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ABOVEGROUND PRODUCTIVITY AND FLORISTIC STRUCTURE 
OF A HIGH SUBALPINE HERBACEOUS MEADOW 

D O U G L A S C . A N D E R S E N . * R O B E R T S . H O F F M A N N ^ A N D K E N N E T H B . A R M I T A G E } 

A B S T R A C T 

T h e aboveground pr imary productivity 
within e a c h of four areas , differing in length 
of the snow-free season, was de termined in a 
high suba lp ine (3380 m ) herbaceous m e a d o w 
in C o l o r a d o . N e t productivity, minus losses to 
herbivores, r a n g e d f rom 114 g • m~ 2 • yr" 1 in 
the a rea with the shortest snow-free per iod , to 
m a x i m u m values of 192 g • m " 2 • y r - 1 in areas 
with snow-free periods of intermediate 
length. Caltha leptosepala a n d Senecio cras-
sulus, the only d o m i n a n t forb species com­

m o n to all four areas , showed differing pat­
terns of productivity within a n d between 
areas . Domest ic sheep m a y have removed u p 
to 3 8 % of the peak s t and ing crop within the 
study a rea dur ing 6 h of graz ing . Var ia t ion 
in dominance-diversi ty curves a m o n g the four 
areas suggests that the effect of snow cover in 
controll ing the length of the growing season 
m a y b e less impor tant than its influence on 
moisture availabil ity in de termining the over­
all s tructure of this suba lp ine communi ty . 

I N T R O D U C T I O N 

T h e pa t tern of snowmelt a n d the presence 
of late-lying snowbanks influence the com­
position a n d productivity of suba lp ine a n d al­
pine p lant communit ie s (Bil l ings a n d Bliss, 
1959; Holway a n d W a r d , 1963; Bliss, 1969; 
K u r a m o t o a n d Bliss, 1970; C a n a d a y a n d 
F o n d a , 1974; W e b b e r , 1974) . T h e varied 
ability of species to withstand drought , which 
affects both early a n d late-opening areas , a n d 
short growing seasons p r o m o t e composi t ional 
differences within relatively smal l a reas . 
C o m m u n i t y productivity seems most strongly 
affected by soil mois ture availabil ity a n d the 
length of the growing season (Bil l ings a n d 
Bliss, 1959; W e b b e r , 1974) . 
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Thi s p a p e r presents d a t a , collected dur ing 
the 1974 growing season, which relate snow-
melt pat terns to both aboveground produc­
tivity a n d communi ty structure in a high sub­
alpine ( i . e . , lowest subzone of a lp ine ; Barry 
a n d Ives, 1974) m e a d o w communi ty located 
in the Elk M o u n t a i n R a n g e , C o l o r a d o . T h i s 
type of community , which might be broadly 
character ized as a weakly developed " u p l a n d 
h e r b " communi ty ( L a n g e n h e i m , 1962) with 
areas of snowflush a n d s t reamside species, has 
been neglected in productivity studies . In 
addi t ion, this study presents the first exami­
nat ion of high suba lp ine p lant communi ty 
s tructure us ing product ion est imates as im­
portance or d o m i n a n c e values, a m e t h o d pre­
ferred by some workers ( e .g . , Whittaker , 
1965, 1975: 88 ) . Restr ict ion to use of the term 
" d o m i n a n c e " will b e m a d e hereafter in order 
to avoid confusion aris ing f rom the estab­
lished use of " i m p o r t a n c e v a l u e " to denote the 
synthetic var iable dependent on values of 
relative d o m i n a n c e , frequency, a n d density 
(Curtis a n d Mcintosh , 1 9 5 1 ; Mcintosh , 
1958) . 
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S T U D Y A R E A 

Nor th Pole Bas in ( 1 0 7 ° W 3 9 ° N ) , U S G S 
Snowmass Mounta in Quadrang le , Co lorado , 
is a narrow 3-km long hang ing valley, 
oriented in a north-south direction. A con­
tinuous r idge rang ing f rom 3680 to 4100 m 
rims the bas in on three sides. T h e bas in floor 
rises f rom 3250 m and cont inuous coniferous 
forest at its northern terminus, to a lpine tun­
dra at ~ 3 6 5 0 m. T h e study area , encompass­
ing ~ 5 ha, was approx imate ly at the mid­
point of the bas in , at 3380 m. Outcrops of 
l imestone bedrock, which partial ly underlies 
the bas in, a p p e a r in portions of the study 
a rea . T h e central port ion of the study area 
has a well-developed soil, while the east and 
part icularly the west sides feature exposed 
rock and less m a t u r e soils. 

Heavy snow accumula t ions are c o m m o n for 
the area . T h e lower portions of the basin 
generally retain snow well into Ju ly . Perma­
nent snowfields occur in the higher portions 
of the bas in . Fifty percent snowcover occurred 
in late J u n e 1974, early Ju ly 1973 a n d 1976, 
and mid-July in 1975 ( Johns , pers. c o m m . , 
1978; J o h n s and A r m i t a g e , 1979) . T h u s 1974 
probably represents a year with a relatively 
long growing season. 

Dur ing early phases of snowmelt, m u c h of 
the central port ion of the study area is satu­
rated with meltwater . A n ephemera l s t ream 
carried runoff through the study a rea until 
mid-August in 1974, after which runoff dis­
a p p e a r e d into the s t ream channel above the 
study site, and r e a p p e a r e d as a spr ing just 
below it. 

Air temperatures recorded at the western 
edge of the study site rarely rose above 1 8 ° C 
dur ing the day . C o l d air d r a i n a g e plus the 
short daily interval dur ing which the basin 

floor receives direct solar radiat ion produce 
typical nightt ime tempera tures of 3 to 5 ° C . 
D u r i n g the latter hal f of the summer , after­
noon cloudiness a n d brief thundershowers 
were c o m m o n . Snow fell for the first t ime in 
early September ; the first of the 1 9 7 4 / 7 5 
snowpack was probab ly established in early 
October . 

N o effort was m a d e to prevent use by or as­
sess the i m p a c t of consumers native to the 
study a rea . M a r m o t s (Marmota flaviventris) 
were relatively a b u n d a n t (Andersen et a l . , 
1976), and deermice (Peromyscus manicu-
latus), voles (Microtus montanus), ch ipmunks 
(Tamias [ = Eutamias] minimus), a n d pocket 
gophers (Thomomys talpoides) were resident 
within the study a r e a . T h e b iomass removed 
by these rodents may have been considerable , 
and thus the productivity est imates presented 
should be considered min ima l . Other herbi­
vores of less impor tance included porcupine 
(Erethizon dorsatum), snowshoe hare (Lepus 
americanus), a n d m u l e deer (Odocoileus 
hemionus). T h e relative impac t of inverte­
brate herbivores is unknown. 

Al though the early history of graz ing by 
domest ic livestock is unknown, the entire 
basin was subject to graz ing by sheep for at 
least the 10 to 15 yr prior to 1973, when no 
graz ing took p lace . A herd of approx imate ly 
1100 (est imated from photographs ) sheep un­
expectedly entered Nor th Pole Bas in in mid-
August , and grazed the study a rea for less 
than 6 h on 22 Augus t 1974. S t a n d i n g crop 
d a t a indicate that most areas h a d reached 
peak b iomass by that t ime, a l though indi­
vidual p lant species m a y not have (see 
Results ) . 

M E T H O D S 

T h e pattern of snowmelt on the study area 
was recorded by photograph ing the area at 
approx imate ly weekly intervals from the adja­
cent mounta ins ide . O n the basis of the photo­
graphs , contours were drawn on a detai led 
m a p of the area , outl ining snowcovered areas . 
Four "snow zones" def ined by these contours 
(F igure 1) were analyzed, covering the period 
from nearly continuous snow cover in mid-
May to complete snowmelt in late Ju ly . Inclu­
sive dates covered in each snow zone are given 
in F igure 1. 

Herbaceous vegetation was s a m p l e d by 
means of p e r m a n e n t 0.5 X 2.0 m q u a d r a t s 
within which species were identified a n d 
phenologica l condit ion noted, a n d nested 
50 X 25 c m q u a d r a t s (Wiegert , 1962) within 
which forbs (Dicotyledoneae) were c l ipped by 
species, a n d graminoids (Monocotyledoneae) 
c l ipped by family. T h e p e r m a n e n t quadra t s 
were located randomly with respect to both 
snowmelt contours a n d floristic associations. 
S o m e effort was m a d e to insure uni form sam­
pling effort in all portions of the study area , 
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F I G U R E 1 . N o r t h Pole B a s i n , C o l o r a d o , showing contour s d e l i n e a t i n g the four snow zones in which vege 
ta t ion was ana lyzed . H a t c h e d a r e a s a re s t ands of tall willow (Salix sp . ) a n d k r u m m h o l z . T h e e p h e m e r a l 
s t r e a m f lowing nor th t h r o u g h the center of the s tudy a r e a is ou t l ined . Most of snow zone 3 a d j a c e n t to the 
s t r e a m b e d has little s lope , while the eas tern a n d western por t ions of the s tudy a r e a rise steeply. T h e 
per iods d u r i n g which the snow zones b e c a m e snow free were as follows: 1 — pr ior to 29 M a y ( 1 8 M a y used 
as m e a n e m e r g e n c e d a t e ) ; 2 — 29 M a y to 1 1 J u n e (5 J u n e ) ; 3 — 1 2 to 23 J u n e ( 1 7 J u n e ) ; 4 — after 23 J u n e 
(29 J u n e ) . Most snow in the s tudy a r e a h a d m e l t e d by early Ju ly , a l t h o u g h s o m e r e m a i n e d until la te Ju ly . 

e x c e p t t h a t a r e a s o f t a l l w i l l o w (Salix s p . ) a n d 
k r u m m h o l z ( F i g u r e 1) w e r e n o t e x a m i n e d . 
T h e f i r s t q u a d r a t s w e r e e s t a b l i s h e d 1 8 J u n e , 
w i t h a d d i t i o n a l l o c a l i t i e s e s t a b l i s h e d a s s n o w -
m e l t p r o c e e d e d . A d i f f e r e n t 0 . 1 2 5 - m 2 a r e a 
( s e l e c t e d r a n d o m l y ) w a s c l i p p e d a t e a c h s i t e 
d u r i n g e a c h s a m p l i n g p e r i o d . S a m p l e s w e r e 
i m m e d i a t e l y a i r - d r i e d i n p a p e r b a g s a n d l a t e r 
o v e n - d r i e d ( 6 0 ° C ) f o r a t l e a s t 5 d p r i o r t o 
w e i g h i n g . 

T h e n u m b e r o f q u a d r a t s u p o n w h i c h 
s t a n d i n g c r o p e s t i m a t e s a r e b a s e d v a r i e d b e ­
t w e e n b o t h s a m p l i n g p e r i o d s a n d s n o w z o n e s 
( T a b l e 1 ) . S e v e r a l q u a d r a t s l o c a t e d i n t h e 
f i r s t a r e a s t o b e c o m e s n o w - f r e e w e r e n o t 
m o n i t o r e d a f t e r m i d - J u l y , in o r d e r to i n c r e a s e 
e f f o r t i n a r e a s b e c o m i n g s n o w f r e e d u r i n g 
J u n e a n d J u l y . B e c a u s e t h e m a r k e r s u s e d t o 
i d e n t i f y q u a d r a t l o c a t i o n s a p p e a r e d to a t t r a c t 
t h e s h e e p w h e n t h e y e n t e r e d t h e s t u d y a r e a , 
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all q u a d r a t s were re located ( aga in randomly) 
following their depar ture . 

Several exclosures, erected early in the 
growing season with the intention of assessing 
the i m p a c t of m a r m o t s on the vegetat ion, 
were used instead to assess the impac t of the 
unant ic ipa ted graz ing by sheep . H a l f of three 
exclosures, e a c h 1 m 2 , were c l ipped jus t prior 
to the arrival of the sheep, a n d the sheep then 
allowed to graze both halves. T w o of the areas 
were revisited after depar ture of the sheep, 
and the previously uncut halves were c l ipped . 

All aboveground portions of the plants con­

sidered in the study die at the end of the grow­
ing season. Also, previous year's growth can­
not b e confused with the current year's stand­
ing d e a d , since all d e a d herbaceous vegeta­
tion is crushed by the winter snowpack. T h u s , 
the m a x i m u m s tand ing crops recorded repre­
sent min ima l est imates of annua l net above-
g r o u n d productivity. Whi le no a t t empt was 
m a d e to account for vegetat ion dea th a n d dis­
a p p e a r a n c e between s a m p l i n g periods (Brad­
bury a n d Hofstra , 1976) , this source of error 
in product ion est imates is probab ly inconse­
quent ia l . 

R E S U L T S 

T h e heterogeneous nature of the her­
baceous vegetat ion within the study area was 
conf irmed by the results of cluster analysis 
per formed on presence-absence d a t a for all 
species noted within the 1-m 2 q u a d r a t s ( N T -
SYS Packaged P r o g r a m s , University of 

Kansa s C o m p u t e r Center , 1974; Sokal a n d 
Sneath , 1963: 185) . N o easily del imited m a j o r 
groupings were formed; those q u a d r a t s form­
ing the numerous smal l clusters were spatially 
intermixed. T h e s e results indicate that the 
vegetat ion forms a mosa ic of floral assem-

T A B L E 1 
Sample periods and sample sizes for quadrats clipped in North Pole Basin, 1974' 

C u t t i n g 
Per iod d u r i n g which 
s a m p l i n g o c c u r r e d 

M e a n d a t e u sed in 
s t a n d i n g c rop analyses 

S a m p l e sizes in snow zone 

1 18 J u n e - 1 2 J u l y l j u l y 21 14 31 11 
2 9 Ju ly-1 A u g u s t 20 J u l y 20 14 30 19 
3 30 J u l y 15 A u g u s t 9 A u g u s t 11 14 28 24 
4 25 A u g u s t 9 S e p t e m b e r 2 S e p t e m b e r 13 41 39 
5 18 S e p t e m b e r - 3 0 S e p t e m b e r 22 S e p t e m b e r 13 39 38 

a T h e snowmel t per iods c o r r e s p o n d i n g to the four snow zones a r e shown in F i g u r e 1. 

T A B L E 2 
Net aboveground productivity (g • m' 2 - yr' 1) within four snow zones" 

Snow zone 

V e g e t a t i o n c o m p o n e n t 1 2 3 4 

H e r b s 116.8 127 .2 117 .6 65 .6 
Grasses ( P o a c e a e ) b 38.4 5 3 . 6 36 .0 19 .2 
Sedges ( C y p e r a c e a e ) c 12.0 10 .4 19 .2 2 3 . 2 
Rushes ( J u n c a c e a e ) 2 .4 0 .8 4 . 0 6.4 

T o t a l 169 .6 192 .0 1 7 6 . 8 114 .4 

a D a t e s when snow zones b e c a m e snow free are given in F i g u r e 1 l egend . 
b I n c l u d e s Agropyron sp . , Bromus marginatus, Deschampsia caespitosa, Phleum alpinum, Poa alpina, 

Poa s p . , a n d Trisetumspicatum. 
i n c l u d e s Carex ebenea. 
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blages g r a d i n g into one another at their 
boundar ie s . Only those relatively smal l areas 
free of snow in m i d - M a y were easily estab­
lished as s epara te associat ions . T h e s e areas 
contr ibuted little to the productivity of the 
area as a whole. T h u s , communi ty produc­
tivity is presented by snow zones, a n d no at­
tempt is m a d e to assess productivity by plant 
associat ion. 

T h e four snow zones var ied in net produc­
tivity f rom 1 9 2 g • m ~ 2 . yr" 1 to 1 1 4 g • m~ 2 • y r - 1 

( T a b l e 2 ) . G r a m i n o i d s p r o d u c e d about 1 / 3 of 
the total p roduc t ion in all but snow zone 4 , 
where they contr ibuted 4 3 % . G r a m i n o i d pro­
ductivity was d o m i n a t e d by sedges in snow 
zone 4 ; in all other cases grasses predomi­
na ted . 

M a r s h m a r i g o l d (Caltha leptosepala) a n d 

T A B L E 3 
Productivity (g • m' 1. yr' 1) of forbs contributing at least 1% to the aboveground productivity 

within any of the four snow zones" 

Snow zone 

Spec ies 1 2 3 4 

Caltha leptosepala 1 1 . 9 5 * * 1 5 . 9 0 * * 2 3 . 2 6 * * 2 4 . 9 6 * * 
Senecio crassulus 5 . 7 3 * 1 1 . 0 6 * * 1 0 . 0 2 * * 3 . 7 5 * * 
Lupinus argenteus 7 . 4 7 * * 7 . 4 7 * * 1 0 . 5 7 * * 0 .30 
Geum rossii 4 . 8 4 * 1 0 . 9 4 * * 9 . 9 9 * * 
Delphinium barbeyi 2 0 . 1 7 * * 1 2 . 3 5 * * 
Ligusticum porteri 1 1 . 3 2 * * 5 . 9 9 * 2 . 4 5 * 1 .07* 
Helenium hoopesii 1 4 . 2 4 * * 4 . 7 6 * 1 .22 * 
Anemone narcissiflora 1 .42* 3 . 9 5 * 5 . 6 6 * * 
Sedum rosea 8 . 6 5 * * 0 .39 0 .36 
Valeriana edulis 1 5 . 9 4 * * 1.03 
Helianthella quinquenervis 6 . 5 1 * * 
Thalictrumfendleri 9 . 0 6 * * 0 .03 
Cirsium scopulorum 4 . 1 4 * 4 . 5 3 * 3 . 0 5 * 0 . 9 5 * 
Mertensia ciliata 1 .85 * 2 . 5 6 * 3 . 9 6 * 1.06* 
Castilleja rhexifolia 3 . 5 2 * 0 .02 1 .78* 0 . 8 9 * 
Veronica wormskjoldii 0.53 2 . 0 6 * 2 . 9 9 * 2 , 2 8 * 
Oxy polls fendleri 1.48* 1 .86* 1 .65 * 0 .38 
Geranium richardsonii 5 . 8 0 * 3 . 6 6 * 5 . 4 5 * 0 .07 
Castilleja septentrionalis 2 . 1 6 * 3 . 9 1 * 0 .74 0 .46 
Potentilla concinna 2 . 7 4 * 2 . 1 0 * 0.27 0 .10 
Epilobium angustifolium 0.42 2 . 0 1 * 0 . 9 6 * 
Arnica mollis 0.33 1 .42* 1 . 0 1 * 
Bistorta bistortoides 1.24 1 .35* 0 . 9 6 * 
Sibbaldia procumbens 0 .58 1 .58* 1 .92* 
Potentilla gracilis 3 . 5 6 * 1 .34* 0 .13 
Stellaria umbellata 1.29* 1.14 0 .24 0 .23 
Potentilla diversifolia 3 . 6 6 * 0 .57 0 .35 0 .24 
Aquilegia caerulea 1.50* 0 .27 0 .13 
Erythronium grandiflorum 1.26 1 .20* 
Thlaspi alpestre 0 .30 0 .56 0 .66 0 . 6 2 * 
Trifolium sp . 0 .71 0 .50 0 .85 0 . 8 1 * 
Primula parryi 0 .06 1 .12* 
Achillea millefolium 1.60* 0 .22 

P e r c e n t a g e of total forb 
product iv i ty repre sented 94 .3 93 .3 88 .1 9 2 . 0 

a * * Ind ica te s a cont r ibu t ion of 5 % or m o r e ; * ind ica tes a cont r ibu t ion of at least 1 % . 
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butterweed (Senecio crassulus) were the only 
species contr ibut ing m o r e than 4 % to the 
productivity of forbs in all four snow zones 
( T a b l e 3 ) . These two species were a m o n g 12 
( T a b l e 3) account ing for 64 to 7 2 % of the 
forb productivity within any snow zone. 

Differences in d o m i n a n c e a m o n g these 12 
species are most p ronounced when either 
snow zone 1 or 4, the first and last to b e c o m e 
snow free, respectively, is c o m p a r e d to the 
other areas . Thalictrum fendleri, Helian-
thella quinquenervis, a n d Sedum rosea were 
the m a j o r contr ibutors to productivity within 
the earliest opening area , while they were 
minor contr ibutors or absent in snow zones 2, 
3, and 4. Geum rossii a n d Anemone narcissi-

flora contr ibuted significantly to snow zones 
2, 3, a n d 4; both were absent f rom 1. By con­
trast, Lupinus argent eus a n d Helenium 
hoopesii contr ibuted significantly to all areas 
except snow zone 4, where the latter was ab­
sent a n d Lupinus a minor contributor . 

Caltha leptosepala and Senecio crassulus 
were e a c h e x a m i n e d in detail for pat terns in 
their productivity within a n d between snow 
zones. T h e mosa ic na ture of the meadow 
communi ty leads to l a rge var iat ion in the 
species-specific b iomass a m o n g q u a d r a t s . 
Even for these most d o m i n a n t species, our 
largest s a m p l e sizes were often insufficient to 
reduce coefficients of var iat ion to values less 
than 1 0 0 % . T h u s , confidence intervals 
( T a b l e 4) are large , a n d the following analy­
ses should be considered as indicative of 
trends rather than definite patterns . A n n u a l 
productivity ( m a x i m u m s tand ing crop) of 

Caltha increased successively f rom snow zone 
1 to snow zone 4 ( T a b l e 3) . T h i s s a m e trend 
was evident in peak daily productivity, based 
on T a b l e 4 a n d m e a s u r e d as the rate of 
change in s tanding crop between s ampl ing 
periods . T h e length of t ime between snow­
melt ( m e a n emergence d a t e , F igure 1 legend) 
a n d peak s tanding crop of Caltha was quite 
s imilar within e a c h snow zone (45 to 55 d ) . 

Peak s tanding crops of Senecio were 
reached in progressively less t ime f rom snow 
zone 1 to snow zone 4 . Also , m a x i m u m daily 
product ion rates were low in both early a n d 
late opening areas , as were peak s tanding 
crop values ( T a b l e 3) . 

T h e total s t and ing crop of forbs within 
each of the snow zones except 4 peaked prior 
to the entry of sheep onto the study a rea . 
Individual species m a y not have peaked until 
later. Lupinus argenteus, for e x a m p l e , a 
d o m i n a n t m e m b e r of three snow zones, pro­
duced m a x i m u m s tand ing crops at the fourth 
sampl ing , immediate ly following depar ture of 
the sheep, as d id several less impor tant 
species, including Erigeron coulteri a n d £ . 
elatior. 

T h e s t and ing c rop values recorded within 
the three exclosures prior to the sheep graz ing 
( T a b l e 5) were quite s imilar to the m a x i m u m 
values ( = productivity) e s t imated for the 
individual snow zones ( T a b l e 2 ) . While m u c h 
var iat ion is evident in the distr ibution of the 
b iomass a m o n g the vegetat ional components , 
the total b iomass within the plots is remark­
ably uni form. 

A compar i son of the m e a n b iomass before 

T A B L E 4 
Mean standing crops with 95% confidence intervab (g m~ 2)for Ca l tha leptosepala and 

Senecio crassulus within each snow zone at each sampling period 3  

S a m p l i n g p e r i o d 

Snow zone 1 2 3 4 5 

Caltha leptosepala 
1 11 .95 ± 17.22 9 .50 ± 13 .70 9 .92 ± 15 .56 
2 1.34 ± 2.61 15 .90 ± 2 6 . 4 4 12 .42 ± 2 0 . 2 5 0 '.0 0 .0 
3 10 .82 ± 6.03 17 .42 ± 9.16 23 .26 ± 15 .53 12 .45 ± 6 .63 2 .34 ± 2.26 
4 19 .88 ± 26 .33 2 2 . 5 8 ± 12 .14 2 4 . 9 6 ± 16 .55 18 .60 ± 8 .18 7 .32 ± 4 .01 

Senecio crassulus 
1 4 .09 ± 4 .16 5 .44 ± 4.77 5 .74 ± 6.20 
2 7 .25 ± 5 .08 10 .72 ± 6.10 11 .06 ± 8.60 9 .21 ± 6 .05 0 .74 ± 0 .98 
3 3.29 ± 1.89 10 .02 ± 7.00 4 . 3 3 ± 3.79 3 .55 ± 1 .58 0 .35 ± 0.31 
4 2 .09 ± 2 .35 3 .75 ± 5 .66 1.46 ± 1.49 1.90 ± 1 .31 0 .44 ± 0 .58 

" S a m p l i n g per iods a s in T a b l e 1. 
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T A B L E 5 
A boveground standing crops (g m' 1) with­
in exclosures before and after grazing by 

domestic sheep 

Biomass 

Before After 
P lo t 3 V e g e t a t i o n g r a z i n g g r a z i n g 

H e r b s 192 .2 7 8 . 2 
Gras s 11 .6 5.4 

1 S e d g e 6.2 16 .8 
R u s h 2 .4 0 .4 

T o t a l 2 1 2 . 4 100 .8 

H e r b s 37 .4 32 .6 

o Gras s 143 .4 100 .8 
Z S e d g e 16 .2 2 1 . 8 

T o t a l 197 .0 145 .2 

H e r b s 93 .6 

9 G r a s s 9 6 . 8 
0 S e d g e 2 3 . 2 

T o t a l 2 1 3 . 6 

M e a n 2 0 7 . 7 128 .0 

a P l o t s 1 a n d 2 were l oca ted in snow zone 3, while 
plot 3 was in snow zone 2; p lot 3 was not r ec l ipped 
fol lowing g r a z i n g . 

^ _ 1 0 0 -

SPECIES RANK 

FIGURE 2 . Dominance-d iver s i ty curves for forbs 
within snow zones 1 a n d 4. Re l a t ive contr ibut ions 
of species to total forb product iv i ty a r e p lo t ted 
aga ins t species r a n k , with the larges t contr ibutor 
to the left on the absc i s sa . 

grazing, 208 g m " 2 , to that after grazing, 128 
g m ~ 2, suggests that sheep removed 3 8 % of 
the s t and ing c rop . T h i s f igure c a n be com­
p a r e d to the c h a n g e in s t and ing crops within 
snow zones 2, 3, a n d 4 between the third (im­
mediately preced ing graz ing) a n d fourth (im­
mediately following graz ing) s a m p l i n g 
per iods . T h e c l ipped q u a d r a t s indicate a 16 
to 3 7 % reduct ion in the forb s t and ing crop , 
a n d a 7 to 3 5 % reduct ion in total herbaceous 

s t and ing c rop . T h u s , the 3 8 % figure a p p e a r s 
reasonable . 

T h e d o m i n a n t species of forbs within snow 
zones 1 a n d 4 are ranked in F igure 2 accord­
ing to their relative contr ibut ions to total forb 
productivity within each of the snow zones. 
Rank ings of species within snowzones 2 a n d 3 
formed patterns intermediate to those shown 
in F igure 2 . 

D I S C U S S I O N 

T h e net aboveground productivity values 
ob ta ined in this study are c o m p a r a b l e to those 
reported for moist sites in the Colorado a lpine 
tundra ( W e b b e r , 1974) a n d in suba lp ine " ta l l 
s e d g e " communit ie s in the Olympic Moun­
tains of Wash ington ( K u r a m o t o a n d Bliss, 
1970; C a n a d a y a n d F o n d a , 1974) . Above-
g r o u n d productivity in an a lpine Deschamp-
sia m e a d o w in southeastern W y o m i n g 

(3240 m ) , m e a s u r e d as the m a x i m u m above-
g r o u n d s t and ing crop at a single point in 
t ime, was intermediate to our two lowest 
values (Thi lenius et a l . , 1974) . Productivity at 
t imberl ine sites, a p p r o a c h i n g 1000 g • m " 2 • 
yr" 1 (Webber , 1974) , m a y be greater than at 
sites above t imberl ine . Be lowground produc­
tivity, not considered in our est imates , could 
greatly influence total productivity. As suming 
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that be lowground productivity in a high sub­
alpine m e a d o w communi ty would be an 
a m o u n t equa l to the a b o v e g r o u n d produc­
tivity ( W e b b e r a n d May, 1977) , 500 to 1000 
g • m~ 2 • yr" 1 a p p e a r s a reasonable est imate of 
total annua l productivity in our study a rea . 

Plant productivity is generally considered 
subopt ima l in early opening a n d late opening 
areas . In this study, the early opening area 
h a d aboveground productivity nearly equa l to 
that of a reas with m o d e r a t e snow cover. T h e 
differences in the pat terns of productivity of 
Senecio a n d Caltha p robab ly reflect differing 
tolerances to condit ions within the four snow 
zones. T h i s interspecific var iat ion is exempli­
fied by the relatively low productivity of 
Senecio in snow zone 4, where Caltha was 
most product ive ( T a b l e 3) . Phenological dif­
ferences a m o n g a lpine p lant species, both be­
tween a n d within sites, c a n result f rom a 
variety of physical factors other than snow 
cover, inc luding factors which affected the 
p lant dur ing the previous year (Wielgolaski , 
1974) . For e x a m p l e , the exper imenta l addi­
tion of surface meltwater re ta rded phenology 
and lowered the vigor of some species relative 
to controls , p re sumably through the m i x e d ef­
fects of lowered soil t empera ture a n d in­
creased soil moisture (Holway a n d W a r d , 
1963) . Rochow (1969) found that individual 
Caltha f rom areas of intermediate snow cover 
had the highest growth rates and produced 
the most b iomass . H e conc luded that inter­
media te positions a long gradients of tempera­
ture, soil mois ture , a n d growing season length 
were most favorable for that species. In our 
study area , the last area to b e c o m e snow free 
showed highest Caltha productivity. T h i s ap­
parent discrepancy m a y be due to either dif­
ferences in the range of snow cover condit ions 
e x a m i n e d ( increasing length of snow cover 
must eventually lead to zero productivity) , or 
the fact that Rochow terminated his study 
prior to a t ta inment of peak b iomass . 

Dominance-divers i ty curves (F igure 2) indi­
cate that s imple d o m i n a n c e relationships 
a m o n g the plant species determine the appor­
t ionment of resources in snow zone 1. T h e 
nearly l inear form of the curve suggests that 
the underlying spec ies-dominance distribu­
tion a p p r o x i m a t e s a geometr ic series, i . e . , a 
distr ibution in which (ideally) the most suc­
cessful species p reempts a fraction k of the 
avai lable resources, the next a fract ion k of 
the remainder , and so on (May, 1975) . Such 

distributions a re considered typical of harsh 
environments (Whittaker , 1975: 93 ) . Geo­
metric series distr ibutions are generally found 
in p lant communit ie s with few species a n d / o r 
which have a single factor d o m i n a t i n g species 
relat ionships. A n obvious factor potentially 
l imiting to species in snow zone 1 is soil mois­
ture. 

T h e dominance-diversi ty curve of snow 
zone 4 suggests that the underlying species-
dominance distr ibution a p p r o x i m a t e s a log-
n o r m a l distr ibution. T h e lognormal distribu­
tion results whenever a large n u m b e r of more-
or-less independent factors influence the 
dominance relat ionships a m o n g species. Be­
cause the presence of the lognormal distribu­
tion is a predictable outcome whenever the 
n u m b e r of species in a s a m p l e becomes large 
(May, 1975) , caut ion is necessary regard ing 
j u d g e m e n t s as to the causa l mechan i sms 
underlying the pat tern observed in curve 4, 
F igure 2 . It seems likely, however, that the 
relative success of the m a n y species contribut­
ing minor amount s to the aboveground pro­
ductivity within snow zone 4 is d u e to the in­
fluences of var iat ion in snowpack (as it affects 
the length of the growing season) , s u m m e r 
weather conditions, a n d / o r an ima l dis­
turbance , as well as to the soil moisture avail­
ability p robab ly p redomina t ing in snow zone 
1. T h e s a m e s ta tement could be m a d e regard­
ing snow zones 3 a n d 2 relative to snow zone 1, 
with varying degrees of influence due to soil 
mois ture . T h u s , the var iat ion in dominance-
diversity relationships between the snow zones 
suggests that the effect of snow cover in con­
trolling the length of the growing season m a y 
be less impor tant than its influence on mois­
ture availabil ity in determining the overall 
s tructure of this suba lp ine communi ty . Grow­
ing season length a n d moisture availability 
are in all l ikelihood the m a j o r factors respon­
sible for the paucity of impor tant species com­
m o n to early a n d late opening areas ( T a b l e 
3) . Th i s agrees with Webber ' s (1974) conclu­
sions concerning controll ing site factors in six 
a lpine vegetat ion types on Niwot R i d g e . 

T h e influence of domest ic sheep in deter­
mining the s tructure of the vegetat ion within 
the snow zones is unknown. Studies of food 
preferences on suba lp ine r ange l and suggest 
sheep generally prefer forbs (see review by 
Thi lenius , 1975) . S tras ia et al . (1970) found 
that sheep selectively ate species of both forbs 
and gramino ids on an a lpine range . S u c h dif-
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ferential herbivory could undoubted ly lead to 
modi f ica t ion of both the composi t ion a n d the 
pat tern of productivity ( d o m i n a n c e ) in a sub-
alpine p lant communi ty , given sufficient in­
tensity or dura t ion . 

Obviously, m o r e work is needed to eluci­
da te the relat ionships between the structure 
a n d productivity of these high suba lp ine 

meadow-krummholz communit ie s . T o r e g a r d 
these areas as s imple extensions of a lp ine 
communit ies , or as counterpar t s to m o r e tem­
pera te communit ie s m a y b e mis lead ing , since 
the physical a n d biotic environments encoun­
tered in suba lp ine communit ie s m a y m a k e 
them m o r e complex than either a lpine tundra 
or m o n t a n e meadow. 
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