flora o

that evolved'ln part from the gol tsy- (alplne tundra) e

RV ,’ i - g

durxng ‘the Pl1ocene. Most spec1es are restrgcted to Asxa or

" ‘are amphi- berlnglan where they are found at alplne treellne.

Cass1ope er1c01des (Pall.)- D. ‘Don barely extends 1nto the

Low Arct1c in. northeastern As?g (Tolmaehev and Yurtsev }_’A,.Mfé

,1980)- and C' tetragona (L. ) D. Don is wldespread

c1rcumpolar 1n the Low Arctic and extends into the ngh

[
o~ g v VR v

Arctlc in North Amerlca.d o vd h ‘5;[
' Four major taxa of Cassiope are recognlzed xn North

Amerlca. The. followlng spec1es descrlptlons and geographlc

dlstrlbutlons derlve from a number of .sources- 1nclud1ng Moss.~f~

c‘/1»9‘:39) Szczawznskl (1962), W1gg1ns and Thomas (1962),

Por51ld 11964), Hulten (1968) Munz and Keck (1973)“ Welsh

(1974) and Por51ld (1980) Ca551oge stellerlana (Pall ) DC

4o i

extends from Japan and eastern beer;a along the coast of

P
r"

Alaska and Br1t1sh Columb1a to northern Washlngton (Mount

- Ra1n1er) It differs morpholog1cally«£rom the other North

’ Amerlcan taxa by havxng adax1a11y flat, alternate, spreadlng»

leqves and tefmlnal flowers on short pedlcels. CaSS1oge

lycopodzoldes (Pall ) D. Don is also found in eastern As1a,'

and in North Amer1ca extends from the Aleutlan Islands to
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southeast Alaska andinorthern British Columbia Both”oid
'these spec1es are found at treeline but they are not

w1despread or locally abundant. Cass1opg lxcoppdloldes
/

- closely resembles C. merten51ana (Bong ) D. Don but has

o o - - o [l

smaller (1 5 3 mm) pubescent leaves w1th scarlous marglns.lt

N e
» Y

Cassaop@ merten31ana, a.. North Amer1can endemxc, 1s found

from southern Alaska and the Yukon, south to central
. Callforn1a, and east to Idaho and Montapa TwO forms are

recogn1zed- subsp mertensxana has puberulent stems and

'-‘t«fped“el‘s e"tffe calyx 1obes, and glabrOUS léaVes, whlle

‘subSp graclll has glabrous stems and pedlcels and
'mlnutely c111ate leaves. Some 1ntermed1ate forms do occur
and. 1t is often lmpossxble to separate subSpec1es by these
characters (Szczaw1nsk1 1962), Some specimens have thin,

scarious leaf margins that suggest genetlc 1nterchange with

C lycopodlo1des (Welsh 1974). CaSS1ope tetragona*1s the

_;umost w1dgly dxstrxbutea taxon 1n the genus. In Nbrth Amerlca e

3 A 1s fdund in scattered localltles in the ngh Arct1c/i?o

north of 83°N 1n Greenland) 1s w1despread 1n the Low

-
.. fe . o te e
o w = -

'*;Arctlc, and extends south 1n the 1nterLor ranges of the'

n'-‘

‘Rocky Mountalns to Montana. It is. separated from the other

taxa by the presence .of -a- drstinct abax1al‘leaf groove TWO

a..'a-i»

“'f”morphologrcally recognlzable forms ocour-:subSp etragona

°

is more common in the north and subsp. séxlmontana 1s a

| weakly dszerentlated Rocky Mountaln form'wlth smaller

flowers and ‘shortet pedxcels. Cassiope tetragona is ’)/’h“

J‘\\

. biochemically (flavonozds) distinct from_the‘other‘North‘




Amerlcan taxa but the two subspec1es are not clearly

d1fferent (Denford and Karas 13875). Ca551ope tetragona may

hybr1d1ze wzth C. er1c01des tf Asia (Tolmachev and Yurtsev
1980) but no hybrzds have been reported in North Amerlca.
However, th1s author has observed plants with characters

1nte?med1ate between C tetragona and C. mertensxana but

‘they are not common ‘and their taxonom1c status is uncertaln.

Cas§1ope tetragona and C. merten51ana, the two most

-~~~ -common species in North Amerlca, are s1m11ar in their. growth

hablt‘(F1g. 1. Bothmare evergreen,‘dwarf shrubs (0.5-3 dm

high) with numerous rhizome or stolon-like stems tufted on a

thick base, and with ascending branches in C. mertensiana

- &@nd somewhat coarser, ascending to erect branches in C.

tetragona. Both'speciee have-émall 'leptophyllOUQ'(Raun&aier

.....
o a4 .‘..?‘\‘"-"‘~"
n

'L»»#-after dying. Leaves are sclerophyllous, wlth a th1ckened
cut1c1e and xeromorphlc fegtures. Leaf morphology and
,anatomy are the most obv1ous characters that separate these‘

}”
two spec1es. Leaf shapes are bas1cally s1m11ar and of the

PO

a

"Calluna" type, i.e. stalkless, saglttatewW1th ta11s aroundilli

the stem, .and closely 1mbr1cated Ca531ope tetragona, as

,noted has a consplcuous furrow down the abaxlal surface ofﬁ

the leaf. Pal1sade tlssue orlentatlon 1s§reversed in both
<4spec1es and occurs on ‘the abax1a1 surface. Thevmesophyll

layer 1n C. tetragona is spongy and filled w1th many air

spaces. Casszoge merten51ana leaves are glabrous to . -

. mlnutely-c11}ate, butzg. tetragona‘leaveS"aretdensely
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B 'Figure 1. Cassiope mertensiana (a) and C. tetfagona,(b) habit. Dryas .
5 ‘ rapﬁs, ‘

octopetala is visible in the Foreground of b. Pho?dg
taEen‘in'iugust, 1975 (a) and July, 1976 (b). . "1
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Q"glandulan an the adax1a1 suxtacew(ﬂ1th'a few trlchomes) and

war g B L

;1n the abaxlal groove (thh»many trxdhbmes) “Stomates occur.

H,,
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1n C. mertens1ana. Stomates of C tetragona<oqcun,an a fgw

Min a broad band ‘down the center of the adax1a1 Teaf surface

-

'-tows (ca. 5) down the center of the adax1a1 surface and are 3

‘abundant 1n the abax1al groove.“ Leaves of C. mertensxana

frequently prOJect at a slight angle away from the stem

exp051ng the stomates, whereas leaves of C. tetragogg are
fvmore closely 1mbr1cated and the stomates ‘more protected

| Floral characterlstlcs are very 51m11ar in the two

_spec1es. Flowers are solltary, ar1s1ng from ax1llary buds,

e

'the pedlcels longer than the subtendlng leaves, sepals 2= 2 5

»imm long, wh1t1sh (C tetragona) or 2-3 mn long, scarlous 1#5

margxned whltlSh to pxnk1sh=(c merten51ana)° corrola

[_open-campanulate w1th promlnant lobes, wh1tlsh 4-6 mm long

A'(C etragona subsp. saxlmontana) or 6 8 ‘mm long (C.

llmertensxana), stamensv8-or 10, 1ncluded anthers awned,
“opening"byiterminal-potes*’ovary 4-5 celled* style 1
pers1stent- stlgma small~ capsule spher1cal to dVoad

'”locu11c1dally 4 5 valved° seeds small and numerous.

i'E Objectlves-

Ca551ope merten51ana and C tetragona as has been

,nOted ‘are major components of the treellne and aIplne
: fvegetatlon in the Pac1 ic Northwest but each spec1es ga1ns

.l,domlnance in dlfferent geographlc areas (F1g 2).. CaSS1ope

mertens1ana 1s abundant in mar1t1me reg1ons but is

P
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"Figure 2. Range distribution map of Cassiope mertensiana and
C. tetragona in North America. See text for sources.
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. xestrycted to lower elevatlons or more prbtected srtes in”

-

A

- . " .~

the drler mounta1n ranges to the east. In the Cord1lleras,

tetragona s restr1cted to these dr1er 1nterxor ranges._.‘

........

The spec1es are sympatr1c 1n the Alberta Rocky Mountalns but

B are separated along the complex gradlent of exposure near .

- L T A 5 % e

treeline. Here, C. merten51ana is more commor in the upper

subélp1ne and occurs above treellne only in protected 51tes.

Ca51qpe tetragona often occurs in exposed 51tes in the upper

subalpine, but rs‘more common in the low alpine zone. This .

'§tudy;exaq}nes“the‘qutors“that1in£luence‘the‘dQStributiOn

-

of these two species near treeline in the Canadian Rocky'

Mountains. The main question i§ why C. mertensiana is .

primarily a subalpine species wheteas C. tetragona is

,Primarily an alpine species. The emphaSis:is on the factors:

that limit C. mertensianaiat highef elevations and prohibit

it from occupylng the more exposed C tetragona sites. The.
objectlves of the study are to:
1. Prov1de quantltatlve data for m1croenv1ronmenta1

comparzsons of habltats OCCUpled by C.- mertensxana and

C. tetragona in the upper subalpine and alplne-zoner
2. Compare the ‘physiological responses.and adaptations'of

the two species that determine their niche separation.

Studies of evergreen‘dwarf shrub heatfi§ at alpine

treellne in the European Alps (Larcher 1957 ‘Tranquillini-

1963 Caldwell 1970) and in western North Amerlcan Mountalns

(Olmsted 1975 Edwards 1980) suggest that QCx}de range of
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‘fenv1ronmental factors and plantoadaptatrons 1nfluence their
success at tree11ne{ These 1nclude’a dlfference in tole{ance
Cto- 'seasonal: atmospher;c and 5011 moisture stress dur1ng the

summer and low temperatures or de51ccatlon durlng the

,ﬁ1nter..From these studles and observat1oﬁs of Kuchar (1975)

and Hrapko and La R01 (1978), the‘follow1ng-hypotheses were "

vdeveioped,to explain the niche separation of‘g.*merteHSiana

and C. tetragona: o -

a. C. mertensiana is unable to‘,alerate'low air

' / e 8 . , vy ® @ R

- *"temperattires during fall and winter -in-exposed. ' -
microsites and thus avéids these conditions under. a
deep snow cover.

b. C. mertensiana:£} unable to tolerate winter

desiccatiog in exposed microsites.

c... C. mertensiana is unable to tolerate'late summer

drought, and is therefore restricted to late meitout
micrositesfﬁith almore favorable soil moisture
regime. . o
d. tetrag -rs unab&e to w1thstand shortened |
- growing per1ods 1n late meltout m1cr051tes. |

'\":

A study of the llmltatlons to growth of these two
'spec1es will a1d in understandlng the patternlng of
vegetation near treellne in the Canadlan Rocky Mountazns and
- perhaps help explaln the geographlc dzstr1butlon of the
spec1es 1n the Cord1lleras of North Amerlca. However, th1s

study has broader 1mp11catlons. Most spec1es of C3381oge, as
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~we11 asLmost of'the evergreen dwarf shrub heaths at

treellne, occupy upper subalplne habltats similar to those

of c. mertens1ana.<Cass1ope tetragona is the only member of

. thlS genus, - and one of the few of. thls growth ;orm, that 1s

truly characterrstlc of %undra (a1p1ne or’ arctlc)
env1ronments. The above c1ted studies of treellne heaths

were conducted on a w1de range of genera posse551ng d1verse

23

gross morphologles and xeromorphzc features._Also, they have “f[

dealt prxmar11y w1th up r subalplne s ec1es and habltats,
ar 2] PR

,,.,-I'.,. a‘ «i __'X;;abo hvo(ﬁf..v"

and nelther Ca§s1ope nor’alplne heaths have been_ intensively .

,studled In contrast, thlS study focuses on factors 11m1t1ng

to C merten51ana and C tetragona. The results should

suggest env1ronmental and phy51ologlcal constralnts to
growth of this life form 1n severe tundra env1ronments .at -
hlgher elevations and latltudesf
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v A. Locatxon . L o _

Slgnal Mountaln (latltude 52° 51’ N longitude 117“ 59‘
w) in. Jasper Natlonal Park Alberta, was - selected as- the
research area (F1gs. 3 and 4) The 2 km summ1t rldge is 2255hd‘

to 2311 m above mean sea level and 1s located approxlmately

~ ~

B km east of Jasper town51te at the extreme NW end of ‘the .

Au,Malxgqe Rangez the"easternmost¢of"the Maln'aangés of the .

“»

Rocky Mountalns in this reglon. Slgnal was selected as. the

>

research'area because 1) both C mertensiana-and C;

.'tetragona are abundant on the mountazn in habltats typlcal

i,

of large areas 1n the Canadlan Rockles, 2): the long (500 m-

‘plus) NE al ine slope prov1des a gradual gradat1onv1m

EON
24 PRy

.m1croenv1ronments .and plant gommun1t1es from exposed sTtes ’

oaw o

‘along thesspmm1t ridge to protected s1tes near treellne, 3)
other researchers have de5cr1bed the flora and many of the
plint commuﬁrtleS'pf the’ alpnne-zone;(La”hoﬁéggtg;.;m9753p oo
Hrapkoeand La Roi 1978; Lee”and La Roi 1979a,b), and 4)'thgum; '
alp1ne zone 1s acce551ble Ain. summer (car) and w1nter |

@ ‘e .- g L4 A
(snowmoblle, snowshoes or sk1s) via a 9 km f1re lookout,_

. r" . ‘
access road W1nter access to the a1p1ne zone, poss1ble in .
" only a few areas in the Canadlan Rockles, was a. pr1me B o
con51derat10n.

Two study S1tes were. selected on the north slope .of

Signal Mountaln (Flgs. 5 and 6). lntens1ve study-Srte 1

‘(2060 m)’ waszlocated ina g;-mertensiana commynity on a

24 .



; )
s .
H
»
2
5
/
£
A
L]
»
o
°
Q-
-
N
4
J
3

e e,

o e
. . s

R

ey ey Sea -

-

o e

E_am.,._.z__. wod4 “epeue) *equaq iy .,v_.p‘ma ‘Leuo13e

. :

5 I3

L '
>

.

-

s !

: !
‘-
.

.

o

+

[ 2

\

3 ;

. -

.
¢

t ’

M)

“

* o
¢
¢

. ¢
n
y
4
oot
¢,
.

: © uoisspuiad yiim (g/6L) toy B1 .
N Jadsep pue upejunol |eubiS 4O uot3ed0T "¢ AunbLy

- wun_w_.:a.:..rm pue ‘

NIVINOOW TYNDIS

- -\
S8 . :

“en



. - o
: .. . f - - -~ .
- '. - -~ o - - and < - - N 26
. . ¢ - . .
- - @ o - > o - - + - e A f
4
Py >
r
- . . .
Y - -~ P, - Te, - LY i
° o L e i e [
- . . N . - . " -

> Be ot w.o oo s - R - © . % !_ « e Y = o - N

. - - e

« .. . e

- h N .. -~ n
. N ' .
e - -~ * o N
o
-~ > - s - - - o o c. -
.- o -

L AT AL e
.
+

- - -
) )
- -
\

P - J
ta -

;f y

L4

e ) e S S TS Y S

-

o : .'l,
¢ o Figure 4. Signa] Hountain (S) and the Maligne Ranoe in winter.
L o ~ Study sites were located along the NE slope (in shadow),
| o , .. from treeline to the summit ridge. The Athabasca River
| . Valley is in the foreground and Jasper townsite at lower
| e . ~right. Photograph taken from the summit, of Pyramid Mountain,
s T , - 14 km to the - NW. of Signa] on December’22 ]974 .
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_ Flgure 5. Two views of the upper subalpine Site 1. |

a. View downslope (to north) across the C. mertensiana.
community. Cassiope tetragona occurs upslope of the
photograph site.” Photograph takerr on July 24, 1973.

. - L4 . .
b. View downslope along the transect in winter. Shoots of

. .C. tetragona are visible in the foreground. projecting above

> the T2 cm' snowpack; snow depth at the C. mertensiana stake
‘ (arrow) is 50 cm. Photograph taken on December 27, 1974
during an early winter with light snowfalls. . -

>

COLOURED PICTURES,
Inages en couldy




Figure 6. Two views.of the ‘low alpine Site 2.
. o * - ‘. . TR N ; -

a.
=

The ups18§e.end of the transect éhowfng the transjtibn,
from Dryas-Lichén (on the exposed bench to left) ‘to

- C. tetragona-Dryas (downslope to right). Photograph taken

on October 27, 4.

. View downslobe aldhg the tranéect.' The‘C. tetragona-Dryas

community is nearly snow free; snow depth at the ]
C. mertensiana stake (arrow) ‘is 180 cm.. Photograph taken
on June 25, 1974, . ' .

' COLOURED PICTURES. .
Imaggs,en_cquléhf;;
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”f'vprotected‘slope‘(3é%5-withAa north aspect~(4°)atintea§ive
study Site 2 (2195 m) was located -in a- c. etragona |
-i:rcommunaty,,also.on'a’protected slope (30%) wlth a north
'aspect-(27°) but at .a h1gher elevatlon where condltlons are

.

' presumably more severe. CaSS1ope tetragona was present at . a p

Slte 1 in perlpheral exposed m1cros1tes and C. merten51ana

was present at Slte 2 1n small snow accumulat1on areas.
Ln thlS study, the upper subalplne zone is’defined as

that'area above the cont;nuous forest line ‘but bdlow ’
,tree11ne (krummholz with supranlval leaders) and the alpine
.zone 1s that area above treellne and may 1nc1ude scattered
\krummholz. On the north slope of Signal Mountaln the
continuous forest line is at 2015 m and treel1ne 1s at.2090
m. Study Sltes R and -2 are located in the upper subalplne

&

' and low- alpJne zones, respectively. B

Br Geology, Glacial HiStory and Geomorph/logy
‘ The Eastern Cordlllera of the Canadian Rocky Mountalns
has ‘been sub]ected to two orogenles. ‘The "Cariboo Orogeny
(early Devonlan) had the most effect on strata west of the
. Rocky M0unta1n Trench and probably- resulted’ln broad foldlng
with only very mlnor 1ntru51ons in the Eastern Cord1llera. N
. The major structural features in the east derive from the'
Rocky Mountaln (Lara:;j;)Orogeny, accurately dated as
r

Eocene;'Compression ces'from the west caused folding of

E\
"sedimentary rocks and faultlng, with l1ttle or no 1nstruszon

(McCrosson and Glalster 1964). A series of 1mbr1cate thrust -

-



sheets has - resulted: in separate parallel mounta1n ranges and .
| major-valleys orlented in a general northwest to southeast
darecﬂ1on, parallel to the major faults and str1ke of ‘the
3 rock (Roed 1964) The many faults are relat1vely closely
N Spaced in the Foothills and Front Ranges but are more’ wldelyl
Spaced under the Maiananges; The main thrust fault in-the
Jasper region is the Pyramld Thrust a low angle fault,yhlch
parallels the northeast slope of Slgnal Mountalf'near the
Mal1gne R1ver and bounds the Ma1n Ranges on the east
(Charlesworth et gl. 1967). The Puget or Cascadian Orogeny.
kMiocenefPliocene) primarily effected the Western . |
Cordilleras.. )

n

.Subsequent ‘erosion has emposed strata of Paleozo1c and»'
Mesozoic age 1n thg Footh1lls and Front Ranges and |
Precambrian to M1551551pp1an age in the Maln Ranges. The
bedrock of Slgnal Mounta1n belongs to the Precambrlan Miette
Group whose beds crop out over a wide area of the Maligne
Range and form low, rounded mountain ridges due to the1r
generally;recessive“nature (ﬁoed 1964). Rocks of the old
Fort Point Formatlon, cons1st1ng ma1n1y of slates and
s1ltstones, crop out at the Name Slte on the southwest
slopes of 51gna1 Overlying thesevare poorly sorted-
~arenaceous and argillaceoUs sedimentar} rocks of the Lower
Member of the W&nd Formatlon. The ridge-forming arenaceous
unlts, pr1mar1ly sandstones and conglomerates, crgp out .
along the summit ridge. These are interbedded with recessive

1

argillaceous beds of slate and siltstone, the weathering of -

"}30;”1t



.thch has resulted 1n several elongated troughs and benches
- ‘on-" the* north slope of ngnal nearly ‘parallel. with the
"summlt r1dge. Relat1vely protected slopes along these

benches are,vegetated’byﬂplant communltles dominated by C.

tetragona and g.,mértensiaha-at high and low elevations, ,

respectively. Conglomerates and sandstones of the Upper

Member of the Wynd Formation and the Jasper Format1on crop

.

* out on:adjacent slopes of Tekarra Mountaln, east of Slgnal

-

Quartzrtes of the-Lower-Cambrian ‘Gog Formatlon overlie the o
Miette strata and. form spectacular cliffs on the upper
slopes of Tekarra. '

~ The Canadia%*Rocky Mountains were repeatedly ogcupied

~ by valley:andipledmont glaciersfduring”the"Plelstocene._l

Pre-Wisconsin Cordilleran glagiers occurred in the Athabasca

Valley'area as eyidenced by glacial erratics at high

elevations east of the limits associated with the Wisconsin

.Cordilleran tills (Bayrock and Reimchen 1975, Roed 1975)'
~‘Wagner (1966) has tentatlvely correlated the Lower Mountain .
rT111 from Southwestern Alberta as Illlnolan and Shaw (1972)

"suggests these older advances may be synchronous. Roed

(1975) has dlfferentlated four Cordllleran tills in the
Hinton-Edson area east of JaSpeﬁi Glacxal.erratlcs ‘
associated with the Marlboro fill which probably represents
the Early Stage. of the Plnedale or Cl?sszcal W1scons1n

Glaciation of ,the Rocky Mouncgfn area of the United States,

 suggest ice at eleyationszsuff1clent to cover Signal .

Mountain. Metamorphic erracics-of_the,Athaba5ca Valley
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Erratics Train were deposited near Edson at elevations of

1585 m by a glacier originating in the northern part»of the

'fMonashee Mountains and Premier Range of . Brltlsh Columbla and

cr0551ng the Contanental D1v1de near Jasper (Roed et al

<ﬂ967) Quartz1t1c rocks derived from the Gog Formation vere

depos1ted as the Foothllls Erratlc Train along the foothllls‘
of Alberta and into Montana by a later coalescence of the.
Marlboro (Cordilleran) and Edson (Laurentide) Glaciers
(keeves 1973). Tbe subsequent Obed and.Drystone Creek
Glaciers (Middle and Late Pinedale) also deposited tillvin‘

the.lower'foothills east of Jasper (Roed-1975)1_5ignal

Mountain was buried by this Wisconsin ice as eVidenced‘bg‘

scoured bedrock'and roches moutonnéesvon the sumnlt.ridge',
.and glac1al drift and erratics on the slopes. The Athabasca
Valley near Jasper was ice-free by 10, 550 yr B P. (Reeves
1973). : : o _ ’_

y Perlglac1a1 and recent cryopedogenlc act1v1ty on Slgnal“
Mountaln has resulted in many types of patterned ground
(Washburn,1956, 1973; JohnsonAand B1ll1ngs 1962). Stonepand

vegetation stripes are common on'southerly éxposﬁres-and

" sorted and nonsorted c1rcles, nets,. steps, and sol1fluct10n

terraces are abundant on the northerlyffee slopes. Snow

and one permanent

e o
wure for the ..

mazntenance of . these latter features.ﬁhonsorted stepped

frost boils are common “in the C. ettagoga communities and

" are actlve as ev1denced by organ1c matter 1ncorporat10n 1nto



9

o of bare soil are suff1c1ent1y disturbed by sprxng and fall

a0

. . . Yo N '
' . N M . v o .l
a « . :U LA

the soxl prof1les and patterns of root and shoot g ﬁfh

.Most of these steps are completély vegetated but ny areas

-needle ice actxvxty to prevent plant colon1zataod Greater_

';snow accumulat1on and 5011 mo1sture 1n the C. mertené1ana -

'commun1t1es produces more promxnant nonsorted cxrcles and

~ nets. ‘These: grade from small stepped frost bo1ls (vegetated)v

L

to larger frost hummocks, dependzng on topography and water <

supply. Current actlvzty of these features 1s also 1ndlcated

by patterns of organ1c matter 1ncorporat10n and root growth -ﬂ‘

Ice. and frozen 5011 were observed at 50 cm depth below some

of these hummocks 1n early August. Permafrost probably only

lIQXlStS below ‘the }arger peat hummocks of the alp1ne bogs

'HC. Vegetatxon

.%nstudy area (Moss 1955 Rowe 1972 La Ro1 et_al._1975);

surroundlng meltwater ponds and belqw the larger
sol1f1uct10n terraces.'h -
.‘p

The vegetatlon of Jasper Natlonal Park is well

'documented'(Wells et al <1978) Based upon vegetatxon and
florxst1cs, Jasper l;es near the boundary between the
:~Northern and Far Northern Rocky Mounta1n D1v151on5\of :é:

_Daubenm1re (1943) and w1th1n the Northern Alberba Rocky

Mountaxn regron of nglv1e (1962) Three major vegetatxon “fp,'

-..v zonés are recogn;zed.alpng an - elevation gradzent 1n the ‘} h‘.




'33_:of S1gnal Mountaxn. Populus tremu101des occurs 1n small

three zones on Signal Mountain.,
The montane zone has'been characterized by the

assoc1at1on of Pseudotsuga menz1es11 and P1nus contorta

(Rowe 1972) and reaches its northern-most 11m1t in the
eastern Rocky Mounta1ns 1n the Jasper area. Th1s cl1max
'forest type occurs on ;arm, dry s1tes with south or west
‘aspects in the Athabesca River valley (Stringer and .La Roi
11970) and often grades 1nto savanna and Koeler1a |

cristata- Calamagrost1s montanens1s grassland on dry valley

flats 65tr1nger 1973) The. most. extensive montane forest

type in the area is dominated by'Pinns contorta (pa,aoi and

Hnatiuk 1980). Thisxtypefdccurs‘thropghont on~all7slopesgandj
" valleys, often in dense even-aged stands. It extends into
the sUbalpine; eyen,to treeline, where fires have occurred.

Pinﬁchontortafmay be a thsiographic climaxﬁon ‘some xeric
N

sites, but 1s flre subcllmax on most 51tes. It 1s

'succe551onal in the montane to Pseudotsuga menz1es11 on dry _

: 51tes and Plcea glauca clzmax on me51c s1tes (La- R01 et al o

1975) ThlS latter type yf not extens1ve 1n the area and 1s
*‘restr1cted to r1par1an habxtats or northerly aspects -
'(Strlnger and La Roi 1970) The W1de rang1ng boreal spec1es,.

Plcea«mar1ana, is a minor component of these montane o

lforests, occurrang on wet s1tes Such as fens and peatlands
or along stream courses (Laldlaw 1971), It is also common on
poorly dra1ned s1tes w1th1n the subalpine (Hett;nger 1975)

hab1tats that are qu1te extenslve on the gentle north slope

ey ’
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stands throughout the area on alluv1um dep051t1onal sztes,

sometlmes assoc1ated w1th Populus balsam1fera (Lulman 1976)

S

=It is succe551onal to Plcea glauCa on me51c 51tes or

PSeudotsuga menz1e511 on xer1c srtes.

g ;
e The domlnant forest type in the subalplne zohe 1s the

wldespread climax assoc1atlon of P1cea engelmann11-Ab1es o

”las1ocarpa (B1el 1966) Even aged stands of Plnus contorta

-are exten51ve due to 1nfr;quent but 1ntense f1res under

_cool mes1c cond1t1ons (Tande 1979) P1cea marlana occurs o

ﬂlocally as noted and P1nus alblcaulrs 1s often found on
pac ,
exposed rxdges. Closed forest glves way to open Plcea—Ables

woodland on norther;y slopes ‘in the upper subalprne, ca.
1950-2100 .m. Thls forest type 1s characterlzed,by many age
aclasses, v1gorous Abies regeneratlon, and a characterlstzc
shrub understory on hummocky mlcrotopography composed of
.Ca551ope mertensxana, Phyllodoce spp.{ and Vaccxnlum

¥

scoparlum, Robust herbs, 1nclud;ng-Artemlsra norvegzca,

-Pedicularis bracteosa, 'and Arnica latifolia are also common.

Study Site 1 iS'Iocated near~the highteievatipn limit of -

this open forest type, buttwith,low.alpine community types

dominating“exposed‘microsites between'Piceafhbies tree

o

‘;iSIands. j |
\\Vegetation patterns'in relation'to elevationf‘moisture}.
and fire hlstory have been well documented in the montane |
and sdhalplne zones of S1gnal Mounta1n (La Ro1 et al 1975,}
‘HTande 1979, Lee and La R01 1979a b) Flre has been a |

'domrnant 1nfluence,1n the con1ferous forests‘of the__‘f



.

‘_Athabasca Valley in the Jasper v1c1n1ty, w1th large fires
(>50% of area) occurr1ng at a mean return 1nterval of
o

66 yr. Large fires burned portlons of the suba1p1ne

3Ab1es -Picea forests on the north slope of’ Slgnal Mounta1n 1n

1889 and 1758 however, the mature cllmax forest near Slte 1
‘predates the earlxer burn (Tande 1979) Patterns of
.bryophyte and understory vascular plant specles d1ver51ty on
_\S1gnal Mounta1n are@descrlbed by Lee and La Roi (1979a b).
Bryophytes have;wlder tolerances and habltat responses than
vascular plants along the elevatlon grad1ent N

The alp1ne‘vegetat1on ‘in the Alberta Rocky Mountalns 1s

dominated by dwarf shrubs 1nclud1ng rza spp., Salix spp.,‘

Wt

' Ca551ope spp., and Phyllodoce spp. Dryas 1ntegr1£ol1a, ?",‘

domlnates drler 51tes 1n the Front Ranges N of‘51° 1at1tude,
‘ 3
whereas b. octopetala dom1nates ecologxcally sam1lar areas
, o

Maln Ranges and- farther south. HeatH tundra

t

1es, possess1ng a hlgh structural and comp051t10nal
"51 1l’r1ty, are w1de<§read but 1ncrease 1n 1mportance 1n the

more mesic Main Range and northern reglons. Gram1n01d

specxes are ub1qu1tous but the ' 1mportance of _ ‘7,'\ b

gramlnold dom1nated c°mmun1t1es varies reglonally. Dry, }V'

v

’ exposed s1te specles 1nclude chre51a bellardll, Carex

nard1na~ C. rupestr1s, Eestuca spp., Agropyron lat1g1ume,

a and Elymus 1nnovatus. Spec1es of mes1c,.protected 51tesv

1nclude Carex n;grxcans, Juncus spp., and Luzula spp'

v

themls1a norvegzca and Polygonum v1v1parum are alplne

constants. Med1um shrubs, particularly Salix barrattxana and

‘

R E
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Betula glandulosa, dom1nate wet s1tes and valley bottoms

above treellne.,l

Several'vegetatfonwstudies_haﬂe been conductedcin the |
‘ alpine zone of'Signal ﬁountain (La.Roilet al}j1975; Hrapko ;
and La R01 1978 Lee and La Roi 1979a b). Other“studies have
been conducted in the Bald H1lls at the east end of the |
.fMaltgne Range (Kuchar 1972a, 1975) and in other areas of
iJasper Nat1ona1 Park and- v1c1n1ty (Kuchar 1972b Crack 1977
"Mort1mer 1978, Wells et al. 1978, See and Bliss 1980, %
"Hamulton 1981) ‘The a1p1ne flora of S1gnal Mountaln 1ncludes
157 vascular, 57 bryophyte, and 53 l1chen spec1es (Hrapko :
;and La RQl 1978) and 1s depauperate compared with adjacent o

" areas (Mortlmer 1978). The vascular flora is hlgh in

'5c1rcumpolar arctlc-alplne (30%), amph1 beringian (9%),_and

", wxdespread cord111eran (19%) species and low 1n

low elevatzon NOrth Amerlcan (5%) spec1es (Mortimer 1978)

T hThe\alp1ne vegetatlon is "northern” in phys;ognomy‘and

- floristics.
A detailed descr1pt1on of alplne plant commun1t1es~and
phy51¢al habltats on.: Slgnal Mountaln is prov1de by Hrapko
and La Roi . (1978) from whlch the follow1ng 15»der1ved.
",Flfteen communlty types, seven _gzg_ domxnated were |

del1neated 1nto four tundra groups.“The vegetatlon in

_'exposed 51tes is domlnated by rxas, and only the

Dryas-OxytroQ1s, Dryas-Festuca, and Potentllla Sllene t_

“communities are found on the dry SW . slope.,Cdssxoge

commun1t1es occur only on the- leeward NE- slope, wh1ch 1s
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less steep, ‘more heav1ly vegetated and-with\more*COmplex . R

rvegetat1on patterns. "The Ca551ope tetragona-Dryas COmmunlty r:

is very common in sllghtly concave areas that are protected

‘ but not deeply burled by w1nter snow. Sal1x arct1ca, S.

nxvalxs, and Artem1s1a norveg1ca are 1mportant as are

frutlcose 11chens. The ' Ca551ope merten51ana- Phyllodoce

_glandulelora commun1ty is common in- protected m1cr051tes

such as topographlc depress1ons, the bases of ;ollfluct1pn

,].terraces, and at lower elevat1ons. Artemlsla norveglca is

. also common but gram1n01ds and bryophytes have 1ncreased
‘1mportance. Both Ca551op communltles ochr over 1arge areas
of alp1ne %’era in the Alberta Rockmes, partlcularly in
-'Jasper Nat1ona1 Park and the North | '

Casslopg tetragona and C mertens1ana show n1che

separat1on related to exposure, snow accumulat1on, tlme of

snow melti'and soil moxsture. Figure 7 shows the o ': ~E:§\\
distribution of Casszope and communlty domlnants in a |

- typical snow accumulatlon s&te (Extens1ve Site 4) at 2135 m,

. .
intermediate to study Sites 1 and 2.1Ca551ope tetragona

becomes more extensive at higher elevatfons'while C

- mertensxana 1ncreases near treellne. Carex Luzula often

forms a d1st1nct communlty in a zone- 1nter10r to C." o

3

mertens1ana in 51tes of greater snow accumulatlon. Thzs'
-,

vegetatxon pattern 13 common in the low alplne and 51m11ar
proflles (often truncated due to. mzcrotopographlci _
dlfferences) are descr1bed by Kuchar (1975) Hrapko and La
' Ro1 (1978), and Mortlmer (1978) ‘ )

\
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D. Soxls _ _
50115 of the montane ‘and suhalplne zones 1n Jasper
Natlonal Park have developed pr1mar11y on colluv1al
alluv1al glac1a1, and aeol1an parent mater1als. Complex :
geologlc structure and var1ab1e l1tholog1es, climate, and
vegetation, influence pedogenes1s regionally and locally'
Most soils of these zones belong to the Regosollc,' d
Brun1solzc, LUVISOllC, Podzolxc, and Gleysol1c Orders -i 'u/‘
(Canada Soil Survey Committee 1978) Descriptions of Soils/
assoc1ated w1th the. major vegetat1on types are provxded by
Blel (1966), Str;nger and La R01 (ﬂS?O) Laldlaw (1971)
Strlnger (1973) Qulmang(1976), and La Roi and Hnatiuk

(1980). D o T
‘.. : L 3

‘: Pedogene51s 1n the alp1ne zone is pr1mar11y controlled
by cl1mate (i, €. low temperature) that 1nh1b1ts b1olog1cal

, and chemlcal processes (Retzer 1965, 1974) Soils generally
have weakly developed and often th1n horlzons. 5011 pedons

 are often burled or truncated w1th dlscontlnuous horlzonsxgi‘
in areas subject to. sozl creep and frost act1on. Alplne .
50115 are characterlzed by accumulatlons of weakly -

-decomposed organ1c matter 1n the surface horizons, weak:
granular structure, s1lt loam. textures w1th low clay

v contents, and an a¢1d pH that 1ncreases thh depth (Knaplk_

't al., 1973) Illuvat1on 1s usually sllght and the B hor1zon"

'v\‘f,-— —

‘is prlmarlly altered by ox1dat1on produc1ng a change 1n
color rather than texture. Podzol1zat1on, resultlng 1n

szgnlflcant amounts of amorphous alumlnum and iron



compounds, has been'reported in geographically widespread,
alplne areas (Bl1ss and Woodwell 1965; Johnson and C11ne
1965 Srieddon et al. 1972a,b; Van Ryswyk and Okazak1 1979)
including the Canadlan Rocky’Mountalns (Bapt1e 1968 Klng
and Brewster 1976). Lithic and cny;c contacts often occur
close to the m1neigl soil . sugfaqe T

" Alpine 50115 have been descrlbed from a number of

‘locatlons in the Canadlan Rocky Mqunta1ns 1nclud1ng Waterton

““““

Mand vicinzty (Baptle 1968 Beke and Paw{gk 1971 Broad 1973 1;
Knaplk et al. 1973, Klng and Brewster 1976) and 1m;Jasper ':‘5
. National Park and v1c1n1ty (Kuchar 1975 Hrapko and La Roi

1978, Mortimer 1978 ‘Wells et al. 1978) Soils belong1ng to

the Regosollc, Brunlsollc, Podzol1c, and Gleysollc Qrder?y

. are represented These 50115 have developed prlmarlly on’

th1n glac1al t1ll and colluv1al parent materials but:

'lacustrlne dep051ts occbr 1n local1zed depre551onal areas
'(Knaplk et al. 1973) and anlLaQ dep051ts of volcan1c ash
.(Mazama 6600 yr B.P., St. Helens “Y" 3350 yr B. P., Brldge

‘Rlver Ash 2400 yr B. P ) are wldespread POdZOllC B hor1zons

common 1n many so1ls of the region, may have resulted from'

degradat1on of this ash i 51tu rather than podzollzat1on

sensu stricto (Beke and Pawluk 1971 King andgarewster

_1976) L P - I

501ls of. hab1tats occup1ed by C mertgn51ana and c.

tetragonafhave been descr1bed from many Alberta areas, and

so1l Orders 1nc1ude Regosols, Brunlsols, and Podzols (Table'

L



Table 1. Soil Great" Groups and Subgroups found 1n C.

. mertensiana and C. tetragona habitats from L
selectea areas of the Canadian Rocky Mount%ins;

LOCATION AND
REFERENCE

 HABITAT TYPES
~ ’ [ R

C. mertensiana

-

\

c. tetfégona

" HIGHWOOD PASS ~~

Trottier 1972

BANFF NAT'L
- T PARK

ﬁéptiefﬁ968

Broad 1973

»

King & Brewstér
1976

Alpine Eutric &
Drystric Brdnlsols

(Phyfgodoce
Assoc1atlon)

Podzp Regosols

(P Eyllodoce—Vacc1n1um
' Assoc1at10n)

co Podzols 4

Regosols

(C. mertensiana
- Association) -

. Brunisols

Podzols

Regosols

'(Phyllodoce Assoc1qtlon)

- Alpzne Dystrlc

Brunlsols

(Phyllodoce Antennarla)

Orthic Humo-Fer;lc
Podzols

(Subalplne Phxllodoce)

“Orthic Regosols

- -

(C. tetragona
Assocliation) -

~

Podzo &4Cnﬁic"
Regosols

- (C. ietragbna
- Association) -

" Alpine-Dystric

Brun1sols

(e etragona)

“Orthlc Ferro-
"Humlc Podzols

(Subalpxne-

' Phxllodoce &

tet:agqna)



Table 1. (continued)
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LOCATION AND
REFERENCE

HABITAT TYPES .,

C. mertensiana

~ C. tetragona

'JASPER NAT'L
PARK VICINITY

Kuchar 1975

G

Mortimer 1978

‘Wells et al.
1978

Hrapké &
La Roi 1978

v

Dystric Brunisdls

[
. (C. «mertehs:ana~

" Phy odoce

"Orth1c Melanic & Eutrlc{,

Brunisols

(Phyllodoce-
C. mertensiana)

Sombric & Melanic
BruniSols

‘Sombrlc Humo-Ferr1c

Podzols:

(Phyllodoce- '
C. mertensiana)

Orthic Sombric
Brunisols

(C. mertensiana-
Phyllodoce

Dystric Brunisols

(Drxéé- .
C. tetragona)

Orthic Regesolé

(C." ¥®tragona-
Dryas

“Sombric & Melanic

Brunisols

Eluviated Dystric _
Brunisols .

Orthic &
Sombric Humo-

" Ferric Podzols

(C. tetragona-
Dryas)

Orthic Sombric

> Brunisols

(C. tetraqona-
Dryas ‘
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1) Sozls of C mertensmana s1tes gener lly have greater

horlzon development and only rarely do Regosols occur. So1ls

of commun1t1es domlnated by C. mertens1ana Phyllodoce and C

N

’»;tetragona-Dryas on S1gnal Mountaxn wvere Cl@&SIfled as Orth1c'

Sombrlc Brun1sols by Hrapko and La Roi (1978). These‘solls
had’sandy 'loam to s1lty»loam textures w1th low clayicontents
(3- 15%). Avallable nutrf!hts, 1nclud1ng N and P, were'low;'
but K was highest in the soils of C.. merten51ana Phyllodoce ..

/
communities of-any»examined Field capacity”f-o 03 MPa)'

. 0

permanent w1lt1ng point (-1 50 MPa) ‘and avallable moisture

were highest in the organ1c horizons of the NE slope sozls,

1nclud1n§§those of’Ca551opg s1tes. - L "¢

E. Climate

Macro and Meso-climate

"to the prev 1l;ng winds.- The mar1t1me 1nfluence (
f

The macrocllmate of the Cordllleran reg1on (Hare and

_Thomas 1974) 1s domlnated by the movement of hlgh and low

,pressure systems w1th1n the zone of westerl1es across the

many parallel mountaln ranges that lie nearly perpSndxcularl

derate

temperatures, winter maxlmum and summer m1n1mum

preC1p1tation) decreases in the lee of successive mountain

franges. Conversely, cont1nenta11ty (large temperature
gfluctuatlons, summer max imum and winter m1n1mum

-prec1p1tat10n) lncreases w1th proxlmlty to the pralrles..g

0

“Thls is especxally true in wlnter when cold arctic axr fromj‘

large hxgh pressure systems over. the cont1nental 1nterior,_fj;f

e
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penetrates thefmchntains from the east; In~general; a
west-east'gradient'eiists_df‘decspasing precipitatiqn ang
increasing'temperature_variabilityj(especfally in winter).
The climates of the fdur'contiguOUS ‘mountain Natjonal
Parks lying along the Cont1nental D1v1de in Br1t15h}Columb1a
and Alberta are dlscussed by Janz and Storr (1977), from
which much of the following is derived. Spatial, var1ations‘
in mesocllmates are pronounced due to topographlc .
~influences. Dry valleys are continental wh1le a more—
marltlme cllmate may ex1st at’ hlgher elevatlons. Jasper
townsite has one of- the most continental qllmates of
reportlng stations. in the reg1on. Thisg is reflected in the
magnltude and var1ab111ty of 1ts temperatures'and |
precipitation,. Summer temperatures are h1gher and annual
Tpreclpltatxon totals lower .than most mounta1n or footh111
A51tes in west central Alberta. ThlS may be Influenced by a)
Jasper's low elevat1on (at 1061 m it is one of the lowest
'report1ng stat10ns-1n the Parks) b) Jasper s northerly
latitude and prox1m1ty in w1nter ta\pcld arctlc a1r, "and o)

a rain shadow effect (Powell and Maclve 1976) in part

Rt

~derived from the presence to thé west'of Mt..Robson, the
hlghest mountaln along the D1v1d§% Storm tracks durxng |
>~‘summer frequently bypass Jasﬁﬁ§7g9wn51t§Lo& the south and

. move up the Athabasca River V%ﬂley (Tande 1977)

| A clxmatlc d1agram for Jasper town51te is bresented in

Fig. 8 (see Append1x for Atmospherxc Envaronment Serv1ce

"-"Normals ). The macroclimate 1s character1zed by cold and
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Figure 8.
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Climatic diagrdm (after Walter-1973). for Jasper townsite,

Alberta, 1061 m, 520 53' N, 1180 04" W. Upper Tine is mean

‘monthly preCipitation;,}dwer'liﬁe is mean monthly .
temperature; solid bar is months with mean daily minimum

temperature €09C; hatched bar is months with extreme

- minimum- temperatures €0°C; mean annual temperature is

2.99C; méan annual precipitation is 401 mm; years of .

record is 44; mean frost-free period.(1941-70) is 84)@,.ahf

Temperatures on left, in descending order: extreme .
maximum, mean daily maximum warmest month; mean daily
minimum coldest month, extreme minimum. - =

BRI 5 ;'1:; |

cenl
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-'-snowy W1nters; thh cool and ra:ny summers (be after |
[fxoppen) These cond1txons also exist in Banff and most other
,imontane zones;.ﬁ the reg1on. Jasper has a mean annual | fw
Tteaperature oi 2 9 c. The annual temperature range between .
-gthe mean-dazly maxzmum of the warmest month and the meaq .
',dazly mznxmum of the coldest month 1s 39 7°C, and the |
rpextreme range 1s 83 4 C. D1urna1 fluctuatxons are h1gh

\dgcompared thh other regzonal statlons July, the warmest
'.month has a mean da:ly temperature of 15 1°C, and a mean B
'Fdaxly maxxmum of 22 8°Cu Summer temperatures exceed 21°c ‘on -

ii’one out of 5 ree days durxng June through August, and exceed

'f-27-C-on Y f ut of flve to sxx days dur1ng July and August.

\f,Frost caﬁ occur durzng any summer month but the frequency of

\’._. .

;occurrence 1s low (one day per month durlng June through
o August) The mean frost free per;od (1941 1970 records) 1s _
_84 days (7 June-31 August) but extremes of 21 and 127 days iwwf

r_thve been recorded January 15 thef'Oldest month S

'fda1ly temperatures of ~11 8°C and.mean_dally?mlnxmum of'\\

'f-16 9 C W1nter m1n1mum temperatures show greatevfdev1atzons

L

j’from the mean thanf'f‘:er, Cold temperatures are pronouncedfffdﬂ

*(gspeclally 1n valleys) durlng w1nter. Extreme m1n1mum

f?htemperatures of <- 40 t0'-45 C have probably occurred 1n allﬂ?raj

i*areas of Jasper'Nat1onal Parkﬁffhe probab111ty (B) 1s >0 25;€;;;

‘ﬁgthat tempera‘ure ;< 30°C “ll be recorded dur1ng December

rfﬂand January and P>0 10 durxng Novemher through February atq,

};5Jasper townS1te._Temperatures"nﬂth

occur durzng most yearS'
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o

Hzgher elevat1ons around JaSper townszte would show‘:
both a decrease in maxxmum and m1n1mum temperatures and
temperature range. The sprxng-fall 1apse rates probably -
range between the moxst (5 5°C/km) and dry (9 C/km) |

- ad1abat1c lapse rates 1n the free atmosphere. Jasper X

Nat1onal Park tends to be sl1ghtly more 1sothermal (1 e.‘
lower lappe rate) than the other contlguous Parks (see F1gs.
4.3b-d. 14 Janz and Storr 1977) Free air mass stablllty lSl
greater 1n wlnter than ‘in sprlng and summer. Winter- air

temperatures are often 1sotherma1 up to ca. 2100 m.

' Temperatures at h1gh elevatlons often vary 11tt1e or are

' even warmer than valley sates. The frequency of very low

N
temperatures 1s reduced at hzgher elevatlons. Invers1ons msy

be deep and prolonged in w:nter w1th cold a1r trapped 1n 37

*valleys. Summer 1nversxons are 1ess frequent and more-'

' .
e

d1urna1 in’ nature._
The prec1p1tatzon regxme of Jasper town51te 1s
typlcally cont1nenta1 w1th extreme varlatzons between years.;

The mean annqal prec1p1tat10n is 401 mm but extremes of 219

f mm and 580 mm have been rec0rded. Prec1p1tatlon occurs w1th

C e

[

a frequency of one day in- three (yearly) w1th a max1mum 1n
June through August (13 days per month) and a mlnzmum 1n _
February through May (7 9 days per month) Jasper 1s the ot

least snowy of all reportlng statlons 1n the cont1guous

Parks (31 5% as snow) and the frequency of summer snow 1s

slx) of low

htgh frequency (one year'a;

autumn snowfalls,:condxtzona that are usually assoc1ated

S8
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_w1th warm, dry, westerly flows, but occa51onally w1th cold
'dry perlods. The max1mum snowpack usually occurs. in late

Q

March or April. N -~5;

A more mar1t1me prec1p1tat1on reg1me is found at h1gher

elevatlons. These areas experzence less year to year '

'varaatlon, and more of the prec1p1tat10n occurs dur1ng the

winter, and as snow throughdpt the year. Rough estrmates of'”

-'.prec1p1tat1on on S1gnal Mounta;n-may be der1ved £rom

11

'iyeigyatlon versus precxpltatxon equat1ons of Janz and Storr

‘\)'-r

-h(19}i) The estlmated mean’ annual prec1p1tat10n for 2200 m

would: be about 600 mm w1th up to 80% occurr1ng as snow. The
"‘\

maxlmum snowpack at h;gher elevatzons probably occurs in

late April or 'May.

';'M1crocl1mate \‘ |
o L1mited mlcroclxmatlc data are. avallable for the alpine
;zone of Slgnal Mounta1n. La R01 (unpubllshed data) suggeSts

that at t1mberl1ne (ca. 2050 m) the mean annual temperature

1d.t_ -4 5°C (annual lapse. ratg of 7. 5 C/km from Jasper : _7

”town51te) and annual prec1p1tatlon -may - exceed 700 mm, ,

Temperature (a1r, soil),. radlatlon, prec1p1tat1on, relatlve o

'humldlty, and wlnd data for July and August 1967 are

‘ 'presented for Signal. Mountaln by Hrapko (1#,0) and Hrapko

"and La R01 (1978) Comparlsons are made wzth Jasper townmte._i;_,"T

"fand between varxouh micros1tes in the alp;ne zone.,D1urnal

“temperature fluctuvt1ons were less on Slgnal than at’Uasp"

Maxxmum temperatur s on S1gnal were cons1stently lower but

m1n1mums were ofte

e - . .
.'. .'r..

l hagher, partxcularly durzng warmer; “_}*;'

<
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- ‘periods. Temperatures at +135 cm showed a maxlmum of 22 C
and an absolute range of 38° C Temperatures <0 C occurred onh

)

four dates.vGreater dxurnal var1at1on occurred nearer the ‘
,5011 surface (+50 and +18 cm) but were reduced below ground
(-2 and -10:cm). Frequent cloud cover, partlcularly 1n
! afternoons, reduced actual radiation from potential Max1mumg
and minimum daily 1rrad1ance values were 35 1 and 7.5
_MJem od' ;;respect1ve1y.hPrec;pltatron.durlng the study”
-.;period.vas onlv 61% of Jasper‘s'anq¥approxfmately 8%
occurred as ‘snow. Relatlve hum1d1ty var1ed between 20 and
100% and the maxlmum vapor pressure def1c1t recorded was 2.2
kPa. Mean w1nd speeds at the fire lookout were 10 0. km/hr.,.
Higher winds were usually assoclated w1th warmer weather or
the ‘warmest perlod of the day Prevalllng w1nd d1rectlons‘v‘
were wsw (from the. Yellowhead Pass) but upslope S w1nds _wene
also common and occas1onal NE w1nds occurred usually j
associated w1th prec1p1tat1on (partlcularly snow) Calm -
'_per1ods were rare and of short durat1on. S | |

| Microsite: var1ab111ty was hlgh and slope aspect and
other topographlc features were more 1mportant than
elevatlon in determ1n1ng\m1crocl1mates. Slte var1atlon was .
'greater in maximum than in mznxmum temperatures.uu'?“ |
3 Temperatures (a1r and soll) and w1nd were p051t1ve1y
correlated w1th exposure. South slope sxtes had h1gher iiJ
‘maximuni and m1n1mum temperatures and w1nd speeds than north
.slope 31tes. So11 temperatures were negatlvely correlated . 7:.
w1th so1l mo1sture and plant cover and were less at north\ﬁ7’/5~

3 ’

LB
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'slope sites..

‘ﬁhe Study Years~ 1973-5975 '

Inferences concernlng the normality* of the'studyy
' years can be made by compar1ng Jaspé% towns1te data for
these years w1th the longterm record. (see Fig..9 for
compar1sons and Appendlx for Atmospherlc Env1roment ‘Service
data). Thls comparlson can be used to prOJect seasonal
nicroenv;ronmental cond1t1ons for Cassloge habitats on
lsignal Mountainl It oan be‘estimated.that;snow melt occurred
early in 1973-duexto aboye—normal.winter teéSZratureS'and
below normal prec1p1tat1on. The 1973 summer had near- normal
"temperatures, but was dry w1th h1gh SOll mozsture def1c1ts.

Below-normal temperatures'and-above-normal precxpltatlon in

"dearly wlnter 1973 74 resulted 1n early and deep snow cover.

‘3Snow release of Cassloge habltats ‘was delayed in 1974.‘The
f 1974rsummer had near-normal temperatures and the slight
hsummer prec1p1tatxon def1c1t was grobably amel1orated by the
| ‘late snow melt Fall 1974 was dry w1th 11ttle snow Snowv

cover was delayed and potent1al de51gcat1ng CQnd1t1ons

"71ex1sted through early w1nter. Plants in very exposed

.-m1crosztes m;ght have been exposed to low tem erature 1n3ury-_"

~in m1d w1nter. A near—normal year was probe epresented:

in 1975 but wzth greatly fluctuat1ng monthly’f,mperatures_
Ayand prec:pxtatlon. Delayed melt of a‘?elow-normal snowpack
1probably resulted 1n near normal snow release The arrival"

\

Jof fall snow 1n 1975 was 1ntermed1ate td 1913 and 1974

Co i)
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The var1ab111ty 1n the study years allows the follow1ng'

condztzons to be accessed w1th respect to the proposed

hypotheses concern1ng Cass1ope hab1tat selectlon-j

<1;p

“Documentatxon of the wlnter snow regxme in years of

fp-above and below-normal w1nter prec1p1tat1on and both

E_prec1p1tat1on. .

vprecrpltatlon-

e

early and late snow cover and release.

Documentatlon of ‘the summer snow- free per1od in’ years ofki

- early and late snow release. ' |

r'P0551b1e soil- molsture stess 1n a year (1973) of early
‘snow release coupled w1th a summer preclpltatxon |
;.def1c1t.' | .

ff;Poss1ble des1ccat1ng,cond1tlons in fall and early w1nterg

'(1974) due to above normal temperatures and below normar

£

:Poss1ble per1ods of low temperature stress. (late w1nter

1974 ~75) due to‘Below-normal temperatures and

Y



II11. THE CASSIOPE HABITAT
R ——— A .

ki : . ﬂ '.fvt"bih -~.‘. ‘ _ .t.:

, A Vegetatzon and Envxronmental Grad1ents o -

B 1. chrotogograghz | | '

a. Methods |

(A transect ‘was establ1shed in 1973 at each Sxte to compare

. specxes d1str1butlon patterns. responses of Ca551ope (growthiv

rates, phenology, and water relatlons), and changes Ofxf
environmental parameters along a topograph1c gradlent. The
:transects extended downslope and crossed both the C

tetragona and C. mertenszana commun1t1es at each S1te. The

transects at Sites 1 and,2.were originally 52 and.Gva in
length, respectively,.butﬁwere extended in 19744toA95 mto
include a greater varlety of habltats. They were marked w1th
©2.75 and 4.25 m snow stakes (2. 54 cm conduxt) and were
’lsurveyed at 1.m 1ntervals with a trans;t to establlsh a
ltopograph1c profile. ”

b - Results _

‘The mean slopes of Site 1 and 2 were 32.8 and 30. 0%,
"_respectlvely (F1gs..10 and 11). Small changes in
N mlcrotopography of up ‘to’ 13 me above or 0 3 m‘Below the mean
slope resulted 1n abrupt changes xn communlty patterns and
spec1es dlstrlbutxon along the tranSect cOnvex, upslope
surfaces were more exposed and supported ch1onophob1c
spec1es whzle concave, downslope surfaces were more7.,

f;protected and supported ch10noph1l1c specles.‘,?'
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“lz Vegetatzon

| a. Methods | _

i The vegetat1on along each transect was sampled 1n order
- to relate changes in species composxtion and - structure to,(
changxng env1ronmental parameters Ten sample polnts were
.located at 4-15 m intervals along each transect the spac1ng
g dependent upon the abruptness of observable vegetat1onal or
henv1ronmental grad1ents. At each sample point. a 10 m llne ~
'(blsected in the center) was la1d out perpendlcular to the
transect, and ten 25 X 25 cm’ quadrats randomly placed along
each line. Rectangular quadrats are commonly used but‘
‘}-Eddleman et al (1964) 1nd1cated that quadrat szze and
tnumber are more. important than quadrat shape for tundra
vegetatlon. Size and’ shape vere chosen to facilitate
comparlsons w1th other studles in the area- (Hrapko 1970,
'Kuchar 1975, Hrapko and La Roi 1978 Mort;mer 1978)

minimum of forty quadrats were placed in the prlmary plant
community at each study Slte. This was a 50 to- 100% larger
‘total sample 51ze than used by the above researchers for
51m1lar vegetat1on and well “beyond the. poxnt where the
species- drea curve began to flatten (Ca1n ]938)

Cover was estlmated us1ng a mod1f1ed &

'Braun Blanquet—-Daubenm1re cover scale (Table 2). The med1anji
fpercentage cover of each class was used to calculate the
‘average cover for a specxes. The narrow ranges of the lower'
cover classes are su1table for: alp1ne vegetat1on in ‘which

f-manyxspecles}haqe low-cover,‘The'broad ranges of the'higher~

A
>



._Table 2 Cover scale used in vegetatlon sampl1ng.
.v)

- cnass  PERCENTAGE COVER - MEDIAN
7 196-100% o 98.0%
e 6 76- 95 86,0
-5 51- 75 . 63.0
T 4 26-50 - . - 380
I 3 16- 25. © ‘20,0
\ 2 6- 15 o _._.11.0.'0"
: S -5 30 .,
+ ‘undert 1. DU ;- 0;5l
R . RARE Y YR
. | Q%&j;t;fjf

cover classes are less ‘accurate and probably underestzmate
. cover for these specles.u~ o

Voucher speC1mens were collected from the two 1ntensxve'
'S1tes and have been dep051ted in the Un1versrty of Alberta »
 Herbarium. Nomenclature of vascular plants follows Moss
‘(1959), except M1nuart1a (Wolf et al. 1979);“and __1__

1'octog*tala L. (1nstead of D hookerlana Juz ) Nomenclature

.Mof brYopHytes_and llchens follow Crum et al (1973), and’
3 A
‘Hale and Culberson (1970) nespectlvely.

b Results ) ' __'. -
. e
Site 1 L '_ o vé-1‘ . ;

Cover of major vegetatlon components and dwqrf shrubs

_ along the transect at 51 :j"' shown 1n F1gs. 12 and 13
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(see Table 3 for a complete llstlng of vascular speC1es)

fThe abrupt tran51t1on between commun1t1es and spec1es that

te

occurred at 35 m dounslope was related to m1crotopography
(see Flg. 10). Total vascular plant cover 1ncreased in the
<

more prOtected areas downslope from a- mean of 40% 1n the C

tetragona—Dryas commun1ty to 71% in the C..merten51ana ::

-commun1ty. Cassiope. tetragona and Dryas octopetala were the

major vascular specles in the former communlty and together
»_constituted 70% of the total vascular cover. Cassxope

merten51ana constltuted 70% of the total vascular cover “v

‘downslope. Bryophyte cover was varlable (4 16%) but sllghtly

hlgher in the C. tetragona-Dryas communlty. L1chen cover was L

unlformly low (<5%) Litter was negat1velf;correlated w1th ,

o total vascular cover due to the 1mportance‘of Casszoge. Old

leaves of Ca551ope remaln attached to the 11v1ng shoots and
decompose in 51tu, produc1ng llttle 11tter. The amount of
'bare ‘ground was. negllglble except at a locally dlsturbed

area ca. 10 m.

‘Total‘number ovaascular“specieS'sampled invthe.C.

';jtetragona rza commun1ty was: 24, w1th a mean of 16 per.

y e

~'-sample poxnt. The C. merten51ana communlty had greater

' d1vers1ty w1th 35 specles sampled and a mean of 21 per;'
'sample poxnt. Thas was due to the presencefotrseveral alp1ne ’
specles in trace amounts. and a larger numberSof subalplne

=spec1es.,Casszope tetragona Dryas octopetala and Sallx

rarct1ca had mean covers of 15 43, and 3%, respectxvely,;i'
‘ -

lthe C tetragona rza communxty. Cass'b e‘mertensxana and :
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A.J

Salix arctica had mean covers of‘52‘and ¢%‘in the.C. -

mertensiana communzty. The only -other. speczes w1th h1gh

cover was Phyllodoce g;andullflora/zntermed1a, but 1t was "‘ﬁ,

- more 1mportant in the tran81tzon zone between the .
' coumun1t1es. All other speC1es were of mlnor 1mportance w1th
cover values <i- 2%.. | | | | ‘"
| Vascular spec1es found 1n greater abundance 1n the C.

'tetragona-Dryas community 1nclude Ped1cular1s capztata,.

Potentllla d1ver51folla, Polyggnum v1v1parum, and Egu1set L

,<.sc1r201des. Most of these are a1p1ne constants 1n mes1c

-hab1tats. The dom1nant bryophytes were Hylocom1um _plendens;-

| D1cranum acut1fol:um,»Pohl1a cruda,‘and gzpnum revolutum

'~L1chens were predom1nantly frutzcose spec1es 1nc1ud1ng

| Cetrar1a 1sland1ca and Cladon1a spp. Vascular specxes found f“

in greater abundance in the Cu merten51ana communlty 1nclude5?'

Veron1ca alg;na Antennar1a lanata,:Luzula parvxflora, and

Juncus drummond11. The dom1nant bryophytes were

'Brachytheczum sp., Barb1loph021a

<

T;and Pseudoleskeella tectorum. Lic?ens'were'predomznantly

,fol1ose spec;es 1nc1ud1"fPelt1‘era can1na and P aghthosa.;

, Several speczes were common xn both commun1t1es 1nc1ud1ng

B the: alp;ne speczes Sa11x arot1ca, Artemlsia norvegica and

—_d;Poa alglna, the Subalpxne speczes Phyllodoce glandulzfora/

:.1ntermed1a, Arnxca latxfolxa, and Er1 ero eri rlnus, andf/
, /1 \ ___Jl____ E___S_____




d-was more me51c and dlffered structurally and ﬁlorzstlcally

from the C. tetragona-Dryas community at Sxte 2.

Cover of major vegetat1on components and dwarf shrubs
ialong the transect at S1te 2 are shown 1n Flgs. 14 and 15
"'(seé Table 4 for a complete l1st1ng of vascular spec1es)
Communlty patterns and specxes dxstr1but1ons-were more
"Thcompllcated than at Slte 1 and mlcrotopography (see Fig. T1)
exerted a greater 1nfluence at thzs more exposed alp{nef

"r51te. Total vasqular plant cover was lowest in the .

~j:¢ rza —llchen communlty (x = 27%) 1ntermed1ate 1n the C.

'fytetr ago na—Dryas communxty (x - 49%), and h1ghest in the C '

m erten31ana communlty (x - 76%) The latter\two were.u”

'ulcomparable to the1r respectlve commun1t1es at Slte 1

' Dom1nance was even more hlghly restr1cted at Slte 2,‘and\1n,v5

h both the c. tetragona Dryas and C. merten51ana communitles,

‘_- 82% of the total vascular couer was contrlbuted by the i.:77‘5“

) gtccmpbnent (% ccver) of the Antennarla lanata/Carex e

1nd1cator speczes. Casslopg merten51ana was only a mlncr o

' m 1grican -C._mertens1ana commun;txes but 1t prov1des a

k 5ffﬁcharacter1st1ciphysiognomy[ o'these areas domznated by small

v:%ﬁf}herb and 9ram1n01d spec:es. BrYOPhY efcover “a‘ comparable

**5¢f¥to the respectxve communztles atrS1te 1 and was agaln hzgher
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?lowest 1n bhe C. mertensxana communlty (x = 7%)

-

,1ntermed1ate in the C. tetragona-Dryas community (x = 25%),_

V:and hlghest at the two ends of the exposureagradient

_,.Cbrza -11chen X = 36%, Carex n1gr1cans-C. mertens1ana f -
| 58%) Percent bare ground followed -a pattern dzredtly

'related to exposure and was lowest 1n the C. mertensxana

commun1ty and hlghest in" the Dryas 11chen commun1ty. -

Total numbers of vascular speczes sampled were hzghest

in the C tetragona—Dryas communzty (28) and rza llchen

'commun1ty (23), and lowest in the C merten51ana communlty
b

- (13). Mean number of speC1es per sample po1nt in the C.

‘tetragona~Dryas.commun1ty Was 51m11ar to S1te 1 but the c.

mertens1ana commun1ty was florastzcally depauperate Mean

“cover’of C etragona (30%) and C. mertenszana (62%) was

_h1gher than thexr respectxve commun1txes at Slte ]., rzas
'octopetala had a mean cover of 14 and‘11g 1n the B -:'
. D rza l1chen and C. tetragona communztles, respectxvely, the

Tlatter s1m11ar to Slte 1 Sallx arctxca and S.'n1val1s were

ffub1QU1tous, the former/ulth a mean cover of 4 and ﬂ% in the

tC tetragona-Dryas and C. mertensxana commun1t1es,wr¢;.ffi.

'ffrespect1vely,’and the—latter 1n small amounts (generally
,<1x) 1n all areas. a0 ;--f.‘u ;<= B ; ?44e+e%4—s~s. aif}\*

The _gxg_ lzchen communlty had a. larde number -of “:J;;_;_,g

"caesp1tose and mat form1ng spec;es, all of low covf\ ;Theiaiyv

1nc1ud1ng Cladonxafspp.. Cet'arxa sap. “and crustose :*”1"””"



LM

-_species. TheZCJ tetragona-Dryas communlty had many vascular

spec1es of low" cover (generally <1%) 1nc1ud1ng Pedlcularls

cag1tata, Camggnula la51ocarpa Polygonum v1v1parum,‘ -

~uAntennar1a a1p1na, Festuca baff1nens1s, Luzula sglcata,<,~'~f

;fﬁlerochloe alpina, and Artemxsza norvegzca. Several of these;

 were shared w1th Slte 1. The domlnant bryophytes were

Drepanocladus unclnatus, D1cranUm acut1f011um, and

Hylocomlum splendens. Llchens were predomlnantly frutlcose

Al

spec1es 1nclud1ng Cladon1a SpPp. ., Cladlna m1t1s, Cetrar1a

jspp., Dactyllna arctxca, and Stereocaulon tomentosum.

jAntennar1a lanata and Potent1lla dlver51folxa were the only

’.forbs w1th cover >1% 1n the c. mertensrana communlty. The

vﬁuyophytes and 11chens were s1m1lar to S1te 1. Subalp1ne
vascular specles and follose 11chens,'1nc1ud1ng Solor1na
,crocea, were more common 1n less exposed areas downslope.

3. Snow Cover

- a. Methods s

_ Snow depths vere measured per1od1cally at 1 m- 1ntervalsl o
» .
‘flalong -each’ transect to-show patterns of fall-w:nter snow
N /
: _~accumulatlon and spr1ng summer snow release. Measurements at

'”f51te 1 were taken on elght dgies dur1ng the snow-covered

-.perzods of 1973 74 and 1974 75 and three dates durlng the

O
Q4 ';‘ *

'snﬂh""landrfall of 1975 Measurements at S1te 2 were. taken

“{t~cn sg‘ n and{elght dates durxng 1973?74uand 1974-75
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in- the C. merten51ana commun1ty. Transect exten51on 1n 1974

1ncreased total coverage to 95 m, 1nclud1ng 31 m- 1n the C.

“tetragona-Dryas communlty and 58 m 1n-the C merten31ana

Y
commun1ty. Total Szte 2 transect coverage in 1973 74 was

60 m, 1nc1ud1ng 34 m 1n the C. tetragona 2 § communlty and

| 8 m. in. the . c. merten81ana communlty. Transect eiféﬁélon in,

,1974 1ncreased total coverage to 95 m and coverage 1n the C.~

N

'-mertenszana communxty to 10 m, and added add1t1onal coveragen

‘”downslope. Thls 1nc1nded 9 m coverage 1n a C tetragona _;['

vh,commun1ty (late snow release), and 5 n coverage in both an

R

Antennar1a lanata C. mertensxana commun1ty and a Carex

nlgrlcans C merten31ana commun1ty Mean and maxxmum

:_commun1ty snow depths along the entlre transect length are-
_therefore not dxrectly comparable between the years, but

'speC1f1c m1cros1te§;pnd general patterns of accumulat;on and

t

_ablat1on can- be compared

‘ b..Results .
. slte 1 :x:. .‘ . S . 5 :
’ L3 ' £ . 2 .
Patterns oi snow acdumulatxon and ablatlon at Slte\1‘~

,for}1973 74 and 1974 75 are shown 1n Flgs. 16 and 17

'respect1vely. Snowfall occurred in late September, 1973 and

e by 6. October,,c. mertensxana was completely covered in. all 7f7

_ of many of the large hummochs wzthzn the C.

“mertenszana communlty protruded above the snowpack bpt were ,-?

'vegetated by more chxonophob;c spec1es 1nclud1ng C

'_'tetragong..uost other C. t!tragona mzcros1tes were aleo
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E exposed. Thzs same pattern was observed 1n all study years.
The f1rst apprec1able late fa%& and eatly W1nter snowfalls
: were redlstributed by wxnd 1nto topograph1c depressxons

'J»JL

bover1ng.c. mertenszana wh1ch rema;ned Fovered unt11 spr1ng.

However, Q“ etragona was rarely covered by ‘these early

- \\

snovfalls and often protruded above the snowpack ‘in exposed -

- - R, |
-m1crosxtes even in mzd\wznter. Up to 50 cm of snow was )

present in the C. mertens1ana commun1ty by 21 0ctober, whlle

:ﬂ<10 cm was present in the C. tetragona-Dryas communlty.
.9 »

h‘Heavy snowfalls occurred dur1ng the v1nter of 1973~ 74,and

maxlmum accumulatlons were recorded on- 26 ‘May, 1974 Snowrb

depths at this t1me varxed from 107 .to- 145 cm in the C.-

tetragona-Dryas communlty and from. 222 to 340 cm in the c.f-'

{

'merten51ana commun1ty Snow release in 1974 was delayed by
[}

‘the deep snowpack The C tetragona-Dryas comm \un1ty began

.tsnow release on 22 June and was" completely snow free by 3

I

: July. The C. mertens1ana communzty began snow release on 9
. Julz;but was not completely snow free unt11 2 August. . |

-Snowfall ‘was delayed 1n the fall 1974, and |
accumulatxons in late Noyember were comparable to those one

Wmonth earlier 1n 1973 JMax1mum snow depths were measured on

24 Apr11 and var1ed from 56-to 158 cm in the C. tetragona-

rzas commun1ty and from 134 to 230 cm 1n the Climerten51anav

??ﬁtommun1ty. Snow release of the c. tetragona-Dryas community

began on 9 June and was complete by 19 June. Snow release o£4

the C. mertens:ana communzty began on 17 June but heavy

. 34

snovs (29 2 mm water equ1va1ent) on 27 29 June. delayed

,'Q:p-sr':;
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_,complete release unt11 1Q July.‘

. |
Barly vxnter snov accumulat1ons in 1975 Qere

:Lntermedlate 1n depth and- t1me of arrival to accumulatlons

1n 1973 and 1974 The C..mertenszana commun1ty was;

76 §

‘' .

7comp1etely covered by late October,_and by 22 November, 40
to 138 cnm snow had accumulated. MAny c. tetragona plants
'prOJected above the snowpack on thls ratter date. and snow
tdepths in t C, tetragona-Drgas communxty var1ed\\fom 2 to

o Ty TN

Slte 2 | S o >f*»\‘p 4.’ N
. Patterns of ‘SNOW ° accumulatlon and. ablat1on at Slte 2

for 1973-74 and 1974- 75 are shown in F1gs. 18 and 19,

respect1vely asgr/ge mertens1ana was completefy covered by

snow. . in early October and ‘by 21 6ctober, 32 to 57 cm of snow

‘-was present in the C\mertenszana communlty. Snow depths 1n

- [N

- the.C.. tetragona-Dryas commun1ty on thlS date varied from 2

- to 35 cm w1th many plants pro;ectlng above the,snowpack

Max1mum snow depths\were measured on 25 May, 1974, and
var1ed from 60 to 164 cm 1n the C. tetragona rzas commun1ty
A}

and from 175 to 230 cm in the C.‘merten51ana communlty

',C. tetragona Dryas communlty began snow release on 14‘June

-_fagd was completely snow free by 2 July. The C. merten:

commun1ty began snow release on 5 July and was sSnow f-ee by

16 July.

Winter and spring obServations in-1973-74 indiéated'
that vegetatlon patterns and spec1es d1str1but1ons were ‘more

h1ghly influenced by mlcrotopography and patterns of. snow
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1vCass1ope tetrggona often:

«

. o -
EAE

accumulat;on and ablat1onnat thzs low alp1ne Szte than at

'Szte 1 Cass:ope mertenszana occurred only 1n depressional

2

".‘ a'

'.for protecgid areas where :8NOW accumulated early. Subsequent
‘tisnovfalis and red1str1but10n by vxnd extended snowbanks

, ,downslope coVer1ng areas that were exposed 1n early wxnter.

“uared 1n these m1cr03xtes. iy

nlate wxnter, deep snow covefed these areas resultlng 1n late

Csnow release. Transect exten§1ons 1n 1974 allowed thls

.A‘

pattern of late*accumulat1on and release to be documented

Snowfalls were l1ght in late faIl 1974, and

faccumulat1ons on 30 November were cqmparable to those one
’Lmonth-earller 1n 1973.,Snow dapths on th1s date 1n the C.

"tetragona Dryas communlty varxed from i to - 34 cm w1th many'

f-plants pro;ectxng abdve the snowpack Snow depths 1n the C.

ertenszana oommun1ty varled from 50 to. 72 cm with all:_

ifplants covered - The C. etragona commun1ty.near'the basetofgn-

Lo

“the slope also had low snow cover (4 to 25 cm)'andfmany':

[

v,plants exposed. The Antennarza lanata-c. mertenszana

, ‘commun1ty and Carex nfgrlcans C. mertensxana communlty had

,27 to 46 cm and 39 to 55 cm snow, respectlvely, and all

| plants were covered .Maxxmum snow depths were measured on 24

prrxl 1975 one month earlzer than 1974 Snow depths at :.

Ethls tlme varled from 9 to 120 cm 1n the C tetragona-Dryas -

'communlty and from 119 to 154 cm 1n the C. mertens1ana

3 communlty. Deep snow occurred near the base of ;Pe transect

fw1th 124 to 163 cm in: the C. etragona commun1ty, 171 to 186

.fcm in the Antennar1a lanata-C. mertens;anaocommun1ty, and




| '..

180 to 195 cm 1n the Carex grzcans C% mertens1ana

commun1ty Snow release 1n 1975 began approx1mately two f,ﬂafﬁ
b

“ifweeks ear11er than 1n 1974 The C. tetragona- rzag”communaty

"began snow release on 27 May a’d was snow free by 18 June..;:'

'jThe C. merten51ana commun1ty be‘ n snow release on 22 June

v‘and was snow free by e July Snowfall on 27 29 June delayed -

4

,release of the C. tetradona, Antennaria lanata C. '“'; Vf _ct'

-merten51ana, and Carex nigr1¢ans Cn merten51ana commun1t1es.¢.

'The release of all three communatles occurred between 4 July‘;}f
: R
~and. 6 July..In some areas of 1ate and deep snow accumulatloqiﬂ3
[ «

t',adjacent‘to th1s study S1te, C tetrggona was not released

al .
“ -

‘unt11 10 July.;u,l :;an*_.”defﬂkg{-zi:f, | T_.wg'tr.“‘v'cﬂr;“ :fl
Early wlnter snow accumulatzons 1n 1975 were g

1ntermed1ate 1n depth and tzme of arrzval tb accumulat1ons

in. 1973 and 1974 Snow depths on 22 November var;ed ﬁrom 37

”to 76 cm 1n the C. merten51ana communlty and from 2 to 51 cm |

e

ﬁ1n the C. tetragona-Dryas commungty. Snow depths were 33 to.

75 cm in- the C

)

'Antennarxa lanata C. mertens1ana commun1ty, and 98 to 108 cm

tetra ona communxtyJ 75_to 104 cm in the },;~n'

~, .

1n the Carex n1gr1cans-c.‘mertensfanascommun;ty near the

base of the transect. S j- m' ':s/b : ‘7',' e

"c. The Ca551opg Snow Co%gred Perlod d“@

The duratxon of contlnuous snow cover and snow release

ﬁér the varlous Cassxope communxtles 1n the study years ‘is

~

"shown in Flg. 20 The\1nformatlon from Flgs._16 20 1s . f1 E

. summarlzed ;n Table 5 The dates of snow arrxval and

‘release, maxlmum snow depths, etc., should be used for

’b
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rm1croS1te comparzsons only and not be éon51dered as absolute,ff"

'values ﬂoweverk the data probably represents a closei‘“'

'approxlmatxon o£ the "normal" cond1ton even though w1nter

4

_precrp1tat16n var1ed apprecjably between the study years

":(see Mlcrocllmate Sectlog) .Greater than normal e
Y _
prec1p1tat10n 1n October-November 1973, and January 1974

'resulted in the early and deep snow cover and late release

‘-vdur1ng these years. S1m1lar1y, unusually llght prec1p1tatlon-

‘during - October-May 1974 75 _resulted in, the late,.shallow;‘

'snow cover and early rélease durlng these years. Jasper.
town51te prec1p1tat19n for early w1nter (October-December).

Fand late w1nter (January-May) for the perlod of study |
averaged 109 and 95%, respect1vely, of the. 1926 75 mean.

'Total w1nter prec1p1tatlon for the study perlod averaged
101% of the long ternr record

Cass1ope mertensxana was usually snow cove;ed by m1d or -

late October. Snow arrlved f1rst and pers1sted at higher - J
__elevatxons where air and 5011 temperatures ‘were’ cooler, but
hredlstr1butlon by wind soon covered the lower elevat1on-

‘ areas..The dates in Table 5 for therarrival of continuous

' - [

sSnow cover in the Antennarla lanata-C merten51ana and Carex

n1gr1can C. merten51ana commun1t1es are somewhat anomalous..

These community types usually experlence snow cover as early

or earller than adjacent C. mertensiana commun1t1es. The

lateness of snow cover in these‘part1cular m1cr051tes is due.

pr1mar11y to the entrqpment of snow by the C. mertenszana

community directly upslope (see Flg.-11)..As.prevaouslyg_“



xstated w1th the f1rst apprec1able late fall or- early wi ter'”

‘fly all C. mertensxana plants were covered in: all low -

'alpxne and upper subalp1ne habxtats. “Sniow usually d1d not f

/pers1st xn the C.. etragona habxtats unt1l 3- 6 wk after

adJacené C. mertenszana areas were~covered and many C.‘\f}

o

. etragona plants could be found projecting above the ~
| snprack 1n exposed m1cr051tes~even 1n m1d w1nter. Th1s
t?pattern of complete versus part1al snow cover presented a,'

marked oontrast Maxlnum snow accumulat1ons occurred,an 1ate
R | : ] ‘
»~w1nter, and were greater at the lower elevatlon, more

‘fprotected s1tes. Snow depths 1n C merten51ana hab1tats were'f“

',>200% those 1n ad]acent C. etragona habltats. Snow release‘
of C tetragona 'ily occurred in m1d June and

approxlmately'

ater for adjacent C. mertens1ana. Snow N
release occurre few days earller at hlgher elevatlons |
becauSe of more shallow snow cover. The snow-covered per1od
was. >200 days for C tetragona and 6 S wk IOnger for C.~

merten51ana .

- While both Cass1ope spec1es are generally con51dered as
chxonoph111c, the w1nter env1ronment separates them along

'grad1ents of snow ﬁover and length of the snow—covered

perzod An ‘almost absolute separatlon 0ccurs w1th respect to.'

time of arr1val of continuous - snow cover. Ca551ope

ﬁerten51ana is always completely covered by early snow whlle

C. tetragona is never completely covered at th1s tlme.

.Cass1ope tetragona 1s tolerant of deep and long lastxng snow:“

cover (e g c. tetragona commun1ty at S1te 2) but such



o

;m1cros1tes are exposed in: early w1nter. The hypothe51s that .
etragona ;s unable to w1thstand the shortened grow1ng
per1ods of late meltout sxtes 1s not . substant1ated The

hypotheses that C. mertensiana may be unable to tolerate

r

e1ther low a1r temperatures dﬁr1ng fall and w1nter Or E '
EfSlccatlon in exposed m1cr051tes are ngen support..

§ggg__ 5011 Moxsture |
a. Methods :

g

» o . ’ N

.
N

5011 mo1sture was measured perlod1cally durlng the late

summers of 1973 and 1974 w1th porous cup thermocouple

psychrometers (Wescor, Logan, Utah) ." The .sensors were placed
at -5 cm beneath’ each speczes in a varlety of m1cros1tes and
were read w1th1n one hour of ;olar noon w1th a Wescor
_psychrometr1c m1crovoltmeter.‘The psychrometer readings were:
; found to be extremely erratlc and few were mean1ngful when
related to changes 1n2prec1p1tat1on, rad1atlon and o .
ftemperature ThlS type of 5011 psychrometer was found to be
totally 1nadequate for thlS study and is probably of only
l1m1ted appllcatlon in any ‘soils whlch are cold subjected
 to frequent freeze thaw cycles, and haVe ‘high heat fluxes.zl
FEven then, the manufacturer s callbrat1on should not be

trusted and the psychrometers should be recal1brated over

_the range of water potentials and temperatures llkley to be

>", P
P
.

’fvencouhtered
v Grav1metr1c soil m01sture samples were collected along

each transect at 1 2 wk 1ntervals dur1ng the summer of 1975

F1ve m1cr051tes were sampled at(81te 1 and e1ght mlcrosltes



‘_\‘. ‘\'
ﬁat S1te 2a. All samples were collected w1th1n a clrcle thh a

'1 m radlus at each m1cros1te. Samples : fxne mater}al

(small stones and cobbles ﬁemoved) re collected 1n g

LN

= dupllcate from 0-5, 5- 15, and >15 cmldepths, and moxsture
M .

| ﬁcontent,determ;ned grav1metr1c11y (dry1ng at 85 95 C for

- ©24-48 h). Soll matrlc potent1al and water content at, —0 03

(‘{and -1 50 MPa ( r33 and 15 bars pressure) were determ1ned on
fcompos1te Sampﬁis from each m1cros1te@and depth usxng a R \

» ceram1c pressure membrane apparatus (5011 Mo1sture Equ1pment
Co., Santa Barbana, CalLfornla) S |

b. Results S ‘. ' ;‘ f; ifr . I

Seasonal SOll m01sturexdata are summarlzed in- Tables 6
.and.7 No 5011 mo1sture stress occupred durlng the summer ‘of
1975 due to the frequency and amounts of prec1p1tat1on. Mean
seasonal so1l mozsture contents at all m1crosxtes and depths
: were greater than fleld capac1ty ( 0. 03 MPa) and no valueq
: were recorded below -1 50 MPa. No stat15t1cal d1fferences
”gwere found in e1ther the m01sture holdxng capac1ty of the ST
.50115 1n d1fferent m1cr051tes or the mean seasonal 5011
m01sture'conteqts at spec1f1C”depths in dlfferent -
__mlcr051tes. However, both decreased w1th 1ncrea51ng so1l
‘depth Th1s may 1nd1cate some 5011 water deplet1op, but
probably is more a funct1on of decrea51ng organ1c matter.
contents and per cent of'f1nes (<2 mm fract1on) with depth
?Only a sl1ght trend was ev1dent at the >15 cm depth at eadh

: Slte relatlng minimum seasonal soil m01sture contents or per

.centvof samples less than f1eld capac1ty to the relatave_u~:'

." Q



? -Table 6 Summary of mean seasonal 5011 m01sture along

transect at- Site 1 during. summer-; 1975. Values“

'3;are g H30/. g

, dry. weight soil, percent of fleld-,"
- capacity, or’ percent of sampleb less than‘fxeldﬁ_;~
_ capac1ty.;hh: _ _ R : AR o

. C mertensiana
38 m 60 m

couuuuxry & DISTANCE ALoNG TRANSECT?"EI*

c tetra ona‘@rzas

"OQSVEg;bepth' '

'H,0 content at
-0.03 MPa

H,O content at e

'—1 50 MPa,*--

fi Seasonal H O:.7

content & £3 of'
-0.03 MPa value

' Minimum' seasonal

i H,0 content

| a3%,of'aampiesi;

<40 03. MPa‘

: 5 15 cm egth |

1H,O,contentyat .

" H,0 content"&t

'~f'1 50 MPa

' Wﬁx Seasonal H 0
.content & % of

-0.03 MPa value ‘

M1n1mum seasonal
_H,0 content

% of samples,ff‘ g

_ <-0.03 MPa -

S 0.97
--195¢%

056 .

C0%

151% .

0%

0.58
0.21 -

1,33 °
230% '

'x}bx;ﬁ:-

. 0.08

0.6

0.21 ‘,c""v. .

_1 30
.h,271%

0,67.

cox

0,377
0.12 -

N NTE
o 60x

u~0;35}§f_

‘ 0
,'. r’
0

S

§

;0179§.
C221%

0%

T
fﬁ;Qaf
©0.61
1518
"‘,.“" o
0.39

1%

6.

2 .

. 05;.1'.df
0. 67}}
181%;

Sl

LY

CEQQJfbfﬁvn

142% .

0.40

C11% .

0%_

R
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u‘Table 6. (cont1nued)

-

owl ot .
,

-

E

couuuurry % nrswaucn ALONG TRANSECT ;ér

P-

. 3 . R
K MEN B SRR e
- X e . ¢ T |
g . .

‘7.‘.',:;>i5 on mgfﬁf‘q‘

:-H Q content at
ﬂ;-o 03 MPa -

fﬂﬂ O‘ ontent at,m
-1.5 o

X Seasonal H O
;‘-0 03 NPa vaIUe

) Min1mum seasonal
.H O content

% of samples

., <=0.03 MPa-

L 0.31

. jU:1§;-‘“

’, W

50% -;,'

:7§NO~VALUES waas choanmn nanow -1 50

.OR DEPTH

etra ona z .;8 c. mertensianss ER

",0.59 0.47  0.6%
12e% - 182% 162X

0,46 . 0.28 0,41

i 71 ox

0 MPa AT ANY MICROSITE . .-
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exposure of the mlcros1tes. I o | RE

©

’ The seasonal progressxon of soil moisture- at 5-15 cm l
A, 4.

depth is shown in Figs., 21 and 22, Slm1lar trends’ occurred

~

at the. other sample depths, varylng only in the actual
vamqunt of waten,present or the magn1tude of change:vSoxlu-
'moisture contents vere‘generallyvhighest immediately after
thaw. Periods of reduced SOil moisture occurred in mid July
and August The first coincided with a perlod of 13
'consecutlve days w1thout measurable prec1p1tat1on that
£ollowed a heavy snowfall in late June. Sﬁow accumulat\ons

in protected microsites per31sted for up to seven days,

delay1ng snow release of some- Site 2 commun1t1es and cau51ng ‘

a lag in the perlod of redud%d 5011 m01sﬁure with respect to \\\
the more exposed m1cr051tés. The Augustxdepresszon coincided
with a perlod of . f1ve consecutlve hot,}dry days and }as not

as- d1st1nct at the Slte 2 protected m1cr051tes as at other_

Slte 1. and Site 2 m1cros1tes. 5011 moxsture content leveled

off above fleld capac1ty 1n~1ate August and September.

Summer prec1p1tatlon in 197%-at Jasper town51te wvas

102% of‘the 1926 75 record so the summer soil m01sture data »
o probably represents a near normal" condltron. Less
prec1p1tatron occurred during the ‘'summers of 1973 and 1974
(58 and 76% of the long term record. respect1vely), and
. apparently drier so1ls were observed However, unvwise
re11ance on 5011 psychrometers precluded any.meanzngful so1l
moxsture data dur1ng those years. Thelfrequency of
measurable_pfécipitation isvhigh during the'summer in ‘the

o



Gi;fl-é}rlt S’b'i‘l.'w_a'ler/%uten( (s sz0‘ /7 g dry wel'g_h't.‘l‘éll)& . - ;

x

.
- - A . 4
-
i
. . e . 2lm v .
1,50 . . .
Sm  C. tetragons - Dryas (- tur..ona - Dvyno ~
P 041
1 ) S
. ‘ : ’5
___________ <903 MM S Ve e e L.0o3MR
‘ N P s oW
i alialfaluliriul i N :"s"‘-" e el vl wl weliiradi wilth vollir~di viba A daiat

¢

<

~

; o
- = = = --003NP - = T v r0smbe
i .‘— — = -_ — — —--15MPa, el i o '.—4" — s T = '}1.;.”5.
Y j10.20:30:10 20 30 10 20 30’ 10 2030 1020 30 10 20 30 1020 30 10 20 30

v ) * R ' 5 Lo

June quly Angugt loplonbov June July Avgust September

\

.
© . 0Sm C. mertensiana

v
" 1020 3016 30 30 1020 30 1020 30 ° . A
. R R A . .
Jude . July 2 August’ Septembsr . ) e, .
19758
¢
4 . N ,

‘ Figure'21 Seasonal s0i1 mo1sture at 5 ?5 cm in severa] m1crosites '

-along. the transect at Site 1 during summer, 1975,
Community dominants., distance down- -sTope (m), and -0.03
and -1.50 MPq moisture equ1va1ents are- 1nd1cated ©

.' °



»
. .|m- Dryss - Liches
e —
-’ _..‘
- N N
£ . hdh
= K
e . . kg
' +
> . 180 37m C. tetragons - Drysa somcC. |.u".-u,<- nvno
h -3 o UJ
“» 190 A
N .
Q 50 T . .o:mh
~ S . e ‘H )
= oot el aliradiradlr e dis s
"0 K57 ) 0,20 mzo:owzonwzo:nmzo:o
-~ June - July, Augu-t September, June My © August .. September
= : ' ' i . 7* -
¢ 1973 - 1975 A%
3 S . B . N
- °. ‘ » ‘ ) . :
v SEmC. mertensisna . 70!n0 mertensiana’ €. {n(ero
. c. ! y X o TOF
E ) ) ! ‘rnnloulon u'\\)”
, =
3
Y
-}
"
9 o
= >
v
.!. Ty - ’
LS [ 1 . . [ - B
QO 7] somc. tetragona - |%em A. tanate sc. nigrigane /
3 ' ' 1 o. no'rn"iuudd
.‘
e R R L N S e ol i el oy
"0 2030 0. 20 30 10/ 20 30 10 20 0 30 20-30 10 20 30 310 20:30 10 20 30
. Jvm duly Aygust Soptomber June . July August = September
. ' ' ' 1975 .
Figure 22. Seasonal soi mo1sture at 5- 15 cm. 1n several microsites

]

.-along the transect at Site.2 during summer, 1975,
- Community dominants, distance 'down-slope (m), ‘and -0.03
and -1.50 M 2 moisture equiva]ents are. 1nd1cated

93



- 9
| L |

Jasper area. The longest recorded per1od w1thout measurable
prec1p1tat1on durlng the summer months of 1973 75 was 17
days - 1n September, 1975 too late in the season to affect :
plant grlwth or result 1n 3011 m01sture stress. July

w.averaged the greaéett number of consecutlve days w1thout
measurable prec1p1tat1on (x =:10 for 1973-75 per1od)
followed-by-June and September (X = 8) and August (x = 5).
Dry per1ods'ﬁur1ng June angd. September are probab;y

i4

1neffectua1 1nvcau51ngs5011 moisture stress as the former

- comes before;dr-duringpsnow release\of;ggpy microSites and
‘the latter-arefCOupled withjlover temperatures and a
,cessation of plantvgrovth Twelve cOnsecutive days without
measurable prec1p1tatlon were recorded durlng m1d summer
.(July and’ August) in both 1974 and 1375 but only 1n 1974
was the per1od actually dry and not 1nfluenced by cloudy
weather or delayed snow qelt. ‘ »

Although the 1975 data showed no d1fferences in soil

~moisture in the.var1ous m1crosxtes, the protected C.- o )

. - 'mertensiana m1cr051tes most certalnly exper1ence a more~

favorable summer SOll morsture regime in ‘most years than ‘the

,exposed C. etragona m1cr051tes. Cass1ope merten51ana

~f3m1cr051tes would have more so11 ‘moisture avaxlable at depth.'
due to the delayed snow release and thaw1ng of deeper )
‘horizons. Large rocks often form a basal core to the frost

» .
hummocks and 1nh1b1t thaw1ng and downward water movement as

ev1denced.by occa51onal gleylng in the C horlzon Thls was o

‘ ‘{}FSlY observed in the C. etragona m1crosztes, except in.
o\g \ . L
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those[areas of greater snow accumulationf(e g.zci'tetragona'

communlty at Sxte 2). Ut1llzat1on of. thls deeper source of
5011 moxsture would extend the favorable grow1ng per1od 1ntoy
m1d summer ‘in the C.’ mertenszana m1cros1tes,-even in years

~

of shallow snowpack‘coupled with an early snow release and a.

hot, dry Summer.

Cassxope merten81ana is also . probably more capable .than

c. ;etragona of UtlllZlng the frequent, lrght prec1p1tat10n

that oftengoccurs in, late summer and failssto penetrate deep

LY

intojthe.s?il._Both:species-produce extensive'roots.and

rhizomes that penetrate-to thevc‘horiZOn at about 15 cm

5

‘depth. Both spec1es also produce advent1t1ous roots, but

they are more abundant in C. merten51ana arlslng from most .
RSN /

- decumbent shoots;and thoroughly permeating-the LFH and
. I e . . ..

-sUrface soil‘horizons. The’more dense plant canopy of c.

mertens1ana,-and reduced w1nd speeds in the protected

m1cros1tes and w1th1n the plant canopy, probably result in a

°greater catch of this 11ght precxp1tat1on and an ;ncreased

resistance to its 1oss”to'theﬁatmosphereﬂ

/

"B Soxlsvvmﬂ‘ h - S

ol . y
:

‘Methods o

o

Soil p1ts were excavated 1n the C. mertensaana and c..

tetragona Dryas communltles at Sltes 1 andvz and 1n three

add1t1onal areas encompass1ng the ‘range of hab1tats qccup1ed
by the two specmes in the upper subalplne and alp1ne zones

‘on S1gnal Mounta1n. Extensxve Site: 3 was lo%ated at 2010
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on a.25% ﬁ slope, just within the‘PicearAbies closed forest

with_a.deﬁse understory?of'g.'mertehsiana and Vaccihium_

-8 coparium on hummocky microtopographyt ExtehSiVefSite 4 was
_located at a prom1nent snOw depre551on at 27135 m on a 24% N
slope {see F1g. 7. Per1pberal microsites supported c.

‘tetradona-Dryas while C. mertenSiana oecurred in the center

on large frost hummocks (to‘O,S m height).iExtensive Site 5
was aVVery'eiposed location on the summit ridge at 2225'm-on

a 5% N slope.‘ Cassmpe tetragonaqxcurred only as scattered

.rclumps in protected m1cr051tes. Soils were: descr1bed and
lcgasssfled‘accordlng to the'System.of Sozl%Cla551f1cat1ou
for Canada (Canada Soil Suruey Committee 4978). ;'

‘ | Compos1te samples werZu:ollected from each described
;horlzon and the <2’ mm fractlon subjected to phys1cal and
.chemlcal laboratory analyses. d01l color (m01st and dry) was
.described u51ng Munsell color charts in natural daylzght._
Partlcle size analys1s waiﬁdone by the hydrometer method.
Analyt1cal méfbods for: organic matter, pH, conduct1v1ty, and
nutrients were those used by the\Alberta Soil and Feed,'
Testlng Laboratory. Organlc carbon was measured by

Walkley Black wet ox1dat1on and converted to percent organlc
;matter by multlply1ng by 1. 72 pH was of a 1 2 soil to water
paste conduct1v1ty was corrected back to a saturated paste'
'QIN (NO,") was determlned by the phenold1sulfon1c method'*
(P 0;"2) was determlned color1metr1cally/u51ng a mod1f1ed

_ Bray and Kurtz extract1ng solut1on w1th comblned n1tr1c ’

acid, vanadate, and molybdate; K wvas determ}ned by:flame'yl'

T
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photometry on an’ ammon1um acetate extract° and cation
exchange capac1ty (CEC) and ekchangeable bases (Ca Mg, Na,
and K) were determ1ned by flame photometry and atomlc ‘ U.
absorpt;on.spectrophotometry on an ammon ium acetate.extractf

b. ﬁesolts | ;1 . |

The so1ls of Ga551oge ‘habitats have been tentatively

" classified as. Orthlc Dystr1c and" Eutr1c Brunzsols. 50115 of
these same areas were described by Hrapko and,La Roi (19?8)
as Orthic Sombric Brdnisols which reflectS‘the~divérsityvand
heterogeneity of theee poorly deve}oped‘alpine soils{ Soil" |
descriptions'for Sites 1 and. 2 areltypical and{preaented in
_ Tahle Bl(see.Appendix for Siies 3—5).;These‘soils had thin,bi
‘fihrous, densely rooted turfs (0-3lgm thick)-which'ehowedd
little.decomoosition and thusithe L designatlon. This was
pnderlain by a dark colored'Ah horizon (3-12 cm" thick) with
 high organic matter content}(18;é7il.~The.8tdnisolic Bm “
horizon (6-22 cm»thick)';howed the characteristic'shift.to.“
‘higher chromas ‘and redder hues than.the:underIYihgihorizons,
and the»lower boundaryiat-1$é23 cm marked the usual o
benetration depth'of CgSSioge,roots;‘No eluviated'(Ae}
horizons were observed. SoilswatvSite‘4 were similar'eicept

1)

the C. merten51ana mlcrosxte had more complex Bm horizons

due to 1ntense cryoturbat1on. The Slte ‘3 'soil. lacked the Ah
horlzon reflectxng d1fferences 1n pedogeneszs at thlS

forested site. The 5011 at Slte 5 beneath C tetragona Drjas

d1ffered 11ttle from other C etragona hab1tats even though

‘adjacent unvegetated areas showed 11ttle soxl development
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Table 8. Soitl profile.descriptions at Sites. t and 2.

Site' {1 {s located at 2060 m on a 32% N siope. . Site 2 .is-located at
2195 m on a 30% N.slope. The rapidiy to moddh!f&ly-weil dratned
pedons support communities of C. :tetragona-Dryas and C. mertensiana
"in different microsites. Glacial till has beén deposited on

- _Precambrian silitstones and slate and mixed by colluvial action.

Some aeolisn deposits may be present. Nonsorted stepped frost boils
are common in C. tetragyna microsites and frost hummocks, in G.
mertensiana. microsites. Gravel, cobbles, .and stones are few in .
Ah horizons and iricrease with depth (>50% in C_.horizons). Some '
mixing ‘of ‘Ah and Bm horizons in C. tetragona and C. mertensiana
microsites. -~ - V" o ' :

Horizon . Depth (cﬁ)' R 2 Description
Site 1. (g.:tetﬁagonagbryas): Orthic'Dystrtc'Brthso}
L. ;_'1Lo . Fibrbusfturff,abundént,*?tne to medium
i ‘ : ‘random roots: abrupt. Jdrrdgular boundary:
0-2'cm’ thick. L s '
AR L 0-6 . Black (10 YR 2/1 m,-3/2 d) sandy loam:
o - ' very ‘weak,  fine subangular blocky: loose,
' . T wvety friabley; plentiful, very fine to
coarse: horizqgntal and oblique roots; .

ro. = . tlear. wavy fundary: -9 cm thick:
P L 'strqngjy;acidi ’
Bry . 6-16  Very 'dark:grayish brown (10 YR 3/2 m,

" 4/3 .d) “sandy loam; Very weak, fine
subangular blocky: loose, very friable;
medium ob) ique roots: some gravel and
cobbles; clear, wavy boundary: 8-11 cm
thick’; strongly acid. ’

c . i .16 + © Olive bro&n'(éus Y 4/4 m, 6/4 d) ‘sandy
. loam; amorphous; very friable; plentiful .
N gravel .and cobbles; strongly acid. o
Site 1. Ggﬂ mertensiana): 0ctﬁ1c Dysfriéieﬁhnfsql . . . oy
Lo . 2-Q fibrous turf; abundant, fine to medium:
’ random roots; wavy boundary:; ,1-3-cm

§ .- - thick.




s
;o it
‘4
Table 8. (continued) L : S Ty
'Hérizpn - .'erfhj(cM) "l. R bescripttoh_ :'  . ,f‘
: . N . . ' i o . ' g
Ah 0-5 - Black (10 YR 2/1 m, 3/2 d) sandy loam;:

- very weak, fime subahgular blocky: loose,
very friable; plentiful, very finé& to -
coar'se ‘horizontat. and oblique roots:
clear, wavy boundary; 3-6 cm thick: very
strongly acid. :

’

Bmy "5-18 . Very dark grayish brown (10 YR 3/2 m, -
o T 5/3 d) sandy loam; very weak. fine
e * subangular blocky;: loose, very friable;’
Ly ' ‘few, very fine to medium oblique Toots;
some gravel, cobbles, and stones at lower
boundary; clear, irregular boundary:

» 7-12 cm thick: very strongly acid. .
- . - .
c 15 + Light olive brown (2.5 Y 5/4 m, 6/4 d)
B . o sandy loamgﬂamorphoua: very friable:;
L pltentiful, gravel. cobbles, and stones: .

strongly-atid.

‘Site 2{!(g,ftetfa§ona-0rya§):'drthjc Dystric Brunisol

L o 2-0 - Fibrous turf; aburidant. fine to medium
e ' ' . roots: and- fey.. coarse rootss abrupt,
wavy boundaﬁy; 0-3 cm thick.

Ah ... 0-6 " very dark gray (10 YR 3/1 m, 4/2 d) loamy
! : sand: very weak, fine subangular blocky;
loose, very friable: plentiful, very fine
random roots and few, fine to medidm - . -
random roots; clear to gradual, {rregular
boundary: 4-12 cm thick: very strongly

- acid. :

Bmy . 6-22 - Dark brown (10 YR 3/3 m. 4/4 d ) sandy - -
’ c " loam: wvery weak, fine subanguiar blocky:
1dose, very friable: few, very fine - to
fine horizontal and obiique roots:
! - o gradual, ' irregular boundary; 6-22 cm
' thick; strongly 9c!d. ‘ )
Cc © 22+ © . Dark grayish brown (2.5 Y 4/2 m. 6/4 d)
: . " sandy loam; amorphqgs:‘loqse; friable;
. e abundant, fiat and angular gravel;

medium acid.”



‘Table 8. (gontinued)

Horizon' ' Depth (cm)

Doacr1ptfop SR

Site 2. (C. mertensiana):

L .. 1-0
AR L 0-7
Bmy ~ 7-23
c .23+

Orthié Eutric BrQﬁtdd)f ’

~Fibnpus-tuﬁf{ aﬁ&ndant, fine to medium

~ random roots: abrupt, wavy boundary: 0-2

“very dark gray (10 ¥R 3/1 m. 4/2 d) sandy
loam; very weak, Tine subanguliar blocky:
loose, very friable; plentiful, very fine
to, medium roots; clear, wavy boundary:
S5-10 cm thick: extremely acid. L .

‘Brown (10 YR 4/3 m., 5/3 d) sandy loam:

very weak, fine subangular blocky:,loose,

very friable: few, very fine to fine
horizontal roots; plentiful., gravel,
cbbbles. and stones: clear, smooth to
wavy boundary: 14-19 cm thick; medium
acid. ’

Olive brown (2.5 Y 4/4 m, 6/4 d) sandy
loam: -amorphous: very friable; abundant,
gravel, cobbles, and stones: slightly
acid. ., - . . :

100
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and were cla551f1ed as Orthic Regosols. ( S

All soils were h1gh in sand content hpt max1ma were
found in Ah and c horlzons and slightly loser levels in Bm
horizons (Table 9) Sandy loam ‘textural clégses

'sand and .clay contenfl was generally low (<10%). There was

predomlnated 511t co;;ent was 1nverse1y proport1onal to
‘11ttle marked varlatlon in part1cle 51ze dlStr1but1on
through the proflles except- at S1tes 4’and 5 where hlgher
clay contents (up to 29%) were found 1naBm horlzons This
tfmay suggest a llthologlcal d1scont1nu1ty 1n the sola. Sdlty
' clay loam textures were found at these Sltes. Sagd/coﬁtent; -

were h1gher, s1lt contents lower, and clay/ ontents s1mflar

to those reported by Hrapko and La Ro1 (1978) Structurevwas-
poorly developed (very weak fine’ subangular blocky to
;amorphous) at all Sltes and horlzons, and 5011 cons;;tence.
ﬂ'was loose to friable reflect1ng the hrgh sand content. ‘
hJGravel (<7.5 cm), cobbles (7.5-25 cm), and- stones (>25 cm)
‘_were common in all soils; few vere usually present 1n Ah |
hor1zons but they 1ncreased w1th depth and often const1tuted

>50% (by volume) of Bm and C horizons:

~Soils were acidic and pH values varied from 4.5 to 5 3":

o .-

in Ah\:;rigpns (5.9 in Orth1c Regosol at Slte 5) and
genera y 1ncreased sl1ghtly wltﬁ\depth Conduct1v1t1es of

.'all sozls and horlzons wete Tow. Nutr1ent concentrat1ons

fﬁvere aIso low- hlghest levels were found Ain. Ah horizons and
. \\
lower leVels in- Bm and c hor1zons. Nltrate—N varied . from 4
i

: ppm at the’surface to trace amounts in the Bm andfc_"
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.horlzons. Phosphorus followed the same trend but wzth up to .
16 ppm in the Ah hor1zon at Slte 5. Potassxum was found 1n.f
Pihigher concentrat1ons (up to 114 ppm 1n Ah hor1zons) but
2llevels were generally lower ‘than- those reported by Hrapko
_and La Ro1 (1978) Cation exchange capac1t1es-and
exchangeable bases (Ca, Mg, Na, K; were low 1n all soils and

horlzons and. decreased w1th depth Calc1um was the domxnant

exchangeable cation, Mg was 1n,low goncentrat1ons, and Na

Nt

and K'onlf occurred in trace amounts.p

Humus and clay contents, and pH 1nfluence greatly the
kY v
Qe s .

“concentratlon and avallablltty of absorbed nutr1ents. ngher .
CEC's would be-expected 1n horlzons w1th hzgher humus or

,Clay contents (thus the maxima in Ah hor1zons) but low-

) concentrat1ons of exchangeable bases would be found at lower'
pH values because of the low percentage base saturatlon-

most colloldal sxtes would be occupled by t1ghtIy bound |
hydrogen and. alumlnum hydroxy ions. Avallabillty of other
‘nutr1ents (e. g. N and“P) not bound to c01101dal complexes is
also reduced atblower pH values and soil temperatures. As a
,result, these so1ls are low in both the concentrat1on and
avallablllty of nutr1ents. Both spec1es of Cass1ope have
mycorrh1zae whlchhmay ald in nutr1ent and water uptake.

-Also, the growth form and xeromorphlc character1st1cs of

- asszope ‘may be related to nutr1ent conservation 1n such

sites. ol ﬁ.,g DR L
. i A PONF O A G a5 s T hes @ toe > m
TorTems T ';.‘ -~ - e e m———— ah -~ ..‘ |
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C;:Microclimatesj. ; o o R
a.'MethOds_ : 0 "'--f'f_ﬁ'..- | ' r.' ' tH;T
'The two intensive study Sites wereuinstrumented to
detect m1croc11mat1c d1fferences. Air. temperature and

'moxsture, global rad1at1on, w1nd prec1p1tat1on, and 5011
i tempefature¢and mo1sture-were monrtored»u51ng either
'recording\instruments or by‘taking'spot*readings. N

N Continuouslrecords'were made ofﬁair temperature and
~relatlve hum1d1ty with hYgrothermographs (Belfort Instrument
_;Co., Balt1more, Maryland) housed 1n louvered alumlnum
'shelters (after Vogel and Johnson 1965)'placed on the ground
surfaCet,Sensorvheight was approximately 6-29‘cm. Seven-day
clocksbwere used during summer and:31;day clocks during B
'wlnter. Shelterslwere situated in the center of the primary
community at’ each Site durlng the 1973 summer (60 m and 30 m
; along transects at Sites T, and 2 respect1ve1y) Due to late
::meltout they were«moved to more exposed locatlons for 1974
h and 1975.(25. m and 15 m along transects at Site 1 and 2, )
,'respect1vely) Winter snow accumulatlon‘necessitated |
placement of ‘the Site "1-shelter on a platform at: 2 m from
tDecember, 1974 to June, 1975 Shelters were lined with twO'“

'thlcknesses of percale sheetlng (47 threads per cm) in

w1nter to avoid- accumulat1on and compact1on of blow1ng show.

M R .
L e e ™ R e L

- Th1s probably caused a,damplng and- lag 1n the recordxng of

~ o ¢ e

) temperature and relatlve hum1d1ty Tnstrument malfunctlons

«'C-‘(Oyufﬂ'r . o« a

a-occurred frequently dur1ng wznter cold spells (ca. 50% of - e

3

R

. .data-lost)., Vap@r pressure def1c1t (VPD) was calculated from :

- A fe e -
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temperqture (T °C) and relatlve hum1d1ty (RH) using the
follow1ng equatlon (D W A. Whltf1eld pers. comm )

kPa VPD = (0 61+T(4 44x10"+T(1 43x10°‘+T

(2. 62x10"+T(2 96x10"#2 56x10"T)))))
(1.0-RH/100),.......,..........;...;.;;.l.(1)
Global radiation at Site 2 was recorded witﬁ'a Belfort
.pyfanometer plaeed on top of the-shelter;‘ThelinEtruﬁenf wes
leveled:and.senSOr ‘height was‘apéroxlmately 70 cm..Records
“were ﬁade only dhring;the summer months.

Summer preciéltation was monltored da1ly w1th ‘
dnshlelded Tru—Chee;_rain gauges (orifice leveled at 60 cm)
placed at the 1973'shelter locations. Theée-wedge-shaped_ -

~ gauges may be subject to considerable errér.duridg pericds
of wind or llght rain bedausehof‘turbulence at the corners
- of the orifice and water droplet adherance to the sides.
Ethylene glycol and“mineral oil were]used to preVedfl
freezing end evaporatidn}lWintefAsnowfell.was not measured

' “but snow depths were periodically taken at.1 m.inter&als
‘along a transect at each Site td_show betterns of wintef'v
snow accumulatlon ‘and spring snow- release (see Vegetat1on
and Env1ronmenta1 Gradlents Section). -

Wznd speed was monltored at -each Slte wlth a Belfort

‘-3 cup totallz1ng anemometer (cups leveled at 60 cm) The
anemometers were sxtuated in. s1mxlar topographic poszt1ons__;

"as the 1nstrument shelters, and as w1th the latter were

P

-

;.moved to morewexposed posxblons 1n 1974 to fac111tate summer

and w1nter measurements._ﬁdd1t1onal anemometers were

v

oo
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1nstalle§ durrng portlons of the 1974 summer to prov1de
dlrect comparlsons between the C. mertens1ana and C.

£

- tetragona commun1t1es at each Slte.

-Thermocouples_(O;B mm) were_lnstalled}adjacent to thev
,show,transect'poleshﬁorvmeasurement of air, snow, and soil
%*temperatures during summer and uinter;months. Three' series

of thermocouples were installed at both communities at each
Site. Sensor heights were 60, 10 0, -5, -15 and -25.cm
during the perlod October 1973 through October 1974 but‘
_were repos:t1oned to 50 10, Q, —10 25 and 50Acm for thei‘
per1od October 1974 through 1975 Thermocouples were read |

with a psychometr1c m1crovoltmeter (Wescor. Logan, Utah)

summer readlngs were taken~w1th1n one hour af solar noon but -

winter readlngs were more varlable. Addltlonal thermocouples
: were installed at 0 -5, and. -15 cm in varlous microsites
and read periodically during the summers of,1973 and 1974
Profiles of temperature,'VPD and wind speed vere taken
above Ca551oge clumps dur1ng the summer of 1973. Read1ngs
‘uerertaken at hourly ;ntervalsﬂfrom 070p to 1900 h MST on
three different days at Site 1_and two differentréays‘at“
‘Site. 2. During~each’day‘s.Obseruations, readiqés were |
aiternated op.cOnseCUtiye hours between micrositesr‘Windf
: speeds‘were measured at 100, 50, 15, and 5'cm heiéht’with a.
thermoplle anemometer with a. un1~d1rect10nal probe |
V.T(Hast1ngs -Raydist Inc., Hampton, V1rgln1a) The latter'two
he:ghts;are‘at the top and within theaplant!canopy,“

tespectiveiy. Readings were'takenvatlis s'intervals. e



~i07
| '_“\ffVﬂ“fof“' )
falternatlng between the hezghts and with f1ve repllcates of
‘the profllFs. Instrument readlngs were corrected for |
elevat1on us;ng the followlng equatlon supplled by |
Hastlngs Raydlst Corporat1on-‘ e .
Corrected wind speed = Measured w1nd Speed x P* /Pﬁ... ):
where P is the atm&%pherlc pressure at alt1tude 'z and P° 1s‘
.'atmOSpher1c pressure at sea level (1nstrument callbratzon '
p01nt) (At 2128 m ‘(mean elevatlon of study Sltes) - -
PPt 101.3 kPa/78.3 kPa = 1.29..
" Wet. and dry bulb temperatures were measured

concurrently at the same he1ght w1th a Bendix asplrated

"psychrometer. VPD was calculated from RH h51ng equatlon 1.
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%‘““?he m;cnocl1mate of the low’ a1p1ne Site 2 is descr1bed

ﬁjEnvzronmental data are gmven 1n'Fxgs. 23 Y and 25 for

1973, 1974 and 1975 respectrvelyumand-are summarxzed 1n

L T
e e

Table 10. 'The m1crocl1mate of S1te 2‘15 representat1ve off’

,extens1ve areas on the northerly lee slope of S1gna15/ly_‘
{fMountaxn and probably 51m11ar s1tes in the Jasper regzon.f«i'
5 m)

3

'data from other stud1es due to the wlndy nature of. the.

”.The data are also more comparable w1th screen herght (1

'7.m1cros1te, and are less 1nfluenced by the proxlmlty of -%*~5*1'

krummholz than Slte T Compar1sons are made between years,

‘1nten31ve,sltes and_mxcr051tes, and wrth Jasper-tow081te ;.,,‘
where appllcable. | . r
Global Radzat1on L'3 o ',_- L : g'n S

Mean dazly 1rrad1ance_y sdh1ghest 1n July,‘and varxed

29

‘ 5from 18 5 21 3 MJem ‘ed" durxng'the three years. Thls 1s

‘ the month 1mmed1ate1y f0110w1ng Snow melt and corresponds"Tr

with the. per1od of greatest plant growth The max1mum dally
value recorded vas: 30 1 MJOm"Od" in August, 1974, but

. dally values. >25 MJOm ’Od‘ were;recorded in July and'Auénst
of all three‘years, Radiation levels declined noticeably
tbrough Angust'to cg 13lMJem Od" in September. |
Var1ab111ty was noted from year to year' 1973 and 1974 were
seasonally comparable, but 1975 was cloudy and had the-
xlowest July-August’ means, Extreme var1ab111ty also occurred
over short (1-3 day) perlods.vThe max1mum and minimum dally

totals for the 1974 season occurred on two consecutzve days’

° . . - - L . < -



Figure 23 Env1ronme 1 data frqm Site 2 for 1973

a. Daily iPradiance; indicated are means. for months or o
- portiors (dashed Tine and circles). |

~ b;.Mean daily air (she]ter) temperature, 1nd1cated are
. o monthly means’ and absolute temperatures (dashed Tines
e ~and circ1es) :

c. Mean da11y (shelter) vapor pressure deficit (VPD)
indicated are monthly means and- abso]ute maxxma (dashed'
Tines and c1rc]es) e

idghPrec1p1tat1on, ind1cated are 1nd1v1duaﬁ events, trace -
22 ampynts -(bars ‘below 'the- ]1ne)r meaSUrement per1od Lo
“‘”’(a?rows?, and snow (s). . R S e o

. D e er o W

Lo e W1nd speed at 60 cm, 1nd1cated are daxly means (so11d
"'vt;'f“ =7 1ines ), periods greater than one day (dotted lines),

‘ ';4 and month]y or 1nterva1 means (dashed 11ne~and c1rc]es)..,.,¥4 i
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F1gure 24 Envrronmenta] data from S1te 2- fdr 1974

-\

[ a. Daily 1rrad1ance, jinddcated- -are ‘means - for'menths or
‘“'portﬁons (dashed 11ne and c1rc1es§ v

b. Mean daily air (shelter) temperature indidated are
* ' data extrapolated from Site }- (dotted 1ine), and-month]y
- means. and absolute* temperatures (dashed 11nes and -
c1rc1es) D i _
c. Mean da11y (she]ter) vapor pressure def1c1t (VPD),
. - indicated are data extrapolated from Site 1 (dotted
: 1ine), and monthly means and abso]ute max ima (dashed

11nes and c1rc1es) e e e e

T e “’"ﬁ
S AT mg re . .

d Prec1p1tat1on, 1nd1cated are' individual events, trace
. amounts {bars below the T1ne), measurement per1od
(arrows), and, snow (s) : -
@, Wind speed at 60 cm, 1nd1cated are da1]y means (so]1d
lines), periods greater than one day (dotted lines),
.. and month1y or, 1nterva1 ‘means (dashed line and c1rc1es)

Y v Lo ,
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; F1gure 25 Envrronmenta1 data from S1te 2 for - 1975..

N a

. circles).:

~(arrows), and snow (s)

Da11y 1rrad1ance. 1nd1cated areumeans_for months or

: port1ons (dashed Tine and c1rc1es)

” $.  |
. - data extrapolated from Site 1 (dotted line), and monthly

Mean daily air. (shelter) temperature, indicated are

means and absolute tempera;ures ‘(dashed 1ines and

v

. -Mean. da11y (she]ter) vapor.. pressure def1c1t (VPD)
" indicated are~data extrapetated:-from St 1 (dotted

1ine), and’ ‘monthly means and absolute maxima . (dashed

- 1ines and c1rc1es)

. Prec1p1tat1on, indicated are 1nd1v1dua] events, trace

amounts ‘(bars below the 11ne), measurement per1od L

-

. ‘Wind .speed at 60 cm; indicated are daily means (so]1d

lines), periods greater. than one day (dotted lines),

] and month1y or 1nterva1 .means (dashed 11ne aungireTes);

;
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in July S o

“:Alr Temperature': i" "\ “f ‘ "*-rlu . - T N
Maxlmum air temperatures co1nc1ded Wlth the per1od of

D maxrmum radratron~an July. Mean. dally temperatures‘at this

v;txmeuwere cas 10°C, . and mean. da1ly max1mum and m1n1mum

......

temperatures were normally ca. 22 23 c, but 25°C was ,
recorded in July, 1975, durlng a per1od of above normal
monthly>temperatures at Jasper town51te. Freezing
"temperatures can occur at any time during the summer near
.fereel1neu~hbsolute manamum temgeratures from +1 to -3°C were
recorded in July and August of all three years, and -3.0 to
-8.5°C in June and September. Mean daily temperatures began
to rlse above 0°¢ in May and dropped below again in late
'*September. Absolute temptratures exceeded 0°C durlng the

- April- November perlod but temperatures wvere contlnuously
'below 0°C from December through March. Absolute minimum
'temperatures <- 20 C. were recorded from November through

Bl R Sdf? R

'February, w1th January the coldest month Extreme monthly

htemperature varlatlons of 22- 24°C occurred durlng the
summer months or in January February, due to extreme cold
spells. March May was the least varlable per1od thh extreme
ranges ca. 16- 20°C D1urnal fluctuat1ons were greatest

durlng the summer months,.and conv rsely, w1nter'

temperatures were’ d1urnally more ‘S able.

b ‘Mean da11y temperatures on S1gnal Mounta1n averaged

'?5 9‘C lower than at Jasper towns1£€)for the March December

v -

IR TN

o’ . -
o LS
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perlod (1ncomplete January February da%a) The greatest

R ®

d1fference occurredwdur1ng~Apr11-June (XAT -.-8 3'C) when,

2w

the snow at hlgher elevat1ons served as a heat s1nk durlng
snowmelt while Jasper towns1te was essentxally snow free at
the tlme._leferences were. less . dur1ng July September (XaT =
. 26.0°€C) and vere. lowest durmng the winter. (XaT = -4 5‘C)
Max1mum monthly temperatures averaged 9. 8°C lower than at
Jasper town51te for the year. Monthly d;fferences ranged
from a lOw of 6.7°C in November, 1974, to a high of 15.8°C
in Aprll 1975. Differences were generally 1owest'durlng the .
BT July*October peflod and h1gh€st durlng OctobertJune.\Mlhrmum
monthly temperatureS‘were lowerfon'S1gna1'Mounta1n durlng
the Apr1l-0ctob:* perlod (XATmln = -2.2°C) but higher during
h the wlnter (XaTmln = +5‘2°C) when cold air ‘was trapped‘1n‘
valleys. Throuqhout the year the alpine»climate wasf o
thermally less wariable than at Jasper townsite."
-The elevatlonally correlated temperature d1fferences
between S1te 2 and Jasper were also reflected in the
d1f§e5ences between‘study“51tes (Tabﬂe 11). Temperatures

. ; , 2 :
near treeline were consistently higher than at Site 2 but

. s !
monthly var1ab111ty was hlgh The 1973 data prov1des a
comparlson between the primary commun1t1es at. each study

S1te. The C. merten51ana community at Site 1 had sllghtly

hlgher temperatures bhan S1te 2, but dszereiaes were not
‘ s1gn1f1cant cons1der1ng hygrothermograph error (t 0. 5 C) 1
However, mean da1ly max1mum temperatures 1n N _ff"’ N

-August-September, 1973 averaged 1 3 C hlgher at Slte 1

.......
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lfShelter relocat;on 1n 1974hprov1ded a comparlson between

.

'2warmest per1ods of the day Maxlmum VPD's .in. July August

'strat1f1cataon mEY'have occurred near the snoy surface._;:; -

‘Vapor Pressure Def1c1t :':'f'">*"g; B L

..-,_.:...‘q .-.‘ﬂl -

.,._-..-..- . '

. . .
- ﬂQ-— -v'- -~ 4-» ..' -5— o ."_.“_‘ R ,

more exposed'mlcf051tes at SLtes:J and,Z,,Meanﬂdaxlz maxzmum

R

"'rtemperatures in 1974 were aga1n s;gnxf;cantly hlgher at Slte

1 (1 2-1.5°C). Temperature d1fferences were much greater 1n

wznter and sprlng months.<Th15 latter dxfference may be due

to. shelter locatlon and not Slte differenees. Durlng the

e

December 1974 May - 1975 per;od the shelt&r at S1te 1 was

-located at 2 m to av01d dr1ft1ng snow, and temg rature

- C . e e o “— o u e

W1nter dlurnal temperature fluctuatlons were greater at Site

1, and extreme monthly m1ﬁ1mums veére 2- 4°i~lower.

B T

' were ca. 1.9-2.0 kPa, and 1n June, Septemberh and- October

(]

—
» % e, ;’:‘ Y

‘were C 1.0- 1 6 kPa. Maxlmum VPD S were much lower durlng

1 .

Y

3 Kham 0,

spring and fall (0 7 1. 2 kPa) and were very low 1n m1d fﬁwf'F

winter (<0.1 kPa) Mean dally VPD s, calculated over monthly g

"periods““%howwthewnnfluence~of preclpxtatlon,andvfrequency

- of’ cléud cover. July° 1973,‘had the‘hlghest mean: daily VPD' s

(0 60 kPa) dur1ng a month of extreme prec1p1tatlon def1c1t

at Jasper towns1te. The lowest mean da1ly VPD's recorded

" durlng the July August per1od (0 21 kPa in August, 1975)

'-occurred durlng a month of below-normal temperatures and

‘the summer months and £rom 3 7°C h1gher dUrl g the latev.f”‘m”p”
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above—normal ;weclpltat1on. Septembét;‘4975 had meao dally

,‘flf:ﬁ?@’s‘(Q,éa keal more typ1ca1 of the: hotter summer mo-nths~ R

“ o
T3 e . n s

due‘to above~normal temperatures and‘below—normal,gr ui%}i?tf;:}g

- . :

preclpltatxonq These cond1trons could 1nf1u¢n§e the water~;ﬁf{j}

B

'budget of Cassxgg 901ng_1nto wxnter. Mean dadly VPD*s were >

"Q‘r-’ﬂr,--an

l,low (generally <0, 05 kPa) durzng w1nter due to low
s temperatures and h1gh ‘relative. hum1d1ties.ea
| Between Slte dlfferences in VPD's were related to -
?vftemperature d1fferences (Table 11) Slte d1fferepces were
‘hlgher 1n 1974 and 1975 than 1n 1973. MaxzmumAmonthly VPD s

‘were' generally hlgher at Slte 1 but dur1ng some months were :

f<'.7316qer.‘Ma*1mumﬂVPD sﬂaveraged 0. 13 kPa hzgher at Slte 1

"'OQ
I / 4 ~ e o . 5 & o

’4dur1ng July August but w1nter dlfferences were less. The
greatest dlfferences in maximum (0 43- 0 59 kPa) ‘and’ mean
?;mtf‘da11y (ca. -0.17 kPa) VPD s were recorded 1n Apr1l May, 1975, >

.and vere probably related to d1fferences 1n shelter helght.
dD1fferences 1n~mean.dally VPD s were not 51gn1f1cant or.

generally small 0<0 08 kPa) throughout the rest of the year. -
,- e . ,

"'Summer Prec1p1tat10n

R ) : . C

Summer prec1p1tat10n on Slgnal Mountaln showed great
’ for July August ‘for the three years (exclud1ng July, 1973)
- were 55 mm, but ranged from a-high of 107 mm in August, ‘
1975, to a low of 27 mm in August 1974 Totals for July,
-hl973 were proﬁably less than 20 mm Summer prec1p1tat1on
was lowest ‘in 1973 (101 mm between 1 July 7 October) and

“hlgﬁest 1n 1975 (253 mm between 7 June-30 September)
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Measurable preErp1tatlon occurred w1th a frequency of 1 day

1n 3 and wagfcons1stent between years (33%‘37%‘of days & gSwf»n

"‘

durang Fecorg perLod). When trace amounts are 1ncluded

-.._.‘
el

precxpxtatloﬁ occuzred wrth-a £requency of 1 day 1n 2 Thls -

&

i d1cat1ve of the_frequency of summer cloud CQVer ar d~g¢if%¢»;

[Z3%

o storms.,The ‘maximum’ daLIy totals exceed 30.mm_in July,'1974
;Ff ;and exceeded 15 mm on four days durrng June August 1975,
| »Perxods of 7= 13 consecutlve ‘days . wzthout measurable,d,‘_
'prec1p1tatlon were recorded in July and August of all three
years.,The longest dry per1od was 17 days in September,
1974, An average,of.]7%—of the summer prec1pltat10n occurred‘
" as show (does'not includeb"miﬁed“~precipitation)' but tﬁ§;. '_a
years . were varlable -(10% rn 1974 to >24% in- 1975) f

!
Prec1p1tatlon events on . S1gnal.Mounta1n were generallyf-

icorrelated w1th s1m11ar events at Jasper town51te. Only
- rarely" (approxlmately 2-4 days per summer) d1d measurable

prec1p1tat10n bccur on elther Slgnal Mounta1n OF t-Jasperi‘J”
towns1te w1thout at least trace amounts belng rec rded at -

the other locat1on. Summer prec1p1tat10n at Jasper'town51te
(June September) for 1973 1974, and 1975 averaged 58%, 76%,-
and 102%, respect1ve1y, of the 1926 1975 record Summer
preclpltatzon on Slgnal Mountain dur1ng the measurement
;per1ods ‘averaged . 123% of Jasper town51te, but var1ed from
105% 1n 1974 to 134% 1n 1975 Not‘omly was summer
prec1p1tarron h;gher.rn the:alprne»zone,ﬁbut a greater,v¢:

' proportion occurred as snow.

el



"patterns around collectors rather than any real site

SR T FIEAE SR SN Y

. e - - - . B N . .- S
Ty L - : T ’ C— % o A IR T
. Lo L S LI U I RN

. - e - ]

T Summer prec1p1tat1on dlfferences between Sltes were . not

vigreat and probably reflectfmlcr051te var1ab111ty and w1nd
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AL*Aﬁdlfferenoes. Precip1tat1on at‘Site 1 averaged 102% of Slte 2 ;'

cLA e =

- forthe. '3 year be 1od .bu var1ed from a low of g5y 1n 1974

.........

to-a “high of 1*15% in +1973:-

s -~ : . . R
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The a1p1ne zone of S1gnal Mountaln is a moderately

windy environment, partlcularly on the w1ndward southerly

'slopes and along the summlt r1dge. High w1nds can occur ‘in

all but the most protected Ca551oge habltats, but w1th

]reduced frequency and durat1on. Winds showed great temporal

|

varlab1l1ty, both seasonally and over short perlods (hourly

':'to da1ly) The maxlmum daily. w1nds tended to occur during.

L e s

afternoons and mlnlmﬁms at nlght or early mornlng, “but thls

was not quantlfled Wind dlrectlons were recorded only at

K J

t1me of anemometer readlngs (ca. ]800 h MST) The ZA.;.wtpg;~

predomryant wind d1rect10ns were wsw var 1ng to S or W, andj

\occa51onally to N, and only rarely o E,/ This is con51stent

with the more detailed observ

W‘ Hrapko ‘and La Roi
, \ ,

(1978) | N T -
R ' ﬁ . .
‘ Wlnd speeds aré*reported from the exposqd rza llcpen‘

commun1ty at S1te 2 where anemometer placement was dlctated

by winter. ‘snow cover. Wind speeds were lowest dur1ng the

'Apr11 September period (2.9-3.5 m/s) and hlghest durxng

3 m/s in July-August of the three-years. Maxxmum and-m;nlmum‘

October-March (4. 1- 6 5 m/s) Mean da11y wind- speeds wvere ca.

s

A
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‘mean daaly w1nd speeds dur1ng thls per1od werel 5 9 5. 5 ff‘ .

m/s and 1 2 1 6 é}s, respect1vely W1nds consxstently
11ncreased rn fall and wlnter w1nd speeds averaged 161%. of
August values. Mean w1nd speeds for the w1nter months

,-generally exceeded max imum dally values recorded durlng

- - . a

Lo o -

summer.'.4 o
”~W1nd prof1les were not measured in winter but"
| obsetvat1ons suggest less attenuatlon of w1nd near the
| surface than~1n»SumFer. Macrotopographlc 1rregular1t1es are

»

N e11m1n%Ced 1n wlnter and surface fr1ct1on is reduced

Exposed' plants pro;ect;ngﬂabove the snowpack expetlencefmuch

higher winds (both absolute and relative to 60 cm height)
than duringAsummer;'wind speeds‘are difficult to,assess'or

-\ are even mean1ng1ess in all but the most exgosed Ca551oge |
A\\hab1tats ‘during w1nter because of snow accumulat1ons., "

Comparlsons of relatlve wind speeds at d1fferent N :.

, m1cr051tes are glven 1n Table 12. These. comparlsons a;e ﬁ\\

based on. wind totals over the entire per1od but comparlsons

based on’ 1nd1V1dual measurement perlods are s1m1lar (and

.s1gn1f1cant at P<0.01). Ca551gge tetragona m1cr051tes vere

'w1nd1er than C mertensxana microsites and in general Site

2 ‘was w1nd1er than S1te 1. The anomalous hlgh.relatlve wind .
speeds at the Slte 1 C. tetragona commun1ty were due to

S anemometer placement to- avo1d dr1ft1ng snow,. and the

‘ q; locatlon was sl1ghtly more exposed than was typlcal of C

etragona ‘at thls Slte.'

RN
«F
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Table 12 Relatxve wind speeds at dxfferent mlcros1€es..;;

rmbvniagrnniy

S1te’-‘M1cro51te 'p" Relatlve W;nd . Days .of Comparlsons ¥
B W;th Other: Sites

s, B B - I N -~
.- ‘ - .o . . .

. PP . : - . H
e . : . - . .

2  Dryas-lichen 10080 - T s rae, 670
1 . tetraQOna_,Fe - 0.78 f5e ;f - i‘51§_ R .
z " ¢ tetpagona ST TR 201
2 ‘Q.-mertensianéf; i:'6:64zﬂ'” = ‘. ‘fjt,“if"
¢ mert’-ensia‘;ia U 0.s7 / L 14a
: n o
. 5011 Temperatunes S e - N :l~5

5011 temperatures at selected depths in the C.

tetragona-Dryas commun1ty at S1te 2 (20 m along transect)

are shown in Fig. 26.‘Max1mum temperatures 1n.sqrface
norizons occurred dnring July and coincided with'maximum'air
'temperatures "and radlat1on. Summer ‘temperatures-at 0 cm
'(beneath- 1-2 cm of lltter) averaged 2-5°C below amb1egt
.although extremes of 0 5 C above and 15°C below (follow1ng
fsno; meBt) were recorded Midda;‘temperatures at’ -5 to -15‘
cm var1ed between '3°C and 8°C, Max1mum temperatures at =50
cm were <4°C and occurred in m1d August. So11 temperatunes.,
;dropped.below 0° C in ;ate September paralleling the decline
in mean. dally air temperatues M1n1mum 5011 temperatures
doccurred in February-March, One to two months after the
‘Aoccurrence of minimum air temperatues 'M1n1mum 5011
"temperatures a all depths were -6 ‘to ~8° C 5011
'.temperatures 1ncreased to -1 to —2 C about one month pr1or.

" to snow melt. Temperatures 1ncreased gradually for about two

weeks following snounrelease under~the.1nf1uence of melt



‘.r .’. -v .. ‘.—'" - . . - A E ' »' \. ' (.I- . .‘\, . -~_....-‘. v _];2.7..:__.

.7 SNOW-COVERAND 'DEPTH (cm) -
T3 28 e3 01 e - .. iTma

82 . 324119 S
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12t

1974 : ' 1975

Figure 26 Soﬂ temperatures during 1974 and 1975 at the S1te 2
, C. tetragona-Dryas community. Note ‘soil depths differ
Eetween yéars; snow cover is 1nd1cated

1
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-"%watefs;4séé§0651“£ihé£da£i6n§fia soil temperatures were
-greater in 1975 than in 1974 due to hygher a1r temperatures
| 1n July, lower a1r temperatures 1n m1d w1nter, and a
'below normal. snovaack _

_ Seasonal‘soml temperature fluctuations were reduced in
all other .a551ope communities from that reported above.
Summer soil'temperatures at the.siteqzrg.:tetragonavlate
snow,release communit§ &ere about 2°C higher, dueiprimarily
to less.plant cover. ﬁihter soil temperatures were about 3°C
higher due to greater snow accumulatlons. Summer soil
temperatures at the Site tetragona commun1ty were about
0. 5 C hlgher at-0 cm. However, conditions were more
1sotherm§l{throughout the rest of the profile; temperatues
were 2°C lower at -1b:cm and 2°C higher at.SO;cm, Winter'
l soil»ﬁ;mperatures‘we%e about 4°C.higher at all. depths.»

5011 temperatures were seasonally more stable and

proflles more 1sothermal 1n all C. merten31ana communities..

'Soils of C merten51ana communities were 2-4°C cooler dur1ng

the summer months and 1 5-4,5°C warmer dur1ng ‘the winter .

months than the C. tetragona communities at the respective

Sites. Soils of é. mertensiana communities remalned around
-1 to‘0°C for approxlmgiely onelmonth longer‘pr1or to snow
release than the adjacent C"tetragona communities.'However,
so11 temperatures 1ncreased more rapldly after snow release

vto m1d summer maxxmadff;e S1te 1 C mertenszana commun1ty

‘was about 1°C warmer at 0 cm durlng the summer, 1°C cooler

at -10-to.-50 ¢cm durang thg,summer, andvabout#1°cuvarmerfaté'

PN
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. i o Lo
all depths.during the winter than the C. mertensiana

communlty at Slte 2. -
- The sl1ghtly higher soil surface temperatures at Site 1

were related,to.sllghtly h1gher air, temperatures at lover

elevaticns. The reduced magnitude of seasonal temperature

fluctuatlons in the C. mertens1ana commun1t1es was due to

greater plant cover, soil m01sture, soil’ organ1c matter, and
snow accumulat1cns.“
Profiles | o
Cassibge-plants experience smallﬂbut'consistent p

microenvironmental dlfferences due to the relatlve exposure
of microsites and den51ty of plant canoples. F1gure 27
compares near surface mlcroenvironments at adjacent Site 1
Ca531oge m1cr051tes on 20 August 1973. ThlS was a typlcal
warm, dry, late summer day; da11y 1rrad1ance was 22 8
* MJem~ 2Od", .mean daxly shelter temperature was 7. 5 c, mean
daily shelter .VPD was 0 64 kPa, and ‘mean dally w1ndspeed at
60 cm was 1.28 m/s.

| Air temperatUes within the plant’canopies at 5 cm were
frequently‘2-4°c higher than in the ambient air atv100 cm.

Difﬁerences.wene greater vlthin the'C. mertensiana canopy.

Soil temperatures beneath C. tetragona were up ‘to 5 C h1gher
at 0 cm and about 1°C hxgher at -15 cm‘than beneath C.

mertensxana Da1ly temperature fluctuatlons were reduced at

-15 cm. D1fferences in leaf and air temperatures were also e
L ‘%1 v

'noted Ca831oge lgafttVf*

.,‘.

above amb1ent and dlff;xlﬂ

P
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ljmertens1ana. The subamb1ent leaf temperatures reported are

probably an artlfact of measurement techn1que as Ak
"transpxrat1on rates are to. 1ow to result in this degree of
evaporat1ve cool1ng. However, this does not 1nva11date the
trend, only the absolute magn1tude of the leaf temperature

E elevat1on; D%fferences 1n\VPD,proflles were'small.lvapor"'

~ pressure deficits within plant canopies'tended to he‘lower
than in the amb1ent air, even though canopy air temperatures
were h1gher;AW1ndspeeds were low and relatlve constant |

dur1ng the day in the C. merten51ana m1cr051te, but showed a '

| typ1cal late afternoon peak in. the C. tetragona m1cr051te.

Figure 28 shows wind proflles from the summed data forrall

d o

measurement perlods. Ca551ope tetragpna m1cros1tes were

windier. than adjacent C. mertensxana mxcrOS1tes, and Slte 2» ,”

. was w1nd1er than Site 1, leferences w1th1n plant canoples
are | 51gn1f1cant These results are. sxmilar to those recorded
'.at 60 cm w1th three-cup anemometers at the respect1ve ,
: m1cros1tes (Table 12) D1fferences in w1ndspeeds and a1r o
'rm1x1ng W1th1n phgnt canop1es are largely respon51b1e for the
| a1r and leaf temperature dlfferences noted above.
‘~. 51m11ar results were recorded on other measurement'days
of hlgh rad1at1on and temperatures. On cool 'cloudy days,
4’a1r and soxl temperatures and VPD s were lower and both

Q

. da11y changes and m1cros1te d1fferences reduced.

.(r'
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A " IV. PLANT RESPONSES

A. PhenoloQYAand.Grouth pﬁh' 4 | o
a. Methods .*; d; . '-l-, - o iT't’“H;ﬁflg”ﬂ
Initial obServationsfindicatedTthat geneéangiawhh'f*’

responses and phenology of Cassropg were h1ghly var1able and ;

related to date of snow release as 1nfluenced by elevatton
and m1cros1te condltlons. ThlS agrees w1th Holway and Ward

(1963, 1%55) who cons1dered snow cover and the retardrng

1nfluence of cold meltwater on so1l temperature as the\ |

pr1mary factOrs ;nfluenc1ng phenology of alpine plants 1n f

Colorado Ca581op§ 1n exposed m1cr051tes near treel1ne'ﬁ L

(roads1des, base of trees, etc ) often melted out 4*8 wk vi

L

C ahead of“those in late snowbank mzcrosdtes at h1gher'.
“ elevat1ons, and phenolog1cal events were conrespondlngly
d. advanced ThlS var1ab11;ty was more: pronounced w1th c.’ ,fl‘
etragona as it 0ccup1ed a wlder range of hab1tats; 'fht;“'
‘ Observatxons weré thus concentrated at the two 1nten51Ve ‘.5:f
’*.study 51t s as they represented the "normal“ habltats of

' both spec1es. Ca581ope mertens;ana at Slte 1 ‘and C. le i ;;

f'-" etragona at Slte 2 occupled a. wlder range of habitats thanf
the alternate spec1es at each Slte. Thus, mxchS1tes could

- .be selected representlng early, m1d and late snow release,‘* ‘

C for C.‘mertens1ana at Slte 1 and C. etragona at Slte 2 and‘

these could be compared vxth one m1cros1te for each specxeso

at the alternate S1te. . l‘rf
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Phenologfcal observat1ons and measurements of shoot

“elongatlon vere conducted from 1973 through 1975 (the 1973
”1data are 1ncomplete and tqerefore not reported) Plants

"_located in a homogeneous area were marked 1n a grxd pattern

‘,f(1 5m spac1ng) 1n m1d July, 1973, and phenolog1cal

"reduced sample size and these shoots were e11m1nated from

-Jobservat1ons concentrated on. these (Table 13) F1ve v1gorous

1shoots, unbranched hear the apex, were randomly selected

from wlthln the canopy of each plant and marked for

"measurements of shoot elongatlon. A leaf was cl1pped 10 0 mm .

_below the apex and measurements of shoot length taken wlth a

£1ne scaled ruler Measurements were ;aken at snow release

-and at- approx1mate1y weekly 1ntervals throughout the summers

of 1974 and 1975 Shoot senescence and mortallty related to.

‘m1crot1ne graz1ng (part1cularly in C. merten51ana late snow

‘,release m1cr051tes) mechanlcal breakage, or des1ccat1on,

"the data ana1y51s. To. complement and expand the data base,
hWadd1t1onal plants were marked and sampled in 1975 along a

;snow release grad1ent at Sltes 1 and 2

l

Add1t1onal shoots of C tragona were qpllected in

”»1974 for- aachronolog1cal sequenc1ng of shoot growth and leaf

and flower productlon.,Many shoots flower yearly and

'pedlcels rema1n attached, allow1ng Success1ve years growth
1ntervals to be dlstlnguished. ThlS is more. prevalent in: the”'7
sv1gorous, protected leeward shoots at the base of the plant
jcanopy Growth and productaon of such shoots would represent<ﬁ

. a near maximum and not be dzrectly comparable w1th the :

.'r-~
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'lTable 13 Sampl1ng reg1me for phenologlcal observations and
measurements of shoot’ elongat1on "at- selected s

mlcrosites. _
site Microsite Snow . . . Number of . Observation
- ' ' - - Release Marked Plants ‘ ~Years
.1 .C. mertensiana . mid . . M0 - 1974-75
jg.'mertensiana - late - "o " |
',g,utetragona mid- - 20 "o
2 fg;-merten51ana- ‘mia " S "
>-g.'tetragona :-‘ mld}*- 1217;:, " ' l' f o»
5 C. tetragona .. mid . . - " 3
=" ,te ra__,ona e 1 . , ¥ \ o -
1 €. mertensiana r{early 5 1975
C. mertensiana . mid - " . "
C. mertensiana - late " "
Q; tetragona a i mid"@” o n:.n o v-1_5 Cwo
5%ﬁ£‘ - Q. mertenslana f4mid o l "o y ,;i .
‘ ‘g.~tetragonaf ,early'=' I TR
.C. tetragona mid. . " LT
-C. tetragona .-- - late .. - " R

"average‘ canopy shoots as marked for measurements of shoot
:a elongat1on. Samples were collected from early, m1d and late-«ﬁi

snow release m1cr051tes at Slte 2 Casslog_ merten51ana was..

not analyzed in th1s fashlon due to armore 1rregular pattern‘
of flower1ng and branchlng wh1ch complleated shoot

chronolog1es, partlcularly in. late snow release mlcr051tes.;,ﬁ

.
" b. Results _ . } _ R R
! Phenolo f_ o ggf.“ : f~'_”.]f':f‘ T;lf' f,af'_ i\\'_“

The yearly sequence of phenophases 1n C. mertens1ana \\_a'l

AN
\

| 'and C tetragona 1s s1m11ar although the tzming dxifers. At
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gronth'cessation}ln the.fall shoot Segments and leaves that‘
wzll elongate to full size the follow1ng summer are. already
fully formed partlally expanded and grouped 1n ‘a t1ght
‘cluster around the shoot apex, partxally enveloped by the
prox1mal leaves.of the current year._Flower buds are also

‘part1ally expanded but. to a greater degree in C.

_ merten51ana. Leaf and bud pr1mord1a that w1ll expand to full,

's1ze two years later are also present on the shoot apex. No

‘elongat1on or expansion of flower buds or shoots occurs
durlng the w1nter monthsé/et.spr1ng snow release, flower

'buds of C mertensnana (and occasionally C. etragona in’

late snow release mxcros;tes) have not1ceably swelled from '
=the fall cond1t1on, bulglng out the enclosxng leaves. The
percept1on of llght penetrat1ng the snow, or an. 1nteract1on‘
“with temperature,’may be 1nvolved 1n this reSponse (see
;‘Rxchardson and Sal1sbury 1977) Flower bud'expans1on |
.contlnues 1n the spring,’ often before any noticeable shoot

elongat1on. When flowerﬁh?ds near 100% expans1on, pedlcels

- beg1n to elongate and flowerlng commences. Peak flowerlng -

'"usually lasts only a. few days on a smngle plant but a-few 'gg
flowers may be produced over a 2- 3 wk or longer per1od Most
shoot elongat1on occurs durlng the perlod of flowerxng and
u'early capsule svell1ng. Near the end of the ‘period of - |
»maxlmum shbot elongatlon (ca..mld August), yellow1ng and~yﬁgd"

'!

'senescence of the oldest leaves occurs 1n C. tetragona. Leaf '

1

"fsenescence 1n C. mertensxana 1s not as notxceable, and

“v:probably extends over aﬁmnch longer period. Old leaves
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remain attached to 11v1ng stems and decompose 1n 51tu.

Capsule swell1ng and elevatlon often beg1ns before coroXias
are dropped 0vule r1pen1ng contlnues after the capsules are’
fully swelled. Capsule deh1scence and seed d1spersal beg1ns

-

_ca. mid September, pr1or to cont1nuouslfall snow cover.
| Phenologxcal patterns of: Ca551ope at var1ous m1cr051tes
"1n 1874 and 1975 are shown in Flg. 29 Snow. release in 1975'
. 6ccurred earlier. than in 1974 (see Snow Cover Sect1ﬁn)
,m1crosxte dszerences in dates of release were condensed
and phenolog1cal events were adVanced Flower bud expans1on
in C tetragona began e1thé{ ca. June 15 20 or approxlmately
one Week after snow release (except at Site 2 1ate snow
‘release plcrOSIte*ln 1975?'and was‘probably l1m1ted,by lqw.

temperatures dur1ng early June in early snow release

‘.m1cros1tes. Late spr1ng snow storms in 1974 and 1975

resulted 1n two and 51x days snow cover, respect1vely, in C'
t etragona m1cr051tes. ThlS may have sllghtly delayed the _f
vonset af flowerlng However, flower bud expan51on appeared
to proceed unlmpeded beneath the snow. Flower bud expans1on

1n C. mertens1ana was initiated prlor to snow reggase at all

; m1cros1tes and. overlapped w1th both the perlods of C.

' etragona*flower bud expan51on and'nax1mum.seasonal

(

itemperatures in July
The 1n1t1at1on of flower1ng and perlod o£ peak
v;flower1ng 1n C. etragona occurred earl1er 1n the season '

’ .

,:than 1n C.Ymertensxana. However, peak flower1ng 1n

'_C. etragona was delayed, relatxve to- snow release,.due to
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LA Res ..

'the early-season'period"of’inadtiﬁity;.AISO, there;was a

tendency for flowerlng 1n both spec;es to He delayedq,

relative to snow releasge, at h1gher eleVatl n m1cros1tes.

. ,Peak flowerxng in C merten51ana and C. tetragona occurred
18~31 and 27- 48 dsys after snow releESe, respectxvely

’Plants of both spec1es that melted out on similar dates at

the same Sltes{(mapged along snow release gradient.in 1975)

showed similar patterns of flower'bud.expansion, ihitiatioh

. oftﬁlowering, ahd-peak:floweriﬁg . This gndicates-that“the'

1n;t1al peuiod of 1nact1v1ty in early snow releaﬁad C

tetragona may not he obl1gatory, but related>to unfavorable o

early Season envxtonmental condltlons. Although peak

jflgwerlng was asynohronous in the -two species, some overlap

of flower1ng per1ods occurred Thus, Cross polllnatlon is

4not ptevented by che t1m1ng of flqwer1ng per1ods Flower1ng

1n Q. mertens1ana tended to extend over a longer’perlod

'espe61a11y 1n plants of late snow release. Reproéuctlve

development was not l1nked to shogt elongat1on (Fzg 29)

The period of capsule swelllng and fru1t matu:at1on L

‘ began earller in g. tetragona, but ext%hded through August -

\ o
and early September in both spec1qa. The t1m1ng of frult

”deblﬁcence waS‘not observed in al) yearS'and m1c(051tes, but

vxgenetally began in mxd September. FIU1t maturag1on and’ seed

prod0ct1on'were reduced 1n plants (espeC1ally C.

meztenS1ana) of late snow release aﬂd flowerlng
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M %Mlanga_t__l on’ ‘ |
Sywyot elongat1on (growth) was essentlally synchronous
in botﬁ speC1es, except vhere delayed by late snow release
(F1g ﬂb snd Table 14) plants of edrly sfiow release, e. g
'C. et£yqona in most mlctosltes, had a qulescent period of
lslow gfwwth (<5-10% of season s total) prlot to the . onset. of
, rap1d @yowth ‘This. pattern was 51m11ar to. but asynchronous
with rﬁproduct1ve development Growth was only roughly
"eorreiﬁbad Wlth snow release. Seasonal grbwth patterns were
ﬁadvancﬁe in 1975 when melt out occurred apptoxlmately ‘two
{,weeks Ayflier than in 1974, and growth pariods were delayed
both yégrs in plants ot 1ate snow releass. Nowever, the
- period vf most growth wag not advanced in plants of early
snow rﬁléase suggestlng an env1ronmental coﬂtrol unrelated
to snow aovcr. " ' | _. N
‘ Alz temperatures and radlat1on levels were only |
part1a11y limiting to growth of €. tetragﬁna durlng the -
lquxesc&nt perlod in: early snow released mlcr051tes. Whalei.
air teﬂperatures and<r&diatlon-lewels‘were gcnetally'lower.
during Jupe than during the period of mogt growth in July
and Auguﬁt, growth did- oacur du::ng certalin per1ods in .
'eAugust vhen air temperatures and radxatloh levels were
'»51m11ar Yo those dur1ng the quleSCent perxod Plant canopy
»mlcroenvlronments certalﬂly 1nfluenced the eﬂrly season s
growth put d1d not d1rgctly control ‘the. tlmxng of the perlod
. of mogt growth. . : o e uf}ﬁf_fc
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The onset of the per1od of most growth~co1ncided thh _»"

"’g3rap1d1y r1szng 5011 temperatures 1n the root1ng 20“0 (393

'ffluiﬁgoclxmate Seotxon) So;l temperatures at‘-10 cm 1n 1975

\
'fﬁwwere ca. O'C 1n C. mertens1ang mlcrosxtes and ca. 1 O‘C in.

9c tetrggona.m1cr0sites dur;ng the week precediﬁg the start

.l_

"*fof rapzd growth Soal temperatures were 0 5 t S'C and 2 5°C

’“f‘xn the resgectzve mior051tes at the onset of rap1d growth

’ 7and rose rap1dly thereafter. The prxmary factors retardlng

,‘]fthe rzse of so11 temperatures were the percolat1on of

'”ﬁfmeltwaters 1n g etragona mxcrosltes’énd snow cover 1n C. ‘

,gfmertensxéna mloros1tes. ¢wf,§};f%'75y;;¢,y:7~

Most shoot elongatzon (90 95% of season s total)

.vvféoccurred over a perxod of 5-7 wk 1n July ind August of both v

"gyears and coancxded wzth the perxod of maxlmum seasonal so1l

”3*”temperatures, a;r temperatures, and radxat1on. The durat1on

t?fiiof the rapzd growth perxod of§¢§;mertensagg-_dn 1975 was

than 1n 1974 Growth

ix?approx1mately one week long

4’f1complet1on was probably delayed by the cooI.ﬁrainy‘

~ﬁf;g?cond1taons dur;ng August, 1975.,Growth was essent; 1ly: - S

‘“t'all mzcros1_es; A_}ﬁef,afv




Speczes d1fferences 1n total seasonal shoot growth were
\

‘ t“ not pronounced but trends are suggested (Table 14) Seasonal

grdwth of both spec1es averaged 5 5 mm/yr (X of allwu

mxcrosxtes in both years) but was more variable in c.l

;f mertensiana (2 6 8 2 mm/yr) than C tetragona (3, 3 7 4

L,

" snbw. release m1cr051te, butF\as greatest at theisxte

mm/yr) Growth of both specles was reduced 1n 1974 compared

r1th 1975 but only s:gn1f1cant1y 1n g ﬂmertensxanar Th1s

suggests that a shortened grOW1ng season followlng a wznterf!

U

"Ei of heavy snowfall and late Snow release 1s mpre detrlmental;“'

RTEN

"\

‘Jw vas greatest at the S:te 1 m1d snow release mmcros1te, and

was reduced 1q most cases S1gn1f1cantly,:1n exposed 1ate
snow release; or h1gh elevatzon macrosztes..Shoot growth of’
tetragona presented some anomalous trends, not clearly

related to microsltes. Growth was s1gni£1cantly less at theh

S1te 2 m1d snow release m1c1051te than at the151teﬁ1 m:d

snow release mlcrosxte, Growth of C. tragona was more

[
4t 3

C. mertensxana.

T T

T

L to. shoot growth of C. mertenszana. Growth of Qa mertens;ana-ff"

'[ con51stent and less 1nf1Uenced by m1croslte condltlons than;'f'“

The max1mum rates of shoot growth, calculated over the.”*“

years and m1cros1tes followednthe same patterns as total

shoot growth although Jew,Vere s1gn1f1cant.-

3.5 approxxmate weekly measurememt 1ntervals, were low 1n bothj;g;f?

',s; speczes (ca, 0 20 mm/d) Spec1es dzﬁferences 1n contrast:ng'»;h'
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’.«Shoot Chronologlesb | Qf;'
B No stat1st1ca1 dxfferences were found 1n the yearly
'ygrowth 1ncrements and leaf productlon of basal shoots of C.

\

'-tetragona“from early,_m1d, and late snow release mlcrosxtes -

L‘ .at S1te 2 (Table 15). Seven consecut1ve year 8. growth

1ntervals were ldentzflable (var1ab1e between shoots) by old -
-leaves and ped1cels. Growth 1ncrements averaged ca. 9 mm/yr,

‘and ranged between 4-15. mm/yr. Shoot growth was h1ghly ¥

h““varlable; two, shoots often showed contrast1ng patterns of

"th1gh and low growth in eonsecut1veuyears Yearly 1eaf

‘prodUctlon averaged ca. 9 palrs of leaves per year, and

: f_ranged betweén 4 23 pa1rs per year.‘Leaf productzon followed '

the seme pattern of varzabxllty as: shoot growth Only the '

”"'basal canopy shoots cons;stently flower each year allOWIHQ

ochronologlcal sequenc1ng, and th1s suggests that these ‘}
:shoots may experxence less var1able cond1t1ons than the .

| average canopy shoots as marked for measurements of shoot

.b“elongat1on. ThlS may partlally expla1n the lack of

(d1fferences between years or m1cros1tes as well as the"“j'j i!ﬁ
“-,greater shoot elongat;ons compared tofthe
Also, env1ronmental cond1t1ons“ "';three”consecut1ve years

'-f(year 1 = przmor:da d1f£erent1ataon'iyear 2 - part1al stem

”.and m1cros1te d1fferences.i“



C o

Table 15, Chronology of soasonal shoot growth lenf and flowon production and
*" ‘numbérs of years. .of fully expanded Tiving leaves in C. tetragona along
a snow, release" gnadient at Site 2. Sample stze’ (n) range anE ‘CI. 95

'»are indicated. o oo o ) o v )
Snow Release 1974 . 1973 1972 'j‘ 1971' ‘f1970C 1988 1988
.J SR f. s ' Growth Q x gmm! '
Early 1 10.1#3.1  .9.4%1.0 8. 420.8 e 331, o A'aiétd;e' "'8.0%1.0 9.3%1.8
: (6-18) ‘.(6-15) (6-15) . /. (4-13) (6-12)  .(6-11) (7-13)
n=25 ° n=25 n*25;‘*'j n=23 . n=17 n=tQ . n=8 .
‘Mid © 7.8%0,8 - 9.1$0.7 . 8.8%0.9 ﬁ‘a.z:o.a 8.8+0.7 8.7+0.9 10.6%2.2
. : - (4=13). (4-13)" | (4=14) .  (4-14) -(6-12) .. (5-13) (8=15) .. -
"n=31. . n=30 4’ n=30 - . n=29 .. "h=26 ‘n=19  n=8
Late’  7.2t0.5 9.4:0.9° '8.8#1.0 .9.4t1.0 9.841.4 7.882.7 ' .9
L (5-10), (5-15) (4-15) - (6-18) . - (5-14) (5-10) =
n=30 . =30 .. =300 ne26% n-19 S has - nst
. ! ajrs of leavos E y n ) .
Early . 9.280.6 10.0:0.6 . 9.240.6 9, 1350.7  8.8%0. 6 -:1#8&Q.7" 8.541.0
S (7-43) - (8-13) .. (7-13) . (s 12) CA(7=10) . (6-9) T r AT-%1) |
‘Mid .- B.5%0.9 10.2%1.1 . 8.6£1.6 '9.1%0. s-f 9.720.7° 6.9%0.8 . 9,6%+1.4
e ©o L (4-14) 1 (7-23) - .(e-18) “(6 13) (B 16) 0 L (6-12) i (8=12)F
Late . 0 7.7%0.8- '9.3#1.0 9.040.9 9,040, ' 9.640.6 ~8.0%1.5 ° '
oo Lo (4=12) - (6-20) .(s 15) CA7-12) - (6-12) (6-9) ...
. . .“’ L ’ Lo R . ,
» ' « _f.i Flowers ‘per xeaﬁ.m : T v v
Early [ l4.220.6 3. 280.5. 3.0$0:4  3.6%0.5 ¢ .2.930.5  3.4%0.8 .. 2.6:0.8
| (@78 (0%®) - (0-a) . . (2-8) - (1-aY  (1-a) - k2-a) °*
Mid 0 73.4#0.4  2.420.4  2.3%0.4.° 2.4$0.3 2.3#0.4' -2.320.4 3. bioYs
‘ S (2-8) (0-4) - (0-4) - (1-4) - (1-4). (0-4) - (2 4)
Late . .3.0%0.3  1.820.3 2;1to,4:ﬁvzf7to.4'v 3.2$0.3° 1.6%1,4 ¢ 2
ST (2-4) . (0-3) (0—4)‘“,‘>(1-5); 1-9) 3.(o a) e

véans Iving reavai

‘Early ' 2.420.3 ;'nig; 2 0%0. 5 o  Late 3ﬁhto 2. -
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'niffé}eﬁcesfiA'yeafiy flower production were"often~
| 51gn1f1cant but not: clearly related to patterns of shoot
| growth or 1eaf product1on durzng elther the current or thev
prevzous year. Thxs agrees wzth the observatlon noted thh
the plants marked for phenolog1cal observatxons and growth

- measurements that reproduct1ve development is 1nfluenced by

d1fferent env1ronmental factors than shoot Flongatlon.n;r_f;p

Microsite d1fferencés in flower productlon were more

pronounced The mean yearly flower product1on over the seven

years of record was 3 3 £ 0 5, 2 6 t 0. 4,.and 2. 2 + 0 5
flowers per year (% CI 95) in e;gly, m1d and late snow
release m1cros1tes, respectzvelyr_This suggests that early
snow release 1s conduc1ve to greater flower product1on 1n €.

etragona. Sxmzlar trends were noted with- the upper canopy

f¢3:\ shoots of the: plants marked for phenolog1cal observatlons.

', rThe frequency of shoot flower1ng and flower product1on were>

recorded on the marked plants in. 1973 (Table 16) and C.
etragona had. greater flower product1on at the hlghe{

elevat1on, more exposed S1te 5 Casszope merten51ana .

followed an51m1lar pattern of reduced flower1ng 1n the late;r

snow release m1cr051te.»However, 1n contrast to C.

etragona, flower1ng 1n c. merten31ana was also reduced at

the hlgher elevatlon mzcrosxte

| Leaf longev1ty of C., etrlg L) sfs1gn1f1cantly |

greater 1n the late sno:Lrelease m;croszte (Table 15) Theiv,

number of years ot fully expanded l1vrng leaves Ain fall

collected shoots ranged between one and four, and averaged ff%?

e

A
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Table 16. Frequency of shoot flowerxng and flower productlon]
~-in: 1973 on'plants marked for: phenologxcal ,
- observatlons. Indicated are Snow release relatzve ’
~ to other mxcrosxtes at Szte (M-M1d LaLate)

C. mektensxana _irff;‘v etragona
Site'1 Site 1 S1te z “Srte.i Site'2 Sltels
(M) (L) (M)-:._,.. oM M) (M) :
Flowering ... . . SR S S
-.Frequency ,‘;505-- 6% 38% - - 53%. .30% = 66%
. Flowers Per | L | B
_Flowerlng o T . = e

2. 0 2.4 in the early and mxd snow release.mxcrosltes, and
53 1'in the late snow release m1cr031te. Values wOuld be one K
-year greater 1f measured in. mld summer, before senescence of:
“older leeves. Reduced leaf longev1ty Ln exposed m1crosxtes

may be a functzon of more rlgorous env1ronmenta1 condztlons.

- However, greater leaf longev1ty in late snow release

-'*m1cr051tes may represent a phys1ologlcal adaptat1on to

"‘dﬁmax1m1ze photosynthe51s and storage of nutr1ents and food

"reserves in areas w1th & reduced growth perxod 0bservat1onsq,

were also made on: leaf longeV1ty of»Cgrmerten51ana and

'"”fﬂ7s1m11ar trends were noted. Mature'leaves rema1ned 11v1ng ‘for

‘“15 7 yr in m1d snow release mlcrosztes, but leaf

greater 1eaf longbv;ty of C. mertens1ana may g1ve 1t a

'v;compet1t1ve advantage over C

detragona'xn mxcrosxtes of 'f;7

"*'?late snow releese, n“”“'

,"ev;ty often exceeded 10 Yr 1n protected mxcrosxtes. The.ffﬁf
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' ‘_"Observatlons of\Reproduct1ve §trat_g;es

| " The v1sua1 floral dlsplays of treelzne vegetat1on,
fespec1ally heath speczes, are 1mpre351ve. Ca551ope flowers
'.v1gorously in most hab1tats, often produclng 51x or more
:flowers per flower1ng shoot Thls must. represent a .

'uw51gn1f1cant energy expend;ture on sexual reproductlon,
‘cons1der1ng the slow growth rates. However,’sexual
"reproduct1on appears to play only a minor role at the
dpresent t ime 1n the ma1ntenance of local populatlons, as
'.d1scussed below. \ ‘

Seed productxon by aSS1oge 1s h1gh except where

-11m1ted by reduced flower1ng and 1ncomplete frult maturatlon _3'

in. areas of late snow release (pr1mar11y c. merten51ana)

'The small seeds, caw 0 7 XuO 15 mm,'are read1ly w1nd

dlspersed 1nto most habxtats Capsule deh1scence of. C.

etragona often occurs dur1ng flnter when termlnal portlons
“of’ shoots and erect capsules pr Ject above the snow pack
‘lfallowxng seeds to be dlspersed conslderable dlstances. ThlS
.manner of w1nter seedeﬁhSpersal is common in arctic plants
.(Sav11e 1972) ngh seed product;on may not be accompanled

. by hlgh seed V1ab111ty or germ1nat1on rates.' f

Germlnatlon tests were conducted w1th1§eeds of both

:;spec1es collected from mxd snow release m1cros1tes at S1tes"
.31 and 2 on 3 September, 1973 and 29 30 October, 1974 Seeds

"_had been stratif1ed by temperatures <0'C 1n the f1eld before\

-%;;ocollectxon, and were stored dry at 5’C 0 ca..onelmonth

;rfbefore tests. Germinatlonftests were;oon uctedvo; mOISt

T
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-_f1lter paper 1n petr1 dlshes at 20'C (llght and dark), and

‘termlnated after 21 days. No germ1natxon was observed for

e;ther C. mertens1ana or C tetragona, suggest1ng 1ncomp1ete
rlpenxng or strat1f1cat10n, 1mproper condxt:ons for'
germxnat1on, or 1ow seed v1ab111ty.'

, Successful seedl1ng establ1shment appears to occur
'1n£requently as no seedllngs vere observed ‘in any habltatsﬁim
during the course of~thxs study. Thls may . be due toa lack
'of seedllng recognltlon because of the1r small 51ze, or to:
'an actual absence of seedllngs. Reproductlon by seeds must%.
have oCCurred in the past However, only in- l1m1ted areas,
dare plants recogn1zab1e that probably establxshed from
'seeds. Both specxes were observed colonlzxng Neoglac1al
nmoralnes in Jasper Natxonal Park Also, small plants of both
vspec1es were observed on 51gna1 Mounta1n 1n areas of late
‘snow release with reduced vascular plant cover. The smallest‘
and presumably youngest plants observed were est1mated at
gg. 15+ years old Prec1se age1ng u51ng shoot chronologzes
is 1mp0551b1e on these plants due to’ slow growth rates, the
rmalntenance of a seedllng s1ze for several years, and the
'lack of . flower1ng. Seedllng establishment is probably
'1nh1b1ted in exposed m1crosztes due to rlgorous |

: v

' m1croenv1ronments The v;gorous growth of vascular and moss

SpeC1es, and needle 1ce act1v1ty 1n bare areas, probably

‘th1b1ts seedl1ng establxshment 1nl.;_mertensxana_and C.
e st == — T

t'tetragona commun1t1es. ;*f‘
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‘the spec1es‘tolerances.'
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Both spec1es of Cassxope reprpduce aggre551ve1y in "

.'thelr normal hab1tats by vegetatxve means. Rh1zomes pérmeateff;f

the - LFH and Ah 5011 horlzons and decumbent shoots read11y

.produce advent1tuous roots. Ind1v1dual plants of C.“'

‘merten51ana are normally 1mposs1ble to separate, exther

above or below ground The scattered or relatlvely open

spaczng of C etragona is also more an apparent rather than

a real plant separatlon. The more distinct clumps of both

spec1es appear to be approxlmately of the same - age, ca.
30~ 50 years or more old ‘and may represent vegetat1ve

reproduct1on of plants establ1shed from seed at a much

earl1er date. Observat1ons 1n other areas of the Canadlan

Cordzlleras on. the unlformxty of plant s1ze (and perhaps

age), and patterns of flavon01d chemrstry of local

{

populat1ons of c. mertensxana and C.: etragona, suggest that o

'they may represent essentlally clones w1th a long hzstory o£_~”

vegematxve reproductlon'from an older period of plant

rjestabllshment (Denford and Karas 1975, and Denford pers.

comm. ). Vegetatlve reproductlon appears to be reSponS1ble

'ﬁ&for the malntenance of local populatlons of Cass1ope at the:

'(}present tlme. Sexual reproductlon was observed to operate T

only to extend plants into new hab1tats or~at the l1m1ts of

-

7 -



B. Cold Hardzness

‘a. Methods

Ca551ope merten51ana and Cass1ope tetragona plants usedyff

in controlled envzronment stud1es, 1nclud1ng cold hardxness
.tests, were collected from late snow release m1cr051tes near;
ISlte 1 and exposed m1cr051tes near S1te~2 respectxvely.
Collectlon 51te so1ls were retalned as the potting medlum
lPlants were ma1nta1ned 1n the laboratory and cycled. through

?;summer, fall, and w1nter reg1mes to synchronlze des1red
,phenolog1ca1 and hard1ness states. Other" potted plants
rema1ned on ngnal Mountazn in thexr respect1Ve commun1t1es
in an excavatlon in the s011 to ma1nta1n normal plant canopyﬁl
helghts. Thus, these plants were subjected 't near normal
\Ca551ope m1croenv1ronments and’ cold accllmat1on before

| removal to the laboratory | | v' _

e Summer const1ons were 51mulated in the 1aboratory by -

» growlng plants 1n a Trop-Arctlc greenhouse under natural

- daylength extended to a 16 h photoperlod w;th@multxvapour
’ and‘Lucalox lampsdgiving‘an irradiance of‘>250J;(Eim"03“ o
PhAR (photosynthetlcally act1ve rad1at1on) at the canopy
" level. Air temperatures were regulated such that the max1muml
vof 15- 17°C occurred at 1200-1400 h and the m1n1mum of -
-7 5-10°C occurred near 2400 h. Relatlve hum1d1ty was_w;p
-f:controlled in steps with a low of 35-50% from 1000- 1700 h,
- and a hlgh of 95 100% from 0300 1000 h. Plants were watered
*dally wzth tap uater. After completzon of the growth cycle

. plants were: transferred to controlled envzronment chambers

_1‘_--'
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_ 5‘ »

'(Env1ronmenta1 Growth Chambers Chagrln Falls, Ohlo) for \S

harden1ng. Fall condltlons were slmulated by an 8- h

A ]

‘photoperiod with fluorescent and 1ncandescent lamps. The”

irradiance was stepped up and donn inatwo stepsLto'gi&e ae
maxiﬁum*irradiance of'ca. 250/{E-m”05" Pth at the canopf
level Temperatures durlng the llght and dark perxods were
+5°C and -2°C, respect1vely. Humidity was not controlled and

fluctuated between ca. 50% and 80%.. After four to szx weeks,!

dormant, hardened ,plants were covered w1th plastic: bags-

(often w1th crushed 1ce or snow), and transferred to a dark
cold room at —2'C to -4°C to sxmulate w1nter condltlons.

After a m1n1mum of Slx weeks, plants were transferred to the

-Trop—Arctlc greenhouse and symmer cond1tlons.

Cold hardlness tests were conducted on plants of three
hardiness states- summer plants 1n full flower, partlally
hardened fall plants, and fully hardened w1nter plants.

Tests were conducted thh plants taken from the controlled

environment condltions descrlbed above, and wlth plants'

' : :
collected from Slgnal Mounta;n in the~fall and,early wrnter.

Partially hardened fall plants uere~collected‘fromathe field
in early October, 1975, and kept for one month under fall.

conditibns as described dbove until tests began.'These‘

”ﬁplants had been exposed to temperatures ca. -S'C before

removal from S1gnal Hardened winter plants were collected
from the f1eld in early Nov‘embexg 1975 ~and stored for one:

week under W1nter cond1t1ons as descrlbed ‘above untll,

‘\

tested These plants had been exposed to temperatures ca.

) vl R
'.1
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“L.=10°C (C. mertensxana before snow cover) and ca . -15°C (C. . -

hﬁf tetragona) ‘before removal from ngnal

Tests were conducted us1ng e1ther whole plants or cut

‘shosts because of plant number and space l1m1tat1ons. Shoots
v;were cut under water and placed in mo1st sand. The shoots

..could be maxntalned for the test duratlon w1thout injury.

Potted plants ‘and sand cultures w1th two- v1gorous shoots of

_each spec1es and three hardlness states were placed in av'4

freezxng cabinet at -2°C to equ1llbrate for two hours. |

Cabinet temperature was gradually lowered ‘at 1 5°C per hour

“to -40°C. Test plants were: removed after exposure to de51red'

temperatures and elther rewarmed ‘or stored for two months in

.dark cold chambers at -25'C and 40°C A1r and leaf

'l'temperatures durzng freezlng tests were measured wlth 0,127

mm thermocouples and recorded on a Data Aquzsitlon System
(Easterl1ne Angus Model D2020) Plants were transferred from

cold temperatures in a precooled Insulated chest to a dark

_ cold room ‘at -2°C to -4°C for a four hour equ111brat1on

r

" plants were then\placed in a dark cool room at +4.5°C- for'"

- one week, and subsequently transferred to a TtoprArct1c

greenhcuse and summer condlt;ons. Freezlng gamage.was

visually rated (Table 17) afterﬁﬁix'weekS‘in.summer

‘ conditions.’Freezing injury resulted in partial to complete.

browning of leaves and buds and was easy to assess. No
d1fference was obse?ved 1n the freez1ng 1n3ury of whole
plants or cut shoots. V1able plants or shoots frequently

flowered after. T?EZ;:hg tests. ' '“M*f%f '3 ,'_‘ &

oy L
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Table T7 The effect of low temperature on Cassong leat
4 - ,tissue vxablllty. Summer plants were taken from
"~ the laboratory, and fall and’ winter plants from
v ngnal Mountaxn. : .

' '-‘a. L

' n TRExTﬁnnr'TEMPERATUkE o
‘ o ‘ch .o5C *10!C -16*0“]-26‘C‘"53§fc
; _ - :5?i-'ﬂ 1fHous t temperatufe i ™~

‘N

Q;'meﬁtenSiahe‘ft.gjj

" Summer

- Winter , xdf,lfoefA 0 l'tp' 2 .a5l
c. tettagonaf' ” ' - | T
o &mmer o | o

f Fall T o T N ]

Winter 0 ' 0: $ o 0

o

mgnths, t temperature

¥

IR "-25 "'C.-goec’
€. mertensiana ‘ T

‘Summer | RS IO | |

© o Fall ;e.v_j‘*gf_s;;;f S s e
'hi.t: Winter o Co o ;iril FE 4_ #. 4
Cs tetraéona B - |
Cosumer . o T Ty
"'Féllv,j; SR tf_;F“ ‘t*;“-?1:>t' A

;Wintet"tt o Lo ,‘QH‘O'i#fe"tﬁe3 - fé"'

No 1njury, s1m11ar to- conttol.“rVV' , )
= Slight injury, brownlng of ap;cal‘leavesdor leafv:“'
~discoloration. - . R
= Moderate.’ injury, ca, 50% of es?brown.; o

Severe injury, alT"leaves ‘brown except protected buda
-and apices. S
n’Tlssue completely dead

.- :

T WN
o



_ b. Results ‘ |
7 Summerjtlowering plants’ of both‘Species weredablefto_s.;gj
| tolerate\—10'c with‘littlé or no‘viSual injurY} but both7-
were killed at -16'C (Table 17 and Flgure 31) The 5urV1val_-J
'temperature was below the minimum temperatures encountered

’1n Cass1opg habxtats during the study, May through

September. Fall and w1nter hardened plants of C merten51ana
were 1n3ured after one hour exposure to -26°C, and severely

“injured at -36°C. Cass1ope tetragona was able to tolerate-

.”one hour exposure to 36°C wlth 11tt1e or no 1n]uryt Thus, a A?
.d1fferent1al sens1t1v1ty exlsts to temperature that

norma&ly oceur ‘in very exposed Cassxope habltats durlng

w1nter.

Two months expoSure to low temperatures’resulted in
| greater trssue damage in both specmes (Table 17 and F;g.‘_; “*

31) Fall and w1nter hardened plants of C mertenszana were

-

_severely 1n3ured or k1lled at: -25‘C and all plants were

killed atv~40 C Capg;ope tetragona was sl1ghtly to severely :
1n3ured at -25°C but some plants were able to tolerate
:-40'C Temperatures th;s low do not normally occur,for\this,‘-
Aduratxon in Cassxope habztats dur1ng w1nter." T
' " The cold hard1ness of plants accllmated‘ln the |
:,;ilaboratory under fall condltxons was s1m11ar.to those stored
‘under wlnter condxtxons of” contlnuous darkness and .
_subfreez1ng temperatures. Also, plants collected from s&gnal
in. November 'did not possess greater cold hardxness than o

those collected in October. Wezser (1970) suggests that near



""-b ‘Hardened w1nter p1ants -(‘ m
z to -40°C for two mont 1Sy
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J;Lmaxzmum hardxness occurs durxng the second stage of
‘~iacclimation, after 1nductspn by short day photoperxods and
]”low temperatures. The results w1th fall and wznter hardened

;F:Caasiopg both laboratory and. fzeld accl1mated agree w:th

tthis model The near maxlmum hardzness of ag

:probably reached 1n September or!@ctober,: 1”dhﬁfh
'fH;ntense cold perxods of w1nter.pg*'%'r~f“h _

. .The cold hard1ness of plants in the laboratory under
"”fall and w:nter cond1t1ons vas s;milar to plants taken from |
ilfSlgnal in: early October. However, the f1e1d plants vere’
M;Tstored for one month under the same fall cond1tlons asfiw
;4}1aboratory plants, and accl1mation would be 51m1lar. The
:*plants collected from 81gna1 in October were more hardy thannzfgf

"ﬂthose collected 1n November. Thxs anomalous dxfference was

.f7more pronounced 1n the two month low temperature treatment

“}“Leaves that surv1ved two months at -25'C and -40’waere _

‘i'vzsibly rugose, 1nd1tat1ng zntense dehydratzon The f;g“

A o . ‘ i
-:glncreased survxvalvof fa_l-hardene> plants may not be due tofﬂf:

7:ﬂgreater cold hard1nesa but rather to greater*zn;txal leaffi'ﬁu‘
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,c. Weter nelatzons L
7h:a. Methods | L ]
ZJWater Potent1als . '!,_‘ﬂj;jtgf”‘” o

o f Leaf water potent1al,..1fgor potent1al and osmotlc

L}ﬁplus matr1c potentxal were measured W1th Spanner type {f;{jﬁf

"'thermocouple psychrometers (after Mayo 1974) and a:

tApsychrometrlc m1crovoltmeter (Wescor, Logan, Utah). Sample .
’pchambers (ca. 8 mm dzameter x 4 mm' deep) were f111ed w1th
h*re1ther leaves or cut sect1ons of 1ea£y shoots, and '

-igpsychrdmeters placed 1n a constant temperature vater bath

r[_Water bath temperatures were held at approxzmately 15'C

,.\'

p?;(f1eld) and 30'C (laboratory), psychrometwrs’were |
'{Lrecal1brated and tyssue equ111brat1on tzmes determxned at ‘
”ithe respect1ve temperatures. Psycthmeters were equil1brated];

‘";for 4 6 h and replxcate read1ngs taken wlth the

'Q.mlcrov°1tmeter to t 0 1 /¢V repeatabllzty to de“

”fﬁwater potentlal




Turgor potential was derived as follows: : '

‘ '~ - w -‘pL wﬂ*‘r...o..eo--eoco.-oe-ocool.o'oob(s)";.
R where w o leaf water potennal R L e
\bp - turgor potent 1a1 or pressure |
'ybu_-'- combxned osmotxc and matr1c potent1a1 7?!

T(#’f' o

~'Leaf temperatures were measured at t1me of samplmgﬁ

wzth 0 127 mm thermocouples and a Wesccr psychrometnc

mlcrcvoltmeter. Leaf water potentmls and component

pctennals were adjusted to leaf temperatures usmg the :

fol—lowxng equatlon" PR

chVDTat;leaf;te¢9¢:§P@P§?=_' UD at calibration’ X —S.u.,(4)
o S j o temperature et '1‘L EE T
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‘vaeafy shoots >5 cm 1n length were placed 1n thé chamber "lthf
‘<0 5 cm protrud1ng beyond‘the rubber seal Bomb pressure was.
.ﬂhralsed rapxdly to w1th1n 0 5 MPa of the expected value then'
f};slowly at ca.‘O 02 MPa per seconddUntxl water was observed
7f f(hand1ens) to wet the cut surface.'en,ffr'gjjgjf.?_ff?ﬂfv;f“}
v The Scholander bomb was used przmar11y dur1ng the S
:'w1nter months when psychrometry was not p3551ble.»Laboratory;
‘:Trtests at subzero temperatures 1ndxcateé that the bomb gaxg\\
faccurate and repeatablefmeaSurements of & to about -5'C.£T

: "’V'Below thzs temperature, ,llquld water froze t‘Pe moment 11:

e reaghed the cut surface oi the shoot, and the lack of eztherb

-bpa color change due to wett1ng or the bubbllng of 11qU1d

“iwater caused measurement errors.‘At subzero temperatures

e

{efthere was also an 1ncrease 1n the frequency of spurlously

'{“-hzgh readings or readzngs that were unobta1nableiét,maxjmgm:s

"Wffbomb pressure (6 5 MPa%; The attaznment of h1gh bomb

g N

'5vpressures was also l1m1ted at low temperatures because of

Ta!&1fferent1a1 contractzon of the bomb valves causlng N

»

'-Qeleakage.,To cxrcumvent;ihesegpioblems,: amples‘often were

'bfcollected, sealed 1n plast1c bags, and”i ra'spo,ted frozen to'

-



‘41nterpretated as due to xylem sap cavitat;on._Durzng the L
“Q»fall ot spr1ng when shoots were 1mmersed 1n wet snow or ."1'_
‘”meltwater vb b was often erroneously hzgh when shoots were‘ic
"fsaturated with water l1ttle pressure was needed to force '

dipwatér from the cut shoots.,p o 'Q'

“'iF1eld Estlmates of Transp;ratuon*'Jife*
d_ | Transp1rat1on 1n ass1ope was estlmated 1n the fxeld
-ﬁouszng lysxmeters and potometers.'The lysxmeters wexghed 4 5-
tkg and consxsted of plants sealed in a 20 Cm dlameter x 15
fom_deep conta1ner us1ng a 5111cone rubber cpmpound (RTV 30,Jdd1f
1;General Electrlc) over the sozl surface.rTge potted plants -
flwere well watered befote seallng, and were replaced w1th §é¢d,
'jr‘plants at 2 3 wk 1ntervals. The lysxmeters were pos1t1oned V'

r fonta;ner bur1ed 1n the 5011 £0o. malntain 7¢

\\\normar canopy‘h” ,fand were removed per10d1cally and »7/.
weighed (to + 0 595, Lysimeter tempergtures (measured wzth
f?thermocouples) d1d not dlffer 51gn1f1dant1y from the f;7'”|

:'adjacent und1sturbed 8011 Th:ee lyszmeters of each spec1es

'ffwere used 51multaneously and Were alternateay placed 1n C.._3;7

”*mertens1ana and C._ "ona mzcrosxtesfet Sxtes 1<end z.wiiuff‘

Potometers qon#i'ff,iflﬂfiﬁw”nvuu"




Ly *

"¢ileaves were a minor component and were dzsregarded.;;

'vapor Pressure Def1c1t and Leaf Re51stance .*fV

§,~' | The effects of vapor pressure def1c1t on stomatal
gresponse of Cass1ogg were examoned usxng the experzmental
‘“udes1gn of’Mayo and Ehret (1980) Cut shoots of hydrated :
:summer, greenhouse plants (see Cold Herd;ness Methods) were. L
s;Sealed in- 5 ml v1als conta1n1ng water, and placgd 1n -."'_j'°}:
: :des1ccators over saturated salt solutlons of known VPD.l;'T‘
';Dess1cators were placed 1n a controlled env1ronment chamber t
'i,at 22° C and 70% RH wlth a. 16 h photoperzod- PhAR was 430 |
A,Eom ’Os"‘at the leaf'surface dur1ng the lxght perlod
anls plus cut shoots were wezghed to determxne @V ‘ ‘
transp1ratlon on an %nalytlcal balance placed 1ns1de the f-
chamber.;fﬂv;*? f‘ﬂfiA E t73 ' {‘-'ivnf:rleif7~¢;%}ﬂ
h' Relat1Ve humzdit1es and.VPD s 1n the des;ccetors were
controlled us1ng saturated @alt solutxons (Wlnston and Bates Lf
11960): KCL; 85% RH and.0.35 kPa VPD at 20°C; Ca(NO.),sdH,0, =
)55 sx RH and 1 04 kPa vsn at 20°c, xon sx RH and 2 15 kPa
VPD at 20°C, Sgnce KOH was used 1n one des1ccator to control
VPD but 1s known to reduce CO, concentratzons thus favor1ng
. stomatal openlng, a few KOH pellets werefalso placed in the':
’ other desxccators. Leaf}and des1ccator~51r temperatures were

measured w1th 0 076 }.vthermocouples and ahFlukehd1gxta1
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L Lo P
omn1~d1rectlonal probe.,- MR

Leaf reslstance (R ) ‘was calculated accordlng to Slav1k

(1974) R > .v*e¢~“ai e .
‘7fﬁhere;‘p -RL; e-leaf re51stance 1n s/cm ' R

el saturat1on absolute hum1d1ty'at leaf

temperature'

L Cc, = absolute humldlty at a1r temperature -

}q ””5ftransp1ratzon rate
"'_'rboundary layer re51stance" T
Leaf boundary layer res1stance was est1mated at ca. 0 1 s/cm .
due to small leaf S1ze and W1nd speed around shoots (Nqbel
1 1974). ‘7_"i -~j ;M,'H' ;; ‘a@'j:'”.?’h - vfg_.rjv "
L‘ Leaf areas were determaned ‘on the exter:or surfaces of
1ntact shoots us1ng the technque of Thompson and Leyton .
(1971) Leaves of the two species dxffer 1n/shape and |
:" stomata locatzon, and 1nd1v1dua1 shoots dlffé% 1n the degree .

'of leaf“othlap. Thus, the exterlor (exposed) leaf surface flwv

was chosen here as the most ecologxcally-meanxngful

( 'reference area (see "the questxon of the reference area“ in'

Korner et al. 1979) . '}_'” S " | | '. |
anls plus shoots were placed 1n des:ccators at the

start of a dark perzod, Transplratxon of:. all shoots was

;f determ1ned over two 2 4 h 1ntervals (llght and dark) 1n all

‘ des1ccators by rotatzon of vxals. Fxnal readxngs were taken

"; durzng the second dark and 11ght perzods after transfer back

t° the initxal des1ccator3,:_;;;a
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',“Hofler D1agrams | | |

| "Hofler type dlagrams were. constructed From leaf water_i

' potentlal, component potentlal, and relatzve water content
data from current leaves of flower1ng plants and older (1 2 -

<dyr) leaves of late summer plants grovn 1n a Trop-Art1c

: greenhouse (see Cold Hardzness Methods) Max1mum turg1d1ty
;was obtaxned by plac1ng the bases of cut shoots in water 1n

" a darkened saturat1on chamber (100% RH) at 22 °C. for 2 3 d.vg’

fFresh we1ghts 1ncreased rap1dly durlng the flrst day of |
'equ111brat1on and more gradually (1 2% fresh we1ght per\day)'sv
' thereafter. Turg1d shoots vere removed from the saturatlon .
l'-'chamber, partltioned 1nto components (old leaves, fiew leavesi'
'and ap1ces, plus 1nc1uded stem segments), and wezghed. ;
Leaves were allowed to a1r dry in the laboratory to obta1n
:.vary1ng t155ue hydratxon levels, and were rewelghed and
::placed in- thermocouple psychrometers to determlneyb _
l“yk"+, ' andyb ‘o Each determ1nat1on was a comp051te of 3 5'-b;

, shoot segments. Samples vere oven dr1ed at 90 C for 24 h and'h?

we1ghed to determxne dry ve1ghté”%elat1ve water content (R)

was. calculated after Barrs (1968) f‘f“ . ;‘TW’ o
[f‘\_ v : R :
. o freshﬂweight e dry weight Lo
) . R " = - " vesoe ev o e oo v .. 0(6) ':,.
turg1d we1ght - dry we1ght o ~‘;- ;fxf»i{;ylg
The data were analyzed wlth the model of Acock (1978)

; to’ estxmate 1ntracellular component>:otent1als, and 1ntra-3"“

“(symplast1c) and extracellular (apoplastxc) solutxon
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llevels. Matrxx—ﬂ%und water content was estlmated from the
.l1near regre551on of R on 1/v9
An estlmate of cell wall elaSt1c1ty vas obtalned US1ng

- the followzng equatxon-.' L ;;§}'~ .
6 .......‘.I>...'...';.:.‘.‘v;......(7’) ’

u,whereés_= bulk volumetr1c elastxc modulus (Jones and Turner

1978) 61 bulk modulus (Hellkv1st et al. 1974y, 4

fTransplants S

Plants of C merten51ana and C. etragona were

transplanted 1nto m:cros;tes encompass1ng the range of._ ;}Q
normal habltats to compare spec1es surv1val Transplants
were made in early August, 1974, 1nto° 1) a very exposed
'ﬂ_gzg_-llchen mztrosxte at 51te 2- 2) a m1d ‘snow’ release C.

‘;‘22523222 mlchSIte at Slte 2‘ 3) a mld snow release C L-I

,; merten51ana mzcr051te at Slte 1-»and 4) a late snow releaSe

'lvgggsg nit rlcans.mxcros1te at Slte 2. All plants were
_“collected from near S1te 2 Six plants of each speczes were
-ffalternately placed 1n rows et each transplant site’ w1th a
w'!ﬁ =2 m; spac:ng to m1n1m1ze d1sturbence’when samplzng. Plangs'ﬂ“
'_jwere watered freQuent1} untzl mid September to assurevp;ff;f

ﬁ'bestablxshment Varxous aspects of the water relat1ons of the,-

)A..,'.:: -"(‘
¢ i

J-a;;91&Ced over each'p””

{plants were measuted.perzodicallyldurxng tﬁe\y1nter months e

":atxon damage 1n the



._'plant;'orientediperpendicular toptheﬂélope (and prevail{ng

" winds) to assure equal sampling of winduardlshoots shoqingn

_ considerable dESiccation and leeward”ShootS'showing littleg
'de51ccatlon. Damage was v1sually rated on a 1- 5 sca\e, the |
'number of shoots counted per category, and the mean he1ghts
v-of shoots in “each, category recorded Only shoots >2 cm
length were sampled- small lateral branches were |

' dxsregarded Shoots were not sampled 1f they appeared to
have been damaged by transplantxng. For compar1son purposes,,sﬁ
v,plants were also sampled at varlous locatlons along the
transects at SlteS 1 and 2. Ten plants were: randomly sampled
along a 11ne perpendlcular to the transects at. ‘each "
v'locat1on, except in the very exposed _gzgg l;chen communrﬁ&
at Sxte 2 where the occurrence of c tetragona was sporad1c.c;

" The transplants were also sampled 1n 1978 four years

after’ transplant1ngf to detErmxne speczes survlval Samplxng

f'was s1m1lar to that for desiccatxon, and shoot v1ta11ty was’

'vxsually estlmated and categorlzed

L'Laborato ry Simulatlon of W1nter Desxccat1on

A laboratory experxment was conducted to s1mulatef

w1nter de51ccat1on of ssxogg shoots exposed above the '
”'snow. Poteed plants_were collected from a deep snowg. ‘4.\* :

1;vactumulat1on m:crqute at. Slte 1 on 20 December, 1974 Plant |
' hag: not been exposed t{'przor desiccatxon due hofearly

hwlnter snow cover. Plants were bagged 1n plastzc and stored

'Tﬁout51de in Edmonton"beneath the snow unt11 early March when

they were_trgnsferred’tora dark cold room at -2 to--4 c for
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one week Four potted plants of each specles were placed on

a permafrost simulator (Younk1n 1974) 1ocated inside a»;i:i
controlled env1ronment chamber. 5011 temperatures were‘
maxntaxned at -2 to -8° c and leaf temperatures at 3 t 1°C.>'
-Chamber, leaf, and 5011 temperatures were monxtored hourlyy, Vu

with a Data Aqu1s1tlon System (Easterllne Angus Model 92020)

and thermocouples. Chamber relat1ve humldlty was maxnta1ned
}at 61+ 5% (VPD'ca. 0 30 kPA) fhamber temperature and VPD

’ approxlmated the absolute max imum fxeld values recorded .
_durlng November and Aprll but were much hlgher than ‘the’ m1d
‘w1nter (December-March) maxima (Table "10). An 8 h

Aphotoperzod with a combxnat1on of fluorescent and
1ncandescent lamps gave gg. 180 ‘,&Eom ’os“ PhAR at the
canopy leVel- Fans were situated to blow across the, plants ;-'
and wind speeds were 2.0-2. 2 m/s at the front and top of the e
canopxes, and 0. 5 0 9 m/s at the rear of the canop1es. Leaf
f't1ssue samples vere collected at m1dday for water content

and psychrometr1c determlnatlons ofybL yer,T., andyb o

beginning on day 0 (start of experlment) and per1od1cally

. over the 10 d experiment durat1on.

Dehydratlon Injury gg Cut Shoots

{.1

‘.

. Cut shoots of summer and winter Cessxopg plants (see
Cold Hard1ness Methods) were hydrated to R-1 0 (see Hofler

D1agrams Methods) and allowed to dehydrate 1n the laboratory

“(ga: 20°C and 2.0 kPa VPD) for up to 6-12 n. Shoots".‘er
wexghed to determlne dehydratzon levels, were replaced in

hum1d chambers as. for 1P1t1al saturah;on to full turg1d1t

v



vHowever,

o e e g

and’ rewe1ghed to determlne rehydratlon levels, and were df
toven-dr1ed at 90'C for 24 h and we;ghed to. determ1ne dry Sy
,hwelghts. Observable 1n3ury aftet rehydrat1on was tecorded as

%mxnor (sllght rugos1ty and or discoloratxon) or severe (>50%

of leaves rugose, d1scolored or dead) Weznberger et al

(1972) su gests that the fa1fhre of t1ss€e to rehydrate to.

R>0.9. after dehydratxon can be used as an 1ndex of. 1njury.

Iy

c ss1o e showed no. cons1stent relatlonsth between

e

levels of rehydrat1on and observable 1njury at h1gh R

*_values. T‘erefore, observable 1n3ury is: expressed as a

'ireported

‘vand causéd extensxve leaf t1ssue damage.‘*

(‘.\

funct1on of .ydratlon level, and rehydrat1on\}s not

R

Cav1tatlon 1n Frozen Stems

‘:. Methods sxm11ar to those of Hammel (1967) were used to ‘

‘test for the ocurrence of cavxtatlon in the stems of both
. ‘spec1es followxng freezzng. Experzments were conducted to 'h;

- determ1ne the changes 1n water uptake of cut shoots and 1n

of 1ntact shoots follow1ng freezlng of 2 cm steﬁ "tf

sect1ons with dry 1ce ( 78 ,5°C). quuzd N, was not used

-because 1t could not be easxly 1 callzed on the small shootsfi h

A SeE ;o _n\.

‘épr the £1eld est1mates of transp;ratxon.,Water loss was

‘f1n1t1ally deter';ned to be equ1va1ent to water uptak'}by

‘~f?welgh1ng the potometeflSYStem and thereafter, only watert

{“-;uptake uas reborded. The potometfgﬁ were %H“

zlib!'ﬁed tat'
h“iniervals

- Shoots were sealed 1n potometers sxm1lar to those usedfii5f



-over a6 h perzod prlor to freezxng. Read1ngs were resumed f]’*
at ca..] h. post freezzng for a 3 h per1od Recovery tates :
',fwere mon1tored at ca. 14 21 h post freezang. Rates of water

”uptake are expressed on ‘the basxs of green t1ssue fresh |

,we1ghts and are 0: 48 0. 50 of dry wexght rates.z

The x of shoots of 1ntact plants were measured pr1or~',
pp - 4'_>
to the freeixng of experzmental shoots. Meesurements were -

taken at" 22 h post freez1ng of the of experlmental

Fxpp

shoots that had been frozen and adjecent control shoots thatf}nfn;

‘had not been frozen.‘. . _ : ‘ | ..
?lants used 1n.the caVztat1on expernments were taken
\from\a Trop-Arct1c greenhouse under svmmer condxtions (see '
COId Hardlness Methods)‘ Intact plants and potometer systemsf’
;ﬁnwere maxnta1ned for the duratzon of the exper1ments 1n a },fi
'wcontrolled envzronment chember at 20°C andb?S% relat1ve :tf .
3ihum1d1ty, thh an 1rradiance of - 280 /1 Eom 'os" PhAR at the'“
' 'ffcaﬂOpY level , &x ;
: b Results '5 .'7;\_;" | L |

Mﬁ&@.@z Wﬂter POteh‘txals
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ﬁxgure32 .Seasoh\'a"}}"‘.éou;gz of midday leaf water potentials (Y. ) and |

osmoti® plus matric potentials (Yeqsv) at Site 1 during
1975. Turgor potential is the difference between the two

‘links. . Snow release is-indicated by the vertical dashed

Tine. . Cassiope tetragona was-sampled at two mi grosites
along the snow-release gradient., Data points are means

. of 2:5 replicates which usually agreed within.* 0.3 MPa

(see Methods).
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¥ (MPa)

e
’j;.‘ . ' ) - . _b
Figure 33. Seasonal course of midday leaf water potentials (¥, ) and
osmotic plus matric potentials (Pwer) at Site 2 during
1975. . Turgor potential is the differencé between the two
lines. Snow release is indicated by the vertical dashed
- line. C(assiope tetragona was sampled at three microsites
L along the snow-release gradient. Data points are means -
of 2-5 replicates which usually agreed within ¥ 0.3 MPa

(see Methods).

¥
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microsite and had experiencediearly and continuous snov
cover through the w1nter. Leaf and osmot1c potentials’ ‘ . -

.1ncreased raprdly after snowmelt and the seasonal’ maxzma
- ‘*.« ) <
occurred in mid summer..Max1mum ~and ,n?7-were ca. 0 5 to

L
-1. 0 MPa and -1 0 to -1.5 MPa, respectively. Osmot1c

potentxals dec11ned rapidly in October and approached spr1ng e

' levels by late November. Fallyb values paralleled the

dec11n1ng ﬂ”,values except for C. mertens1ana at 51te 2

Thxs site had experzenced the longest perxod of fall ‘show

cover of any microsite sampled, andyb was at a seasonal . .

high. s .<‘ ' o - g ‘
Turgor potentials were ca. 0. 5'to 1.0 MPa‘in both

~spec1es throughout the season. The lowest. turgor was

measured 1n July, durlng a period of h1gh air temperature

and VPD. Turgor was relatively constant in c. tetragona but

~more vlriable in C. mertensiana.‘Turgor potentials <0.1 MPa

-

“k

were measured in-C. ‘mertensiana at both Sltes on several ' ‘

occasions. The m1n1mumyb measured in C. tetragona was 0. 26
MPa. Turgor was hlghest (ca. 2,0 MPa) 1n late November in
'snow covered plants, even though yb vas belov the mid

r

Summer maxima. ’

. s Low UQL values during the spring and in early winter
vere not 1nd1cat4ve of water stress becauseybb 'was h1gh in .
most 1nstances..Per1ods of sl1ght water stress ‘were

1nd1cated in C. mertensiana in m1d summer when turgor fell

'to low levels eveén thoughyb remalned h1gh The ma1ntenance

of leaf water. potent1als well below SOll water potentzals

°
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(See Tables 6 and 7) 1nd1cates that Cas31ope has a hlgh root
: re51stan&e to water uptake. . ’

| Xylem pressure potentxals were measured 1n£requently .
Tdurlng the summer months and closely followedyb values.
'Water contents were also measured 1nfrequently dur1ng the
summer months. Tlssue fresh welghts ranged between 220% and‘

250% of dry we1ghts in: both specxes at all m1cros1tes.‘

. Summer Daurnal Water Potent1als_

D1urnal changes 1n water potent1als were: mon1tored 1n

- C. merten51ana and C tetragona on three and‘four days,

respectlver, 1n July, 1975 Varlable m1croc11mat49 v .
‘ condmtzons existed- on the sample dates. This alloved spec1es

responses to be compared under cond1t1ons varylng from ‘hot -

and dry to cool and. wet. Contrast1ng patterns were pfésented .-

by the species (F1g 34) Ca551ope tetragona ma1nta1ned
‘relat1vely conStant P (around 1. 0 ‘MPa) regardless of

‘ changes inybi or env1ronmenta1 condltlons Cassxope a

merten51ana d1d not malntaln constant p\and perlods of
water stress were indicated (e. g. July 9, Slte 1). L
Leaf water potent1als were lowest 1n C. tetragona on 3
July when air temperatures (to 20 C)“Eadlatlon (27 9
.MJom ‘ed-'), and VPD's" (to 1. 61 kpa) Were h1gh However, thev
-pégnts had been covered by snow two days earller and the
soils were saturated w1th meltwater. Leaf watei?potent1a1
..decllned during the day to a low of -3 0 MPa in. early “
evenlng Turgor potent1al remaIned constant even though

vater wa g rapldly bezng lost to the dry atmosphere. Dry _



Daily course .bf leaf water potentials (Yo ™F and osmotic .~

- plus matric potentials (Wpey) during selected days ‘in

"July, 1975, Turgor poten

ial is the difference between:

- the two_lines. Data points'are mears of 2-5 replicates.

o which usually agreed within } 0.3 MPa (see Methods). : S
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°condxtxons also e:tzsted on 30 July, but‘were not as extreme.
An: temperatures (to 14 S'C), rad1at1on (18 1 M.Jom ’Od '),
an’d VPD' s (to 0 95 kPa) vere lower than on 3 July, and the )
magnltude of= the change 1n¢ -and. component potentlals wa‘s
redu‘d. Condxt1ons were cool, cloudy, wzth 1nterm1ttent '
rain and lower gl) s on 17 July and 22 July, and the mldday

depresswn of ll/ was . amelzorated by early evening

‘ Casswpe mertens1ana followed a sxm11ar pattern of

J,
-
cond1t1ons (9 July) However, unllke C. tetragona, thlS was

decreasmg ll/L durmg the day when exposed ‘to hot, dry

accompamed by a drop in ¢p’ . A m1dday depressmn of L and
,‘//p also occurred on 15 July Condlt1ons were cool (to ‘ f
" 15,5¢ C), cloudy (11 7 MJOm ") ralny (9 mm ppt. 1n .‘
prevzous 24 h), .and" w1th low VPD s (to 0. 33 kPa) H1gh leaf
hydratxon wpuld have been expected Although prec1p1tatlon

occurred throughout the prev1\\15 72 h, plants were ekposed

to hot dry condttmns for bpproxmately m d prmr tQ j:lns_
and t1ssue water def1c1ts may not have beenallematedrmh,e
anomalously low % 1nd1cates e1ther a low control over water |
~loss or a hlgh re51stance to water“ uptake.'Condztmns on 25.
July were also cool .cloudy?,.and ra1ny, bit with h1gher L
VPD's (to 0.81 kPa) . Precipitation was frequent durmg .the

*}precedmg days and leaf hydrat:.on andw were hxgh Leaf

LY

water potentlaljropped only sl1ghtly durmg the day and IP

rema1ned h1gh T ’ AR

2y
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F1eld Estxmates of Transpzratlon

RIS - YIa

Lyszmeters and potometers were malntalned durlng August
Hiand early September of 1974 and 1975 Frequent prec1p1tat10nf
;f;and ground-level clouds (fog) resulted in saturition of the
“’stand1ng dead of ga331opg shoots and 1nva11da&:: many .’
'.readzngs. Reported values are for s1mu1taneous meaSurements'v
of water loss fnom ly51meters and potometers taken over 4-10
‘Jh mldday per1ods on. f;ve dates between 17 August and 3 '
df%eptember, 1974. Plants had reached the end of the growth :;
:per1od ‘and’ rates of water loss were probably below mid .

. summer levels but hzgher than- in 1at fall,

)(a

Transpxrat1on rates of C mertensxana and C. tetragona

.:measured by 1ys1meters and potometers (ca. 0.20- 0. 25 9 H,Oeg

| @ ‘
,jdry welght“Oh ‘) were’ not s1gn1flcantly d1£ferent (Table

. 18) Mean dally rates tended to be sllghtly hlgher in c. . .

5mertens1ana than 1n C tetragona, and maxlmum da1ly rates

~were-hrgher. No sxgnlflcant d1fferences vere found due to

. 9

erther Site or m1crosite placement. Measurement were
conducted on days wzth var1able m1croc11matic cond1txons.-No
. y .
correlatlon was ﬁound with elther mean temperature, mean E
'VPD total 1rrad1ance, or ‘mean w1nd speed at 15 cm height

(top of plant canopy) over the dally measurement per1ods.

“. : ' PR
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- Table '18. Rates of water loss from. Cass1ogg lysimeters‘and
e 1

v.potometers in late summer, 4, Values are g
";‘H 0eq dry we1ght green shootS"oh" S
s * . CL.95 are 1nd1cated. R L e
SN ‘Mean Da1ly © Maximum Daily

C. mertenslana.

Lys1meters'" ’ f0i25-¢n0;06 PR .0.54
. - ‘Potometers : 0.23 £ 0.05 - .7 0.48
S Tt = , . =0 e e
. C. tetragona ‘ ' \
o Lysimeters™ . - ' 0,21°% 0,03- " '"a0,34
. . Potometers ' . .0.20 £ 0.07 - 0.39
\ - ’ * ' '.“'5 : 4
Vapor Pres'suré Def1c1t and Leaf Resxstanee /

The stomata of . both speC1es showed a normal light- dark
response 1nd1cat1ng that. PhAR was suffzc;ent to cause
stomatai open1ng. Transplrat:;n rates tended to decrease

\gradtally over t1me, sxmlla; éo that wh1ch occurred in
. potometers used to study cav1tat1on (F1g. 45). Thus, data
'report;d are for- 1n1t1a1 1light period readings or from
fshoots WIth S1m11ar 1n1t1a1 and final rates. -ﬁ | ‘

The effects of VED on RL-and transp1rat1on are- shown tn
Fig. 35 In both speczes Rl_1ncreased Hlth increasing. VPD.

A boundary line fltted after Webb (1972) suggests that | -
1ncreas1ng VPD causes 2 greater 1ncrease 1n R in L.

merten51ana. Transp1rat1on;rates of-both spec1es also

increased w1th 1ncreas1ng VPD. Thzs suggests that the
‘increase . in R may have resulted from changes in bulk leaf
'water status rather than a‘d1rect effect of VPD upon

A

stomata Concurrent measurements ofkb' or relatlve water
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| “gontent would have helped to clarlfy thls response.»d"

The m1n1mum leaf re51stances measured by th1s teehn1que“

,were 7 9. cm/s for both specxes. Subsequent use of a

1]

,d1ffus1ve rdslstance porometer on 1ntact plants 1nd1cated

S

«-that m1m1mum leaﬁ re81stances are more likely 1n the range

" of 1= ~2 cm/s for bpth specres. The latter are more real1st1c'

(

fand ag}ee w1th values reported fon C. mertens1ana (Edwards

'11980) and Cc. tetra ona’ (Oberbauer and*Mxller 1981) us1ng a-
null balance d1ffus1on porometer. Thus, the values reported

in Fig. 35 should be con51dered as relat1ve rather than,

absolute. Hows E, the stomatal closure of Ca551ope an

response't, fppears correct and 1s s1m11ar to the: 4
response of many speczes (Johnson and Caldwell 1976 Hall et

al. 1976, _Sheriff 1977),

Hofler -Dia grams l\ . ‘
" The relat1onsh1p between bulk leaf water potentlal and

tlssue hydrat1on of Cass1ope grown in the greenhouse under

u‘_summer conditions 1s shown 1n F1g. 36 Old and current

leaves of C. -meﬂ!en51ana and old leaves of C tetragona
showed s1m1lar declines 1nyb with reductlons in- R. Leaf

. water potent1als at'R = 1.0 were ca. 0 75 MPa, and declined
" to -3.75 to -4. 25 MPa at R = 0 5. The slope of the line for
current leaves of . flower1ng c tetragona shoots was

s1gan1cantly d1fferent (P<0 05) Leaf water potentlaIL at R

1 0 were >-0. 5 MPa and decllned/to only ca., 1 5 MPa at R
= 0 5. Water content at full turgzdlt jlso varied thh |

specxes and leaf: age. Mean\water contents (fresh we1ght as r
X . . PR ..\" . C
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4per cent of dry we1ght CI. 95) of old and current 1eaves of

C merten51ana and old leaves of C tetragona at R =

;ff]vere 226 o 5%, 265 + 20%, ‘and 236 + &%, respectlve
'-Current leaves of ﬁlowerlng C tetragona shoots ha"u.
51gn1f1cantly greater water cgntent%at max1mum hydramon
(394 + 48%). e o :
. The extremely h1gh and v 1ab1e water contents of |

current leaves of flower1ng C?(tetragona shoots at R = 1, 0
suggest problems 1n def1n1ng,max1mum hydratxon 1n th1s i
tissue. Furthermore,.the meanlng of full turgor (and thus R)
1s open to quest1on 51nce§btﬂcan never equal zZero because .
UQK+7.15 always negatxve. Acock’ (1975) - dxscusses ‘the. use of
R as a measure of tissue hydratlon and states it is: valxd
relative to some level of max1mum hydratlon (full turgor)
z;that de;ends on the measurement method Boyer (1968) noted
that water contents cont1nued to 1ncrease afteryb had

L .
stablllzed as leaf t1ssues vere hydrated Slav1k (1974) also

o suggests that errors may result 1n R measurements due . to the

-supersaturat1on pf t1ssues. However, the method used to.

fdetermlne R in the current study uas.shown by Bann1ster:"

(1964) to give sat1sfactory results with other heath i
spec1es. Therefore, the hlgher water contents measured at .

hxgh hydrat;on levels in current leaVes of C. tetragona.

. compared "to ‘the other leaf t1ssues probably reflect

dxfferences in exther leaf t1ssue characterzstlcs or the

resxstance to water movement between the stem xylem and

!leaves. It 1s doubtful that th1s represents 51mply an -

>



fart1fact of the techn1que 51nce all tissues)rece1ved szmllar'

,";treatment and the hydratxon of current leaves occurred whlle
jattached to. shoots..j Qf7j‘1':' ju;; o Q.V"“ ._ ‘.”"

| The slope of the line relat1ng the correspondxng

.reductzons 1nyb to R i, e. the mo:sture release curve, has

'been shown to- vary w1th spec1es, tzssue age and the

,\.,\

‘pretreatment stress hrstory of the plant“However,.thls

relat1onsh1p is generally regarded as an 1nd1catlon of the ff"

drought resxstance of the spec1es. Drought reslstant spec1es

\have steeper‘Slopes, i. e. show a greater reductzon 1nybL

'w1th water loss, than drought 1ntolerant spec1esa,U§1ng thlS“ e

/

vcr1ter1a,.old and current leaves of C. tetragona are more

'drought resxstant than‘current leaves of C etragona.

However,tboth C._merten51ana and. c. tragona are _.fgi ;Kej,

1ntermed1ate in. drought tolerance when compared to a wlde

-f;range of.taxa (see Maxwéll and Redmann 1978).

4

The Hofler d1agrams (Fxg 37) show the part1t1on1ng of
,
component potentlals w1th changes 1n R" The bulk tlssue
- component potentlals as’ measured w;th thermocouplev

psychrometers on tlssue w1th duptured cells do not -

accurately reflect cond1t1ons 1n the 11v1ng cells due to the L

ﬂd1lut1on of symplast1c water wzth apoplastlc water. Data

v ~

analyses u51ng “the modeI of Acock (1975) 1nd1cate that the

apoplastlc solutlon fract1on of water in Cass1ope is hxgh

and 1ntracellular component potentxals dlffer cons1derably

from bulk t1ssue component potentlals However, the

estlmates of 1ntracellular component potentaals are also

Lt ~'¢‘

Y
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» water content (R) and the various tissue water. potentials
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i respectively
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'subject to quest ion (note the . reversed*slope of the e-.{;.
regressaon line of 1ntracellularyeh¥7.for current leaves of
| tetragona) The variability of the or191nal psychrometric
data is compounded by errors that‘accumulate in subsequent

, model calculations, particularly in the estimates of
natrix-bound vater contentfand“the apoplastic solution_
 fraction of water at zero turgor. The intracellular |

component potentlals, while phys1olog1cally more meaningful,

e,are probably not as reliable for compar1son purposes in thlS

o”lnstance.»Thus, the data will be discussed pr1mar11y~1n”i'
terms of the bulk tissue component potentials.
Estimates of maximum mT+7at R = 1.0 obtained from

exponential regression lines for-current and old leaves of

tetragona and current and old 1eaves of C. merten51anav
o :

vere. r1 00%'—1 57 -1 :51,. and ~1.26 ‘MPa, * reSpect1vely TheseA

‘o .'a
are comparagble w1th the maxlmum summer vaers obtalned in.

u’the field" studles. Estimates of. maX1mum p at R = 1 0 for‘
the. same tissues were 0. 52 '0’95 0.98, and 0.70 MPa; .
respectlvely. Actual measured maximum p obtained at high‘Rdo
were sllghtly h1gher, ca.,1 0 MPa for current and old‘leauesi'

of C. merten51ana and old leaves of C. tetragona, and ca.

%0 75 MPa for current leaves of C tetragona. The latter"ﬁ
values are also comparable v1th the maximum summer values
obtalned in the fleld

Current and old leaves of C. mertensxana and old leaves

and a concom1tant decl1ne 1nybp w1th water loss. Regresszon

-

v»,".
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line estimates of zero turgor were at R values of 0.77,
0.71, and - 0.73 in these tissues, respectlvely Estimates of
wm_,f for these respect1ve to.ssues and R values were -2,26, |
-2.38 and -2.35 MPa. Current leaves of C. tetragona showed a
' more& gradual decline’ 1nw re+ and Wp with water loss. Zero

'~ turgor was reached at R = 0. 47 MPa and m+7 = ~1.49 MPa.

~

Zero turgor in C. mertensiana at 51m1laryenq7'values

was measured in the’fieldﬂstudles. Fﬂeld measurements‘of.c
tetragona 1nd1cated a maintenance Gf p051t1ve turgor at much(gd
'lower 47+7fvalues than these laboratory results. Th1s may -~
‘rei_ect different grow1ng-cond1tlons or osmotic adjustnent
“in response to stress. Ehboratory plants vere subjected to
un1form conditions and no water stress. Fleld plants were
exposed to more variable condltlons and some water~stress
_may have occurred even though measured s%qﬂ water potent1als
'were seasonally high. Osmotic ad]ustment has been shown to
occur in other spec1es in response to vater stress (Jones
“and Turner 1978)

'fﬂegatlve turgor*pvtentta&s—were measured\ln both the
laboratory and‘fleld stud1es, but whether this is a real
phenomenon or 51mply a techn1que artlfact is unclear. .
Negatlve turgor has been reported for a wide range of
_species (Kreeb 1963, Johnson and Caldwell 1976, Wzlklnson

1977, Maxwell and Redmann '1978) - but theoret1ca1 models are,.
‘}1n dlsagreement over its. p0551b1e exlstence (Warren W1lson p:,
'1967. Noy-Me;r and Glnzburg 1967 1969,‘Acock 197$}bTyree :

f197€) | ':ing"fﬂ | IR IR R
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Estinated values of the matrix-bound water content,
expressed as a dec1mal part of the tzssue water content at
;full turgOr, ‘are- 0. 24 0 26 for C tetragona and 0. 43- 0. 44

- for C. merten51ana. S1nce most of the matr1x bound water in

t1ssues probably occurs in the. cell walls (Boyer 1967) thisl'

suggests that C. mertensiana has a: higher proport1on of

' structural tissue (i. e. greater sclerophylly) than c.
tetragona. Acock (1975) suggests that this matr1x—bound
water, which constitutes the‘major part of'the cell wall
water, is not avallable to buffer cells against water lo%s.
The elast1c propertles of cell walls are largely respon51b1e
for the part1t1on1ng of component potentials with changes in
R. Cells with more elastic walls tend to. decrease 1n:volume

. and maintain relatlvely constantyb over a wide range,of R

p

|
but w1th a concomltant large aecrease in ells/with

ey + C
-more rlg1d walls tend to decrease less. in volume and show. a
large decrease in lpp- while ‘/,/,n.r remains relatlvely constant
Walfer (1931) referred to plants w1th elastic cell walls as’

——hyérolab1le (zsev—turgor stable) and plants with r1gld cell
walls as hydrostab1le. S s - |

Estimates of cell wall elast1c1ty (E) were obta1ned

from\the change 1n‘¢% relat1ve ‘to the change 1n ,R between
full turgor and zero turgor from the regre551on lines in
F1g 37. The calculated value from bulk tlssueyb for -
'Currentlleaveslof C. tetragona was 0 98 MPa. Calculated .

values fqrjoldjleaves of C. tetragona and current and old

leaves of C. mertensiana were'3152,‘4.26,\andﬁ2,41 MPa,

L4 .
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U |

respectlvely. Although greater errors are 1nvolved 1n

K

estlmates from 1ntracellu1ar pr', the}results are’

v

theoretlcally more correct The~calculated Valdes from-

°

<.1ntracellularybp*were 3. 43 MPa for. current leaves of C.
tetragona and 6.15-6. 50 MPa for ‘the other t1ssues. Current '
leaves of C. tetragona have cells w1tK relat1ve1y elast1c |

walls and are hxdrolablle, whereas the other leaves have‘

M

cells with relatlvely r1gld walls and are hydrostablle._
 J

Winter Water Relatlons

R 4

Water contents, water potentlals, component potent1als,\

and xylem pressure potentlals were measured in Cass1ope at

Lol

Sltes 1 and 2 and at the rzas transplant m1cr051te 1n late

'wlnter, 1974-75, and in late fall and early w1nteb 1975.-

PR

Microsites ' were selected to examlne the affect of exposure -
l\ -
versus’ wlnter snow.cover .on the water status of Cass1ope

‘through ‘the winter. - 5_d . .
| “_;ﬂgter-contents’measured'on'zs Septepber, 1975, were:
similar in both species at all microsites (230-240%, fresh
weight as per cent of dry weight), and dlffered little from
summer values (Table 19) Leaf water potentlals were hlgh
-(>39 9 MPa) and‘#b was hlgh (>0 9 MPa) By 2 November, 1975,
 snow had. accumulated 1n most m1cros1tes. Plants buried
beneath the snow had s1m}lar or h1gher leaf hydratlon than

in Segtember, but c. tetragona tended to have lower water

contents than C. merten51ana. C3551ope tetragona ‘at exposed

m1crosxtes had s1gn1f1cant1y lower water contents than snow
| N\
covered plants. The presence of only 2 cm snow above shootsv
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of»g:‘tetraéona‘in the Dryas transplaht mioros1te helped'

maintain.higher ﬁater'oontents; xfiem pressdrehpOtentials

were,<-6;5'M§a in plang}-oﬁ bath speoies attall,mldrosites.
By 22 November, 1975, water-contents had declined in

S

both spec1es at all m1cr051tes.,Cass1ope tetragona agaxn

tended to have lower.water contents than C.lmerten51ana in ?

snow covered m1cr051tes, although dlfferences were . generally

not sxgn1f1gant. Snow, coVered plants had high VDL (-0.55 to
.63 MPa), andlpp 1. 21 to 2. 87 MPa), and low “km-‘r( -2, 49 to

. -4, 84 MPa). Xylem pressure potent1als were varlable\\ggxb

generally lower thanybL . Cassiope tetraoona in exposed
ﬁicrosites had'significantlyvlower’water contents (169-179%)
amdybxpg(l3,73;to -4.85 MPa) thap-snow/covered,plants.
The data from 24 April, 1975, show the water status of
".Cass1ope in late_W1nterVafter a fall and early winter of
‘des1ccat1ng cond1t1ons in exposed m1croS1tes. These results
are from a d1fferent winter season than that reported above,'

and should nqt be cons1dered as follow1ng in seqﬁence.

Water contents of C. merten51ana were hzgh (232 254%)

'at m1cros1tes with deep snow. cover, butgb was low (-3. 04
MPa) and xpp %as. extremely variable (-0.56 to -5.8 MPa)

Cass1ope tetragona ~had lower water, contents than C. ) '

mertens1ana at all m1cros1tes. T1ssue hydrat1on of C.

etragona was 1nverse1y related to snow cover, andybL_and

lﬁxpp vere low at all m1cros1tes. Exposed plants o~f C.
? .

b 3
gfoe ra ona had low water contents (161 173%) and vere.
.\S \u" -
severely dehydrated Exposed shoots of. both speczes at the

R}
9
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_gxg_ transplant mxcr051te had very low water contents ‘J
(138- 142%) and appeared dead, L1v1ng shoots that were
protected by only abgut 2 cm-of snow had water contents
hlgher than expoSed shoots but lower than ‘those at moderate
“to deep- snow microsites. o c 5 ‘

The water relations of Cassiope are h1ghly 1nfluenced
by winter snow cover. Early snow cover permits the

‘maintenance of highlleaf hydration in both C.'mertensfana

L}

"and c: tétragona in their normal hab1tats, but all . o
parameters tend. to decllne in both species through the

wlnter. Cass1ope merten51ana 1s covered by early and deep

Snow and does not normally experlence dehydratlon. Ca351ope
etragona is found in m1crosates of more varxable snow >

'cover, and t1ssue dehydrataon 1s dlgectly related to ~

exposure. Severe de51ccatqon damage to. C. tetragona in

. exposed mlcr051tes was noted on 24 Apr1l i975 (see

Transplant Sect1on) when water ‘contents were 160-170%.

Exposed shoots of both spec1es were k1lled when water

contents fell to ca. 140%. Shoots of C. mertensiana covered
by about 2 cm of snow at the rzas transplant microsite had -
: h1gh water contents (204%) The ma1ntenance of hlgher water‘

; contents in C merten51ana than 1n C tetragona appears

related to dlfferences in both'm1cr051te;conditions (normal

b
'habltats) a“a the phy51ology of the spec1es. 'Reduced levels

' of hydratlon 1n C. tetragona may nge it more tolerance

* dehydration or low temperatures. The severe de51ccatlo

.damage to protected shoots of C mertensxana in the D as i*‘
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s,

transplant m1cr051te (see Transplant Sect1on) suggests that

C. merten51ana may be unable to tolerate dehydratxon to the

. same level as C. tetragona. The results also suggest that

tissue damage to C. merten81ana descr1bed as due to

-desiccation may, in part, be due to low temperature 1n3ury

and low temperature induced dehydratlon., . &

‘Transplants' S ._ﬁ‘

Transpgants in the’exposed Dryas and C. tetragona
mecr531tes were examined throughout the fall and earlyr
w1nter,_1974 JBy late December, plants appeared dehydrated
and showed a sl1ght hrownlng of exposed leaves. Potentlally
'wdesmccatrng~cond1t1ons existed in early winter with

'temperatures.above normal and a light snow coyer; The

minimum temperature to which plantS‘were.exposed was -17°C.

By late April, 1975, mosi;éiposed‘plants showed severe
injury. Ekposed shoots, particularly those‘of c.

merten51ana, were br1ght red 1n°color, and damage appeared-

s1m1lar to that in- cold hardiness tests (Flgs. 38 and 39).
Plants had been exposed to below-normal temperatures 1n
January (to -33'C) and low temperature 1n]ury may have
occurred The exact t1m1ng of the stressful perlod was
difficult to’ determlne and the appearance of tlssue damage-
‘may have been delayed ’ | | |
Micro- patterns of snow: accumulatlon aroundrplant clumps
1nd1cated that exposure to de51ccat1ng condit1ons was tﬁe

"“prlmary cause of 1njury to C tetragona. Shoots covered by -

,only 2-3 cm.of snow were not insulated from ‘low
. . j- " .



F1gure 38 The Dryas (a) and C. tetragona (b) transp]ant m1cros1tes
, ‘The red coloration of C. mertensiana plants (Cm}) is larqely

due to severe desiccation the precee the preceeding w1nter. Photographs
taken in August, 1975. , .




3
. Figure 39. Close Up.of C. mertensiana (a)vandfg, tetra ‘Hé*(b}ip]ants
-~ » yin the Dryas transplant microsite. Desiccation injury to

C. mertensiana was extensive. - Injyry to-C. /tetragona Was_. o
TargeTy confined to the top, canopy shoot;: -ﬁat,pypjected_ T
above the snowpack. Photographs takef in-Aug@st;71975. .




196

'temperatures ‘but were protected from des1ccat1ng cond1t1ons
and showed. reduced levels of 1njury. Damage to C

merten51ana was. more extensive. Although t1ssue damage was

~“broadly correlated with the relatlve exposure of shoots,'
' protected shoots also showed extens1ve damage. The t1m1ng

and phys1cal appearance of injury 1n C mertens1ana suggests

the 1nvolvement of low temperature 1njury and low
temperaturerlnduced dehydratlon.

De51ccat1oh 1njury to C merten51ana was, 51gn1f1cantly

greater (at P<0 01) than to C. etragona in the rza and C.
tetragona transplant m1cr091tes (F1g.,40) In the Dryas »

transplant m1crosxte, nearly 100% of the shoots of c.

mertens1ana were k1lled wh1le 25% of the shoots of C.

tetragona showed sllght or no damage. Injury to both. spec1es
was less in the C. etragona transplant m1cr051te. In C

merten51ana, 40% of the‘shoots were k1lled and 47% showed

slight or no damage. In C tetragona, only 1%'of the shoots;

were kllled and 90% showed sllght or’. no damage. Injury to

both species was m1nor in the C. merten51ana transplant

microsite, and 99% of the shoots of both species showed
‘sllghv or .no damage. No ‘injury occurred 1n the ggrgg_.
'.nlgrlcans transplant m1cr051te. Shoots of both spec1es*that’
sustalned the greatest damage were located on: the wlndward
side of’ the plant clumps and at the tops of the canopy about
2-3 cm above shoots that dlsplayed slight or no damage.
De51ccatlon 1njury to ‘plants along the transects at

'Sltesa1 and 2 vas dxrectly related to the relat1ve exposure-

A
s . .
..o
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’ . .degrees of winter desicéation (1974-75). The T-test
(paired data, n = 6):was performed on the mean
: differences of- categories 3
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of the m1cros1tes (F1g 41).” Cass1ope merten51ana at S1te 1
‘showed sl1ght injury at the more exposed end of the

commun1ty. At Site 2, all C. mertens1ana m1cr051tes wvere

very protected and no 1n3ury occurred Cass;op_ mertensiapa
is found naturally only in very pro;Fcted mlcrotopographic

areas that accumulate early and deep| snow" and plants are

4

*;thus not normally subjected to des1ccat1ng cond1t1ons.

Ca551ope tetragona showed greater deﬁaccat1on 1n3ury at both

r\§1tes and all mLcros1testue to the greater exposure of

theSe areas. In the’ C. tetragona communlty 80 m along

,the transect at Site 2 8% of the’ shoots showéd moderate to
'hsevere damage. Th1s 1nd1cates that de51ccat1ng condltxons
;“ex1sted in early wznter before deep ‘snow accumulated at.. th1s .

"mlcros1te. Desiccation injury to. C. mertens1ana and C.

| tetragona in their natural habitats did~not differ'*
s1gn1f1cantly from the transplants in the same general
locatlons. o )

| The surv1val of the transplants was measured four yearsvz_
after transplantang (Flg 42) Shoots that were red. 1n\color
after the f1rst w1nter had long s1nce turned grey and |

' consxderable w1nd er051on of the plant clumps had occurred
1n the ;;xg_ transpIant m1cros1te. Shoot mortal1ty was

greater a%ter four"years than after .one w1nter at all

m1cros1tes Casslope tetragona showed s1gn1f1cant1y greater’“g

surv1val (at P<0. 01) in the rxas transplant mlcroslte, but
N

C mertensiana showed 51gn1f1cantly greater surv1val in both

4 B ,,.m@-
the c. mertens1ana and. Carex n1gr1cans tranSplant‘
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1 'Henlthy shoots Ny R " o - e
‘2 : slight injury
3 Modorﬁuo injury,gg. 50% of shoot dead .
':.'4 : SBevere injury.all dead except protected parts
5 : Shoots completely dead
a nl
o )
Flgure 42. Percentage of shoots .of transp]an’ﬁs ShOW1ng va‘rymg degr"ees‘ g
- - of vitality in 1978, four years after transplanting.= The T
e .;; _Titest (patred-data,-n = 6) was performed on the mean ... . -
DL dlfﬁerences ofcategprie"s“l B T T A S
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mxcr051tes. The mortallty Sf shoots (partlcularly c. =

merten51ana) in the Dryas and C. tetragona transplant

m1cros1tes was directly related to the de51ccat10n th/y

_occurred during the 1974-75 wlnter (see F1g. 40) The

‘;l; -mortality . of shoots ‘in ‘the C mertens1ana and ggggg
| nlgr1cans transplant mzcr051tes was not related to
de51ccat1on, but rather the ablllty of the plants to survive
- in these late snow release m1cr051tes. However, the
unav01dable root pruning of transplants that occurred at thei
‘time of establlshment may have reduced plant vigor or
"competitive~abilityf in the subsequent years.

Laboratory Simulation'of Winter Desiccation

Slmulated desiccation resulted in a very rapid loss of
water and decline 1nybL andll’ in both spec1es (Fig. 43).
The rate of decline. ofyb tended to be: greater in C.

merten51ana although dlfferences were not 51gn1f1cant ‘due to

small sample size. Day 3 ValueS‘are est1mates due to the
inaccuracy of psychrometr1c determlﬁat1ons at these low:
values,yb probably dropped to 0. MPa before day 3 Water

content of C. mertens1ana was 1n1t1ally lower than C.

tetragona (but not 51gn1f1cant) and showed a more rapld rate

L3

of decline .up. to day. 3. Water content of C mertens1ana was

~

'51gn1f1cantly lower than C tetgagona.between days 3 and 6

Exper1mental results between days 3’and 6 approxlmated the

. em ot o a [

mznlmumy&L and water coﬁtents measured 1n'the f1eld for -0

transfgrred to. sand cultures fa11ed to surv1ve as d1d
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:_',' Figure 43 The aeche of’ water content“ (fresh weight as per cent

of dry weight), ¥, , and’ Yp. in'C. mertensiana and

-C.-tetragona "exposed to smulatea' winter aes’lccation |
CI §5 are 1nd'icated est. estimatef :
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-

.severelv dehydrated intact shoots'on”fieldlplants; The
simulated conditions (temperature.andVVPD)'were_more
rigorous than occurred during mid vinter in'the field; but
did approximate that which.could-occur during early and late
~winter. The'results indicate'that'severe dehydration occurs
in both: spec1es when eprsed to 1ntense and prolonged

periods of des1ccat1ng condltxons. The results also suggest .

-

that dehydnat1on occurs more rapldly 1n C. mertensiana than

in C. tetragona. ' .
Dehydratlon Inlury of Cut Shoots ',

Species differences in observable injury'at various
dehydratlon levels were not pronounced (Fig. 44). Minor
1n3ury to summer C tetragona shoots was observed at R<O0. 5

and water contents <200%. M1nor injury to C. merten51ana was

not clearly distinguishable. Severe injury to both species
was observed at R<0.35 and water: contents <150 —160% Wlnter
-shoots of both species were able to tolerate lower hydration
levelst Minor injury to both species.Wasvobserved at R<0.5
and water contents<<160%. Severe lnjurvaas observed ln'one

g;'mertensiana shoot at R=0.24 and a water content of 130%.

~ No severe injury tQ C. tetragona was observed at the
hydratlon levels tested
- The data are~inconclusive'in.separating the relative

dehydration tolerance of C. tetragona and C. mertensiana;

Observable injury after only 24 h rehydration may not

reflect survival. Injury after only 6~12 h of deydration may
S o - s
be less severe than after prolonged exposure to low
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f' summer and winter
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a function of water content (fresh weight as per cent of

dry weight) and relative water
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:;_hydrat1on levels, Rates of dehydrat1on to- 1ethal 1rm1ts-may

' be more 1mportant.1o_plant surv1val than absolute

d1fferences 1n tolerance of. dehydrat1on. However,-these‘
results are cons1stent with both the f1e1d stud1es (see‘
‘W1nter Water Relat1ons Results) and the laboratory

| s1mulatlon of. w1nter des1ccat10n. In the latter, severe

ﬁxnju;y to both spec1es occurred after prolonged exposures to

water contents ca. 140 160% The mlnor 1n]ury observed 1n,,[,uxf

'""Y1hter shoots of both spec1es after short exposures to these’

-.hydratlon levels could.result 1n seuere 1n3ury after

. --v’.s

prolonged exposures.-g' ““7 - 'f'w'"'f"-~f-~~“_i P e s

Cav1tat10n in Frozen Stems . . ‘
| Freezxng of stem sectlons of Casslgp sheots in« f7y«grefa
-potometers 1ncreased the re51stance of water movement |
‘through the stems. after rewarm1ng Th1s 15 ev1dence thatkfﬁll
freez1ng produced cav1tat10n in the xYlem sap. The 0- 6 h"
‘water uptake rates of control and experlmental shoots ofﬁ.x“
both specles vere s1m11ar (Flg._45) Rates decreased i
451gn1f1cantly 1mmed1ate1y after freezing ‘of. experlmental

shoots and remalned low for the follow1ng 21 h. The 7-10 h

post freezing rates were 35% (Ca merten51ana) and 47% (C.

tetragona) of the’non—frozen contfbls._The 14-21 h recovery

‘rates were 57%f(g. mertensiana) and 49% (g.vtetragonalfof‘
the non-frozen controls; This»was‘due~to a”gradual"decrease )

'1n-€he uptake rates of the control shoots and not to an

1ncrease in the uptake rates pf. the exper1mental shoots."

»
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C. mertensiana
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Figure 45.-Water uptake of Cassiope shoots in potometers as a function
‘.. of time and cavitation. Uptake is expressed as per cent
» ‘of initial 2 h rate. A2 cm stem section of experimental
shoots was frozen with dry ice for 15.min-at.cd. 6 h, .
Valu?s ]isfedsare rates of water uptake (g H,0 *"g fresh"
wht=' « h=! ¥ C1.95) for the time periods. indicated.
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.The in situ freeiing of stem sections of Cassiope

"shoots on.intact plants'also fndicated that freezing

‘produced xylem sap cav1tatlon. Thel,bxpp of pre freezmg and
_post freez1ng controls of both spec1es vere. similar (Table
20). Exper1mental shoots that had been frozen had 'f "”l“fAiwgl
slgn1f1cant1y>lowerybxpp than controlvshoots. Thls_is |

'seridence”that cavitation occurred disrnpting the xylem |
- water column. The lowerybxpp of caV1tated shoots may be due |

to a comblnatlon of the presence of gas bubbles in: the

Amxylary vessels and a water def1c1t imposed on the plant ‘
ttlssues above the frozen sectlons. o

P

The occurrence of cav1tat10n has beeﬂ repcrtea"ln other )

] heath specxes (Hammel 1967 W11k1nson 1977), W1lk1nson

<

(19’77) founﬁwxpp o be errone,ously low durmg the wmter mf"

.'Ledum groenlandlcum and 1nterpretated thlS as due to xylem

- PU R

-sap cav1tat10n. Sxm11ar results’ were found in th1s study R
l(Table 19) - The 1owaxpp measureo 1n the £4e1d dur1ng the
-_w1ntef 1nd1cates that xylem sap cav1tat10n frequently occurs
in Ca551ope. Thus, winter measurements of pr do’ not '?'Q
ac:frately reflectVDL CaSSIOQ. may be’ exposed to tlssue
water def1c1tS durlng the w1nter,as a: result of xylem sap

cav1tat1on.

~ e e
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Table. 20‘. The pf C. mertensiana and .c tetragon shoots before
and aftér freezing in situ. A 2 cm _st,emvsaction of exper imental
shoots was ‘frozen uith dry -ice for 15 min and post fredzing.
r/ea’dings taken at 22 h. CI.95 are. 1nd|cated .The-T-test was .
performed on post fneezing»contr‘oL 'and experimental data e
Species 'Pre—freez!ng‘ = .. Post-freezing
: Time O h Time + 22 h
o ‘contral - - control " Exper imenta) ST va'ilu'e A
) (Not Frozen) - V‘(.F:'r'-gz,en)-._; L A\Unpaiced Data)’
. ) . - LR o L -
R I N R
” . o L e
N o mertensianal T : o
lp MPa -0.88 t+ 0.1t _ -0.93 + 0.14°  +~3.84.% 0.86 o -12,95
X n= 10 no= 6 N4 “PeO001"
- . ) ‘ R ' “ R T I I
$ tetragona ' ’ ) \ 2 .
pMPa -0.91 + 0.08  -0.93 ¢ 0. 06 -1.91 + 0.26 . -13.00
‘\ nN=5. 4. " n="5§ g no=.4.. © P<0.0OT
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A. M1croen31ronments

Cass1ope mertens na and'c.'tetragona'ekperience'""‘

vseasonally d1fferent m1croenv1ronments at treel1ne An the

Cu “Canadlan Roeky Mountaxns.,The1r local dlstrtbutlon 15” -

P wE o~ @
-

‘d1rectly related to m1crotopography wh1ch controls kxnter

Y~ O, i
8 - - ’

snow depth and whrch consequently 1nfluences bptﬁ\w ter~and“* -

summer cond1t1ons. Whlle both spec1es are. chlonoph111c, R

~

,‘thelr n1che separat1on along gradlents of winter snow cover

‘ and snow release can partlally be explalned by phys1olog1cal

L

dlfferences in plan;’water relatlons and.cold- hardiness. ;"__“T
These dxfferences may also 1nfluence the overall geographlc . s
dlstrlbutlon of thevspec1es. |

Ca551ope mertensiana is restrlcted to protected

1eewardxslopes below treeline or concave m1cr051tes in the’

low alplne zone, Late autumn and early wxnter snowfalls are

red1str1buted by w1nd and accumulate d1fferent1ally in these

depre551onal areas.‘Plants are usually completely snow

i .. ceh

. ~covered by m1d to late, October. Cassxope tetragona 1s found

'1n more exposed convex to concaVe m1cros1tes where. snow

e e =

' accumulat1ons greate: than plant canopy he1ght (15 cm) are

delayed 3 6 wk Ca551ope mertens1ana is always covered by

early w1nter snow but € g na 1s-never;completelyrquf ru’~“’
covered at th1s~t1me;' ' | : B |
- Low‘autumn snowfalls occur . w1th a hlgh frequency 1n ‘the
- more contlnental reg1ons of the Cord1lleras such as Jasper

Natlonal Park (Janz aﬂd Storr 1977) Thls results in great

AR

209



N ) ) ) BN, ;

year to year variability'in the time of arrival of
cont1nuous snow cover and the air temperatures to which C.
tetragong plants ire exposed in early winter. Plants of

. ngposedﬁmrcros;tes frequently.experlence e1ther-des1ccat1ng .
";Loonditions‘orrairvtemperatures.<725fto;f309C,}The7time of ‘

T o

W PN

-7 arrival of snow cover in-C. mertensiana habitats is less

vﬁariable‘and plants'are rarely exposed to either desiccating

conditions or to low’air°temppratures <-15 to -20°C.

Total Snow accumulatlon Ln C. merten51ana habltats 1s

. 5
.~ e

5 -2 m, >200% that 1n normal C tetragona hab1tats.

e

e 3

However c. etragona occa51onally occurs in areas of deep
snow cover, but such microsites are inVariably downslope“of
laroefsnow*drifts and>exposed in.early winter. Winter
temperatures are mild for snow covered plants of both

species. Beneath.a'deep snow cover, C. 'mertensiana shoots at

-

+10 .cm_and. roots at-~10 Cm experlence mlnlmum temperatures o

- = e N e - . - .

YYYYY &,“ et

o of about -2 to -4 C Beneath a more shallow snow- .cower., c.

etragona plants experlence m1n1mum temperatures of about —6//{

. 2 -
to = °c B T P
IR o R TR A I B . .o L E 1 g X X

Snow*depth zn Ca531ope habltats 1nfluences ‘Snow-.

duratzon whlch in turn 1nfluences the summer condltlons to

- * v : ) .- e

,.;<*wh1ch plants are exposed Ca551op_ tetragona normafly melts i“>“
' out 1n m1d June However, 1n years of 11ght w1nter-7
prec1p1tatlon, shoots of plants in exposed m1cros1tes may
project above the snow 1n May and be exposed to h1gh

- temperatures and VPD's when\solls are still frozen. Snow,.

| release of C. mertensxana habltats USUally occurs in. early

e - . < . . . - .
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JulY;'about 3 wk after c. tetragona»habitats are snow free.

The start of snow release in C. merten51ana hab1tats is less‘

_varxable due to con51stantly greatqﬁ snow accumulat1ons, but
it may . extend longer for the same reason."

So;l temperatures in habitats of both species rise to
near 0°C at 1east one month prior to snow release and . some
water uptake may occur in -snow covered plants. ‘However,
.after snow’ reiease o{ c. tetragona habltats in mid June, low
soil temperatures (<2°¢C) persist due to the percolation of
melt waters. Although air temperatures dur1ng this perlod B
are generally low because the melting snow serves as a heat,
" sink, g. tetragona may be exposed to air temperatures >15° C
and VPD s >1.0 kPa while water uptake is 11m1ted by low soil’

\

temperaturest Melt out of C. merten51ana habitats in early

July c01nc1des ‘with.the peried of maximum temperatures (X

A Ay &

'dally ca. 10°C) and radiation (X da11y ca. 18.5 - 21.3

MJom Od") 5011 temperatures rise rapldly after snow

frelease ﬁh C merten51ana habltats and the rise is -

idsynchronous in C tetragona hab1tats. Maxlmum 5011 :
temperatures’ occur in July but are h;gh throughout the T-f o
lgrowth perlod of July and August. Maxxmum soil temperatures
care hlgher in C. tetragona habitats ( 16 20°C at- 0 cm and -

6-8°C at -10 cm) than in C. mer%enggana habitats (ca. 18 c

at 0 cm and 5-6°C at —10 .cm). The lower 5011 tempsratures in

cC. merten51ana hab1tats are due: to less exposure to direct -

rad1atlon (m1crotopograph1c depre551ons) and the 1nsulat1ng

effects of greater plant cover, 5011 m01sture, and soil
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“areas and may retard soil mo1sture-depletlon.rn such

organic matter,

fhe'iateﬂSnow:release'bf Cassiope habitats delays the

summer ‘decline in SOll molsture. In'1975 summer

prec1p1tatlon was near normal and mean so11 water potent1a15"

at all m1cros1tes and depths.were >-0.03 MPa and no values

'weregrecorded €1,50 M?a.,Soil moisture tended to be slightly

" higher in'C. mertensiana habitats. Drier»soils were‘noted in. e

~ ’

| years of below—normal prec1p1tat1on (1973 and 1974) but.

quantltatlve data were lacklng Late. season 5011 m01sture

stress may occur in Cassiope habltats in dry years However,

the later snow release of C mertensxana hab1tats compared

to more exposed m1cr051tes, prov1des a more favorable summer

'soil moisture regime and rednces the potential of

late-season stress. '

5011 moisture depletlon is retarded by frequent summer

'prec1p1tat1on (1 day in 3). Although great var1ab111'iwas
noted in total monthly prec1p1tatlon (<20 mm to 107 mm)

fdurlng the study years, dry per1ods longer than ten days_

were rare. Summer snowfalls (17% of summer prec1p1ta€19n)

are d1fferent1ally deposxted 1n C. merten51ana depre551onal, ////

r

microsites.

C3551oge plants are exposed to dally air temperatures

.ca. 5-15°C. durxng July and AUQust.wThe absolute temperature o

range recorded dur1ng~these months was -3 to 25° C. Mean

| dally.temperatures,tended to be slightly higher and maximum’

temperatures significantly higher (1-2°C) at the lower

LY
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}fwhrelevatlog S1te. Temperatures w1th1n plant canopres can be o

w’r@--“* o ,y,—c
P

several degrees above.ambaeﬁt‘oﬁ cald? sunny days Hogever,

" P )

T -

plant canopy temperature dszerences between adjacent t.‘ R

merten51ana and C. tetragona mlcrosates.@xe small thleycsé?‘fll
a etragona m1eros1tes aie exposed to more dzrect rad1at1on,_ .en-.
- lth1s results pr1mar1ly in greater so1l _heat flux. H1gher |
”f;{yW1ndspeeds w1th1n the more open plant canopy. of C. tetragona‘
| 1'result 1n greater a1r mlxing and reduce canopy temperatures.
Thus, temperatures are frequently sl1ght1y hlgher w1th1n the

/

‘;canopy of C. mertens1ana.;-

Leaf temperatures up to g°c above amblent air
'j_temperatures were measured 1n bbth spec1es on sunny days.
:Leaf to a1r temperature dlfferences were ‘small. on cloudy or
:wlndy days. Plants such as Cassxope that have erect branches'
and:small sess1le leaves: Wthh are closely appressed to
.stems have a low boundary layer reszstance and rapld
' ﬁcghvect1ve heat loss (Gates and Pap;an 1971) " This contrastgé;j
'thh mat form1ng and cush;on plants where leaf temperatures )
Lare frequently elevated 20 C or more above amblent (Court1n :
and Mayo 1975). | | '_ L '
The adaptlve advantage of the canopy and leaf -
"‘character1st1cs of Ca551ope and other heath speczes 1s
iunclear.‘Yates (1981)\compared the opt1cal propertles of
heathland commun1t1es in Austral1a and found that short wave
treflect1v1ty albedo) was less 1n small leaved speczes w1th
‘vlow canopy hjights and this led to an 1ncrease in the'

;ﬂfabsorptzon of solar rad1atlon by the plant canopy as a.



whole. The more dense plant canopy of C merten51ana may

&

e funct1on optxcally as "well as through w1nd attenuation in-

R A A T T T

'*7“ ang grogth..mhxs<gould be advantageous ;n m1cr051tes wlth a

P w-“'-“ R

short growxng season due to late snow release, but only 1f

-
e

so1l m01sture was suff1c1ent D reduce water stress.

Rad1at1onal heatlng of c. tetragona would be reduced by the

-

*léaf!colorﬁtson»,Leaves of C etragona have greater

wpggmentatlon ’1 e. aré»rgiatxgglyidarkeg,.;han,c R

2 .

o e g

1S dieina . Thls lS meortant, at least during snow

®

it'
release, because 1t results in elevated leaf temperatures

™
[

. and 10ca1 thaw1ng around shoots. The sp1rally arranged
leaves of both spec1es may result in a greater eff1c1ency of
radlatlon ahsorptlon, part1cularly in northern latltudes

with low sun angles.

Vapor pressurefdeficits were.freguently high during the

summer and were directly correlated with air temperature.f
Maximum VPD s were about 2. 0 kPa durlng July and August and
averaged 0 13 kPa hlgher at Site 1. Although YPDIS within

' plant canop1es tended to be]lower than in the ambient‘air,
~actual vapor pressure gradlents between leaves and the air
probably exceed the reported values due to above ambient
leaf temperatures. o |

«,

B. Plant Growth and. Reproduct1on

The varzab111ty of c11mat1c cond1tlons dur1ng the study

years helped to more strlctly del1neate the range of .

prov1d1ng.a more su1%apré %ﬁermal reg1me for photdsynthe51s

LTI 1/:-75457:fffﬂ'£f§ ;:id_ ,:»i.::'izjéifri

3
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-:microenvironnentalvconditions possible in Cassiope habitats ™~ =

- and the factors restrxctlng plant growth and surv1va1 Thel o

Cass1ope commun1t1es studxed repreSent stable populat;ons

that have 1ntegrated and adjusted to long term clxmat1c

A IR - - - -

'reproduce aggress1vely in their normal habxtats by

long-lived rhizomes or adventituous root1ng from decumbent

. shoots. The local populat1ons may even represent clones w1th

a long history-of vegetatlve reproduction. Patterns of plant

;=m_grogthf_so}l'gegelopment.peneath*plant.elumps, and buried

« “ v o R RO 4 . o L

stems and rhizomes indicate both species have persisted in
their,preeent positionsvalong mesotopographic gradients for-
long periods of time. The slow gronth‘rateSvand consetvative“
reprodnctive,strategies af Caseiope do not allow rapid
expansion into new habitats during short intervals of
amelnorated cl1mat1c condltlons, with the possible" exceptlon
of seedllng establ1shment 1n newly exposed mesic sites.

“Bdwaras (1980) ‘noted similar patterns 1n (o

- merten51ana~Ph1llodoce communities on Mount Ra1n1er. The

mature phase of the-heath communltles was long lasting
(7000 10, 000 yr) and buried stems were estimated (C") at
>6000 yr old. Pollen analys1s 1nd1cated that the commun1t1es
“have not extended beyondlthelr present topographrc or
elevatlonal pos1tlons. | | | o |

The present d1str1butlonal patterns of C. merten51ana

and C. tetragona are pr1mar1ly dependent on’ the tolerances

of mature plants- rather than successful sexual KZbroductlon.

-
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:@For th1s reason, the latter was-only 6ursor11y examlned

Both specxes flower abundantly and produce large quant1t1ea

of smali SeedS'which-are readily wind dispersed into'most

,habltats. Ne1ther seed germlnatlon ‘nor seedl1ng

'estab11shment was- observed for either spec1es durlng th1s,
‘study ‘ | |

- Seed oerminationarates of heath species.are often:
‘variable and lon (Nichols 1934, Bliss 1958, Karlin 1578)a

BllSS (1958) reported 52% germlnatlon of C. tetragona after

"'”26 d-at722°c in the "light ard no” germlnatlon in -the-dark: - -

Edwards 01980) reported 81% seed v1ab111ty of C.

- merten51ana, but only 28% germlnatlon after 27 d in the'

e

1lght and no . germlnatlon in tﬁ) dark Cass1oge seeds

.probably "do not possess long-term v1ab111ty»due to their
small size and 11m1ted food reserves. Seed: germlnatlon rates
of er1caoeous spec1es decllne rapldly with age (Karlln 1978)
and v1able seeds are uncommon 1n soil .seed banks (Johnson
1975, Moore and We1n 1977) '

Ca551oge seedllngs are extremely small and low growth
rates maintain the seedl1ng size for several years.'
Seedlings'are sensitive to soil moisture stress due to. the
snaliow penetration of radicles into the'soil Successful

seedl1ng establ1shment would apparently requlre favorable

¢ &

env1ronmenta1 conditions over several years. Substrates, ’igi.

- 5011 m01sture stress,’and compet1t1on w1th vascular ‘and moss

L]

[%

.5R§c1es were shown to 11m1t seedllng establ1shment of C.}fp-

ertensiana (Edwardsg1980)~and_Ledum,groenland1cum (Karllnv: 

o

®
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1978) 1n the&t natural habltats. Edwards (1980) observed

successful seedl1ng establlshment of C..mertens1ana on Mount

Rainier only in open, stony habztats-below'large snowbanks.
In the cprrent study, small plants that had apparently 1;.2;’
establrshed frdm Seeds Were observed colonlzlng new . .

hab1tatsu such as mora1nesnor areas of late snow release,

w1th reduced plant cover. All of these areas may have become
N open 51nce the- Neoglac1at10n due to cllmatlc warm1ng. Also,
_they all have abundant SOll mglsture at ghe,surface and. at;.‘

. ve % L ‘e
,_} o.agg.-,w_r. o .- A J;f.b‘q.!-ao e "t e @ . e . <

" Tow potentlal for. seedllng des1ccation. The .
m1croenv1ronments and tolerances of seedllngs are dlffereni

from those of mature plants.e

Sexual and vegetatlve reproduct1on of C3551oge ‘are also:

L
“under dlfferept environmental constraints at‘the mature

‘plant levell‘Reproductivewdevelopment and fiower production

‘.

are not d1rectly llnked to shoot growth or leadf productlon. o

Phenolog1cal patterns 1n C merten51ana and C. etragona are

ba51cally similar- but\\nfluenced by snow release. Flower

buds and shoots of both: spec1es are qulescent durlng most of
cf,

the winter beneath the snow. Flower bud expans1on normally

begins after snow release in C tetragona but pr1or to

rglease 1n C. merten51ana.lThe*1n1t1al perlodAof%;nactlyity :
in C. tetragona-may be related to the.generally low‘air and‘
soil. temperatures followzng snow release. However, ;'Av

'~env1ronmental cues may also be 1nvolved vThe start of flower -
bud expans1on in. both specles lags by ca._6 8 wk the r1se of
temperaturestto near 0 C in the subnlval plant,env;ronment.~

N

R
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Thxs max 1n1t1ate the translocatlon of substances Involved~ -

in bud expan51on. Peak flowering occurs earller 1n C.gklgg,r; n

. tetragona (27 48 d after release) than 1n C mertensiana

(28- 31 d after release) but flower1ng per1ods overlap.
”both spec:es, phenology 1s advanced in- years or mlcrosates
of early ‘snow release and delayed by late 1y1ng snow. FrU13

- maturatlon and seed product1on are reduced espec1ally in C

\
merten51ana; in mlcr051tes of late snow release and ’

. . \ . . ,‘_ .

‘ . _ : : _
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Cassiope mertensiana and C. tetragona have a

conservative growth strategy and appear well adapted to

".,habitat:s‘ofginte_rmediate'snow‘releasé».vl-louever-A the

evergreen habit 1mposes certa1n llmltat1ons related to.

o
‘Z‘W1nter surv1val and summet carbon balance that may., exclude

th Iy
Y

them from the two ends of the exposure gradleht.
- o N e

nThevevergrten habit of,Ga551operlffers in the manner

of leaf maturatlon from that of many other evergreen heaths
protected by buds dur1ng the wznter, dlsplay a flush of
\growth dur1ng the sprlng and summer,Aand reach maturlty 1n.
time to wlthstandgiie rlgors of the ensulng‘winter. The
effect of poor growth cond1t10ns~on tlssue maturatlon and
pud development in evergreen conlférs at treellne -is Well"
documented (Tranqu1ll1n1 1979) Incomplete cuticular

development on leaVes or late termxnal “bud format1on makes

;hese t1ssues h1ghly suscept1ble to wznter injury due to low.f

. cemperatures or de51ccatlon. In contrast Ca881ogg produces

. a

Aol

‘
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no tetmunalnbuds, apthough the Iéavék’ihlch eﬂvelqp the apexeelﬁ,

LA

5ba51petally {rom the apex over a’ protracted perxod (S¢rensen

* z

"?51941) Leaves of both speC1es are dlfferentlated on the apex fw

r:about 2~yr prlor to expans;on to full 51ze. Growth dur1ng
r_the summer 1nvolves ‘the . expan51on to full size of ‘a- leaf
'j-s the part1a1 expans;on of leaf pr1mord1a of the: prev1ous
"summer, and the dlfferentzat1on of new prlmordla.rThus
envxronmental cond1tlons over 3 yr 1nfluence subsequent R I

°~i9r°'th‘increm t Leaves ‘must overwinter in var}ous statesh""”

~o

£ e e R . .
& e '-A--voo.- e, o ©

of maturity and the protect1on afforded by W1ﬁter sno#‘cover IR
-may be a requisite. |

Pifl - Shoot growth 1s synchronous in both spec1es, except -

:" -

* "

-where delayed by late snow release. Ca551ope tetragona has a

°'qunescentmpexlog_ﬁolloulng snow melt'that'does'not appear

- ‘control{éd'by"canopy.micnoenvironments,_Rapid groxth begins

--mwhen 5011 temperatures rlse above ca. 2-5°C in C. tetragona
hab1tats and 0 5-1. 5 C 1n C. metten ia ana hahitatsf1Most

. ‘ <

shoot elongatlon dccurs over a 5 7 wk per1od in July and

'August and c01nc1des with maximum seasonal temperatures and
radlatlon. Growth rates are low but cons1stent durlng th1s
perlod Canopy shoots of both spec1es elongate ca. 5,5 mm/yr
g(mean of all m1cros1tes and years) and produce ca. .1 leaf
palr/mm Protected shoots frequently elongate >10 mm/yr.
HShobt elongatlon ceases in- late August and may be tr1ggered

R by short days and fall harden1ng Growth of C mertens1ana :

was reduced 1n m1cros1tes of early or late snow release or:.
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at hagher elevat1oms, Growth o£ g tetragona was greater 1n'

75?micros;tes of eaf1y<snou.ﬁeleaseu Growth of both specles was

.'-;greater in a. year (JQJSl of early snow release, h1gh | _:qunfiri

'_temperatures in. July, and hlgh soil molsture‘q;vn L
Leaf longev1ty of Ca551ogg has funct1onal 1mportance

related to. summer carbon gaxns. Evergreen leaves are )

retained ca. 2-3 yr in g.-tetragonaiand~5-7 yTr in C.

mertensiana in.normalyhabitats. The greater proportion of

;
]

photosynthetic tissue in:C mertensiana may giVe'it a

.-competltlve advantage in areas with & shdrtened 'growing

season.<Leaf longevity is. greater in both spec1es in" J
- . f . .

7 E

m1cros1tes of later snow release. Inrthe-H1gh~Arctqc5vsevere~@'
summer environments limit leaf productlon in C tetragona to
2 leaf palrs/yr,'but thls is compensated for by extended

-leaf longev1ty (ca. 5 yr) (BllSS et al 1977) . Th1si::m o
ma1nta1ns a similar amount of photosynthetlc tlssue as
'measured 1n ‘the. current study, but leaf productlon and .
longev1ty d1ffer con51derabby

~CJ Photosynthe51s- .

ST:Amoné tundra:species'of different growth form,
.pho‘os thet1c capac1ty appears to be 1nversely related to
leaf ﬁgf@ev1ty (Johnson and Tieszen 1976). Although ,
evet@reen dwarf shrubs maxlmlze radlatzon 1ntercept1on }
- duriing the grow1ng Season, COz uptake and photosydthe51s are
often low’ (Hadley and Bliss 1964 -T1eszen»and Wleland 1975)

'Th1s is in part due to leaf sclerophylly and 1ncreased leaf

_reszstances which may be adapt1ons to moxsture stress



(Courtln -and Mayo 1975) '“'];A?_“ rLi»'"

";photosynthetlc rates._Johnson and.T1eszen (1976) report the ;f

iﬂa?jphotosynthetzc cang;}z_of arc g: (Alasﬁj tetragong 35 Co e
..9=10 mg COz'g dry wt“Oh" (at °G)_-

- i e

. of sympatric grasses ,and sedges, herbaceous forbs, and

The slow growth of'Cassloge LS probably due to low

B e ®

.. . -

dec1duous shrubs. The photosynthetlc capac1ty of C.

'merten51ana has not been reported buq is probably

'comparable, i. e.’low. The delayed growth of C tetragona

. exposure gradlent. Summer trends of m1dday

5uggests that early season carbon ga1ns are allocated

vpr1nar1ly to flower product1on, w1th Eater season ga1ns

going pr1mar11y to leaf productlon. Flowerlng and growth.are -

< RAT

more synchronous in C. merten51ana. The extended leaf

longev;tx may be a compensat;on necessary to allow greater

. . bt P . . o - L. L e -

carbon..gaips during a shorter period. - - : . ' ’

. N .
D. . Water Relations

leferences in the water relatlons of Cassiope suggest*

11m1tatlons to tlssue)surv1val and plant growth

flong_t e

slm1lar in both spec1es, rising from a low B release

to mid summer max1ma and dec11n1ng rapidly- 1n gpe fall. Leaf

(

- water potentlals and 4r*7,at snow ?elease were ca. -2, 0 tot

-3.5 MPa and -2.5 to ~5.0 MPa, . respectlvely These low.

{
values do not necessar1ly 1nd1cate stress but rather reflect‘

the overwinter storage of carbohydrates and llplds in old

leayes and stems’ (Hadley and Bliss 1964) A 51m11ar pattern

3

of storage occurs in non- heath spec1es that malntaln

$

| . S
el e

/

vt e e e e -y

is-was- 20 50% that”f'f“'
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w1nter green leaves (Bell and. Bl1ss 1979) and contrasts~

v
S

o wlth'summer green spec1es where~the roots and rhlzomes are.

S -
>

vthe prfmary storage organs (MoOney and Blllings 1960) Leaf

'i water potentzals and ,ﬂ47,1ncreased ggadually after'snow

L e -

release as storage reserves were utlllzed in flower and leaf

v

product10n° m1d summer max;marwere ca. -0.5 to -1. 0 MPa and’

-1.0 to -1, 5 MPa, respect1vely 'Leaf water potentlals vere

always much lower than 5011 water potentlals, 1nd1cat1ng a

-

h1gh re51stance to water uptake by the roots. Ca551ope
tetragona maxnta1ned 1urnally constantub regardless of
changes 1ny{/L or env1ronmental cond1t1ons. Ca551ope

L . -

ﬁ;merten51ana frequentlywshowed,a mldday‘reduction in UDPVM

1nd1cat1ng water stress, even though soil moisture was high.

These r sults are supported by other ;1e1d and

>

laboratory measurements™which 1nd1Cate that c. tetragona has

a greater tolerance -of water stress than C. mertensiana.

Both spec1es have hlgh leaf resrstanoes,-ln‘part<due to the
_scleropbyllOus leaves and stomatal location..The-minimum
. measured leaf resistances were ca. 7-9 s/cm (potometers) and
—_ 1-2 s/cm (dlffu51ve re51stance porometer) for both species.’
The latter’ are comparable to values reported ins other
studles u51ng a null balance porometer- Edwards (1980)

[

measured 1. 8 s/cm 1n C. merten51ana ‘and - Oberbauer and Mlller

(1981) measured 0.8 s/cm in- C.,tetragona. The stomata of
both species are sen51t1ve to levels of atmospherlc moisture
stress that occur on warmer ‘days. Increa51ng VPD S cause an

1ncrease in the transp1rat10n and leaf resistance of both

L]

. 222700
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“Lispeéies, but‘greater stomatal3c105ure*epbear$-to occur in. C.

"merten51ana. The 1ncrease in- leaf res1stance is due in part_,w

3

L to changes in bulk Jeaf water- status. The frequent

reduc ns ofybp (often to near zero) in c. merten51ana

would 1nd1cate stomatal closure and restr1ct1ons on CO,
.:uptake and photosynthes1s. \
Measurements of field transplratlon indicate that water
loss is low™but may be curtailed to a greater_extent “in C.

‘mertensiana.;Although-transpiration rates (ggi-O.ZO—OJZS g

H,0eg dry wt-‘eh-') and.species differences:werefnot
51gn1f1cant, mean.daily rates tended to be sllghtly hlgher

and maximum daily rates 1.4 times hlgher in C merten%;ana

than in C. tetragona. The low rates measured in Cassxoge are

-_51m11ar to those" reported for other evergreen Erlcaceous
'dwarf sh%ubs at treellne (Stocker 1931, Plsekvand

V‘Cartell1er1 1934), but are lower than the\rates'of sympatric
deciduous shrubs, foros, and graminoids (Bligg’1960,
Oberbauer and Mlller 1981).

The differential stomatal responSe of'C 'mertensiana

1

.and C. tetragona can partlally be explalned by cell wall
Characterlstlcs whlch 1nfluence the partltlonlng of
component potentlals with changes in water content. Old
.leaves of C. tetragona and current and old leaves of C.

mertensiana have relatlvely igid cell walls. Water loss is

A

: accompan1ed by a small decTrease in cell volume andyzmwr,

‘but a relatlvely large decrease 1nybp . Current leaves of c.

\tetragona have more elast1c cell walls and positive turgbr

»



I

' is mainta1ned at’ a lower water content. This appears

vrespon51hle for the malntenance by C. tetragona of

»

“relatlvely constant turgor durlng the summer months in the

":ff1e1d studles. Although both spec1es possess sclerophyllous

leaves with many xeromorphlc features, the change 1nybL wath
:water loss, and the estlmates of cell ‘wall elast1c1ty
1nd1cate they are mesophytlc spec1es and not‘@dapted to
extreme drought V*A

These reSults agree with other studies-of the response
.of alpineAspecies along mesotOpographic gradients. Oberhauer
and Miller (1979,1981) compared the water relations of
evergreen shrubs; deciduou5~shruhs,'forbs; and graminoids in
“d1fferent vegetat1on types and:habﬂtats around a snow patch

in the Alaskan alp1ne tundra. The Ca551ope tetragona zone.

had the greatest water stress (lowest water potentlals) of

3

all 51tes sampled Ca551ope tetragona had the lowest.

‘transpzratlon rate and hlghest leaf re51stance, and reached
the lowest X pp of all spec1es measured.

Stomatal closure as a dlrect responSe to evaporatlve
, cond1t1ons of the atmosphere has been reported in a wide
range of plants (Lange et al. 1971, Schulze et al. 1972,’
Hall et al. 1976, Sheriff 1977, Farquhar 1978). Mooney gg
al. (1965) found differences ln:the water requirements of
California alpine,herbaceousvplants related to patterns of’
'their.local distribution. Plants of net ;ites'transpired
more but displayed a greater midday reductionlduring per;ods
,of'high VPD. johnson and Caldwell (1975, 1976) compared the .

S

w ot



... 225

,responses'of'four arctic and. alpine species td ‘atmospheric .
.- J

p'and 5011 m01sture stress. All spec1es exh1b1ted stométal {
”closure with 1ncrea51ng atmosphér1c m01sture stress at high \
soil water potentxals. However, the wet site speCies |

l'exhlblted small reductions 1n§DL

stomatal closure due to*changes in bulk leaf water status.

and apparent hydropassive

This resulted in a reduction’ of photosynthes1s. The species
'wlth w1derfhab1tat ranges showed no . 51gn1f1cant decllnes in. .

| UQL with 1ncrea51ng 'VPD. The stomata may have responded
directly \to VPD and prevented water leS by partlal stomatal
closure. Photosynthe51s was not as abruptly curtailed by |
4ncrea§1ng atmospherlc or soil m01sture stress aS in the wet »
‘51te species. Similar patterns of cell wall e1a5t1clty and

partltlonlng of water potential and component potentlals

-were found in C. mertensiana and c. etragona as in the wet

site and the wlder rang1ng spec1es, respectlvely However

hydropassive reductions in stomatal aperture due to changes
4 o - -

in bulk leaf water status appeared to occur in pboth species

of Cassiope, but to a greater extent in C. mertensiana. The

cellhwall charaeteristiés:of C. tetragona may have abated
reduétions irxubp and stomatal closu;e.

The characteristics of the ‘summey water relations of
Cassiope may relate to their survivai ability in different

mzcroenv1ronments. CaSSIOpe tetragona is able to ma1nta1n

positive turgor necessary for cell wall expan51on and shoot
'growth (Cleland 1967, 1971, Ray et al 1972 ‘Hsiao 1973) and

more favorable 1nternﬂ} condltlons for photosYnthesls ulth
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increasing atmospheric or soil moisture stress. Growth and

photosynthesis of C. mertensiana is favored in more mesic

sites. - ) ,
The winter water relations~of tass{opefare'regulated by
the reiative'exposure of microsites and snow cover. Osmotic
potentials decline in early fall and wjnter'and are: |
paralleled by a decline”inyDL except in snow covered plantsQ
This response is characteristic of evergreen Ericaceous
shrubs and does net'indicate water_stress (Pisek 1956,
Tranquillini 1963, Wilkinson 1977), but rather the
overwinter storage of reserées'or protoplasmic augmentation .-
related to cold hardening (SlmanVItCh et al 1968) High
water contents (ca. 230%) amdyb (3-3.1 MPa) are maintained

\

by C. merten51ana in normal hab1tats (i.e. deep snow

accumulat1on m1cr051tes) thrcugh the wlnter. Plants are
exposed to only short perlods of de51ccat10n prlor to be1ng

snow covered. No desiccation 1n3ury of C. merten51ana was

observed in its normal hab1tats. Xylem sap cav1tat1on

frequently occurs in early w1nter, but is usually allev1ated

beneath the snow. Cav1tated plants are'not subjected to

stress condltlons 1n the water vapor saturated subnival

env1ronment- Water uptake by r%ots does not occur during the
. jg“

Ca551qpe tetragona;’

ﬁgre <=1 (Larcher 1957)

winter months because~

W 1 ﬂuences less favorable

T T w*(".

conditions 1n .all but very deep snow acqgmulatlon

microsites. Snow cqver is ; delayed wlth-respect to Q.

mertensiana habitats:and .plants may project,above the snow
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: 1n exposed m1cr051tes in m1d‘g1nter, evqn 1 fyears'of normal

‘wxnter snowfalls. Exposed shoots exper1e d .xylem sap

*acav1tatzon and severe dehydrat;on with n potent1al for

';replaczng lost water. Water potentzals often drop to levels

<=6, 0 MPa but appear non- lethal in contrast to c.

-mertens1ana. In very exposed mzcrosltes, snow cover is

:perlodlc and plants dehydrate to water contents <ca.

160 170% and severe 1n3ury results. Des1ccat10n damage to C

etragona in 1ts normal hab1;ats is. dzrectly related to~. e
'&exposure. Mlnor de51ccat10n damage can- occur even 1n |
m1cr051tes of relatlvely early snow . cover due to hlgher
températures and 'VPD™s in early wxnter.'

Transplants of both spec1es experzenced severe‘jt'

deszccat1on and w1nd eroszon of plant tlssues 1n exposed.
"_rxg_ habltats. Des;ccatlon damage was greater in C. N

merten51ana and.appeared to occur at h1gher water contents

.

'1=than 1n C tetragona. Ca551ope merten51ana also exhlb;ted

' S
S1gn1f1cantly greater t;ssue damage in. ‘the Cc. tetragona

transplant m1cros1te. The potentzal for desxccatlon 1n areasr

'such sites, Edwards (1980) reported 31m1lar de51ccatlon of

c. mertensxana on Mount Ra1n1er when shoots prottuded above

the snow all w1nter. The hlgh mortal1ty was expla1ned on thei
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".3basxs of low leaf reszstance under cold condztrons, stomataﬂi<5_,j
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| Laboratory-experiments indicate that both species dehydrate .

rapidly when exposed to severely desiccating conditions.

However, the rate of water loss is greater,in'g.,mertensiana

. _ ; I L )
and plants are unable to survive at as low levels of tissue

hydration as gfgtetragona. Leaves of C. mertensiana
frequently proﬁeotaat a s{ight angle auay from the stem
exposing.stomates and a greater leaf surfaCe to desiccation.
Leaves of C. tetgggona are more closely 1mbr1cate and
dehydration tends' ‘to se?} the ahaxlal groove and adaxlal
leaf surface, The shoot_apex Has many‘dense and-act1ve
glands whichrsecrete résinous?material helplng to seal the_
young leaves and apex agaxnst water loss. Furthermore‘\these
;glands may funct1on as hydathodes, absorblng and secret1ng
water to the ap1ca1 mer1stem (Bocher 1981) Severely

de51ccated shoots of C etragona often have undamaged

1mmature 1eaves and aplces, whlle damage to- C.\mé/tens1ana

'U.,’

s more ‘total. Byt ;M - -g,,.; L  -".tf‘ ; L
F1eld de51ccated shoots of Ca551oge were reddlsh brown’.

in color, resembllng the de51dﬁated needles of conlfer

ikrummholz (see Tranquzll1n1 1979) or the wlnter brown1ng of\

2

'ICalluna and other heath spec1es (Watson et al 1966) Thev

1;‘trad1t10nal explanat:on for such damage has been the<

evaporat1ve -loss of water from exposed follage when' 50115

%

'VWfare frozen and uptake prohlblted However,ilt is often ‘g{'

'7d1ff1cult to d1st1ngulsh the cause of such damage because-
'iboth drought and freez1ng may be 1nvolved (Tranqu1ll1n1 -

1?1964 1979) Increas1ng water stress that 1s rever51ble may e

\ .

p -
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be 1ndlst1ngu1shable from 1rrevers1ble dehydrat;on that ;*J
0ccurs after tlSSUéS are 1n3ured from other causes. Wardle
M(1981) demonstrated that f1rst-year needles of P1cea

engelmann11 developed typlcal desxccat1on damage patterns

“',wafter freezzng experlments. The damage to C. merten51ana wasv

;more extensnve and only\broadly correlated WIth shoot
exposure, suggest1ng that low temperature stress may have
been - 1nvolved - B | | “;

E. Cold Har%1ness ‘i f_p' ;“'54 o t” 5y“_

Ca551ope merten51ana and C tetragona develop a cold

tolerance to levels below the’ m1n1mum temperatures 1n thelr

L
respectlve hab1tats. Summer plants of both spec1es can

tolerate temperatures to -i0°C which is- below m1n1mum summer'

'temperatures. wlnter hardy C merten51ana 1s 1njured by one

”@o -26 C.and severely 1njured at —36 C Winter

‘ihour exposure
‘hardy C. tetragona can tolerate these temperatures w1th
'Vllttle 1n3ury. Temperatures <- 26 c frequently OCcur in
lexposed C. etragona habltats in mld wlnter.u

These results are consrstent w1th other studles of

evergreen Erlcaceous shrubs and the1r habltat requlrements.

Tranqu1ll1n1 (1963 1964) reported ‘that Rhododendron

ferrug1neum, Vacc1n;um VltlS 1daea, and Erzca carnea were

-frost sensltlve pdants, hardy to only 20 to -24 C and thus‘_l

11m1ted to snow protected s1tes near treel1ne. Heath specxesi

of more exgosed sites (e g.»Lolseleurla procumbens) were

Y

‘able to tolerate temperatures down to —36‘C Saka1°and

Otsuka (1970) determlned the freez1ng re51stance of- alpiq\
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‘f;'plants 1n Japan. Ca551ope lycopodloxdes was the least hardy

- (-40°C. leaf —30 C stem) of all the plants sampled 1n
;wlnter, and is restrzcted to protected sztes. Bleble (1968Yh3ﬁ
?measured the hard1ness of many spec1es 1n Greenlandw'

Cassiope tetragona could tolerate -8 C for 24 h in the

‘summer and 46 C for 0. 5 h in ‘the: w1nter.

Low temperature is an 1mportant factor in determ1n1ng

'plant d15%r1but1ons and has 1ed to the evolutlon of cold

+

hardy taxa’ 1n contlnental cllmates with severe cold and drym
wznters (Parker 1963 Saka1 and Weiser 1973) Southern
;provenances of cold temperate and boreal woody spec1es
retaln an 1nherent ab111ty to harden although moderated by_
the t1m1ng of growth cessat1on in thexfall (Scheumah and
chhonbach‘ﬂQGB Sm1thberg and We1ser 1968) Spec1es of §gllg

3

_now adapted to trqplcal reg1ons also possess a genetlc g

potent1al to harden that apparently evolved 1n cold cllmates'\3

(Saka1 1970). In contrast taxa that eVOlved in marltxme'
:_cllmates w1th m1ld and wet wlnters 1nc1ud1ng subalp1ne and

7a1p1ne shru s of New Zealand (Saka1 and Wardle 1978)

Australia (Sakal gt al 1980), and the East’ Hlmalaya (Saka1

and“Malla-1981)* do not possess a high level of hardlness
| Arctlc and alplnespopulatlons of w1de ranglng dwarf -
"shrub taxa are typlcally hardy dur1ng the summer to ‘<- 5°C p
ang, durlng the w1nter to «<- 40 C (Tranqu1111nt 1963 1964;;4£W”'
'de1eb1e 1968 Saka1 and Otsuka 1970 Somers 1981) -Most _:”h:f

F‘-l'alpme Spec1es are 51m11ar1y hardy durxng the summer (Ulmer

‘1937 Prsek and Schlessl 1946), a requ151te in’ cold, tundra.-‘
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' environments. However, some differ initheir potential'to-

‘harden durlng the w1nter wh1ch may reflect £lorlst1c

hlstory. The cold hardlness of C. mertenslana and C

: etragona correlates w1th the1r hab1tat*restr1ctlons in the

'Canad1an Rocky . Mountalns and thelr overall geograph1c

d15tr1but1ons._Ca551ope merten51ana, 51m11ar to ‘many other

taxa w1th mar1t1me d1str1but1ons, has a low level of cold

'fvhardlness and 1s restrlcted to areas wlth m11d wxnters or

!

where deep snow. accumulatlons limit exposure to: low

;temperaturesr The evolutlon of a hlgh level of cold

’hardlness 1n C etragona may have allowed 1ts spread 1nto

cold arct1c -and contlnental alplne reglons. Most other

'“members of the genus and the growth form may be excluded

:from these areas of low and variable prec1p1tat10n, low. air

A ,
temperatures, and generally severe w1nter condltlons.

A -

4 et

A D1ﬁferences 1n the phy51olog1cal tolerances of these
heath Spedies are respons1ble for thexr n1che separatlon in

the Canadlan Rocky Mountalns. Wlnter m1croenv1ronments

"xlrmpose strlngent constralnts on plant surv1val whlle Summer

”mlcroenv1ronments 1nfluence plant growth and v1gor (Table

21 ) Cassiope mertens1ana is restrzcted to protected 51tes

. of early and deep ‘Snow accumulatlon where wznter des1ccat1on

and cold temperature 1n3ury are av01ded Late snow release

prov1des a more favorable summer 5011 mc1sture reg1me

conduc1ve to greater photosyntheszs and growth Ca551oge

tetragona occuples more exposed sites because of a greater o
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¢tolerance to summer atmospherlc and 5011 m01sture stress,

-w1nter des1ccat1on and low temperatures. It is not

restricted from C. merten51ana habitats due to an

1ntolerance of shortened grow1ng perlods p r se, although
compet1t1ve ab111ty ‘is probably reduced in such sites.
" The tolerances‘of these spec1es 1nf1uence thelr-overall

geograph1c dlstrlbutlon. Casszope merten51ana is restr1cted

to mar1t1me regions w1th m11d w1nters and deep, dependable

snow cover, In areas such as the Olymplc Mountalns, sierra

'-Nevada, and the Cascade Ranges where su yers are warm -and

dry,'1t 1s highly restrlcted to m1cros1tes where - delayed.
snow release ang meltwaters help allev1ate summer drought.
Cllmatlc varlablllty 1ncreases in cont1nental reglons and it
is restrlcted to more protected areas below treeline, i.e."
habitats of greater env1r0nmental stability CassiOQe
"tetnagona has evolved greater phy51olog1ca1 tolerances and
1s thus ‘more w;despread in. cont1nenta1 ~alpine .regions
(Rocky Mountalns) and the Arctxc.~ \::-:“"

Dwarf shrub heath spec1es are able to transgress
treellne ‘in the warmer, more protected m1croenv1ronments
- near the ground but are l1mited at hlgher elevatlons and
'~lat1tudes by many ot the same factors that 11m1t tree
"growth In xhe low alp;ne and Low Arctlc they are - restr1cted
rto 1ntermed1ate s1tes along mesotopographlc gradlents where

'fextreme env1ronmental cond1t1ons are avozded The evergreen

vfhab1t conveys certaln advantages related to plant carbon and

nutr1ent balance but a requ1szte to plant surv1va1 is a low -

Y

A
'



v

238
,Av_i o | o , :
© mortality of-evergreen‘tissues=during winterr 3;bi§at5.that‘;
are too exposed, i.e.;accumulate less than a moderate snow
cover in normal years, subject plants to lethal stresses
_durlng unusually dry winters. - Evergreen dwarf shrubs ‘have
'low growth rates, depend upon vegetat1ve growth rather than
sexual reproductlon to ma1nta1n local populat1ons, and. have
a low potentlal for recolonlzat1on, and thus dan only ™
persist where the w1nter survival of t1ssues is assured...
llmatlcally severe tundra env1ronments prohlblt the
malntenance of erect evergreen tlssues that progect above o
" the snow or boundary layer near the'surface. Evergreen
jspec1es that surv1ve “in- wlnd exposed tundra hab1tats have
evolved the cush1on hab1t ‘and’ greater tolerances to drought
.and low temperatures. Although they " share w1th Cass1ope many ;
of the same, phy51olog1cal response patterns and conseruatlveg
}features, the prostrate form avoids some of the
environmental~adver51ty eXperlenced by the erect shrubs. At
the other end o£ the exposure grad1ent exlsts a,tgqglon Zone
'where the length of the growing. season determines summer
tcarbon galns and long term plant malntenance. In habitats of:
‘extremely late snow release the evergreen dwarf shrub hablt
Tis at a dlsadvantage and gram1noxds or forbs whxch posses

- high’ photosynthetlc capac1t1es and a d1fferent allocatlon

i Jstrategy are favored..

'"fl “This study contr;butes to a better understand1ng of an-

' 1mportant taxon of treel1ne env1ronments. D1fferences in

.

spec1esvtolerances to water and,low temperature'stress are
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descr1bed.wh1ch help exp1a1n vegetat1on pat;erns and

'geograph1c dlstr1but10ns, and suggest constra1nts to growth

,/

"and surv1va1 of ‘the growth form 1n severe tundra

cw

'env1ronments. Questlons have been ralsed concern1ng the

adapt1ve s1gn1f1cance of leaf sclerophylly and the
: w-{'w'jv.
rconservaéxve growiaihab1t that suggest future areas of

;\\\'

reseérch w1th these and other dwarf shrub heath spec1es.
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Table 26. SO11 profile descripticn -at Site 3.

Site 3 1s ‘Jocated at 2010 m on .a_25% N slope. The well to moderate1y
‘well drained pedon .supports. a' Picea-Abies. closed forest with -a dense
shrub understory of C. mertensiana and Vaccinium scoparfium in-small
operiings. Glacdal til\V has: been mixed by colluvia] action. Frost N

hyummock s are common. ’ . -

L}

Hor izon- - ‘Depth (em) - o Description v ) _
L _ ‘ . htailitihely g _ -~
L ) . o - . L - h . ‘

Site 3% (C; mertensiana-Vaccinjum): Orthic Dygiric.shuntsoj

L " . 8-0 . - Fibrous furf-:ébUndaht .. very fine-to
& ' ' .coarse random roots:’ abrupt 'smoo&h
‘ 'rboundary, 4 8. cm ‘thick. > . :

Bmy - . O~2£ - Very dark grayish brawn (10 YR 3/2 m,
: T : . 5/2 'd) sandy loam: very weak’,. fine . -

: subangular blocky; loosé, very friable;,
very few, very fihe random: roots and few. .

~ fine to coarse horizontal roots-'

. -abundant, ‘gravel and cobbles at’ lower )
boundary;. clear, irregular boundary. . N
10-22 cm thick; strongly acid. o

. Discontinuous organic layer R cm thick)

,at 14 cm depth . .

e 22 + L Dark grayish brown (2 5y 4/2~m 6/4 d)
. ’ © . -sandy loam: amorphous. very friabte;
some, gravel and cobbles;: strongly acid.
‘Frozen $o0i1 at 53 Cm depth on duly 28. T
1973, A



L=t

“

Yabie.27. Soif'pfofilevdescriptions:at,SifB 4

Stte 4. is located at 2135 m on a 24% N'sﬁopé' The rapidily to welt
drained (€. tetragona- ryas) and moderate1y ‘well.drained (C.
mer tens fana) pedons support communit!es of - Cassioge spp. 1n

different .microsites (See. Figure 7). -Glagial tiTt has beenldapositnd

on Precambr ian- :andstones.-ccnglomerates siltstones. and slates,
and mixed by.cotluvial action Some -aeolian deposits may be present
in depressional areas. Frost hummocks (to SO cm, height) abundant 1g
C. mertensiana microsite Mith frequent mixing of Ah and 8m
horizons T . oo ;

?

Hor 1zon . Depth (cm) ‘u_vvoésdriptiOn‘ i

‘Site 4. (C. tetragona Dryas) Orfhic bystrié Brunisol

L . 2 0. ,Fibrous turf- abundant very fine lo
oo : ‘medium roots and few. coarse roots:
. abrupt, wavy boundary @-3 cm thick :
'Ah EAN 0-3 Black" (10 YR 2/1 ‘m, 3/2 d). sandy loam

¥, ) LT . ©very. weak‘-fine subangular blocky.'loose.
‘ : e - very friable;’ plentifu1 very fine. to
medium random roots. and few, coarse
thick's strongly acld

Very dark grayish brown (10 YR 3/2 m,

Co e .. -a/3.d) sandy clay loam: very weak, fine

o subangular blocky;. loose‘ ‘very friable
; T few, very. fine to- medium horizontal
- ' ' rootsy few, anguler gravel at’ lower N
T T boundary; clear, irregular boundarv.
“6 12 cm thick strongly acid. :

o Co Olive brown |2 5y 4/3 m, 6/3 d) sandy’
\ o s - loam; amorphous. very friable aburnidant ,
e e .{:-angular gravel strong\y ‘acid.

ﬂf51te-4. ( mertgnsiana) Orth1c Dystric Brunisol

Lo B 0 ' Fﬂ pdusﬁtuff‘ abundant vvery fine to . -
i : ium ﬁdots- abrupt smooth ‘boundary ;.
3 4 cm thick '

roots; clear, irregular boundary 2-10.cm

o
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{fecontinued)

" cgj

7-13

13-147

Table 27.
»Hofiion" Depth (cml _Besczription
0-7 Very dark gra, (10 YR 3/1.m, 4/2 &) loamy

sand; very weak, f.ine subangular blocky
loose, vary friable -plentiful, very. fine

" to ‘medium random rdots: clear, 1rregular
boundary 7- 10 cm thick; extremeiy acid.

.Brown (10 VR 4/3 m, 5/3 d) sandy clay .
"]oam. very weak, fine subangular blocky ;.
Yoose, very firable; few. fine hornzontal]

apd oblique: roots:; c1éar wavy boundary

4 7 cm thick very strongly acid : SRR

Very dark gray{sh brown (10 YR 3/2.m,

'5/2 d) _sandy . clay lbam; very wesk , ' fine

subangular blocky. loose, very friable
few: fine horizontal and oblique roots;

-abrupt . wavy boundary 3- 7 cm thuck'
‘overy: strongly acid

. Glive brown. (2. 5 v 4/3 m, 6/3 d)'sandy";
" :clay loami common. fine, distinct reddish"
'”mottles above cobbles’ amorphous. very

friab1e few, fine roots; ‘some.: gravel

. and’'cobbles; very strongly acid. Ffozan.
soil at 50 cm depth on: July 27 1973 .~
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Table 28..3011 profile descriptions. at s

Y
ite 5.

Site 5 is locaxed at 2225 m alohg the su
These: rapidly ‘drained pedons support c.

depressional microsites and grade” rapidl
scree, or surficial bedrock ‘with very sc
Oxytropis, and C. tetragona Precambr ian
‘conglomerates are covered by varying “thi
i depressional microsites - Some aeolian ‘de

?mit ridge on. a 5% N slope

etragona-Dryas ‘in sliahtly
y into stony pavement,

attered plants of Drxas; '
sandstones an _

ckriesses qf col!uvium in
posits may be present.

Honizohi . Depth'(?ﬁi‘ o - ,Desc

riptiohu

Site 5. (C. ietrééina>o:>as): Orthic Dys

LFH. = 6-0. - / Fibrous turf;
. . random roots:
- L -4 7 cm’ thick

tric Brunisoil ‘

- . ' . \‘
abundant . fine to medium
abrupt smoeth boundary;®

2y

T AR ’ 0-6 - Very dark gray (10 YR 3/1 m, 4/2 d) loamy
. . sand; very ‘weak , fine subangular blocky:

loose, very f

riable;: few,. fine roats;:

- clear; brokeén boundary 6 10 cm thick;
- very strong?y acid. v .
8m1 . S e-12 . Very dark grayi;h brown (10 YR 3/2 m,
(S K T 4/3 d).sandy clay loam: very wegak. fine

subangutar b)

ocky : loose.. very. friabie: .

very-‘few,. fine roots: clear, smooth
2 cm thick; vqry,stnoﬁgly .

- ‘boundary; 3-1

s ¥ pc1d .
L e . .
Bm2 12-13 . Brown (30 YR 4/3 m.,5/4 d) sandy clay
oo - ' loam; very ‘weak, fine subangular blocky :
BN ’ loose, very friable; clear .smooth
. o poundary. 1-2 cm thick strongly acid.
c . 13 + " 0live Prown (2.5 " 4/3 m. 6/3 d) sandy
© " Yoam: amorphou;. -very friable: some.

.i . ] ‘.

. E : ‘grgvel and cobbles; strong{y acid.

9
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Table 28, (co'tinued)

Hor 1zon- y‘pth (cm) s b;scniﬁfjonu

B

Site 5. (S ony pavement widely spaced plants) OrthiciRogoso1
Ah 0-3" 22 Vary dank gray (10 YR..3/1 m, 5/2 d). sand
. © L very welk . fine subangu)ar blotky: 1oose.

- very: friable: abundant ‘very. fine to fine’
random rootSv'abundant gravel and. ,
cobbles ‘clear, Wavy'boundary -2=4! em -
thick 'medium acid : ﬂ'-'

c © . 23-20 . ‘Olive brown (2 5.y 4/3 . 6/3 ) Toamy. -

. oo C...sandy -amoPphous; very. friable. abundant
gravel and cobees. strongly ac1d ol

R - 208 - Bedrock

» Ve



