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The structure of four herbaceous communities located in lower montane (2200 m), upper 
montane (2600 m), subalpine (3050 m), and alpine (3750 m) zones in the Front Range, 
Colorado, in 1981 was compared with that in 1953 when these same areas had been studied 
previously. Plant communities were compared primarily on the basis of number of species, 
species composition, species frequency, and community diversity. The herbaceous community 
at 2200 m had changed significantly since 1953 in frequencies and composition of species. 
The change is associated with a considerable disturbance of the tree canopy. The herbaceous 
community at 2600 m had remained relatively stable despite some moderate changes in the 
tree canopy. The herbaceous community at 3050 m was less diverse in 1981 than in 1953. 
The differences are associated with ( I )  successional changes in the overstory at this location 
and (2) the likelihood that somewhat different areas were studied in the 2 yr. The herbaceous 
community at 3750 m had shown remarkably little change in composition or relative abun- 
dances of species between 1953 and 1981. 

The diversity of the herbaceous community at 2200 m in 1981 was significantly lower than 
the diversities of the communities at the other three elevations, possibly because this community 
is in an earlier successional stage u e  to recent disturbances. The herbaceous communities 
at 2200 and 2600 m had many species in common, but there were differences in frequencies 
of individual species. There was little overlap in species composition among the other 
communities. 

At all elevations, the distribution of the species over frequency classes was quite similar 
for the herbaceous communities in 1953 and 1981, even when there were large differences in 
species composition between these dates. At the lower three elevations many species were 
present in low frequencies, and few species were common, while at 3750 m many species were 
common or abundant. Patterns of species abundance and estimates of species diversity did 
not coincide with each other across the four habitats. 

INTRODUCTION 

i The steep elevational gradient-of the Colorado Front four different life zones above 1800 m in the Rocky 
Range, combined with great topographical diversity, Mountains of Colorado: the foorhill zone, the montane 
accounts for well-defined plant communities in a variety zone. the subalpine zone, and the alpine zone. These 
of environmental conditions. Ramaley (1907) described zones reflect the changes in climate and, to a lesser extent, 

I edaphic factors that accompany changes in elevation. 
*We dedicate this paper to John W. Man. .Marr (1961) elaborated on this classification and named 
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the life zones climax regions. We will refer to these regions 
as "vegetation zones." Marr also established a series of 
environment measurement stations along an environmen- 
tal gradient in Boulder County in 195 1. In 1953, he de- 
scribed the communities near the stations, which are typi- 
cal of the vegetation zones (Marr, 1961). Environmental 
data are still being collected at these stations by the Uni- 
versity of Colorado, Institute of Arctic and Alpine Re- 
search. 

Our primary objectives were to resurvey some of the 
communities studied in 1953 and to compare the her- 
baceous communities present at the two different times. 
In addition, we analyzed the structure of plant cornmuni- 
ties in the herb synusium (i.e., < 1 m) in detail. Sample 
plots were marked to allow future researchers to resample 
the same areas. In order to permit cross-reference with 

Marr's (1961) work, some of his concepts, terms, and 
methods are used. The ecosystem containing the her- 
baceous community studied is called a stand. A vegeta- 
tion zone, called climax region by Marr, is an area char- 
acterized by typical stand-types which may be either 
potential or realized. 

This study was done on or near ridge-top sites, near 
the environment measurement stations at four elevations. 
At each site, one stand was surveyed. The StNCtUres of 
the vascular herbaceous communities of these stands in 
1981 were compared to the 1953 data. They were also ana- 
lyzed with respect to the number of species and species 
composition, the frequencies of the species and the dis- 
tribution of the frequency classes, the diversity of the 
community, the distributional overlaps, and the associa- 
tions of individual species. 

STUDY AREAS 

GEOGRAPHY 
The four study areas (referred to as A-1 , B-1 , C-1 , and 

D-1) and the approximate boundaries of the four vege- 
tation zones (foothill, montane, subalpine, and alpine, 
respectively) are indicated on a map of the East Slope 
of the Front Range in Boulder County, Colorado (see 
Marr, 1961). The difference in elevation between the 
lower montane study area and the alpine study area is 
approximately 1550 m. The horizontal distance between 
these two locations is about 22 km. 

ENVIRONMENT 
The environmental conditions of the ridge-top stands 

are summarized in Figure 1 as a composite of five envi- 
ronmental parameters. There is a gradual decrease in air 
temperature and an increase in soil moisture along the 
elevationai gradient. Annual rainfall is considerably 
higher in the subalpine and alpine zones than at lower 
elevations. Wind is also a major factor affecting the envi- 
ronment of the subalpine and alpine regions (Figure 1). 
The vegetation zones have distinct soil types (Marr, 1961). 

Ponderosa Pine Stand at 2200 m (A-I) 
This stand is on a ridge south of Bummer's Gulch. In 

1953 this stand consisted of many young trees and a very 
few mature trees over 100 yr old. Apparently the stand 
began to develop after a period of lumbering in the 1870s 
and was considered to be in an unstable successional stage 
in 1953 (Marr, 1961). Many ponderosa pine (Pinus 
ponderosa) trees died in 1955, probably from the effects 
of invasion of Dendrocfonus ponderosae, the ponderosa 
pine bark beetle (~Marr, pers. comm., 1980). Thus, major 
changes occurred shortly after the first survey. In addi- 
tion, the ponderosa pine in this area have been severely 
infested with dwarf-mistletoe, Arceuthobium vaginaturn. 
Subsequently, over 75% of the trees were killed by an 
epidemic of D. ponderosae from 1977 to 1980. The trees 

which were not killed by pine beetles were vulnerable to 
wind throw, which has continued into the present time. 
Several mature trees were felled during heavy wind storms 
in January 1982. As a resdt of these disturbances, the 
tree canopy shades very little of the stand, and light is 
abundant. 

Douglas-Fir/Ponderosa Pine Stand at 2600 m (B-I) 
This stand is on the ridge of a hill just west of Sugar- 

loaf Mountain and close to the Switzerland Trail. In 1953, 
large ponderosa pines and Douglas-firs (Pseudotsuga 
menziesii) were scattered individually or in small clumps 
throughout the stand. The Douglas-firs were over 350 yr 
old; the age of the oldest ponderosa pine tree was 122 
yr. The two species had been present in about equal num- 
bers before lumbering. The stand was considered to be 
successional in nature. It was expected that the stand 
would eventually return to approximately equal propor- 
tions of the two species. The vegetation was described 
as a mosaic of patches, with an abundance of herbs, and 
with Arctostaphylos uva-ursi on patches with deeper soil 
(Marr, 1961). From 1977 to 1980 deaths associated with 
the D. ponderosae invasion reduced the numbers of pon- 
derosa pine by about 30%. In 198 1, there was consider- 
able evidence of damage to Douglas-fir by spruce bud- 
worm (Choristoneura occidentalis). The damage consisted 
of defoliation, but little or no tree mortality. OveralI, 
some changes in the populations of ponderosa pine and 
Douglas-fir have taken place during most of the time 
interval between 1953 and 1981. i 

Aspen Stand ar 3050 m (C-I) I 

The stand is on Hill's ,Mili Ridge, on a slype south of  
C-1 close to Four-Mile Creek. In 1953 this s,md consisted 
of aspen (Populus tremuloides) trees ranging between 20 
and 52 yr of age, and a large number of short ramets, 
probably of the same age as the trees but suppressed in 
growth. Seedlings and saplings of lodgepole pine (Pinus 
contorra), Engelmann spruce (Picea engelmannii), and 



limber pine (Pinusfre.ri1is) were present at low frequen- 

I 
cies. Before the aspen stand developed, the area was 
dominated by conifers as indicated from the stumps in 
the area. The aspen stand was considered to be transi- 
tional, and was expected to develop into a stable stand 

I dominated by Engelmann spruce and subalpine fir (Abies 
lasiocarpa) in the absence of major disturbances (Marr, 
1961). In 1981, we noted that, indeed, many of the large 
aspen trees had died, there were few new aspen ramets 

I to take their place, and many young Engelmann spruce 
and subalpine tir were present in the stand. 

I 
Kobresia Meadow Stand at 3750 m (D-I) 

The stand is on the crest of Niwot Ridge. The 1953 sur- 

vey was conducted on the pan of the stand surrounding 
the D-1 measurement station. Because of considerable 
traffic in this area, a permanent sampling strip was staked 
out west of the station and also west of a U.S. Geologi- 
cal Survey marker. The kobresia meadow stand was de- 
scribed in 1953 as a true climatic climax of the alpine 
tundra region of the Colorado Front Range, implying that 
the plant community would be mainly determined by the 
extremes of the physical environment (Marr, 1961). 
Kobresia myosuroides occupied the centers of large poly- 
gons, which measured 3 to 5 m across. Acomastylis rossii, 
Trifolium dasyphyllum, and Selaginella densa were abun- 
dant on coarser soil surrounding Kobresia myosuroides. 

METHODS 

studies. The number of quadrats used by Marr varied with 
Details of field methods are provided in Kooiman Hal- elevation. The numbers used are indicated in the relevant 

ford (1983). As indicated below in relevant places, when- tables. At each study area we selected a sampling strip 

( ever possible, our methods duplicated those of Marr which appeared to be representative for the plant com- 
(1961) in order to facilitate comparisons between the two munity as a whole. The phrase "study area" refers to the 
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FIGURE I .  Climatological conditions at the four elevations. Shown are the mean monthly values over 
a period of I2 yr (1951-1964) for four parameters (run of wind. temperature, precipitation. soil mois- 
ture) collected by Marr (1961); original units of measurement are retained. The precipitation data for 
3050 and 3750 m are mean values over a period of 5 yr (Barry. 1972). 



location of the particular stand being studied. We were 
able to re-sample three of the study areas which were sur- 
veyed in 1953 by Marr (1961; and field visits). Iron stakes 
were driven into the ground at intervals of 10 m along 
a surveying line 100 m long. Every 2 rn a plot was sampled 
along the line, alternately to the left and to the right of 
the line; this is an adaptation of Whittaker's 0. I-ha strip 
quadrat (Whittaker, 1973). The wooden frame used to 
delineate the plots was subdivided into 10 cells of equal 
size. It measured 85 by 100 cm and had approximately 
the same area as that used in 1953, which was 3 x 3 ft. 
The corners of the plots were marked with large nails to 
allow repeated sampling of the same plots during the 
growing season. The 50 plots are distributed over a sam- 
pling strip of 200 mZ. 

Species present in the strip but not within the plots were 
also recorded. These additional species were not used for 
the statistical analyses but provided information against 
which the results of the analysis could be interpreted. For 
the sake of comparison, an effort was made to locate 
species present in 1953 which were not found in the sam- 
pling strips in 1981. Each strip was surveyed several times 
during the summer to insure that species emerging at dif- 
fenent periods were included. At the lower elevations, 
data were collected during June, July, and August 198 1. 
Only on Niwot Ridge (D-I) were all data collected during 
a single period of a few weeks in August, because flower- 
ing occurs primarily at that time. 

C o ~ a a u ~ n n  ATTR~UTES 
Plant community structure can be described by a num- 

ber of parameters including number and abundance of 
species, species composition, species frequency, distribu- 
tion of frequency classes, diversity, distributional over- 
laps, and associations between species. 

Species Number 
The number of species present is an indication of rich- 

ness of a plant community. The jackknife procedure was 
used to estimate the number of species in a community; 
the estimate is a function of the number of unique species, 
i.e., species which occur in only one plot (Heltshe and 
Forester, 1983). In the 1953 survey the shrubs were 
counted in plots of a different size than the herbaceous 
species. For this reason, we did not include the shrubs 
in the comparative study of the 2 yr. The following species 
were considered to be shrubs in the 1953survey: Ame- 
lanchier alnifolia, Arctostaphylos uva-ursi, Ceanothus 
fendleri, Juniperus communis, Lonicera involucrata, 
Pentaphylloides floribunda, Ribes cereum, Rubus idaeus, 
and Vacciniurn myrrillus. At that time Rosa acicularis was 
treated as an herbaceous species and was therefore in- 
cluded with the herbaceous species of the aspen stand at 
3050 m (C-1). Woody species with a height of less than 
1 rn were not used in the comparisons between 1953 and 
1981. However, they were present in the herb synusium 
and therefore were included in the detailed analysis of 
the 1981 data. Mosses, lichens, trees, and tree-seedlings 
were excluded from the study. 

Species Composition 
All species found are listed in Appendix A. Botanical 

nomenclature follows Weber (1976) and Weber and Witt- 
man (1982). Both current names and names used in 1953 
are provided by Kooiman Halford (1983). 

Species Abundance 
We determined a measure of the abundance of a species 

in a given plot by noting its presence or absence in each 
of the 10 cells within a plot. Abundance values within 
an individual frame range from 0 to 10. This method of 
estimating abundance (which was not used in 1953) pro- 
vides consistency and eliminates bias in sampling of all, 
species regardless of variability in morphology and 
growth patterns (Kooiman Halford, 1983). It also allows 
resampling without a large personal bias. The abundances 
of all vascular plant species in the 50 plots were recorded 
in this fashion. 

Species Frequency 
The frequency of a species can be defined as the prob- 

abiiity of finding the species within a plot in the sampling 
area. The measure is influenced by plot size and shape, 
and species distribution patterns. If plot sizes are equal 
and the number of plots is sufficiently large, compari- 
sons of species frequencies may be made. The measure 
gives information about the uniformity of distribution 
of a species but not necessarily about the abundance of 
that species (Daubenmire, 1968). A plant is counted as 
present only if it is rooted within the sampling plot. 

Distribution of Frequency Classes 
The distribution of species over the different frequency 

classes shows the distribution patterns of the species 
within a community. Like the measure for frequency 
itself, the distribution over frequency classes depends 
upon the size and shape of the plot. 

ieasure of Diversity 
The diversity of a community can be expressed in terms 

of the number of species present in a sampling unit placed 
within that community. This is the most fundamental 
measure of diversity (Whittaker, 1973; Poole, 1974). A 
measure of diversity which has its basis in information 
theory is the Shannon-Wiener diversity index (Shannon 
and Weaver. 1963). This index is based on the assump- 
tion that the number of species is known from the sam- 
pling. In reality, there are almost always species with a 
low frequency that may well go undetected. This intro- 
duces a particular kind of bias to this index, which is 
separate from the usual statistical bias. The degree of bias 
depends upon the accuracy of the estimate of the num- 
ber of species. Jackknife estimates of diversity give gen- 
erally a more accurate estimate of the diversity index than 
does Shannon's index directly, as a substantial amount 
of bias is reduced by the procedure (Sokal and Rohlf, 
1981a; Zahl, 1977). 



Distributional Overlap 
Distributional overlap measures the degree to which 

two species use the same resources in a community. Its 
interpretation should not go beyond its use as an index 
of common use of resources by two species. Though it 
has been used frequently as an estimate of the degree of 
competition between two species, it may as well be inter- 
preted as evidence against the existence of competition 
(Colwell and Futuyma, 197 1; Ricklefs, 1979; Christensen 
and Peet, 1984). Methods of analysis are presented in the 
next section. A summary of the results is presented here. 
Detailed results are available in Kooiman Halford (1983). 

Associarions between Species 
It is of interest to identify species which show a posi- 

tive or a negative association with each other, since the 
concept of a community is based in part on the idea that 
there is interaction between species. Fisher's exact test for 
2 x 2 frequency data was used to provide information on 
possible relationships between species (Rohlf, 1982). De- 
tailed results are available in Kooiman Halford (1983). 

DATA ANALYSES 
There are several limitations to our data. Frequencies 

of the plant species were determined by noting the 
presence or absence of the species in a number of plots. 
The number of plots chosen strongly affects the preci- 
sion of the estimate of the true frequency. Compromises 
had to be made between available time and precision of 
estimates based on data gathered in the field. The level 
of precision of an estimate based on 10, 20, or even 50 
plots is quite low, and only large differences between 
communities can be detected (Greig-Smith, 1983). A plot 
size which is optimal for the type of plant community 
present at one location is not necessarily optimal for 
another type of plant community. In this study, the plot 
size was predetermined by the size of the sampling plots 
in the 1953 survey. An evaluation of the 1981 sampling 
techniques is provided in Kooiman Halford (1983). 

Comparisons between Resulrs of 1953 and 1981 
(1) The numbers of species which were present in the 

two years were tabulated. 
(2) An estimate of the frequencies of the species was 

made based on their presence or absence within the quad- 
rats. The 95% confidence intervals for the estimates were 
obtained from tables with confidence intervals for per- 
centages based on the binomial distribution (Owen, 1962; 
Sokal and Rohlf, 1981b). A graphical representation was 
made of a species-by-species comparison between the 
plant communities of 1953 and 1981 for each of four ele- 
vations (Figure 2). 

(3) The nonparametric rank coefficients (Kendall's tau 
and Spearman's r,) were calculated for the plant com- 
munities in the different years, using the common species, 
i.e., with a frequency of at least 20% in either 1953 or 
1981. The 20% frequency was used by Marr (1961) as 
a cut-off when tabulating his results. Species below that 
frequency were not ranked by frequency but simply listed 
if present in a community. Any ambiguous data were 
omitted, including species which were likely missed in 
198 1 because of the advanced season and species of ques- 
tionable identity. The Spearman coefficients are given 
here. Results with Kendall's tau were very similar and are 
given in Kooiman Halford (1983). 

Detailed Analysis of the 1981 Dara 
Diversity indices were calculated using the abundances 

of the plant species within the plots. As before, estimates 
of the diversity and the 95% confidence intervals were 
obtained using the jackknife procedure. 

The calculations of distributional overlaps were done 
with use of a FORTRAN program by Colwell(1977). We 
calculated relative values of overlap by the so-called 
circular method: the same set of weighting factors was 
used for calculating the distributional overlap of all pairs 
of species. In addition, Fisher's exact test was used to 
identify positive and negative associations between 
species. The test is provided by Rohlf (1982). Only species 
with a frequency of at least 20Wo were included for these 
calculations. 

RESULTS 

COMPARISON BETWEEN THE PLAYT COM~TITXES 
IN 1953 AND IN 1981 

A summary of the comparison between conditions and 
results in 1953 and 1981 is provided in Table 1. The vas- 
cular herbaceous and woody species recorded in 1981 are 
listed in Appendix A. A similar list of all species present 
in 1953 was compiled by hlarr (1961). Detailed results 
of the data analyses comparing the plant communities 
which were present in the two different years are given 
in Figure 2, in Tables 1 and 2, and in Appendix B. 

Ponderosa Pine Stand at 2200 tn (A-1) 
Table 1 shows that the number of herbaceous species 

found in 1953 is almost identical to the number of species 

present in an equal number in plots in 1981. Based on 
the rank correlation coefficients for the communities in 
the 2 yr, there is no significant relationship between the 
species rankings (Table 1) and little similarity in their 
relative frequencies (Figure 7). The changes in tree canopy 
in the ponderosa pine stand are associated with a signifi- 
cant turnover of herbaceous species in the interval 
between 1953 and 1981. 

Douglas-Fir/Ponderosa Pine Srand at 2600 m fB-1) 
In terms of the number of species present in 1953 and 

in 1981, the general pattern is very similar to that of the 
ponderosa pine stand at 2200 m (Tables 1 and 2). The 
number of species found in 1953 was very similar to the 



number of species found in an equal number of plots in 
1981,. The total number of herbaceous species in the plots 
in 1981 was much higher than in 1953 because more plots 
were sampled. There is a significant rank correlation be- 
tween the common species of the plant communities in 
this stand in the two years (Table l), and their frequencies 
are also simiIar (Figure 2). The null hypothesis of inde- 
pendence is rejected. 

Changes in the tree populations must have created con- 
tinuing environmental changes for the herbaceous species 
in this Douglas-fir/ponderosa pine stand, but the reduc- 
tion in canopy cover was much less severe at B-1 than 
at A-1 . The stability of the herbaceous community in both 
composition and structure suggests that, at B-I, canopy 
changes had little impact on the herbaceous community, 
which contrasts with the situation at A-1. 

Aspen Stand at 3050 m (C-I) 
The total number of species in the 2 yr is notably sirni- 

lar. Even though only 12 plotsrwere surveyed in 1953, 
the total number of herbs and shrubs equals the number 
of species tabulated for the whole strip in 1981. Rank cor- 
relation between the herbaceous communities of the aspen 

stand in 1953 knd 1981 is not significant. The high num- 
ber of species tabulated in 1953 can probably be explained 
by the fact that the creek bed was included that year, 
while it was explicitly excluded from the 1981 survey 
which focused on a homogeneous stand to be consistent 
with methods at other elevations. The precise location of 
the 1953 survey could not be identified; consequently, the 
two surveys were probably conducted in slightly different 
areas. Successional changes also occurred in the overstory 
during the 1953 to 1981 time period (see "stand descrip- 
tion") Thus, the differences between the herbaceous com- 
munities in the two years can be explained by a combina- 
tion of different sampling method, differences in loca- 
tions, and successional changes in the tree populations. 

Kobresia Meadow Stand at 3750 m (D-I) 
The total number of species found within comparable 

numbers of plots in 1981 is similar to the number of 
species tabulated in 1953 (Table 1). The Shannon-Wiener 
diversity index is not significantly different for the two 
years (Table 2). Most species present in 1953 were also 
represented in ,1981. Moreover, there is a good one-to- 
one correspondence between the frequencies of the indi- 

I N D l V l O U A L  SPECIES 

FIGURE 2. A species-by-species comparison between the plant communities in 1953 and 1981. Each species 
is represented for each elevation by its position on the abscissa. The percentage of plots in which the 
species was found (i.e., a measure of its frequency) is given along the ordinate. Presence of a species 
in the strip in 1981 but not within the plots is indicated by a dot on the abscissa. Species found only 
in 1953 or 1981 have blank spots in the corresponding location at the other time. Note that this produces 
an apparent bimodality in the 1981 distributions which is due to the fact that, at all elevations. some 
species were recorded in 1981, but not in 1953. 



vidual species (Figure 2). The first five species show the 
same order in the 2 yr, and the two lists are remarkably 
similar (Appendix B). There is a highly significant rank 
correlation between the herbaceous communities in the 
2 yr (Table 1). The results indicate that remarkably little 
change occurred in the kobresia meadow stand during the 
period between 1953 and 1981. 

COMPARISON AMONG THE PLANT COMMLMYES 
AT FOUR ELEVATIONS IN 1981 

The great majority of the herbaceous species at all four 
elevations are perennial dicots. Strictly annual species are 
very rare (two to four species at the three lower eleva- 
tions and none at 3750 m). The proportions of grasses 
and sedges (15 to 22%) are similar at all elevations. The 
large and consistent number of plots sampled, and the 
fact that data were collected with respect to the abun- 
dances of the species within the plots, make it possible 
to compare the plant communities at the different eleva- 
tions in some detail (Tables 1 an$ 2). 

The jackknife estimate of the diversity (based on abun- 

dance) of the herbaceous community at 2200 m is sig- 
nificantly lower @<0.05) than the estimates for the three 
other communities (Table 2). As noted above, only about 
80% of all species in the sampling strip were present 
within the plots at sites A-1 and B-I, which might be due 
to the fact that many species were represented in low fre- 
quency classes at this elevation. Even though much of 
the sampling bias will have been removed by the jack- 
knife procedure, the low value of the estimated diversity 
may be due to the incomplete representation of species. 
The same argument would apply to the community at 
B-I. However, the jackknife estimate of diversity of the 
community at site B-1 is 3.15, which is significantly higher 
(p<0.05) than the jackknife estimates of the diversities 
of the communities at C-1 (2.98) and D-l (2.90). The 
diversity indices of the communities at C-1 and D-1 do 
not differ significantly from one another. 

Table 1 shows the percentage of all species present in 
the plots, which are in the lower 10% and the upper 20% 
frequency classes. The species tend to become more 
equally distributed over all frequency classes at the higher 

TABLE 1 
Summary of major characteristics of herbaceous plant communities and general conditions in 1953 and I981 

at four elevations in the Colorado Front Range" 

Stand designation Ponderosa Pine Ponderosa/Doug.-fir Aspen Kobresia Meadow 
Location 2200 m (A-1) 2600 m (B-1) 3050 m (C-1) 3750 m (D-I) 
Features Drastic changes Changes in Gradual successional No drastic 

in forest canopy tree canopy changes in tree changes 
composition 

Year 1953 1981 1953 1981 1953 1981 1953 1981 

No. dots surveved 15 15 50 16 16 50 12 12 50 12 12 50 

No. species in plots 28 29 36 27 31 40 50 25 35 33 27 41 
No. species in strip 44 48 48 42 
S (jackknife estimates) 48 48 52 47 
(95% C.I.) (40-55) (4 1-54) (46- 5 7) (42-52) 
No. genera in strip 40 45 46 3 5 
% species restricted to 

this stand 39 40 68 91 
Diversity Index H 

Presence/absence 3.07 3.05 3.13 3.24 3.61 3.25 3.22 3.29 
Abundance (jackknife 

estimate) 2.68 . 3.15 2.98 2.90 
Rank correlation 

Coefficient between 
1953 and 1981 
Spearman's r -0.33 0.58 0.12 0.68 
Significance of test 0.252 0.02 0.582 0.002 

Percentage of species 
0-10mo frequency (rare) 66.7 37.5 55.6 3 1 .O 

3 1-100% frequency 
(very frequent) 0 0 4.4 21.4 

Percentage of significant 
associations 

Positive 26.6 6.7 13.3 7.2 
Negative 4.4 7.6 7.6 1.4 , 

"S is jackknife estimate of number of species. 95% C.I. are confidence intervals. The 1953 to 1981 comparisons involved her- 
baceous species only. The 1981 analyses involve herbaceous species and shrubs < 1 m tall. See text for details. 



elevations; this is particularly marked in the kobresia 
meadow. The same pattern of increasing evenness of fre- 
quency distributions is shown in Figure 2. 

The communities at 2200 and 2600 m have five species 
with a frequency of at least 20% in common (Appendix 
B). All common species at B-1 were at least present in 
the sampling strip at A-1, if not within the plots (Ap- 
pendix A). Including all herbaceous and woody species 
found within the sampling strips, the plant communities 
at A-1 and B-1 have 27 species in common. A shift in 
frequencies of many species appears to be the major dif- 
ference between the two herbaceous communities. The 

proportion of species restricted to one stand increases 
greatly from 2600 m upwards (Table 1). 

The values of distributional overlaps tend to be con- 

I 
siderably higher at 3750 m than at the lower elevations 
due to the fact that many species are present at very high 
frequencies in this area. We considered the overlaps at 

-* 1 
the lower and higher end of the ranges as indices of a 
low or high similarity of resource utilization. Fisher's 
exact test shows a large number of significant positive 
and negative associations. In most cases, those associa- 

' I 
tions agree with results obtained in analyses of overlaps 
(Kooiman Halford, 198 1). I 

DISCUSSION 

Ecological analyses of plant communities along eleva- 
tional gradients have been very useful in revealing pat- 
terns of community structure and factors affecting such 
structure (Whittaker, 1967, 1975). The results of our 
study contribute further insights into these patterns. 
Other analyses of communities in the same geographical 
region provide an opportunity to study changes in com- 
munity structure over time and space. Marr's data, which 
were collected in 1953 at the same or similar locations 
we chose for our work, can be used to look at changes 
over time. This temporal comparison is especially insuuc- 
tive because it involves plant communities growing near 
ongoing environment measurement stations. Therefore, 

the physical environment within which vegetation changes 
have occurred has been monitored. In addition, Peet 
(1978, 1981) studied the forest vegetation of the Colo- 
rado Front Range, mainly in Rocky Mountain National 
Park, and Whittaker and Niering (1965) analyzed the 

I 
vegetation of an elevational gradient in the Santa Cata- 
lina Mountains of Arizona. Results of these studies are 
compared to ours (see below). 

In many studies of community structure, results based 

I 
on calculations of species numbers (or "richness") and 
diversity appear to be quite sirniIar (Poole, 1974; Ricklefs, 
1979). In contrast, our results indicate that numbers and 

. 'I 
diversity do not follow a parallel course at the four sites 

' I  
TABLE 2 

Comparison of Shannon-Wiener diversity indices based either on presence/absence or on abundance 
of the herbaceous species in the plots' 

Location Jackknife If 
(m) Year Q If 95% C.I. (S.E.) If,,, HI- 

Presence/absence 2200 (A-I) 1953 28 3.07 1.80 3.33 
1981 36 3.05 3.15 2.14 3.58 

2.98-3.32 (0.084) 
2600 (B-I) 1953 27 3.13 1.76 3.30 

1981 40 3.24 3.30 2.29 3.69 
3.21-3.39 (0.046) 

3050 (C-1) 1953 48 3.61 2.56 3.87 
1981 45 3.25 3.31 2.46 3.81 

3.18-3.43 (0.062) 
3750 (D-1) 1953 33 3.22 2.39 3.50 

1981 41 3.29 3.31 2.30 3.71 
3.25-3.37 (0.031) 

Abundance 2200 (A-I) 1981 36 2.60 2.68 0.47 3.58 
2.53-2.82 (0.072) 

2600 (B-I) 1981 40 3.08 3.15 0.53 3 -69 
3.05-3.25 (0.049) 

3050 (C-I) 1981 45 2.93 2.98 0.59 3.81 
2.85-3.10 (0.062) 

3750 (D-I) 1981 41 2.89 2.90 0.54 3.71 
2.84-2.96 (0.029) 

number of species; If: estimated diversity index; jackknife If: jackknife estimare of diversity index; C.I.: confidence 
interval; S.E.: standard error; If,,, and If,,: minimum and rna~imum values of H given Q species. 
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which we studied (Tables 1 and 2). The four communi- 

I ties have similar species numbers. However, these species 
are organized very differently as communities at the four 
elevations (Tables 1 and 2, Figure 2). In addition, species 

I 
diversities show somewhat different trends depending 
upon the method of calclllation (Table 2). Perhaps the 
lack of congruence is due to the fact that the range of 
variation in species numbers and diversities is small. It 

I does suggest that no one measure provides an adequate 
summary of community characteristics. Only at 2200 m' 
(A-1) was there a correlation between the smallest num- 
bers of species recorded in the plots and the lowest esti- 
mates of diversity. The communities at 2200 m (A-I) and I 2600 m (B-1) strongly resemble one another climatically 
(Figure 1) and biotically (they share over 60% of their 
species). Both are characterized by a great deal of spa- 
tial heterogeneity, with many species found in 10% or 8 less of the plots and no species at high ( > 80% plots) fre- 
quency. At 2200 m, most species are rare (i.e., represented 

I by few individuals), and species diversity is lowest, yet 
the proportion of positive associations between pairs of 
species is highest. At 2600 m fewer species are rare and- 
the percentage of positive associations is much lower 
(Kooiman Halford, 1983). Both communities showed 
changes in the tree canopy, but the change at 2200 m was 
much more drastic. Exact measures of change in canopy 
cover are not possible since such cover was not recorded 

( in 1953. However, based on the reduction in numbers of 
live rrees, it can be estimated that the reduction amounted 
to approximately 70 to 80% at A-1 and 20 to 30% at B-1. 
The more drastic change at A-1 is associated with a sig- 
nificant alteration in species composition since 1953. 1 The aspen community at 3050 m (C-1) is subjected to 
a somewhat different climatic regime (Figure 1). This is 

I reflected in the high proportion of species (68%) and 
genera (41%) unique to that location. Because of the 
presence of trees, it has a degree of spatial heterogeneity 
comparable to the communities at lower elevations, with 

I many species found in 10% or Iess of the plots. Other 
species are distributed more uniformly and a few species 
were present at a frequency > 80%. Differences between 

I 1953 and 1981 are probably due to a combination of suc- 
cessional changes in the overstory, sampling differences, 
and the likelihood that somewhat different areas were 
studied in the 2 yr. 

I The kobresia meadow community at 3750 m (D-1) dif- 
fers from lower communities in many respects. Environ- 
mental conditions are very different with much higher 
winds, higher total precipitation, and shorter growing 
season (Figure I). As a result, few species from lower ele- 
vations can survive at this location, and more than 90% 
of the species and 57% of the genera in this community 

I 
are unique to this elevation. Species are distributed much 
more uniformly over rhe plots than at other elevations. 
This is probably associated with a reduced environmental 
heterogeneity due to the absence of a tree canopy. The 

I proportions of significant positive and negative associa- 
tions are low in this community. '4 smaller plot sue would 
presumably have allowed us to detect greater numbers 

of these. This community has remained remarkably stable 
both in composition and relative abundance of species 
since 1953 (Tables 1 and 2). . . 

Whittaker and Niering (1965) found an increase in rich- 
ness (number of species per 0.1 ha) with decrease of ele- 
vation and moisture, from forests through woodlands to 

I 
I 

grasslands. They thought that a thinner tree canopy on 
the drier sites allowed more light to the herbaceous vege- 
tation and thus allowed a greater richness on these sites, 
At a higher elevation the richness increased slightly in the 
transition from pine forests to fu forests. Whittaker 
(1975) pointed out that broadleaf deciduous forests on 
the average maintain a considerably higher number of 
species than do conifer forests in a similar environment 
as a result of a different character of leaf litter and a 
different chemical constitution of the top soil. In our 
study, the aspen stand at 3050 m supports a far richer 
undergrowth than an adjacent lodgepole pine stand. 

For several reasons it is difficult to make comparisons 
between Peet's (1978) results and ours except in very gen- 

I 
I 
i 
! 

era1 tenns. He used a frame of 1 mZ, while our frame was i 
0.85 mz. This difference in plot size affects all measures 
of frequency and diversity. Peet calculated diversity 
indices for his communities with values which reflected 
estimates of both frequency and cover of the species 

I ! 

(P eet, pers. comm., 1984). The assignment of our stands 
I 

to his community types can only be approximate. In his 
studies, Peet (1978) also found a general trend toward 
an increase in species richness with decrease in elevation. 
Within the intermediate elevations, the lowest numbers 
of species were found at sites with an intermediate mois- 
ture level. A relatively high species richness was found 
at the transitions from forest to grass or shmb cornmuni- 
ties, at the limits of his study region. He did not extend 
his work above treeiine. He reported the presence of many 
rare species at lower elevations, which agrees with our 
observations. 

Taking all species of herbs and shrubs in the ZOO-m2 
strips into consideration, we found the species richness 
to be very similar at the three lower sites and somewhat 
lower at the kobresia meadow site. 

The relatively high number of species at 3050 m may 
be explained by the fact that the aspen stand is in a tran- 
sitional stage. It is made up of aspen ramets and young 
conifers. As yet it is still a fairly open stand with more 
light available to the herbaceous species than there is in 
conifer forests, which may account for a high number 
of species in the plots. 

With respect to species diversity, Peer (1978) stated that 
this measure appeared to be affected by the following 
three parameters: eievation, site moisture conditions, and 
the successionai status of the stand. He found no single 
pattern. In general, the forests which were intermediate 
with respect to the three parameters had the lowest diver- 
sities. Relatively high diversities were found at sites with 
harsh environments. Whittaker and Niering (1965) found 
that in drier areas diversity frequently peaks at intennedi- 
ate elevations. This agrees with our result of a maximum 
diversity of the community at 1600 rn. 



The relatively low level of abundance-based species 
diversity we found at the 3750-m elevation may be ex- 
plained on the basis of the high stability of the stand. 
Kobresia meadows have been described as exceptionally 
stable communities (Osburn, 1958; Willard, 1963). 
Willard (1%3) believed that some of these kobresia stands 
may have taken up to 1000 yr to develop. The shallow, 
dense root system is competing so effectively for water 
that species with long taproots may eventually be excluded 
(Osburn, 1958). Kiener (1967) reported that with increase 
in stand age, Kobresia myosuroides becomes increasingly 
common. The result is a decrease in the species diversity 
of the community. 

, Studies in some ecosystems have demonstrated that 
species diversity is associated with habitat heterogeneity 
and with periodic and patchy disturbance (e-g., Connell, 

I 1978; Spurr and Barnes, 1980). This relationship does not 
hold in the herbaceous communities studied here. The 
most homogeneous and least disturbed community by far 
is the kobresia meadow and it has intermediate species 
richness and diversity. Conversely, the heterogeneous and 

, disturbed ponderosa pine community has the lowest rich- 
ness and diversity. 

The difference in constitution between the kobresia 
meadow and the other communities brings to mind the 
difference in viewpoints between the elements (1916) and 
Ramensky (1 924)-Gleason (1 926) perspectives. Environ- 
mental conditions at the tundra site are so different from 

those at lower eIevations that the species m, 
community is quite different. The kobr6ia 
has identifiable boundaries and is an 
concept of a closed community. At lower elet 
ronmentai conditions form more of a contin 
distributions overlap to a greater degree, the 
munities are, much more open systems, an 
noticeabie continuum of distributions. 

In two of the three communities (2600 m a 
where the vegetation was sampled in the sa 
1953 and 1981 the structure of the herbaceous 
ties showed remarkable stability over the in 
28 yr. The similarities of structure involve both 
tion and relative abundance of the species pres I implies that the hierarchy of abundances, w: 
species being very common and others rare, cay 
stable for long periods. 1 
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APPENDIX A 
SPECIES LIST 

List of vascular herbaceous and woody species and their abundances tabulated in the 1981 survey of four  st^ 
areas. Abundances were determined from presence in 10 individual cells within 50 quadrats per location; thus, m 
mum abundance per location is 500. Trees (marked with *) were not used in the analyses. This list includes 145 h 
baceous species in 102 genera. 

2200 m 2600 m 3050 m 3750 m 2200 m 2600 rn 3050 m 3750 
Name of species (A-1) (B-1) (C-1) - 1  Name of species (A-1) ( - 1 )  - 1 )  (D-l) 

$ bies lasiocarpa - - - Artemisia fudoviciana 1 

;4cerosella vulgaris 0 0 0 1 Arremisia scopulorum 
37 90 
0 0 

Achzllea Ianulosa 
0 IS 

7 33 157 0 Aszer campeiitris t 0 0 0 
O 01 

Acomastylis rossii Aster foliaceus 0 
ssp. turbinata 0 0 0 309 Aster porterr I 1 

0 33 

A letes acaulis 
0 

t 39 2 0 Astragalus adsurgens var. 
Allium cemuum , . t 1 0 0 robustior 0 7 0 

I 
0 

Amelanchier alnifolia 4 t 0 0 Astragaius shortianus 0 4 0 
Androsace septentrionalis 0 t 2 0 Astragalus tenellus 0 16 0 
Anisantha tecromrn 1 1  0 0 0 Bahia dbecta 0 I 0 0 
Antennaria parvrj7ora 4 i 34 0 Bessqva alprna 0 0 0 1 I 
Antennaria rosea 0 0 15 0 Bisrorta birrortoides 0 0 
Anticlea elegans 0 0 8 I Birtorra douglasii 0 
Arabis fendieri 

0 10 
t 25 0 0 Bistorra viviparu 0 

A rctostaphylos uva- ursi 76 75 
0 0 34 

0 0 Boechera drummondii 0 6 0 
0 

0 
Arenaria fendleri 

O ' I 
0 0 36 Calamagrostis conadensis 0 0 7 

Artemisia campestrris ssp. Calamagrostis purpurascens 0 
caudat a 

0 
0 

0 
t 0 0 Caltha leptosepala 0 0 

Artemisia frigida 0 
6 0 

t 0 0 Campanula rotundifolia 3 0 24 
I 

0 



APPENDIX A (cont.) 

Name of species 

Campanula uniflora 
Carex albonigra 
Carex arapahoensis 
Carex heliophifa 
Carer norvegica 
Carex norvegica ssp. 

norvegica 
Carer occidentaik 
Carex rupesrris 
CartiIleja occidentafis 
Ceanothus fendleri 
Cermrium beeringianum 

ssp. earlei 
Chamerion angustifolium 
Cheno~odium arrovirens 
Cheno~odium fremontii 
Chenopodium sp. 
Cirsium centaureae 
Clemenrsia rhodanrha 
Colfinsia pantiflora 
Cryptantha sp. 
Cystopreris fragifis 
Danthonia intermedia 
Danthonia parryi 
Delphinium nelson ii 
Delphinium sp. 
Dodecafheon pulchelfum 
Draba srreprocarpa 
Drymocallis frssa 
Elymus canadensis 
Elymus Iongifolius 
Elymus sp. 
Erigeron cornpositus 
Eriogonum umbellarum 
Eritrichium arerioides 
Erysimum asperum 
Erysimum capitarum 
Euphorbia robusta 
Fesruca saximonrana 
Fragaria o valk 
Gaillardia arisrata 
Gayophvrum nutrallii 
Geranium caespitosum 
Gilia pinnatiflda 
Harbo~rria trachypleura 
Helictorrichon morronian 
Hererorheca fulcrata 
Hererorheca villosa 
Hymenoxys grandiflora 
Juncus arcticus ssp. arer 
Juniperus communis ssp. 

alpina 
Kobresia rnyosuroides 
Koeleria macrantha 
Lesquerelfa rnontana 
Leucocrinum montanum 
Leucopoa kingii 
Lewisia pygmaea 
Liatris puncrata 
Lloydia serorina 

2200 m 
(A- 1) 

0 
0 
0 

237 
0 

- -- 

2200 m 2600 m 3050 m 3750 m 
Name of species (A-I) (B-1) (C-1) (D-I) 

Lonicera involucrara 0 0 4 0 
Lupinus arpenreus 0 1 81 0 
Merrensia ciliata 0 0 2 0 
Mertensia lanceolara 20 5 0 0 
Merrensia viridis 0 0 0 57 
Minuarria obtusifoba 0 0 0 87 
~Muhlenbergia monrana 1 8 0 0 
Oreoxis alpina 0 0 0 424 
Orthilia secunda 0 0 46 0 
Oxypofis fendferi 0 0 9 0 
Oxyrropis mu lticeps 0 t 0 0 
Pememon virens 6 1 1 1  -I 0 
Penstemon whippleanus 0 0 4 0 
Pentaphylloides floribunda 0 0 34 t 
Phacelia heterophylla 28 16 0 0 
Phleum commutarum 0 0 t 0 
Phlox sibirica ssp. 

pulvinata 0 0 0 214 
Picea engelmannii - - * - 
Pinus contorta var. 

larifolia - - 8 - 
Pinus ponderosa var. 

scopuiorum * * - - 
Poa agassizensis 1 0 0 0 
Poa fendleriana 6 2 0 0 
Poa glauca 0 0 0 73 
Poa nemoralis ssp. 

inferior 0 0 3 0 
Polemonium viscosum 0 0 0 67 
Populus tremuloides - - - 
Potenrilla gracilis var . 

pu fcherrima 0 0 92 0 
Potenrilla hippiana 0 . t  0 0 
Potentilla nivea 0 0 0 54 
Potentilla rubricaulis 0 0 0 39 
Pseudocymopteris 

monranus 0 0 26 0 
Pseudotsuga menziesii a I - - 
Pulsatilfa parens ssp. 

multifda 0 1 0 0 
Pyrola minor 0 0 1 0 
Ribes cereum 2 3 0 0 
Rosa acicularis 0 0 58 0 
Rubus deliciosus 0 t 0 0 
Rubus idaeus ssp. 

melanolasius 0 t 0 0 
Salk sp. 0 0 t 0 
Sawifraga rhomboidea 0 0 0 14 
Schizachyrium scoparium t 0 0 0 
Scurellaria brirtonii 67 29 0 0 
Sedum Ianceolarum 0 58 10 0 
Selaginella densa 0 1 1  51 177 
Senecio fendleri 2 13 0 0 
Senecio integerrimus 69 0 0 0 
Senecio rriangularis 0 0 2 0 
Sifene acaulis ssp. 

subacaulescens 0 0 0 20 
Silene scouleri ssp. hallii 0 0 6 0 
Smilacina sp. t 0 3 0 
Solidago missouriensis 110 0 0 0 



APPENDIX A (cont.) 

2200 rn 2600 m 3050 rn 3750 rn 
Name of species (A-1) (B-1) (C-1) (D- 1) Name of species 
Solidago multiradiata 0 58 34 0 Tragopogon dubius 
Sporobolur cryptandrus t 0 0 0 Trifolium dasyphyllum 
Stipa comata 1 0 0 0 Trifolium nanum 
Stipa Ietrermanii 0 5 0 0 Trisetum spicatum 
Taraxacum ceratophorum 0 0 0 79 Vaccinium myrtillus ssp. 
Taraxacum o ffiinale 0 0 87 0 oreophilum 
Thermopsir divaricarpa 0 0 51 0 Verbascum thapsus 
Thlaspi montanum 0 0 0 11 Yeronica wormskjoldii 
Tonestus pygmaeus 0 0 0 16 

?Not present in t'he plots, but found along the transect. 

APPENDIX B 

Herbaceous species, which were present at a frequency of at least 20% in either 1953 or 1981, are presented in 
order of decreasing frequency. The 95% confidence limits (C.I.) for a binomial distribution are given in parentheses. 
The arbitrary frequency 10% was assigned for ranking purposes to the species which were present in 1953 in fewer 
than 20% of the plots. 

PONDEROSA PINE STAND 
(A- 1) 

1953 (15 plots) 1981 (50 plots) 

Carex heliophila 67(38-88) Carex heliophila 72(58-84) 
Geranium caespitosum 40(16-68) Scutellaria brittonii 38(25-53) 
Harbouria rrachypleura 40(16-68) CoNinsia parvijlora 30(18-45) 
Drymocallis fisa 40(16-68) Gayophytum nuttallii 30(18-45) 
Heterotheca villosa 33(12-62) Solidago rnissouriensis 30(18-45) 
Gayophytum nuttallii 20( 4-48) Senecio integerrimus 28(16-42) 
Antennaria parv~flora 20( 4-48) Phacelia heterophylla 24(13-38) 
Eriogonum umbellatum 20( 4 4 8 )  Leucopoa kingii 22(12-36) 
Leucopoa kingii 10 Drymocallis fissa 22(12-36) 
Scutellaria brittonii 10 Eriogonum umbellarum 14( 6-27) 

Heterotheca villosa 8( 1-23) 
Geranium caespitosum 6( 1-17) 
Harbouria trachypleura 4( 0- 14) 
Antennaria parv~flora 2( 0-11) 

1953 (16 plots) 

Carex heliophila 
Penstemon virens 
Leucopoa kingii 
Drymocallis fisa 
A rtemisia Iudoviciana 
Harbouria trachypleura 
AchiIIea lanulosa 
Lithospermum incisum 
Sedum lanceolatum 
Geranium caespitosum 
Aletes acaulis 
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1981 (50 plots) 

Carer heliophila 
Penstemon virens 
Artemisia Iudoviciana 
Leucopoa kingii 
Aletes acaulis 
Drymocallis fissa 
Harbouria trachypleura 
Sedum lanceolatum 
Senecio fendleri 
Gayophytirm nuttallii 
Phacelia heterophylla 
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~ o u G ~ - F & P ~ ~ ~ ~ O %  PISE S T ~ D  

1981 (50 plotsf 
1953 (12 plots) - 

Arabir fendleri 2 3 1  2-36) 
Gayophyrum nurtallii 10 

Achilles /anUiosa 2@10-34) 

I Srnecio fendleri 10 
solidago mulciradiara 20(10-34) 

ASPEN STAND 

I (C-1) - 
1981 (50 plots) 

1953 (12 plots) 
W(78-97) g2(62-1Cjo) 0)hamerion angwrClium 

I Taraxacum officinale 83(52-100) Fragariu oval" 86(73-94) 
Fragaria ovalis 66(35- 90) Achilles l an~ lo~a  74(60-85) 
Achilles lanulosa Tara.xacum officinale ~(49-77) 
Antennaria parviflora 66(35- 90) 

79) Lupinus orgenreus 52(37-66) 
Carex bella and C. foeflea I 50(21- 79) potent ill^ gracilk jO(36-64) 
Trijolium repens ro(2l- 79) J u n m  arcficus 34(21-49) 
Caitha leptosepaka 42(15- 72) pseudocymoprer~ montanu 34(2 1-49) 
Chamerion angwlifoiium 42(15- 72) Selaginlii~ d e w  3421-49) 
Lupinus argenteus 42(15- 72) solidago multiradiafa 32(20-47) 
Sedum lunceolatum ~ ( 1 5 -  72) campanula rorundifolia 28(16-42) 
Ligusticum porferi 33(10- 65) Rosa acicu1ariP 28(16-42) 
poa pratensis and P. pa i~ tr i s  33(1& 65) Thermop~Y divaricarpa 26(15-40) 
Rosa aciculariP 24(13-383 , 33(1+ 65) Antennaria parvlllora. CIemenrsia rhodanrha 

25( 5- 57) Aster foliaceus 20(10-34) 
Draba srreptocarpa 25( 5- 57) Sedum lunceoiatum 12( 5-24) 
p~e~docymopterir montanus 8( 1-23) 25( 5- 57) Birrorta sPP. 

I- Arnica cordifolia 
2 3  5- 57) Caltho leprosepala S( 1-23) Bisrorra vivipara 
25( 5- 57) C!ementsia rhodanrha 2( 0-11) 

Solidago mu friradiata 35( j- 57) Draba srreptocarpa 2( 0-11) 
Viola adunca Poa nemoralis 2( 0-11) 
Aster foliaceus 10 

I Campanula rorundifolia 10 
Juncus arcricus 10 
porenrifla gracilis 10 

Sekzginella densa 10 I Thermopsis divaricar~a 10 

.This ,voo~v rpcies war tabulated with the herbaceous species in 

KOBRESL~ a s 9 O W  STAND I ID-1, 

I loot 74-100) ~cornasrylis rossii Acomastylis rossii 98(89-100) 100(;~-1@~) OreoxiS alpina 
Oreoxis alpina 94(84- 99) lmti r - lw)  Campanula unillora 
Cam panula uniJ0ra 92(81- 99' 

I 100~74- 100) Kobresia tn.vosuroides 
Kobresia rnyosuroides 92(8 1 - 9' 7 )  Lloydia serorina 
Lloydia serorina 90(7Y- 9' 100(7& 100) Bisrorta bisrorloides 90(7Y- l! 
Phlox sibirica , ~ ( 7 1 -  100) phlox sibirica 
Selaginella dema 88(76- 

I 1oo(74-1~) &laginella denra 
Trifoiium dayph~llum 88176- 100(7.1- 100) Tri foliitrn dasyphyllunl 
.vinuartia obrtrsiloba 66(5 1 - 
Erirrichium arefioides l~)(jr-100) Poa glauca jy(-t> 

92(61- 100) iVinuartia obtusiloba 
Carex scopulorum 52\37 83~1-100l Helieorrichon rnortonianum i"(>- I Bistorta birrortoides ." g3(j2- 100) Tara .~a~m ceratopho~m 43:. 

, . fjistorra vivipam 58(2g- 35) Eritrichium are~ioides 
Poa arctica 40( 2 1 -  2 )  ,Mp"ensia viridir -101 
Druba alberrina 4zcl5- 7 2 )  potencilla nivea 
Drubs fladni:ensis 401 33(10- $5) Trijolium nan~fil Comasrotna fenellurn 

M. Koo- m D  Y. A. LlsH . '  




