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ABSTRACT

Alpinc plants of′ Vcstcrn North.Anlcrica posscss vcry diffcrcnt grob`th forins,yct thcy may

occupy thC sa1】 1c habitat.  snowbcc spccies n)ay bc d、 varf evcrgrccn shrubs that cOIlscrvc carˉ

bon and nutricnts through rctention of lCavcs or tbCy nlay bc dcoiduous or 
、̀intergrcen forbs

and graminoids that coilsCrvc carbon and nutricnts with largc root and rh.izomc systcIns. On1y

thc wintergrccn forb, E7氵 ogo``〃″, alloCatcs largc an△ ounts of carbon to rcproduction.

Thc wintcrgrccn forb and graIninoid spccics grow in nlorc cXposcd (highCr winds, 1ess

sno、7) habitats, yct thcsc spccics allocatc lcss carbon below.ground and thcir ability to adinst

osnaotically is lcss than in thc shrub spccics,  
·
I· hC shrub gro、vth forIlls (Cvergrccn and dCcidu-

ous)havc thc grcatest dr()`lght tolcrancc (1ow lCaf w·atcr potcntials,grcatest osrnotiC rcgulation,

lowcst minim.unl stonlatal Conductancc).  ThC forb spccics havc thc lcast drought rcsistancc

while thc grarmnold spcclcs arc intcrmc(liatc.A nlixturc of plant grOWth f0rms occurs in cach

n△ai°r alpinc babitat (snoˇ
`bcd, n△

cado、 v, exposCd ridgcs and slopcs). △
·
his indicatcs that therc

is no singlc gro埚 `th form best adaptcd to a givCn habitat and t1】
at spccies w ith diffcrcnt grow-

th forins ca11 succcssfully co-cxist in thc sanlc habitat,

INTRODUCTI0N

A1pinc cnvironmcnts of`Vestcrn North Amcrica imposc a widc varicty of strcssCs upon

plants.Their cnvironmcnts have modcratc to deep wintcr snow,moist to dry summcr climatcs,

and a 3-4 month growing scason. ThC naorc coasta1 climatcs of thC Cascadc Range and the

volcanic pcaks havc dccp snows(1-5m)that do not 1△clt until latc Junc Or mid July.Plan-

ts bcco:〗 lc dormant in rnid to latc scptcInbcr. ~Alpinc plants of thc Albcrta R.ocky `fountains

grow in morc contincntal climatcs whcrc wintcr snows arc lcss dccp(0.1-lω
· snow mclts

in carly to ruid-J】 工nc and plants bcconnc dornlant in latc August to Carly septcmbcr.

Thc alpine F1oras of thc areas reported here arc rclativcly sltla11, In thc signa1`Iountain

arca of Jaspcr National Park,Albcrta thcrc arc 157 spccics(Hrapko and La Roi 1978), ThCre

arc about 200 alpinc spccics in the North C'8scade R.angc (I∶
)ouglas and Bliss 1977) but only

about 60 spccics on thc isolatcd vo1canocs $′ itbin that sa1△ 1C region,  Alpinc vcgctation is linˉ li-

tcd ncar thc coast becausc of decp snoW and stecp lnountain slopcs 
、vith littlc soi1.

Plants with vcry diffcrcnt growth forl△ ls inha1)△ t these alpirlc cnvironl1】 cnts. 'rherc arc dC-

ciduous and evergrccn shrub spccics, deciduous and `vintcrgrccn forbs, and  dcciduous and
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wiitcrgrccn graminoids,  Thc objectivc of this papcr is to briofly dcscribc how specics witll

a diffcrcnt lifc fornl allocatc carbon, nitrogen, and phosphorus ·
and ll。 、v thcy control their

surnrncr 、vatcr balancc.  Morc dctailcd inforn1~ation on thO physiological ccology of alpinc

Plants is contained in thc rcvic、 、̀s of Billings (1974), Bliss (1971, 1985), and ·
I·icszcn and `Vi~

cland (1975).

GROWTH FORiMs AND PHYs1OLOGICAL RESP(0NSEs

shrubs

Both dcciduous and cvcrgrccn shrubs arc prcscnt in thcsc alpinc rcgions, although thcy

fornl a snlall pcrccntag· c of thc total plant covcr and.bionlass.  ‘sc``.饣  夕rC``rC is rcprcscntativc
of thc dcciduous shrub fortl and has bccn studicd ncar Jaspcr National Park, A~lbcrta. s口

``石迈/r`|c口 has largc woody bclowground stcins with n1any.sInall advcntitious r()()ts (aboveground:

bclow.ground ratio l∶ 3-4).  Lcavcs rcprcscnt 3-8% and rcproductivc structurcs (3% 。f
total plant bionlass (TablC 1). Nitrogcn Icvcls arc high in dornlant buds a】

ld arc translocatcd
to dcvcloping lcavcs and catkins which rctain high lcvcls tllroughout thc rnost activc part。

F tllc
growing scason.  Phosphorus foll。 哂̀ s rnuch the sanlc pattcrn,although an ordcr of magnitudc
lowcr and sho、 vs littlc seasonal transIocation,

sc``,r口rc`|cc grows in warmcr micrositcs and whcrc thc soils are m。 ist(>1.o MPa)Inuch
of thc suInmcr. `Vatcr loss is controllcd primarily in tw。 ways;osmotic regulation(daily and
scasonally〉  and by stornatal control, rcducing transpiration (stornatal conductancc).   飞V·atcr
loss is we11 corrclated with atmospheric nloisturc vapor prcssurc dcficit (VPD) and by soil~

root tcmpcratu.rc.                                                                               ~

C口‘‘foPe``′
'口
蜜口″‘7 is rcprcsentativc of thc evcrgrecn shrub gro⒒ ,th forΠ1.   △

··
hcsc plants

havc large root systcrns (4-6 timcs abovcground) and 1ong-livcd (2-4 yr), flcshy lcavcs.

Thcir allocation of carbon to rcproduction is vcry snlall((I%).Thc carbon data arc rrom

the Arctic (Bliss ct a1. 1977).  ·
lVc lack data on nutrient allocation in this sp.ccics but hypo-

thcsize that this is a nutricnt conscrvativc spccics that nlaintains rclativcly low lcvcls oF N and

F)tissue contcnt and that only Iow lcvels of nutricnt translocation occur cach ycar.

C· c‘‘J口

`' 

″c`rcgo″ c rcgulatcs iw.atcr loss osinotically and is ablc to rnaintain a fav。
rable

lcaF watcr balancc-3.5 to -5.0 Mpa (Tablc l). This spccics is quitc tolcrant oF high

VPD and vcry low soil m.oisture. This shrub grows in snowbcd habitats but it also grows

whcrc wintcr snow dcpth is minii△lal and in such sitcs plants arc cxposcd to wintcr dcsiccation

and tcmpcraturc bclow-35° C.undcr thcsc conditions thc plants show Iiclc injury(Hartcr
1981).

Forbs

B.oth dcciduous and wintcrgrccn for。 s arc c()【】lrnon to thcsc alpinc cnviFOIlrncnts and they
aCCount for a high perccntagc of total plant covcr and biornass in many plant cornn】

unitics.

`V·

c bavc choscn Po`ygo刀″″ `幽沙Crry|to rcprcscnt thc dcciduous gro“
`th forn】 .  

·
rhis spccics

is conlmon in late sno、 vlnclt habitats on 、vcll-draincd soils, oftcn of volcanic origin (pumicC
n】atcrial) in thc Cascadc Rangc.  ·rhcsc plants has a very largc, decp-pcnctrating ro。t sys~
tcFn with abovcground: bclowgr。 und ratios of 1:8-1o.  Thc sh(x)t systems arc produccd
annually and consist of about cqual anlounts of steill and lcaf tissuc, rcproductivc tissucs ac~

count for (· o.5%.  Po`ygo″
`‘

″: oftcn gro“
`s in sitcs that do nα

-1】
clt until l`ugust, yct it can

-producc its shoot systenl, flow·
cr and fruit bcforc dorlllancy is forccd in latc scptcnˉ

lbcr to
carly october.
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Table 1. MorphoIogical aod phyB:oiogica1 。LaraoteriC00B of alpi:le piants.

Peak season Allocation seasorlal VVater Rclation ǐid-day
stotn at备 1

Conductance
(m ino1· m-△

sec l)

Leaf water
potential
(M Pa)·

·
I· urgor loss

Crowth forin Nitrogen(%) polnt
(M Pa)

R s

so

24 -1.7

-】 .4

-1.2

-Od

L F艹 R

-0.1 -1.3 -0,86

sllrubs

Deciduous(s刀 r|.)

Evergreen (C'‘ ‘iope)

Forbs

Deciduous(Po`,go″ “
`,9)

`VintCrgreen(E`Jogo″“,冫1)

(L“ p|刀 j“)

<)rartlinoids

Dcciduous(c'`dr

fprr``多氵氵i‘ )

V̌intcrgicen(C'`',.

`:'`′
i印

')

-0.2

-0,5

-1,6

-5.o

-0.8
~2.781

87 <∶ 1 69

18 11

34

l`

33

17 -0,l
6

-0.05

-2.5

-5.`

-13
-1.2

38

23

12-30 ●0-700

7-” 200-400

-1.l 45 360

20

15

`

29

62

55

42

485

92 8 <1 8】

40 6o <<1 93

19

7 -0.2 -1.9

-1.7 -I.6 -2.4 lO-2 :10-160

8-12 ” -1”

水 R=roots, rhizonles,underground steinss sˉ s t ertls;L-.leaves;F=.ffuits

+Biorlass data fof C“ ‘|opr are froin t1)c Aictic

-No data

P‘,`yg口
``:``历

 is ablc to avoid suinn)cr drought becausc of its largc tap root that can obtain

watcr at dcpth (50-80 cm).This spCcics docs not appcar to t〉 c scnsitivc to high VPD or to

Iow 1caf watcr potcntials. Turgor 1oss point(TLP) is rClativcly high compared with spccics

of thc Othcr growth forlns:osmorcgulation is quite linitcd(TablC 1)·  ′汛7Ith its morc c1cvatcd

lcaf n】ass, lcavcs arc typically only l to 2° C) abovc ambicnt air tcnlp.craturc.

`Vc havc choscn ~ε

r氵口go″″私 ``ro′·r。
`|J″

,, and zj`彡 p|7,″ s ```丿

'``f t。

 rcprcscnt thc wintcr-

grcen forb grovvth form.  
·
rhcsc spccics, altll° ugh having thc saInc growth fortn, so1vc thcir

、
^`atcr strCss problcnls and thcir a11ocation of carbon in diffcrcnt lvays, Er氵

ogo勿 :``″ and △
```Jˉ

刀
``f alloCatc rclativcly littlc carbon bclowground (1:0.3 and 1.0.2 shoot-root ratio, rcspcctivc-

ly) although thc rooting pattcrns arc quitc diffcrcnt.  E'`ogo″ ″″a has a shallow· root systcln

〈25-30 Cm)whilC L'`;″″s has a dcepcr tapoott systcm (30-45 cm). z″
`′

″″s a11ocates about

50% of its carbon to leaves, but E/`@舀 @″
``7″

 only about 25%.  R.eprodllctivc cffort is Inuch

grcatcr in E7Jogo`,:‘″9 (TablC 1)·

With its dccp root systcnl, ~L,```饣
`‘

s likc Po′ yKo`,″″:can avoid suninler drought. L.cavcs of

I、

``P氵

″″s arc sn△ all and highly pubcsccnt, charactcristics which hclp rcducc hcat load for thcsc

lcavcs track thc sun on clcar days.  I.'caf tcmpcraturcs arc nlaintained c1ose to anlbicnt air tcmˉ

pcraturc (0· 5 to 1.0° C) highcr) although thc plants arc prostratc and thcrcforc within thc zone

of highcr ncar-surfacc tcmpcraturcs.  F· /`ogo`,i,‘
`刀

·小′ith its prostatc roscttc forin illaintains lcaf

tcFlapcraturcs 2 to 5° C abovc ambicnt air on sunny days with tnodcratc wind. E`氵 DFo″″″.m.a-

intains inodcratcly lo、 v lcaf watcr potcntials and turgor loss points,thus cnabling its root sys-

tci11 to takc up watcr frorn thc sandy, gravelly soils.  
·
rhc data 。n turgor loss point indicate

only liinitcd osmorcgulation in both spccies (Tablc 1).  WatCr l° ss fr°iu thcsc $`intcrgrccn

lcavcs is rclativc1y ihigb~ cO】】lpared with dcciduous sp· c。ics,

〈∶氵rantinoids
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·
1·o illustratc thc graminoid gro、vth forn1 wc havc choscn thc dcciduous C.c/ε考了

`Fr`夕

沙

``订which groⅥ `s in n】 cado呐冫s that rcceivc cO】 lsidcrablc 、vintcr sno、 ` CoVcr and Cc''″  ``‘ 7/″ J`9口 , a

wintcrgreen spccics that gro、 vs in exposcd sites with little 、̀
intcr sno、  ̌coVcr.

Ccr召″ f`召c`夕乃氵′′s allocatcs over 90% of lts carbon to ro° ts and rhizonlcs; rcprod11ctivc

tissucs arc quitc nlinor (TablC 1).  ThC largc bclowground systc1△ pcrnilits rapid shoot grow-

th with summcr snowmclt.Nitrogcn lcvcls arc rclativcly high f。 r this hcrbaceot】 s spccics.

This spccics is ablc to 111aintain quitc high lcaf 、vatcr potcntials throughout lnost of thc

sunlnacr and.has rathcr high prcdawn lcaf potcntials of -0.05 rn iPa, yet nninilnu11‘  d.aytin1c

valucs of -1.O to -1.7m Pa.  t[· hc turgor loss points are also variablc and quitc lolv, in-

dicating·  that tllc plants probably osnlorcgulatc.  it-`caf conductanccs arc rclativcly high, again

indicating tllat this spccics can lnaintain a positivc 飞vatcr balancc with its large root systcn1.

soil watcr potcntials wcrc always grcatcr than-o.111)pa.

Co/ct `z四
''氵

″〃, thc 、7intcrgrccn gral△linoid spccies allocates n】 orc Carbon abovcground,

but also has a very slanall rcpr。 ductivc mass, Nitrogcn.levcls arc lo、vcr in this spccics, a ratllcr

Coinnlon rcsponsc of spccies that do not nccd to rcplacc thcir cntirc lcaf surfacc cach ycar.

Thc son)c、vhat nlorc cxposcd habitats of this spccics rcsult in lo牺 `cr lcaf watcr potcntials

both at prcdown(-0· 2 to-0.05 mPa) and lower nninimum daily valucs, Although not dctc-

rlnincd,wc predict that turgor l()ss point would also bc lowcr. Corrclatcd with morc drought

strcsscd habitats,this spccics Inaintains lolvcr lcaf conductanccs,  I~`cavcs of this specics arc thin,

、viry colnparcd with thc flat lcavcs of (3, ‘夕召ε′四3′′̀
,.

sUMIMIARY

1·

··
hcsc morpho10gical and physiological nlcasure1η .ents hclp cxplain ho$` the diffcrent spc-

cics arc adaptcd to thcir various rncsohabitats. 'I· hc cvcrgrccn shrub Ccsff‘ ,P·C is wCll adapted
to sno$`bcd habitats 、vith a lin1itcd growing scason and thus a nlinilnal rcquirc1】 cnt for cx~
pcIlding carbon on nc、 v icavcs cach ycar.  'rhc dcciduous forb ~Po`yg(,″

``″

,.' also adaptcd to

latc sn0、 vbcd sites solvcs its carb。n allocation problc111s of a short gro飞 ving scason~ by lnainta~

inlng· a large root systcn1 for both carbon aIld 11utricn~t storage as vvell as for providing an ad~

cquatc watcr supply during droughty sum1△ c rs,Thc dcciduous spccics(s″ ′″,Po`yg口″
``勿

,C日 -

'召

劣‘PFc′召3``It)rCgardlcss of growth form all havc largc root systcms which function to 1na-

intain carbon and nutricnt rcscrvcs as 、vc11 as maintain adcquatc supply 。f soil 、;`atcr, s口
``“and othcr dcciduous shrubs grOw in nnorc sheltercd sitcs, wherc sitc 际̀atcr balancc is favora-

blc for grovvth and rcproduction during thc short gro、 ving scason.

Drought tolcrancc is grcatcr in thc shrub than in thc forb spccics and thc graminoid spc-

cies arc intcrmcdiatc.  Osn10tic adiustncnt is n1u。h grcatcr in thc shrubs than in thc hcrbaccOus

spccics; only thc cvcrgrccn shrub dcvclops lo、 v lcaf ``atcr potentials.  ston1atal cond~uctancc is

rclativcly l。 晒冫in on1y thc granlinoid spccics, Bascd upoIl thc literaturc, lve find it rathcr sur-

prising that spccics froil△ thC (Dascadcs in each grovvth fornl appcar lcss drought rcsistant than

froil, thc inorc contincnta1 cliniatc of the Rocky Mountains.  ·
rhc 1cngth of thc dry season is

Qftcn longcr in thesc wcst coast.nnountains 、vhcrc a nlone Mcditcrrancan clilnatc dorninatcs iil

sul△lnlcr.
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美国西北部高山植物的生长型和生态生理学

L.C,布利斯 I· 布拉藤 D· 蔡平 T· 道森 P· 加兰德
(Departmcnt ot Botany univcrsity ot W.ashington scattle, WA 98I95,u,s.A.)

扪   要

美国西北部的高山植物在相同的生境条件下 ,具有非常不同的生长型。在雪地 ,小常

绿灌木通过保存叶片来贮存碳和养分,而落叶或者冬绿的杂类草与禾草以大量的根和根

茎系统来贮存碳和养分。冬绿杂类草 (E犭。gt9,:″″)所提供的大量碳素用于繁殖。

冬绿杂类草和禾草多在裸露的(风大、雪少)生境下生长 ,然而这些种类提供很少的地

下碳素,它们的渗透调节能力比灌丛种类还小。灌木的生长型(常绿和落叶)具有极大的

耐旱性(低叶水势、最大的渗透调节、最小的气孔传导);杂类草具有最小的抗旱性 ;而禾草

居于中间。在每一个主要的高山生境(雪地、草甸、裸地边缘和坡地)共存着多种植物生活

型。这些表明了没有最好适应一定生境的单独的生长型,而不同生长型的种类可以很好

地共存于相同的生境。
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