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" ABSTRACT

There have been several recemt calls in the biogeography
“aﬁd veg€tation ecology 1iterature;lto investigate scre thor-
cughly the role of recurrent disturbance or perturbation in
thé dynasics of subalpine cossunities, by assessing persis-
tence and change inléhe dceinant species pc;ulgtiogs.

~In orde£ to study-the xelationshié betveen cconifer regen-
erative effectiveness, disturtance effects, and the rature

ct the vegetation pattern, a field study was sade of the

vegetative cover (composition, abundance, dosinance) and its

Egitoxrsance (survival, vigour and reproductive mod2) in the.

Cprer suoalpine zone in the Vallay of tha len Esaks, Eanff
bational Fark, Alberta. L The-occurrence of stresses and dis-

turtances is both spatially and temgpcrally Eporadic in this

e v et

zone, an?«this—vaf%&hle disturtancé~teqii¢§qoqtributes—siq-
niticantly t¢ the 'patchinesé' in veqetagien ccbétuphd per-
fcimance.,

There seens';nsutficient grcunds fcr iabelling this field
cituation an ‘'abnormality', or a 'severely-delayed' secon-

dary succession, as no overall replacesent comsunity is in-

dicated.

Since it is true in 3]l ecclcgical systems that (2) dis-

turkbance effects aré spati&ily and tespcrally sporadic, and




(F) that just/as this enwvironmental change and hoigroqcneity
ie onqoing. 80 will species and populations bave ever-read-
justing and differeéntial responsaes, sose probless ‘ith the
strictly developmenta} schese cf queiaticn change emerge.
These shortcomings are discussed p;;ticnlaxly as thcyAﬁanyef

. accurate interpretation of a patchy mosaic ecotcue.-

*This borderland betveen-the upper tr¢es and the
tarren rocks, where the evergreens scatter and
dwindle into a starved and blasted forms, is a mcst
interesting region." =~-= gRalter Wilcox (1916) on
his first visit (189§) to the upper Valley of the
Ten Peaks. ’ .

'y
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Chapter I S 8
INTRODUCTION
, .. ]

1.1 TUE 370DY OF LANDSCARE RIIZERD :
Coe of the central concerps -of geographers, as students of . 5
ial distributions, is the identifying andfdelineating of
andscage patterns, apalyzing and inferp:eting the wecha- [

t give rise to thes, and developing ap understand-

971; Haring and Lounsbury, 1971; Fcsterg, T

ies for seeking spatial and temporal exélana-
ticas vegetaticp -patterns are 1egic;. Unfor tunately,
gpatial an? teaporal explanations are often kept distinct,
as are the?r concceatant assusgtions and sethods (Mueller-
Losbois & zllenoerg, 1974). f%f example, studies which seek

tc ccrrelate vegetation®gradicots with site . factors eapha-

gize spatial configurations of species in relation to spa

tial variations in emnvironment. The interest is in gattern
tbiough space : that usuvally includes only a cursory treat-

sent of historical factors or of future directions in the
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community. ' The alternate focus is cn gattern ithrough time

that embraces the causal-analysis of the c¢rigin of plaat
connn@ties{ and "successicn® or changes in population
gtructure over time. The biotic and cdaphic factors, as
‘well as historic factors such as éatagtrophic disturbances
or climatic tbanq‘eg which ipitiate plant population éynanics
are exasined. 'Béuever. the quality and alo;mt of nm
ipfox:atiqn retained is often sketchy.

Hc‘st of the questions’ pesed 'in‘plant gecgraphy research

seed to require the use cf both strategies. The challenge

cf describing plant communities as a key landscape feature )

both as coexistent and successicnal phenosmena is large. It
is central for all whc wculd make the intergretation c¢f pat-

terns on the landscape their field of study.

1.2 PECBLEY JRE): ZIBE BCLE QI Bﬁﬂ!ﬂ!ﬁl Il i!LNHIH
JECETATIQN DIBABICS

@

~Mcuntainous areas are characteérized by sharp and often ex-

treme diversity. The biotic envirconment displays extreae

heterogeneity V,ix'n time, space and pattern, in direct respomse
to variability i all)ghysiCal paran»etexs {Wekker, 1979).
Amohg these, the position and nature cf the s‘ubaléine-alpine
'hcundary ;che has pa:ticglgrly attractad the attention of
ecclcyists and plant geogr;pher's. Mcreover this is an eco-
tone where thé cosglicaticns encoimtered gene:aliy in the

causal-analytical research of plant gecgraphy are intensi-

B Aty e e WIRE o

nomEs e
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fied. <Close exalinatioﬁ cf subalpime units in fhe field re-
veals marked spatial heterogeneity. variations in physio-
graphic, edaphic, climatic ard biotic conditions are cften
striking'over a short herizontal distance.

 hrho and Habeck (1972:420) ewmphasize the mosaic guality
cf thié zone, "vhere the dominant vegetation may assume div
erse life forms, where bomogeneous uvpits of “communities"
sees to be absent or tiny, ahﬁ vhere unusually prevalen; and
destructive :;tuta} forces (Qind, snow, avalanche, fire)
. seem tov defy application of traditional succession-climax
'concepts". They refer‘specifically tc timberlines which in-
clude Larjx lyallii: - "each stand is much mcre cbviously
tnique in 1ts composition and environsent than stands in the

ferest zones below® (Arno &~Hateck:1972, 447).

The existence of a ccsflex pattern in space is also be-

lieved to reflect highly variable conditions over tiame.

Thus Majer (1979:477) espbasizes that, for axangle, thé sort
cf ;steady étate"‘modelsuused to describe veqeé&tion dynan~
ics over periocds of decades or more in cther areas, “should
not te applied to many prcblems of timberline plant ecolo-
9y". This paper shares with a growing bcdy of ecclogical
literature, the view that the convenﬁional succession and
climax oriented views are Aifticult to maintain ip sany if
pct all envifonnents. They are éspecially prcblenatﬁc and

éppear hardly réleva“ in the ugper subalpine zZcne.

g Ay At ¥
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4

in aéproaéhinq our problem we can draw upon the existing

vealth of research into the autecology of single tree spec-

ies, and the physiological ecology of individual trees, at-
tespting tc identify the limiting life-factcr or facter-com
“plex at timberline (Slaiyex. 1976: Baig ¢ Tranquillini,
1976; Tranquillini, 19{5; Hansen Bristou,\1979). The per-
formance of indivgéuals or specias has been related to par-

ticular hatitat factérs in detéil fcr both alpine and su-

balpine zones, at several wvestern Ncrth American lc¢cationms

(K1ikoff, 1965; Fonda & Bliss, 1969; Kuramoto & Bliss, 1970;

Sandgren & Noble, 1978). 1These authors have taken sany di-
rections with these vegetation-environlent correlations,
for example, compariscns with lover elevations, comparison
to cther txeeline 2zones within one region, :>r ccaparisons
across séveral high-altitude regions.

The probles remains, however, that at the ccamunity lev-
¢l, the understanding of subalpine vegetation dynasmics is
pocrly developed. That appiies to the particular problea
which interests this authcr; the examinaticn of the role of
disturbance in vegetation patterns of the . uéper sutalpine,
[isturbance 'events®' (whether suddqg of q:adpal, direct or
ipdirect) are part of the -spectrum of envitcnmental factors
that creat;s and' maintains the patch;ork units on the land-
scape. Despite their acknowledgad isportance, the-discus-

eion cf discturkances, (except for a small literature ¢n mcre

catastrophic influences) and their tisiny, pature, and se-

proverss

PP
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*verity. is subsidiary or comgpletely absent fros many stud-

ies.

3
Y

fer all types of ecosystesms, ®the rola cf disturbances—-

b

vhether natural such as fife, landslides, hurricanes, torna-
does, or floods; or man-created such as forest cutting-- in
fcrest succ;ssiou is becosing increasingly appreciated® (0i-
iver and Stepheﬁs, 1977:563). Henry and sJﬁi\(1§ﬁh:781)
also recognize <this need: 'ihe;e are major @a;;\\fh our
kncwledge of changes in foreést vegetation asscciated iith
different kinds and intensities of disturbance on different
£Eites™.

Mueller-Losbois and El¥enberg (1974:368) seem to encour=

age the cultivation of this iwmportant apprcach specifically

in relation to vagetation pattern: ’

A historical apalysis of at 1le2ast the main groups
of 1regional environmental factors and perturkta-
tions with regard tc their spatial distributicn,
frequency, and intensity in time. Identificaticn
and evaluation of =svcluticnary stress factors de-
pend on a knowledge of their permanency and pat-
tern of operation. .

A discussion of montane ecosystes dynamics (including the

-

role of recent disturbance) by Cole (1977) wmakes the point -

that each ecosystes has an 'averagé' or characteristic typs
and frequency of disturbance which is ‘readable' in the dis-
tributions of coamunities as they are fcund. Equally visi-
ble are changes in these distributions in response to chang-

-

€£ in the disturbance regime over time.

ST SR S P, + ek



L E 6
‘Many subalpine-alpine boundary zones are kmown to éx;eri-
€nce such changes. ldjustlents‘go thes are discernmible in
toth structural and functicnal{ paraseters cf the végetation
ccwmunities (Wwakefield .and Baxfet;, 1979), such as cceposi-
tion, vigour, and current regénerative capacity. Thus, Qis-
cussions and field exa-inatiéns seem to show that a detailed
examination of the actual texture of plant patterns as an
adjdstlent to disturbance is a complex but prcfitable ap-'
prcach. As will be discussed, this can be dope in the su-
éalpine zome using the tyﬁe cf ssall-plot analysis used by
Tix apd Swan (1971), Henry and Swan (1974), Oliver and Ste-
phens (1977), Reiners ard Lang . (1979) and Tande (1979}.
t.L.Snith (1980: 1) Ccites the ne2d fcr explicit spatial de-
tail:  "If stability and stabiliterelated dynamics are to
te understood, the spatial cosplexity must be treated in ap-
frcpriate detail®. | |

|

1.3 QBJECTIVES OF THE SIUDY

Y

The purpose of. the study is t¢ obtain apd fpresent evidence
relating to the prccesses réspénsible for the vegetaticn mo-
saic of a particular forest-tupndra ecctone. The site chosen
lies in the Valley of the Ten EBaaks iﬂ ﬁéhff National Eark,
Alberta. Thexe is unanbiguoﬁs evideénce in the conmunitigs
tetween timberline and tHe upper treelina of ongcing adjustoé

a

sent tc a randge of processes or conditions that are diverse

[

- ¥
toth in sgpace and time. 0f particular interest tfor this .

s et €F B e
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a
-

study is the pattern of conifer regeneraticn follcwing a
catastrcphic fire.  However, that is taking place in the
face of cngoing distdtbing agents which include: wmass move-
sents, heavy and late "snow~-lie, npstible sdils! clismatic
éhanqe. winter drought- and uind-ﬁesicggtion in years oé
short growing s;agcn. Fundamentally this ihesis asks why
.and to what extent this‘particulat mcsaic persists: 1.
Where is it chapging?-: qhat are the>signs of change in the
vegetaticn structure? 2. Where are its conponénts ES€LSist~
ipg? ~ what mechafhiisas are involved in this?

ihé fcrm cf the analysis is to efznine the smain grcugs cf
centrolling envircnsental fattors (including the séitial
distribution, frequency, and intensity o£ pgrturbaticns).
Life conditions in this area are ndar the limits of the doa-
inant species' tolerance ranges. tevere é;ronic stre;s and
periodic disturbanée effects are comwpon. Moreover, these
“have impacts that are often localiseé ia spaée and/or spo-
tadic in time. The Spaiial heterogeneity of habitat factors
is exaggerated by this 'patchiness® 'of disturbing aqenté.
(f particular note are thg regular avalanching of, snowv and
of debris downhill along{linear sttipét'}ngsne: Ks lang,
1979) and the sudden drasatic increase in wind speed ahove
the closed forest. The latter is cQt of all prépcrtion to

i

the rise in elevation involved (Pears, 1968). /

With respect to a detailed examination of the/causal fac-

!

. u e
tors underlying a pattern Kacshaw (1973) gives qﬁe fclloving

g e A

—azerRy



‘ 8
tazn{pg principle. #hen pattern is slight it ie likely that
cne cf fev epvironmental factors control it. When pattern
‘;5 ieryAlatked, it is prcbable that a co-élex ‘set. of con-
trols is involved whose effects and interactions are hard to
separa%e. - 4 reascnable first step is tc examine spatial
patte:iﬁ in the plant cover at a given tiame, asalonq as one

recognizes its limitations. In fact, this strategy ie en-

¥
.

dcrsea for alpime systems bty Scott (1974:5):
i :

The plant cover, 'as the immediately observable
areal expression of the interaction betweer cosgc-
‘nents... vould seem to be the 1logical starting
point for study. A clearer x:dea can be gained as
to possible avenues for further study into other
ecopystem cosponents fros a description of the
vegetation and delimitaticp into communities, and
a visual portrayal of the spatial extent of ccsmu-
nities on a mag. . -

Greig=-Smith (1964:55) wants to esphasize that "detection
and analysis of nop-randosness [pattern] is a starting-point
for further investigation of the factcrs responsible and not
an erd in itselt"., The larger and incessant prcbles in veg-
etation dynamics research is whether vegetation in the main
is shaped mare py disturkance-free periods of cosgetition
and succession, or by repeated disturbance and environamental
fluctuation? (White, 1979:260%.

Hence, most research apalysing the dynmasics cf a particu~
lar wvegetaticn zcne is dcminated ({ccnsciously or wencon-
sciously) by this question: What is the ratid of process
contrcls external to the ccmsupnity in origin (allcgenesis)

and process controls criginating as a tesglt ¢t species or

Fa)
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[
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vithinecomsunity properties (autogenesis)? Sose cauticn is
advised however ag;inst over-depandegce ob this dichotomous
conceptual split. Allogenesis and autogenesis are always
and necessarily present. Hovever, what is central is hcw
)they change in their relative effectiveness over time and

space. A basic contention of this thesis is that by locking

at their spatially variing ratics of effectiveness, ve may.

better u;derstand vhat is.producing the unique cosmunity
patterns.

' The central research. question of the thesis is this:
What are the relative rcles of disturbance and succession in
the maintenance and the dynamics of this subalpine mosaic?
It is hypothesized that, at th2 present, repeatad distur-
kance and environmeantal fluctuation bhave a strenger influ-
gncé on the nature cf this vegetaticn zone.

In order to test this hypothesis, we would hope t¢ define
and examine indicators in the field that should establish
shether preéégﬁﬁ;;getatlon patterns arerlink;ﬁ lofemclcsei}
to the nature and, timing of perturbations (allogenic pro-
cesses), ¢r to progressive, gradual successicn (autcge;ic
Frocesses).

&pecific objectivaes within this general aim are:

51. To detersmine and record the nature cf this vegetation

mosaic:

a) at the present, based on stard structure data.

a dppmam——c < —
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k) in the past, based on direct evidence (e.g., rem-
. pant fallen logs and standing snags).

As has beeg_sugg§s§ed. the distribution, cosposition and
vigour of stands of living trees will be.peasured, and cos-
pared with tﬁe extent and |grovwth forms of the dosinant spec-

ies in the past. | ‘
2. To devise an inventory of all types of disturktance

-

for vhich evidence gxists in tﬂe field, wisth regard
to spatial distribution, frequency in terss of lifes-
pan of the dcminants, species selectivity, and sever-
ity or duration. it is postulated bere that fcr this
particular upper subalpire area, disturbance is one

A of the wsajor underlying wmechanisss resgonsitle for
the series cf patterns cbseryved. |

3. 7To ascertain the degree to vhich tree regemeraticn
patterns may be attributed tc certain envircrmental

~ extremes (stresses and disturtances), and tc assess

their effects on the abundance and development of
persistent vegetation features. (tree islands, balds,
avalanche associations, etc.).h -

4. 1o address briefly whsther disturbances shculd be
ccnsidered pétt of the definition of the norsal envi-
ronmental setting in all syété-s, nct only in a fre-
gquently-disturbed life-zone like the subalpine.

In discussing this particular case, one2 can hardly ignora

the gquestion- to what time-scale and what spatial-scale
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ghould statements about vegetation change refer if ihey are
to be valid and useful? The accuracy of such statements
changes as one refers to landscape uni‘g’ of different lev-
€ls. Inrtack there is an ongcing ccntroversy in secondary
gsuccession literatuie that revolves partly, the author be-
ligpes, around %he iéilﬁ;;\io take account of such scale-re-

lated questions in the interpretatiom-gf vegetation status

Ch any given sita. \

.4 PEIVIQUS WOBE -

1
b
>

Several investiqatichs have discussed <the relative ispor-
tance o0f periodic difturhance and regenera;fcnal successiog
és key components in}'veqetation dynasics. Their perceived
relative importance varies in every study. Hﬁrk in this
‘area stews frca the ﬁssay af_\iatt (1947) . He proposed a
'cbncept ot ccnuunit} structure =and%§yna-ics significantly
éitferehtgfrc! that widely held at that time. It involves
viewing the plant community as a working sechaniss vhose
Fatchbes (or ghases) are dynamically related to each cther.
Watt stressed both the developmwental, crderly, ‘upgrading’
phase of biomass accumulation and the deséructive, apti-or-
der, 'dovngr:hiqg' phase when tiomass destruction occﬁfs. It
is their alternation that results in the units cr patches of
the comsunity. Tne patches thus produced acccunt fcr

sacrt-lived or persistent patterns «c¢n the landscage. He

urged that the "climax® or Steady state sust include all

R e
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Ebasgses: the very structure of the community arises fros
toth the tendencies tcward and departures fres “crderli-
Bess™. ’
fatt was working at a time when a more linear cction of
vegetation development was dosinant. ‘ Hence his ideas were
recognized and developed only very- gradually. - Neanwhile,
fcllcuing the early work of Covles and Clements, the devel-
opmental model held that gll vegetaticn prcgresses through a
sequence of successional stages. Each stagé has predictable
characteristics, but tends to a statle climax, which per-
sists until some interruption cccurs (H. Wright, 1974:u488).
There is a tendency in this subject (as elsewhere) tc see
stress or disturbance as ;abnor-al', as an interrupticn cr
disruption of the 'normal' prcgress ¢f succession. {That
many of the concepts hpplieé‘ to vegetation response seea to
ke particularly ‘;gxggggélggggjg noticns is conspicucus and
vill ke mentioned cccasionally through this thesis.) How=~
ever,\ as early as 1934, Taylcr reccgnized the 'norsality®
apnd <csignificance of extreme environmental ccanditicns in

tiolcgical comsunities. “Extremes, and especially interamit-

tent or irregular extremesS, must exercise a very pctent in-

fluence indeed on the comgositicn of many a bictic ccamuni-

ty" (W.P. Taylor, 1934:37¢).
In the literature on tespcral and spatial 2xglanations. of
yegetation pattern, it is pessible to trace the changing

view of the role of disturbanc¢e. The authcfs djsqussed next

i v
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bave a comson aim, nDnamely, tc gprovide a clearer basis for

understanding and incorporating the rcle of disturbance his-

tory as a normal process leading to visikble landscape pat~‘

terns (along with a host of edaphic, clisatic and biotic
gite factcrs).  Most of thes have drawn on and asplified
Watt's dyngmjc concept of the sechanisms underi}ing vegeta-
tican pattezrn. However, their conceptual frasework is ?till
a 'minority' view.

Grians (1975) and Harrison (1977) call for detailed
data~-gathering by geographers and field ecologists that al-
lows a fuller und=srstanding of pattern and process in rela-
tion to natural &isturbance. Crian's point, for igstance,
is that studies of the traits of organisms that have been
expcsed to different kiﬁds aBd frequencies cf perturbations
vill put us ir a better positicn to predict the effects cf
new (fg. ‘san~made) and unuysval perturbations.,

Nevertheless, it has recently been reiterated that
Disturbance phenomena play roles im ecosystess
quite independent of human activities
+e«.disturbance at varying scales seems to charac-
terize mcst envircnments; this instability often
bas i1mportant impacts upon spatial and teampcral
features cr vegetaticn. (Vale & Parker, 1980:151)

P.S. White (1979) writks that natural disturbance should
be seen as a crucial part of the landscape patters and not
as a disruption or interrupticn of the *ncra’. His central
gcint is that in studying chang2s in vegetatior comsunities

{vhether rapid or very slcw) it is imporrant to see distur-

tances ag pagt cf the general ghenomepon of dynawmics in coa-~

QTSR p—



supity structure, and that there are¢ probleas with seeing
patural disturtances as pecessarily independent of endoge-

nous comasunity factors,

P

Tbus a gradual evoluticn ip thougbt is cccurring, from
the ccnception of plant cosmunities as norsally fixed, tran-
guil stages only rarely disrupted by external change (which
is thus an *abnorsal* state) to one vhere 'most environ-
ments® are gharacterized by disturbance. It is bpow accepted
that long, stable steps with gradual species replacemant and
internal cha;ge probably‘ occur in very few or a ssall por-
ticn of all ecosysteams. Vale and Parker (1980:151) contin-
ve: "Th2 understanding of disturbance in mcst wild systess
is poor, however, and the causes, gagnitudes, frequencies,
spatial patterns, and effects of various disturbing égents
need to be anflyzed". Among the types of disturtances, fire
has received " considerable atteption. Surgprisingly little
worlk has docusented the significant contribution of other
disturbance mechanisss (flooding, qrazing.‘ ¥windthrew, u;ss
movements) to the character ¢f the veéetation4 in natural
communities.

Dix and Swan (1971) attempted to assess the relative
roles ot \distwbance and biolcgical sucgession in creating
the "patchwork quiltY of largely honogenéous unjts in north-

‘érnféagkétcheuan's boreal forest. They were interested in

whcle-stand bebaviour and in placing each community vithin

an alternating “pulse”™ cycle. Pericdic severe disturbance

{

e



‘necug stands which shov no signs cf recent disturbance
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‘by fire and windfall emerged as the main ccntrol with the

result that wmost stands vere dosinated by ope species and
little succession had occurred. Dix and Swvap think it inap-
propriate to apply a ¢1jsax copcept to ccmsunities so fre-
guently distu:beé. That agrees with a grcwing view of the
subélpine z0ne. ‘

Unfortunately, a cosmsop techpique ipn sany succession

studies involves the inclusion in the sample ouly of homoge-

(i.e., in the lifetime of the living treés) (Wirsing & Alex-
ander (1975) , Whipple & Dix (1979) are examples). It is
true that the data thus collected can be claséitied into
‘representative’ stands, the negative and positive plant as-
sociations defined, site factors correlated vith the identi-
tied comsunity types, and comparisons made for sisilayxity or
dissisilarity with‘fther stands. Howvever, this sét cf tech~
niques introduces some sinélicity and possible artificiality
into the ccnclusicns on veqetatioﬂ change. Meanwhile the
. .

"pessgy"™ aspects of co-nuﬁfz}fgtructure and cosglexities of
cverlapping patterns which are lost or ignored in the search
for homogeneous units, are potentially very valuable a§
that should not be "sampled out", Deliberate exawmination ct
these aspects remains excepticnal in the literature.

beff (197u4:245) advises that spatial heterogeneity acd/or
instability "must be recognized as fundamental featuxes of a

natural situaticn® and nct a drawback of field data to be

P
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. peglected. it certainly is true for the subalpine-alpine

situaticn that unifora conlunitiés are small or hard tc dis-

cern and difficult to map-- environmental hetercgepeity con-

L

founds the search for readily classified patterps. .

\ As regards the study cf disturbance as a process in gy~ %

L, talpjne patterns, ~ the research coverage is very thin.-
»«’ Sharpe (1970:32) ' speaks gi:éttly of the lack of infcrmaticn.

] cn the importance of disturbance at the "sybalpine-alpine

boundary- "nor has the effective climate for seedling estab-

. ol
lishment apd survival been dealt with satisfactorily at tias-

terline®. 'The effects of increased environsental stress (on

‘1 ‘ the phxsiologi and iorpholoqy of individuals) in determining
Pt | the upper altitudinal °limit of tree ggovth .are now roug;ly
kncwn, but the development and dyzénics o% actual tree
groups and krussholz cossunities above timberlive have only
cccasionally been rgcofded {see¢ Franklin et 5}., 1971; Barr,
19717 . Generally, ngither the aim nor the ?:LcéiCQ of bo~

 tapiste or autecologists has leen to incorporate historical

. o and disturktance factors intc the investigation of vegata-

i

tion-environaental correlations. However, a .fevw bicgecgra-

e

phers (listed above and below) have begun to gtienﬂ to‘thés )
) need and have abpropgiate Skills to apply to such interpre; ] )
taticns cf landscape pattefn;' }
This thesis tocuses on the rcle cf disthrban;e (as a cen=
. = tral property of environmental change) is groducing an eco-

tonal vegetation gggig;gg altarnative fccii could be its

etfects cn biosass production, cr on plant Ehggg;égxl Stud- -

v
i es oo "
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ies cf the former are rare (and nearly non-existent for the
Canadian’ Bocky Mountains), while work ‘on the latter two is

ccpicus by ccnparisch; A unique study by Canaday aud Fonda

(1974) interpreted the effects of a gsingle environmental pa-

e et dan

raseter (Yhe var;abié accusulation and - duration cf sncu~
packs) on all three: péttern, production, and phenology, :
fcr an area in the Clyspic Mourtains, Washington.

The few works investigating the actual texture of vegeta-
tion patterns visible as landscape features in thé Upper su-
talpine are recent and of areas widely separated gecgraghi-
cally.~ An excellent example for ; ‘single peak @n Naw ' |
Haspshire (Baldwin, 1977) describes and maps a wide range of
features. These include gresent tiubefline plant ccmauni~

ties, their distribution and ccaditicn (gicuth rates, seed

_production, age groups); the plant babitats by zcne (their
SOils,' local climate, ‘neso-‘ and micre-~tcgeyraphy); and a :

, SRSt

conplex disturbtance history of fire and human recreangﬁ?\\N“H“M_%_ﬂ**;_&m;

-
A s

2

Fcr tcth montane and subalpine forests of a sit; in west- ’ ;
ern Cregon, Cole (1977) demonstrated the links c¢f hc:r cur= :
reant vegetation and past successicnal trends to topegraphi- i

. cal position, . slope and the ‘extent and  intepsgity of
disturbance khunan inflqénces. mass sovements, fire recur-
rence) s Here is one of the few cases of‘a tiogeogragher an- -
alyzing both. temporal and spaiial ‘variations in the distri-
tutico and vidcur cf tree sgecies and cénbarinq' then for - (

adjacent lightly- and heavily-disturbed sites.
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‘Bonnicksen (1975) and vankat and Major {1978) recorded
and inie;prgted vegetaticn changes c¢ver space and through

.tise in Sequoia National Fark, California, using the present

Y

age-population structure cf the trees and the historical and

phctographic record as evidence - sources. Land use changes

and fire suppressicn enetgéd'éngihe primary mechanisms of
vegetaticn change. Some of the long-range effects alreagy

ir evidence and predicted for the future ‘ére scil degrada-

ticn, landsliding, forest to trushfield conversion, and loss

. - -

of genetic quality.

The parallel impacts of environmental stress and change

cn vegetation and scils was the focus of tsoc investigations

cn the Continental Civide: .at Boreas Pass in Colorado (0l-
P ’ -

// i

geirson, 1974) _and-at Bow Pass in Banff National Park (King

€ Erewster, 197§). For the uppeér subalpine-alpine zcne, ol- —

geirscn found the cverall pattern of vegetation an ils is

a prcduct ongjs:n:ica €cmorphic factcrs. The major

ghytoedaphic units thus‘ produced reflect the'natu:e of the
historical disturbance regina’(forest reaoval, fire, mining,
railroad COnstrucéicn, huuénutfgaplinq, a a&ter diversion
_prograw, and grazing since 19221).  The aggravated eccsys-
teas" are contrasted with adjacent undisturbeﬁ sites.

King and Brewster also use the Strategy of exaniniﬁq the
Farallel changes of vegetation and pedogenesis in responss

tc disturbance. "The subalpine at Bow Pass is an ecotone

which is highly responsive to changes in the envircopmental
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state factors®™ (1978:295). The so;ls exhibit a uidé range
¢t wmorphological ccmplexities uhf;h are tied directly to
volcanic a position, forest fires, vegetational change,
and avalanching. their findings are useful as their study
site is only 50 km. north of the author's research site.

Mention shou}d be made cf several _authors sho have
stressed thé rate cf vegetaticn community replacement after
diséurbauces:}iénqenhein, 195€; .Flaccus, . 1959; Khapayev,
1978; Zalikhanov, 1978; and Scott, 1979) and after ccasplete
destructicn by fire (Ives, 1941; stahelin, 1943; Billingg's
Bark, 1957; Habeck & Muctch, 1873). The emphasis cf these

. ™
wcike is on the rate and direction cf secondary successions,

that is, a stand's position cn the lipear segqyence toward
the sprucesalpine fir 'clinéx'. The teagcral 'analysis is
strcng, but spatial informaticn slim cr absent. Stahelin‘'s

useful article outlines the possible successicpal patbways

cn high-altitude ‘burns' depending cn the severity of the

original fire, the pre-fire ccaposition and the scil type. -

Feproduction and ccnifer restccking are especially slow on

sites above the tolerance range of Pipug contgrta because

chce a durable moss, forb orAgrassiand estaklishes there, i%
] .

- presents stiff competition <o tree seedlings. The factors

ccntrolling the persisterce cf varicus subclimax associa-

tions are complex and not well-understood. There will be

'ﬁ further discussion of this effect of‘extant cosmunity type

ch regeneraticn success in Chapter 4.4.

S R T
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in 4 ‘gpent, these Succession studies have revealed that
) gng;gd éﬁﬁﬁ;&x in recovery patterns (both in rate and di-
rectlcufi chgtactetzzes the spruce~fir and timberline zones

such ébte than loue:-elevatlon forests (Baheck and BMutch,

1973.417). This is directly a functicn of the sarked mosaic -

quality stressed carlier, that is, the sharp differences in
substrate, nutrient and scisture availability, wvind speed
and therefore air tenperature,. over short distances. Once
akove the ;leliorating effects ¢f the closed forest, the se-
verity and recurrence rate cf envircnsental extremes rise
drasatically (Pears, 1968; Tranguillini, 1979). Por an al-
pine tundra éite in the Beartccth Range, Wyoming, -Johnson
and Eillings (1962) ;eccrded extrese clismatic variability
cver just two tield seascns: their 1959 dat?j)éhéus much
bighgr vind velocity .and vapour pressure deficits, and only
balf the precipitation of 165§&.

For this same site apgove the treeline, Jchnson apd Bill-
ings effectively related the algine vegetation types to pat-
terns of tcpcgraphic site, sncu‘cové} and wind. Smaller
patteras uith;n 2ach vegetation type are produced ty local
disturbances: soil frost actich (cryopadogenesis), gopher
Eurrowing, agd‘micro- wind patterns. This irtroduces the
roticn of org;nizing the cbserved patterns into several
scales of pattern. Tois apgroach bhas cnly very recently
teen isolated and explored. Vale and Parker (1980:151) en-

courage biogedgraphers tc explore the potentials of this

CCcncept:
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Cf particular geographic interest is the gquesticn
of the spatial scale of disturbance patterns.
Though large-scale events generally initiate suc-
cessional seqnences...staller-scalE events...have
been shown to be common in’'most forest ecosystess

. where they are essential to the maintenance of
eveh a so-called climax-type plant cossunity.
Closer exawination c¢f this continuus of spatial
scale of disturbance may provide insight into such
basic concepts as threshold areas neceesary to jin=-
itiate cycles ¢f species replacesent.

This particular kind of organizaticn of the variation in
veqgetation has rarely beeﬁ/gztenpted. The search for mecha-
nisms and “causes" underlyinq%iandscape pattqrns can benefit
frca this activity siwmply c¢f grdering scales cf spatial pat-
tern as a claritying first steg. The geographer's training

in discerning and delineating gatterns first before attempt-

ing the causal-analysis of their crigins and their tiologi-

cal and bhuwan significance «can bring insights intc areas
v

shich sees to display "nuddy" vegetation units. Befcre pos-

‘tulating the history of mechanises bringirng about these het-~

€rcgeneous units, an organization cf ‘patches' into several
crders cf pattern, and a reccgnition of pieces.of terrain
with an overlap of several patch sizes and types may help to
cegarate the overlapping and/oi cunqlgtive affects of -a mix

4
cf causal sechanisas. 7
by

;

only one good study of thidﬁEypé’;;; found. 1In the White
Bountains of Nev Haapshire, R{iners%and Lang (1979) studied
pattern-generating processes ihf the fir zone vegetaticn.
They identified ‘}egeral, or first-cider patterns cver the

landséape that are produced by elevation and wind exposuze.

v o,
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) series of seccnd-crder patterns cverlying the general pat-
tern are created on the one hand by acute disturbances suéh
ae hurricapes and avalanches and on the otbher hand Lty more
endogenocus factors. "Some were found to create abrupt chang-
€& or marked features and some more subtle textures on the
landscape; They ccnclude {p. 405) t£at *a ccnceptualization
cf vegetation as a hierarchical series of ;verlappinq pat=
terns is an extension of Watt's view of vegetation dynamics
and Lears ilportaﬁt ecological ilplications". Such a meth~
cdology has considerable merit for the subalpine zone and
was chosen for this research: to present a series of ob-
served patterns, tc discern and describe the extent and na-
ture of actual patches, and to postulate the gepesis of
thes¢ overlapping scales of pattern for a single piece of
terrain.

This study was undertaken partly in response to the lack
¢t mesoscale level studies relating species and envirOnuén-
tal patterns in the subalpine. This lavel of exan;natiou
falls iiduay between the microscale (the physiological re-
sgponse of the individual tree tc site) and the regional or
sacroscale (where the large-scale response of whole 'associ-
;tions‘ and vegetation zopes is the fccus). There are sig-
nificant and interesting mescscale differences in species
survival, density and performsance on this site. The author
hopes not cnly to report but to explain toth the changing

and persistent spatial patterns in this subalpine.



23

There is no doubt that this proposed explanaticr of the.

crigib of subalpine commynity structure and pattern can be
partial at best. It does not attempt to analyse the com-
tlete environmental cosplex circuascribing the distribution
(in a static sense) and develogpsent (in a dypnamic sense) of
vegetati?n pattern. . A ccmprebensive analysis of the eavi-
ronlenta; complex, which matches vegetational gradiernts with
clus{ereb environwmental gradients, has been accosplished
with adsirable detail for otber regions: see Langerhein
(1962), Patten (1963) and Klikcff (1965), for bigh-altitude
ﬁ ,
belts in Colorado, Montana and California, respectively.
Mueller-pombois and Ellenkerg (1974:410) point to the
need to establish a spatial c¢r gecgraphic ccnceptual frame-
vork "within ‘which cossunity dynasics and stability can ke
studied in detail with regard to the kind and saverity of
perturbations and the response of bioclogical ccesunities of
ditfering sizes".
While wusually a considerable part cf ccamunity
structure and pattern can be exglained from an
analysis of current envircomental factors and ccw-
petitive relations ameng the species, ancther gart
canpot be understood without an appreciation cf
certain significant events (in the fors of pertur~-
bations) that took place in the past... ve are
primarily interested in the manifestation of such
past events and in the didentificaticon of their
causes (Mueller-~Dombois & Ellenkerg, 1974:359~6C.
A helpful but perbaps unusuval reference to include here
are coamsents by Hewitt (1980:309), who is speaking cf hazard

and disruption in hupap systess but which sees applicable to

guestions of "vulnerabili<y" in plant communities as well.

- e,
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Bis ccncern with response to destructive or distressful phe-
Dcmena and the details ¢f frccess and pattern of dasage
which emerge contains a clue fc¢r the bioqeoq:apher. “"The
actual vexture of failure and survival- the spatial
[crganization or) disorganization within dasage zones~ would
tell...such about~ the specific Sources of vulperability".
Like HE;iﬁz, Kellwan (1976:19&) speaks to the ilpo;tance cf
the actyal pattern of destruction and recovery acrcss and
within the site. The future direction and rate of succes-
gicn in a stand is linked directly to the .'patchiness' cf
disturbance: its selectivity, its intensity and its distri-
bution. Greig-Smith (1961:695) advises that it is useful to
deal not merely with the gresence or absence of species but
vith more subtle @ifferences in éheit performance wjithin
their ranges of tolerance, if the causal factors of vegeta-
- ticn pattern dre to be understced.

It has been seen that a numker of studies encourage: (a)
the extension cf the dynawmic (vs. the develcpheqtal) concept
of vegetation change and (b) the detailed examinaticn of
visikle vegetation fpatterns to better distinguish the sever-
al prccesses producing them. This appropriatz comment comes
frcm Kellman (1975:116) in Plant Geogzaphy:

cnlightened interpretacicn of the patterns of the
earth's plant cover requires an increased fasxil-
iarity with the ccsplex processes and mechanisas
that operate within it. 1This requires not cnly an
appreciation of the fundamentals of plant biology,
but also a familiarity wvith the developments tak-

ing place within plant ecology, population biolcgy
and evolutionary theory.

o A s
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Given that discontinuities in time and space (sSome
abrupt, sose gradual) exist as vaegetation patterm, it is an
incipient challenge to Licgeographers, geobotanists and
ecologists to identify and interpret the‘ machanisas giving
rise to thes and to provide a Lasis for understanding their
significance. To gquote Jchpscn and Billings (19€2:1995),

*such remains to be done before the probless invclved in

fattern-groducing dynamics can be solved”.

1.5 ORGANJZATION OF IBE BEJBABCH

The presentation of wmaterial in this thesis follows ' the
steps involved in the research.

Chapter One has given the backgrcurd to the research, in-
cluding a review of selected relevant literature.

The next chapter will iﬁteruce the general conditioms cf
the study zone as well as the wethcds emplcyed to meet the
cbjectives as given. N

Chapter Three preésents the axesults of the vegetaticn sur-
vey data analysis as an evaluation of the character cf com
sunity patterss and the perforwance (successional status) of
the dowminant species. Changes in the zone alopg beth hori-
zcntal and altitudinal gradierts uili describe the present
vegetaticn and give a curscry recconstructicn of the extent
cf fcreer vegetatiod. Generally, then, Chapter 3 answers

Cbjective Gne.

;
|

[P,



26
N

Chapter Four continues the presentatica of results - by
discussing hcv the c&iﬁlex disturbance regime lends complex-
ity to this patterning of vegetation. 4 sisple hierarchical
ordering of the spatial scales of fatterns is discussed.

Chaptexxréur, therefore, speaks to Objective Tvos
In Chapter Five, the results of Chapters Three and Four
ar¢ synthesized and discussed. Whether the conventional
succession/clilax codcepts are appropriéte in clarifying su-
talpine vegetation dypamics is evaluated. The isportance of
;gggé;g;ing the *disrupticn’ phases ipto an understanding of
cosmunity davelopment is stressed. This chapter speaks to
ceveral guestions of additional interest, for example, wvas
the fcrmer forest ccver a relict in scme sense from times of
prior warsth and therefore when felled (i.e., by fire) will
nct xeqe;erate? Evidence sources cf clisatic change for the
last several centuries wvill be looked at. Cencluding re-
sarks will summarize both the steps cf the research and the
interpretation of the field situation. Somse possitle av-

€nves for future e<xtemsicn of this type of project will be

given.
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Chapter Ii
STUDY SITE AND METHODOLOGY

4.1  DESCRIPTION OF STUDY SIIZ

Lecation: The site studied is part of the Valley of the
Ten Feaks, llbettg, wvhich is lccated 15 km by road south of
lake Louise townsite in Banff National Park (see Fig.2-1).
This area of the Main Ranges of the Rocky Mountains is char-
acterized by rugged, glaciated, mountains aﬁd vide river val~
leys with a mix of glacial and postglacial surface deposits.
There is great variety of terrain over short digtances.

Geology: The geological substrata are composed’ of nearly
hcrizontal layers cf Precasbrian to upper Cambrian quartzi-
tic csandstones, limestones, shales, and dolomites (Gardner,
1970; 1972). The strata are thinly-bedded, jointed and of
varying resistance to erosion, regullinq ?n a "cliff and
tench® type: mountain slope (Gardner, 1978:2); Local relief
is ip the crder of 1200m-1800s tssuev-§u72').

Iopograghy: The arc of steep, cold north-facing cliffs
of the Ten Peaks thesselves foras the south and west walls,
ranging in elevaticn froo 3045:*3&15m (10018'=11235) ., The
circle of peaks is coapleted on the north by Eiffel Peak
3671 (101071'), Pinnacle Mt. 3059m (10062'), and Mt. Temple
3E34m (11626'), the highest peak in this part of the park.

- 27 - ‘
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The general morphology of the valley (steep, gecmorgphically
active nporth-faces and sunnier, vegetated south-facing
slopes) is similar to that of Paradise Vvalley to the north,
Consolaticn Valley to the east, and Boos and Tokuss Creek f

Valleys to the south. Gardner hasJidentified and mapped the

screes aad taluses, avalanéhe debris slopes, lapdslide de~

posits and fluvial deposits in the valley's qlpine zcene.

« The valley floor (approximately 11 ka long) iytis%s from t
1625m (600C*) welevation at its junction with the -ain'Bou i
Fiver valley to 2600m (B550°') elevation at Wenkchesbha Pass ‘
on the Continental Divide. Barly wvisitors noted the great g
prcporticn of the valley above treeliné in contrast to |
neighbouring Paradise Valley (Gest, 1970:7).

Prainage: Iﬁe valley contains two lakes: Moraine Lake,
elevation 1881m (6190") frcm wvhich Moraine Creek flowvs
rotrttheastvard to the Bow Rivet; and Eitfel Lake, elevation
2244m (7380'), above treeline, which was formed by a large ' '
rcckslids from Neptuak Mcuntain blocking the upper valley . '
{s¢e Fib.Z-Z). It bas no visible cutlet but drainswdoun- 1
valley under the rock debris tc Moraime Lake. .

ienkchepna Glacier: Neatrly five square kilometres (2
8i?) of the upper valley are ccvered by Wenkchesca Glacieg,
¢levation 2;80- ~19%0m (7§cov-euoo') at the foct of the Bow
Fange (the Ten Peaks). This glacier was advancing irtc the *
sui&lpiné throughout the ninete¢enth century until as recent-

ly ae 1584, but 1s now re¢ceding and- shcvs nuserous slusping



30

"7 (.082) wgy
19A101U) 4noju0D

wy ) 0
1|IIJ

supgiow jBiele)
obBg ujsuoosm

>35>
180dep epysyooy

T

0} 481080

usBia0 syoueiwAR .

JOo/pUB 18108 JO
93} peIeAOD 8lig0

‘ON3DIT

-

»

"



N

and stagnation features in the 'weneer c¢f rock debris on its

surface. (Kucera, 1974; Gardner, 1977:58). Cead trees $an te-

seen protruding fros the tée of the tersinal moraine: tree-
line is depressed t¢ as lov as 1950a (6400°*) by th; glacier,
the very ccld conditions and the little direct sunlight re-
ceived on this side of the wvalley. 'The stream draining
#enkchemna Glacier ehters Moraine Lake after dropging 64m

(210*) in 0.8kms (.Smi) (Kucera, 1974:42).

Glacjal History and Deposits: Several sajor Wisconsin

glaciations affected the Valley of the 1Ten Peaks anﬁ the
sost recent, the Eisenhoger Jynctidn advance, left fhe pges-
€ent ugntle of debris on éhe flcor and nortﬁuest side {Shaw,
1972:41) . The proainent lateral moraine runs 7.25km (4.5mi)
alcng the porth side dividing thbe main valley and Larch val~
ley (see Fiq;z-Z). it largs the upper limit of Eisenhower
Juptction ice {a thickness'of approximately 3208 (1050') ]
which retfeated 9,330 ¢« 170 yrs. EP (Rutter, 1972:38).

Gaxéqet (1976a) located several sites gof sorted polygons and

* , . 14
gelifluction activity evidence in the upper end of ;the val-
h .

ley; ' -

Thig investigation focusses largely om the high lateral
'noraine\and on the”éhanges in vegetation over its length and
altitudinal gradient.  Evidence exists in’tée upp2r reaches
éf thle valley for Neoglacial ice advances (see Ga#dher,

‘ .
1972; 197s),, but since none of these recent episcdes direct-

ly affected the study site, these will nc¢t be presented

B L e
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here. Bouever."changes in thé clinati& regime inferred from
these glacial advaﬁcés and recessions have bgen isgortant
for vegetation change, and these will be discussed in Chap~
ter Five.

The wsorainal degposit 1is fpredowsinantly calcareous till

with a large ccmponent of gravel-sized quartzitic sapdstone

_(Bui&er. 1972:39) . To an elevation cf 219Sn (7200%) slopes

are noderate,'but above this to at least 2380m (7800°*), the
soraine is steep ;nd Butter (1972:Map 1324A-key) classifies
its surface as strcngly mcdified by sloéevash, with bedrock
cutcrops common. Slopes in this portion average 280--352.~
"The steep switchback trail frca HMoraine Lake to Larch val-

-

ley crosses swmall drainage channels that have been cut
;h;ough the moraine" (Kucera, 1574:19). . - Lf»
Soils: Very generally, the soils of the valley are thin
and stoney, but they have not keen studied in detail. Iin-
vestiqagions at npearby sites in the Main Banges {(Cgilvie,
1969; - Knagik et al., 1973: Harris, 1973; Mark, 1974) have
described the dgeneral formaticos. Lue td the variety cf
surface parent materials (weathered bedrock and gl;cial de-
txis) and to highly variable local climatic conditions, the
rate and pathways of soil development bave bteen diverse
(Eowe, 1972).’. Where slopes are stable and wvell-drained,
challov humo~ferric Podzols have formed; Regosols and eutric

and dystric Eruniscl prcfiles ars frequent; and on the val-

ley bottom, ' Gleysols and Crganic Peats are found cn peorly -
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drained sites. On steep portions 6f the lateral moraine,
lcw ciganic naiter production along yith geomorphic process-
es (the downhill wasting of snov and 80il) have prevented
the development of a thick or stable scil wmantle except in
isoclated micro-depressions.  King and Brewster (1978) 1link
the complex range of pedcgenic pathways at Bow Pass (50 ka
poxth) +to a postglacial history of changing envircnmental
cecnditions, inclﬁding forest fire, avaianching, and vc¢leanic
ash deposition. M#cre detailed cbservations on soils will be
piesented in conjunction with <the vegetation magping in

Cbapter Three. ]

| ¢limatic gegise: The environment of the study site is
characterized by long, sevare winters and short, cccl sum-
mers. No exact climatic data are presently available, but
genezral condition§ are roughly knovn, Lased om metecrologi-
cal records kept since 1531 at Lake Louise village (15 ka
porth of Moraine Lake and 347m (1158*) lower in elevation).
keans of over 40 years of data are presentad in Fig.2-3;
Lata for th<® Banff statich are presented fcr compariscn (al~
tbcugh it is 46 ke southeast of Moraipe Lake and 484 au lower
in elevatigg).

The prevailing wvinds bring wmaritime airmasses from the
. west which regularly meet contimental systems. "The con=
frcontation of air mass types fplus the high wscuntain situ-
aticn create complex day-to-day veather in the area" (Gard-

ner, 1978a:2). Daily minisum and msaximunm t2mferatures range

L eeslan A T
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videly, as do seascnal temperatures, fcr exasple, a winter
lcw of -40° C to a Summer high of 30° ¢ (86° F) (Cgilvie,
1976:34) .  Por Lake Lﬁuise, Bowe (1972:144) gives a January
average daily asinisum of -21.7°c and a July average daily
sazisus cf 21.7°Q.

Cver half the mean annual precipitatica of 78 cs» (31%)
f&lls as snow. Both the total rainfall and amsount of snow
increase vith altitude, wbile generally tesperatures decline
vith altitude, on average 0.5 to 0.79c pér ibO} in the sus-
mer (Gardner, 1970:36). ' Ecologically, environmental lapse
;ate is important ktecause of the retarding 2ffect on the
‘'grcwing season and on plant phenology (Ogilvie, 19€9:26).
The mean annual temperature in Lake Louise is atout Obc, S0
at the study site it is certainly vell below freezing, and
thermal extremes are greater. Both freezing and thawing
temperatures are experienced ip all mcnths of the year. Es-
timates of wmean frcst-free days per year vary from 119 in
lake Louise: (Gardner, 1$78a:2) tc¢ under 45 days at lake
Icuice (Harris, 1973:1173), to fewer than 7 days in the al-
pine tundra zone {Cgilvie, 197€:37).

No wind speed measuresents are available fcr the area,
but #ark (1974) and Ogilvie (1976:35) affirm that windspeeds
are low in valley bottoss and on lee slopes, but increase
rapidly with elevation ard on expdsed ridges cr shoulders.

~Ccrrelations between wind and snow patterns will b2 present-

~ €d in Chapter 4.2. |

books omnt Jems
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Agpectsresotopography:  The importance of aspect and si-

crotcpography in creating environmental heterogeseity cannot

be stressed enough. Gardner (1969) recorded lover tempera-
tures, delayed date of release from snow cover, and a larger
nusber of freeze-thaw cycles on north-facing relative to

‘scuth-facing slopes. South or west slopes)are exgpcsed to

drying vinds, reduced sncw ccver, and high light intensi-

ties. Ultraviolet radiation increases vith elevaticn and
degree of slope. Where these slopes are steep and their
goils stoney, zrunoff of rainfall and snowmelt is accelerat-
ed. Under thes2 habitat conditions, drought susceptihilitf
increases tcward the end cf the growing seasch.

Soil ‘moisture availability is also linked directly to
soil temperature: one of the saih inhibitcrs of plant pho-
tcsynthetic activity is frozen soil water. $0il tempera-
tureé fluctuate over a wide diqrnal .rapge in the short sus~
mer seascn but resain belcw Ooc for 6 to 11 months of the
year. In protected micro-environments (i.e., in the lee of
a boulder) or on Jdark materials, the unusually bigh radia-
ticn inputs can create ground surface temgeratures high
encugh to be lethal to seedlings of conifer speéies (Day,
1963; Mark, 1974). These lccalised drought conditions in
the growing season, and winter drought dJue tc frozen éoil
water and desiccating vinds cccur frequently "?espite high

annual vater surpluses™ (Mark, 1974).
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The importance of thé re-distributicn of snov by wind is
uell-xecognized (Kiikoff, 1965; Billings, 1969; Marr, 1977;
Major, 1979). Where it is not removed by wvinds, sncw accu-
sulates to great depths and may persist throughout the sum-
ser in cold §haded situations. In the region éeuerally, a
sncw cover of 1 to 3m persists in the valleys for up to 6
sonths a year (Gardmer, 1570:136). Kucera (1974:39) roughly
estivates a maximus of 6-9a (20-30') snowfall annually in
the Wenkchemna Glacier collecticn area. Harris® {(1973:2174)
secasuresent of .z.2m at Ver-ilioﬁ Pass, 14km to the south,
elevation 1646m (5416?) is likely an accurate average fer
this study site. Comments will be made in the next chapter
cn likely snow depths judging from txe¢e morpholcgy evideqce.
+ The meteorological data wculd suggast ™an average of two or
three mcnths between the last and first heavy snowfalls of
any one season"™ (Mark, 1974). The position of the valley on
matic regime: a ‘vinter' blizzard vas exgerienced in thes
upger third of the valley in wid-July 1979. .

Because of the west-east crientation, extremely gusty
vinds coming through Wenkcheana Pass are a constant feature
¢t the valley head and its northvest wall: drainage cf cold
" air along the valley bottos is cowmon.  Nocturpal teampera-
ture inversions are ;ery comscn in the regiom (Cgilvie,

19¢€9:27) and in winter say persist for several days.
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Jegetatjon: Vegetation zcnation reflects the wsosaic
quality of these habitat conditions. Variety in fixed site
factcrs (eg. substrate, soil texture), and variability in
physical factors over tise (eg. diurnal, seasonal, and annu-
al climatic fluctutaticns) contribute tc complex vegetation-
" énvironment correlations.  For instance, the revexsed‘laﬁse
rate that acccmpanieés thermal inversions c;nfounds a silpie
‘explanation of plant community distritutions.

For introductory purposes, however, the two main vegeta-
ticn zoneés are Subalpine Spruce-Pir Pcrést and Alpine Tundra
(tervinology: Rowe, 1972). The main conifer sgecies of tﬁe
. forest are pjceg engelmandii (Evgelmann spruce), A!i£§‘lé§i‘
ccark2 (Alpine Fir), and Larix lyallij (Alpine Larch). Only

scattered individuals of Pinys albjcaulis (Whitebark gine)

|
|

are found. Deciduous trees are found coly in the lower
third of the valley on avalanche tracks or fluvial deposits:
Egrulus tremuloides Hichx. and Betula ocgidentalis Hcck. are
lacking completely in the upper subalgine.

Continuocus coniferous forest cover extends tc about 2226a
17300'), but individuals cf the three main species are found
UE to 2501m (8200') (treeline). The great vidth of the
transition between the closed forest and the open algine
vegetaticn is a striking feature in the Valley of the Ten
Feaks. Ogilvie (1976:36) refers to the entire trapsition
zon¢ as the timberline zone: its Europe¢an ters is the

Kaspfzone. Chapter 3 will ccntain the results of a detail=d

PRL THVESI SN
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reccopaissance of the npature and exteat of <the ccasunity-
types making up this transition.

Husan Use: It should be ncted briefly that considering
its relative accessibility, bhuman alterations to Wenkchesna
ﬁalley have been rini-al. in ccn}ariscn vith ;he substantial
effects upon landscapes elsewhere in the region. The vege-
tation cf the maip Bowv Biver Valley is largely a reflection
c¢f historical human patterns of environsental wsodification
{Eyrne, 1968). In contrast, hcwever, its higher-lewvel tri-
kutary 1s untoﬂched by logying, ‘nining or livestock grazing
activities (Byrne, 1968:121). The wholé Lake Louise dis-
trict was designated a$ reservation in 1892 and incorporat=ad
into Ekocky Mountains Park which h;d keen fcrmed in 1887 and
was re-paméd Banff Mational Park in .1930 (Eyrme, 1%68:143).
s a result, on this study site there is no evidence of
telling for fuel or construction as elsewhere in the Bow
Valleéy region. )

; brief sketch of the human use of Horaineitake is given
in Table 2-1. Today the road and hiking trail lead to Mo-
raine lake where there is a lcdge apd cabins that are‘open
che season only. . ve;l-uorn foot pgath leads up and along
the lateral moraine to Eiffel Lake and b;ancﬂes intc Larch
Valley and to sentinel Pass. NO tenting is allowed in ei-

ther valley. As Gardner (1978:5) novteeg, "fortunately, (de-

velcpwent) has been prudent®,




* Table 2-1: History of Human Development

in The Valley of the Ten Peaks

“ . = - m

1

1893

1899

1902

1908
1913
1920

1921

Wilcox, Allen & Henderson first sight valley from Sentinel
Pass while exploring Paradise Valley.

Wilcox first visits Moraine Lake - camped "there, wrote
of his impressions; photographed the area. Attempted to
take pack horses to Eiffel Lake but the way blocked by
rockslides. Refers to frequent smoke from distant forest
fires in Bow River Valley.

5]
James Outram notes: a broad and easy pack trail almost
completed to Moraine Lake.

Accommodations for climbing groups (Alpine Club camps).
Many tenting ﬁarties (from Gest, 1970).
‘A permanent and comfortable mountain camp.

Road from Lake Louise was one-lane, one-way traffic by
schedule. :

The C.P.R. erected some sleeping huts.
A two-room cabin built. .
Opened again after closure during World War II.
Small chalet sold to Brewster Tramsport Inc.

Road widened and paved; parking lot enlarged.
Public campground (occupying one of the old camping

sites) closed due to excessive wear on the vegetation,
and waste disposal problems.

— —
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2.2 SELECTION OB STUDY SITE

Blthough a few references have been sade to the vegetation
divisions found in Wenkchesna Valley (Wilcox, 1916; Gardoer,
1978a), .no systematic attempt has beend made to describe or
analyze the ccmsunity patterns as they are found. The focus
¢f this study is the structure and dynamics of the tisber-
line zone. The ain is tc analyse temporal and spatial vari-
atiors in the distribution of tree species within this for-
e€st to tundra transitios. In. patticular, disturbance
etfects, woodes of tree regeneration, and the nature ¢f the
vegetaticn pattern are linked, and the sigpificance of their
relationship addressed. .

lopographic map and‘air phcto coverage cf the area are
gcod. General iﬁfornatiou on the history, climate and gecl-
©gy was available.

At vas suggested in the precediang section, the sain focus

cf 4, the primary apd detailed surveys was the southwest-,

south-, and southeast-facing slopes of the high lateral mo~ ¥i¥

1aine that constitutgs the north wall of the valley. Prisa-
ry field survey and air photo work was alsc done on the val-
ley floor. The coniferous forest on the south side of the
valley is trunéated by Wenkchesna Glacier (see Fig.2-2).

1he interest in this treeline zone vas sparked on a visit
through the region in July 1979. Part of +the general ra-
ticnale for chcosing this study site was the clear distribu-

ticn of dead standing snags and little~decayed fallen trees

-
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2.3 BETBODS: EXISTING VEGEINIION EAIIEEN |
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, that vere symmetrical and much larger than aﬁyﬂliving trees

at the same altitude.  Luring the prelisinary reccnnais~
sance, it was noted that thé scuth-facing sl?pe of the lat~-
eral moraine is  generally homoganeousg in terLs "of scil and
drainage characteristics and yet veéetaticnqcov?r {particu~

larly conifer regeneration) is very uneven. “Aithough acst

~of the vegetated area of the upper valley cculd d%netally be

b
identi@hed as’ subalpine fcrest or semi-open meadow, wmuch

.

beterogeneity in composition, cover, vigour and density is

€vident. ' ' L

A retuzrn trip ia September 5;5 Cctober %1980 aimed to
stu&f the process controls <hat are perpetua%ing this vege-
tation patchiness. Each of theistaﬁds shc&s differential
zeprcductive success following a nid-ninetéenth ceptury
fire. With this aim in eina, the detailed field work in-
volved veyetation survey work along a grid‘pf transects
throuéh the subalpine-alpine transition. Iheﬁobservations
¢n population structure, vegetation pat-erns ;pd regenera-

tion success were augmented with ccaparative airiphotc anal-

ysis and mappiny.

2.3.1 General Batjomale ’
!

V

It has been pointed out that ir every vegetation btudy, the
I

investigator's biases and objectives affect th# checice cf

) i
sethcds for data ccllecticn (i.e., populaticn sadpling), and

"»%._ o
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data analysis and interpretationk (kexshau, 1973; PFuellez~
Losbois & Ellenbergqg, 1974; Chapman, 1976; Barbour et al.,
19€0) . Since the framewcrk apd objectives ¢f this research
bave been outlined; the purpose of this section is td ex-
plain the pariicﬁlat procedares chosen to meet t?ose aiss,
is light <¢f scme of the features or probless peculiar to
this tiwberline zone.

The methods described here and in sectics 2.4 sgeak di-
rectly tc Cbjective One (page €). 1h'e sources of data and
seans-of obtaining and interpreting them are presented.

- Conside;ahle encouragesent was found in the literature
for conbiﬁiné several methods of documenting vegetatién '
change and §uccessicn (Daubensire, 1968; Henty & Swan, 197&;_
Mueller-Dosbois & Ellenberg, 1G74; Barbour et al., 1980).
These are summarised in Table 2-2 below. The letﬁcds ueed

in this study are marked with an asterisk.

IABLE 2-2: DOCUEENTING VEGEIAIION CHANGE
BEIHCDS CE SIULYING SUCCESSION (‘ -
kixesct Lvidenge:

1. Hepeated Observaticns cver Time on Eermanent Elots;
» Studies of Air Fhotcs from Different Times.
* L. Beference to Historical Records of Vegetation.
‘3. Ltvidence of Change found in the Present Ccmmunity:
-~ ==0rganismic Resains in the Soil {(eg. Biogénetic Opal)
» --The Nature and Occurrenmce of Relics.

ipdirsct Lvidence:
* 4. Study of Stand Structure-- analysis of species ccapositicn

of age classes: seedling, sapling, mature,
S. Interence Based on Studies of Eare Areas, Exclcsures, or

-

PNV
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Separated Plcts of Differing Ages. .
6. Fossil Sequences-~ preserved in peat or soil. . ¢

*
& = -

The use of direct evidence rather "chan i,ndire‘ctAa‘pproach-
‘e:§ persits unusually detailed reconstrection og» past chanqeé
in tree form and distribution. It is recognized that inter-
pretatiionsu of much longer-ters wvegetation change c¢p this
-~ site would réqnite the ‘additicn of paly‘nolcgical techﬁiques
(Kearney, 1981) ; determinations of soil biogenetic cpal con-
;:ent ‘{Miles & Singleton, 1975; Vale, 1978);: or detailed
analyeié of soil developnen.t sequences’ (Bteuste;:, 19?!&; 0l-
geirson; 1974; King-¢ Brewstaer, »1 978) .

4t this stage, bovever, the methcds ncs,£ agpropriate to
_interpreting the site p'atterhs of «this vegetation' mosaic
are: a detailed l;pping of the ecotone fios air phctos and
fielgd observations; the locaticn of seedling establishaent
and its environmental correlates; and a characterizaticzn qf

the current stand structure, as will be described in the

.
£
B

neit section.

~
*

2.3.2  stapd suzvers

Given.the‘ several restraints can the scope of the project,
gome decisions had to be -made regarding the most useful com~

supity attributes to measure and the most effective methods

w

" tor gathering this inforamation rapidly; - Several features

cosacn to the whole zore created protlems when choosing the




43
sost suitable sajplinq and deécriptive matheds. Such char-
acteristics as the bighly contagious nature of sost. conifer

distributiohs. and the prevalent difficulty in defining the

lisits cf an iddividual tree within clumps meant that sést

cf ~ the techhiﬁues' develcged lfot clcsed (lower-elevation)
forests with random distributions were inagpropriate. Arno
and Babeck (1972:421) stress that relatively hoscgeneous
forest units tend tc become tcc sua;l in the upger subalpine
to allou use of extensive gree¢ inventory techniques and they
guggest a series of 10m squares. 7

Fcr detailed examination and field saspling, five spécif-
ic Study Areas were chosen usirg stratified randoa sampling,
as follows. The aentire vegﬁtation“seglent {the upper suial-
fine subzone) was subdivided subjectively into seven more or
legs even-sized segments. _Within five of these Study Areas
{a,8,C,.L,E), taﬁ&ﬁn samgle plots 16 x lOn vexXe located'usinq
cocrdinates ang the tan40|\ punkar table (Kershaw, 1973:30;
aueiler-DOlbois £ Ellenberg, 1974:39). These are shown on
Fig.2=4 cn the upper half of the lat;ral Boraine. Data o;
both the 1living and dead trecs vwere collec;ed by means of
stand surveying by count-plots and belt transects. In Area
A, 4 10x10m regeneration count plots were tallied by species
and size (see Table 2-4), and percentage ccver types esti-
gated (see Table 2-3).

Also, xthe uidelyfaé;epted Foint-centered quarter amethod

vas used ib irea A4, the wmost densely-coverad part of %he

L AR SRRNE Re B o et T
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study site. Two transects 15.25m x 213.5a (50* x 700°') long
vexe runiklong a compass fearing across the contours through

Area A. In total,-21 points located -15.25s apart alcng the

twc transects were sampled acccrding to the Point-Centered

¢uarter method of Cottam and Curtis (19563. This technique
is time-effective as four trees are identified and wmeasured
fEEfégegﬂgénglinq Fcint. Por each identified tree, circua-
ferénce, height, and distance from saspling point vere peas-
ured. In addition, its physical conditicn or ;igour {ac~
coxding to Sprugel, 1976:894), growth fors, gcde of
reprcducticn%(if any), and undé}stoty species were recorded.

At each sampling point, sitehinfornaticn vas also taken:
aspect, elevation, slope steepmess, concavity or ccnvexity
alcng the contour, and comments on stcniness, bare soil and
husmocking. ~

basal rather than breast~height circumference was aeas-‘
vred because many trees were split or multi-stemmed (Muell-
eé-Doﬁbois & Ellenkterg, 1974:96). The circumference values
vere converted to diameter and to basal area va{ues. The

data collected vere grouped into size-class distritutions,

and relative freguepcy, relative density and relative domi-

nance were calculated for each tree species., These results

trevide a quantitative characterizaticn of the stand's coa-
position amrd structure.
Eequiresents of this sampling technique are ghat each

quadrat msust contain one tree, and at least 20 pcints are

[y

g
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needed to sasple a stand. It is most suitable for randos
distributicns, and it recognized that in Area A, individuals
vary éousiderably in their spacing. Abjes lasjccarra ranges
fros a randcs to a clumped hatit and as -a result way be
slightly under-represented in the sample (Mueller-D¢mbois &
Fllenberg, 1974:111-120). GHouwever, this technique is infor-
saticn-e¢ffective as it gives more data than siqpie epecies
_presence and abundance. One lajor bonus of thé Point-cen-
tered quarter method is the derivatién of the absclute and
relative doninghce -easure,- which indicaté; areal cover by
¢pecies (of particular interest inm this study).

Foore (1955).a;d Tahl (1956) have recowmended the
use c¢f dgminapce’ as a wmajor criteria im areas
where particular cosmunities wsay have only few
species and particularly vhere the flora of the
general area is not as rich in species as in con-
tinental Europe. (from Brooke, Petexrson & Kraji~-,
na, 1970:233) -

Areas 4,B apd C were surveyed by a serie# of paced tran-
sects.both‘parallel and perpendicular to tbe ccotours, fcr
the purposes of creating bisect yhofiles (séale drawings of
the vegetation within line strips). Wwithin 4 10x10|‘randon
sasgple plots, surface cover types were recorded according to
the classes shcwn in Table 2-3, and all conifer juveniles
ccunted, accbrding to the height classes in Table 2«4.

In Area D, a chart gquadrat 60.8» x 106.5a (200' x 350°)
at elevatio;‘EHSSu (8050*) was surveyed with 100% sampling

ccverage. To establish a raference system, each 3.05a (10')

grid section was wmeasured and the ccroers of each double~

Ams
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Contour Interval
30.5M (100"

SAMPLE PLOTS

Count plot used for Coverage Type and
Regeneration Survev

Bisect Protlle
In Areas A,B,C: 300m long
In Areas D,E: 100m long

s Belt Transect

Chart Quadrat

Figure 2-5: Quantitative Sampling Coverage
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c¢hecked with the Brunton cosgass. Compass and prottacior
vere used to chart the exact pesition of trees on the grid-
for each shrub its bearing and distance vere detersined and
transferred to the chart (Cain & Castro, 1959:126). 1The
right angles were chécked using Pythagoreanm principle.

Lata collection in this tree-island comamunity included
tree species, beight, vigcur and crown condition, and notes
¢cn slcpe exposure, degree o; slope, general substrate and
understory ccaments. In four additional 10x10m randoaly-lo-
cated plots, percentage cover types vwere reccorded.

Area E was‘studieGbe means of 4-10x10m plots {(400m2)?,
air photo study, and repeated field reccnnaissance. In
these plots, all trees and regeneration size stess (Table
z=4) were tallied by size and spécies. followipg the method
cf Arno and Habeck (1972:&21). As well, surface cover types
veéxre recorded (see Table z-3). The stand structure is de-
rived from these pogulaticn size class distributions.

This section has described ths methods of Qurveging in
detail the specific study areas. : Fig.2-5 shows the loca-
ticns of all sample plots, Bisects, and Belt Transects. it
energed‘that detailed analysis of sw®all plects darived the
vcst suitable (although time-ccnsuming) assessment of the
fine-scale mosaic wmakiny up this transition zone.

4 possible limitation of these pethods is the uncertainty

abcut determining successiopal trends using populaticn size

)
structure iizgsfcfhan ag;ghl age structure {i.e., dated ab-

i

\{,
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Table 2-3: GROUND COVER CLASSES

(a) Ground Cover Types

[}

Live vegetation (including vascular plants, moss-selaginella,
™lichens) .
Dead vegetation, duff, or humus
Mineral soil (substantially lacking pebbles)
Gravel (soil surface largely covered with pebbles < 6 cm
diameter) i
Bare rock (Bedrock or stones > 6 cm diameter)

[

[

—— e I

(b) Cover Scale

(after Daubenmire, 1959; Klikoff, 1965; Arno & Habeck, 1972)

Cover Class Range of Cover Class Midpoints (%)
1 < 5% 2.5
2 5 - 25% 15.0
3 25 - 50% 37.5
4 S0 - 75% 62.5
5 75 - 95% 85.0
6 95+% 97.5

Table 2-4: REGENERATION SURVEY

Seedling Height Class
Species 1 2

Abies lasiocarpa } ' <15 ¢m 15 cm - 60 cm
Picea engelmannii

"Larix lyallii <30 cm 30 cr - 150 em

o T AN U e S - N T e
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solutely by core-saspling). Buchholz apd Pickering (1978)
fcund successio;al sequences inferred by either methcd to be
equally accurate whereas Vale (1977:33) cautioned that a
species' status (i.e., stabilized, increasing, or decreasing
in relative importance) could se estimated only generally
frcs size measurements. In a future study, data on absclute
dates of origin clearly ;ould increase the accuracy of the
conclusicns on population dynamics. No incresent bozinés of
individuals vere taken because of the destruction to both
yocang and mature trees and permission was not granted from
Farks Canada. A dczen tree cores takenm in Larch Valley and
Consclation Valley ty J. Gardn;r in 196§ (1981, pers. coma.)
provided a few absclute ages on living larch and fir speci-~

nens; Eut.ﬁs-it turned out these vere cf limited use to the

furposes of this study (see Ch.S.2 below).

<.3.3 Yegetation Bapping

@

It should te emphasized that ip mapping ccmmunity types in
any life-zcne, the toundaries ares seldom sharp. The gradual
change betwvween units (tha ecotcne), is often drawn at some
pcint midway bezween the two, unless it is a very broad
tramsition. Cgilvie et al. (1976) agree that a broad for-
eét‘tundra ecotone presents prcblems in its realistic repre-
septation om a map: there are difficulties in delineating
the upper limit of the forest and the lcuwer limit of the al-

‘tine where the two are intricately overlappeds They indi-

t
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cate the usefulness of classifying and sapping the traao-
€iticn as a separate tjmberline belt, and Barbour et al.
{19560:198) agree: |
. If the ecotone is unusuwally large, or if several
_types coexist’ in some complex mcsaic, then the
ecotone or mosaic, waay te wmapped as a separate
unit in its owm right.

This is practical only with large~scale mapping, tbat is,
to "map the actual sosaic of tree~islands, krusmholz colc-
nies, and scattered trees™ (Ogilvie, 1976:1%1). In his re-
-;xks on some interpretation prcbless of tﬁe treeline tluc-
tuation pheuceenon, Holtmeier (1979:167) also statas "we
require detailed mapping ’of the gite ‘patterys which are
characteristic for specific timberline areasn.

Hence, the large scale of mapping used (1:2,140) in plece-
ting toth current and resnant forest cover onto the refer-
ence dJgrid allows for the complete ipnclusion of isclated
trees and siéil grcups (eg. clusters of se2dling "inva-
sicn") . The choice of this detailed recording of distribu-
‘tions was delibérate in ‘crder to meet the study's okbjective
tc focus c¢n within commubity dynamics. Sutherliand (1974)
and Hawet-Ahti (1978:189) point out that it is appropriate
tc view large superficially homogeneous areas as cowpcsed of
many ssaller patches and that thegse patches are the ;gggi
sityatiop of iptsrest: closer axamination often teveals a

rich mosaic, altarnating, for instance, with wetter and dri-

er habitats. The scurces cf mapping data were aerial photo-

graphs, field reconnaissance, primary survey and detailed

LR
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stand survey. ?hé vorking base w®maps (Pig.2-4 & 2-%) were
creaged from an enlargement of part of the Canadian Cept. of
Energy, Mimes and Resources Topographic Map, Lake Louise
Sheet, 1980 edition (coptcur interval 30.5 » (100").

Six series of aerial photographs (National Air Fhoto Li-

krary, Cttawa) from over thirty years were obtained for the

atea: 1947 (1:25,000); 1951 (1530,000); 1967 (1:15,000);

1973 (1:27,0006) 3 1977 (1:50,000); and 1978 (1:25,000). For~
tunately these had Leen taken in several seasons. The exas~

ination of these stereo pairs enabled the lccation and ages

cf several features to be determined: landslides and ava-

lanches; the distributicn of lagix lyallii (especially on
autumn pbotos); and zones of scant and moderate seedling es~
tatlishment over the thirty yéa:s.

as well, saingle enlargements were wade of the speTItic
study areas fer 1951 (trought tc scale 1:9,090), 1967
(bxought to 1:2,14C), and 1977 (brought to 1:5,000). P%gm
these, individual trees ané krusmholz islapds cculd te read-
ily 1located and their dimensicns ccapared with the 1980
field data (Hansea~Eristow, 19€(: pérs. coss.). The techni-
gues of analyzing air photos taken at different times corre-
spcends, 1in essence, to seguertial cbservations of a given
vegetation unit (Daﬁbennire, 1568) .

Eight square Kkilometreés were covered by primary survey

(the entire zone ccvared by scme ccmbinaticn of forest and

tundra), while detailed survey covered a localised area of

-t
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2.5 km2 For the defection of pattern within .this brcad zone,
the advice of Shimwvell .was taken, who favcurs concentrating
cn the resulférof vegetation §t;uctu;§;1analysis: *The de-
tection of stands is then based on différénce”betueen exter~
pal and internal uniformity, that is, vhen a patch of vege-
‘taticn shovws strucﬁural differences with sucrrounding
vegetation which are greater than within the patéh, then the
fatch is considered to be a stand or entity." (Shimwz2ll,
1972:154)
As sany different coniter patches (i.e., clusters, tree
islands, flag and cushion forsations) as possible vere dis-

tinguished and theixr Ltoundarics ourlined <¢n overlays of the

tase map. These tentatively ua}ped patches ware examsined in

the field to check the identity and reliability of tbe phcto
interpretation. The boundaries vere asended based primarily
Ugcn %hanqes in physiognomy and secondarily upcn flcristic
comgposition  (Langenheinm, 1962:255; Barbour et al.,

15€0:198) .

To sumsmarize qenerilly then, the data for vegetation
papping was obtained from air ghoto work and exteansive pri-
sary and detailed surveys of the upp2r valley. The next
section speaks 1n more detail to the us2 of forest reamnants

eévidencs in delineating fc¢rmer tree distributions.
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2.4 BPTEQDS: POBAZB CQMIER VEGETAIION EAITERN N~

KIhe collection ¢f information onm former vegetaticm ccver be-

gan with research in the Banff Archives of the Canadian

Bockies, gleaning historical phctographs and descriptionms of :
the landscape by early travellers.

Eart o@fﬁzﬁé\rgtioaéle for .focussing on this study zona
was the p;ofusion of vell-preserved lcgs, stumgs (and char-
‘coal) in Areas 3,8, and C well above the present altitudisal
liwits attained by conifers of corresponding dimenmsion and
sbape. Pears (1974:33) states that wood resnants and aacro- B
fcesils provide "the strongyest and most direct evidence for
past tree-line positions®. g

The use of direct relic evidence bas been advanced'by
Laubenmire (1968:108) to interpret mcre accurately ecotonal
fluctuations or successions, e€specially those vith irrequ-
larit{fs’or "peculiar distrikutions". various cases of us-
ing wood resnants were fcund in the literature: Molloy et
al., (1963) for the Nev Zealand Alps; LaMarche and Mgoney
(1672) in the White Mcuntains c¢f California; Henry and Swan
(1974) and Oliver and stephens (1977) for two New England
¢ites; Bomnicksen (1975) for a Giant Sequcia ecosystes in
the Sierra Nevada; Hawk (1979) for a small natetshea in the
Western Cascades of Oregon; and Elliott (1979* at‘the gorth~
ern Capadian tree line in the Keewatin District. The rea-
£9ps$ for the contraction of forested area Vagy and are wore

clearly understood in some regions than othezi. It wsay stem
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frem long-~term clisatic change, short-ie:n climatic fluctua-
ticn, infreguént disturbance by fire, aindgtcrl. or grazing,
143 4 séne indeterainata co;hination of the atove. Neverthe-
less, the use of wcod resnants above the present upper tim-
ber line is well-established as a Pasis for the reccmstruc-
ticn of past changes in tree fcrm and distributien.

As in the preceding section, the main sources of data
vére vertical aerial pbotographs (and enlarged p;xticns),
) 1ou~anglé ¢bligue photograghs, and field work. Along the
transects described earlier, the presence, distribution,
shage and disensions of fallen 1logs and dead standicg snags

Vére noted. Th2se data were recorded cn the plots wused for

live-stes sampling. Using air photos for coenfirmaticn, the

relics were ccmpared t¢ the present distributions. HMany

site photographs vwere taken.
»
Chapter 3 will contain the analysis and intergratation cf

the data on past and present vegetation status.. These re-
sults include community structure and species perforsance of
the vegetation living in 1980, 'alggéside ths rcugh agprexi-
sation of the histcrical forest cover, derived fros spag and

Iresnant evidence.

-

Chapter 4 then relates the differences in structure and
terformance to differences in the stress and disturbance re-
gime of each study area. The components of the vegetation

fFatterns (especially regenerative success) are felated di-

il

tectly to the type, size, and frequency ot dist¥bances.
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The methods for detéctimg these £eatures of the disturbance
¥
regime are given next. .

o

2.5 BETHODS: SATB CONDITIONS AMD DISTUBEANCE BEGIDE

It is an aim of this. project to set disturtance regime into

its’ place as- pagt 9f the tctal dnvirconmental setting.

Therefore, the broadly distributaed or ‘constant' factors -of

physical site received less treatment in this study than the
acute or extrese nechﬁnisns vhich influence vegetation. But
ni:ile no instrusentation of broad clisatic cr eflaphic éara--
eters was done,( a nuu’};er of okservatle en‘virou-ental vari-
aktles vere reccrdgd during the field work. In the manner of
lapgenheim (1962) these Qata;uere aggregated and overlays of
several nappablé environsental patterns wvere made: degree
and exp'o{fure of slcpe, mesotopcgraphy, heavy snow accumula-
ticn, and reproductive success. A gepezal map overlay show
'ing sloce ggéég; and degree (Fig. 4-7) was derived f;o-rthe
top;:ugraphic‘ pap and confirsed with. ground truth using a
Erunton cowmpass and‘Suun‘ﬁ f:linc-etet, as well ‘aqs a general
map of slopes in the region frcms Winterbottom (1974).

A‘Ii:e gggg;ggggm;gg; cverlay {Fig. u~3)~“u§s developed in
thg Style of Haxck and“ Goodlett (1960), indicating./classiﬁ-
caticn of sloge seqnfents by ébeit 'convexity’or concavity
alcng the contour. The purpose is to show the tendency of

e€ach area to ccllect cr disperse moisture.

o

e
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2 third overliy to indicate probable zones of hegyy and
1ase snoy accusulation (rié. 4-6)- was made from eétly vinter
;noa~liévpatterns from the 1947 and 1951 photos, which were
related tc grcund cbservations (1980) regarding microtopog-
rapﬁy and wvind-break effects upon snow patteras.
For &se in  the discnééion of regeneration factors in
"Chapter 4.4, a fourth mag overla} uéé creatad of the.range
cf regeneration ggjgggiggggggjlfig.i 4-12) across the site.

In‘oxdér to produce it, thdse elements were studied: the

leocation of trees kearimg cones, and the location of all

tree juveniles, whether sexually produced (individoal see-
dling) or asexually reproduced (by layering) (prinarily

Abies lasiocarpa, and to a lesser extent, Pjcea engelman~

P
-

pii).

As ptévioisly described, the guantity'and~-odé cf regro~
duction was recorded alon§ each measured transect-and in the
surveye& stands. The physical features of areas with abun-
dant seedling establishment were ccmpared against those of
ar€as with little *or no regeneration. it is not unccamon
for trees under 15c» té be up tc 25 years in age: dgiven the
very slov growth rate for'all species in this zome, they
were treated‘as juveniles’reqardless of age. The iesults on
stand age structure, layering, and seedling establishment
are sufficient to allovw a few elementary conclusions ¢pn cur-
rent regenerati;e capacity acrcss the ecoFcne. It is a qoa}

of this study to examine the relation betveen rgeprcductive

e AR SR RSN s
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g;;ecgivgnégg. the nature of the vegetaticn pattery in the
valley, and djsturbgnce effects. ' . 5 ‘

Firstly, regarding disturbance regise, the adteccldgidﬂl
lite:agure on the general increase in pbysiolcgical stress
with altitude was revieued,' and the differences between
'stresses' and ‘disturbances' clarified.

Wherever evidence of the effects <¢f disturbances vas en-
countecfgd in the field; record nas‘made of its nature, ex-
tent;, degree of localisation, severity, 0and selectivity (by
species) . Signs of ghropic stress copditions and discrete
events or acyte conditions were recorded. -There is great
variability in the degtee of disturbance activity. *Ehaéris
to say, disturbance effects are¢ both spatially and temporal-
ly sporadic in each study area and across the study site as
a whole. . ‘ .

In effect, this inventory serves as a guide to tbe fre-

. quency and npature cf *hazard events?! and is determined by

inspecting characteristic patterns (i.e., knowy damage are-

v

as) within the vegetation and postulating the causes cof

these effects. Fer exasngle, snow avala!Lhé effects are
caused directly by uechanica;/é;tages cr indirectly ’ by
¥

late-melting runout or detris deposition.

Sites of recurrent sncw avi&iiche damage were recorded

and plant responses described. LQpatioﬁs exhibiticg ewi= .
N ; Vi

g
¢ence of soil ard snow creep and exti?)e*stcn{ness vefe not-
s / £

%

ed. The presence of plant species ipdicative\ of #lope in-
t
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stability was reccrded. Scme segments of slope wvere
'extensively undermined by gopher excavations and shoved con-
siderable slumping and a hummocky surface. Several zcnes of
recent rockslide activity into the upper fir flag-krussholz
on steep slopes below Eiffel Peak wexre photographed, meas-
ured for 2xtent, and describedi 311 of these mass-movement
disturbance effects were confirmsed and supplemented with air
photo Qeasure-ents and cospariscns frem 1947 to 1978.

Plant tissﬁe conditions, especially the presence of win-
ter drought damage, vere exaz}ned for‘each identitied and
seaspred conifer -as well as fcr many undsrstcry ;pecies.
The severity of desiccation (physiologiéal dasage) or ice-
blast (mechanical damage) was assessed visually. Dana;e to
needleé and cones by sncw-fungus was examined where encoun-
tered in tbg stands, as vas the related bending'and treaking
ct branches by heavy sncw loads.

Feiners and Lang (1979:403) haveé stated that *fir zone
vegetation is subject to a number of processes that lead to
a hierarchical set of overlapping patterns®, whichycan be
discerned, delineated and analyzed. A *high-~risk? désiqna-
ticn ('high-risk!' in terams of sexuél reprcduction, after
stahelin, 1943), is-evidently applicable to thcse sites
wbere an overlap of several‘of these effects were evident.

The folld&igg three chapters will present the results and
discussion of the methods and amalysis described in this

chapter. *

i
|
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Chapter 11X
VEGETATION STATUS: PAST AND PRESENT

3.1 BESULIS: SUBVEI-OF LIVING YEGEJATION

Generally, the vegetation associatior dominating the upper

valley is hEowe's "Subalpine Forest™ (1972:65) or the equiva-

' lent "Spruce-Fir Forest" (Ogilvie, 1976:3%5). This study

site ig__pest described by the classificationucf Walker ot
al. (1978) as the “Upper Subalpine Sub /A ich is tran-
sitional betvween the lower subalpine subzone (clg¢gsed fofest)
and the treeless alpine zone. This ters denotes an ogen

fcrest meaning the  tree crowns are separated by a distance

¢f 2-5 times crown width. Tree groups and islands are com=~-

mon with heather seadcws and grass copsunities cccurring be-
tween fhen:° These scattered conifers and ericaceous shruts
torm a 'woddland’, an area in which trees are present but
have less than 50% canopy‘coverage.

Belatively speaking, the floristic structure of the study
areéa is sisple. The tree species are Piceg sndelmappii Par-
ry "(Ergelmann spruce) occasionally as a hybrid uithwuhite

spruce; Abjes lasiccarpa (HBook.) Nutt., (Alpine fir); lapix

1yallii Parll, (Alpine larch); and rarely, Finus albjcaulis

Engelm., (Whitekark pine).

C lem e eewn e
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Species in the sbrub or heath 1layer (which has high cov-
erage in the area) are:  Junipgrus herjzopialis. Salix ax¢-
tica. S Divalis, Yaccinjum scoparius, Cassiope tetragera,
and Ehyllodoce glggég;iglggg. Coason fcrb species are:
Lryas Heokerjana, Fragarja glauca, RBgtentilla Jedebouriana.
Eulsatilla occidentalis, Erigsron pereagrinys. Arnica latifo-
%ig.'ggdicgiagig Q;gg;gggg. and the sain sedges and grasses
are: Carex spp., FEestuca saximontana, Elyaus innpoyatus,
Kgeleria gﬁiéﬁggg, ~ and Eoa alpina. Nomenclature follous

noss (1959) and Porsild (19579) .

Cgilvie (1969:35) lists these species in the "“abundant
tryophyte and lichen layer®: [jcranus fuscescens, lycopedi-
42 aleigus, Selagisslle selagingidss. leafy livervorts, Cer
-tpagia. Jortyla, and Cladgnia spp.

The seccnd major vegetaticn type at the upper reaches of
the valley is Alpine Tundra (kalker et al., 1978). The
shrubs and heaths which dominate the association are: fhyl-
lodece spp., Cassiope spp.. §alix sSpp., and Jupiperus St
These are found in several combinaticns, and are associated
sith theseigrasses and forbs: §;13;§, Kobresjia, Dryas, Ape-
8QD8, Carex:zPoa3, Pegtuca, $axjifragd, Antengaria, and gelagi-
Della.

The txueyiundra above the limits cf tres qrov;h ¥as not
étudied, but those heaths and alpine meadows which ipterdi-
gitate vith conifer species were covered in the field survey

cn fcot. t
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Lespite the lov puamber of species and structural simplic-
ity of these two associations, it dces not foilou that tha -
actual landscape pattérn is sisple. In this valley, to at-
teapt to 'fix' a timberline (the upper limit of closed for-
est cover) as a distinct boundary, even d’régged one, would
te difficult and cf 1liftle value. Relatively ccptinuous -
forest cover exists at 21S6m {7200*) , but irregular patches
cf tundra are found below this elevation,\ and a very broad
telt of tree groups, alpine meadows, and isolated trees ex-
tends well above it. Actual tree-line (the uppermost liwmit )
of living tree individuals, regardless of stature, Ldve,
1970) is around 2501a (8200°*).
The ¢xtreme width and ccaplexity cf the transiticn froa

.

subalpine to alpine conditions is the mast striking feature ..
of the upper end of the valley. Between 2196m (720C¢') and

<470p (8100*') there 1is a broad‘233§-nhere tree stands are
intersingled with large heaths or meadows (some sesic, somss

dry and stoney). An early. visitor to the valley ccamented -

cn the great diversity in this "temsion belt"™ abkcve cthe

nfcrest-line® (Lewis, 1923:133).
In Daubenmire's 1968 terwminclogy, this zcne is a -"mosaic ™.
ecotona™, in which peninsulas or island-1like aréas ct each -

O

comsunity are sixed in a "large axpanse of amixture®

. {1568:22~24), in coantrast to a "simple ecotone" in which the .

dovinants cf one &cclogic community gradually replace those

¢f a second cormunity alcng an envirconmental gradient, such ’ -

i - PR wepy o
».-v._»:.@yr,a P bt - JRp,
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as elevation or soil saljnity. The differences between the
twc are in the nature and exgent of the area of ‘'sixture’.

In this chapter, the results of the field survey and map-
Fing (that is, the data om vegetation structure and gerforms-

ance) are presented and intergreted fcr each study area.

PO

3.1.1  §tuydy irea 3

The fairly high density guadrats sampled in Area A are rep-

resentative of a relatively healthy abjes -Larjx ccesunity,.

-

marked by the almost constant presence and reproductive suc-
cess of j.lggigggipg and l.lyallii. Only in this Area was
recent expansion of tree wsargins cbserved, largely Lecause

of amelicrated wind conditions, slope concavity, deep snow,

e e e bl @88 froat- penetration of soil) and therefore less drought

damage.
It is recognized that the sethod used tends to underesti-
mate the number of individuals in contagiously-distributed

species. In this stand, Abjes lasjccarpa shovs some clump-~

ing, so its distance seasures are often very ssall or very

greate. Therefore the density values derived for Abjes may
te somevhat ipaccurate; on the cther hand, the dominance
figures were deemed the mcre meaningful measure here.
Absolute density, frequency and doaminance valuegs were
calculated from the distance and size measuremsents at each
point. These were transformed to relative values and to-

talled for the (cumulated) 1Ispcrtance Value for sach spec~

-
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ies. The results are shown in Table 3-1. The size meacure-
ments were grouped into classes and tahu%ated in Fig.3-1.

Tabtle 3-2 presents infoermaticn on the performance of the
gain coniier gpecies in terms of tree vigour and growth i
form. Note that for the three vigour scales, the first col-
usn denotes a rating scale for each of the characteristics,
‘Individual trees were ranked ky class and the species' mean

rating is alsc given.

These figures can be interpreted as follcvs. Abjes lasi-
¢garpa is high in density, but the stems are small ir diame- §
ter (Fig.3-1. Thereforé, mean basal area per tree and to-~ ?ﬁ
tal area tor the species are low, as is its dosinance (Table ?
-y, - .

The common growth-habit of Atjes in tﬁis area is ap erect o
flagged leader with *"skirt® of lover branches (see Table
3;2}. Clumping is cosson and iis incidence increases up-
slcpe. Mean heigbt was <.33m (7.65°') and. height decreased
gradually with elevation. Many individuals with desiccated
neédles (especially con the sindward side) were recorded.
{43747 trees) and msany cthers chserved.

Although some Abjes individuals bore comes, the majerity
of these ccnes were ‘gummed up' by the snow mould Herpotric-
bia. This fungus dawages thcse branches lying under snow-
tanks late in spring where vatert.content is high fxrom e~

feated thawing and freezing (see Fig.u-6). Very few of the

cones contained seed.

Y SmSELEL
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SPECIES

- B . e

N
(<]
{

— N
(4] Q

Number of measured individuals
3

A. lasiocarpa

P. engelmannii

TOTAL
(47)

(29)
(8)

21-25
cm

26-30
cm

>30
cm

)

Stem Basal Diameter Class

Figure 3-1: Diameter Class Distribution
Living Tregs Study Area A
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Table 3-2

Study Area A: Observations on Physiognomyhend Vigour*

of 84 Trees

Specles
* Abies Larix Picea
Characteristic [3)) (29) (8)
Physiognomy
1. Symmetrical, erect, single stem 4 10 -
2. Erect, split/double trunk;
in clump 11 15 1
3. Flagged; with subnival mat 24 . 4 3
4. Semi-prostrate mat, no
supranival flag 8 - 4
Meau height 2.33 n 5.05 m 2.03 m
General Vigour
1. Very vigorous; unusually
healthy 2 7 -
2. Normal vigour ) 11 21 1
3. Subnormal vigour; showing signs
of 'il1 health 31 1 5
4. Moribund 3 - 2
Mean rating 2.74 1.79 2.13
Tip Vigour (terminal shoot)
1. Tip vigorous and healthy -~ 5 27 1
2. Tip unhealthy but alive 26 1 2
3. Tip dead 16 1 5 -
Mean rating 2.19 1.14 2.38
Degree of Browning
(Tips red-brown. or yellowing)
1. Little or no foliage brcwn & 25 % 1
2. Less than 30X of foliage brown 30 4 3
3. More than 30% of foliage brown 13 - 4
Mean rating 2.19 1.14 2.38

* (Vigour Scale adapted and expanded

from Sprugel, 1976, 894)
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No pbjés seedlings were found within Study Area A: Abjes
is nevertheless very impottant cn the site due tc its abili-
ty to enlarge original cclonies by veq;tativa rep:oductioﬁ.
layering is linked with areas of saximum snow depth (Whip~
rle, 1975), where the yeiqht of sncv.golds lateral Lkranches
in contact vith the earth or humus cover where, ‘over“ti-e,
they fors adventitious roots. yln the clonal ércups cf small
stems that result, the 'boundary' of am individual 'tree’
say be impossible to discerm. Pig.3-2 shows bisect scale
dravings of the vegetation alcng two profiles 300m lcng (re-
texr to Flg.c-f for their exact locaticn).
Bven though its dominance value {derived fros basal area)
_is low (Table 3-1), Abjes has important influences cn local
_micrcclimate. Snow tends tc¢ pack ipto its '1cuer Eranches
early in the winter (Wardle, 1$68), and selt alowly in the
spring, thereby extending the groving seascn scisture sup-
Elys L.lyallji way perhaps extend to higher elevations,
"tyt a single established subalgine f£ir is cagahle cf colc-

nizing a dgreater area tham any cther species in " the

[(timberline or] krusmholz region™ (Franklin and Mitchell, .

1967:12) .

Iu/:§yizast to the status cf Abies, Lapix lysllii rep:oQ
ducee by seed almost exclusively, shows largely symsetrical
scrpholoqgy, and reaches the laégest diaseter and height
{5.058) in area A. A larger range of size classas is‘repte-

sented (see Fig.3-1), and seedlings and saplings are glenti-
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s

4tu1. The origxn cf these areas of regeneration is alvays

traceahle to a lature tree uestuard along the rdidge.

Sany of the Larix individuals had a hea_lt:hy ccpe crop
127/29 trees) and no vegetative :epxodu.ctioon vas 8e&n here.
Eecause the needles are shed in the fall, the smow-load on'
the branches is nnlual (conpared to that of Abjes).

flagqmg is nuch 1ess p:onounced in Larjx than ALbjes, but
the main truqk is often gnarled, deformed or shows evidence
cf breaking Ot‘s.p'lii:éinq in the past (seentabl\e 3=2). It“is'
commonly founld in small clumps further upslcpe and, nithiim
t,hesé Frotectijve groups, retains a largely gynaetzicalﬁ fora.

One ad#ant‘age of the thicAk bark of hm %s its ability
tc *’subv;i.v.e ‘repeatved fite§, at ground level ¢r froms lightning
strike. Scattered ‘iqdividuais shoved one or soré basal or
trunk scars and yet appeared vigorous and vere fruitirg.

 Because of its bigher mean Lasal area per tree, the domi~

" nance value of Larig is much greater than that of Abjes la-

gigcarpa (Table 3-1). it could be concluded hovever that
the cululated Importance value is 9ssentiallf ?ual for the
two spéciés' in this Study Area. <Certainly, if xual xepro-

duct ion is ‘taken as anax arb:.t:ary indicator of speczes *suc~
1.

cess" m addlnon to t&e seasures shown i uhle 3-1, Larix -

dominates shghtl,y in this Area. . There are feu indicatcrs
in tbe stand age sttuctn:e that this ;roportion is likely to
change. . Because ot u;gg' minisal seed crcg, it is ,;ikely

that jarjx seed}mgs vill contimua . tc expand onto nev sitas
.l ‘ \
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to the lee of Area A, while jLjes éxpands slowly, if at all,
at the borders ét' already estabtlished ‘families® (see
Fig.3-3). * - |

The Isportance falue of Picea engelpanpii is lov in this
-area (see Table 3-1); it appears only occasionally 9tove the

tisberline. Fev trees are encountered, and these are

»!
~

gnarled and flagged in shape, or clustered in dense bxoups
{Iable 3-2). 1t is found as lcw cushion krusaholz at eleva-
ticns where Larix and jgjgg still shov erect form. Basal
area is low. Generally, Picsa prefers a moister, shadier
babitat than this site provides, particularly for its ini-

-

tial establiishment.

It is postulated, however, that at cne time Ejggg 's role

ave been more }roninent {i.e., an early *coloniser?),

“and has declined in-husbers and‘in.viggut. Clues are: its
cosplete lack of ijuveniles; its trequel; pcsition at the
vestern (vindward) end of an Abies islapd; and the existence
cf upper-s5lope ind@vidual trees noi severely defOEIEGTHhiCh
sére appareantly able to reach considerable beight aé‘a sya-
setrical erect trunk in the past (s;;nn in Fig.3-14a). 1
few nidsiopekjndividuals bear cones, but withcut exception

these vere blackened by-snou‘funqué.

Comaunity structure and species-perfcrmance in Area A can

be sumsarized as follovs., visually, abies lasiocarga ap-
pears to dosinate, but this is .explained by its tightly

clustered regeneration (Arno & Habeck, 1972:447). Its har-

PUSSRI—
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. Contour Interval
A Individual erect tree Abiles lasiocarps 30.5 m (3007

> Tree clump -« Fiag-tres and mat and
C; Mat only .Pices engeimannit

Figure 3~3: Living Conifer Populations -Study Area A
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. .
diness is inferior to that of Lagrix 1lvallii which dcminates

the site with tall, vigcrous individuals and npumerous sa-

tlings and seedlings. Pjcea sengelsappii is infrequent and

- ¢hcws the decreasing population structure (Khipple & Dirx,

1979:147). i

-

3.1.2  Pagt Ristributiop=d

It ie postulated that this area possibly rerresents what the
aprearance of -much of the morainal ridge was before the 1876
fite. In terss of éurrent ccnditicns; this is a resarkably
bignh elevaticn for such lar;e syametrical trees to have es-
taklished. The ascunt of fire evidence is low, suggesting
less intense burning. here (this is further discuseed in

Chapter 4.3.1.). Sigas cf long term ferest cover are found

in stusp hummocks and unburied woody resnante (Brink, 1959). -

B AT S b4
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3.1.3  study dxes B ‘ S 5:
. i

Contrasting sharply with the vegetation just described is

Adrea B, a very open heath weadow inmediately fo the ue#ﬁ

along the ridge (location shown in Fig.2-4). Ovexr the io
* ]

years of airphoto ccverage of the site, seedling establisf~

{
sent appears to have beenpalnost nil, and the few stqﬁl

f

trees fo?nd are sevarely fiagged and bave desiccated legd-
€LS. Iﬁe entire ccnifer population is marked inm tig.3-7§by
grecies. 3ll the trees shown are in the reprcducticn gizg
class regardless of age. Even $n the sites of fallen ioqs
and rotting stumps, seedling establishment is very e;arsé.
4be species Kobre¢sia and DPryas in the herb layer indicate
a fairly xeric habitat, and in places the fcrb and graminoid
. cover <18 dense enough to present competition to conifers.
This portion of the soraine has the most westerly aspect
 ¢f all the. study areas, and this, in‘part, accounts for the
xeric conditions. . Windiness and solar radiation ara high
gdﬁ'éhe surface experiences great extremes of temferature.
1be amplitude of daily apnd seasonal tesperature regimes is
greater than on north or easterly asgects. The scils are
geqerally thin and stony. As msuch as 554 coverage of 4 sams-
plF flots 10sx10m support no vegetaticn cover at all.
Pcrtions of the study area are convex in configuration,
apd the prevailing west uiné tends to remove Sncv cover hers
and redistribute it in hcllows farther eastwvard along the

*
slope. Fig.3-6 presents a schematic diagram of the vegeta-

|
‘ |
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KEY:
N L e
o Larix lyaitit ‘ 0 25 50m
4% Junjperus horizontalis
ur fnterval
A individual erect tree . Abies lasiocarps co:%.osm (100°)
CA> Tree clump -Flag-tree and mat snd °

Pices engelm §
[~ Mat only geimannit

<

Flgdre 3-7: I_.lvln‘g Conifer Populations -Study Area B
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tion in two bisect profiles - (Bx-x1 and By-By1) run along -

écnton:s.‘

Not all of these conditions (i.e., stony, dry, sacw-free)
exist in evérr part of Area B, however: they are intetlin~
gled in a finely-testured pattern with msore mesic sites asme-
licrated inp some vay. Microsites gpparently cospatitle with
conifer regeneration exist, - for exasple, in the ‘'lee* cf
tculders, stumgs, ot liwing trLes, in concave slcpe seg~
‘lents, or in pockets of organic scil or decaying plant smat-
terx.

'Hovever, alsost none of taese potential regeneration
¢ites ware occupied. Generally the low density of trees or
tree islénas in this'area app;ars to result from a lack of
teed rather than just a paucity of suitable microsites (in

contrast to findings in Bastern Colorédo, Barr, 1977:1162).

Even layering is uncoamon.

<

3.1.4  Past Distribution-B

4

»

Area P has a high @ ity of fallen lcgs and standing snags,
'all cf which show burn evidence. These wood remnantg are
vell-preserved: they have decayed remarkably little in ap-
prciimately 130 years. Compared to " the défcrled dwarts
‘ presently found, the fallen traes indicate only very tall
and sysmetrical individuals, apparently Jlittle defcrmed by
wind. . Coesparison of Fiqu:es 3-7 and 3-8 reveals this con=

trast. Based on the dimensions of 35 sasple logs, the aver~

)
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Figlfll’.e 3-8: Dead Tree Distribution -Study Area B
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‘age height of fallen trees was 10.7s (range 8.56m- 12.84m),
and the average basal diaseter wmas 13.4ca (range 5S.6cm~-

-

c3.7¢w) .

g

3.1.5 $Study dres ¢

A third, and different, situation was found furtier east
along the slcpe in Area C (see Fig.2-4). Here scme regener~
ation has taken place in the immediate lee of Area A, as
found on air photos frocm 1947 to 1978 and supported Lty field
surveying. More 'totential sites' bere are occupied by a
juvenile (refer to Fig.i4-11). The dense stand of Adrea A

grovides the wvind-buffering effect and a seed supply. Sig=-

&

. o
nificantly, most ALbjies.regroduction here is nct by layering,

ktut by"individnal seedling. - larix and Abjes reproduction
are found on msore lavel wmicrcsites than those convex sec~
ticns showing avalanche or soil <creep effects. A fairly
significant degree of surface humsccks and wundersining
caused by ground équirrel activity locally affects conifer

tegeneration success.

In a series of 4~10m squares (400w2 ), percentage cover’

types were recorded, and these contrast with thcse of Area
E. The humus layer is noie substantial. Both living and
dead heather plants trap snow and provide ameliorated see-

dling sites. As a rule there is less tock and bare soil ex-

cept in the grcund squirrel colonies (refer to Fig.4-10).
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" The somewhat reduced wind specd neans increaaed -8nov

depth and therefore a lcnger-lasting soil-moisture supply
" intc the suamer. Sharpe\(1970) bas susmarized the tOSearch
that points to the’ critical difference made hy an additional

10 days to, 2 seeks cf soil -czsture at the end of the grow—
- . ¢

" ing eeason. especially on drought-prone 3outhaest ex;csu;ggih_‘

-“gy In the understory, Rhyllgdoce and ﬁ?}gjggg asscciationé'in-
_ dicate the slightly more mesic conditioné.
éhazacteristic,acioss‘contour bisect prcfiles atre shown
}E’ fiq.3-9. _ The 1location of the tisects (1 meter wide
kelts) was shown in Fig.2-5.

3.1.6  past Distribution=C ;

Just as in Area B, there is a profusion of burpt stumps and

large logs, all showing syssetrical, eféctiforls and averag-

ind 11.28 in length (based on 30 sample logs). On ste&p and

;onvex seg-ebts of slope, thef logs and stumps bave blocked
¢ dosnhill-wasting qaterial‘andét_isgg;j ca these swall ho-
.aus- and soil-traps that seedlings are found.

The ;ery céntme of Area C is nearly lacking in tree rem-
nants, inp;ying that it has 1likely alvays been ar algine
heath meadcw but of much suallé: extent than the "peisistgnt
bdid" which presently exists (term from Billings and Mark,
19¢7) . It is the most xeric and stcny pcrtion ot Area.C.

lazxix saplings and the slcwer-growing Abjes are vefi'slowiy

encroaching on the cuter sargins of this_area.‘ and rig.B-}d

s

e e Bt
.

DR evrirepc A SNSRI DFRY I

S Moo

o S



e ey ’

BN /LTS NP
R .

~ > - 87
. , N ) _
and 3-11 shov the ccntrast betueen past and present conifer .
patterns (refer alsc to Fig.u-11). '
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O Mat only
Figure 3-10:
Living Conifer Populations -Study Area C




DOead trees both standing and fallen,
symmetrical growth tform

Figure 3-11ﬁ Dea,d Tree Distribution
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3.1.7  Stady dgea D

drea D represents the belt upslope from the erect vegetaticn
of Areas A,B, and'C (location shown in Pig.2-5), ~ and is
characterized by the same conifer species growing in
krumsholz or 'elfinwood' foras (CIausen,» 1965; Holtmeier,
1981). Individual trees of Yhiss., giggg and Lazix are found
but they are flagged or sultitrunked (see,rig;3-1u$). Both
trynk and needles shov some degree of .ecéinical or physio-
lcgical damage. Tree clusps are auch sore ccawon.

Ae Tranquillini (1979) points out, tree grcups have de-
cided ecological advantage over isolated indiyiduals, since
the group gemerates its own internal clisate wvhere extremes
ck yind. temperature and bumidity are amelicrated. 1The ;cst
commcn growth fors is shrub belts cf Abjes and Lapix at
léast”éi'in léngth; vh;ch results frcm death (by vwinter-de-

R
giccaticn) of _plants on the exposed windward side (where

&

¢novwcover is 1light andirootpg}g;i§§kyeak). and lengthvice.

grcwth in the slightly 'scre favourable lic;cclilate on the
leevard side (plésnik, 1973; Fontecorvo and Bokhari, 1975).
The configuration of the these belts (or éblong circular
groupé) is NE 65’. trending sidevays up and across the slope
(which is 180°s).

The saxisum height cf trees (all species) is 1.%52m (5Y)

- and the heigbt of the subpival skirt is invariably .Sm, a

reliable indicator of mean snovw~-depth in the jimmediate area,

B N
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8§tp increasing elevation tcwards tﬂc ridqe-cfest. Rry3s
ﬁggkggjgng grotnd cover and Jypiperus shrubs indicate those
ageasﬁuhich azxe blown partly clear of snov cover in the win-
ter and therefore suffer sone‘éggree cf drought by late sus-
‘met cr early fall. 1Ip contrast, tree grougs and shrubs trap
blcwing-%nov in their lower branches and, in their lee, the

snosselt creates lccalised pcckets of slightly more mesic

céi&itions (vith Salix pivalis, Luzula spp- and Juncys
 EFEe) . | )

The two slope profiles 1008 1long (location. im Fig.2~5)
shecwn in Pig.3-12 §elonsttate thes barrenness of steep slope
geyments subject to fr;;t needle activity. Perceptage cover
results for 4-10m squares vere shown in Fig.3-S ard Table
3-3 above. ‘ —

A Ehart quadrat of .65 ha (1.60 acresf total area (loca-
tios in Fig.2-5) is shown schenatically.id~!ig.3-13. HMyell-~
-er-Dombois and Ellenberg (1974:112)  stress that detailed
flct studies aze. sore reliable than distance wsethods where
popu;ations shov a strongly clustered distribution, as in
this;case. Although-time~consuming, the seasuring and map~

pingl of this 106mx€1s grid yielded several definite find-
ings.

New\ clusps of Abiea or Pjgea ha#e established églx in the
lee ‘uz‘soop cf boulders at least‘.S- in height. In. this
grid, Sf@ of the plots (each plot 9.382 ) ccntain vegetative

3bies or Pjcea reproduction, whereas Larjx regroduces sex-
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ually, and individuals or cluaps of saplings are fcund only
at the leevard ends of 34pies shrub belts. (This tends to
discount a ‘pioneer® role for ) rhese'ygij; trees are
alvays at a critical “oppcrtunistic® distance from the tree
group: close enough fcr the gind-shadou effect (4-7sm), but
wide enough to be beyond thefsun-shadov cr lee sncn-q}ift.
This is consistent with the observations of Gloyne (1955).
He tcund'the reduction cf wind flow by a medium-density tree
barrier to be 80% of the original flow at a horizontal dis-
tance 3h-5h (h= tree height) beyond the barrier. By leeward
distances of 20h the vindspeed is still only 60% of the full
force. : . L 4

buite substantial diffeteéces in lcistuteq,cvsf{:bility
zelated to the depth a;d duration of the snow pack Q}e indi-
cated by sharp changes in species cosposition of the ground
ccver over short horizontal distances. Patches of heathét
seadovws betveen Abjes krumsholz mats would sees to te pro-
tected sites, ideal for regeneration, but these are¢ sesi-
persanent snow g¢lades where snow drifts persist too‘ late
into the growing season.  (assjgpe tetpadcna ard Lx;;ngigg
3lpipum indicate a cool, moist snovbed habitat (Cgilvis,
19€9; porsild, 1979). '

Ch a mpre convex slope segaent only 20® away (study plot
‘ta) soils are very shallow add stony (calcareous) and a very
dry grass and torb alpine association.;xists. Kobresja myo-

' $8I0ides, Dryas Hookerjana and Eotentjlla Ledebourjara indi-

0
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cate a vind-exposed crest blown free of snow early it spring
(Ogilvie, 1969; Knagik et al., 1973).

In the western portion of Study Axea D (Flot D2 for exas-
ple),ksevezal shrub and qralgnoid associations indicate n-
tinyal or infreguent avalanéiing (Salix apctica) or (Elydys
ippoyatus) » respectiveiy. éﬁth are found vith Bropus. Pes-
’;ggg. Foa and Fragrgria sgp.s (see éh.q.3.2),

3.1.8  past Distribution-p

In Area D, occasional burnt wcod resnants are found, but
they are similar in size and shape tc¢ the conifers ncw liv-
ing Fheten(i.e.. deformed). Nc long straight logs or snags
vere found. So although the djstrjibutjon of ccnifer growth
foras does not appear to have changed substantially cver 110
yeaté, there are four features of this area which, taken to-
gether, would sees to indicate ccnditicns ¢f increased
stress for the current copifer populations.

For instance, the kind c¢f Abjes and Bjcea formations
sbcwn in  Fig.3-14b,c indicate that a single isolated tree
sas able to at;ain scme height as an individual straighter
fcrs, and has undergone defor;ation by vind and desiccaticn-
iniiry t%}atively recertly, in terms of the total lifespan
cfnﬁhe tree. The plant is nov *forced' to its ovwr lee as
the, vindward parts of the glant die (Marr, 1977:1162). _

ﬁ second feature is the presence of now-dead trunks *o

the westward end of jbjes strips that are larger in diameter
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Supranivol Severe desiccation ) D:;‘:“.:.?:.“ !
flog of flog needles . : 3

Long bronches now
dead: open wound
on windward trunk

Snow=mould on needles within mat

&

o. Piceg mn{mmg at b. Common Abies lasiocarpa
2440m (8000 morphology from 2320 to

2500m (7600~ 8200’)

c. Stunted A. lasiocarpa in Study Area D
-at 2420m (7950) ' - ot 2475m (8110

Figure 3-14: Tree Growth-Forms in the
Upper Subalpine (Side-views)
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and of more sysmetrical fora than any individuals acv alive

in the group. d,'

A third condition indicating a series of severe years

vith a shorter or cooler. groving season is the widespread

s .
desiccation of nev annval leaders (see Pig.u-8). Tranquil-

" 1ini (1979) found that the winter drought-resistance of any

nev growth vas shaxply reduced in apy year in which needle
ripening is nbt ccapleted. All Abjeg in the wmapped grid
show some degree of-needle disccloration (red or brewn) and
in 43% cf the ploté} ovft vhalf of the fcliage shows severe

desgiccation.

-

A fourth indicator is the wary pcor ccnditicn cof Eipus.

3ibjcaylis (Whitebark pine), a species which elsewhere fares

" well in exposed situations, Cnly a very few individuals

were located, and these are sickly and very gnarled, with no
s?gns of reproduction. ' 75

1he couifers. throughout Study Area D show evidence of
substandard yrowth at present, relagive to an earlier perfbd
in their lifespan. It must be lantioned th;t nc grosth-rate
data are available to support this statement: physiclogical
stress in the ecotcpe at present is based co the "clues" of
physicynomy and species performance giQen above. It appears
that they pre~date the fire and hence, the visible ‘recent’
stress'is the result of exposure t¢ pevw c¢ped conditions.
Isportant in this regard is the suddenly windier and cclder

conditions after fire: as long as forest existed below, the

’
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frevailing winds wsoved upslope 3t "3 ;;ggjggg' level rather
than at ground level and had less impact off the uppermcst

trees. However, since -the destruction of these tall t{phs.
~ B

vinds have been unrestricted and move across slcope 3% typdia

1s18l, carrying more susgpended smov, ice and ‘soil aréicﬁes.
. j

.1he, effect is to severely. 'ktunlhéiz',and desiccate théwup-

permost conifer trees (Hansen Bristow, 1979).

3-1.9  Studr Mres

le¢ side of _the eral moraipe and appears to have prise

and the sagisum sizes attained aanyvhere in North A-eziga by
und héie (15 -ﬁén ?eigbt and 40 -GOéi‘diat-
11 of tﬁese large "patriarchs® carry an agundant
and based on’'Arpoc and Habeck's note tha# cones
generally not. produced in quantity'by Larix lyalliji "un-
is two or more centuries of age" {(1972:434), these
a§e apfa:ently individuals of great age. Three sasgle trées
aged b& J. Gardner (1981:urittenwco!|.) became estahlished
in 1773, 1785 and 1904 (respectively 209, 197 and 78 pears
cld, at present).
The size class structure of the stand is shcun in
Fige.3-15. | The high density oféseedlinqs and saplings under
i tall supports the statement that this is a wneéarly-pure

I3zix 1yallii svand with an all-aged structure. ‘The fre=
quency and dedsity of Abjss lagiQcarpa are lcw.

!

/
i

s for L3rjix growth. Tree density isfhiqh;.,//,

/
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ﬁany of the q.atuxe laxch trees havé a substantial basal

. fire scar, yet.are vigorous and have a straight, syssetrical
growth fétl. ‘

R b 1he daily extremes of temperature are less marked than on

the vindier, drier southwest exposure. The associated un-

dezstory species (Yagcinius scgparius, Rhyllodcce glapdulj-

P N

cate a deep snow cover:. There is very little exposed soil
- ¢r r¢ck;  a thick duff layer covers toulders and cld stump

tases.

4 - -

flezs, Exigezop persarinus, and Apemope occjdentalis) indi--
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SPECES Total
B et yen (40)
Abiles lasiocarps (8)

STEM BASAL DuéTEH CLASS

Figure 3-15° Dlamotor Class Diatrlbution
' Study Area E Count Plots
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3.1.10  past pissribytion-k

There are no signs in the stand's structure ¢r in fcrest
‘tEIhants that any significant changes have ogcurred in this
axeaAfo: at least the lifespan of its giant. dominante.
Fallen burnt logs or standing snags are cnly rarely
. fcund. Anany~;gg;; trees show c¢ld :ﬁi;e scars but have sur-
vived burning (perhaps repeatedly). Purther facters ex-
fla;ning why J.lasjocarpa or f.epgelmannjj cannot ccmgete
here are presepted in Chapters 4.3.4 and 4.4, such as lack

of seed, deep snow and steep slopes.

3.1.11 study Mgea R

This area was not sanpled‘%yételatically, but the(follouing
cbservations arose froa repeated field recopnaissarce and
air photo inierpretation. This area is further dcunslope
and dovnvalley than those described so far (see Fig.2-4),
tut althéugh temperatures and wind are less severe than up~
valley, steepness cf slope is extreme (averaging 3o-u0°).‘

~ The most obvious control ép vegetation distributicn is
the influence of rapid snow avalanching and gradsal snow
creep. The fairly open Abjes lasjocarpa woodlapd is dis-
tinctively warked Qy a dozen or more parallel 'ribktcns® of
avalanche track wvegetaticn. ihe collection area for this

sncu-slide zone lacks tonifers altogethér: cu. the upper

slcpe segments, only shrubs (Jyniperus and $alix spp.) and-

heédbs with lov cushion morphology 2xist.
S

S S
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The Abjes and @21239 populations here 'are tall, have
€yssetrical branching, are in good healtbh and produce cone
crops. Seedling regeneration is generally restricted to the
cuter margins of the avalanéhe tracks, while their centers

bave been stripped of soil and support only sesophytic herb
species. | T

' Considerable deposits of avalanche debris are piled aleng
the base of the break-in-élope. #here late-lying snowslide
deposits provide the gptjmus scil soisture, ccnifer growvth
is dense and vigorous, but in the rucout zones of the larg-
est tracks, too much stagn#nt snpw results in pockets of

|

cold air and saturated scils late into the grcwing season.

| : L
These patches are characterized' by "alpine" smowbed species

—

" associations, with only meagre f. engelmanpjj regeneration.
3.1.12  past Djistribytios-? ,

Some evidence is found that a‘la’mche activity wvas mcre fre-
quent and catastréphic in the past, especially fd%}ouinq the
sid-nineteenth century fire. Olqeiréon (1974) and Kihg and
Erewsteor (1978) have documented the 'sharp increase in snow
avalanching imsediately after partial or total deforestation

by fire cn mearby sites withir Banff Park.
e

’ s

Eelov the break-in-sloge, very cld avalanche paths extend

cnto the valley floor (their age indicated by the degree of "

their regeneration). These may have reached the lakeshore

{see Fig.2-4). W. Wilcox, writing of his 1899 visit to the

o Vo e <
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valley, believed that the dead trees floating it HNoraine
Iake at that time had been "stripped® from the sloge ébove
ty snov-slides (1916:171). |

Cn the upper avalanche 'zones, little recent snow-impact

%
dasage (i.e., breaking) is found. - Hcwever, both ycung and

mature trees with proncunced butt-sweep attest to the ongo- .

ing-influence of g;adual downhill creeping or slusging of
the¢ snovpack.

Several tracks shoul substantial see¢dling regeneration,
visitle cnfihe airphoto series froa 1947 tc 1978. A dense
and uniform lichen cover cn the ;ﬁgular rocks in the track's

b ]
centre alsc.indicates that,- if swept by sanow, the depth of

sncw movement has not recently extenda=d tc¢ the ground sur-
face. This re-seeding of paths formerly stripped gonpletely
. suggests that avalanche freguency ‘andsor severity has de-
‘creased. Possible explanations are a gradusl,stabiliZation
of the entire slope over time by increased vegetative cover,
cr a reduction in the amount of snowfall over time. Munger
“if911) po?nted out that as forest cover gradually increases,
it exerts a preventive influerce ¢n avalanche  formation at
its origin. "\ ;
B

’jl

{

3.1.13  35tgdy Agea 6

- {

drea G refers to a large belt further vesf (i.e., wvalley
headvard) along the moraine (see Fig.z-4).: The main charac-

teristic of all vegetaticn here 1is the lcu cushion qréiiﬁ

forms in response to a high fregquency cf nﬁss-uasting.

Rl

o e
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Active rock- ard sncwtsliding into the dense mat-
krumsholz colonies foims the gpper growth liwmit, These

%

tlopes are extremely uistéblg and consist of sandstcpe and
mslippery shale fragments. At sany points below Eiffel Peak,

Esnou avalanche tracks support n¢ conifer vegetation at all.
x

Hl distinct avalanche and/or ephemeral snowmelt chanrel marxks

“3he eastern boundary of this study area.

.

Nowhere in this area, which is typified by linear strips

bt tangled clumps of shrubs on the slight ridges betwveen av~

alanche tracks, are trees over 1.52m (5') in height found.’

ghis marks the‘avetage sncv depth, and ,any leaders above
this are broken, damaged and the needles severely desiccat~-
ed.

Only in the lower elevation runcut zones are taller [3rix
individuals encountered. Twe adaptations of Lagpjix that
wculd account for this are: {i) the durable, flaxitle”bole
cap survive annual flattening by the weight of shifting snow
(trunks up t6 TIcm (5") thick and 6m (20') height); and (ii)
its ability to occupy these late snmow~lie sites (tco dasmp,
tco cold, and too short a groving season for the evergreens)
Arno & Habeck, 1972:448).

All Abies reproduction is by layering in this area, which
tesults in very high stem densities (apprcx. 289/10082 ),
with very small basal area per tree. On these rarginal
sites, growth rates are very slcw, and destruction of plant
ratter occurs regulagly. Further results on the disturktance

regime will be presented in the next chapter.

crmny e

[



. o 106

3.1.1%  Past Distributicn-c

**
This Study Area differs from the other six in cne important
Iespect: no evidence vas found in either the present coanu~
nity structure or in vood resnants that an upright, sysse-
trical conifer forest cover bas ever baen su;pofted here.
5o burn-scars vere seen. At several locations, bturied trees
killed by ‘tockslides were found, but in size¢ and physiognosy
they- satched the trees now alive around the current: margins

of the rockslide.

3.2 pI§CUsSION: IHE POSITION AND HATQRE OF 1BE BCOTONB

The analysis of historical and currest vegetation status

RS

fresented above can be susmarized as follows.
The forest~tundra ecotcne in the wupper end of the valley

it extensive and cosplex. Judging from the distributicn of

forest rempants the ecctcne appears torhave been a fairly
ccspact traansition belt 110 years ago (about 60m wide), but
is nc¥ an extensive interdigitating transition covering 33%a
ip elevation. The positicn of the greeline, cr absolute up-
pet limit ¢f tree species, appears to be unchanged, but the
nature of the gimberljpe has chbanged substantially, and is
Letter referred to as a broad,  mosaic tisberline belt.
Scattered deformed trees and island-like clusps cf very
dense tree grcwth msix with open heath meadows and persistent

balds.

e o s A -
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Very generally, conifer juv&niles| a;é~sparse%j;«yh;}e
vegetative reproduction (by layering) is ééi,oi?“jls ﬂin;eﬁ?
Eristov (1979) found in the Colcrado ti-bexli;::;/pzcdnctioé
cf viable seeds and pollen within the ecoton; appears to be
rare. More comglete results cr conifer regemeration capaci-
ty fcllow in Chépterju.u.

There are several buays in which the situation yere does
pct 'tit? the classic secondary succession paradige. As it
is traditionally defined, successich isglies cumulative, gj-
sgggjégg; végeiaticu cbange wherein each species scdifies
the environsent  in such a way that invading species can then
grcw more successfully (Crury & Nisket, 1973:331; Bartour et
al. 1980:235). But because there gfe no sgecies which can
fsuppress' or replace thes, he same ccnifers which are the

‘picneers*' oa this site will continve to be the dcminant

species. The entire study zone is abcve the tolerance range

B g

~Cf ‘pine (Rinys confgrtal), thus the tusyal?' successional S37_

quence after fire in this regics in which a pine stage 'pre-
paces' the site for its ‘recovery' by spruce and fir, is

lacking (stabelin, 1943; Billings, 1969). Certainly the

" complete lack of spruce ir the reprcducticn size class in

Area A, for instance, indicates that.it is not moving 'to-
ward' a spruce-fir association.

While Japix lyallii is uswvally credited as being the
first *colonizer' of disturbed sites at high altitudes (Arno

& Habeck, 1972; Parker, 1982), here its most cosmon lccation

o v~ s < sy

)
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is on microsites so;euhat prctectgd by established Abisgs
clumps or krussholz islands. .

There is mno evidence from the ‘::and structure analysis
that any directional species replacement is taking Flace
{i.e., gualitative changes in species cosposition). Any
vegetation chanqu\tccurring are silplytggggjjgg;igg differ-
ences in the representatiocn of spg$§?s (for example, differ-
ences in coverage, in abundance, of in ftequenéy). There
are so few tree species in ;otal that can grew at all in
these conditions, . that tc search for *seral' or replacesent
cpecies and ‘'climax¥' species that fit a chronological se-
guence begins to break dcwn. flhere is Bo :eplaceieni forest
community to "anticipate'.

The pattern here then is very different from that report-
ed b;“BrinK‘(1959, 1964) 1in southern B.C. and Pranklin et
al. (1??1) in H‘shinqton end Creyon. They describe a rela-

tively vigorcus and ripid invasion of alpine meadows by tree

'

spécies in recent decades. 1In contrast, this author's find-
ings suggest a subaipine association not coly unable to as-
cénd into ‘'new terrivory' but unakle even to re-estatlish in
the area fcrmerly fcrested, This authcr also suggests that
this does not automatically insinuate a situation4pf *isba-
lan;e'. The particular pattern of gersisting and changing
conifer patches observed should not be autoamatically la-
telled *norwal' in re-establishing areas and ‘abnorsal® in

areas as yet unregenerated. The reasons bebind this differ-

v
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ential density distribution cf conifers sust be exasined

sore closely before labelling the whcle ecotone as being in

a state of ‘disequilibriuas’. A

To interpret the "causal factors® of ihis tisberline pat-
tern correctly (Kershaw, 1973:145), it is necessary té exaws
ine the influences both of _currenat sité environment and
stand history.  We have already alluded tc some ways in
which disturbance effacts help tﬁ Create pattern.  [Pattermn
is defined here as differential deasity distributione of the
dominants. ] While this is cbvicus and intuitively known at a
gross pattern level, at finer levels of pattern, our under-
standing is limited. Fer exasple it is clear that a burn
site differs frcsm ncan~burn sites. The questicn asked here
i€, ¥jthin a burn, how does cme explain tbe radically dif-
ferential cover that makes up(£be actual texture of the veg-

etation? . -




Chapter 1V

THE DISTUBBANCE CO!POIBI!-
~—

-

4.1  BESORIS: CONIRIBYTION OF DISTURBAMCE RPRRCIS I9
YEGEIATIONAL EAIIEER ’

# 4

Having delineated and described the stand structures and the

L]

species patterms, Wwe turn to the intergretation of the pro-

cesses that give rise to them. Paced with am intriguing -

variatich in vegetation cover, the gecqgrather may ask:  "Why
are (the) spatial distributions structured the way they
are?" {Abler et al., 1971:20). To the bicgeographer, the
pattern of the vegetation poses several grobless J{Patten,

1963a), including: 1. How did the pattexrn grjgjinate? 2.

what factors are majntajnjng its appareat stability? and 3.

what will the vegetational patternAbe in tha future? (that .

is, what chapges are indicated?)

in this chapter, the factors contributing to th; origin
and tbe maintenance of vegetational pattern are discussed.
Tbe third question, regarding the future trends of this so-
saic (tbat is, is its stability creal or apgarent?) is ad-
dressed in Chapter Five.

As noted earlier, of particular concern in this context
is the role of *'disturbance' ip pattern and patteran changes
cver time. For the purposes of this thesis, djsturktance is

- 110 -
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detined as an “extrese™ state cf any environsental parame-

*

ter, which means it sust be severe encugh or cf sufficient

- duration tc cause plant tissue destruction. It appears that
gplant tissue damage involves the extreme end(s) of a contin-
uus of environmantal copditions potentially lisiting for -
growth. In the terms of Toleraticn £cology these wculd lie
at the latter end of a continuum ranging fros cptisal
through stresstul tc lethal fcr any one speciés. i >

"' 1The definitions used here are a re¢finesent of opinions in
Grime (1977:1169), Thompson (1978), and Bielow (1979:229),
who concur on vbrgzﬁéfdefiniticns of stress and disturbance
as the two classes of external abiotic factors limiting the
tctal plant biomass in any habitat.  gtress }s defined here
as a ’functiop of constraints upon the rét: of‘ dry matter
prcduction. It refers to a lack (or excess) of conditions or
Substanées necassary for plant growth, such as 1light,

- .
uarltﬁ, vater and nutrients. GWhere tﬁEsa conditions or sub-
stances fluctuate or change in occurrence so as tc produce
damage ip living tissue cr-to .he lethal tc some vagetation,

‘disturbance' results. Thus, djsturbance fiactorg are recog-

pized as events vhere there is partial or total destructiom —

of the plant biomass. That may ke represented by such haz-
ards as wind damage, trcsts, desiccation, $£oil erosion,

- fire, and human, -pathogenic or herbivorous activities.

It is crucial to acknowledge that the factors invclved do Vﬁ?

constitute a continyum of frocesses, tanging from acute to

chronic and from local to widespread. There is a vide vari-

e



Table 4-1: -

Each Disturbance Type has Varying Characteristics:

@ In Space:

resulting in varying Distribution or Areal Extent

Localised |e -»| Widespread

lDisérete !: Continuocus
In Time:
MACIESRERETEN

resulting in varyiag Frecjuency or Periodicity

Acute event |w===weseem| Chronic Condition

[ Intermittent l@pwcomvees

@ In Severity: J. ’
R —— : I

A

resulting in varying Intensity or impact l

Mild |l Severe

-Thus, dépending upon where a single disturbance

+

Effects will range from

Stressful |wgsssuusssassssusssssssd-| ethal

—

- Vegetation (Reduced gewe= (Moribund)eeeap-(Death of tree:
examples are: performance; destruction of tree
decline in groups)
vitality)

falls along these several continua, its '

IRV S

-
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f
ety in the nature (type, sSize} and occurrence {lccatien,
£iequencx} of damaging mechanisss. As shown in-Tdble &-1

€ach mechaniss can be discussed in terms of these character-

istics:  time-scale, spatial-scale and severity. Distur-

tance "events® can be sudden cr qraﬁuél; they can be direct

°

or indirect in their effects. Forx éxa-ple, avalanche ef~
fects are Loth direct {sechanical dasage)and indirect (depo-
€ition of debris, and late melting of avalanche fimcut).

In particular, this chapter presents field evidence of

the specific vays that disturbance mechanisss (a continuums

cf historical events and present-day stresses) combine with

sitL_ conditions tc perpetuate the, broad transition above

/

\-t—i’lberline. o .

The distributional chﬂata.;:teristics‘of the vegetation are
acccunted for by a series " of sechanisas, some lccalized,
sose videspread in cccurrenée. Follcwing the suggestion of

|
Eeiners and Lang (1979), the variation iﬁN vegetaticro is or~-

ganized, therefore, at twc hierarchical levels: First-order

patterns associated with "continuously distributed chronic-

. factors aggregated in elevation and exposyre®; and second-

crder patterns "fiuet-g;ained featuyres oye‘rlying the broad
first-order patterns"v, caused by either chronic cr acute
-eéhani'sns {Reiners & lang, 1979:407, 414). This cenceptu-
alization of the vegetated léndscape is v;iuable, especially
where pattexns are complex or cverlapping, in crder to rec-
cénize vben and - where the eftects of individual mechanisas

are occurring.

\\\

. TR




g . .
Beiners and Lang used a hierarchical system of individual

processes and patterns to study vegetation structure and _dy-

Vi pasics in the upper subalpine fir zcne in the White Moun-
f .

tains, New ampshire, anhd they recomsend its applicatican in

K areas with [little buman disturbance, with an essentially
. e P

. continuo&i vegetation-cover (i.e., unbroken by <ravines,

exteéernal origin (1979:11‘15). A1l of these criteria are easi-
ly set on the Wenkchemna study site. .
The discussion that follovs,gthen, has a general division
into broad and finer-textured patterns evident. ¢cn the land~-
écape. The first section (Ch.4.2) summarizes the changes in
ccnifer patterns with elevation and aspect, fécussing large~
1y os chronic stress due to the detétio:ating €nexrqgy Ludget
available for conifer growth (both temperature and mois-
ture). , : .
) The second section 14((211.’4. 3) focusses ¢n the il;oacts of
lccal evenés and factors (wbether physiograrhic, climatic or
bistorical factors). First, _eight types.cf sechanises aze
described according to three categories of their occurrence
and effects: f:isquency/periodicity, distribution sareal ex-
tent, and sevetity/effec£iveness. Secondly, their individu-
al and cumulative influences ¢n the saintenance of present

vegetation patterns are interpreted (Ch.4.4), “particularly

as they affect regeneraticn pattarns. e

@ | ™
\

\g,g;m\/ylkes) and with a bigh freguency of disturtance of

RIS
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%.2  GEDERM, RATIERNS QOF VARIATION

e T

Surveye&%very broadly, certain aspects of vegetational cover
vary”direcg;y vith an increase in elevation. . These visible
i

(]

e 4o

3

.Fatterns are responses to the increasing harshness c¢f condi-
ticps for physioloqical processes and pldnt'grpyth. Belatéd 5‘
tc the lapse rate in mean temperature, the range of physio-
logical stresses widens:  high winds, ;ore extrege pcisture
and temperature Eegiles, pocrly-developed soils, steepe{
slopes, and lore'va:iability in snov patterns. The physio;
logical ecology 1literature recognizes that tPese site fac- |
tors gain in significance vith altitude and eventually be-

cose "limiting factors for vital plant  prccesses”
{Tranquillinpi, 1979:viii), hnt‘exactly hou?individual site

factors influence phenolqgy and growth are as yet pocrly un- ' |
derstood (Frice, 1971; ¥ekber, 1979).

Horéovet; the relaticn h;tueen increasing elevation and
increasing severity for plant growth 1is by no means simple.
According to the measurements cf Gardner . (1968:227), nowhere
in this area is‘the adiabat;c lapse rate steady. The temp~
erature conditions are greatly influenced ky local effects
such as exposure tc solar heating and exposure to prevailing
winds. He found several $lopes in this valley to Le some-
vhat varaer .than the éxpected values under noraal lapse rate
conditions (1968:227). '

Notwithstandiag, the follcainé vegetational trecsponses

vere observed. On an elevaticnal transect 600m {1970%) long -
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on aiig'dﬁ ast aspect (see Fig.4-1), there is a general de-
creaégi&l%lean“tree height accospanied by a dedline;in basa%
axe;:& per tree.  Conifers of all species shcw increased‘
clumping of grovth-habit and jet while 1live tree densiéy
vithin these dense clumps is high, in general the veqetation
;s more open and there is an‘ increase in the shrub and herb
layer coverage, Soil depth tends to decrease and rcc¢kiness

and substrate instability increase with rise in elsvation.

¥ind exposure increases and with it, variability in sncw-'

drift patterns. As one prcceeds upslcpe, less sexual repro-

duction is seen in )Abies lasiccarpa and vegetative reFroduc-
ticn by layering becomes commcn (refer to Fig.4-11).
Along a longitudinal transect 1000a (3280") leng, run

€ast to west at:a copstant elevation, 22938 (7520%) (see

Fig.4-1), patterns are observed that are relateé/’:ng,EL/%,

£0il moisture availability. A number of facggrs/éspecially
stressful cn west-facing slopes (independenf of elevation)
are: cooler maximum temperatures than on east-facing slopes
.due to greater cocling and dtying by strenger afternoon
svinds (Beiners and Lang, 1979:408), and sore possibility of
physical damage (i.e., breakage and atrasicn) ﬂy vind. The
greater syrface temperature paxima and einima lead to a
c¢reater incidence of freeze-thaw cycles and particularly on
the gravelly scils c¢f convex areas, wora viqoréus frost-in-

duced scil sovement.

b

[

e
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As a result, general plant patterns observ§d are a de-
crease in tree height with vestejn ezxpcsure and greater in-

cidence of pistocl-butt or sultiple stems. As well, & gener-

al reduction in regroductive effectivenes# {(similar to that
associated with elevation risg) is evident. The nustexr of
berb and shfuh species indicating xeric conditions increases
with Bore vwestern exposure.

uost'conSPicnous is the increase in nuskter and severity
cf tlag-shaped trees (flag-, hadge~ and sat-kruasholz) as
described in the last chapter. These forms are -ore‘a mapi-
ﬁestatioh‘bf localised winter drought conditions than of me-
chaq;cal impacts of wind directly (their causal mechanisa is
expl;ined ia the next section). * \

in suasmary, mcst of these plant performance indicators
sees to merge ¢n an aggregate ;spect/exposute gradient that
pivots ¢n s0il soisture availability as its saip mechanisa.

The fact that altitudinal zcnation exists at all is de-
termined largely by climate. But while climax vegetation
zones largely correspond to climatic differences (as con~
trolled by altitude and exposurea), there are obviously a
great many systems (such as thisg) in which species cther
than the ‘climax sgecies' dosipate due to important local
factcrs such as slope/topography, scils. and drainage. As
Erice (1971:3) stresses, "such situations are natural but

are controlled by lccal cenditicns within the larger fraame-

woxk of climate®,

PR RPN
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Veblen (1977, 1978, 1980) wmakes a similar pcint through-

cut his tiogeographical wcrk in the Chilean subalpine zone.

e bk

The regional vegetation can be broken into first-order types

representing altitudinal zones msodified by topographic posi-

Lo wsast s

tion and aspect. Further modific¢ations controlled locally
ty such factors as slope stability, wiand expcsure, and dis-
turbances of the vegetation must also be incorporated into
cur undgrstanding of community dynasics.

w¥hile the gross patterns of variation outlined in this ;

section were discerned on the ground, the actual spatial

[N

texture is not nearly sc simple as a qradient apalysis would
rake it iut to be. Because of the nature of this study, a [
fpecies && flot ordinaticn of tinis site was considered but
, .

then rejecied: the degree of spatial infcrmation loss was
deemed unacceptable for - this site, given the objective cof
the study (which was, 1in part, to be willing to pay atten-
tien to a great deal of confusing tutr pctentially useful
vegetation detail). The irreqularities of this patchy mosa-
ic are as Strikiﬁg as the broad +trends (up and across-
slcpe), and they focus greater attention t¢ the prccesses
that bave resulted in this dis¥tibuticn.

Therefore, the ggneral configuration of this ecctone is
related to the deterioraticn in effecti%e climate fcr glant
growth with increasing elevation and wasterly exposure. To

¢ope extent, therefore, it makes sense to group the varia-

tion in vegetation cover in this way. But having said this,
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it must be reiterated that on this site, topographical and
disturbance factors have locally influenced vegetation
structure and performance tc the extent that these expected
gradual vegetationsenvironmental gradients are fragmsented.
Such simple trends are obtuscated by *finer-grained features

cverlying the broad first-crder patterns" (Reiners & lang,

3¢ described in Chapter 3 above, there is ccnsiderable pat-
chiness cr local variation in vegetation.. These lccalised
¢r second-level features are caused by a variety of mecha-
nismss, both acute- and chronic, both endogencus or €excgenous
in origin (Reiners & Lang, 1979:414). Direct links betwveen
the observed patterns and disturbance regise are pcstulated
where clear, and proposed where several kinds of gpattexns
cverlap and the contrihution ¢f a single wunderlying mecha-
nism is difficult to pinpcint. That is, in §o-e cases, this

relationship is shcvn (and supported by cther discussions)

. to be a caysal mechanism; in less clear cases, they are

kncwn only to be agsgcjated mechanisms.

4.3.1 pechapise 13- [ire

bawkes (1979:81) =stated that "the role of fire in the upper

sutalpine subzone needs mcre intensive investigation®. Be-
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cause forest fire 1rarely extends atove tisberline (Baig,
1972; Tande, 1979), not a great deal is known of its effects-
in the upper subalpine, However when it dces cccur at tyis
elevation, it is typically a wsedium to high intensity fire ~
that increases in intensity as it burmns upslope. .

For Banff -Park in gendral, White (1981) gives an estimat-

//

¢d fire return interval of 201 years in the UOpper Subalpine
Spruce-Fir type, and a mean istensity cf past fires at 100%
czcun.-ortalitf for upper subalpine plots. The fire retum
interval is known to vary significantly with elevation and
asgpect (Hawkes, 1979).

It is qene;}llgpaqreed that at high elevations, stand-de-
stroying tires cccur only at lcng intervals, generally a re-
tlection of relative inaccessibility {in terams of husan ef-
fects) and greater precipitaticm (i.e., Mackenzie, 1973:57;
Tande, 1979). FPairly mesic conditions due to deep and late
snou-iie tend to discourage fires in the subalpine and to
make possiktle large accumulaticns of organic material. As a
result, in periodic severe aroﬁqht years these heavy fu=sl
lcads can buxn with catastropbic intensity (Lewis, 1917;
Eyctne, 1968; %hite, 1981).

1his is almost certainly the case in the wupper third of
wenkchenna valley. There seess little dcubt that on this
study site, fire 1is a lcw-frequeancy and destructive event
having severe effects on vegetation, and subsejuently on
Bass povement. (The latter will be discussed in the next

sectiorn.)
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Ereguency: It is believed that the widespread burn
evidence visible tcday dates fros a single fixe in 1870.
This estimated fire date is based on fire-scarred trees sas-
pled at four points by White (1981) as pért of a larger fire
bistory prcject for all EBanff Park. These saaple points
vere outside the actual study site, farther east above HNo-

raine lake.
|

t

The lower pcrticns of the valley (Lower Suybalpine and
Pcntane Forest types) were alsc burped c.1760, c.1882 and
c. 1504. The Banff town newsgaper repo;ted the July 1904
fire, ccmmenting on the dry tister, 1lack c¢f rain, and pre-
vailing hot weather of the previous mcnth. Byrne (1968)
postulated that these more frequent fires were a disrugtion
of the patural fire reéi-e in these communities due toc the
carly activities of white men in the Bow Vallef¥. Certainly
this is true of the 1882 fire over the éntiré Bov River Val-
ley, which was reportedly caused pyjkPR engineers surveying
ihe sain rail line {Nelson and:Byrne, 1968:U4E}.

Because of its relative iu;CCessibility,‘the upper Valley
of the Ten Peaks could be treated as a case experiencing a
natural fire cycle. Acrcss the study site, all trees ob-
served had only one fire scar, suggesting that overlapping
tires have not cccurred.

This tire date 1is roughly cenfirmed in ﬁilch's account
¢f his 1899 visit t¢ Moraine lake. He describes the upper

slcpes of the north shore as "burnt over® and some of the

[ E st
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fallen trees were very la}qe: "logs Mthree or four feet in
diameter™. Thosé‘diéﬂ poles still standing were taller than
"the new trées®™ which in 1899 vwere "about £fifty years old"
(Wilccx, 1916:173).

Spoxadic lightning-struck ' coanifers  are encountered:

their locations are indicated c¢n Fig.l-2. It 1is a simple

proceduxa“to discriminate these from the ccnifers charred by
the major fire.u‘Lightning strikes are los£ coasonly identi-
fied by a shallow, unifors furl that spirals along the trunk
exposiny only the outermost layers of sapwood. Occasionally
some longitudipal splitting indicates more viclent damage,
tut evidently these are only spot buras with little‘sptead-

ing (Rackenzie, " 1973:26). The distributionm ¢f this small

samngle agrees with that ¢f Habeck and Mutch (1973:416) in

western Montana, that lightning a1gnitions sost often occur

¢n ridgelines and sbuth-facing asgpects,

Fire bistory informaticn is gleaned directly froms fire-
gcar and resnant analysis, and indirectly frc¢w stand age
structure and species presence. The stand size-class inven-
tcries were presented in the last ghapter, More sgecific
focugéﬁn the relative severity aq&jintensity of fires in-
volves the ccabination of several ;Lthods (as used in other
discussicns): the type of stand replacement, the dersity cf
regeneration, apd the asount of direct fire evidence
[ Fresence of fire-scarred stusps or lcgs; cbvious fire scars

in neighbouring forest stands; and charcoal in the scil FLo-

T
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file or cn its surface] (Mackenzie, 1973; Houston, 1973;

Tande, 197S; Hawkes, 1579).

Listributiopn and Intensjty: Theé extent of this fire is
believed to have included the area shown in Pig.uU~2, based
largely cn the distribaticn of fire-scarre¢d rempants: liv~
ing tree scars, énags, logs, and the common occurrence of
charcoal, both buried and unburied.

ipfrequent burn fragments on the north-facing lee slope
of the moraine and in several Boister ;pgckets' indicate a
reduced fire. impact-where conditions were ‘lo:e pesic and
peéhaps cooler. In addition, Wilcox menticned open groves
of Larix and Pjcea of great ags in Larch Valley. wbich had
escaped death by buraing. ”

Cn the valley flcor, Gardner (1978a,b) ﬁated living treses
pear the tersinus of Wenkchemna Glacier as 250 tc¢ 300 years
of age. Pire scars are sesh on the trees of the valley
floor, but because no fire-scar dating was done, it is ub-
kncwn whether this area burned in 1870. If it did, either
the impact was milder than cid the noretxe:ic lateral mo-
raine, or more substartial regeneraticn \has occurred if it
turned severely.

That this was a very intense fire 1is suggested by the
conplete}lack cf smaller fragments, and the very thin scil
and bumus layers (Dcuglass, 15854). an intense fire would
consume all smaller material turming it to ashes, nct char-
ccal, and this uouldﬁexplain wvhy 2all snags (standing) or

logs (lying) are very large.
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However, a;‘ egqually valid intétptetaticn is that there
¥3§ little or no small sized material at the time ¢f turn-
ipg, wmeaning that the pre-fire forast wvas an old-grcvth one
in which the seedling/sapling size c¢lasses were poorly rep-
resented. Hence, the lack of small fragments cn the grcund
today. (It is a cosmonflace that ¢ver-sature stands are
more susceptible to fire (i.e., Barrcws, 19513 Mackerzie,
1973; Habeck & Butch, 1973).

Precisely because of the lack of remaining evidence, how-
ever, neither of these interprataticns cam be corclucsive.
meanwhile, it should be stressed that they are not sutually
€xclusive. B '

~In future, more evidence atout the nature of the fcrmer
vegetaticn éover ¢culd be acquired by apalyzing they soil
content ot biogenetic opal phytoliths across the forest-
heatha/transition. This ow2thod was successfully used by
tiles and Sipgleton (1975) and Vale (1973) to date scil ans
vegetation changés in a Wycming timberline meadcw.

1t is unfortunate that firw statements regarding the na-
ture ¢f tne pre~fire forest are¢ not possible. Clearly, the
reproductive status of the pre~fire fcrest has important ia~
plications for the tuture regereraticn cf the site. siqnif-
icant conifer regereration depends upcn seeds. If the tre=zs
in any patch destroyed by fire ¢r cutting ate pot effectivé-
ly reproducing at the time ¢f destiycticy, the stand's

chances of regenerating are csliam (Elliott, 1979; Hamsen
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Eristow, 1579). iq a study of the stahility of the species
in the Canadian suhérctic t:eeline, Elliott (1979:1€%) found
that:

buried seed stores are very shqit-lived, and un-_
less seeds have been produced within the last few
years, they are not available fo¢r stand regenera-
tich. T ¢ - ot
Pore will be saiﬁ in Ch.4.4 atout ’the‘honditicns ccnducive
to conifer seedling germinaticn and establishment. gggeneré
ative capacity of pgst trees;;s isportant and intexesting,
but more grucial ob?iousiy is the regenerative catacity of
trees. gt present. 4
In a ccrresponding ecclogical subzone in northwvestern
nontana,AGabtiel (1976) tound:that in higher<elevation for-
ests, larger stand-destroying firesohad'occutred, but vith a
spcradic pattern of stand destruction even during relatively

bigh-intensity fires. To be sure, inferences atout fire in-

tensity and Lebaviocur are cosplicated by complex relation-’

'thips between fuel cnaracteristics, weather and topcgraphi-
W b , .

cal effects. E

In this case, ths increasing vindipess upslcpe ccnceiv-

-atly caused an acceleration in igniticr rate (Hawkes,

1979:121).  Most fallen 1logs are oriented S¥ to NE across

-the slope which suggests the fire wvas moving ip an easterly

direction.

The purpose of Fiq:u-B. a slope confiquratibn map, is to

shcw the tendency cf each area to ccllect cr disperse mois~

" ture. As well, a conpkrison of this figure with the burn

v
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respnants distribution in Pig.4-2 suppcrts Zackrisson's

{177y finding that coniferous forests in Sveden burned aore

geverely on ccnvex features than on concave ‘portionps. As
suggested earlier, Area A is a slightly concave portion of
the moraine nov supporting a such denser, more satutre cover,
which could suggest that it burned less severely thén either

1

Areas B or C. .

Ic make further statesents about’ the‘ detailé cf this
fire's intensity or behaviour would be unsuitable, as no
fire-scar wedges for aging or analysis were taken frcs ei-
ther liviné trees Cr snags.

L 4

Effects: While many cf the conclusions about the.fitre's

date, atreal extept and severity must be apprcximate, its

lcng~-lasting efrects are much more certain. °
Fire, particularly high-}ntensity fire, affects all cos~-
fonents of the ecosys;eu: physical, chemical and biclogical
|inciuding'vascular plants, animals, and nicroorganisns).
The primary changes that resule immediately afFer fire are
largely self-evident: destruction of forest cover, piesence
cf ash, increased fH value, cbhanges in scil pcrosity, and
greater tesperature fluctuwations (Widden, 1971). .
' In the upper subalpine, many seccﬁdaxy environmental
changes are jﬂ;t as drastic. The whole energf budget is

) |

changed as the forest is opened to the impact ¢f wind, in

effect, a switch tc virtual tundra ccnditicas. This leads

to shifts in the snowdrift patferns both in the nevw c¢pen en-

-
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vironment and within nearby unburned forest stands. In
turn, the 1lccal hydrologic balance is affected. Suamer
drcught stress is cosscn in clearings, while snow glades
persist within tree stands (Billings,. 1969; Alexander,
1974) .

That there is wmipimal snowv accumulation on parts of tha
old burn was already pointed out in Chapter 3, especially in
relation to its effects cn regeneration. Particularly on
southwest~ and vest-facing aspects, tree astablishment is
very slow due to the lack of mcisture and the extrese range
cf surface soil temperatures.

Vegetation responsSe atter fire in western Montana was
studied by Habeck and Mutch whe believe that

sose amount cf the present-day alpine vegetaticn

in Glacier Park occuples sites that once supported
krussholz tisber before it was removed ty fire,_
Apparently, th2 pace at shich the forest reestab-
lishes itself above 18508 (6070ft) in Glacier Park

has produced a dovnward eixtensicn of alpine spec-

ies; these remain until th2 forest succession cc~-

curs (Habeck & Mutch, 1973:418).

4 further secondary effect 1is the increased incidence of

sncw avalanching followving fire. This is discussed in the

next secticn.

‘°3f2 Bechagjsas 2- JAvalapche

Snowfall estimates for the Ten Feaks area are as high as 20
to 30' (6-9m) annually (Kucera, 1974:39). Whether accumu-
lating %n hollovs or moving downslope, snow is an isportant

€lement-in this valley



"

being present in contiouous ccver for about 6 !
months per year, ip disccntipucus cover for about |
9 months, and throughout the year in sheltered lc-
cations high c¢n porthfacipg slcpes... (Gardner, |
1979:46) & i
‘This sectjicn concentrates cn those gsgchanjg¢al damages

caused by downEill wasting of snowloads, whereas the next

section vill examine physjological effacts

cusulations lying late and stagnant jp situ.

of deep snow ac-

The causal factors involved in avalanche formaticn are

vegetational cover, slope angle, and slcpe orientaticn. Be-

-

cause it ré¢moves stabilizing plant ccver, fire causes an in-

crease in avalanche activity. dinterkottom (1974) has shown

that avalanche chute enlargement was induced by forest fire

in the Field, Lake Louise and Marble Canycn tegion, and that

38.6% of this <region (which includes the present study

site), is regularly atfected by avalapching. Howell and

Harris (1978) concur with winterbottos (1974) that avalanch-

€s occur in this area wherever sufficient snov accumulate c¢n

slopes stecper than abcut 29° .

Spe\:ificaily on this study site, the characteristics of

avalanching as a mechaniss are variatle. Its distributioen

is fairly restricted and has 1likely shrunk in extent over

time. Its periodicity ranges from rare or intermittent to a

chronic condition. Its severity also ranges widely, depend-
the snpowpack maves

ing upcn the length of slope over which

and on the depth of the snowpack,  which 'varies from year to

Yyear.

'S
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Distpibytion: With few exceptions, the cccurrence of av-
alanching (thg rapid downhill vasting of sncw) is restricted
tc slopes steeper than 550. Fig.4—-4 shoné the location of
avalasche activity evidence: trunk scars, lisb breakage,
linearptracks, and debris depcsits. (The age of scars wvwas
evaluated By visaal examination only.)

Frequency apd Iptemsjity: Ch. 3.1.12 presented the argu-
sent that avalanche frequency was high imwmediately after the
tire and has decreased with time (particularly in the more
contianucus cover of Area ). Regatding these c¢lder ava~
lanche strips within the subalgine forest, it is doubtful if
the snow wasting now extends to the ground surface as sub-
stantial lichen, grass and ccnifer establishment is found
{cee p.%9).

EY contrast, or the basié cf a bigh incidence of recent
damage, avalanche frequency is high in Areas A and BT The
tracks here are not long but are locally severe (slcpes 30
-350), with vskinned' trees, recent breakage and diSfis
alcng the chute,sides (see Fig.4-4). 1his is somevhat sur-
Frising as the collection area would seem to te tco ssmall
for sufficient accusulaticns. 7The shrub aand herb layers in-

clude phyllodoce glapduliflora and Elymus jnpovatus, species

associated with deep snov cover and avalanching,.
In forested terrain, winter and early-spring avalanches
are most coamcn, while abcve timberline, late-spring and

early-summer avalanch2s are "the .aost frequently cccurring

P
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slcpe prceccess® iﬂﬁthe area (Gardamer, 1970:142). The peren-
nial avalanche sloées of Area G. (on the south slopes of nt.
Eiffel, en route to EBiffel Lake) vwvere studied in detail by
Gardner. Chaotic unsorted depcsits of earth material, turf,
kranches and bits of wvegetation havg been transported by
snow avalanches. The deeply abraded chutes are typically
the wvork of late-spring avalanches that "invariably make
ccntact sith the ground® (Gardper, 1966:176-7).

Effects: Howell and Harris (1978) report that avalanchas
cause mixing and truncatics ¢f soil profiles, and the ero-
sion of material frco upper slcpes and.its deposition in the
ryn~gut 2zone. Jumbled surficial deposits of brcken tree
sections, stones, and gravel are fcund in the areas marked
cn Fig.4-4. In future, no;e detail on the distributica of
the characteristic disrupted scil comglexes could be used to
delimit the extent of avalanche acdtivity after the burn (01~
geirson, 1974:185; Howell & Harris, 1978:321).

Snow avalanching causes death or dawmage directly through
the breaking or atrasion of plant parts. It also affects
vegetaticn pattern indirectly through the iampacts of snow
loads in the avalanche track periueier and run-out <zone.
Ancmalously cold anq daap pockets are created in the conifer
forest, where proper plant -development and reproduction are
inhibited. Mesic heath and alpine tundra associaticns are
found in a patchwork fashion in response t¢ the differential

€0il moisture and temperature conditioas.
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a. Pistol- butt form

Elevation 2196m (7200')
Tree height 4.5m

Repeoted winter snow pressure
and springmelt-period soil creep
induce trunk orthotropy.

z b. Severe butt-sweep
of trunk

Elevation 2135m {7000') \\A

Basol diameter is 40 cm.
Ground to crown height 6m

Situoted at edge of
perennial avalanche poth

Figure 4-5:
Avalanche and
. Snow-creep

Effects in
Study Area F
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8.3.3 Mechanjsms 20~ Sngw Creep

td

More videspfead than dest;uctive avalanche activity are the
ponlethal or suhlethgi stresses induced by snov veight. On
moderate tc steep slopes, slow shifting or sluaping of the
accusvlated sHcw ccver exerts prassure on the conifer stess.
Evidently, the response depends upon the mass and periodici-

ty of downward sncw creep and the size and species cf tree

involved. Seedlings and small trees can be uprooted.

"Stem deformation is the wmost visible sorphological re-.

gpcnse to repeated winter sncw pressure (Fig.4-5). The
characteristic butt-swveep results frcms tree crthotrcry, tha
gFowth ot reaction-wood ¢n the downslope side of the trunk
ig an effort to retain a vertical stance (Tranquillici,

1979:100). An occurrgnce pa:ticularly ccamcn in Abjes lasi-

- -

" Qgarra is the rooting ¢f the lcvwer branches on the downhill

side, forming a sukstantial snow-skirt. .

Tranquillini (1979:101) states that -in the Alps these
forss of snow damage play nc ®ajor rcle in the general dis-
tribﬁtion of forest. . His illustrations showv single
L-1y21lii trees vith a full ccae crop;

Cn this study site, hcwever, trees vwith the characteris-
tic butt-sweep are involved in regreduction by layering
cnly; only at such lover elevations‘do trees so deformed
carry cone crops. 71his lack c¢f sexual reprcduction seems to

indicate that the pressure of crthotropy may involve enough

cf the tree's photcsynthetic effort in any given year that

Ll

b,
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the reprcductive effort is curted. Clearly vherever this is
a chromic situation (see Fig.4-4), uc seed crop is ptoduced
'tor dis¥emination and nc mev individuals vill establish:
cnly expansion at i;e margins of extaant trees will <take
place. Contrary to Traagquillini's judgment, over the long

run, cosmupity distributions will be affected.

It is a recurring theme of the findings that, in fact,

[

any accumulation of stresses and disturbances, or even a
single sublethal stress that Jiphibits proper plant develop-
sent and reproduction will patently affect the distribution
ct forest and tundra. True, snow creep damage is seldos a
lethal stress on an individual basis. The point eade here

is that it dces not have tg be in order to affect vegetation

-

pattern. The next section describes hov another mechanisas

related to deég/snou contributes to the nature c¢f plant cca-

I
|

punities.

'

8.3.4 pechapiss 3- Pathogenic Pungi

70 what extent can snow accupulation and <snovwmselt patterms
te inccrporated as an impcrtant paraseter ccntrclling coamu-

nity patterns? It has been remocsaly suggested by sScee and

- considered primary bty others. Shaw (1909:172) wsas convinced

that

the late lingering beds of wet snow are altogether
the most important factor in inhibiting the devel-
opment ¢f a fcrest and bringing about the exis-
tence of alpine grassland.
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Persistent winds $nd the ccnsequent sncu-cover features
‘bave been correlated i}th subalgine veéetaticn Fatterns to a
scre moderate degree b& Griggs (1938), Brink (1959), Bill~-
ings (1969), Kuramoto and Bliss (1970) and Del Moral (1979).
lhere is 0o doubt that dJdifferential spowdrift pattern and
timing cause variations in soil moisture and length cf qroi-
ing season. The sigpificance of snowlie in the meadows
arcund and between tree groups is frequently -discussed in
relaticn to plant phenology and growth rates.

In this case, the effects of extended ‘meltwater supply
will be discussed later in connection tc suamer diought {Ch.
4.3.8.). This section concentrates on a dasaging or stress-
ful condition found within the le}ting snowpack itself, nct
during the followimg snow-free (photosynthetic) pericd. Im
are of deep snow accusulaticns around the margins of trees
or tree groups (Fig.4<6), such of the foliage held upder the
snow shows dawage f:;l pathogenic fungi (a species of Herpo-

tricbia). The lower branches are dying, matted and infested

vith fungus mycelia. Apparently the .weight of stagpnant wet

sncv prevents aeration, promoting the fungal grcwtly,
kiscxibysion and Eredyepcy:  This §§hv14¥::3;;’aa-a9e is
fcund in concave pockets, cn lee slopes, on individual trees
within spowdrift glades, and c¢n the dense mats of jAbjes and
Eicea clones (see ®$ig.4-6). The widespread nature of the

damage indicates this 1s a chronic stress over such cf this

site. Both field observatior and airphotc study revealad
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the anpual snoudrif?‘patte:ns tc be fairly consistent, al-
thcugh some variation in amount and re-distribution of snow

is expected. Most important to tree vitality is the leagth

cf the gpowselt period.
Severity and Effects: In places, complete mortality of

lover branches was seen, but generally, injﬁry was found in
the needles and cones only on the south- (downslcge) .and
east- (lee) sides cf tree islands, where snow is trapped in
deeper drifts. Pig.4-6 displays the location of this phe-
nomenon. It was coason éo See two types of needle dasage in
close proximity: the blackened, gusay shocts below the snow
liwit ‘and the red~brown dry tips exposed and desicéaﬁed by
wind ana ice-blast just inches above the sncwpack. Clearly
toc little snow and too much snov each have taeir acccipany-
ing effects. -

Beduct;on of reproduction is one c¢f these effects and is
apn energy loss these trees can ill-afford. Photosyanthetic
effort invested either in seed prodyction or adventiticus
toots iﬁ oBe groving seascn is "lost® to fungal damage, and
tree vitality declines. The effeqts of pathogenic fungi are
not likely to 'be truly lethal to any one tree.  Neverthe-
less, in keeping with the working definitions employed, fun-
gal effects are considered a disturtance since actual de-

struction of plant matter is irvolved.

-
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4.3.5  Bechapise 8- Cold Mz kxainage ~ .

Eeusser (1956:269)  mentioned cold air drainage as ome of

“the sore significant factors that may affect the axtent to

vhich arboreal véqetatioP vill penetrate the alpine tundra®,
aiong'ﬁith show cover patterns, slope steepness, soil char-
acter, available mcisture, and 9i£d. véblen (1977:293) re-
fers to'colﬂ dir drainage as cne of several forest distur-
tances " which reduces casgpetitior below  timberline,
facilitating “the descent of species characteristic of the
zcne above timberline to lower altitudes®,

Alleys of cold air drainage and the :esuiting temgperature

inversion are a coamon occurrence in Wenkchesna Valley.

" They move down along the valley flcor fros the valley head

at wWenkchesna Pass (Gardner, 1978a:3). ¢In a sense this is

an acute ‘'event! and yet épparently is very frequent. Sepa-

rating the intensity of its effects from that cf other fac-
<

tocrs is not easy. 1In this regicn, Ogilvie (1976:35) reports

that in  winter, - iﬂvgrsions may _be naingained for several
days, produéiqg great;: and greater ccld (dcwn to -a0°C)A on
the valley bottoms, 'and much warmer air along- the valley
sides.

‘The valley flocr per se was not part of the detailed
gtuay but some observations ars of ipterest. The vegeta-’
ticnai pattern is a complex aix of tundra-iike heath patches
within a subalpine forest. 1he forest associations them-

>

selves vary widely in thriftiness. Pockets of deep spcv ac-

.
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cu-ulééicns',gere identified cn early-spring air fphotos;

%

these,tcpcéraphical depressions presumably trap cold air.

The moist soils of these snowdrift glades support mesic/

bygric heath associations (faccinius scoparius, Ehylledoce

glapduliflora, andt‘zxijg;gg EeLregrinys) vith scattered
stunted Abjes or larix trees, 'sboradicdll?, actual bogs
qith vater-logged scils form pact of the wvegetation matrix
(Capsx oms,&sise Wablenmb., Ericphorus Scheughzerj Hoppe, and
;;;;;_g;;;gggiggg).‘u.zye sub-optimal temperatures, high wa-
ter-table.and black wuck scils prevent any conifer.g:cuth.
These moist heath sgecies alsc typify the areas of old ava-
lanche deposié; at the break-in-slope, ' vhere conditicns are
apcmalously cold aﬁd wet and the growing season shortéded.
Cng of the straightforward effécts of ‘the c¢cld tespera-
tures on the hun-ociy valley floor and sides is tbebhiqh
prcporti&n of Larix 1lyallii for this elevation. f_Usua}ly
_scarce in the subalpine fores:, Larix shows superiour bardi-
pecs in habitats combining severe environsental corditions
{cold, wind, avaldnche sites, boégy sites) (Arnc and Bakeck,
1972:447). The density ¢f L.lyallii is high cn the valley
:ico: while 125m (400*) further up the moraine slope, tall
upright g.;ggiggggpé " fors alacst pure stands. . lLalix then
does not dcminate again until 2340m (7700°'). This suggests
that an inversion of the usual adiabatic lapse rate occurs
with great regularity. furing these "episodes®, the de~

scending cpld air tends tc push and bold warser aireupslope

@
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- r
which is likely to create unusually dry, evapoizfive condi-
and p.148.

tions. 17This phenomenon is also discussed on p.3

- )
Cold air draimnage and nocturnal inversion is also: reported

by Lindsay (1971:133) in the suhalpiné of the Medicine Bow

Mountains, Wyoming.

8.3.6 Bechapigs 5= Bockslide

Weathered Shattered bedr&ck is ccmacnly exposed on the upper
and vestward.portions of the moraine. Scrabbly shale and
dolomite boulder fragments make up ' the técxslidgﬁ vithin
greés D and G on slopes averaging 35~a5°. '

Listribytion amd Intepsity: Reckslides are more re-
stricted in distribution than snow avalénches, and cnly in
ghe vesternmost part of Area G, on the fiank of Mt. Eiffel,
is  rocksliding actively encroaching on cclonies of
A.lasiocarpa. Work by Gardner (1977:232) sugqeéts that high
sagnitude rockfall-;ockslidé‘\may have been a wmore signi%i-
cant geomorphic event ané aéent in this reqicn than has
nefetofore been supposed.

°Spatially, rocksliding is a discréie event but jn terss
¢t frequency it is both an acute disturbance and a chronic
stress. Its ispacts range frcm minor abrasicn wcunds on
Abjes stems (often from individual bcunding rocks). to the
death cf trezs completely buried by the entire mass shifting
or sliding downward. That plant matter destructPon is cngo-

-
ing and continual is indicated by the presence of scars of

RRNCISN
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all‘ages. The speed of dcwnward wasting is likely increased
during the spring s=nowselt or by severe susper raipstotns.
Even duxing very dry conditions the Qurface of these scree

surfaceé is very unstable. ‘
Effects on Pattern:  Undersized nptiéht trees grow only
cn the linear ridges between the debris avalanche slopes.
Brcund the margids (the sides and fer|1nus) cf eacﬁ iock-
slide, the characteristic vegetativ? response’lin both herb
and conifer gopulationé) is a cushiony ncrphéloqy ard high

stem-density due tc layering (in Abjes).

. Ciher Eqres of Rapid Mass Hovsmept: Finer earth sateri-
‘als waste downhill in ssall-scale, localised events. Whezxe
\ the vegetation cover (especially those plants with fibrous
rcots near the surface) bas been disturh&d by avalanche or
animal burrowing or feeding, ¢r belcew persiétent snowbanks

,uhéxe scils are saturated, ssall msudflows and landslips oc-

—
—  eur+—"i#ovell and Harris (1978:315) found that leeward slopes

and depressions in this regicn are very susceptible to
sass-vasting if thescondition of saturated soils is ccabined
vith the effects of frost acticn and .soil creep. Here, in

addition, 2t is cowsbined with coyote digging.

Cbviously, s=2edling establishient is extresely difficult

ch unstable surfaces where soil develcps=ant is truncated, or
where stcnes and finer material slide or roll sc frequently
as to crush swmall plants (Daukenamire, 1968:15? {xefer to

Fig. 4~-4.)
¥ 4 ~ ‘
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8.3.7 Bechanisme S5k Soil Creep

Iistribution and Prequepcy: While rocksliding takes place
in unwistakable *fixed! location:: scil creep is less obvi-
cus, more subtle in its effects, and very nearly ubiquitous
across the study site;. Dcdge {1975:129) and Howell and Har-
ris (1578) felt that the significance of soil creep and oth-
er slov unspectacular foras of mass mcvement in soil ercsion
in this region has largely been ﬁnderestinated.

As r;ported in Ch;pter 3, thin calcareous scils and ex-
cessive stoniness are common. This is related to the fact
that frost-heaving action cosbines with slope steegness to
churn up sSoil profiles and gradually move haterial down-
slope. In Wenkchemna VYalley, there are about 133 days per
year of frost~§lternation {Gardner, 1978a:2), and avaflable
poisture is generally high in late spring so the pcten;ial
is great fcr freeze-thaw activity in the upfper scil layers.

At Vermilion Pass, a site 15 kxm south of Moraine Lake,
Barris (1972) recorded surface movements as rapid as 323am

)%er year. He ccnfirms that the majcrity of this mscvement
hafpens during the early sumsmer vhen soil -o@sture centents
are bigh (>40%). As well as warying thrcughout the year,
the rate cof soil creep is highly variable‘fron yéar tc year.
bc instruasentation of the depth or rate of Soil creef was
dcne in this study. ,

Effects: Field evidence for soil creep is scsewhat dif-

ficult tc distinguish frcm that of snov creep. Damaged,

©
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tilted, or uprooted seedlings could be the result ¢f either
[ 5cth,processes. Even this type of microscale disruption
of seedling devélo;aent creates chronic stress and can be
lethal during that growing seasch., & series ¢f growing sea-
sons of sublethal stress will weaken the stes of a small
seedling. If it survives, a butt-sweep fcrm cospensates for
the gravity effects (refer to Fig.4=5).

Particularly on the “"talds" of Areas B and C the bare
g0lil arecas between heath cushicns cr graminoid clumps show
tubtle signs c¢f scil heaving. Soils tend to be husmocky
above rocks, stumps and senescent Junjirerys shrubs and over-

stcepened telow, creating a esasctcgographical *cliff and

bench*' formaticn (refet to Fig.u-10). 1he abundance of

stcpes and boulders suggests that surface ercosion ¢f the

glacial drift has taken place, prchbably as a result of the

combined effacts of fire, avalanching and soil creeg.

4.3.8 pechapjsm 6: Njnter Drought y R

-

Farlier opinion that wmechanical damage frcms wind and ice-
tlast was the key factor in detersmining the foresat lisit has
teen <clarified by recent. physiological_ecc¢logy rTesearch.
Leath of tree shoots exposed atove <the snov surface is sore
the result of winter desiccaticn or "frost drcught® damaye
(Iranquillini, 1979:100). It is nov believed that the abso-
lute upper lieit at which tree 1life can wexist is 1linked

closely with the degree of frost-desiccation damage sus-

\
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taine; tovards the end of each winter (eg. Lindsay, 1971;
Wardle, 1971; Noble & Alexander, 1977; Marchand & Chabot,
1$78) . The degree of physiolcgical dasage, therefore, has
scre to do iith a “species' drought-resistance than with its
frost-resistance. That is, wind is cbviously involved, but
it affects the @moisture gore than the teaperature cf plant
crgans (Marr, 19775]162). Tranquillini (1979:102) calls the
€lov dasiccation of shoots "the most common damage to be
fcund in the transition zone atove timberline®.

Luring the trarsition pericd into winter, tiaberline
trees experience a decline in Zranspiration. Eventually
cooplete stomatal closure is brcught about by increasing wa-
ter deficits as sgil water freezes and grd?nduater uptake is
lisited cr compl2tely severed (Kozlowski, 1972:70). as win-
ter continues, the high insclation and evaporation rates
regularly result ip lethal water deficits in plant tissues.
Needle remperatures can approach those of sumser maxisa, es-
pecially close to the snow surface.

High radiation levels amplified Ly reflecticn frcm
snov-covered slopes can resylt in intensities up
to twice those pertaining in the valley (Trasmquil-
lini, 197%:388).
b relatively high leaf-air water vapour gradient results,
These extreme evapcrative conditions cosmsonly occur ty March
cx April (Sharge, 1970:23). Needle water lcsses can be al-
leviated it there are plant parts wunder a deep snowgpack and

some weltwater is atsorbed. MHowaver where the snow cover is

sparse or blown free late in winter, no atscrption cf wvater

—xde
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ty needles or roots is pcssitle and severe desiccaticn pro-

gresses. Exposed trees and exposed portions of trees are

subjectéd to moisture 1¢ss on many winter days (Sharpe,

1970:23). Trangquillini (1979) presents recent tesea;ch re=«
sults on the critical dalagé levels for each species above
the Alpine timberline. in severe years, damage can cccur
€ven within the upper closed fcrest as well.

~

deficiencies. So0il drought is a function of 1little snow

Both vinter and summer droughbt are related to scil water

cover, fast runoff, steepnesé; soil texturesstcpiness,
apcunt ¢f organic matter in soil,i and wind for surface eva-
pcration. In energy tudget terss, vinter and susser drought
vork ditferently Lut each has' cumuiative effects c¢n plant
-growth. The limitation of sumser dry matter production re-
lates directly to failure cf needles to wmature cclpletely
which igftutn is linxed t¢ the likelihcod c¢f winter drought

dasage.

Lrought resistance tluctuates during the ccurse of the

year and is greatest in winter. However, Tranquillini

{1979:108) found that the uppermost trees in the ecctone
feesess less ev;;crative rasistance and desiccate nore
quickly than lower-elevation trees, Apparently this is be~
cause the transpiration resistance of nev shcots is inade-
quate if cuticular develogaent was not cosfpleted in the pre-
vious growing seasch (Wardle, 1971). Wardle {(1968) showed

that the waver content of i1smature needles declined wsore

"
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’tapidly than that cf fully satured foliage during the ccurse

of the vinter. Hence, any ssall-scale climatic chaige that

effects a shortened growing season or a decrease in susmer

.

beat will bhave ©npearly ismediate ispacts on the winter

© T 8xought resistance of high altitude trees. Exceptionally

severe desiccation damage becomes visible in the tisberline

ecotcne during the fcllewing spring (Tranquillini,

1979:108) .

-

ADY environsental change (such as clisatic fluctuation)
vhich either intensifies the ywjgter conditions for desicca-
ticn (eg. —radiaticn conditiots, changes in snowcover pat-
tern) gf decreases the length-cf the growjng seasonm, retard-
ing npeedle development (and thereby decreasing cuticular

s

resistance to transpiration) will increas¢ the risk cf win-
ter desiccation.

The dry red-brown needles left Ly severe winter desicca-

. ‘
tion therefore clearly mark thcse trees which are at their
absolute limit of year-to-year survival (ftor that species).
For this reason, very tborough attention was paid to the na-
ture and location of this fors cf damage.

pigg;;gg;ig_; The  extent of desiccation damage 1is as
shcwn in Fig.4=-8. Several contributing factcrs in this dis- -
tritution can be isolated and discussed. FPirstly, .those
areas blown free of snov cover parait greater frost genetra-‘

ticn of the s0il ("the entire root zcne is frozen in snow-

free areas"®, sharpe, 1970:23), and greater expcéure of
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tranches to the drying and cooling action of wind. Second-
1y, the areas with south and scuthwest exposure receive the
bighest insclation values, experience greater extrewes in
tots air and soil surface tenperatuf?s, and are exgosed o
gusty prevailing winds, which, taken together, create an ex-
treme evaporative situation. Thirdly, the upper ‘slcpe gperi-
odically exgperiences the inversion of the normal temgerature
distribution with elev§tion. These warmer, drier egisodes
may exacerbate needle overh2ating and the already highly
evaporative conditions, in ®uch the same way that Chincok
winds may enhance winter desiccation, =2specially c¢n south
cslcpes (Heunson, 1952). At the same tim2, the actual frost
resistacce (n.b. nct drcught resistance) ;ay te lessened,
inciting direct freezing injury. vhen teageratures ;drop to
'néxlal'.

!
b

3§gecig

s Selectivity: On this site the most severe and

Jmidespreac desiccation injury is suffered by A.lasjocappa
and E.engelmanpii. Drought reésistance varies by species and
is higher inm l.lyallii. *“winter drouéht apparently has lit-
tle effect on the deciduous larch®™ (Arno & Habeck,
1972:432), and thus it coantinues to shev erect growth fcras

~ where evergreen - ccnifers exist cnly as ‘lov and dense
krumsholz.

Howevaer, scme treducticn in r;sistance tc cuticular tran-

spiration has also been detected in the tersinal shcots of

larch above timberline (Tranquillini, 1979:108). So while

o s
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it does suffer an increased rate of water loss, the impact
c¢n the tree is not neaily $0 great as the stress most )jbjes
individuals exbibit.

Abtensity and Effects: Needles inm which the vater con-
tent fell to lethal limits during late winter turn red~brown
in the follovwing summer. The dried n¢edles are shed and tye
general result is the streamlining or flag-shaping of indi-
vidual trees (Wardle, 1965:127). ' |

in places, vhole tree islards and ‘*hedges' display desic-

caticn injury to their terminal shoots. Pig.4-8 indicates .

the locaticn of trees having msore thanm 30% brown foliage (as
per Vigour Index,bg.qg). )

Individually, the effect is seldom actualdy lethal, tut
it js stressful to the plant, as the entire dry satter pro-
duction of the previous year may be lost ("wasted"). Growth
during the following Sumacr may be c¢urtailad seiiously espe-
ci?llf after terwminal tuds have been killed QSharpe,
1970:23-4). Because the expansion of any c¢ne treet's kranch-
€s is limited to its lee side, the cverall a2ffect is that
dynamic tree island growth is iaspossitle. Wherever desicca-
tion damage is severe, there is a definite limitation on the
areal expansion potential f&E a single established tree or
tree group. Cnly in Study Area } is soné‘expénsion ¢t tree
margins taking place, as was discussed on *p.12-3.
freguency: oOn the basis of <the broaé - distribution of

flag-shaped trees and very recent drought éanaqe, it is su~

! 3
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gpected that this process occurs often. c1early‘the severi-
ty varies year to year, depeﬁding upon t?e conditions during
the preceding sumser as ve¢ll as the energy and noisiure ex~
changes during the dormant season (such ‘as slight changes in
snowdrift pattern and dupatgpn). | ‘

According to Tranquillini's wmodel (1979:110) of how de-
siccation processes are involved in the locatgcn of timber~
line and treeline, the fjisk of desiccation:dalage extends to
lover ;1evations in very barsh years and woves further up-
slope in milder years. In. this valley, trees defcrmed by
desiccaticn occur as lov as 2:72s {(7u450*) (see Fig.lU-8).
This is critical, as it Msuqqests a degres §f environmental
tstress not initially suspected. This situaticn cculd be
seen.as an indicatcr of lack of synchrony between modern
trees and modern climate-~ the axpediency of this ipterpre~

N

taticn vill be discussed in Chagter 5.2.

Y

4.3.9 Bechapiss 7- ¥jnd (Mechanical Dasage)

Klikcff (1565) cited the ilpértance of abrasion ggfepts from
wind=driven ice and snow on timberline treées in the Sierra
Nevada (although gebnsrally he found the larger contribution
¢cf wind was in decreasing temperature). Cn the ﬂenkcbe-né
study site, abrasion damage on windvard stess and Lkranches
vas quite localised. Very little superficial e;idence of
abr&sion\as a destructive ageat was Seen on budibyhich fail

to develop (Marr, 1977:1162).  Pices euqelmappii were ob-

'
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served with a substantial trunk scar or *pclish&' and bro-
ken branches more frequently than other species. |

Few trees are actually sﬁapped off by wind. In ccntrast
to its ispact withir the, lower closep—canopy fcfesgj vind-
thzow has remarkably little effect above timberline. Wind-
throw is  the uprooting"or breaking of vegetaticn by high
vinds (Barbour et al., " 19803204). Only in the most severe
gales does -hiog-dcvn occur (Mackenzie, 1973:51) and then
c¢nly of old trees ui;h advanced heart-rot, usually Larix
snage (Arno & Habeck, 197z:443). Any vind-troken trees cb~
served were cn -high-"wisdfall-risk® exposures (Alexander,
{é7u:12) such as éaddles in ridges and ugper south- and
sest~facing é;oﬁés pot prctected to the vind;ard. In iieas
[ and G, .1.lyallij vas often double-~ or multistemmed with
someJark and fcliage hatfeted.cff the sindward side. .

Generally, however, direct wmechanical stress due to
strgng vind is of slight consequence. Gene;ally tixkerline
tr¢es appear vell-adapted to a variable. vindiness regime-
calm, gusty, persistent, éale and hlizzar@ winds. ¥ardle
!1965:123) observéd that in t%e Rocky Mountains of southern
Alberta, trees ag tilbétling are stunted but "deformation by
wind is'nﬁch less evident™ than in the Colorado Reckies. It
is also much léss prevalent 'than that Treported by Pears

{1567) for the Cairngoras, Scctland or by Hclroyd (1970) for

+
&
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Mcre tesearchg;s have shoun that the wind exposute of~
fects are linked to the transfer of the sncw cover and thus
zelated to desiccation effects. The redistribution ¢f snow
to lee slopes or cocmcave pockets, producing local wetter or
drier than average areas: has been discussed by Dautenmire
(1568),, Eillings (1969), Howell and Harris (1978) and hein-
exrs and Lang (1979).

i1t emerges that uech#nical damage (abrasion or breakage)
caused by vind has sutpfisingly lisited impact in cceparison
to the considerable influence of physiological dawage by
winter-drought.
Physiological damage is a resultant of the inter-
action of thersal energy and sncw interposed as a
barrier to energy and woisture exchanges at the
plant surface. Mechanical dasage results from the
interaction of sSnow or soil particles acting as
abrasives, wind as the scurce of somentus, and

snow as a shield for the plaats (Sharpe, 1570:26).

Clearly the processes that interact to induce these two

férus of damage are significantly different. Yet during the -

dormant season, both physiologic and mechanical damage may
act concurrentl¥ on a given plant. i

wind effecﬁg (bofh physiological and mechanical) ére re-
spcnsiblé fcr the ptcdﬂ;tion ct snovlaté (P-gngelmanpii and
A.lasjocarpa) cbn the upper slcpes (Area D). These.pros£rate
forest outposts (under .3m (1') tall) are restricted tc de-
pressions and sheltered places, ~;nd are a ﬁconspicucus fea-

ture wherever the wind blovs all Sno¥ awvay except that vhich

is trapped vithin the foliage™ (Sharge, 1970:24). Griggs
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(1538) claimed that this formation is not a regular tisber-

line fepture in the Canadian Edckiés: on the ccotrary, at
this site, it covers about 65% cf Area D. . %
A second distinctive growth fors is linear hedges «of
d.lasjocarpa groving in Icws which are cne plant wide and-
axe‘oriented NE 25-u5°(paxallel to the prevailing winds) for
sutual protection from wind. They neafly resesktle a gplanted
bedge \n appearanc;. All branches extending beyond this
streamlined shaps suffer drastic loss of water content and

are lost to desiccatica. '

4.3.10 Bgchapise 8- Amimsal Activities

Camage to plaht parts‘frOl the feeding and burrcwing activi-
ties of aniwals is scattered * widely throughout the valley
tut is severe in a few localities oonly. Winter girdliﬁg ;
damage to the bark c¢f saplings and sose trees by porcugines,
sncvshoe hare§ and possibly vcles was encountered. Red’
squirrels, ground squirrels and birds (especiéily the Canada
jay) vere observed barvesting larch, fir and g}ne cones. The
foliage (buds and needles) of larch and whitebark pine are
an isportant tood soufce for tlue and ruffed grouse {and
ptarmsigan) (Arno & Babeck, 1972:431).

The browsing impact of large wmammals (deer, scuntain
sheep, black bear, grizzly bear) is limited at this eleva-
ticn. The upper valley is not a Fegular nrcute® for grazing S

ungulates. However all veqa*atlgn layers, tree, shrukb and

.
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berb, are affected by a large variety of rcdents and ssall
sasmals in addition to thcse already mentioned: hoary mar-
sots, sice, chipmunks, wease¢ls, and pika or rcck rabtits.
The seeds and roots of ccnifers, forbs and gramincids are
eaten. Klikoff (1965:201) <reports that herbivore ccnsumg=-
tion is probably insiguificant in affecting plant distribu-
ticn, but is 1likely of isportance in reducing the fund of
viable seed. The quantitative loss of seed froms anisal ccn-
sunption and cthar causes is nct known. In the absence of
data cn this relationmship, gs firs conclusicns can be drawn.
I$ is this author's opinion, hcn;ver, thaf seed supply re-
duction is nct trivial but probably a significant ccaponent.

Direct tissue dgstruction. hovever, is qenegally auch
less conspicuous than the effects of bnrzﬁuinq. Fig.4-10
indicates tﬁe lccation of certain slcpe segments where the
density cf ground squirrel (and pika) tupaelling is very
hiéh, to the extent that soils are undermined and mixed, and
the surface huamocky. On the steepest and driest slopes,
Exyas Hogkerjana- Carex scirpojdea  comsunities fgprr tufts
akove each tumnel entrance. These calcareous éandy heaths
are chronically sutjact tc wicd erosion, soil creep and
fxost action, e?fectively inhititing any seedling establish-
ment. Patches of exposed soil are mixed with open heath and
alpine herbi;t species (eqg. Apesone Lruamgndiji).

lborn (1978) documented the "prodigious earth ncv;nq ca~-

gabilities of pocket gophers™ in the alpine zone of the Ccl-

-

(T

Sl

« g



-

Active rodent burrow
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Figure 4- 9: Evolution of Mesoscale Cliff- and’-wbench
Formation.

¢ Once initioted by squirrel burrowing, the normal processes of frost
heoving, sheetwash, and defiation ensure the dovolomgf of a series of risers and
bore ireads. H
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crado Front Range, and the production of 'terraceétes‘ at
the mesoscale that results. He also noted that pocket go-
pher populations will readily relccate in response to chang-
es in winter uind;rand the accompanying snowfield patterns.
I1f a tunnel is 'drowned! by sncuselt, a new drier site will
be excavated. -

The observations on this site aatch those of Klikoff
{1965) that the distribution ¢f rodent burrows is neither
ranpdca ncr unifornm. They tend to be highly concentrated in
localized arcas in the dry meadcws. In the persistent balds
cf Areas‘B and C (see pp.79 & €5), the negative influence of
this burrowing on c¢cnifer regeneraticn is censpicucus.. In
addition, the coyote, obpe of the grouﬁd squirrel's preda-~
tors, has enlarged burrows considerably by digging in sever-
al places, as reported for cther subalpine sites by Patten
(1563:390) and Klikoff (1965:201).

Cn more moist meadovs, the impact of rcdent pctivity is

less clear. On smore stalble sites, Kc¢bresia myogurojdes and

Cassjope tetragopa are wvell-rccted and the not strongly
desiccated. These associations are ccnfifled by Knapik et
al. (1973). In Glacier Natiomnal Pérk, Hateck and Choate
(1963) found that Abjes and Picea seedling success is actu-
ally e¢phapced - by frost-heaving and gopher disturbance be-
cause€ Oof the aeration and mixing of soil and the reduction

ct coapetition. Patten (1963:390) also ccanented that the

disturbasce ¢f soil by burrowing animals has both berfeficial

£
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3p4d detrisental influence on plant regeneration. Brosion of
the looggned surface soil wmay increase, and yet the locoser
scil becomes a porous, often moist site for conifer seedling
establishment. Olgeirson {(1974:196) suggests that the pres-
epce of *®litter dams® on theseqterrace sites may in fact
provide stable soil surfaces favoring the survival c¢f see-
dlings (refer to Fig.J;Q).

Indeed, on the wmore mesic areas of burrowvwing activity,
the degrse of soil disturtance (hu--ocis. abandoned tunnels,

s

scunds) - 18 intermediate and yet tree juveniles have estab-

PRI

lished (for-example, the Slopes iwmediately below : Areas A

: and ¢€). However, an apparently sisilar situatiog//;:\zke\
: /

" lower end of Area B supports no conifer rageperatign whatso-

e e e g

ly explanation. ' , \\\\

L]
In vet meadows or on level slopes, rcdent activity is al-

ever. 1Ibn this case, the lack c¢f seed is the rela%ning like-

scst non-existent.

Thus even in the case where suitalkle seedbed ccnditipns
€exist (i.e., plant cover sufficient to trap snow for a sum-
sex léisture supply, yet not‘éo depse as to prchibit gersi-
nation, along with the creaticn of sineral soil patches by
‘animal buprowving), the availability c¢f seed emerges as the
critical factor determining cosmunity compositico.

in summary, to any individual plant, animal effects occur

intermittently and range from stressful to destructive. In

teras of overall associatioﬁs, the effectiveness c¢f this




-
g

! 163

w‘ - '
sechaniss is generally chronic (in timse) but moderate in in-

tepsity. | Ve ’
t ; N

4.3.11  Bechapiss 8)= Buman Astivities

10 only a very sinor degree, hbuman hiking activity exacer-
tates some of the effects of cther wmechanisss already dis-

cussed (eg. sSoil creep). Sirce no casping is persitted in
the valley, the lisbing cr caspfire risgs that plague &;her
timbeiTine seadov areas (Eell § Bliss, 1973; Habnsen Eristow,
1979:6) are of little conseguence here.

The hiking traiis are the c¢nly unmistakable husan impact
sithin the study site but they "resain roughly unchanged in
rusber and configuration®™ (Gardmer, - 1978a:5). Neekand
foot-traffic is heavy thrcughtut égnner and fall, particu-
larly into Larch Valley, but INtteting and rescval of plant

parts appear to be negligitle. nly slight trasgling ef-

fects on the heath vagetation (comgaction, plant breakage:

/

wWillard and Marr, 1971) were found avay fros this path (pre-
suymakly *lunch stops').

The cbservations here satched ghcge of Cole (1978) 1in
ccrtheastern Oregon who estimated the susceptibility of a
variety of vegetaticn types tc trail and trampling effects
Ly compazing chéuées in plant cover and species gongpcsition.
Surprisingly, the denss subalpine fcrest type changed most
drastically, open-nature forests charged scderately, while

cgpen subalpine smeadow vas least susceptible, the reverse of

what is commonly believad. v

R
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This is explained largely by the routing ¢f the path.
Where it follows natural d:ainaq;~;ines within the upper
forest, as opposed to prcceeding ;cross slope, the trail's
€xistence has accelerated erosion processes (very lécally).
Here soil has been uashed.fron the trail except for pockets

tetween large stones.

Where the trail follows contour lines acrcssyavalanché

slopes (Area F) or areas of active downslope rock sovesent

(Area G), slope instability is enhanced through cversteepen-

_ing (on a micro-scale). However the path is very parrow.

The total impact of human hiking activity, in terams of area,
frequency and severity of effects on vegetation pattern is

very limited.

8.3.12  symmary

Eartour et al. (1980) state that by their gpresence, vigour
or akundance, plants tell us a great deal abcut the past,
Fresent, and future co;rse of their h?bitat. The preceding
analysis wmade use of such stand attributes and performance
indicators as presence, ccver, vitality, density, and basal
area to determine features c¢f the bistorical and current
disturbance regi-egt Tatle U-2 presents a summary of the
sajor cbsexrved vegetation effects and their postulated mech-
anismes.

In this particular forest-heath trapsition there can be

Bc sistaking the pervasive influence of disturtance at sev-

eral’scales of frequency and intensity. | 1he¢ inventory of

REC NI
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the stress and disturbance regise has shown that the inci-
dence and characteristics of these 'tactors vary widely.
some disturkances are very rare, catastrophic and uidesp:ead
(fire) ; others are comson, suklethal and widespread (desic-
cation damage); still others are frequent bﬁ; confined to
garticular slope sections (rcdent burrowing).

Distu:banc; effects, therefore, have a spatial crganiza-
tion. 1his secticn has presented cbservations that their
cavsal mechanjisms are patchy in occurrence and/or duzatién:
thus, the gffectsstend to *accumulate' om specific areas.

The impacts of a single wmechanism are often localised or

abrugt in space. This patchjiness of disturbance effects is

isportant, because it often exaggerates the marked spatial-

heterogeneity of habitat factcrs. The -converse is also
true: the existing heterogeneity of site factcrs may georve
tc exaggerate the fpatchipess cf diﬁtuzbance affects.

Nc single factor is respongitle f¢r the crigin, sainte-
pance, or change of the species pattezns. Following short-
lgved or prolcnged stress conditions, fplant damage or ulii-
mate death Seems to result fros a synergistic acccusulation
of *causes' (Reiners & Lang, 13979:411). Throughout the re~
sults in the prgceding section, it emerges that in sost cas-
es, tWO Or more nechapis-s are or have been involved on the
same piece of terrain. Other discussions have also stressed

that it is the entire factor~complex which acccunts for the

chatacter and dastribution of plaat gcpulaticns (Daubenwmire,

FE R "



Table 4-2:

"

Summary Table - Disturbance Mechanisms

Effects on
- Mechanism Occurrence Vegetation Pattern

1. Firce Widespread across Fire scarred living trees;
(approx. moraine Stumps, logs, charcoal
1870) remants;

Snowdrift glades: herb-
dominated openings.

1. a) Lightning Ridgetop, upper Sporadic single snags
strikes slope

2. Snow Steep slopes Avalanche tracks: narrow:
avalaunche (esp. Area F) linear strips of vege-

tation oriented down-
glope.

2. a) Snow creep All aspects Recumbent trees; stems

(all Areas) deflected downhill by
snow pressure.

3. Deep snow Lee slopes; Snowdrift glades; snow-
accumulation Concave pockets; fungus damage by

Tree island pathogenic fungi;
margins. Locally enhances conifer
seedling survival.

4. Cold air Valley head Tatches of alpine species
drainage Valley floor within subalpine forest;
(temperature Lazch high-density.
inversion)

Valley sides

Contributes to frost
damage & desiccation in
Abies and Picea.

— ot Ao

v e eze

[



167

Table 4-2: continued

Effects on

Human Effects

Mechanism Occurrence Vegetation Pattern
A
2
s, Rockslide Steep slopes Broken, stunted trees;
(below Effel Pk.) Cushiony morphology in
both herb & conifer
populations
5. a) Soil Creep Widespréad SW & .
(Soli- S-facing slopes -
fluction) ¢
6. Winter Widespread esp. Desiccation damage to
drdught upper slopes conifer leaders:
. (Physio- Krummholz strips.
logical
damage)
- Energy -
Deficiency
7. Wind; Western exposures Tissue destruction;
Ice-sting Individual deformed trees;
(Mechanical-~ Tree islaunds;
damage) Clumping.
- Breakage,
Abrazion -
8. Animal incl. Localised Hummocky surfa:e under-

mined by burrows;
Seedling establishment
hampered;
Trail, old camp-rings.
<

Qu"“
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1950333; uooney.et Al., 1962:272; Patten, 1963:403; Klikoff,
1965:187; Sharpe, 1970:21; and Sprugel, 1976).

It must be stressed that the external or habitat
factors are interactive, and while it is scwmetiwmes
justifiable to regard one or cther as exerting a
predominant influence upon distributiom, it is
seldos that a single factor operates xndependently
of others (EBEdwards, 1963:89).

The tradition of searchidh for a s{ngle'lost isgortant envi-
tcnmental factor is sti;i somewhat vith us today "but more
and sore we understand thegintétdependence of all tacters®
{Earbour et al., 1980:10).' As Knight et al. (1977) have
comsmented, "All factors interact, creating the typical di-
lesma of trying to clarify the mechanisss whereky envircn-

»

sent controls species comgpositican.,

[

it is ispcrtant to note, however, that the effects of the

Frocess controls are 3¢t strpictly addjtive. In a hasty ef-4

fert to quantify the hazardouspess of any given site, cne-

pight simply sua the total pumter of stresses gvidently at
wcrk there. The acquisition of such a 31-p118tic risk 'rat-
ing' as this hcwever would enta11¢lajor prcbleis because of
the loss of essential information involved. "ngh-:;sk'
sites (in terms of sexval reprcducticn) are high-risk fcr
very different reascns.

By vay of illustration, Fig.4-6 shoved areas of sinimal
to msaximal sncw cover, but wculd lack of smcv cover warrant
the same risk ranking tc a wicrosite that gxgesgs sncw cover

wculd?  There is little sense in which they have equal im-

facts. bBoth are cosmon contributors to physiolcgical stress

’

(31




. o
© eomcles o o8

vy o e

v e

=

<

P T Ll

- . ’

. ‘ 169

In any case, the incidence and amplitude of enviroomental

.

zi_gou affecting an’y. on; sicrosite is complex, and each in-
dividual andx species responds differentially. sisilarly, at
th_§ mesesite level each population is responding to t?c en-
vizonsental coiélex in a unigue way. The total cétect of

this, is a co-plei array of plant patterns on the landscape,
and

Iny precise"npl’anaticn of ,the nature of the envi- '
ronsental control :on these plant distributicns
vill have to be made at the specific or populatiocn’
level (Mooney et al., 1962:272). -

Tc, better understand the sgecific patterns across- the

'Lstndy site, that is, the variable structure from stand to

stand reported in Chapter 3,. it useful to consider the in-

teractive and -cumulative nature of the effects in Figures ’

" 4=2 through 4-10 and summarised in Talkle 4-2,

PN

vt

Although fire, avalanche and rcckslide are otviously
large’ ‘events® that are dasaging or catastrophic to the

plaxr_i- cover, - sany of the stresses discussed here are sub-

lethal. It is postulated here that any one stress dges nQt.

baye to be lethal op 2 individual bagig in order to affect

. vegetation pattern on a gggmm' ;g_!g;.' ihig is true be-

cause sphlethal stresses cr ssall-scals disturktances do af-

fect the ;gggggm;g_g EEccegses of the ‘\specj;es pogpulation,

tbereby influeéncing both stand structure (ccaposition, abun-

dance, - dosinance) Oand' the spacing patterns cf the ccasuni-

" ti¢s. . In this case, that-amcunts to affecting the very na-

"ture and location of the ecotonal boundary.

4
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It has been a :ec;tr;fi)thele in this chapter that any
gingle distﬁrhance cr cosbinaticn of éublethgl stresses that
by their cumulative action limit or restrict a tree's repro-
ductive effort to layering (i.e., expansiom only at its own
perimeter) will have long~lasting influence on the vegeta-

tion pattern of the site.

d ~

. Disturbances, then, have differential distfiiuticns, -and.

Ao b o mdees ammin e o | wag

wcrk in concert to create envircnmental patchiness. Clearly
a critical influence of this heterégeneity is tc create par-
ticularly fhiqh-risk' sites from the point of view of see~ ;
dling establish;ent and-sn:vivyl. We have a mosaic of dif-
ferential conifer reproduction success induced by a mosaic \w F 4
of differential types and frequencies of vggatatiog dherup- |
\_,_f—//::cn. The next section will exaniue the degree to which the i

gpatial organization of conifer reproduction modes cc~varies

vith the spatial organization of disturbance effects.
. *
A& %

. 4.4 = BEPRODUCTION RATTEBIS

‘It is evident fros tﬂe earlier,.discussion on plant vigour
indicators, that it is critical on this site whether the in-
-divideaj}s of a population aie self;reproducingw vhere) is
each species populaticn expanding, self-maintaining or
chrinkicg? Given thé‘-argina; anvironsent for plant growth
and the large cbserved vatiance in tree vitality, the suc-.
’cessional gathvays possiﬁle (i% any) will hinge on the type

of reproduction possible.

a4
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Conifer regeneration capacity prorideéla readily chservad
and, in some respects, the most sensitive indicaticn of a°
species dynamic status both within a given stand and in the’

vider cosnunitye. Through his wvork tn populaticn responses.

to "patchy" envircnsents, Wiens (1976¢) shows that variable
environmental factors have their sost important contribution ‘ j

in the dispersal and germination phases of plant life. Ex-

=

tremes in scil and sicroclisate conditions, as vell as com~
pe{ition and consumer effects, are critical insofar as they

influence "seedling estaplis@nent, screaning seeds and dic~

tating germipation and survival probatilivias® (wisps,

?976:85). ‘

| To understand persistencé or change in floristic composi-

ticn and spatial structure, Veklen and Stewart (1980) be-

liereathat examining regeperaticn wodes is very infcrmative

I
because reproductive behaviour is so.central toe plant spa- !

B N T it

tial structure. It elerqeé in related subalpine and subarg-
tic research (LaMarche, 1973; aUllernahn. 1978; Elliott,
1979:; Hansen Bristcw, 1979) that the issue of reptoauctive‘
potential is central in detersmining the° likelihcod of per-
- gistence or chaﬂge i the vegetative cover, and yet:is poor-
ly-explored. The author agrees with Elliott's (1979) asser- |
tion that conifes regenerative capacity is nct serely an
interesting aSpec£.o£ ecotonal stability: it is critical.
The gquestion is vhether the study area is ncw experienc- :

ing or will umderyo (gveﬁ very slowly) a major change from a

Al



sixed seadowv to forest cover-- that is, to assess if indeed
the ecotone is 'seral’ to forest or nct. This can be estab-
lished only by investigating in detail the reproductive suc-—
~,“t‘:ess of the dominants. Hansen Bristcw (1980) agrees on the
.s/ignificance of ecotone trees that are unsuccessful in re-
}zoducix;q sexually, "as this has great ilplicitions ip terms
of management of the forests and stability cf the ecotoné".‘
) There are several c;nponents of the regeneration process:
pcllen viability; seed viability; the existence apd viabili-
ty 6£ a turied seed store; regeperaticn mode (sexual or veg-
etative); and the existence, location, age and vitality cf
tree juveniles, vhether sexually cr asexuvally p:oducé@-
Given the several ccnstraints cn this ytbject, butie? seed
store and pollen viability vere not determined. See.d"vi--
| ability vas not measured but sisply assessed quaiitatively,
noting the production of cones ha;in; apparaently viable and

o

—~ clearly non-viable propagules.
., [ i ‘»1‘
with these exceftions, the resaining ccnr&onents of tha

"

cccurrence of i ‘coniferous regemeration were gtudied} (ﬁ{rtz.cu-
larly in relation to these environmental tactots. eleva-—
ticn, aspect, snov-depth and duration, seed source, and de-~
sttucti:ie events. While it is difficult ctr i-possible to
decide vhich envircnsental factor or qrou? cf factors di-

%
rectly ccq‘trols a species' distribution (Kershaw, 1973 152) , -

-

it is clear that these 1limiting factcrs are espec;ally sig=-

Qpificant as they affect the establishament ¢f seedlings and

R
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theixr subsequent performance. Although freceding sections
have alluded to several of these relationsbips, the specifig

results of this survey are given here.

%.8.1 Resulis

Eeproductive effectiveness varias wvidely acress tcth the
length and width cf the ecotcne. Scme indication of this
vaziability is given in Table 013. the results of the survey
c¢f tree juveniles in'}:he scattered sample plots. Por their
exact locations, reéfer to Pig.2-4. All species shov extreame
patchiness in their distribution and vitality of juveniles,
§ithin these selec‘ted test pjlots, cnlyka\bbut one-twelfth to
cne-tenth of the total nniber of individuals wvere young
trees. |

Ssedling establishment does not ccincide with the present
upper lieit of tree specie¢s and vhis is important. Compari-
gon of the pfesent treeline with a "seedling treeline®” by
species (Eicholé. 1976_:»#-2)'*'revealed that not even larix
1¥allij the hardiest species, is reproducing within its en-
tire present range. However, there are several glaces over
its mature-tree distribution where it has saeded-in vigor-
ously. Geuexally'; inéthese patches, s_aplinqs are pumerous

vhile seedlings are neardy or tctally absent. Bot one

« - & )

1-1y2lliji cotyledon (new seedling) wvas discoversad. A com~
, .

farison of Figures 4-8 and 4-11 yi:lds some idea of the sig-

Bifficance of desiccation damage to the upper trees in terss

of curtailing :eprédnctivt actiwvity.

»

-

B ey Ve s e B




Table 4-3: Reproduction Results—- Juveniles in 20 Sample Plots

X

Species : ABIEB\ _ LARIX PICEA
Height Class] 1 2 \3b6tal | 1 2 Totallt 1 2 Total| Plot totat
Regen. Modée| S V 'S v =~ [8 8 S VV Al spacies
Area| Plot .
1 1 3 3= 7139 12} == =~ 19
! 2 21 32 8 la2as 7l= - 1.1 16
|
A 3 2 4 37 ® |12 1 - = 1 20
4 - - -1 1118 9|« = = - 10
2 Y 2
1 - 1 - 4 5 }' 2 2 - - - - 7
‘B 2 - 3 - 6 g |- 1 Tl -« = - 10
3 - - - - - - 3 I « = - 3
4 |-2 =5 7|15 6|--2 2}
21 12 2
’ 1 1 - 3= 4o 1]l o 5
c 2 2 - 2 2 6 - 1 1 - - - - 7
3 2 - 1 = ‘ 3 - 2 2 - - - - 5
4 - 2 - 4 6|12 3 5| - - 1 12
19 ) 9 1
1 - 1 13 s|15 6}]1«2 3 14
D 2 - 4 - 2 6= 2 2| -« = 1 9
3 - - - 1{1t 3 4| « =« = - S5
4 - - = -1 1] = == _ 2
K<} 13 4
1 - - 2= 2|24 68|~ - = 8
2 - - 1 = 1113 4=~ = 5
E 3 - -, 2- 2}17 8}=-=- - - 10
4 |= = 2= 2]49 B|=-- = = 15
7 31 -
4 .
# Regeneration Mode: S - Sexual V - Vegetative
Height Class: Abies & 1- <15cm fix 1- <30cm
Picea 2- 15-60cm 2 - 30-150cm

L emmane B R
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MO sexual regeneration of jAbjes lasjocapra is seen above °

the area indicated in Fig.u-11. Indiiidqal 5eedlingsrand
eaplings occur below this.‘ They are uidely-ébaced, never in
.dense regeperation cluaps as raported by Prapklin et al.
. {1971) in the Cascade NMts. cf Washington. Only juveniles
Q produced vegetati;éiy in sat- and hedge-k:qlnholz patches
“ achieve high densities.
kayeripg is present ip all stands examined through the
| ecctone and appears to be the.scle methcd cf propagation for

}gjggg epgelsannji as vell as the dominant reproductive mode
n
J£0t A.lasigcazrpa. Only three pPjcea seadlings were found

cveér 63ha.  The area sarked in Fig.t~11 indicates clonal

dgroups of spruce and fir wvwhose reproducticn is by layering.

fihis represents juveniles at the perimeters of grcups ds3-
rived o;iginally from sezually-produced individuals. 1The
fcliage of these juveniles is exctensively damaged by spcw
sould-~ their very forsation depends upcn the weight of
snow, and fungus dasage occurs in intezsittent years of
heavy sncow. : Y
1hese stands havercontinnea to survive in the upper eco-
tcne because of their atility <to vegetatively regproduce.
They *migrate' into their cwn proteccion.w the treas root ty
}ayexing. and the c¢riginal part dies Out.j The spruce and
fir stapds are apparxrently maintaining their pcsiticn, but
cnly barely, based on their declining vigour, They cannot

enlarge their area dffectively, into the open belts, because

L 4
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of the eicess snov aﬁd insufficient snow conditions in very
close prcximity about the treé clusp:; W®hile layering may be
ap advantageous sode for silpl} gurviving these life condi-
ticns, - Alexander (1958:9) pointed out that “tbis zethcd of
:eptéduction is insignificant in the establishment and sain-
tenance of closed fcrest stands™.

The total area of tree stands in the ‘ecotonal belt is in-
significant (<15% c¢f ground c¢cver), yet within these patch-
€g, the dominance f the flag-trees is absolwe.  Hjithin
tree clusters.” the tural regeneration c¢f <§§;§Ts/fctést
trees is strongly hampered by 1low light intensity under the
¢ense krusshclz cancpies, as shown by the work of Zwinger
and wWillard (1972), Holtmeier (1981) and the author. Becle-
meier (1981:258) states that ™therefore the readvance -of
trees into the Kkruwesholz belt should not‘ be expected untilr
‘after the decay of the krussholz". This inhibition cf com-

 petition and the extreme slouness of decolpcsitian and de-
}iitus recycling contribg;e to .the persistent character of
these mats and islands. ‘ 1

There is a striking lack of individual conifer seedlings
establishing betveen these fcrest cutgcsts, indicating as
~well a wmore or less *stablet sitdation in the krumsholz
area. Others have regcrted that sesdling ‘reproéuction
(i.e., the extension or forest stands) onto the cpen "balds"
tetween tree clumps proceed vety‘SICHly {Eillings, 1969;

t¢llermann, 1578). Here, it is nonexistent except in a few
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sheltered localities (indicated in Fig.l4-11) .at relatively

low elevations. Nev reproduction over the 30 years of air
4

photo coverage was detected cnly in the 1lee of the lower
;art'cf Area A.

The pattern of gone prodyction is bhighly variable over
shcxt‘distances and'is likely erratic th;ough time. In the
sase :b x 10m plots as Table 4-3, 'all mature trees Learing
ccnes were counted. These results are shcwn in Table u4h.
It is stressed that the totals warrant sore attenticn than
the subdivisicns on seed viability, since ttis breakdown is
subjective and estimated only (no germination tests were
rerformed on the whole and apparently viable seeds).

only L-1¥ailii trees bear ccres anywhere near the present
lisit of living trees. 3-lasiocarpa héars cones in scat-
tered patches only and a large fraction of these are sould-
damaged or contain nc¢ seed. ft is unknown if these cones
ever bear viable seed, and if so, a§ vhat interval.

-y

Ncwhere within the study plots vere cones observed on Pj-

' ¢€2 sngelmannjii.

s

¢ v s st
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Table 4-4: Reproduction Results— Cone-bearing Trees
. in 20 Sample Plots

b —_ __

Species
ABIES LARIX PICEA
Area Plot Viable. yigble | Viable viable | Viable viable ;
3
‘ 1 1 - 1 - - - i
A “2 b - ] 1 - - 2 f
3 2 2 - - - 3
4 - - 1 - - -
1 - - 1 - - -
B 2 - - N - - -
3 - - - - - -
4 - 1 1 - - 2
1 ' - - - - -
3 - - - - - -
4 - 1 = - - -
1 - 1 1 - - -
D 2 - 2 - - T - 1
3. - 1 1 - - 1
. _ _ . _ - -
1 -3 3. - - - |
e 2 - 2 4 1 - - :
3 - 2 2 - - -
4 1 - 6 - - -




Table 4-’5:' Reproduction Modes in Study Area A

(84 trees)+
Species
T
ABIES LARIX PICEA
Reproduction Mode '
1. None seen / 1 ¢ 2
2. Cones only 4 23 -
a) Apparently viable (3) (?:))
b) Clearly non-viable (1
3. Cone-bearing and Layering - 18 - 1
a) Cones viable (2) (-)
© b) Cones non-viable (14) (1)
4.. Vegetative - by layering only 26 .- 5
Total trees tallied a7 29 8!

|

#These observations refer to the same trees reported in Table 3-2.

180
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4.8.2 Discussjon

What gain is there in asserting uhet#et a single [jce3 or
- dbjes is reproducing itself by seed.; by layering or not at
all? 1iIn fact, the future compositicn and dynamics of both
forest éoununitias belov and tundra communities abcve will
hinge o; this. We can determine whether a replacesent coa-
sunity is indicated for the ecotone, that is, vhether oz not
the ecotone is 'seral® tc ﬁcrest cavetr.

A considerable asount of inforlataon was gained by study-
' ing the density, size and health of juveniles (be they see-
dlings or asexually produced). Here this spatial variation
in regeneraticn mode and success is related to the spatial
variation in site conditicns and distaurbing agents. This
interpretation will atteapt to Suggest the processes Aac-
ccunting for the variable offectiveness of the reprcductive
effort.

Lack 9f Seed: In the upper subaipine, there is only

encuéh energy to meet the tree's yearly requirements for

respiration and nev tissve rprcducticn (needle renewval and

froduction of a small band of wcod). There is alsost ne en-L

ergy resaining for expansion, and little for the -aintenanceG
cf a large root and stem systes as in lowland trees (Zvingerg
¢ ¥illard, 1972). #ith increasing altitude, trees beconex
progressively smaller, wmcre ccspact, and they set seed m:“E

havé cones only rarely. 1There are real limits on the amount

of photosynthetic effort taken up by Qhe reprcduction etf-

i

.
[ e
.

P e




W PR R |

. " 182

K v,

fort. Low tesgeratures apd shecrt grciing seascih contribdte
+

ae well to very rar¢ seed years (Barbour et al., 1989:72); .

For example the female strobili on Lapix 1&;1}1; are somé~

tises killed by hard frost in early summer (Armno & Babeck;y

1972:434) .

Even under jdeag] conditions, 1ibjgs jggisggxgg ptédnceS”i

crop only one ib every 3 years, vith cnly 38% seed viability.

(Alexander, 1956b:9). with increasing elavation, pbenologi-

cal events are accelerated in adaptation to the sbcrtened
grcwing season, bout there are 1limits to this cSnddnsation.
usvally to the detriment of seed develogsant. At bigh ele-
vations, especially omn sites wvhare snov perdists logset.

d.lasjocarpa matures its seed wvery'rarely, being dependent

¢ seed blown up from belov (and on lareiipq of its own-

‘ttgnches!t

Ibewrate of seediing success -iqhi be very different in a
valley of different configuration and therefore different
' Qind patterns- the upper valley here is lcng ;Wd narrow Fnd

]
/ . 1
criented with the prevailing and constant westerly winds.

It is doubt%ul that sead transport from dcvnvalley occurs
cther than speradically.

in th%f valley, the influence of Wenkchesna Glacier cove

ering balf the valley flccr is very important in this re-

gard: the seed source for Pjcea and Abjes (the sisple num-
ber of -mature trees at lowver elevations) . is urusually

lisited. In addition, because of the¢ cold air drainage and

b

|
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seepage conditions it is dcubtful if the valley floor trees

- » \\ . P N
are prolific or regular seed producers. Germipation micrd-

sites actually temd to be sore suitable (varner, better~

" drained) ufélope on the soraine. aencqfv the zelative lack

of seed to—“g&t to' the study site 1s\pa:ticular1y disadvan—,

tageo\us. ) ~

Plesnik (1973) reports that seed years are rare in the
Carpath;ans and the Tatras and that when they do occnr, nany
geeds dc nct gerninate anyvay. . He cites this 1nabi11ﬁy of

the upper-altitude trées to supply sufficient replacesent

individuals as the main explanation for the ‘disgintegration'-

of forest cover into groups and scattered treeés. .
c6tfainly the relative success of L.lyalliji relates to

its lore. dependable seed ~souf¢e, Only larch trees bear

ccpee anyvhere msar the present maximum of treeline. Scat-

1
-

tq\ .
tered seed trees wvhich survived the fire serve as ap impcr-

" tant fund of seed, even though it be a shpply sparse and ir-

|
xegtﬁa: in its productlon (Mroo & Habeck, 1972: 447).  Small

pure stangds of regeneratxcn are undoubtedly lxnked to these.

few *mother! trees; Shearer (1961) notes that this species

generally germinateg very poorly or not at all. The species

genetaliy‘does not bear seed until aftét reaching 100 years

ot agee.

3

Thus, although the nuater of trees bearing ccnes is high~-

er than cther species (Tatles 4-4,4-5) 1its actual germina-

tion and establishment success is highly axiable. This ac-
X ‘ ) ]

- ‘ - - 183

‘
P



. . N R

counts in part for the ‘néar-ahsence cf new juveniles (tabi;‘

8-3). A8 well, th§ consu-pticn:of seeds by birds and small
sasnals vorks to some extent against tree establisbeent in
the meadcv areas. o ' -
A Sugply of viable seed is only one of several require-
- ments }or patural regemeration (Alexanpder, 1974:15). Also
critical factors axe‘ a suitable seedbed and apn enviropaent
cospatible with germination and seedling grcwth. -

To understand better the relative success of each speciés
in the upper third of chis valleyyit is neéessary t¢ ccapare
cther details of their regeﬁergtion requiresents.

P ', Seecies Beguirements for Eperay apd Fater: The seeds of
. g.gggglggggi;'are ssall and light. While they are easily
transported, their geramination and survival probabilities on
arxiving in this timberline zocne are slight. It it abso-
lutely essential that Pjcea bave shade and moisture to sur-
vive cn @ south aspect (Ncble & Llexagéet. 1977). 6ue t§
the high radiation levels gndv limited shade on this south
;nd . Southvest asgect, it has Dbaen difficnlt for
' E-epgelmanpii to 'pioneer? neu‘ individuals. 1Its seedlings
are sore sensitive to nicro;I;pe aspect than }.lasigocarpa
(Cay, 1964:19); and are generally more exacting ip their
seedbed requirements than arefgllggigggggg or L.1lyallii.
The distances which A.lasjccarpa sced can be wind-carried

are much shorter- it is much larger and 4 tisee as heavy as

that of Picea (bouglass, 1954:91). It can germinate at much

‘184 .
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loJet témperatures and cap readily survive on a duff layer.
’ .

“The larger emdospers confgrs an advantage to Abjes :  this

to#d reserve may enable the roots to reach mineral soil be-
u
q1ing§ are coamonly found on sites of 1litter accusulation
such as .elevated parts of the .microreliet as provided b}
fallen logs, the upslope side gt boulders and gcpher mounds.
The -oistnre-zetarnin? capability of wmicrcocesites uitp a duff
layer becomes more advantageous as the groving season pro-
gresses. iﬁroughout the éubalpipe, many Abjes seedlipgs axe

- ?
cbserved on duff such as dead exposed ¥gccinjum or Jupjirerus

“root-mats, or on piles of cone scales throwa down by squirs

rels. Douglass (195“:96{ "also obsexrved the latter in the
Colcradoc subalgine. ) ¢

The sw®all amounts of shade and slight soov-trapping ten-
dency . provided by ¢such micrcsites ars iamportant.. The
slightly lowexed‘tenperatures and decreased ev;poraticu duz-
ing peak radiation input hours help to create a hatitable

sicrcenvironsent. Juveniles «cf bcth™ Abjes and fjggg are

nearly absept on open ground exposed to direct solar radia-

tichb. For both spacies, Soth initial establishment and
grceth are inhibited by direct sudlight. #igh surface and
air tesperatures on the scuth- and southvwest aspect
(i.e.,2l1 Areas except E) increass evapotranspiraticn rates
and create a drisr enrifon-ent. resulting in poor geraina-
tion and high seedling scrtality froms drought. Stems and

fcliage that are not killed but damaged by light injury and

fore the seedling dies of desiccation. d.1a8iocazEg see~.

N
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“

- desiccation are thec vul&g:ahle to mechanical dasage by snow

creep and wind in subsequent Seasons. Whipple and Dix

(1979:154) believe that the lcng delay in the establishaent

of E.eagelsapniji and 3.133iQ0carga seedlings 'in the Cclcrado

" subalpine folloving disturbance is probably caused by ele-

vated soil tesperature an? lovered soil moisture due to adi-
rect sunlight. Even ander favoarable conditions (a shadead,
cool, moist habitat) bogh species grov very slowly in the
seedling stage. '

.In contrast, iazix is shade-intclerant and prefers an

cpen grassy slope. It can inbabit very rocky, gravelly and ’

cold sites, but 'it gyst have abundant scil mcisture.
kapjid tesperature changes ‘and drought are important in-
hibitors of seedling growth to 2all species, and are strcngly

14 .
gsgect -related. This is ccnfirmed by the werk of MNcble and

‘Alexander (1977). They recognized nﬁne.facto:s causing the

sortality of E.gpgelmappij and A.)asjccarpa seedlings in the

. Colorado subalpine zone: drought, clipging of cotyledcnsﬁby

birds and animals, frost heaving, heat girdle, light injur}.

treezing, vashing, dasping-off, and scow sculd. Ot a north

aspect, dropght (30%), frost heaving (235 and clipgping {(22) .

accounted for sost mortality. On a south aspect, drought
{€3%), clipping (25) and beat gitdle (14) acccunted for >90%
cf all mortality. Certainly the wsain controls on seedling

survival on the Wenkchesna site are ccldness and dryness.

v

-
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Beat and drought are also negatively correlated with snow

~depth, and more spgfifically, to the variation in soisture

‘availability related to winter snov deposition and spring

selt patterms. [
Snov  Accumulatjon Patterps and Hojgture A.Ailskilin

Tranquillini (1979) stated that tree £9xn is largely depen-

dent on winter spow-cover.. While interesting, this is less

inforsative than examining to what extent the spatial varia-

tion in pegenerative suyccess is dependent on.the patterns of

-

vinter snow cover.
There is no doubt that persistent snowtanks shcrtep an
already short growing season and possibly satugate soils
well into the growing season. Other mechanisss wherely an
€xcess of sbcv from drifts, creep or avalanching sight af-

| fect growth and species cgnpositign are by atteéting nut-

rient availability as a result of changes in decomposition

rates or ieaching, or by iaproving the env1ronnent for pa-

thegens such as Sncw noulds (Knight et al., 1977 318).

Cn the lower southwest or protected northeast slopes, éﬁd
ic the led ot depse tree clumps on the upper slopes (ghown
in Eig.u-é)} interpediats to late-sncw-lie sites show signs
of sncw would and frost heaving. Shd§4(1909) discussed the
chronic¢c problem of mould damage in persistest snow hollous:
fungus mycelia enwrap the lowver foliage and in crder tc ex~
ist the tree sust expand its fcliage above the late selting

beds of - wet snow. Noble and Alerander (1977:427)_ found

NP
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frost heaving- to be a serious cause of R.gpdelmanpii sees
dling sortality.

This phencsenon occurred when soil moisture wvas at
or hear field capacity, there vas no vegetative cr
sncw cover, and day-night teaperatures were alter-
nately above and below Cee.Prost heaving is wmcst
likely to occur dufing the 2-3 weeks fcllowing :
spring snowmelt, d again just prior to persmanent

sncy cover ia e fall.

?hese excess-moisture trelated stresses in the‘firét half
cf the growving saason counter-talance with the advantage of
ccoler, moister conditions thrcugh the late summer and early
fall.

Ca t?e upper south and socuthwest slcpes, growing season
lehgth is detersined as-wuch by late sSusser vater stress as

4

bty the inditial sncu-free date. Late snowmelt could delay
»

o

late-sumsmer vater deficits and therefore incredse annual
£

productivity by prolonging the growing seascn. Any process

e
.

which enhances the chances of tissue maturation (both seeds

and peedles) during the photosynthetic period will alsc re-
duce the likelihood and severity of desiccation da-ageﬁdnx:;_u.__gvﬂ._ﬂg__#
ing the doriantigetiod. The combined effects ‘of intersedi- |
ate snow-lie in’concavities {vhich protects._foliage tbrouqi

the vinter) and extended meltvater supply (which reduces

gt st A

‘suamer drought) is cne of these processes. The location of

rev conitfer grouth ;n such concavities reflects this factor.
. Seedlings of both §.)lagigcarpa and L.lyallii ore found

fros the middle to the outermost limit of the influence cf

accumulated winter snow, not in the decpest porticn of

-
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drifts, nor on the snov-free ccaovex a:eaé. aictzsitis vith
lit;;e snov coyer and early saowmelt Tapidly change fros too
cold and vet to too hot and dry for gersination and surviw-
al, particularly if no . raip falls in the critical first
veeks. Lroééht is especildlly damaging to Pjcea regeneraticn
during the 6.veeks folloving spring snovmelt (Noble & Alex-
ander, 1977:427j. ’

These ;éle sites with little snow cover also suffer 'win-
ter aridity*' and the desiccation process;s discusged in
Chapter 4.3.8. In order to exist, the déveloéinqatree's
‘ccncern’! is; to develop sufficient fcliage in its éun lee
(Shaw, 1909), that is, to adapt to the highly evaporative
situation in late uintef and survive within the iilitations
set by both the msechanical and physiological éffects of
uind. Yacciniym scopaprjum and sesic grasses dominate the

areas of light winter snowpack. This satches ‘the findings

c¢f their snow cover by strong winds support a dry species

association: Dryas lcokerigna, Kobresia pygsurpides., garex
D3rdina. ¢- scirpoigdea, Fragraprja g9jaucy) and nc trees. On

these é&eep slopes, vwvhere it is coupled uith'étrong ercsive

fcrces, rodent disturbance is céusing the enlargemsant of 4ary

' gravel areas through degradation of the already patchy Cagex

and fcrb sod. Lowdermilk (192%:996) also ccncluded }xon his

Fost-kurn regroduction study in westexrn Montana that

Lés 2]
I ARNEE?
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L d

the thin ' vegetative cover on the upper southvest
- slope and thp presence of the scre drought-resie-
tant species indicate the severity of the sgite.
By affecting both conifer success and understory césposi-
. 'ticn, uneven snov distribution and the ensnin§ differential
L * . - » ’{
spov duration is an imsportant factor regulating species dis-
tribution. It is beld by some researchers that at high ele-
the rangeyof Pipys ccptorta., E.engelmappij is

tahelin, 1943; Langenheim, 1962; Patten,

- vations abov

generally pfoneer
19€3) . More accurately, - Picea will dominate (both pioneer
and climax) on the sites ®f longast snovw lie (the most mexic
';, ¢ites npear timberline) but on intermediate to lcw scisture

-

and snov lie sites, Abjes (Wbipple, 1975) and larix (Arno ¢

4 Ea?eck. 1972; this study) gerfcrm better.
A\,44§§7 Others have commanted on tha increasing prevalence of

( 3-lasigcarpa at higher altitudes within the sutalpire where

.t L4

\
\ grovwing conditicas are rigcrous (especially seasonal desic-

_cation; ﬁéuglass, 1954: 61 cr where the seed scurce for
E-epgelsapnij has been destroyed {(eg. devastating insect ep-
idemics; LeBarron § Jelison,i1953).

*  he extemsive distribution of 13yexing in beth Akjes and
ficea is striking and serves as reasonable grcunds for in-
terring that a large portion of -hese species populations
are in a static situation. The ;aintenance of the krussholz
telt is strictly by the very slow exgansicn of the‘perile-
ters of the existing krumsholz islands through vegetative

reproduction, +as windwatrd parts cf the gpatches die out.




191

Ihis process is occurring asfldv as ‘2272| (3450%). There

are no new islands beginning: the role of sexual tegroduc-

tion in the maintenance c¢r exgpansicn éf krussbolz is?nil.

Especially on the upper and westernmost slopes, many trees

are saturing but not reprcducing adequately to replace the;-

selves. ‘ -

dll patcbes with layering are likely fc persist. The

spravling shrub fors su:yives‘the periodic slumging cr slid-
©

ing cf.snovw such better than doc erect stees. b;n;axed to
5

leng, 'open® branches, the dense tangle of foliage tends to

Ccreate an aseliorated microénvironment in terms of air tesp~’
)

eraturquwind speéd and relative hulidity; Even though snow
sculd damage is rife iﬁ the lower foliage, fros an individu-
al syrvival point cf view, layering ccnfers sose advantages.
In general, sexual reproducticp or seed years are very epi-
sodic wvhile layering is sore likely t¢ be centinual.

From a community dynamics viewpoint, hovever any ‘advan-~
tage' is rather dubious. As discussed earlier, \the dense
lcver branches effectively block out any c?ance '}@vading'
species. Understory speéies are sparse, eﬁén mosses ;nd li-
chens. Hhile the interior patterns of the sats and islanés
say slowly change (Zvinger & willard, 1972:€1), the general

contiquxaﬁion'of tree patches is remarkably fixed. Wind

funnels between the ribbon strips, and fpe pattern cf snov

gladeé and %ind-suept "blcwouts™ is quite similar year to

year (Billings, 1969).

- el Ny ot
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Cownslope belov the persistent ‘'balds'’, vherever sose
‘seidling establishment has cccurred on the sore soist sead-
ove, it-is plausible to predict somewhat sore d}nauic pessi-
bilities for community cbhange. Bn% vithin the flag~-
krumsholz belt, . there are fewv species ¢ospositigp changes
and hence little cosmunity cha;qc. The patterns are to sose
éxtent self-perpetuating, as Whittaker and Levin (1977:126)
explained:

Freguency and intensity‘of disturkance say affect
the reproductive pattern, survival of dominant
species, and grovth-foram structure of a comsunity.
Cosposition and structure ¢f the comsuynity say in
torn affect its susceprikility to, and the fre-
quency of, disturbance. .

If one takes persistence to sean “stability®, the
krumabolz Ltelt is scre or less stable. Hosever, the eipe-
diency of this assusption vill be discussed in the npext
chapter and its accuracy challenged. Stability is a wmore
ccsplex concept than the simple persistence of sosaic cospo-
pents.

In any event, extremely persjstent sgpecies patterns (dec-
ades, centuries) are indicated over a large porticn of th2
€cotcne, éven though much of the environmsental flux here is
gshort-periodfc variatiom (hourly, daily, mcnthly).

.

Sporagdically-fecyrrjing Extrcwgg: The regeneratica survey

results directly reflect the fact that the different regen-
eration requirements of each ccnifer sgecias are not being
set (at ally or else mQ%t consjistenctly 2ngugh for juvenila

establishgent to occur. Temperature and scisture conditions
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necessary for gersipaticn tc take place in a given year sean
little if a series of years with conditions cospatible with
guccessful sur§iy§1 and growth do not follow. This issue of
the recarrence interval of suitable years needs further re-
gearch, and dqse;ves such more atéention‘than is pcssible
hece.

However, it seess a reasonatle assuaption that e;ch coni-
fer individual carries a técotd of how, in its c¥p past, it
successively solved the formal probless of surv;val and ad-
agtation. Slobodkin an@ Rapopoert .(1970:191), in fefininq

their efficiency wodel of stress respcnse noted that "organ-

isss sust 1ot sake excessive Cr unpecessary cossitsent in’

responding to perturbation®, and that flexibility wsust te
paintained since enii;aﬂ:jgtal stresses are constantly
changing. Under these vefy difficult sexual’ regereraticn
conditions, fcr instance, the tre2 which has produced cones
and set seed in an unfavourable year, only to lose them to
cold or'drcnbht, has made an inapprcpriateé energy expendi-
ture fros both sélf~tegene:q¢icn and adaptaticn pcints of
view. Again, to the ipdividual, 1layering confers scame ad-
vantages; at the s;le tise, in some ways it is lisiting to
the species. The colonization of. completely nevw sgites is
ot possible for the evergreens as it is for Lazix.

(20 ispcrtant point to wake here is that the issuve of re-
generation in this timberline situation is very different

from ‘gap-phase’ dynamics and regencratico withir a full

hd ]
| e

o~

PEEO



194
forest cover type. 1In the latter, typically, all fht ptore;
quisites are ‘'in place’- seed-scurce avéilgbilit}, an ameli-
crated habitat- in a sense, the surrounding species are just
*vaiting® fer gap-creaticn tc occur (and compegition is
fiexce for the new space). In g‘e forwer, hy ccntrast, the
availability of 'gags® is no gprcblem- ‘'gap-creation' has oc-

cured and continues to occur. #e have plenty of *gaps' and

, cénpetition is a sinor issue~ it is all the otbher prerequi-

tites that are lacking: reliable seed source, and meso~- and

sicrcenvironsents compatible with plant establishment and

-

development. ]

A fairly simple exasple of a short-periodic variatiom in:

environmental paraseters is the arratic daily cycle c¢f tesmp-
eratuyre and relative humidity. Extresely rapid weather
changes are comamon all along the study ridge. Rithin a
balf-hour of sunny, dry and cals veather, the wind can be
suddenlf chill, shacrp and dawp, and graygel falls, a kind of
balf-snow, balf-hail. It stings plant tissue ™with the
fcrce of hurled giavel“. whitens the ground, and "bouncss

off rocks like popcoran"™ (Zwinger & willard, 1972:16). The

cloudiness passes in another balf-hcur and socn a hot sun

rapidly dries all surfaces. 1he authcr witnessed these epi-
¢odes on the Wenkchemna study site in <three mcnths, July,
September and October. These upusually cold temperatures in
midsusser caused ainor £r$st damage, Lkut "their pctential

for seriocus damage...shoculd .nct be overlocked"Q(Noble & Al-

P
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exander, 1977:426). A single intenpse raiistczn can‘nash

seeds and nev seedlings away, especially cn stegh'c: }onvox
slope areas. The kiﬂds of tesperature gnd~procipitation in;
teractions that cause drought and frost—induc;d' scil move-
ments (vhich are locally sericus factors) . were di1ﬁnssed
earlier: Certainlf both nev and established seedlings a#ﬁ
recently-forsed tissues opn older plants are vnlno:ab}e fb

damage or mortality frps is type of short-periodic varia-

ters and ccoifer physiological rESpcnses:th:oughcut the year

() . .
inadeduate physiclcgical *"preparedness"™ result

in the liaivphio

An example of a lcngefzpericd variation as indicated qiu

|

vegetaticn perforsance is an apparent increase in the envi-

of tree growth in the upper subalgine.

ronsental conditions contributin& to the desiccaticn pfd-‘
‘cess. As curreitly understocd .in the physiclogical ecology
literature (Tranquillini, Wardle,..), éﬁe cosbined effects
of little sncw cover and higaly evaporative late-vinter con;
‘diticns account for the Eulk cf desiccaticn damage and the

subsequent flag-shaping of trees.  This author subsits that

*
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the extremely broad distributicn of fcliage desiccation daa-
age is £ie1d‘;evi&eﬁée of a substantial - year-to-year varia-
tien in one'oéuseveral of the taftors contributing tc the
deggzgati3h process. In the absence of direct data on this
relationship ve cap only conjecture if this his been: a re-
duction'in‘sncu cover; ‘a reduction in uint;} cloudipess and
enhanced radiative conditions; a series of drier late sus-
mers and autusns (prematurely reduced soil acisture); or
ge;exal’coasecut;vg cooler growing seasons {tree needles are
ismature goirg intc the vinter seasén) of a ccabination of
some or all of these factérs.

UpfortunAtely it cannot be known if this is the end cf an

&

'gxtrene' cycle, the middle of such a trend, or if this
. A % »
swing toward an increasing vinter-drought situation bas just

tegun and will vorsen still further. {In any case, therse is

videepread recent damage, and it is hard to believe that

thi§7§qgiee of damage and biosass loss can cccur very fre-
quentlyT This statement is sade on the grounds that great
rusbers of trees exhibit 83jor desiccation damage across a
vide elevational belt. In effect, this denotes that this
degree of .desiccation was 'n;t anti&ipated'. Relative to
the previous expérience in the life of these trees, it seeas

that paither the extent nor severity of the change was ‘pre-

‘¢gictable'.  All three conifers (and Jupipepys, as wvell) had

expanded plant parts into positions that are now (suddenly?)

‘incoipatible with 1life, Qhether related to an intepsified

e g gy et
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vater~loss situaticn about the needles themsalves (dua to
increased radiation, windiness) Qr to an increased lgréf‘;;
vater ‘deficit in the whole tree (due tc lighter sacw cover,
deeper frozen layer, <reduced root’ uptake of replacement
l&isfuré) and upper and outer fcliage lcst tc drought).

Althoﬁgh firm conclusions are not possible ¢n this dis-
turbance 'event! (its duration, relative- and absolutf sever~
ity), the general point lage’here is that the cap;city cf
- the qrganisus to dealrvith scme annual degree of winter
drought has been surpassed. by an unprecedented degree of
variation. That is to'éay. pravious responses made to en-
hance predictability (i;e.; grovwth éttateqies to 'knovw' the
possible range of winter-drought stress) were inadequaté fer
this recent set of changes. | s

Again from a cosmunity dynasics viewpoint, all trees ex-
hibiting major desiccation damage - {shcwn in Fig.4-8) are not
'g;ing anyvhere'. The distribution qf foliage desiccation
dawage correlates closely with that of vegetative_re;:oduc~
tion. Within this broad belt all species lack young juve-
. niles. A1l arzas where plants ‘chcose® c¢r are forced to
flagging above and to layering in the lower branches indi-
cate a growth environnent_ghafm%s roughly sarginal foxr the
tvo evergreen conifers. It is the pnarrow fluctuatidns about
ghat’laxqin that show up as visibleavegeﬂation effecte.

Much of the field effdence seems tc suppcrt the idea that

it ie environmental gxtreses that are controlling this eco-

systes bcundary rather than the mean climatic values. For
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each of the conifer dosinants, Je»gre at the margins of its
tolerance range of several critical envirconmental factors.
lvidently. *unpredictable' recurrence inte:§als for environ-
lental‘vafiations aré a major problea for ali ;1ante at the
margins of their tclerance limits. It is susgected {though

not s‘gstant1ated) that, on this site, it is the gpgradjc
nature of many environmeftal extremes that accounts fcr much

of the re¢generaticn failure and its spatial variaticsn.

Bcle of Shrubs 3nd Grasses: Douglass (1954) reperted

that on southern exposures owa Colorado ridge, Juyniperys

horizeontalis ;often foras very danse Fatches cf considerabl=a
extent and}excludes all other ground cover®, Cn this site,
bovever this shrub poses such less cospetition as it is cniy
found singly. Others have repcrted substantial competition
tc c?nifers in heath meadows from dense sedge ard grass mats
|Stahe1in, 1943; Langenheis, 1962; Dye & mcir, 1977). Salix
a;g;_gg, S. njvalis, and the h2aths are ccmmon elements in
the Losaxc of this site. The literature suggests that they

dc ngt inhibit seedling establlshnont to the degree a denee

he:cheous (gramincid and forb) cover dces.

‘ I 4 ]

In fact conifer seedling density can be strcangly related

to a high density of Yaccinjum sScoparjums and Phylicdgce
|

[
g;_g.ggi;_g;a (Franklin et al., 1971:220). saplings of.

l._gs_gca pa and L. ;1_;1;1 coexist with clumps of heath and

heather throughout the ecotone. where graminoids have high

———

coverage (Eestuca saximoptana., Elymus jnnovatus, Kgelsrja .

B S
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g;jgtgta; E9a alpipa and ¢arex spp.), these community types-

shov a negative correlation with seedlings cf any conifer.

Bipisal Bole of Pifle: A very distinctive feature of all’

Flots i;\the nearly total absence of Pjpys spp. -There is no
E-coptorta, the site being well above its altitudinal range.
Stahelin (1943) ccamented on the wvery slow process ¢f coni-

ferous "restoration® in Ccloradc and southern Wyosing wher-

‘ever the ‘'piomneering role' of pine or aspen isS absent.

P.albjcaglis is so rare as to be almost ﬁegligible. It
certainly has no functional rcle here as a 'pioneer' species
as has been reported els?uhere. Several authors believe
this species to be fire Usuccessional above the ran?e of

g.gonto;tg:' it is reported as a significant timberline treée

in th® Oregem Cascades (Priqe,‘197i:23); 6lacier Nat. Park,

- {Hawkes, 1979); and Waterton Lakes Nat. Park, Alberta {Mack-
enzie, 1573). Habeck suspects that E.albjcaulis originatés
after fire, citing its position as the nucleus around“vhich
AQi&; lasiccarra: seedlings devalop, Léading eventually to
®islands* cf Abig¢g krumshclz svrrounding old pine trees.

Hypothetically it seems possible that the cOpditicns fol-
lowing the £fire (and existing today)\ on this( study site
would have favoured Pjpus 3alkjcaulis, bad disgesinules

teen available. Hovever it 1is rare in this reqi

29

€lsewhere outside this regiom it fares well on ridges

" _yet

exposed situwations. fWilcox {1916) <cbserved: whitebark
»

¥?

" Ecotana (Habeck, 1969); Kananaskis Prov. Park, Alberta
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Eine is *rather scirce in these acuntains®.) The gpecies
canpnot migrate by itself since its seeds are Xinqlees, and
its seed dissemination degends cn bird; and abandoned squir-

xel caches (Price, 1971:52).

.
AN

To sulnar;ze this section, these are the szajocr facters
identified which influence the establishaent and performance
cf seedlings and layering:

1. seed source availability; cope crop limitations ivi-

ability, periodicity):

2. southuest?tly expcsure (wind apnd cold air conver-

P

o

P gence) ;
3. wajor inhib ot seedlinq*qrouth: heat, drought,
excess snov depth, frecst heaving, growing season

length changes;
¢« U4, the varyinq(petiqdicities of major environmental ex-

\

5. some degree of resistarce offered by g¢raminoids and~

tremes oxr disturbances;

shrubs; ‘ :

6. the absence cf the 'picneétiﬁb role' of gine. '
Ey and large, costinations of th;§é factors create the pro-
cesses that arxe ini?lved in reducing'thé\ effectiveness of
the conifer reproductive effort in‘ scme areas and enhancinq‘

it in others.

3
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8.4.3 symmapy

Given the highly variable stress and disturbance regime on
the study site, and the reproductive ecology relaticnshigs
discussed above, we can sumsarize the fieldwsituation as a
" whole, and the main points of each Specieé' status.

The upper Wenkchemna Valley contains an examgle of a tims-
terline zone of sarked individvality. The ecotone between
subalpine forest and alpine tundra is a complex interdigi-
tating mosaic, the Ecnpcqents of which vary from changing
rapidly to remarkably pergistent and unchanging tc barely

maintaining their pcsition. N

The Ypper Subalpine Subzone is described Lty valker et

al.(1978) as "occurring in Banff Park from 20C€0-3000m

-

(§560-98u0'). Howvevar, in this valley, §his subzone islou-
er, .extending from 1930-2440s (6350-8000'), an elevation
ditference of 70 (230')  at the lover border and 560m
(183€') at the upper limit. Meanvhile, the downvalley ex-
tension of Upper Subdlpine conditiqhs is ccﬂspicuous here,
Gardner (1978a:3) gointed out that although contintous;for-
@st cover exists at 2300m (7544*) this is ié'tathér”iea\inq-
less tigure®, as tilbegline is extreaely vargable apd is
touﬂd as lovw as 1900a 15232').

;gg;;llxg;;i; is fouhd on cocl, wmoist sites where #o.pe-
titicn froe cther coniferQ‘;;pears to be reduced due/to low
tesgerature and snow 5ccunu1aticn. Ip cther upfer sq&alpine

. /
situations, such conditions are limited t¢ a ver& nartow
i
i
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belt ‘above extensive Abjes and Rjcea -dominatad fcrest. Us-
uvally the~dosnua£d extension of Larjx is more sharply limie-
ed by high mazimuas temperatures (iArno & Habeck, 1975:0«7).
However, in upper venkcheana Valley, conditions asmerable
i .
tc L.}zg;j?; extand to lower elevatio§s.' The main factors
involved a%e: thgffunnelling ¢f winds down the valley from
the uestexﬁ patss, = the presence of Henkchelna‘ placier at a
low elavation, the influence cf avalanche Tun-out debris at

the base of fhe lateral smoraine, and seepage areas cn such
cf the valley floor. 7 )

Thus, for this portiom of the Ccntinental Divide j51°00'
to 51027'). it has been stated that “the species (L.1lyallii)
is norsally found in a narrow belt betveen 2130 and 2340m
(7000 ~-7700*)" (Arno & Hateck, 1972:425). ‘However,
L-1yallii and 5.;§§i§§g;29 vere found to ke cc-dowinate as,
low as 1980 (6500').  Larix can tolerate ketter =hap Abjes
the boggines; across a large part of the valley floor.

kithin the actual study site, 1.1331lii is cagable of
growth in habitats too cold and moist for A-lasjocarpa. An
exasple is the lee side of the 6ense clump in Area A, vhere
saplings cf the former are vigbrous while the latter coswmon-
ly suffers fungal damage to its 1lcwver braanches (coampare
Figs.4=6 & 4=-11). g second case is the westexrn pcrticn of
the lateral moraine (Areas B and G) where sloges are steep
and avalanéhe-prone. Especially tLelow the break-in-slcge,

lagix dominates and in places forms pure stands or ‘fparks'.

202 -
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fgihe flexible boles of L.1yallij shov minisal damage vhile

g‘jggigggggg is rare, and where present, unthrifty.
T

The previous sections describe, in ef%ect, a "geog:aphy’

cf risk" fcr regeneratiom by sgecies. Saplings are nearly
absent and ssall seedlings totally ahseﬁt or rare over such
of the site. In the main, - all three conifer species are
clearly npt,atf%resent regenerating througb seedling estab-
lishment.

The initial visual impression is that jarjx 1yallii has
cbvious signs of a speéies maintaining itself (saplings and
mature trees with ccnes). However, although erect healthy
larjz saplings are found at higher elevatiocns than arbores-
cent Abjes lasjocarpa, ngwhere do geedlipgs of larix domi-
nate over Abies juveniles, vhether sexually or aseruvally re-
;?oduced. (Tﬁe only exception is in Area B,' east of the
‘-gin iidqe site.). That is to éai; on this study site, re-
‘generaticn of poth/species is both spatially and tesporally
gporadic. The two tend to be found together (though not ex-
clusively), reflectin; the greater sismilarities hefueen
Abies and Liii! gersinaticn site requitgnents than betveen

bies and EBjcea.

Both A.jasjccarpa and L.lyallii shov a lover number of
young seedlings ' than saplings. Abjieg safplings are found
bnly in Area 2 plots. Elsewhere the nearly total lack of
seéedling sized stess and a very lov nusber of 15-60cm steas
indicates that in all stands studied, Abies has not beer re-

generating recently other than by layering.

S T s -
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There are ssall patches of advanced Jarjx reprcduction
‘' wvith abundant steas _over 2.%a, ssaller numbers in th;
?OPZSOCI beight-class, but seedling stems (<30cs) only rare-
ly. Arno and Habeck (1972243u) report that successful Jarix
regroduction occurs at long, kirregular intervals, creating
¢sall even-aged cluaps o£ 'reLrogucticn glades?®.
1f this situation were reverseﬁ} if Atjes showed anm jpn- -
¢reaging number of seedlings and 9nly Larjx had clder stess
cnly, them it might bg inferred that ‘picneer*' JLagix bas
'prepared’ the site for the later invading Jbies. However a
completely different situation is dewmonstrated by the data.
in fact, both co-dosinants are estabiishing fewer s2edlings
cver time. Individuals of both specles sees sStressed rela-.
tive to an earlier point in their L;S;:lans, and both spec-
ies shov declining reproductive success.
In addition, Larix individuals (koth sap#ings and larée
__fv_f;_v_ﬁf_;_ﬁvxrees)ﬁ.are ccemonly located to the east or legiétd end of a
4 hedge or island of Abies. This reflects lapix' need for
toth ljight and moistyre, and strongly suggests it estab-
lished more recently. There seew insufficient grcunds on
this site to ascrike a ‘pioneer® status to Japix 1yallii
{contrary to its generally-assuied rcle, eg. Fratklin and
Cyrness, 1973:2.81). . If <the pa2rforsance cf both of thes2
haray species 1is deteriorating, there seeus &c reasonable
tasis for anticipating their suyccessional replacement by

cther species cr sets cf speties.
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Bicea gggg;ggggii£i§ frequently to occasicnally fresent.
Yet everyvhere it has fair to poor regrod ctive’ success, and
¢cnly by layering. its ju#eniles and agsit trees axe cnly a

sinor cosponent in these stands. A.lasiocarpa and [.lyallii

remain the domipant conifers of course because there 3re no

Te——

soP tolerant (i.e..kreplaceuent or 'climax*) tree species.
It wculd appear that the wmesoclimate™at. present is severs
enough tc effectively curtail reproduction by seedling of
. 3By species, even Lagrix. As lcng as current climatic condi-
ticus ex;st. it is reasonable“that the present associations
¥ill persist. Certainly no 1ég§ hardy species will inbatit
sites where the hardiest tree species are fa:ing.only margi-
nally well.

A Tecapitulation of germination and grcwth réquiretents
vill serve to spell out 3he laxgely unfavourable conditions
of this south slope: all threae ;&gct specias do best on a
cool and moist habitat. Eicea and Abjes prefer quite heavy
shade (ficea 40-60%) and sufter under excessive sunlight.
The germinaticn of Jarjx increases with increasing light,
tut is ispaired if on a dry substrate (Ifanquillini,
1979:16) . Ncne of these species can wvithstand drought
(shether suse®r or vinter) in the seedling stage. As H8l-
lermann (1978:381) points out, seedlings and young trees are
extremely sensitive to the «critical ecolcgical factors,
wvhile mature trees are aktle to wmaintain themselves *much

tettec".
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The sean densities of these timberline species seem un-
likely to change such, given the lov rate of recruiteent,,
and the mortality and poor vigcur of individuals. All three
conifers are experiencing poor perforsance and bigh seedling
sortality due to desiccation, frost heaving and snow- an

goil-wasting on this fine-grained mosaic of sSevere envircp-

BEnts.
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Chapter ¥
PISCUSSION AND CONCLUDING REBABKS

5«1 BEBSISIENCE AND CHANGE ] IHE ECOTOQMNE

Eaced on the evidence of regemeraticn patterns and stand
structure, no replacement cosmunity 1is indicated for the
sampled areas. The living tree populations seem to be rela-
tively static, indicated bty variable but generally gcor per-
formance. In the upper two-thirds of the ecotcne, this in-
cludes a widespread lack of reproductive success and dead or
scribund trees equalling bhealthy ones in nuster.

cn a few favcurable tregeneratica sites, advanced
1.1yalliji 9glades or dense A.lasjigcarpa layering clusters
bave establiched, apparently prior to 1947. Alsost pc juve-
piles have been established recently, and ;any apparently
favouraﬁle sites are vacant. ° In addition, a considerable
fropcrtion of th2 sites range froa unfavourable to very se-
vere for regeneraticme.

The situation contrasts vith that of tte high-elevation
torests in the southern Rccky Mts.  in New Mexico where Dye
and Moir (1977) say spruce-fir forest is taggressively dis=
placing' the herb-dcminated fescue ccmounity. Others-have

also documented a recent ‘*invasion' of upper subalpine smead-

- 207 -
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c¥s by conifer seedlings. On the Ccntinental Divide in Gla-

cier Nat. Park, Montana, 350 ks or 210 si south of this
site, Habeck and Choate (1963) and Hahtcf'(1969) suspected
.that treeless alpine areas at Logan Pass vere "“in the pro-
cess of being invaded by kfﬁnnbolz vegetatica". They think
this' 'may wvell have been'’ secondary succession following de-
structicn by fire. They cited a pogitive correlation be-
" tweed disturbed earth {from frcst heaving and/or burrovinq
nassals) and the natural c¢ccurrence of alpine fir and Engel-
safn spruce seedlinds, as well as rapid expansicn arcund the
ferimeters of krussholz islands, Habeck (1969:72) states

that ‘environsental factors seem to te well within the range

)
§
H
!
1

tor tree developsment®, and that in the absence o;inre dis~

turbance, ™ghepe is Do reas¢n 1o doybt that a continuous
fecrest cover, dosipated by Abjes lasiccajira, 'éould develop
" throughoyt the 5,500 %o 7,000 foot zope™ (1675 -2130m)  (au-

thor's e-phasisl. Op the Wenkchemsna site the key quesgtion

B s b

is whether the belt from 7,00C% to 8,000% (2130-2440m) will
regenerate, a much less likely éircunstance. Treés survive
ip a variety of flag, flag w@sat, and sat krumsholz forms
actoés this wide elevational distance, but the Gpper limit
¢t sexyal reproduction is tellingly lew. - o

A great deal of this ridge experiences vary sovere regen-
eéxation conaitions. Juveniles are rarely <stablished due to
lccally severe slcge steepmess, mass movesments, and rocki~
peg&s, rapidly varying tesperature ard moisture availability

regimes, and animal disturbancs.
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These site: findimgs are consistent vith those cf Hansen
Eristow (1979) for the Colorade Front BRange.  Within that
tore;t-tunéra ecotope 0o seedlings less than 15 years old
sere found. Hansen (19&0:"#5 nade comparable statements
about a high-elevation site in the Medicine Bcw range,
soutbeastruyouing thai vas burned over in 1860. No se3-
$lipgs wvere found. Beforestaticn was frcgessing by the
gradual enlargment c¢f tree grcupgs, each with an 0l1d sgé¢cimen
at its center. At another site in the Medicine Bow Hts.,
Eillings (1957) reported P.engelmannij aund g.lggiggggfg hav-

ing extreme difficulty invading fire-origin tundra areas

" where once well-developed forest stood (and of which scme

stands remsain). Cue to the rpest-fire changes in mesoenvi-

ronment, especially unrestricted wind sovesent and extensive

.changes in snowdrift patterns, the grass and heath assccia-

tichs persist "indefinitely®.

Ridges are almost bare during the bitter winters,
and late-pelting drifts invade remaining torest
patches causing death of trees and lack of repro-
ducticn. This wosaic of severe envircnments,
coupled with inability of lodgepcle pine tc invade
at high elevations, allows tundra species to in-

vade aqownward and to ccitrol potantial ferest
iapd. (my empbasis) Billings (1957:70).

This situation is remarkakbly siwsilar to the Wenkchesmba site]:j”"\//

b author's vnly argument with Billings' interpretation is
hat it therefore seems unreasonable to See the area as ba-

ing "potential forest land®. 1This is discussed further in
t, .

gection 5.3.




The situatior in ienkéhenna vallé: alsc appears sinila
to that reported by Ba{huin (1977) "6r mt. Honadnock, H.H
In the 150 yea;s since fire removed the subalpine veggta-
tion, re-invasion of vegetaticn had é:oceeded ve}l at first,
and portions of the slopes were “"regained®™. -HNow, honever,

thé lack of nev seedlings, diminished growth as vell as thé

P

mortality and deterio:a;ing condition of spruce suggest that
mgyccession” has slowed to a halt éﬁd ®spruce say even be
xretreating from its former cutpese®™ (1977:324) .

;aldvin's linterpretation Vshgres vith that of 'Griggs

{1937, 1938) 1 the problematic assumptions that vegetaticn

| change is sosehov taking place cver avunifcrnly- colcnizable
surface and under a cli-ateunnifor- through time. Through-
out the literature, these enticingly simple assuspticns are
extended to vegetaiion change ¢f all kinds, not only ‘recov-

*ery' tollowing an obvious disruption. Certainly itvis sin-
plest to understand the latter case as a tenporatgfkluctua-
ticn about scme mean position of the ecosystem bcundary,
with the spccessicn loeallf ‘dalayed' by topographic com-
tlexities, edaphic limitations, etc.

The probles is that such assumpticas lead cﬁg slways %o
anticipate and seek a single teference point or qréund state
by which to define and classity amy given landscage situ-
ation. In cases whare we 16-; together areas‘as part of a
single vegetation zone, that may lead us to 'miss' cases in

wvhich a sufficient dagree of envircnmental change has occur-
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red tyat the systes iS nov resgonding to a pe¥ ground state
{Bozrn, 197&{. Thus ve may hive to recognise, fcr ipstance,
vegetative covers that are moving tonaéd'eduilibriul with a
;ev harsher climate.- Prcm the point cf viev of degree of
gyccess in regenerating to its ;g:;g; position, thig partic-
ular timberline zon; in Wenkcheana Valley is 1largely fail-
jng. Meanvhile, the evidence we do havé sqgge%ts that in
tact the whole mosaic Bay be ip phase with the prébent envi-

ronmental situation, involving both climatic and\ surface

conditicns. . ~ q

Interesting corrcboration for this hypothesis 1s‘found“in

j
Hanéen Bristow's assessment of the stability of the)Cclcradb
)} ¢

X

tfiqﬁzline zZone. Present physiological stress i¥ the eco-

tcne tequires the trees to survive under barsher ccnditions

. )
than in-~_the past wben they first established at treeline.

. ‘ /
They are highly stressed and .extremely unstable und:f‘pres-

ent day sclimatic conditions (Bansen Eristow,  1981),- ~ The
; ey

N T
status of the trees in the upper two-thirgds /of the ecotone

is perilous: if they vere destroyed by fire.'felling cr rec-

reational -stress, the ecctone would be very unlikely to re-

ccver in its present location. It is postulated here that -

»

the Wenkchemna site upper forest was in just such a earginal
situaticn at the time of jts removal by fire.

Ergo in Hansen Bristow's terms it is now experiencing the

“same regeneration difficulries as the Colorado sutalgine. 2

similar point has teen made by Bliictg/11979) about the Can-
. . .
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adian subarctic treeline. Ancther vhi of putting it has
teen explored here, however; rasely, that rather than 're-
generaticn' of the cld ecctonal sitnatién, we have a new or
different ecotonal ‘equilibrius® in place or developing.

Even under consistently favourable clisate, the.uppermost
forest is easily susceptible tc scme replacement by shtub-
tupdzra (Stahelin, 19“3).’ A widespread qli-atic'deteriorqf
ticn can exacerbate these dn-the-g:cund—difficulties result-
ing in a iore ‘persanent? eradication. ' |

i At this point, however, the author\uould stress aqgain
that }hechanges in vegetagign zZonatich are takiﬁq ;l;ce in
a cosplex context of both long and short oscillatisns in
climate, as well as ower.a Qurface that is wvaried and far

frem uniform.

-2 IHE QUESTION OF CLIBATIC BLUCIUATION x

At the same time that frost hsaving and desiccation havwe
teen §g1g§§11g;1 lovering the survival altitude of - the su-
talpine species it is ;ossiblb fhat the'elevaticnal distance
tetween treeline and timberline has increased in tes;cnse“ié
a geﬁeral .Climatic deterioration. Cther Tresearchers have‘

roughly concurred co a chronology of wacro-scale c¢scilla- -

tiogﬁ/;n climate in récent centuries.

- ¥

//)- - o flhe size and pbsition cf snags and lcgs lying on the sur-
ce suggests that gisbgrline was higher than ‘the present

tor tome time before 1870 (evidently, long'enough for sex-

N
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vally-reproduced seedlings to grov to tall, syssetrical
trees). These¢ trees had wvery large dialeter hases; and as
annual bionasé prodnctiog_is very slov in this environwment,
ihey are assumed to have been quite 0ld when they fell. Thé
lovering of timberline was initially induced by fire, but is
- ncw saintained by lccalised mass movesents, severe variabil-
ity in mesc~ and microclisate, and lack of seed.

.

Nichols (1970502)“ has proposed that such failure of tree
zggenerdéicn after historically-dated fires may be the re-
sult of the alpine treeline being in: disequilbrius vith mocd-
ern cliuate; Whilé it cannot be answvered copclusively, the
gquestion of whether the living trees are in or out cf phase
with contemporary climate in the valley is raised bere for
discussion. Thoqgh the author lacks fjrm evidence of a re-

ceding treeline (i.e., an actual retractica c¢f range), the

field data ceem consistent snough with ccmeents by others on

the gquestion of regional clisatic fluctuation to sugport.

tbhis bypothesis.

For instance, the krumaholz clones at the upper end of
the ecotcne are very old and appear to be the farthest out-
pcsts aver reached by these species. This treeline gcsition
bas Leen maintained by vegetative regroduction through cli-
matic changes in recent time. " The preceding discussicn
shows it is highly unlikely that subalpine trees will seced-
in the e;tensfve balds to reach these upper trees again. - In

ks

addition, wany of the deformed and clustered trees on the
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aid- ’fan%;p%x_: slopes of this ridge appear to be relicts of

area ik the ‘past (Figure 5-1).

a noregﬁée’ﬂ%ive and sore densely\%ted subalpine forest
#bil

treeline appears to

have been quite stable, it is the timkerline, and scst pre-

[

cisely,

/

e upper limit of sexual reproduction that has
p: 1

fluctuated sarkedly wi chAnging climatic conditions.

1f in fact tg%:fent ability of\ the larch-sgruce-~fir
forest to replace itself follcwing natural disturbance has
pot been maintained or has declined, the explanaticn would
tyrn upon how much climatic conditicns have changed. In
tact, relative to cother current tiiberlines in the region,
this pre~-fire forest vas remarkably high-altitude. Anywhere
in tbe region ar present, it is illoqi;:al to find a failure
cf these species to re-stock cver 2200 to 2380
7,200-7,800%) as 'disappointing'. Modern authorities list
the usual range of Lagpix 1lyallii as 1830-2130a
{6,000-7,000°*), ibjes lasiocarra frca 610~ 2285a
{2,000-7,500'), and Pig ggff%;égg;; as ascending tc 1830s
6,000%) only (Hosie, 1979; Porsild, 1979:3€6). How then vas
it possible {(climatically) fcr upright trees to be growing
at 23680m (7,800*) in Wenkchemna Valley? Specifically, wmore
than 500 years pfeviously vhen these large trees estab-
lished, there is widespread cvidence of a period cf more
asenable ccnditions.

This is bormne out by the gensrally-held chronolcgies for

climatic change in this part of the Bocky Mountains. In the

- ey
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Interpretation of Remnant Tree Forms

Solid line tree forms represent present situation and broken lines
represent hypothetical former situation within the forest-tundra

ecotone.

¢ Adapted from Hansen Bristow, 1981)
!
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tisberlina zone along Dolomite Ridge, east c¢f Bew Laye,
Heusser (195§:297) also recorded the presence of de¢ad rem-
nants of "an early 'more thgifty forest vhere presently only
~epaller living trees exist. Moreover, this had occurred jin
thg absence of fire. He postulated that tb;se are remnants
of an earlier period of climatic asmelioration. Kearney's
(1981) thesis used the increasing representation in the pol-
len record of arctic-alpine taxa in upper welevation sites
(in Jasper Nat. Park) as evidence that
the last ¢.500 years, characterized by the lowest
timberlines ip the record, have witnessed particu-
larly severe climates (1381:iii).

Using glacial terminus  fluctuations, tree-ring evidence
and peat deposit datiﬁg. Heusssar (1956{ " and s;hul-an (1953)
ccncurred om general regional postglacial clisatic changes
as well as more recent trends. In general, ;he 15th, 16th
and 17th centuries saw the onset of ccoler condiﬁions (first
dry then more humsid), and glacial advances continued well
in;o the 1600's (Byrne, 1968). 1In the early 1700°*s, a lack
of snowfall and higher susmer temperatures initiated glacier
recession. The climate has generally been dry and wvars froa
1775 to the 1%40°'s, except for glacier re-advances in
1830-40 and high rainfall around 1890-1900.

Belatively dry and wars conditions fros 1850 to 1940 are
cited by Schulman (1953), Heusser (19S6), Eyrae (1968), and
Gardner (1972). In this century, in general they report a

geneial incyease in mean annual temperature and a decrease

*
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in precipitation slcwly and reg&larly until about 1920, and
mcre rapidly until the early 1S40°'s. Schulman's tree growth
rates attest to a late 1930's drought and Lucksan (1982:11)
cites "the waram decades of 1930-49", In the 1940's and
€0's, temperatures declined, both winter and suamer, and
precipitation increased. ' In this valley, Gardner (1977) re-
" ports that Wenkchemna Glaciex was still advancing into the
valley flﬁor forest until as recently as 1954, but is now
ieceding. '

At the central Keevatin and labradcr treelines, the gen-
eral absence of nev juvenila trees in the fcrest-tundra eco-
tone corresponds to -the gradual cooling since the 1340°'s
(Elliott, 1$79:249). Schulman's growth rate curves cf trees
rear Banft also reflact this general coocling. The Lake
lcuise tcunsite reccrds indicate a 1-2°C decline in mean an-

tual temperatures from 1945 to 1955, followed by a 1-2°C

rise in temperature frca 1955 to the 8id-1960's and a de-

crease in Qrecipitaticn (Gardner, 1972, 1978a; Luckman,
1982:4) « Another decline in temperature has cccurred fros
the mid-1960's to 1980.

From a vegetation stability goint of view, the duration
of fluctuations is important. Slov-groving subalpinre vege-
taticn Qacconnodates" to clisatic fluctuation as dces vege-
taticn everyvhere but its resgonse has a lengthy lag period
(Exink, 1959:15). To some extent, one would not Le sur-

prised that this valley exhibits vegetational inertia in the
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face of these environlenéal changes. To sugport this state-
sent, :grouth-rate changes in 60 trees over Venkchemrna and
Ccusclation Valleys failed to show significant correlations
vith climatic change (Gardng:. 1981:pers. comm.).

The record given above of variaticns in sodern tempefa-

tures and gteeipifg;ion‘sugqests that both 10-20 year fluc-

tuations as well as single extreme years have occurred. as

discussed earlier, conifer seed gersinaticn and seedling es-

tablishaent tegﬁites consisteptly warms sussers, Kearney
(1$81:iii) demonstrated that seedling establishseat at tim-
berline is significantly ccrrelated with highar than average
sean mininus summer temparatures. Scwe of the post-fire re-
producticn was probably established in the ®ild pericd prior
tc 1945. Perhaps some occurred in the late 50's and early
60*'s, but it is not detected on air photcs fro- 1947 to
1978. In the absence of dendrochronological data, these
statements cannct ke verified, cnly icferred.

‘ Elliott (1979:166) reﬁorts that for all Canada, tempera-
tures in the 1970's ha;e tech even more variable than in the
frevious tuc tc three decades. The conéistently vars sum-
sers needesd haven't occurred in <chat periocd. As suggested
in the earlier reproductive ecclogy discussion, the prob-
abilities for conifer establishsent depend nct just on teap-
€eraturs but ch moisture availability and perbaps sncw depth
changes. A reduction in seedling years is sore comgplicated

g
than just increased cold.
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A illustration of this is the widely-regcrted tree inva-
€icn of subalpine meadovs that occurred agpproximately 1925
to 1940 in the Washington and Oregon Cascades (FPracklin &
Bitchell, 1967)473Pe Olymgic Mts. (Fonda & Bliss, 1969; Ku-
ramoto & Bliss, 1970), and the B.C. Coastal MHNcuntains
lEriné. 1959, 1964). These are high snowfall areas, and the
seedling establishment generally took place 1in years of de-
creased snowload and therefore a longer than average growing
pericd. The directional change cccurred on sites both with
and vithout fire evidanmce, but basically ceased after 1945
{Franklin et al., 1971). Although the latter date corre-
£pends to the cessaticn of juvanile establishment c¢cn  the
Wenpkchesna site, the exact mechanism for this enhancesent of
regeneration was likely different, Because further inland
on the Continental Livide, more extrese te-pe:ature“and dry-
ress factors prevail, therefcre, a host of factors such as
Frotecticn from radiation (eg., increasld cldudiness) and
extended vater supply vculd come into play.

The gquestion of <climatic fluétuation, ’ bc;h lcng and
thort-term, is complex and teyond the scope c¢f this paper to
ansver thoroughly. Wwardle (1574) believes that the kind of
anosalous population stf;cture recorded here (i.e., with the
vusbers of o01ld and moribund trees exceeding the ycung and
healthy) can indi;ate significant clisatic change if consid~
-exed along with ineffective regeneration and fluctvations

within the lifespan of existing trees. Without doutt, - the
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uppermost living trees, quch prte-date the fite; vere estab-
lished well above what is c;;;ently pessible. Qﬂouever. the
so1e powerful tools available in palynology, dendrochrenoclo-
gy and sacrofossil analyses are required to characterize
this climitic change in more detail. A future. study is

planned to examive more precisely this issue of synchrony

tétveen modern vegetation and scders climate.

5.3  PBCRLESS WIIQ IHE CLASSICAL SUCCESSIOW INIERPREIATION

In this field situaticn, the conventional secondary succes-
sion- paradigm would ‘expect' a gen2ral revsgetation se-
quence, eventually returning tc a full forest cover, albeit
cver very long timse periods if necessary. Hovever, ncpne of
the critetria fét such a directional sequence ate being net
at present. Under that scheme, a msixed .eadov-patkland'that
is seral to full forest cover vould - shcv widespread anq
atundant seedling establishment. There would te occupation
of all available regeneration sites by juvepniles, and an up-
¢lope migration of subalpine understory species,

in fact, nearly tbhe cpposits situation is indicated by
the field evidence. e have a downvard extension cf alpine
indicator species ané scarce and localised juvenile estab-
lishment, none of it recent. There is nc convincing evi-
dence that heath meadows are retreating before forest en-
<rcachment. Forest recovery was not to be“found. Therefore
it a semse, it is amisleading to logk for it, arnticigating a

directicnal advance.

1\
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45 a wvhole, the ecotome is not "succeeding®. The evi-
dence implies wsore a mosaic persistirg in such a way that
its present structure and ‘appearance 3rg tbe new equilibriuas
state. It has been shown that a comsplex of wmany factoxs
contribufe to the o:igin and -aintenance'ot the fragmented
mosaic pattern: it is not so simple a matter of 'not enough
tise baving elapsed®. Ip totc the site conditions‘and dis-
turbance relaticns coantribute to an "inertia™ in the config-
q;ation {and elevat;o&) of t?e4\ecotona (term: ) ?avis,

——

1977:213). The comsunities examined do not show evidence of

passing through a sequence of sSyccessicnal states that con-
verge on a single clismax communfity. If anything, (further
fragsentation cf the mosaic int an even finer-grained pat-
tern is indicated as plants and/ plant groups continS; to re-
spond differentially to site cpnditions.

It must be underscored that the [resent 'steady-state!
condition of ths ecotone is scre a groperty of the entire
wosaic than of any single comstituent vegetation unit. Fcr

example, in any one patch the asount ¢f biosass or cowver may

increase, while on a patch issediately adjoining, fungal or
desiccation damage inhibits bicmass production or actually
destroys existing biomass. Significantly, most changes in
vegetation seem only to involve phases wbere the sgecies!
Esrformance fluctuates as "djstince'from cycles in which the

actual species change in a recognizable sequence™ (Kershaw,

1973:162) (author's 2mphasis). Little compositional change

B . TN
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is indicated by the data and thus a maip criterionm of suc-
cession is pot met. ‘

Del #Mcral (1979:1124) intfréregedvq‘suhalpine tasin in
th¢ Wenatchee Hts., Hashinggfn as a savere environlgﬁé’in
which *successican' consiété ;f little comgositional change
and the ‘*picneers' may persist in stable vegetation. In a
similar vay, the Wenkchesna site could ba labelled 'a mosaic

of 'seral' and ‘*clisax' stands cr stages and that the whole

ithing is in "a gradual process of development® (fel Moral

(1979:1113). But the question recurs: is ocur underetigaing
of these features actually aided wmuch by such explanations?
(éiens, 1976:91). We can continue tc speak of vegetation's
status in these traditional terss, kut ve should gquery the
usefulness cf cteferring as ‘'pioneer' to vegetation that
shcws signs of being well- adaptéd to‘regional and site con-
diticns, that is apparently ip balapce with the environaen-
tal mosaic that is pgegently fcund.

Franklin and Dyrness (1973:264) have pointed cut that
many subalpine bqplcgists; fo:esgfts and range mapagers work
vith the presupposition that subalpine parklard is poten-
tially forested habitat, i.e., the clisatic climax vegeta~
tion is (spruce-fir) forest. *Consequently, ®osSt hypoth-
esized successional sequences lcad toward fcrest, and in tge
Clementsian sense, all meadows are seral tc forestW. )
This *®thinking scheme® (Musller-<Dombcis & Zllenberg,

1974:410) is extremely pervasive-- this author believes, too

J
¥
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much so (see Biljings, 1957; Klikoff, 1965; Pricé, 1971; et

al.) Under ations of regional climatic change, it may

nc lcnger be \Yinevitable® that heath meadcws are potentjal

El

sites fok forept. Uépet kromsholz trees and even high~-alti-

tude gxegg\txees belov thes may be, tc some degree, histori-
cal outliexs or relicts that are nov gut of equilibrius with
Iegicnal climate. Thinking in timberline ecology and its

fluctuations should be flexible emough to ccncede that this

.is just as possible on burn as non-burn sites.

1his serves to illustrate a very central prokbles with the
classical paradigs: its assumpticn of a constant climate
and a stable physical “enviro;-ent. Franklin and Dyrness
11973:280) for instance propose a general successional sa-
guence in tree clump development (at Oregon and Washington
tlnberiﬁibs) as the pattern expanding tree grcups "should
follow®, ™"given sufficiernt time for tree clusg developlent

and a constant climate®., The point is the system hasn't gct

" these: it dces ngt have long time periods with a uniform

climate. The upper subalpine is a bighly variable environ-
ment that not only varies videlr and frequently, GLtut both
the rate and amplitude cf these variabilities ¥3ry. Sisi-
larly, Habnsen (194Q:440) aiss to predict what the future
conifer cover in a southern ¥ycming subalpin2 belt will be
wif the'ncx-al foresc succession is nct interrugted”.

This underlying as=uugt10n ¢f uoormality in an unchanqt\q

climate and the 'desirability' of an uninterrupted develops

L 4
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pental sequepcéV has lcng bekn criticized. Pield repo:ts.
froi vaxiénstecosystens show these assumpticns to be largely
untenable (DPrury & Bisbet, 1§73: White, 1979). There is
consideragae(case evidence that sany vege;ation ;qgragations
are‘sur!ivinq and :ESpanding to envigonlents that are¢ char~
actexistically unséable such that the basfc assumpticn of
stable‘physical environments is usually of nb use. There-
fors etpééiktiéns‘ot successicp and climax are going to be
ghuazted (Baup, 1957). Faup maintains that such as;é&ts of ©

classical successicn theory have aétually hindered accurate
understanding of how plant communities are created, and how
they"pé:sist by adjusting to the instaﬁility of site. The
entrenched viewpoint focussed on identifying tc what degrae
plant - associations matched (or failed to match) ‘known?
steps in a theoretical replacenént sequence. neénwhile. ex-

cept for individual plant physiology, remarkatly 1little is

kncwn about vegetational responses to envircnmental fluctua-
i .

tien -for exalpie,w the adaptivz traits axhibited %y species
or ccmmunities which successfully adjust and persi#t through
changing disturbance periodicities.

This is by no ‘nedns‘the first repert tc register scae
ccaplaint vwith the conventiénal successi;ﬂ paradige and ghe
Cleyent31an school of vegetation interpretation. Th¢se us-
ing it with insight éiily reécgnised its liuitatzgn. Yet
i%s usefiulness as a blace to begdin, tc¢ begin to ha;dle tha

;o-plexity‘iﬁ the field, was treated as the best available

- i b T
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{see Cooper, 1926). Its main-terms were avidly adopted, and

not all researchers remembered to hold its msain concepi:sJat

ars's length®' as simply a guide. They yielded toc easily
ana Anncritica.ﬁy tc the scientific peed to classify and
thereby "c:ntrol" the multiplicity of the vegetated land-
scape.

if one examines the original wmeanings of these teras
carefully (Clesments, 1916, 1936, 1349) one would label the
ienkcheasna ecotone a polyclimax landscap2, with ismmediately
ad jacent portions of the ecotone as disclinax, gubclinax,
rreclimax and postclilax at the same time! There is nc in-
trinsic ¢grror in the séheue {Clepents e;p‘lains that these
units or comsociations are né;ess@:ily fragsentary, each on
the "proper s’ituaticn" (1949:149) ], but it gquickly becomss
unwieldy and can be misleading. There are very valid rea-
‘sons why each of these (*infericr') patches doesn't support
full spruce~fir forest. One must then ask why, if they are
pEv¥er 4eoing to suppert the climatic climax because cf cther
environegental *limiting factcrs’ they aust be tenaciously
referenced to that hypothetical climax? assurances to the
etfect of *f undisturbed, the climax will be attaired in n
hundred years® may be an interesting acade;ic exercise.
They aré extremely limited in interpreting ggélggigg_l_;x tf‘ne.
acj:ual situation on the ground. Atba time~scale cc-preheg-
sitlﬁ and useful tc humans, as well as a level of spatial

detail that is infcrmative, useful, but most of all, respon-

PP e
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give to the evidence .on the ground, such assurances are .

bigbly artificial.
4 widely-adopted apprcach in the seccndary succession

literature has been to use spatial variations in vegetation

- \of different ages tc infer a time sequence. Put how walid

is this historical tendency to interpret all spatjgl distri-
butions of plant populatiosms autonatically as chropgsegquenc-

s Froms a biogeographer's viewpoint it creates ancther ma-

jox problem in +the ‘'developmental' schese of vegetation

dynasics- that it tends to interpret the 'patches! c¢f a sSga-
tial pattern necessarily as stagss c¢f t2apcral change. In

this, <¢f course, it is identical to the Davisian and cther

_schemes for landform evoluticn which bhave caused similar

frobless in Gecmorphology.

dost successional schemes have been intuitively deter-
mined from observations on adjacent flcts cf different suc-
cessional ages, zoned in obvious ban&s guch as thé'ccnsen~
tric rings of vegetation around the edges of an infilling
teg (Barbour et al., 1980:214). In many other cases, ‘how-
¢ver, the sites of apparently different ages are randoaly
scattered thrcughout a region, and their age sequence is as-
supged. it is assumed that the *older*® vegetaticn plcts had
all progreésed thrcugh seral stages still present on ths
‘yeunger® glots.

Clearly, probless arise with this strategy because there

!

vill alvays Le some degree of spatial variation unrelated o
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time -(Kellsan, 1970:193). Mcre specifically, adjacent coms-
;6nents in the complex tisberline wmosaic may nct be relatad
to each other tesporally or sequentially in any wvay. To as-
sume that all patches will pass throagh similar stages 3%t
311, or even slowly may be faulty, fcr it jrfers rather than
docupents precisely respcnses to site at the specific or
populaticn level. The strictly time-sequence interpretation

, '
assumes that established conifers are fcund cn some umnits or
Fatches, therefore will eventually be found on peightouring
patches (mesic forb and heath meadows), and given enough
time, on all microsites (the talds, fellfields and dry Garex
beaths) . ferhaps this scenario is more aesthetically pleas-
ing than the patchiness which is likely to péisist- but it
is remarkatly inaccurate.

More acénrately,’tbe nosaic reflects periodic, lccgl dis-
turtance, such as fire severity and mass wasting agpd very
'épecific topographic differences in scil gquality or mois-
ture-retaining capaﬁity. Fc¢x this reasbn, the "thinking
scheme" wust be expanded. To some extent, these rpatches
regresent different stages cf recovery, frca disturkances to
the matrix, and the mosaic éx;:esses some successional rela-
ticnships between meadow and conifer cover. However, cossu-
nitiés must also be seen as rasponding to a localized envi-
rcnment that fluctuates randculy (for examgle, 4 scuth vs;
ncrth microslope aspect). In this sense, the "patches or
stands do not bear any successional ¢t sequential relation-

ehip to each other.

i
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Btuff and Nisbet (1971:60) have varned against the use of
€ven a "ueakéz* sense of successjop because succession is
stilk linked ;?ecéssarily) to the ¢ljmgx conmcept-- “each is
uninteiligible?githout the assumption of the - cther™.  Be-
cause of the unhgu&l variety of disturtance and the intri-
cate and persisteng\ibsaic quality characterizing the [arix
tisberline zones ‘ﬁhicb they studied, Arno and Habeck
{1672:420) concluded éﬁat the upper subalpine "seea(s) to
defy application of traditionai succession~-climax ccncepts”.
Whittaker and Levin (1977:117-8) pcint out that
Time has dealt unkindly with generalizatiors about
succession...frury and Nistet (1973) show hcv, un-
der further observation, the generalities of suc- .
cession become raveled into increasing nusbers cf
exceptiaons and divergeant ccmgplications.
It is by no neans'the intent of this discussigg to deny that
suyccession (a cumulative, tewmpcral sequence of species re-
placements) 1is a very real fcrm of vegetaticn change. Cn
the other hand, as Barbour et al. (1980:211) have ccmmented,
in interpreting cou;lgx scsaic patterns in vegetation,

soueﬁ%coloqists have.atteapted to fit toposequenc-

es into successional scheaes, but the results
stretch the definition of successicn toc far and
- can be misleading.

The essential problem with conventional successica and
climax ideas is that they concgptually liemit the investiga-
tioh of vagetation dynamics tc the delineating of develop-
sental staqés and focus c¢n the future }attainnené' of the

‘ncimal' *mature' formation. As Wiens (1976:90) states:

We must thus exercise scme restraint in embracing
optimality based thecries... and shculd not con-

'
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sider Mature to be resiss if the theoretical
optisus is not the ncrmal state of affairs.

It seess reasonable and beneficial .to heed the counsel of
E.S. White (1979:283):
If the climax concept is used it sust be refer-
enced tc specific envircnmental situations, in-

cluding natural disturbarce regime and other dy-
nasic properties. -
«

4 recent reviev bty O.L. Smith (1980:1) sums up this prob-

lenm vwell: R

While much can be learned ffbn the *;elative sim-

plicity of purely temporal models, the spatial

variable is often important, if nct critical, to

realistic assessament of System sStability. .
it 1s very difficult to lcok <closely at succession and cli-
Bax concepts as they apply in subalpine dynami (and else--
where) ;ithout at some pcint addressing the very notionm of
stability. i

Stability is a much-investigated dimension cr descriptor

in community ecology, but comsiderable confnsi;n ﬁrises from
the differing conceptual and semantic uses of the ters.
"Statility" is used variously as a latent cr potential char-
acteristié of a system 33 yet updjisturbed, and as a descrip-
tcxr of a systes whjch has beep distyrbed and is 'recover-

ing'. Thus, some uses oOf gtapjlity do not include the

system's actual resistance to disturbance {i.2.,its ‘gropen-

sity' to be seriously perturbed), but focus onm varicus 're-
cuperating' stages as being unstable. For instance, LaRoi,

lee ¢ Tande's interpretatioa (1975) is unsatisfactory: they

simply equate sgability with  rapidity of successigpial

s sl
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chapge. That is to say, stability is seen sore as a measure

of the asount of change (i.e., repair-respcnse) the ccamuni-
ties are presently experiencing, with no wention of their
vulnerabjlity to disruption ipjtially.

The stability-diversity controversy is a long-standing
and cowmplex one and cannot be addressed here. The grobleas
with defining 'and assessing vegetaticn stability have been
treated in detail elsewhere (see Whittaker, 1979; Barbour et
al.,1980). The concept is raised siafly tc show that under-
standing of many ccmmunity prcgerties such as stability is
still quite primitive and desands further inquiry.

¢f direct interest to this site is espirical support from
evolutionary ecology and theoretical pqpulation biology sug-

gésting that fine-grained spatial heterogeneity in environ-

ment and vegetation may in fact gnhapce stability (Holling,

1973; May, 1373; Steele, 1974; Wiens, 1976). Niche avail-

akility is enhanced in patchy cnvironmsents, creating greater

S ystema The resiliency ¢f vegetation is cne aspect of sta-

diversity vwhich in turn can " reduce the *fragility' of the
(o

hility that deserves more consideration in the gec¢graghic
literature on ecotone fluctuaticams.

Specifically in relation to the upper subalpine, many
useful guestions remain to be asked and sclved. Fcr exam-
ple, exactly bow dc scme species respcend ncre successfully
than others to integrate change and sajor disrupticre? Is

the notion of ‘'success' or 'optimization' by pogpulations and

.
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cosmunities simply our judgment of what would ke ‘cptisal'?
We may come tc understand that j;;guents such as environmen~
tal "severity® and "unstable zones™ bave less validity than
traditionally assused. §e may come to unde:stand‘that com~
fpared to adjcining habitats, ecotones are in some ways §ore
stable ecosystems that cam better tolerate stress factors.
Clearly a more detailed inquiry intc this probiéu area is

beyopd the scope cf the present paper.

S.4  BMLIEBEATIVE PARADIGES

‘Eecause cf these iliaitaut protleas in the very basis of the
conventicnal “engine of analysis% (Raup, 1964:22), alterna-
tive interpretive schemes have arisen. Several authcre are
questioning the utility of the Clementsian coancept of cflinmax
under severe recurrent fire and disturhanée conditions
{Heinselman, 1975;“_5;;;13;: 1980) . Others are extending
this inquiry to systeas across the vwhcle range of digtur-
tance frequencies and severities (Drury & Misbet, 1973; Cat-
telino et al., 1979;- Borsann & Likens, 1979; White, 1979).
These authcrs found the strictly develogmenal scheae of lis~
ited use and state the pressing needa to formulate a mora
“kinetic® scheme of veg?tation dynamics, one in which fluc-
tuation and disturtance are reccgnized and incorporated as a
uaj&: influence on <cosaunity composition, structure and
spacing (Vitousek & Reiners, 1975; Sprugel, 1976; RKeiners &

~

lang, 1979; and Veblen et al., 1980).
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It is isportant to stress that this lgge of thought is
ccnqerned vith enhancing the ¥3jue of dy;alic ecclcgy re-
sgarch and with advancing out/ understanding, pgt with dise-
carding the entire extant system. BEarly om, * Cooper
(1926:41<) was cautioning against the unquestioning use of
*cencepts and terms vhich clearly tend toward rigidity", and

urged carefulness and some *fluency® in theéir use.

The very foundatjons of dynamic vegetation ecclogy recog-

nized the upjversality of changs (Warmsing, 1896, 1909)~-- the
pexrennial problems bave centered on tﬁe acre subjective and

arbitrary classifications that were erected over this foun-

"gation (Cocper, 1926; Gleascn, 19263 whittaker, 1953). Like

F.S.White, this author quarrels with the basic artificiality
\ M
introdyced into our perceptions by the dichctomous classifi-

o

cation of such concepts as seral or pioneer and climax; re-
gressive and progressive successions; autogenesis ard allo-
genesis. For instance, <¢cncerning this 1att§r, the sismple
procedure of attributing certain phencmena solely to¢ "inter?
nal" and others to “external" causes is inaccurate (Cooper,
1926:397) for events concerned with the o:g;hisn or ‘its en-

vironment pecessarily involve toth. 5

Even with Watt's (1947) terainology the split between re~

" generative and degenerative pghases can ba deceptively sia-

Fle. How¥ever, because it stresszd the ggggi importance of
tcth types of 'phases', his pattern and procesg thesis began

tc lay the groundwork for understanding disensions cf vege-

o
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tation change vith less rjgid concepts than the Covles-Cle-
sents echocl of thought. As the field matures, others agree
that the classical nod:i deals incompletely with many
aspects of vegetation change. There has beeén increasing
ccncern thart the cfassificatory ‘mind-set' and methods does
camage to the facts of ecclogical comgplexity. [As Slobodkin
(1574) reminds us, “the ecoclogical wecrld is a sloppy
place”.J

Bhitta;et‘and Levin (1977:;36) urge researche}s to recog~
nize the nearly universal occurrence of "internal fatterns,
scsaics and related phenomena in natural cossunities®. They
stress that ‘ *

. Bcological theory is not precluded by, but should

Bake realistic allowance fcr, the 1ntr1ns;c diver~
sity ¢f ecological phenone N

In a sisilar veir, wiens (1976781) cosments:
The maturarion of both thecry and practxce in pop-
ulation biology... demands broader consideraticn
of the sources of environmental hetercganeity and
the diwmensions of population 1responses to- this
patchiness,

- Hence, there is a concerted voice in the literature rele-
vant to ticgecgraphy that is dawmcnstrating that the long-
standiny utter dependence on the Clementsian seodel of suc-
cession and climax (and its variaticns) shculd be examined,
relaxed, and its unrealistic aspects abandcped.

As Wreford wWatson (1982:39%) points out, gecgraghers'
wctk is invclved onc¢ct only 18 the explanaticn of earth-sur-

tface phedomena, but "in explapation itself"™. The gecgrapher

e e SR
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wvho is investigating the Bsanifestations of ecosysteaic
changes oni the landscape cannot but delve into these gngcing
issues in theoretical éon-unity and pcpulation ecology. In
this study as in others, geographical or spatial considera-
ticns in the analysis of environsent and plant ccnnunity
s€ea to sho; up the limitaticn cf the Clemzntsian scheae, or
to be greatly weakened by“its application.

According to the classical secondary succession paradigs,
the ecotcne of tﬁe ¥enkchesna site (given its history, its
nature and its configuration) wvwould be interpreted as a sub-
climax, a seral stage that exhipits ‘'extremely slow succes-
€idn'. It is 'stalled® ind=2finitely in wmany plaqes, ‘on its
say*' to the eventval recloaking of the moraine with a
spruce~fir climax (the climatic climax of the ragion for
this altitude) « )

The several prcblems vith this explanation of the vegeta-
ticn mésaic bave been alluded tc in greceding chapters {(eq.,
the»'seral' species are the climax dominants as well; the
hng propcrticn of larch nct spruce as dosinant; and a re-
currence interval of many sStregssas and disturbances. shcrter -’
than the time 'reéuited' for a 'unit successicn' to reach
its 'end~gcal'). A

hather thar label it easily as a subclimax, c¢r a ‘*failed®
seccndary succession, this thesis has atteapt2d an alterna-
tive interpretation of the tield situation ¢n this site. It

is based in the prcadest sense on the premise that vegeta-

*
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tighal change is _.due to t&e intsraction ot changjpg organ-
is;s and changing environleat. The type of Kinetic Sche;é
referred to ty Veblen and others is not drastic in its is-
gcrtant changes, but subtly isproves the accuracy cf land-
scape interp:etaticn.‘

We have a patchy distribution of individuals and c¢f spec-
i€s, and this patchiness is revealed in a wvide spectrum of
spatial scales. To a large exteat, this patchinesé per~
sistse. 1he bulk of the preceding discussion has suggested
the processes (both major and sinor) affecting this envixo&-»,
mental and vegetaticnal patchiness. "d4e have, in facf, ha-
titat variations in space as in time™ (Watts, 1947:17).

Particularly in understanding how and why the ccrgonents
of the mosaic exist, .:egeneration effects are the pivotal
link between disturktances and vegetation pattern. The kinds
cf dis§urbance vectors gxa-ined in detail in Chapters 4.2
and 4.3, and the differential resgomses of ycung and mature
cogifers to then, re;eal that, in fact, the vegetative cover
is likely not 'out of synch® with environment at all. In-
deed it lacks homogeneity, but there is ncthing 'iwmgprcper'
{Clements, 1949) about this pattern. Whep the actual tex-
ture of the vegetition ccver is exawined, it makes sense
vith both regicnal and mesosite ccnditions. (Tha2re is no

evidence that it is 'on its way' to soa=thing else (i.e.,

scre ‘pature').)
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it ués hypothesized at the cutset thit the coubipation of

site conditicns and $iisturbance relations lisit tpe rate and

i

direction of the revagetation seguence. 1In factj they liait

*sequence’
&

prcceeding ip a 'direction' beccmes ipagprcpriate. !

It was a basic objective of this research ‘tc examine th2

}
‘pature of a particular forest-tundra ecotone aand the factors
responsible for its pcsitién and varied charTctati it
eserged that it is desirable to interpret the‘ fragaented

|
tisberline pattern more accurately than is possible within

the develcpmental scheme cf vegetation change, E

ip general, the results support the conc1081cn that indi-
viduals of the conifer populaticns are maturing, vbut in the
main are not reproducing adequately to ke cons;dered sigoif-
icant evidence ¢f a directional change. Becutteqt distur-
tapce (i.e., pliant ti;sue destructicn caused by eﬁyixcnnen-
tal extreses) and its related effects cp rep#oductive
tehaviour is significantly responsible for both £$e domi-
Dapce structure and the patterns of the vegetaticnﬂconplez

cn this site. ﬁ
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