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for Alpine Vegetation on the 
Beaverhead National Forest, 
Montana 
Stephen V. Cooper 
Peter Lesica 
Deborah Page-Dumroese 

Introduction 
Much of what is generally considered the Northern 

Rocky Mountains floristic province is in Montana 
(McLaughlin 1989). Numerous mountain ranges 
occur in the western half of the State, many reaching 
elevations above treeline. The vegetation of grass- 
lands, shrublands, forests, woodlands, and riparian 
areas of western Montana have been described and 
classified (Hansen and others 1995; Mueggler and 
Stewart 1980; Pfister and others 1977). However, due 
to inaccessibility and relatively low economic impor- 
tance, few studies have described the alpine vege- 
tation of the Northern Rocky Mountains. Existing 
studies include Glacier National Park (Bamberg 
and Major 1968; Choatc and Habeck 19671, the Big 
Snowy Mountains and Flint Creek Mountains 
(Bamberg and Major 1968), and the Beartooth Plateau 
(Johnson and Billings 1962); these studies were con- 
ducted at fewer than a half-dozen sites, Recently, 
studies have bccn completed for alpine areas of east 
and east-central Idaho (Brunsfeld 1981; Caicco 1983; 
Henderson 1992; Moseley 1985; Urbanczyk and 
Henderson 1994). 

Twenty-seven mountain ranges in Montana support 
significant alpine terrain. More than half of these 
ranges are in the southwestern portion of the State, 
and nine are on Beaverhead National Forest. South- 
western Montana is also the most floristically diverse 
region of the State (Lesica and others 1984). Knowl- 
edge of alpine plant communities in this area would 
allow a more comprehensive portrayal of Northern 
Rocky Mountain alpine ecosystems. Our study had 
the following objectives: 

3. Compare the alpine vegetation communities on 
the Beaverhead National Forest to those described 
from other areas of Western North America. 

4. Consider management implications for alpine 
vegetation systems. 

Study Area 

Vegetation 

Our study area encompassed eight alpine mountain 
ranges that occur, at  least in part, on the Beaverhead 
National Forest: Anaconda (color plate l), Beaverhead, 
Gravelly, Madison, Pioneer, Snowcrest, Teadoy, and 
Tobacco Root (fig. la,b). The sampled portions of 
these ranges are all east of the Continental Divide. 
The area is semiarid, and both upper and lower tree- 
lines occur in all ranges. Intermountain valleys are 
high (4,800 to 6,600 ft), and the cold, frost-prone 
climate is unsuitable for the establishment of tree 
species that are not cold-adapted. Thus, Pseudotsuga 
menziesii and Pinus flexilis, not Pinusponderosa, are 
climax dominants oflower treeline and extend through 
the montane to the middle of the subalpine zone. 
Pinus flexilis extends onto sites drier and warmer 
than can be tolerated by Pseudotsuga; it also shows a 
preference for the calcareous substrates of this area 
(Pfister and others 1977). 

The upper subalpine is composed ofAbies lasiocarpa, 
Picea engelrnanii, Pinus contorta, P. albicaulis, and 
occasionally P. flexilis; relative proportions of these 
trees depend primarily on successional status, aspect, 
and to a lesser degree, substrate (Pfister and others 
1977). Above approximately 8,500 ft, the forest canopy 

1. Develop a classification system for alpine cornmu- becomes progressively more open and dominated 

nities on the Beaverhead National Forest. Pinus albicaulis. Near treeline, the belt of mostly con- 

2. Relate abiotic environmental factors such as cli- tinuou~forest givesway to atollsof stuntedandflagged 

mate, soils, and landforms to the occurrence of these trees interspersed among nonforest vegetation. The 
communities. extent of true krummholz, trees not reaching much 

more than waist height due to ice particle abrasion of 



Figure la-Study area mountain ranges in southwestern Montana. indicates location of 
sample plots. 

exposed surfaces, is very limited. Forest communities 
for this area are detailed by Pfister and others (1977). 

The nonforest communities at or just below treeline 
are shrub-steppe dominated by Artemisia tridentata 
ssp. vaseyana, grasslands dominated by Festuca 
idahoeasis and Deschampsia cespitosa, and subalpine 
forb fields on the moister sites. Many of the plant 
associations comprising these high-elevation steppes 
have been described by Mueggler and Stewart (1980). 

Subalpine cirque basins often contain areas in which 
soil moisture is above that of the surrounding uplands 
for at least part of the year. These areas support 
wetland vegetation dominated by species of Salk,  
especially S. planifolia and S. wolfii, or by herbaceous 
species such as Carex scopulorum, Eleocharis 
pauciflora, Juncus balticus, and Caltha leptosepala. 
Many of these subalpine wetlands are described by 
Hansen and others (1995). 

Climate 

There are no long-term weather records for high- 
elevation sites in our study area. Walter-type climate 
diagrams (Walter and others 1975) for Virginia City 
and Lima, MT, are presented in figure 2. Although 
these stations are located at 5,776 and 6,275 ft (fig. I), 
they illustrate the seasonal march of temperature 
and precipitation far the area. Precipitation in the 
alpine zone is undoubtedly higher, and tempera- 
tures are lower than at these valley stations. Clearly, 
the seasonal patterns of precipitation and ternpera- 
ture are very similar for both stations. Compared to 
Billing's (1988) diagrams for typical alpine areas in 
New Hampshire, California, and Colorado, our study 
area pattern is closest to that of Niwot Ridge, CO, 
with the notable exception of having a distinct pre- 
cipitation bulge in May and June. This spring maxi- 
mum also sets our study area apart from Sierra Nevada 



S T A T E  BOUNDARY -----  
C L I M A T I C  STATIONS * 
S C A L E  O F  MILES:  2 c m /  ~ O M I L E  9 1 0  2 0  3.0 

Figure I b S t u d y  area showing boundaries of the Beaverhead National 
Forest. 

and Appalachian alpine. The relatively droughty con- 
ditions portrayed by our valley stations would not 
obtain in the alpine where precipitation increases and 
the temperatures would be depressed by about 5.7 to 
6.8 "F (3.2 to 3.8 "C). Such a depression would result 
in a total of 6 months with average temperatures 
below freezing. Some authors characterize the alpine 
zone as having a climate where the monthly average 
temperature never exceeds 50 OF (10 "C) (Billings 
1988). However, the Sierra Nevadan alpine has at 
least 3 months that exceed this figure, and our lowest 
elevation sites exceed it in July and August. 

Ross and Hunter (1976) present precipitation iso- 
pleth maps for Montana based on a large number of 

snow-depth recording stations. These maps indicate 
that precipitation increases from west to east in 
the southwestern part of the State. The crests of 
Beaverhead, Snowcrest, and Tendoy ranges receive 
approximately 30 inches of precipitation annually. 
The Gravelly Range receives 30 to 40 inches, and the 
Anaconda, Pioneer, and Tobacco Root ranges receive 
40 to  60 inches. The Madison Range at the west edge 
of our study area receives 50 to 70 inches. 

Geology and Soils 

Representative exposures from the three major 
groups of parent materials-aedimentary, metamorphic, 



a = station name f = monthly march of temperature 
b = station elevation (m) g = relatively humid season (vertical hatching, note axes 
c = mean annual temperature ("C) explicitly scaled so the 10" = 20 mm precipitation) 
d = mean annual precipitation (mm) h = period of relative drought 
e = monthly march of precipitation i = period of mean daily minimum below 0 "C (blackened) 

j = months with absolute minimum below 0 OC 

Figure 2-Walter-type climatic diagrams for two stations in the study area, Virginia City and Lima, Montana. 

and igneous-are found in mountain ranges of south- 
western Montana. Sedimentary and metamorphosed 
sedimentary rocks predominate in the south and 
west portions of the study area, while intrusive and 
metamorphic basement rocks become more common 
to the east and north (Ross and others 1955). The 
crests of the southern Beaverhead, Gravelly, Snow- 
crest, and Tendoy Mountains are composed of Meso- 
zoic and upper Paleozoic limestones, sandstones 
and quartzites. The southern end of the Beaver- 
head Mountains i s  composed of calcareous 
Beaverhead Conglomerate. The highest point in the 
Gravelly Mountains, Black Butte, is a remnant stock 
of Quaternary basalt. The high country of the Tobac- 
co Root Mountains is composed of granite of the To- 
bacco Root Batholith. Most of the alpine terrain in the 
Pioneer Mountains is underlain by granite of the 
Pioneer Batholith; however, the high peaks at  the 
very north end of the range form a contact between 
the intrusive igneous and Paleozoic limestones and 
dolomites. Although the main mass of the Anaconda 
Mountains is granitic, the east end where we sampled 
is underlain by Precambrian quartzites and lime- 
stones. The southern end of the Madison Mountains is 

composed primarily of Precambrian gneiss and schist 
with some areas on the east flank underlain by Meso- 
zoiclimestone (Ross andothers 1955). Table 1 summa- 
rizes the number of plots establishedin each mountain 
range by parent material. 

Soils supporting alpine vegetation have been de- 
scribed for the Northern Rocky Mountains by 
Bamberg and Major (1968), Johnson and Billings 
(19621, Nimlos and McConne11(1962), and Thilenius 
and Smith (1985). Soils from our study sites on sedi- 
mentary parent material resembled those described 
by Bamberg and Major (1968)) while sites with crystal- 
line parent material had soils similar to those de- 
scribed by Johnson and Billings (1962) and Nimlos 
and McConnell(1962). In general, turf and meadow 
soils developed from sandstones, limestones, and shales 
were finer textured than those derived from granite, 
quartzite, or metamorphic basement rocks. 

Indications of cryopedogenic processes were evident 
in all of the mountain ranges. Solifluction lobes and - 

terraces were common on steep, moist north slopes. 
Frost boils, rock polygons, and stone stripes were often 
apparent, especially in the Anaconda-Pintlar, Madison, 
East Pioneer, Tendoy, and Tobacco Root Mountains. 



Table 1-Distribution of sample plots by mountain range and parent material type. 

Range Total 
Beaver- East Anaconda- Tobacco parent 
head Tendoy Snowcrest Gravelly Pioneer Pintlar Root Madison material 

Calcareous types 
Limestone/dolornite 16 01 04 08 05 02 00 03 39 
Sandstone 00 00 12 05 00 00 00 00 17 
Conglomerate 00 04 02 00 00 00 00 00 06 
Mixed 00 0 1 0 1 00 02 00 00 00 04 
Alluvium 0 1 00 00 00 00 00 00 00 0 1 

Calcareous subtotal 17 06 19 13 07 02 00 03 67 
Noncalcareous types 

Sandstone 00 00 00 02 00 00 00 00 02 
Quartzite 00 02 00 02 05 05 00 00 14 
Siltite 00 00 00 00 00 0 1 00 00 0 1 

Extrus~ve volcanics 00 00 00 08 00 00 00 00 08 
lntrus~ve volcan~cs 00 00 00 00 11 00 05 03 19 
Metamorphosed volcanic 00 00 00 00 00 00 12 09 2 1 

Mixed 00 0 1 00 00 00 00 00 0 1 02 
Alluvium 00 00 00 02 00 00 00 0 1 03 

Noncalcareous subtotal 00 03 00 14 16 06 17 14 70 
Total by mountain range 17 09 19 27 23 08 17 17 1 37 

Development of these features has been described by plant cover was less than 10 percent. Generally, stands 
Billings and Mooney (19591, Johnson and Billings were representative of large areas of vegetation; how- 
(1962), Lewis (19701, and Washburn (1956). ever, wetlands were usually limited in extent. 

Methods and Discussion 
Stand Selection 

We examined U.S. Geological Survey topographical 
maps and aerial photography to ascertain the upper 
elevational limit of trees. For most of the study area, 
treeline occurs at  approximately 9,500 ft, often higher 
on warm slopes and lower on north slopes. On the 
north side ofthe Anaconda Mountains at the northern 
end of our study area, treeline occurs at  approxi- 
mately 9,200 ft. All of our sample plots were near or 
above these limits and above nearly all of the high ele  
vation Artemisia tridentata ssp. vaseyanu-dominated 
shrub steppe and the majority of the scattered treeline 
stands. Other researchers have consistently not con- 
sidered A. tridentata- and A. arbuscula-dominated 
vegetation as alpine community types, even where this 
type occurred much above treeline. We did not sample 
Artemisia-dominated communities. Most alpine ter- 
rain in our study area is far from any roads, and ease 
of access to an extensive alpine area was an important 
consideration in selecting sampling locations. 

We sampled stands that appeared homogeneous in 
vegetation composition and structure (Mueller-Dombois 
and Ellenberg 1974). Efforts were made to avoid areas 
where site variables were not constant (for example, 
change in slope or exposed rock) or where vascular 

Vegetation Sampling 

Sample plots were 30 x 30 m with a 30 m tape placed 
in the middle of the plot perpendicular to the slope. 
In some cases, we had to modify the shape of our 
macroplot to accommodate the shape ofthe stands. We 
employed Daubenmire's (1959) concept of canopy cover 
in estimating species abundance. Canopy cover of 
bare soil, rock, litter, moss and lichens, total shrubs, 
total graminoids, total forbs, and all vascular plant 
species in the plot was assigned to one of the follow- 
ing cover classes: 

Code Class range Midpoint 
- - - - - - - - Percent - - - - - - - - 
0 0.0 
>O to <1 0.5 
= o r > l t o < 5  3.0 
= or >5 to <15 10.0 
= or >15 to <25 20,O 
= or >25 to <35 30,O 
= or >35 to <45 40.0 
= or >45 to <55 50.0 
= or >55 to <65 60.0 
= or >65 to <75 70.0 
= or >75 to <85 80.0 
T or >85 to <95 90.0 
= or >95 to 100 97.5 



At the start of field work, we verified the accuracy of 
whole-plot estimates of canopy cover by first estimat- 
ing cover by species across the macroplot. We then 
estimated cover in 25 to 50 randomly placed 50 x 20 cm 
microplots and used these data to obtain a second 
estimate of canopy cover for the macroplot. We con- 
ducted this test for three plots in alpine grassland and 
meadow vegetation. Canopy cover estimates for 
macroplots, based on microplot averages, never dif- 
fered by more than one cover class from the ocular 
estimates. In fact, class estimates matched for more 
than 80 percent of the species. Cover estimates for 
surface features were also within one cover class of 
measured values. Thus, we concluded that  whole-plot 
ocular estimation of species cover would be appropri- 
a te  and considerably more efficient t h a n  using 
rnicroplots. Estimates of canopy cover were always 
made by the same investigator to minimize variation. 

We sampled stands in the Beaverhead, Gravelly, 
Snowcrest, and Tendoy Mountains on July 18 to 30 
and August 10 to 12, 1989. We sampled stands in  
the Anaconda, Madison, Pioneer, and Tobacco Root 
Mountains from July 21 to August 2, 1991. Weather 
was drier than average in southwestern Montana 
during the winter and spring of 1989, while precipita- 
tion in 1991 was above average. 

Taxonomic Considerations 

Vascular plant nomenclature generally follows 
Hitchcock and Cronquist (1973). Nomenclature for 
willows (Salix spp.) follows Dorn (1984). 

The genus Poa is very difficult taxonomically, and a 
number of different treatments have been proposed for 
Western North America. We followed the treatment 
proposed by Arnow (1987). Poa incurua is combined 
under P. secunda; P. cusickii is combined under P. 
fendleriana; P, rupicola and P. interior are combined 
under P. glauca; P. grayana is considered synony- 
mous with P. arctica. 

Koeleria cristata is considered a n  illegitimate name. 
We call i t  Koeleria macrantha (Ledeb.) J. A. Shultes, 
following Wilken (1993). 

There has been a good deal of discussion on the 
taxonomy of the  grass tribe Triticeae (for example, 
the genera Agropyron, Elymus, Sitanion, Pseudo- 
roegneria). The issue is far from settled. We have 
chosen to follow the conservative treatment employed 
in Hitchcock and Cronquist (1973). 

Distinctions between Oxytropis campestris and 
0. sericea break down at higher elevations (Barneby, 
personal communication, as cited in Brunsfeld 1981); 
we have used the name 0. campestris for this species 
complex. 

Productivity 

To estimate primary productivity, we clipped the 
current year's aboveground growth in three 20 x 50 cm 
microplots placed a t  5, 15, and 25 m along the upper 
side of the transect line. Clippings were pooled into 
three life-form classes (shrub, graminoid, forb) for 
each plot, air-dried, and then weighed to the nearest 
gram. Due to the appreciable difference in precipita- 
tion between the 2 sampling years, productivity esti- 
mates were probably lower than average for 1989 and 
higher for 1991. 

Soils 

For each plot we collected three 1 liter soil samples 
from along the lower side of the transect line a t  the 5, 
15, and 25 rn msrks. Each sample was collected from 
below the litter and organic layers to a depth of 6 
inches. Reported means of soil variables refer only to 
the surface 6 inches. Percent of coarse fragments was 
determined in the field by sieving through a 2 mm 
screen and measuring volumetric displacement of 
the rock fragments remaining on the screen. Soil pH 
was determined by preparing 2:l aqueous suspen- 
sions of sieved soil from each sample, allowing the 
suspension to equilibrate for 10 minutes and then 
measuring pH with a portable digital temperature- 
compensated meter. Means of the three measure- 
ments from each plot were used to develop the classi- 
fication sections. Duff (the fermentation and humus 
sections of the organic layer) and litter (the surface 
layer of freshly fallen leaves and twigs) were meas- 
ured to the nearest 0.1 inch. 

Soil samples were dried a t  60 O C  for 24 hours and 
passed through a 2 mm sieve before analysis. Organic 
matter was determined by weight loss after combustion 
a t  375 "C for 16 hours (Davies 1974). I t  was assumed 
that  loss of structural water from clay minerals and 
loss of C02 was not significant. Particle size distribu- 
tion was determined using the hydrometer method 
(Gee and Bauder 1986). Soil totals of nitrogen and 
carbon were analyzed by a medium-temperature re- 
sistance furnace (Nelson and Sommers 1982). 

Data Analysis 

Data were summarized using STMTA, the U.S. 
Department of Agriculture, Forest Service Region 
One's ECODATA data reduction program. Constancy 
and coverage tables (appendix C) were compiled using 
a 1 percent minimum cover criterion. We used Two-way 
Indicator Species Analysis (TWINSPAN), a polythetic, 
divisive, hierarchical clustering technique, to group 
stands into community types (Gauch 1982). This 



classification was refined by tabular comparison 
(Becking 1957; Mueller-Dombois and Ellenberg 1974). 
The two methods agreed closely regarding the place- 
ment of stands within types. One stand could not be 
classified and was removed from further analysis. De- 
trended correspondence analysis (DCA) is a revised ver- 
sion of reciprocal averaging or correspondence analy- 
sis (Gauch 1982). We used DECORANA, the Cornell 
Ecology Program version of DCA (Hill 1979), as an 
indirect method of determining important environ- 
mental gradients controlling vegetative composition. 

Results 

The results of our study are delineations of 23 
alpine vegetation community types. The key to the 
community types, and brief descriptions of these 
plant communities and their habitats are presented 
in the next sections, Appendix A lists vascular plant 
species by family. Means for site variables and their 
standard deviations are presented in appendix B, and 
constancy and average canopy cover for vascular plant 
species are presented in appendix C. 

Key to Alpine Communities 

Caveats and Conventions 

1. This key is generally structured to identify, within life-form groups, the wettest sites first and then progresses 
to successively drier sites (habitats). 

2. Alpine vegetation, due to climatic extremes, is in a constant state of flux-more so than that of lower elevation 
environments. Therefore, the recognized classificatory units are community types, implying no particular sera1 
status. We consider all identified c.t.'s to be stable for timeframes relevant to land management considerations. 
The existence of climax or long-term stable alpine communities is widely disputed (Billings 1973). Certainly at 
the largest scales (within stands of particular c.t.'s) there is continual disturbance due to both physical (for 
example, congeliturbation) and biological factors (pocket gophers, Thomomys talpoides). 

3. The following conventions are followed when estimating and referencing canopy cover. Daubenmire's concept 
(1959) of canopy cover, a vertical projection about the outermost perimeter of a plant's canopy expressed as a 
fraction ofthe area sampled, was employed. Cover classes are those of the ECODATA manual: T = trace, 0 to <I%; 
P = 1 to <5%; 1 = 5 to <15%; 2 = 15 to <25%; 3 = 25 to <35%; 4 = 35 to <45%; 5 = 45 to <55%; 6 = 55 to <65%; 
7 = 65 to ~ 7 5 % ;  8 = 75 t o  185%; 9 = 85 to <95%; F = full coverage, 95 to 100%. . 

Canopy Cover Terms and Their Complements Employed in the Key o 

Absent: 0% C.C. (canopy cover) versus ................................................................................... Yresent:trace to 100% 
Scarce: <I% C.C. versus ........................................................................................................... Common: 1 to 100% 
Poorly represented: <5% C.C. versus ......................................................................... Well represented: 5 to 100% 
Not abundant: ~25% C.C. versus ......................................................................................... Abundant: 25 to 100% 

4. Keep in mind, when reading key leads, that breaks and information presented are based on sample data and 
observations. Sites and vegetation exist that are not consonant with this classification. To increase the key's 
applicability, we have incorporated leads that key to c.t.'s of adjacent regions--c.t.'s that may well occur in our 
study area. 

5. The dichotomous key is only a convenience for identifying community types; it is not the classification! 
Validate your determination of c.t. by comparing plot vegetation and site characteristics with parameters of c.t. 
descriptions. 

Instructions 

1. Homogeneity of environment and vegetation are primary considerations in plot selection. The plot being 
classified should be representative of the stand as a whole; if not, then relocate plot and re-estimate coverages. 

a. Note that environmental gradients are often steep in the alpine, and the size of relatively homogeneous 
vegetation types may be extremely small (<lo m2). One can identify c.t.'s, but they could only be mapped 
as components of a complex mosaic. 

b. Homogeneity is most easily appraised as an area supporting a particular suite ofdominant species and then 
by examining the subordinate species for indicator significance. 

2. Accurately identify and estimate canopy cover (see 4) for all indicator species used in the key. 
3. On sites where the vegetation is obviously depauperate (unusually sparse) due to heavy grazing or browsing, 

adjust the key downward to reflect the reduced canopy cover (for example, "well represented" [>5% c.c.1 would 
become "commonn [>I% c.c.1). 



Key to Community Types 

1. Communities with shrubs dominant or having shrubby aspect, though shrub canopy coverage 
may not exceed 5% ............................................................................................................................................. 2 

1. Shrubs poorly represented (less than 5% c.c.), widely scattered individuals ............................................... 11 

2. Shrub communities of wetland areas with any of the following Salix spp. (S. arctica, S. reticulata, 
S. planifolia) dominating the shrub layer; thew species generally abundant, though 
occasionally only well represented .................................................................................................................... 3 

2. Shrub communities lacking attributes of wetlands (regarding soils, hydrology, or floristic 
composition); S. reticulata, S. arctica, or S. planifolia absent or confined to microsites ............................... 5 

3. SalixplanifoLia dominating the shrub layer with Carex scopulorum well represented 
and usually dominant, though De.scharnpsia cespitosa also achieves this 

3 status ................................................... .. .................................. Salix planifolialCarex scopulorum c.t. 
3. S.  planifolia not the shrub layer dominant ................................................................................................... 4 

4. Salix reticulata the dominant shrub with Caltha leptosepala present to abundant but not 
necessarily dominating the diverse herbaceous layer. .............. S a l k  reticulatalCaltha leptosepala c.t. 

4. Salix arctica the dominant shrub with Polygonum hi-stortoides well represented in 
the herbaceous layer ................................................................. S a l k  arcticalPolygonum bistortoides c.t. 

5. Salix glauca dominating the shrub layer, undergrowth variable ...................................... Salix glauca c.t. 
5. Shrub layer dominant not S. glauca ................................................................................................................. 6 

6. Salix spp. other than S. glauca, dominant ............................................................... Undefined S a l k  spp. c.t. 
6. Shrub species other than Salix dominating canopy ......................................................................................... 7 

7. Environments with late-persisting snowpack (snowbed communities) or stands on moderate to steep, 
predominantly north-facing slopes .................................................................................................................... 8 

7. Environments lacking late-persisting snowpack and not occupying steep, predominantly north-facing slopes; 
not snowbed communities ............................................................................................................................... 9 

8. Phyllodoce empetriformis or P, glandulifera dominating the shrub layer with canopy cover 
ranging upward from abundant; Antennaria lanata diagnostic of herbaceous layer with 
coverages highly variable .......................................... Phyllodoce empetrifonnislAntennaria lnnata c.t, 

8. Not as above, Cassiope mertensiarra dominating the shrub layer; Carex puysonis present 
as graminoid diagnostic species ............................................. Cussiope mertensianalCarexpaysonis c.t, 

9. Sites with Dryas octopetala as the shrub-layer dominant .......................................................................... 10 
9. D. octopetala not the shrub-layer dominant ................................................................ Undefined shrub type 

10. Relatively rnesic sites of protected slopes giving the impression of nearly total vegetation 
coverage (turf sites) with Dryas actopetala abundant and Salix reticulata may be well 
represented but not abundant; Polygonum uiuiparum, P. bistortoides, Zigudenus elegans, 
and Oxytropis uiscida are diagnostic (common) in forb layer; graminoids are poorly 
represented .......................................................................... Dryas octopetalalPolygonrcm viviparum c.t. 

10. Not as above, sparsely vegetated sites of exposed positions (ridgetops, shoulders, saddles, etc.) 
with Drym octopetala in distinct clumps of highly variable coverage, usually surrounded 
by bare ground or rock; common forb layer components include Phloxpuluinata, 
Oxytropis campestris, Arenaria obtusiloba, and Douglasia montana; Carex rupestris 
and C. elynoides dominate the sparse graminoid layer ................. Dryas octopetalalCarex rupestris c.t. 

.................................................................. 11. Stands dominated by graminoids (grasses, sedges, rushes, etc.) 12 
11. Stands dominated not by graminoids, but rather by forbs ............................................................................ 29 



12. Wetland sites with floristic composition andlor soils/hydrology meeting wetland criteria3 ........................ 13 
12. Sites not wetlands, not meeting wetland criteria .......................................................................................... 14 

13. Wetland sites dominated by Carex scopulorum andlor C. lenticularis and Caltha leptosepala 
or Senecio cymbalarioides, singly or combined, well represented and diagnostic 
forbs ......................................................................................... Carex scopulorurnlCaltha leptosepala c.t. 

13. Wetland sites with Carer scopuLorum and C. lenticularis poorly 
represented .................................................................... Undefined graminoid-dominated wetland type(s) 

14. Snowbed communities (sites with greater accumulations of snow than other landscape 
positions andlor later snow meltoff) ................................................................................................................ 15 

14. Not snowbed sites, not characterized by above average snow deposition or late meltoff ............................. 18 

15. Sites where snow is long-persisting (longer than any other vegetated position) and 
. Carex nigricans is dominant and usually abundant .................................................. Carex nigricans c.t. 

15. C. nigricans scarce, not the canopy dominant .............................................................................................. 16 

16. Snowbed sites often with depauperate herb cover; with Juncus drummondii, 
Antennuria lanata andlor Sibbaldia procumbens present and 
dominant .............................................................................. Juncus drummondiilAntennaria lanata c.t. 

16. Snowbed sites, but not as above ...................................................................................................................... 17 

17. Juncus parryii the dominant graminoid with Erigeron ursinus the dominant forb, though 
............................. only common, cover generally not exceeding 5% Juncus parryiilErigeron ursinus c.t. 

17. J.  parryii not the dominant graminoid and E. ursinus not dominant forb .............. Undefined snowbed c.t.'s 

18. Stands dominated by one or by combinations of the following six graminoids: Deschampsia 
cespitosa, Festuca idahoensis, Hesperochloa kingii, Bromus purnpellianus, Juncus balticus, or 
Carer obtusata .......................................................................... ..... ............................................................... 19 

18. Stands not dominated by any one or by any combination of the above six graminoid species .................... 25 

19. Graminoid component dominated by Deschamps~a cespitosa, moist to wet meadows ................................. 20 
19. Grami~loid component not dominated by D, cespctosa ..................................... .. ........................................ 22 

20. Caltha leptosepala andlor Senecio cymbalalrioides dominate forb layer of 
wet meadows .................................................................. Deschampsia cespitosalCaltha leptosepala c.t, 

20. Forbs other than C. leptosepala or S. cymbalarioi&s dominant ................................................................... 21 

21. Potentilla diuersifolia common in the forb layer .... Deschampsia cespitosalPotentilla diversifolia c.t. 
21. P. diversifolia scarce .......................................................................... Undefined Deschampsia-dominated c.t. 

22. Graminoid component dominated by Festuca idahoensis, Carer obtusata, Bromus pumpellianus, 
or any combination of these three ................................... Festuca idahoensislPotentilla diversifalia c.t. 

22. Neither F. idahoensis, C. obtusata, or B. pumpellianus, or any combination of these 
three dominating the graminoid component .............................................................................................. 23 

23. Hesperochloa kingii the graminoid with greatest coverage in rather depauperate communities ............... 24 
23. H. kingii not the indicated dominant ........... Undefined or elsewhere described graminoid-dominated c. t.'s2 

24. Oxytropis campestris present and characteristic forb .... Hesperochloa kingiilOqtropis eampestris c.t. . .2 24. 0. campestris not present, not diagnostic ................................................................. Hesperochloa kingzr 

25. Turf communities (commonly characterized by an  abundance of dwarf, fibrous-rooted 
graminoids, usually Carex spp., but forbs may dominate some stands); dominant graminoids 
with individual or combined cover exceeding 15% including Carex elynoides, C. rupestris, 
C. scirpoidea, C. phaeocephala, C. albonigra, C. atrata, and Festuca ovina ............................................... 26 

25. Not graminoid-dominated or having reduced total (<50%) canopy coverage turf 
communities as described before .................................................................................................................... 29 



1*  

26. Moist turf sites with one or some combination of the following: Curex spp. dominant; 
C. scirpoidea, C. phaeocephala, C. albonigru, C. atrata ............................................................................ 27 

26. Dry turf sites with one or some combination of the following species dominant; Carex 
............................................................................. rupestris, C. elynoides, Festuca ouina Carex elynoides c,t. 

27. Geum rossii common (usually well represented and the dominant forb); substrates 
, 

noncalcareous .......................................................................................... Carex scirpoidealGeum rosszz c.t. 
* * 

27. Geum rossrt scarce, other forbs dominant ....................................................................................................... 28 

28. Potentilla diversifolia and/or Phloxpuluinata dominant and 
................................................................................. common Carex scirpoidealPotentiLla diuersifolia c.t. 

....................... 28. Not as above, P. diuersifaliu and P. pulvinata not dominant and scarce Undefined turf c.t.'s 

29. Forb-dominated turf communities ranging from dense generally continuous plant cover to 
somewhat open plant cover characterized by well-distributed clumps of erect forbs, though 
cushion plants may be dominant .................................................................................................................... 30 

29. More like cushion plant than turf communities, with erect forbs sparse and cushion plants 
...................................................................................................... dominant andlor much exposed substrate 34 

....................................................................................... 30. Geum rossii as erect forb, dominant or codominant 31 
..................................................................... 30. G. rossii present, not dominant, cespitose and reduced in size 34 

..... 31. Erect forb Trifolium parryi dominant or codominant in forb layer Geum rossiilTrifoliumparryi c.t.l 
31. T. parryi absent or not dominant/codominant ................................................................................................ 32 

32. Cushion plant Trifolium nanum dominant/codominant in forb 
7 .  1 

layer ....................................................................................................... Geum rossztlTrifolium nanurn c.t. 
.............................................................................................................. 32. T. nanum not dominant/codominant 3 3  

33. Cushion plant Trifolium dasyphyllum dominant1 
*. 1 

codominant ................................................................................ Trifolium dasyphyllurnlGeum rossrz c.t. 
....................................................................... 33. T. dasyphyllum not dorninant/codominant Undefined turf c.t.'s 

34. Fellfield (high degree of exposed rock) or cushion plant environments (exposed, wind- 
blasted positions, usually ridge crests, slope shoulders, and saddles); cushion plants 
range from a dominant aspect of community to slightly subordinate to erect forbs .................................... 35 

34. Sites not fellfields nor cushion plant communities, rather they include steep dry or wet 
slopes with a high degree of exposed substrate (> approximately 50%) ...................................................... 3 9  

35. Cushion plant communities wherein Geurn rossii andlor Arenaria obtusiloba are 
common or dominants of the forb layer (which is often depauperate with scattered 
plants) ................................................................................................ Geum rosszz-Arenaria obtusiloba c.t. 

35. Neither G. rossii nor A. obtusiloba common nor forb layer dominants .................................................... 36 

36. Moderately dense, single-tier plant cover of prostrate and cespitose forbs, graminoid 
component depauperate, with Phlox pulvinata and Trifolium dasyphyllum providing 

1 more canopy cover than other forbs .................................. Phlm puluinatalTrifolium dasyphyllum c.t. 
36. Not as above, neither P. pulvinata nor T. dasyphyllum the most important cushion plants ...................... 37 

37. Scattered mixture of erect and cushion plants and graminoids with 
Antennaria microphylla andlor Artemisia scopulorum most important 

1 ....................................................................... forbs A n  rnicrophyllalArternisia scopulorum c.t. 
37. Cushion plant communities with neither A. microphylla nor A. scopulorum 

nor combinations of the two dominate the forb layer .................................................................................. 3 8  



38. Cushion plants dominant aspect of communities with varying combinations of the 
three species Phlox mulfiflora, Trifolium nanum, and Eritrichium nanum providing 
majority of canopy cover ............................................................. Phlox multifloralTrifolium nanum c.t. x 

38. None of the above three species providing the dominant aspect of vegetation 
................................................................................................................ cover Undefined cushion plant type(s) 

39. Sites with predominantly northerly exposures, moderate to steep slopes with a high degree 
(at least 75%) of exposed substrate of which more than 80% is soil or gravel; soils moist to 
saturated throughout growing season; vegetative canopy cover is much reduced, not exceeding 

............................................ 40% but with no characteristic species assemblage Moist slope communities 
39. Sites not as above ............................................................................................................................................. 40 

40. Sites with uniformly steep (>40%), often unstable slopes of southeast- through west-facing 
exposures; of the large amount of exposed substrate (1 approximately 50%) about 50% is 
gravel; Agropyron scribneri is usually the one species with higher coverage and constancy 
in this "type" than other c.t.'s ............................................................................... Dry slope communities 

.............................................................................. 40. Sites not as described above Undefined community type(s) 

'~helenius and Smith (1985). 
2 ~ a r i o u s  studies from east-central Idaho; Urbanczyk and Henderson 1994; Moseley 1985; Caicco 1983.  anse sen and others (1995); see pp. 66-68 for wetland criteria. 

Grassland Communities 
Grassland communities occurred on gentle to steep 

slopes a t  the lower reaches of the alpine zone. They 
often continue downslope to subalpine elevations or 
merge into high-elevation sagebrush steppe. The 
deep soils and relatively warm climate make these 
some of the most productive sites in our study area. 
They are similar in graminoid composition to previ- 
ously described high-elevation grasslands (Mueggler 
and Stewart 19801, but often contain alpine forb spe- 
cies, such as Polemonium viscosum and Trifolium 
haydenii, not commonly found in the subalpine zone. 
Alpine grasslands often grade into turf communities 
a t  higher elevations. Grassland communities are 
dominated by relatively robust grasses, while alpine 
turf associations are usually dominated by sedges 
and forbs of shorter stature. Grassland sites are often 
less wind-exposed than turf communities. 

moister slopes and with CARELY turf a t  higher eleva- 
tions on warm, dry, wind-impacted slopes. Dominance 
of Bromus pumpellianus defines a phase that was 
locally abundant on cool slopes in the Snowcrest Range. 

Vegetation-Mean graminoid cover in FESIDAI 
POTDIV was 55 percent (color plate 2). Festuca 
idahoensis was the dominant graminoid withAgropy- 
ron caninum ranking second in abundance. Carex 
obtusata, Poa secunda, C. scirpoidea, and P. arctica 
were locally common, the first two on warm aspects 
and the last two on cooler slopes or level areas with 
deeper soils. Mean forb cover was 34 percent. Common 
forbs were Potentilla diversifolia, Phlox puluinata, 
and Polemonium viscosum. Polygonurn bistortoides, 
Myosotis sylvatica, and Cerastium aruense were fre- 
quent; Geum triflorurn and Trifolium haydenii were 
locally common. Mean cover of lichens and mosses 
was only 2 percent. 

Two stands from cool slopes in the Snowcrest range 

Festuca ida hoensisl Potentilla 
were dominated by Bromuspumpellianus (BROPUM) 
instead of Festuca idahoensis. Carex obtusata was 

diversifolia c.t. (FESIDAIPOTDIV; abundant in one. These stands were otherwise compo- 
Idaho FescuelDiverse-Leaved Cinquefoil) sitionally similar to typical FESIDIVPOTDIV. 

Environment-FESIDAIPOTDIV was common be- 
low 9,900 fk in the Beaverhead, Gravelly, Snowcrest, 
and Tendoy Mountains in the western portion of our 
study area. It  was most common on warm slopes a t  the 
low limit of alpine vegetation (about 9,500 ft) where 
moderate to light snow cover melts early in the growing 
season. It abutted subalpine forest dominated byPicea 
engelmannii, Pinus albicauZis, and Pseudotsuga men- 
ziesii, or graded into shrublands dominated by Artemi- 
sia tridentata ssp. uaseyana below treeline. FESIDN 
POTDIV merged with DESCESIPOTDIV grassland on 

Soils-Parent material was generally sedimentary 
with limestones and calcareous sandstones predorni- 
nating. Quartzite, calcareous conglomerate, and vol- 
canic andesite were also represented. Mean litter 
depth was 0.6 inch, and mean duff depth was 0.3 inch. 
Bare ground and gravel covered 11 percent of the 
surface. Coarse fragment content varied from 2 to 
51 percent with a mean of 20 percent. Texture of the 
fine fraction ranged from fine clay to sandy clay-loam; 
the mean textural class was sandy clay. Reaction of 
the soil was near-neutral (pH = 6.7 to 7.5) with a mean 



pH of 7.2. Mean organic matter content was 19 per- 
cent, mean total nitrogen was 0.66 percent, and C:N 
ratio was 14:1, 

Productivity-Graminoid productivity varied 
between 180 and 1,130 lbs per acre with a mean of 
726 Ibs per acre. Forb productivity varied between 
160 and 1,270 lbs per acre with a mean of 778 lbs per 
acre. Mean total productivity for FESIDMOTDIV 
was 1,504 Ibs per acre. Productivity was highest on 
deep soils. 

Other StudiesFESIDA/POTDIV could be consid- 
ered a high-elevation phase of Mueggler and Stewart's 
(1980) Festuca idahoensislAg-ropyron caninutn habi- 
t a t  type. Although the dominant graminoids in the 
two types are similar, the important forbs are differ- 
ent. Potentilla gracilis, Geum triflorum, and Achillen 
nziLLefoLcum are the most abundant forbs in the lower 
elevation type. Alpine grasslands similar to FESIDAI 
POTDIV were described for east-central Idaho (Caicco 
1983; Moseley 1985) where they were characterized 
by having the highest snow deposition of all alpine 
communities (Moseley 1985). Alpine meadows domi- 
nated by Festuca thurberi, an  ecologxal analogue of 
F. idahoensis, have been described for New Mexico 
(Baker 1983). 

Deschampsia cespitosal Potentilla 
diversifolia c.t. (DESCESIPOTDIV; Tufted 
HairgrasdDivers-Leaved Cinquefoil) 

E n v i r o n m e n t T h i s  commu~Lity type occurred from 
treeline to over 10,000 ft in the Gravelly, Madison, and 
Snowcrest Mountains; but small examples can prob- 
ably be found in all of the wetter ranges in our study 
area (color plate 3). I t  was confined to cool slopes, 
valley bottoms, and depressions where soils were deep 
and remained moist until at least mid-summer. This 
community type occupied the most mesic situations in 
the lower alpine zone. Snow cover during winter pro- 
rcects the plants, and although snow release comes 
moderately early in the season, the sites are often 
fed by meltwater from upslope snowfields. DESCES/ 
POTDIV was abundant on the old erosion terraces of 
the Gravelly Mountains and was often associated with 
slopes showing evidence of solifluction. This commu- 
nity type generally occurred in a matrix of drier 
grassland and moist or dry turf vegetation. I t  also 
gradedinto wetland communities, especially DESCES/ 
CALLEP. In the Gravelly Mountains, it sometimes 
occurred above shrublands dominated by Artemisia 
tridentata ssp. uaseyana or subalpine forests domi- 
nated by Picea engelmannii. 

Vegetation-Graminoidcover in DESCES/POTDIV 
was high, averaging 78 percent, and was exceeded 
only by the CARSCOICALLEP marsh community. 

Deschampsia cespitosa was the dominant graminoid, 
often forming large tussocks. Curex atrata and Phleum 
alpinum were also important graminoids. Festuca 
idahoensis was common in stands a t  lower elevations, 
and Carex phaeocephala and Juncus baltccus were 
locally common. The latter may have increased under 
the influence of livestock grazing (Hansen and others 
1995). Mean forb cover was 37 percent. Potentilla 
d~uer.r;~folia, Polygonurn bistortozdes, and Senecio 
crassulus were the most abundant forbs. Cerastium 
aruense, Ranunculus eschscholtzii, and Saxifraga 
oregana were also common. Mertensia crliata was 
abundant in one stand. Mean cover of lichens and 
mosses was 3 percent. 

Soils-Parent materials for these stands were 
sandstone, limestone, quartzite and gneiss. Mean 
depths of litter and duff were 0.4 and 0.8 inch. Gener- 
ally, soils supporting this community type were deep 
with dark, mollic-appearing epipedons and high mois- 
ture content throughout much of the growing season. 
Bare ground and gravel covered 6 percent of the sur- 
face. This type had the lowest coarse fragment content 
of all nonwetland types, ranging from 0 to 19 percent 
with a mean of 8 percent. Texture of the fine fraction 
ranged from fine clay to loamy sand with a modal 
textural class of clay loam. Soil reaction varied from a 
low of 6.0 pH on soiis derived from gneiss to 7.0 pH on 
soils derived from limestone and calcareous sand- 
stone. Mean pH for the type was 6.5. Mean organic 
matter content was 18 percent, mean total nitrogen 
was 0.65 percent, and C:N ratio was 14:l.. 

Productivity-Graminoid productivity varied 
between 850 and 2,350 lbs per acre with a mean of 
938 Ibs per acre. Forb productivity ranged from 180 to 
875 lbs per acre with a mean of 729 lbs per acre. Mean 
total productivity was 1,667 lbs per acre and was 
highest on warmer aspects. 

Other Studies-DESCESIPOTDIV a t  lower eleva- 
tions is very similar in environment and composition 
to Mueggler and Stewart's (1980) Festuca idahoensisl 
Deschampsia cespitosa habitat type. Mueggler and 
Stewart's FESIDAIDESCES probably also encom- 
passes our moist turf community type CARSCI/ 
POTDIV. These authors state that productivity of their 
type probably ranges between 1,200 and 1,500 lbs per 
acre, somewhat lower than the upper range measured 
in our study. Johnson and Billings (1962) described 
wet meadows dominated by D. cespitosa and Carex 
scopularurn in the Beartooth Mountains of south- 
central Montana, and Lesica (1991) reported that drier 
communities dominated by D. cespitosa and Geum 
rossii also occur in this range. In North America, simi- 
lar associations are best developed in the Rocky Moun- 
tains from southern Montana south to New Mexico 
where Baker (1983) reported communities similar in 



dominant vegetation and landscape position. Lewis 
(1970) described alpine meadow communities from the 
Uinta Mountains of Utah dominated by D. cespitosa, 
Polygonurn bistortocdes, and Geum rossii. These types 
differ by having G. rossii dominant instead of P. 
diversifolia and by the greater prominence of Trifo- 
lium spp. Bonham and Ward (1970) and Komarkova 
and Webber (1978) described similar communities in 
Colorado with G. rossii and Trifolium parryi. This 
community type in the Rocky Mountain National 
Park, CO, did not have an abundance of T. parryi; and 
Willard (1979) believes that this species has increased 
under the influence of livestock grazing in unprotected 
areas outside the park. Meadows dominated by D. 
cespitosa are reported for the Cascade Mountains of 
Washington (Harnann 1972 as cited in Willard 1979). 

Hesperochloa kingiil Oxyfropis campesfris 
c.t. (HESKINIOXYCAM; Spike FescuelField 
Crazyweed) 

Environment-HESKINIOXYCAM is a minor type 
occurring a t  9,500 to 9,800 ft on moderate to steep 
slopes, generally with warm aspects (color plate 4). 
Extensive stands of this type occurred only in the 
Beaverhead and Tendoy Mountains, the westernmost 
and driest part of our study area. Although not par- 
ticularly windswept, these areas receive little pre- 
cipitation, and snowmelt occurs early. HESKIN1 
OXYCAM most often occurred in a mosaic of FESIDM 
POTDIV grassland and CARELY turf communities. It 
occurred in stonier soils other than grassland types 
and a t  lower elevations than turf communities. Sub- 
alpine grasslands and shrublands dominated by Arte- 
m i s ~ a  tridentata ssp. uaseyana generally occurred a t  
lower elevations. 

Vegetation-Mean graminoid cover was 37 per- 
cent. He.gperochloa kingii (=Leucopoa kingii, Festuca 
kingii) was the dominant grass. Agropyron spicatum 
and Poa fendleriana were present in all three stands. 
Mean forb cover was 23 percent. Common forbs in- 
cluded 0x.ytropis campestris, Phlox hoodii, Erigeron 
cornpositus, and Cymopterus bipinnatus. The subshrub 
Artemisia frigida was a minor component of all three 
stands, and the shrubsA. tridentata and Chrysotham- 
nus viscidiflorus were minor components in the low- 
est elevation stand that bordered subalpine shrub- 
lands. Mean cover of lichens and mosses was less than 
1 percent. 

Soils-HESKINIOXYCAM occurred only on soils 
derived from calcareous parent material, either lime- 
stone or Beaverhead conglomerate. Mean depths of 
litter and duff were 0.3 and 0.2 inch. Bare ground and 
gravel covered 21 percent of the surface, and rock 
cover averaged 9 percent. Coarse fragments ranged 

from 33 to 65 percent with a mean of 51 percent. The 
modal texture ofthe fine fraction was sandy clay-loam. 
Soil reactionvariedfrom 7.3 to 7.5 pH, withamean pH 
of 7.4. Mean organic matter content was 11 percent, 
mean total nitrogen was 0.35 percent, and C:N ratio 
was 21:l. This community occurred on the shallowest, 
stoniest, and sandiest soils of any grassland type; 
and organic matter and nitrogen levels are only half 
of that in the other two grassland community types. 

Productivity-Graminoid productivity varied be- 
tween 275 and 875 Ibs per acre with a mean of 613 Ibs 
per acre. Forb productivity ranged from 250 to 600 lbs 
per acre with a mean of 399 Ibs per acre. Shrub pro- 
ductivity in the lowest elevation stand was 253 lbs per + 

acre. Mean total productivity was 1,096 lbs per acre, 
appreciably less than that of the other two grassland 
types. 

Other Studies-Although Hesperochloa kingii 
occurs throughout much of the Western United States, 
similar alpine grassland associations have only been 
described for the calcareous ranges of east-central 
Idaho (Caicco 1983; Moseley 1985; Urbanczyk and 
Henderson 1994) and northwestern Utah (Preece 
1950; Ream 1964). In  Idaho where this association is 
more common, two variants based on differences in 
soil stability are recognized (Moseley 1985). 

Turf Communities 
We define turf as vegetation dominated by dwarf, 

fibrous-rooted graminoids, usually Cares spp. 
(Eddlernan and Ward 1984; Johnson and Billings 
1962). May and Webber (1982) have referred to these 
sites as  dry meadow, which seems a contradiction in 
terms because meadows have traditionally been con- 
ceived of as relatively moist (Daubenmire 1968). Forb- 
dominated sites have also been characterized as  turf 
(Thilenius and Smith 1985). Turf communities are 
consistently associated with wind-scouring of winter 
snow, gentle terrain (ridgetops and slope shoulders), a 
dense, generally continuous plant cover, and appre- 
ciable soil development. As wind exposure increases 
and soil becomes more stony and shallow, turf vegeta- 
tion grades into cushion plant communities. 

Carex elynoides c.t. (CARELY; Blackroot 
Sedge) 

EnvironmentCARELY was the most frequently 
sampled c.t. It was found in all eight mountain ranges 
and is undoubtedly the most extensive alpine vegeta- 
tion type in our study area (color plate 5). I t  was most 
extensive in the drier Tendoy, Beaverhead, and 
Snowcrest ranges. CARELY spanned a considerable 
range in elevation, 9,360 to 10,360 ft. All sites, because 



of topographic position and orientation, were inferred 
to be highly wind-impacted and blown free of winter 
snow. More than half of the stands occurred on ridge 
crests or shoulders with less than 20 percent slope. 
Most of the remainder were on moderate to steep 
southwest- to west-facing slopes. This type oftengraded 
to grassland c.t.'s or CARSCIIPOTDIV c.t. of more 
protected, moister sites and cushion plant-dominated 
sites with yet greater wind impact. Mean exposed bare 
soil, gravel, and rock (23 percent) was slightly greater 
than for grassland types; however, sites grading to 
cushion plant communities had as much as  70 percent 
substrate exposure. 

Vegetation-The CARELY community type was 
characterized by a short (<4 inches), usually dense 
ground cover of fibrous-rooted graminoids {average 
canopy cover 46 percent) and forbs. Carex elynoides 
was strongly dominant (100 percent constancy, 27 
percent canopy cover) followed in decreasing order by 
the "turf-formers" Carex rupestris and Festuca ouina. 
Other common graminoids were Calamagrostis pur- 
purascens, Poa glauca, and Hesperochloa kingii. 
Average forb cover was 31 percent, only slightly less 
than that  of grassland types. The dominance of Phlox 
pulvinata and Selaginella densa and the presence 
and occasional dominance of cushion plants set this 
type apart from grasslands. Forbs with high (>50 per- 
cent) constancy included Cymopterus bipinnatus, 
Besseya wyomingensis, Hymenoxys grandiflora, Oxy- 
tropis campestris, Potentilla diversifolia, and P. ouina. 

Soils-Parent materials were predominantly lime- 
stones and calcareous sandstones, but quartzites and 
gneiss were also represented. Mean litter and duff 
depths were, respectively, 0.4 and 0.3 inch. Percent 
of coarse fragments ranged from 8 to 75 percent with 
a mean of 33 percent, a figure intermediate between 
the grassland and cushion plant c.t.'s. Texture of the 
fine fraction ranged from clay to sandy clay-loam, and 
the modal textural class was sandy clay. Soil reactions 
were slightly more basic than those of grasslands 
with a n  average pH of 7.5 for calcareous materials 
and 6.4 for noncalcareous substrates. Mean organic 
matter content was 16 percent, mean total nitrogen 
was 0.57 percent, and C:N ratio was 15:l. 

Productivity-A nearly 10-fold range in produc- 
tivity was recorded for both graminoids (80 to 682 lbs 
per acre) and forbs (115 to 977 lbs per acre). Average 
productivities for graminoids, forbs, and community 
total were, respectively, 398,398, and 796 lbs per acre. 
A cline of decreasing productivity occurred from solid 
turf conditions to near cushion plant conditions. 

Other Studies--Carex elynoides turf communities 
are reported from similar environments in neigh- 
boring ranges in Idaho (Caicco 1983; Moseley 19851, 
other calcareous ranges in Montana (Barnberg and 

Major 1968), the Beartooth Plateau of Wyoming and 
Montana (Johnson and Billings 19621, throughout 
Colorado (Eddleman and Ward 1984; Komarkova 
and Webber 1978; Willard 1979), the Uinta Moun- 
tains of Utah (Lewis 1970), the Great Basin ranges of 
Nevada (Loope 1969), and as far south as New Mexico 
(Baker 1983). Johnson and Billings (1962) consider 
C, elynoides- and G. rossii-dominated turf to be the 
climax vegetation type of their study area. Similar 
vegetation is not reported for the moister ranges to the 
north and west of our study area. 

Carex scirpoidealPofen tilla diversifolia c. t. 
(CARSCIIPQTDIV; Northern Single-Spike 
SedgelDiverse-Leaved Cinquefoil) 

Environment-CARSCI/POTDIV is a moist turf 
type that was found in ranges with higher precipita- 
tion (Gravelly, Snowcrest, Anaconda-Pintlar, and 
Madison). It occurred from 9,300 to 10,320 ft assnci- 
ated with gentle, not nearly so wind-impacted slopes 
as those of the CARELY c.t. Most of the sites had 
evidence of frost-sorting or solifluction lobes (slopes 
>20 percent). We hypothesize these sites are turf 
because they occur in windswept positions (little win- 
ter snow accumulation); but the sites are also moist 
because they are in runoff collecting positions or on 
slopes with low solar insolation (north-facing). CARSCII 
POTDIV grades to CARELY on upper slopes and to 
wet meadows or snowbed communities on wetter sites. 
With the exception of wet meadow c.t.'s, CARSCII 
POTDIV had less exposed soil and rock (4 percent) 
than any other graminoid-dominated c. t .  

Vegetation-Dominance of Carex scirpoidea, C. 
atrata, C.phaeocephala, C. obtusata, or a combination 
of these sedges is diagnostic for this c.t. Graminoid 
canopy cover averaged 66 percent, of which 35 percent 
was C. scirpoidea. Carex elynoides, C, rupestris, 
Festuca ouina, and Calamagrostis purpurascens were 
strongly represented. Agropyron caninum, Luzula 
spicata, and Poa alpina had high constancy and low 
coverage. Average forb cover (47 percent) was high, 
reflecting the favorable moisture status of these sites. 
Forbs with high constancy (150 percent) included 
those more typical of moist sites such as Lloydiu sero- 
tina, Erigeron simplex, Polygonum bistortoides, P. uiui -  
parum, andzigadenus elegans. Other high-constancy 
forbs included Cerastium arvense, Hymenoxysgrandi- 
flora, Lupinus argenteus, Pedicularis parryi, Solidago 
multiradiuta, and most characteristically Potentilla 
diuersifolia. Forbs more typical of dry turf or cushion 
plant communities includedArenaria obtusiloba, 0xy- 
tropis campestris, and Phlox pulvinata. 

Soils--Samples were about evenly divided between 
calcareous (limestone and conglomerate) and non- 
calcareous (basalt, granite, and quartzite) substrates. 



Average litter and duff depths 0.6 and 0.4 inch. Coarse 
fragment content ranged from 0 to 31 percent and 
averaged 9 percent. Texture of the fine fraction ranged 

I from fine clay to sandy clay, and modal texture was 
sandy clay. Soil reaction was strongly conditioned by 
substrate type, averaging 7.2 pH for calcareous and 

I 5.8 pH for noncalcareous types; both values were 
I distinctly lower than for the drier turf types. Mean 
I 

organic matter content was 20 percent, mean total 
nitrogen was 0.73 percent, and C:N ratio was 13:l. 

Productivity-The range in total productivity was 
relatively narrow, 1,127 to 1,426 lbs per acre (average 
1,283 lbs per acre), with graminoids averaging 743 
and forbs 540 1bs per acre. These high values relative 
to the CARELY c.t. (average 796 lbs per acre) further 
substantiate the less stressful, higher moisture sta- 
tus  of the CARSCIPOTDIV c.t. 

Other Studies--Douglas and Bliss (1977) described 
a Carex scirpoidea var. scirpoidea c.t. from the east- 
ern  North Cascades of Washington that is vegetation- 
ally and physiognomically very similar to CARSCII 
POTDIV. However, in the moister Cascadian climate, 
their Carex scirpoidea c.t. represents the dry, early 
snow-free end of an  alpine continuum, occurring on 
well-drained slopes of all aspects. Stand tables from 
Bamberg and Major (1968) show plots for the Big 
Snowy Mountains of Montana that conform to our 
conception of this c.t. 

Carex phaeocephala, C. atrata, and C. albonigra were 
alsodominant in a t  least one stand. Common turfgrarni- 
noids C. rupestris, C. elynoides, and Festuca ovina had 
moderate coverages or high constancy but are much 
less important than in the CARSCI/POTDIVc.t. Other 
graminoids with high constancy were Luzula spicata, 
Poa alpina, P. secunda, and Trisetum spicatum. The 
moister sites supported Deschampsia cespitosa, but 
canopy cover did not exceed 5 percent. CARSCII 
GEUROS forb cover averaged 51 percent, similar to 
that  of CARSCIIPOTDIV. With the exception of 
Geum rossii, which was 100 percent constant and 
averaged 37 percent canopy cover in this type, the 
two C. scirpoidea-dominated turf types had many forb 
species of high constancy or coverage in common, for 
example, Arenaria obtusiloba, Potentilla diuersifolia, 
Phlox puluinata, Polygonu~n bistortoides, Erigeron 
simplex, Lloydia serotina, and Lupinus argenteus. 
Nonetheless, fewer herbaceous species were held in 
common (55) between these two turf types than were 
found to occur uniquely in either one of the two 
community types (63 and 66 herbaceous species). 

Soils-All soils were developed on intrusive igne- 
ous or metamorphosed substrates. CARSCIIGEUROS 
had roughly seven times more exposed soil, gravel, 
and rock than CARSCIPOTDIV. Both litter and duff 
depths were shallow (0.2 inch). Coarse fragment content 
ranged from 6 to 39 percent and averaged 19 percent- 
twice that  of the CARSCIIPOTDIV c.t. Texture of the 
fine fraction ranged from sandy clay to sandy loam, Carex rossii c't' (CARSC" while the modal textural class was sandy clay=loam. 

GEUROS; Northern Single-Spike Sedge1 The pH values were low, averaging 5.9 and ranging 
ROSS' Avens) from 5.5 to 6.3. Mean organic matter content was 14 

Environment-We regard CARSCIIGEUROS as  a 
geographic substrate variant of CARSCIPOTDIV. It  
was a common community type in those relatively 
moist mountain ranges (East Pioneer and Tobacco 
Root) that  were dominated by granitic or metarnor- 
phosed intrusive volcanics (color plate 6). It was also 
found in the Madison Mountains exclusively on gneiss. 
It spanned the full range of alpine elevations, from 
9,300 to 10,320 ft. Sample sites were about evenly 
divided between low gradient slopes and steeper 
slopes. All aspects were represented. Most character- 
istic was some degree of enhanced effective moisture 
through increased snowpack or delayed snowmelt. 
Often CARSCIIGEUROS turf occurred as patches 
scattered among boulders that  act as snow fences, 
creating eddy currents, and increasing snowpack. 
CARSCUGEUROS graded to drier turf types, usually 
CARELY, on more exposed positions and to DRY 
SLOPE or MOIST SLOPE c.t.'s on steeper, unstable 
slopes. 

Vegetation-Graminoid canopy cover averaged only 
37 percent, of which 24 percent was Carex scirpoidea. 

- 

percent, mean total nitrogen was 0.45 percent, and 
C:N ratio was 18:l. Soils were more coarse-textured, 
and organic matter and nitrogen contents were lower 
than other turf communities. 

Productivity-The high degree of variability in 
productivity appears to reflect the variability in ex- 
posed substrate. Total productivity ranged from 236 to 
2,669 lbs per acre and averaged 964 lbs per acre. 
Productivity was 272 and 692 lbs per acre for 
graminoids and forbs. 

Other  Studies-The Carex scirpoidea var. scir- 
poidea c.t. described by Douglas and Bliss (1977) for 
the eastern North Cascades has a strong floristic 
similarity with our CARSCIIGEUROS c.t., except their 
type lacks Geum rossii. However, their CARSCI c.t. 
represents drier portions of moisture and snowmelt 
gradients from a much wetter climatic regime. Con- 
versely, Thilenius and Smith (1985) described as the 
moistest of their Absaroka Mountains alpine sites a 
Geum rossii-Trifoliurnparlyi c.t., with environmental 
parameters resembling those of CARSCLIGEUROS 
but with differing vegetation, having C. scirpoidea 



replaced by C. ebenea. In analogous fashion, the Sange 
de Cristo Mountains of New Mexico support a Geum 
rossii meadow type in whichC. heteromura (=C. atrata) 
and Deschampsia cespitosa are conspicuous compo- 
nents denoting the mesic nature and their similarity 
to our CARSCL/GEUROS c.t. (Baker 1983). Lewis 
(1970) described vegetation dominated by Carex 
scirpoidea, Geum rossii, and Deschampsia cespitosa 
from Utah's Uinta Mountains. Well-drained sites were 
dominated by C ,  scirpoidea, while D. cespitosa domi- 
nated areas of impeded drainage. 

Dryas actopetala /Polygonurn viviparum 
c.t. (DRYOCTIPOLVIV; White Dryasl 
Viviparous BCstort) 

Environment-This minor type was found in both 
the wettest (Anaconda and Madison) and the driest 
(Tendoy) Mol~ntains. Small occurrences of this type 
were noted but not sampled in other mountain ranges. 
This vegetation was generally found on northerly 
facing gentle to steep slopes. Evidence of disturbatice, 
including solifluction, slumps, and earthflows, was 
also common. Only trace amounts of rock were ex- 
posed, but gravel ranged from 5 to 30 percent. 

Vegetation-Mats of Dryas octopetala, ranging in 
cover from 30 to 80 percent, and Salix reticulata (5  to 
20 percent canopy cover) provided the dominant 
aspect. Graminoid canopy cover was low, not exceed- 
ing 5 percent, and was composed of the common turf 
species Cares elynoides, C. rupesfris, and Festuca 
ovina as  well a s  Poa alpina. Average forb cover was 
also relatively low, 14 percent, with dominance 
shared among the diagnostic species (Polygonurn 
uiuiparum, P. bistortoides, Zigadenus elegans, and 
Oxytropis uiscida) for the type. Other forbs with high 
constancy, low coverage, and some degree of fidelity 
to this type were Lloydia serotina, Senecio crassulus, 
Smeloluskia calycina, Oxytropis campestris, and 
Pedicularis cystopteridifolia. Two plots had moss and 
lichen coverages in  excess of 50 percent, adding to 
the impression of a smooth blanket of vegetation. 

Soils-Parent materials were limestone and 
quartzite. Average litter and duff depths were 0.4 
and 0.5 inch. Coarse fragment content ranged from 
8 to 45 percent and averaged 30 percent. Mean tex- 
tural class of the fine fraction was sandy clay. Soil 
reaction for calcareous sites ranged from 7.4 to 7.6 pH; 
the lone quartzite sample was more than one pH unit 
lower a t  6.2. Mean organic matter content was 25 
percent, mean total nitrogen was 0.75 percent, and 
C:N ratio was 18:l. This type had the  highest aver- 
age organic matter  and nitrogen content of any 
nonwetland community in our study. 

Productivity-Of the two plots clipped, the one 
from the rocky site registered only 548 lbs per acre 
(46 percent shrub), whereas the one with only trace 
amounts of exposed rock and soil produced 1,229 Ibs 
per acre (97 percent shrub). 

O t h e r  Studies-Vegetation similar to DRYOCTI 
POLVTV is common in the Canadian Rockies (Achuff 
and Corns 1982; Hrapko and LaRoi 1978). Canadian 
types have a high diversity of lichens and mosses 
and are considered successionally mature. Concen- 
trating on calcareous substrates of several Montana 
ranges, Barnberg and Major (1968) sampled many 
stands of what they termed "zonal alpine vegetation," 
but they did not explicitly group stands into commu- 
nity types. On the basis of their stand tables, it ap- 
pears that DRYOCT/POLVlV is a major c.t. in Glacier 
National Park and Big Snowy Mountains. A similar 
turf type occurs in the Flint Creek Mountains. For the 
Colorado Rockies, Willard (1979) described moist 
fellfield communities dominated by D. octopetala with 
significantp. uiuiparum cover andlichens andmosses, 
but lacking dwarf Salk spp.; she described dwarf 
willow communities as  being confined to snowbed 
environments. 

McGraw (1985) found that  D. octopetala consists of 
a t  least two distinct ecotypes in Alaska: one that  
occurs in cool, moist habitats and one that is found on 
dry, exposed sites. Similar ecotypic differentiation 
would explain the dominance of D. octopetala in the 
relatively cool, moist DRYOCTROLVIV c.t. as well as 
in the drier DRYOCTICARRUP e.t. 

Salix arcticalPolygonum bistortoides c.t. 
(SALARCIPOLBIS; Arctic WillowlAmerican 
Bistort) 

Environment-Though our definition of this c.t. 
is based on only two plots, the fact that  this type is 
recognized elsewhere in the Rocky Mountains allows 
us to compare and interpret our data. Sites occurred in 
the East Pioneer and Anaconda-Pintlar Mountains 
ranges on lower to mid-slopes of gentle terrain. We 
interpret these sites as wetland and turf hybrids in 
terms of both environment and vegetation. Both sites 
were potentially in water-receiving positions; one 
community was intercalated between snowbeds 
upslope and drier turf c.t.'s downslope, while the 
other was develq~ed on an  ephemeral spring with 
spongy ground throughout. Landscape positions of 
SALARCPOLBIG were much like those supporting 
SALRETICALLEP but with a higher probability of 
wind-scouring. Vegetation composition also indicated 
a drier environment than that of SALRETICALLEP. 

Vegetation-These stands were dominated by S a l k  
arctica (50 percent canopy cover) with reducedamounts 



of Dryas octopetala. Moss cover in excess of 50 per- 
cent added to the visual impression of blanket vege- 
tation. Graminoid cover averaged 15 percent, con- 
tributed mostly by Poa alpina and moist-site Carex 
spp., C. albonigra, C. phaeocephala, or C. nova. Forb 
cover averaged 30 percent. The diagnostic forb 
Polygonurn bistortoides (10 percent canopy cover) was 
among several with relatively high coverages, includ- 
ing P. uiuiparum, Geum rossii, Potentilla diuersifolia, 
Aster alpigenus, and Claytonia lanceolata. 

Soils-Parent material included quartzite and 
granite-limestone mix from a contact zone. Average 
litter and duff depths were 0.1 and 0.4 inch. Coarse 
fragment content ranged from 19 to 33 percent. Tex- 
ture of the fine fraction was clay. Soil reactions were 
slightly acid, averaging 6.50 pH. Mean organic mat- 
ter  content was 16 percent, mean total nitrogen was 
0.43 percent, and C:N ratio was 25:l. 

Productivity-Total productivity ranged from 798 
to 1,095 lbs per acre with shrub productivity constitut- 
ing 32 to 81. percent of the total; grarninoid and forb 
cover was 148 and 295 Ibs per acre. 

Other Studies-Sal ix  arctica dominates in some 
snowbed communities of the Canadian Rockies (Achuff 
and Corns 1982; Hrapko and LaRoi 1978). Potentilla 
diuersifolia and Polygonum uiuzparurn were common 
species in their type; however, snowbed indicator spe- 
cies such as Antennaria lanata, Phyllodoce glanduli- 
flora, and Cassiope mertensiana were also common. 
Johnson and Billings (1962) discussed small distur- 
bance sites within moist Deschampsia meadows with 
vegetation very similar to SALARCIPOLBIS (see 
Other Studies section under SALRETICALLEP for 
expanded discussion). For in the Colorado Rockies, 
Willard (1979) described snowbed vegetation domi- 
nated by S. arctica; this community type had high 
cover of Geurn rossii, Polygonum spp., Festuca ouina, 
mosses, and lichens and was more similar to that of 
our study area. Baker (1983) described late snowbank 
communities dominated by S. arctica and S. reticulata 
for the Sangre de Cristo Mountains of New Mexico. 

Cushion Plant Communities 
Cushion plant communities occurred on extremely 

wind-exposed sites, often on ridgetops or saddles. 
Such sites have little winter snow cover and receive 
abundant direct insolation, and a s  a result, were 
the  most xeric high-elevation sites and may be thought 
of as  alpine deserts. Soils on these windy, unproduc- 
tive sites were shallow, stony, low in  organic matter, 
and poorly developed, strongly reflecting the composi- 
tion of the parent material. Wind deflation often re- 
sulted in a gravelly pavement. Cushion plants, with 

their low, compact growth form, were favored in this 
dry, windy, cold environment. Unlike most other habi- 
tats including turf communities, graminoids were 
generally less abundant than forbs. Dryas octopetala, 
a low, mat-forming shrub, dominated one of the com- 
munity types. 

Carex rupestrislPotentilla o vina c.t . 
(CARRUPIPOTOVI; Curly SedgelSheep 
Cinquefoil) 

Environment-CARRUPIPOTOVI occurred on 
exposed, windswept upper slopes, saddles, and ridge- 
tops, nearly restricted to soils developed from calcar- 
eous parent materials in the Beaverhead, Madison, 
Pioneer, and Tendoy ranges. Elevations ranged from 
9,500 to 10,400 ft. CARRUPPOTOVI generally graded 
into the CARELY or CARSCI/POTDIV turf communi- 
ties of deeper soils on more protected slopes. 

Vegetation-Mean graminoid cover was 11 per- 
cent. Important graminoids were Carer rupestris, 
Festuca ovina, and Hesperochloa kingii. Carex ely- 
noides was common in some stands. Mean forb cover 
was 29 percent. Consistently present and often well- 
represented forbs included Potentilla ovina, Arenaria 
obtusiloba, Oxytropis campestris, andPhloxpuluinata. 
Eri tr ichium nanum, Bupleurum arnericanurn, 
Cymopterus bipinnatus, Erigeron cornpositus, and 
Senecio canus occurred consistently but with low 
cover. Trifolium haydenii, Selaginella densa, and 
Silene acaulis were well represented in some stands, 
The shrub Potentilla fruticosa was present in one 
stand. Lichen and moss cover was less than 2 percent. 

Soils-Parent material was quartzite in one stand 
and limestone in the remaining seven stands. Bare 
ground and gravel covered 67 percent of the surface. 
Mean depths of litter and duff were both 0.1 inch. 
Percent of coarse fragments ranged from 40 to 66 
percent with a mean of 57 percent. Texture of the fine 
fraction varied from sandy clay to sandy clay-loam 
with a modal class of sandy clay-loam. Soil pH varied 
from 6.9 to 8.2 with a mean of 7.8; pH from the seven 
plots on limestone varied from 7.5 to 8.2 with a mean 
of 7.9; pH of the single plot on quartzite was 6.9. Mean 
organic matter content was 12 percent, mean total 
nitrogen was 0.34 percent, and C:N ratio was 32:l. 

Productivity-Graminoid productivity varied from 
35 to 253 lbs per acre with a mean of 112 lbs per acre. 
Forb productivity ranged from 89 to 759 lbs per acre 
with a mean of 277 lbs per acre. Mean total productiv- 
ity was 389 lbs per acre. Cushion plant productivity is 
difficult to measure; thus, the forb estimates are only 
rough approximations. However, this community type 
was among the least productive in our study area. 



Color plate 2-1 991, Plot 058: On calcareous 
sandstones at the lower limits of the alpine 
within the Madison Mountains, Festuca 
idahoensislPotentilla diversifolia is an exten- 
sive and productive c.t. This late summer 
phenology emphasizes the graminoid compo- 
nent where F. idahoensis has 60 percent 
canopy cover and litter nearly completely 
blankets the interstices between basal clumps. 

Color plate 1-The crest of Storm 
Lake Pass in the Pintlar Range af- 

1 fords a panoramic view of the Goat 
F,- . -  . . .. . 9 a , .  

I rials VIclnlIy, an exrenslve, rolling, 
i and deceptively homogeneous ap- 

pearing alpine landscape. Eight dif- 
ferent alpine c.t.'s were sampled 
within a half mile radius. 

Color plate 3--1989, Plot 002: The 
Deschampsia cespitosd Potentilla diversiifoa 
c.t. is the most productive of upland grami- 
noid-dominated vegetation types. The 
graminoid component is rather intact com- 
pared to lower elevation Deschampsiadomi- 
nated sites where cattle are the primary 
grazers, as opposed to sheep, in alpine 
habitats. 



Color plate 4--1989, Plot L067: In the Lima 
Peaks vicinity of the Tendoy Mountains, al- 
pine grasslands are extensive; on coarse- 
textured (excessively drained) and somewhat 
unstable substrates, the Hesperochloa kingii/ 
Oxytropis carnpestrisc.t. (entire area of photo) 
is often the characteristic c.t. with Festuca 
idahoensislPotentilla diversifolia occupying 
adjacent, less droughty habitats. 

Color plate 5 1  989, Plot LO1 7: In the Gravelly 
(shown here), Beaverhead, and Tendoy Moun- 
tains, where large expanses of calcareous sub- 
strates obtain, turf types, especially the Carex 
elynoides c.t., are by far the most extensive of 
alpine habitats. The C. elynoides c.t. pictured 
stretches from the sampling point to the far 
horizon along the upper one-third of the ridge 
and is dominated by a fibrous rooted sward of C. 
elynoides and the cespitose Festuca ovina; the 
showy forb Hyrnenoxys grandiflora has less than 5 
percent canopy cover. 



Color plate 6 1 9 9 1 ,  Plot 004: In upper 
alpine habitats on the granitic substrates of 
the East Pioneer Range, Carex scirpoideal 
Geum rossiiis a common moist turf c.t. In this 
photograph, the early season phenology is 
emphasized by the lush deep green of the 
forbcomponent, especially G. rossiiin bloom. 

Color plateGI  991, Plot 21 :This northwest 
exposure on limestone at 9,900 ft in the East 
Pioneer Range exemplifies the dry extreme 
of the Dryas octopetalalCarex rupestris cush- 
ion plant c.t. Small clones of D. octopetala 
have colonized the riser portion of a slope 
patterned at a microscale with treads and 
risers. 

Color plate 7-1 991, Plot 35: A typical 
cushion plant community (Geum rossii- 
Arenaria obtusiloba) on a ridge shoulder in 
the Tobacco Root Mountains. With its near 
ridge crest and southwestern exposure, 
this site is undoubtedly severely wind-im- 
pacted as evidenced by the diminutive 
growth form of the vegetation and by the 
high percentage (more than 75 percent) of 
exposed gravel and rock. 

Color plate 9-1 991, Plot 029: The Carex 
nigricans c.t. (tawny brown portion in mid- 
ground with clipboard) is typically associ- 
ated with the longest persisting snow 
patches, such as occur in concavities. The 
grey-green vegetation at periphery of 
C. nigrican c.t. is the visually distinctive 
Antennaria lanata within a band of the 
Juncus drummondiilA. lanata c.t., typical 
of sites where snow ablation is earlier. 



Color plate 1&1991, Plot 061 : Lush, highly 
productive wetland (Carex scopulorumlCaltha 
leptosepala c.t.) dominated by C. scopulorum, 
Deschampsia cespitosa, and Senecio 
cymbalarioidessurrounds alpine tarn in the Madi- 
son Mountains; soils are continuously saturated 
and gleyed to the surface. 

Color plate 11-1 991, Plot 060: This solifluction 
lobe at 10,200 ft in the Madison Mountains is 
carpeted with Salix reticulatalCaltha leptosepala 
c.t., typical of high-elevation snowbed sites. Wa- 
ter percolating through the solifluction lobe and 
from surrounding fellfields feeds the alpine wet- 
land (Carex scopulorurnlCaltha leptosepala) in 
the foreground. 

Color plate 12-1 991, Plot 047: Salix planifolial 
Carex scopulorum c.t. is a common component of 
high subalpine to alpine wetland habitats. Though 
Salixplanifolia height does not exceed 4 to 5 dm, 
even in the most favorable of environments, this 
is still the tallest alpine type. 



Other  S t u d i e d a r e x  rupestris commonly domi- 
nates windswept fellfields in the Rocky Mountains. 
Lewis (1970) described cushion plant communities in the 
Uinta Mountains of Utah dominated by C. rupestris, 
Festuca ovina, and cushion plants such as Silene 
acaulis and Trifolium nanum. Willard (1979) de- 
scribed a dry turf associationdominated by C. rupestris, 
Potentilla nivalis, and Silene acaulis for the Rocky 
Mountain National Park in Colorado. Komarkova and 
Webber (1978) reported a fellfield community domi- 
nated by C. rupestris and Kobresia myosuroides from 
Niwot Ridge, CO. Baker (1983) described a C. rupestris- 
cushion community for the Sangre de Cristo Moun- 
tains of New Mexico. Moseley (1985) described simi- 
lar limestone fellfields dominated by C. rupestris 
and Potentilla ovina from east-central Idaho, while 
Urbancyzk and Henderson (1994) reported cushion 
plant communities dominated by C. rupestris in the 
Lernhi Mountains of Idaho, but P. ovina was uncom- 
mon (Henderson, personal communication). 

In our study area, CAFtRUPffOTOVI is mainly 
confined to calcareous parent materials; and Poten- 
tilla ouina, one of the dominant forbs, is a calciphile at  
high elevations. In the limestone mountains to the 
north, most C. rupestris associations support Dryas spp. 
as an  important component (Achuff and Corns 1982; 
Bamberg and Major 1968). To the east and south ofour 
study area, C. rupestris fellfield communities on crys- 
talline parent material are often codominated by Geum 
rossii or Dryas octopetala (Bliss 1956; Johnson and 
Billings 1962; Willard 1979) and are more similar to 
our GEUROSIAREOBT c.t. The CARRUPPOTOVI 
c.t. may be endemic to limestone ranges of southwest- 
ern Montana and adjacent east-central Idaho. 

Geum rossii-Arenaria obtusiloba c.t. 
(GEUROS-AREOBT; Ross' Avens-Arctic 
Sandwort) 

Environment-GEUROS-AREOBT was common 
on exposed, windswept upper slopes, saddles, and 
ridgetops between 9,800 and 10,400 R in the Pioneer 
and Tobacco Root ranges (color plate 7). This type 
occurred only on soils developed from crystalline par- 
ent material. This sparsely vegetated association usu- 
ally graded into the CARSCUGEUROS turf commu- 
nity in deeper soils on more protected slopes. 

Vegetation-Mean graminoid cover was only 4 per- 
cent. Festuca ovina was the only graminoid commonly 
present in appreciable amounts. Luzula spicata and 
Carex elynoides had low coverage but were frequent, 
and Carex rupestris and Triseturn spicaturn were lo- 
cally common. Mean cover of forbs was 30 percent. 
Geum rossii had the greatest constancy and cover of 
any forb. Arenaria obtusiloba, Eritrichium nanum, 
Phlox pulvinata, and Silene acaulis were common 

cushion plants. Selaginella &ma and S. watsonii 
were locally abundant. Trace amounts of the shrubs 
Ribes hendersonii and Dryas octopetala occurred in 
one stand. Cover of mosses and lichens was less than 
1 percent. 

Soils-Parent materials were granite and quartz- 
ite. Bare ground and gravel covered 47 percent of the 
surface. Mean depths of litter and duff were both less 
than 0.1 inch. Percent of coarse fragments varied 
from 355 to 70 percent with a mean of 49 percent. 
Textural classes of the fine fraction ranged from sandy 
clay-loam to sand with a modal class of sandy loam. 
Soil pH ranged from 6.2 to 6.6 with a mean of 6.4. 
Mean organic matter content was only 8 percent, 
mean total nitrogen was 0.24 percent, and C:N ratio 
was 20:l. Soils had a sandier texture and lower levels 
of organic matter and nitrogen than most other com- 
munity types sampled. 

Productivity-Graminoid productivity ranged 
from 0 to 118 lbs per acre with a mean of 41 lbs per acre. 
Forb productivity varied from 192 to 651 lbs per acre 
with a mean of 453 lbs per acre. Mean total productiv- 
ity was 494 lbs per acre. Cushion plant productivity is 
difficult to measure; thus, the forb estimates are only 
rough approximations. The low total productivity re- 
flects the small graminoid contribution. 

Other Studies---Fellfields and cushion plant com- 
munities similar to GEUROS/AREOBT are common 
in the Rocky Mountains of southern Montana south to 
Colorado. Barnberg and Major (1968) described a fell- 
field community from the Flint Creek Mountains of 
Montana dominated by G. rossii, Carex elynoides, 
Lupinus argenteus, and PotentilLa concinna. Cushion 
plant communities in the Beartooth Mountains of 
Montana and Wyoming are dominated by G. rossii, 
Carex rupestris, Arenaria obtusiloba, Silene acaulis, 
and Trifolium nanum (Johnson and Billings 1962; 
Lesica 1991), Bliss (1956) described ridgetop vegeta- 
tion in the Medicine Bow Mountains of Wyoming 
dominated by Carex rupestris and cushion plants 
such as Paronychia pulvinata, Selaginella &nsa, 
Arenuria obtusiloba, Phlox caespitosa, and Trifolium 
dmyphyllum. Geum rossii was present but of second- 
ary importance. Similar plant associations with vary- 
ing amounts of Geum rossii have been described from 
Wyoming's Absaroka Mountains (Thilenius and Smith 
1985) and the Uinta Mountains in Utah (Lewis 1970). 
In the Rocky Mountains of Colorado, exposed ridges 
and fellfields are dominated by cushion plants such 
as Trifolium dasyphyllunt, Paronychia puluinata, 
Silene acaulis, and Arenaria obtusiloba a s  well as 
Carex rupestris and Kobresia myosuroides (Komarkova 
and Webber 1978; Willard 1979). Geum rossii is domi- 
nant in turf communities but is of secondary impor- 
tance in cushion plant associations in these areas. 



Dryas octopetalalCarex rupestris c.t. 
(DRYOCTICARRUP; Mountain Avensl 
Curly Sedge) 

Environment-This sparsely vegetated commu- 
nity type occurred on broad ridgetops, shoulders, 
saddles, and upper slopes a t  9,200 to 9,700 ft in the 
Pioneer and Anaconda ranges (color plate 8). Distinct 
patterning was apparent, with Dryas octopetala form- 
ing mats surrounded by bare ground or rock pave- 
ment. Mats were either evenly spaced or aligned along 
the edge of stepped terraces or windrows. Bamberg 
and Major (1968) report that Dryas mats in the Big 
Snowy Mountains of Montana demonstrated appre- 
ciable yearly downslope movement. However, wind- 
rows at Siyeh Pass in Glacier Park were relatively 
stable. DRYOCTICARRUP usually occurred in a ma- 
trix of dry or moist turf communities such as CARELY 
or CARSCIPOTDIV. This community type is closely 
related to DRYOCTIPOLWV, and the two may inter- 
grade. However, DRYOCTROLVIV occurred on wet- 
ter sites, had higher total vegetal cover, and had more 
species such as  Salix reticulata, Polygonurn spp., and 
Poa alpina, indicative of more mesic conditions. 

Vegetation-Mean cover of dwarf shrubs was 38 
percent. Dryas octopetala was the only common shrub 
species; Cassiope rnertensiana, Potentilla fruticosa, 
and Salix arctica each occurred in one stand. Mean 
graminoid cover was 13 percent. Common species 
included Carex rupestris and C. elynoides. Calama- 
grostis purpurascens, Festuca ovina, and Poa secunda 
were locally distributed. Mean forb cover was only 
1 5  percent, the second lowest value among all 
community types. Oxytropis campestris and Phlox 
puluinata were common species found in most 
stands. Arternone drummondii, Arenaria obtusiloba, 
Douglasia montana, Geum rossii, Oxytropis uiscida, 
Potentilla diuersifolia, Zzgdnus  elegans, and Se- 
laginella densa were common in some stands. Cover of 
mosses and lichens was less than 1 percent, 

Soils-Parent materials were limestone, granite, 
and quartzite, with limestone predominating. Bare 
ground and gravel covered 40 percent of the surface. 
Mean depths of litter and duff were both 0.1 inch. 
Percent of coarse fragments ranged from 33 to 54 
percent with a mean of 42 percent. Texture of the fine 
fraction varied from sandy clay to sandy clay-loam, 
and modal texture was sandy clay, Soil pH ranged 
from 6.2 to 7.8 with ameanof7.3. Meanorganicmatter 
content was 12 percent, mean total nitrogen was 0.34 
percent, and C:N ratio was 36:l. Soils were erodible 
and often unstable. Sandy clay-loam soils that were 
derived from calcareous parent materials often showed 
evidence of frost churning. 

Productivity-Our estimates are based on only 
three stands, and two of these stands were on barren 

soils derived from partially metamorphosed lime- 
stone. These soils likely have unusual physiochemical 
properties that  deter plant establishment and growth. 
Consequently, our production estimates for this type 
are probably low. Shrub productivity varied from 44 to 
651 lbs per acre with a mean of 157 lbs per acre. 
Graminoid productivity ranged from 15 to 89 lbs per 
acre with a mean of 33 Ibs per acre. Forb productivity 
varied from 8 to 148 lbs per acre with a mean of 43 lbs 
per acre. Total productivity averaged 233 Ibs per acre. 

. 

O t h e r  Studies-Achuff and Corns (1982) described 
an alpine type from the Canadian Rockies dominated 
by Dryas octopetala and Kobresia myosuroides, but 
this community has many mesic site indicators and is 
more similar to our DRYOCTPOLVIV. Douglas and 
Bliss (1977) described Dryas fellfields from the North 
Cascades Mountains of Washington. Only a handful of 
species, including D. octopetala, Festuca ouina, and 
Arenaria obtusiloba, were common. Associations domi- 
nated by D. octopetala, Carex rupestris, C, elynoides, 
and C. scirpoidea occur in the Big Snowy and Flint 
Creek Mountains of Montana (Bamberg and Major 
1968). Dryas communities in Glacier National Park, 
MT, appear compositionally intermediate between 
those in the Flint Creek Mountains and those of the 
Canadian Rockies (Bamberg and Major 1968; Choate 
and Habeck 1967). Johnson and Billings (1962) stated 
that D. octopetala colonizes wind-eroded sites and is 
very limited on the Beartooth Plateau of south-central 
Montana and adjacent Wyoming. Urbanczyk and 
Henderson (1994) described vegetation dominated by 
D. octopetala and C. rupestris on steep north slopes 
below snowbanks in Idaho's Lemhi Mountains. Com- 
munities dominated by D. octopetala and Carex 
rupestris from the Rocky Mountains of Colorado are 
associated with high levels of calcium according to 
Komarkova and Webber (1978) and Willard (1979), 
but Eddleman and Ward (1984) found no such relation- 
ship. Festuca ouina, Geum rossii, Silene acaulis, and 
Trifolium nanum are also common in the Colorado 
types. 

Our two Dryas-dominated types, DRYOCTICARRUP 
and DRYOCTIPOLVIV, appear to be a t  the drier and 
wetter ends of a moisture gradient. DRYOCTICARRUP 
predominates in relatively dry mountain ranges of 
the Central and Northern Rockies and on the east side 
of the Cascades, while DRYOCT/POLW is more 
common in the Canadian Rockies and the wetter 
ranges of the Northern Rockies (see Other Studies 
section under DRYOCTPOLVIV). 

Slope Communities 
Two stand groupings, DRY SLOPES and MOIST 

SLOPES, are not named for dominant or diagnostic 
species. There were no species assemblages that  



/ characterized these sites; rather, composition was 

1 derived from the flora of adjacent communities. How- 

J ever, member stands occupied similar, relatively un- 
stable environments. Frequent natural disturbances, 
such as avalanche-scouring, slumping, and erosion, 
prevent zonal vegetation types from establishing. Con- 
sequently, these sites were generally occupied by a 
sparse complement of species from adjacent vegeta- 

i 
tion types adapted to the particular local disturbance 

1 regimes. These sites were common and easily recog- 

i nized by their sparse cover and usually steep topo- 
graphic positions. 

j 
i 

Dry Slopes 

Environment-These species assemblages oc- 
curred in all ranges and were most abundant in the 
Tendoy and Tobacco Root Mountains. Elevations 
ranged from 9,580 to 10,530 ft. Slopes were almost 
uniformly steep, inclination averaging 50 percent, 
and their aspects, with but two exceptions, were south- 
east through west. None of the sites had less than 
55 percent exposed soil, gravel, and rock. The domi- 
nant aspect was exposed gravel (39 percent mean) 
with lesser amounts of exposed soil (18 percent mean) 
and rock (25 percent mean). 

Vegetation-Vegetative cover of these sites was 
usually low ( ~ 2 0  percent); however, a few stands with 
higher cover inflated the averages. Average cover by 
life form was shrubs 1 percent, graminoids 10 percent, 
and forbs 25 percent. Agropyron scribr~eri was the one 
species with both higher constancy and higher cover- 
age in the DRY SLOPE type than in the other c.t.'s; 
this grass appeared to be associated with gravelly, 
unstable slopes, but can also be found in stable, calcar- 
eous habitats (Henderson, personal communication). 
Other graminoids with greater than 50 percent con- 
stancy were Festuca ovinu, Poa glauca, P. secunda, 
and Trisetum spicaturn. Forbs with a t  least 50 percent 
constancy were Achillea millefolium, Hymenoxys 
grandiflora, Lomatium cous, Phlox pulvinata, Poten- 
tilladiversifolia, Sedum lanceolutum, andSmelowskia 
calycina. If present a t  all, moss and lichen cover did 
not exceed trace amounts. 

Soils-Parent materials included limestone, cal- 
careous sandstone, quartzite, granite, basalt, and 
gneiss. The only litter and duff present were immedi- 
ately under vegetation canopies. Coarse fragment 
content ranged from 31 to 79 percent, averagmg 55 
percent. Texture of the fine fraction ranged from 
sandy clay to loamy sand, and modal texture was 
sandy clay-loam. Relative lack of substrate weather- 
ing was reflected in high soil reactions for both calcar- 
eous and noncalcareous sites, 7.7 and 6.6 pH. Mean 

organic matter content was only 8 percent, mean total 
nitrogen was 0.27 percent, and C:N ratio was 20:l. 

Production-Total production ranged from 207 to 
964 Ibs per acre, averaging 657 lbs per acre, with forb 
production (494 lbs per acre) far outstripping that of 
graminoids (163 lbs per acre). I t  is instructive to note 
that grass and forb coverage values of dry slopes 
approximate those of cushion plant communities, but 
dry slope production is twice as great. Greater dry 
slope production is due to a predominance of upright 
growth forms as opposed to cushion plants. 

Other Studies-Diverse plant assemblages occur- 
ring on sparsely vegetated slopes have been reported 
for Washington's Cascades ('Douglas and Bliss 1977). 
They found high beta diversity in this group of stands 
and that clustering and ordination techniques did not 
yield meaningful insight into community structure 
and classification. They also found that composition of 
sparsely vegetated slopes was most dependent on 
species comprising immediately adjacent communi- 
ties. We hypothesize that similar, open, early sera1 
stands occur in most mountain ranges, but their fate 
is the "no-fit" category, and thus they go unreported in 
the literature. 

Caicco (1983) and Moseley (1985) described an Agro- 
pyron scribneri c.t. of east- and south-central Idaho 
that is floristically and environmentally similar to 
about half ofour stands. Their sites are also charactes- 
ized by unstable surfaces but occupy a variety of 
landscape positions, including snowbeds. Moseley 
( 1985) described a Hesperochloa Kingii c. t., unstable 
phase, on gravelly soils that is similar to several of 
our plots from the Gravelly and Beaverhead Moun- 
tains. We speculate that the DRY SLOPES commu- 
nity type is environmentally similar to the "dry fellfield" 
of Colorado's Front Range, described as having dis- 
continuous or no winter snow cover, a growing season 
exceeding 3 months, windswept exposures, and often 
severe soil erosion (Eddleman and Ward 1984; Isard 
1986; May and Webber 1982). Because our sites were 
seldom cushion plant-dominated, we infer our dry 
slopes to be less windswept than those of Colorado. 

Moist Slopes 

Env i ronmen tTh i s  environmental type was ob- 
served in all study area ranges and sampled on the 
Gravelly, Snowcrest, Tendoy, Tobacco Root, and 
Madison Mountains. Sites were moderate to steep, 
straight slopes with predominantly northerly expo- 
sures. This type usually extended from mid-slope 
positions to the slope shoulder where it frequently 
graded into turf or cushion plant communities. Ele- 
vations ranged from 9,480 to 10,000 ft. Besides having 



cooler slope exposures, MOIST SLOPES differ from 
DRY SLOPES by havingeven more exposed substrate 
(90 percent average), a much reduced fraction of rock 
(8 percent average), and a much higher percent of 
exposed soil (53 percent) and gravel (29 percent). We 
speculate that  these are snowbed sites of varying 
degree due to their upper lee slope positions, cooler 
exposures, and moist to wet soils. The steeper sites 
were abundantly rilled or gullied and also exhibited 
extensive sheet erosion; features which are to be 
expected with rapid snowmelt and consequent over- 
land flow on these steep, sparsely vegetated sites. 

Vegetation-Vegetative cover was reduced- 
canopy cover was only 12 percent for graminoids and 
29 percent for forbs. Sites with the longest persisting 
snowpack had less than 10 percent total canopy cover. 
Like the DRY SLOPES, there were no characteristic 
species. Rather, the composition was apparently drawn 
from surroundingcommunities. Only four graminoids, 
Deschampsca cespitosa, Agropyron caninurn, Poa 
alpina, and P. fendleriana, had more than 50 percent 
constancy, but coverage seldom exceeded 5 percent. 
Moist-site graminoids with relatively high coverage 
were Carexpaysonis, C. haydenii, and C.phaeocephala. 
Forbs with a t  least 50 percent constancy wereAchillea 
millefolium, Agoseris glauca, Lupinus argenteus, Po- 
tentilln d~uersifolia, Senecio cra.ssulus, and Solidago 
multirudiata. In addition to L. argenteus and P. 
diversifolza, other forbs that dominated a t  least two 
stands wereA.st~r folzaceus, Erigeron ursinus, Ranun- 
culus eschscholtzi~, and S~hbaldla procumhens; the 
last three species were also often associated with snow- 
bed communities described for the study area. Only 
trace amounts of mosses and lichens were recorded. 

Soils-Parent materials included gneiss, quartzite, 
sandstone, calcareous sandstone, and limestone. Trace 
amounts of litter and duff were found only under 
individual plants. Coarse fragment content ranged 
widely, from 5 to 71 percent, and averaged 31 percent. 
The two stands with the lowest coarse fragment con- 
tent (5 and 6 percent) were probably snowbed areas 
and had extensive pocket gopher(Thornomys talpoides) 
workings and soil erosion. Texture of the fine fraction 
ranged from clay to sandy loam; the  modal textural 
class was sandy clay-loam. Soil reaction for both cal- 
careous (7.3 pH) and noncalcareous (6.5 pH) sub- 
strates tended to be lower than for DRY SLOPES. 
Mean organic matter content was only 9 percent, 
mean total nitrogen was 0.18 percent, and C:N ratio 
was 17: 1. Levels of organic matter and nitrogen were 
lower than for most other community types sampled. 

Productivity-Total production ranged from 391 
to 1,104 lbs per acre; average production total was 

646 lbs per acre; and component fractions averaged 
479 lbs per acre for forbs, 167 lbs per acre for grarninoids, 
and were very similar to DRY SLOPES values. 

Other Studies-In terms of site parameters, veg- 
etation coverage, and productivity values, WET 
SLOPES are like Sibbaldia-Selaginella snowbed com- 
munities described for Colorado's Front Range 
(Eddleman and Ward 1984; Isard 1986; May and 
Webber 1982) but they differ by lacking Selaginella , 

densa and lichens, described as dominant ground 
cover in Colorado types (see DRY SLOPES section). 

Snowbed Communities 
Prevailing winds from the southwest and west inter- 

act with topography to cause snow to accumulate in 
consistent patterns behind small ridges, on upper lee 
slopes, and in depressions. Plants in these snow 
accumulation areas are well protected during the 
winter and generally receive more moisture than sur- 
rounding zonal vegetation. In addition, late snow 
release results in a shortened growing season and in 
soils that  remain cold and often near saturation dur- 
ing much of the season. The depth of accumulated 
snow determines the interplay among these factors 
and results in a relatively large number of communi- 
ties associated with this habitat, varying from sparsely 
vegetated forb-dominated communities to dense 
graminoid sods and moist dwarf shrub types. Differ- 
ent types may intergrade in an intricate mosaic re- 
lated to broken topography or may form concentric 
patterns on more even terrain (Holway and Ward 
1963; Johnson and Billings 1962). In extreme cases, 
late persisting snow precludes most vascular plant 
growth. We did not sample these "snow barrens." 

Carex nigricans c.t. (CARNIG; Black 
Alpine Sedge) 

Environment-CARNIG was found between 9,500 
and 10,000 ft in the Anaconda, Madison, Pioneer, and 
Tobacco Root Mountains-the wettest ranges in our 
study area. This distinctive community occurred on 
nearly level sites a t  the base of slopes and in swale 
and valley bottoms where blowing snow is deposited 
and meltoff does not occur until well into the growing 
season. CARNIG occupied sites with perennially moist 
or saturated soil and with the shortest snow-free 
season of any snowbed c.t. In 1991, many of our stands 
had just begun to green-up in late July. CARNIG 
usually occurs in a matrix of small patches of wet- 
land or other snowbed communities (color plate 9). 
DESCESICALLEP, CARSCO/CALLEP, JUNDRUI 
ANTLAN, and PHYEMP/ANTLAN were often adjacent. 



Vegetation-Mean graminoid cover was 83 per- 
cent. Carex nigricum was the absolute dominant with 
a mean cover of 76 percent. Other frequent but less 
abundant graminoids were Juncus drummondii, 
Phleum alpinum, and Carex paysonis. Forbs had a 
mean cover of 21 percent. The most common species 
were Caltha leptosepala, Antennaria lanata, and Eri- 
geron peregrinus. No forb species occurred in all four 
stands, and only one, A. lanata occurred in three out 
of four stands. The dwarf shrubs Phyllodoce empetri- 
formis and P. glandulzflora were present in small 
amounts in two stands, andSalix arctica was common 
in one stand. Mean cover of mosses and lichens was 
less than 1 percent. 

Soils-Parent materials were limestone, granite, 
and gneiss. Bare ground and gravel covered only 
2 percent of the surface. Mean depths of litter and duff 
were 0.4 and 0.2 inch. Percent of coarse fragments 
were always less than 10 percent with a mean of 
3 percent. Modal texture of the fine fraction was 
sandy clay. Soil pH was 6.5 a t  the limestone site and 
varied between 5.8 and 6.2 when parent materials 
were crystalline. Mean pH was 6.2. Mean organic 
matter content was 15 percent, mean total nitrogen 
was 0.36 percent, and C:N ratio was 20:l. Soils in late 
July of 1992 were always wet and cold. 

Productivity-Due to retarded phenology in 1991, 
we measured productivity in only two stands. Grami- 
noid productivity had a mean of 375 lbs per acre, and 
forb productivity had a mean of 275 lbs per acre. Mean 
productivity of dwarf shrubs was 22 lbs per acre. Mean 
total productivity was 650 lbs per acre. Carex nigricans 
was not fully mature when we clipped plots in these 
stands; thus, our estimates of graminoid and total 
productivity are low. 

O t h e r  Studies-Communities dominated by Carex 
nigricans have been described for Banff and Jasper 
National Parks in Alberta, Canada (Achuff and Corns 
1982; Hrapko and LaRoi 1978)- Compositionis similar 
to our CARNIG c.t., although Luzula wahlenbergii 
(=L. piperi) was a common component of the Canadian 
types. Carex nigricans communities are more widely 
distributed in the Canadian Rockies, often occurring 
on slopes as well as level areas. Communities similar 
to CARNIG are also common in the North Cascades of 
Washington (Douglas 1972; Douglas and Bliss 1977). 
Luetkea pectinata and bryophytes were common in 
the North Cascades type. Rottman andHartman (1985) 
reported a n  association dominated by C. nigricans 
occurring in the center of sorted stone polygons in the 
San Juan  Mountains of Colorado. Sibbaldia pro- 
cumbens, Artemisia scopulorum, and Juncus drum- 
mondii were other common species. Carex nigricans 
snowbed communities appeared to be most common 
to the north and west of our study area. 

Juncus drummondiilAntennaria lanata c.t. 
(JUNDRUIANTLAN; Drummond's Rush1 
Woolly Pussytoes) 

Environment-Small  examples of JUNDRUI 
ANTLAN were common in depressions in valleys and 
cirque basins between 9,600 and 10,000 ft in the 
Madison Mountains. This community was always as- 
sociated with areas of late snowmelt; however, meltoff 
probably occurs earlier than in communities domi- 
nated by Carer nigricans. JUNDRUIANTLAN was 
often part of a vegetation mosaic resulting from un- 
even snow deposition. Commonly associated commu- 
nities were moist turf, wetland, and other snowbed 
associations such as CARSCIIGEUROS, CARSCO/ 
CALLEP, CARNIG, and PHYEMPIANTLAN. 

Vegetation-Mean graminoid cover was 30 per- 
cent. Dorninantgraminoids were Juncusdrummondii, 
Poa fendleriana, and Carer paysonis. Carex pyre- 
naica was locally common. Mean cover of forbs 
was 37 percent, and common species included Anten- 
nuria lanata, Sibbaldia procumbens, and Erigeron 
peregrinw. Arnica latifolia was common in one stand. 
The shrub Vaccinium scoparium was also common in 
this same stand. Mean cover ofrnosses and lichens was 
2 percent. 

Soils-Parent materials were gneiss and granite. 
Bare ground and gravel covered 50 percent of the 
surface. Mean,depths of litter and duff were both 
0.1 inch. Percent of coarse fragments ranged from 6 to 
17 percent with a mean of 13 percent. Modal texture 
of the fine fraction was sandy clay. Although they 
occurred in topographically low positions, these rela- 
tively barren and unproductive communities were 
apparently underlain by shallow and perhaps exces- 
sively well-drained soils. Soil pH ranged from 6.0 to 
6.1 with a mean of 6.1. Mean organic matter content 
was 12 percent, mean total nitrogen was 0.21 percent, 
and C:N ratio was 24:l. 

Productivity-Graminoid productivity varied be- 
tween 200 and 270 Ibs per acre with a mean of 237 lbs 
per acre. Forb productivity ranged from 150 to 860 Ibs 
per acre with a mean of 460 lbs per acre. Productivity 
of dwarf shrubs in one stand was 30 lbs per acre. Mean 
total productivity was 726 Ibs per acre. Highest pro- 
ductivity occurred on the deepest soils. 

Other  Studies-Antennaria lanata is a common 
component of snowbed communities in the North 
Cascades Mountains and Canadian Rockies, but co- 
dominant species are Carex nigricans or dwarf shrubs 
such as  Cassiope or Phyllodoce spp. rather than 
Juncus drummondii (Achuff and Corns 1982; Douglas 
and Bliss 1977; Hrapko and LaRoi 1978). Snowbed 
communities dominated by Juncus drummondii with 



Carex pyrenaica and Sibbaldia procumbens occur in 
the Rocky Mountains of Colorado (Komarkova and 
Webber 1978; Willard 1979); however, Antennaria 
lanata is not listed for the Colorado associations. 
Lesica (1991) reported communities very similar to 
JUNDRUIANTLAN from the eastern edge of the 
Beartooth Mountains in south-central Montana. I t  
appears that  Juncus drummondii dominates snow- 
bed communities in the central Rocky Mountains, 
while Antennaria lanata occupies a similar niche in 
the Canadian Rockies and the North Cascades. The 
two species codominate snowbed associations in the 
crystalline ranges of southern Montana. 

Phyllodoce empetriformislAntennaria 
lanata c.t. (PHYEMPIANTLAN; Mountain- 
HeatherIWoolly Pussytoes) 

Environment-PHYEMP/ANTLAN was locally 
common on gentle to moderate protected slopes be- 
tween 9,200 and 10,100 ft in the Anaconda, Madison, 
and Pioneer Mountains and is associated with crystal- 
line parent materials in these wetter ranges of our 
study area. These sites are undoubtedly well covered 
by snow during the winter, and meltoff probably 
occurs relatively late in the season, although not as 
late as in the CARNIG c.t. In addition to other snow- 
bed associations such as CARNIG and JUNDRUI 
ANTLAN, PlWEMP/ANTLA.N often grades to moist 
turf communities such as SALARCIPOLBIS and 
CARSCI/GEUROS. A typical toposequence on a lee 
slope might be CARSCI/GEUROS on the lower slope, 
PHYEMP/ANTLAN at  the base of the slope, with 
CARNIG in the bottom. 

Vegetation-Dwarf shrubs provide the dominant 
aspect with a mean cover of 55 percent. Phyl2odoce 
empetriformis and Vaccinium scoparium were com- 
mon in all four stands, while P. glanduliflora and 

6.1. Mean organic matter content was 14 percent, 
mean total nitrogen was 0.30 percent, and C:N ratio 
was 23: 1. Soils underlying PHYEMPIANTLAN were 
relatively deep and generally still moist in late July. 

Productivity-We measured productivity in  only 
two stands; the heather species proved difficult to clip 
accurately. Thus, our production estimates are only 
rough approximations. Mean shrub productivity was 
166 lbs per acre. Graminoid productivity had a mean 
of 133 lbs per acre, and forb productivity had a 
mean of 104 lbs per acre. Mean total productivity was 
403 Ibs per acre. 

O t h e r  Studies-Mountain-heather communities 
similar to PHYEMPIANTW have been reported for 
B a d  and Jasper National Parks in  the Canadian 
Rockies by Achuff and Corns (1982) and Hrapko and 
LaRoi (1978). The Cana&an types had similar com- 
position, but Phyllodoce glanduliflora and Cassiope 
mertensiana were the dominant heather species. 
Mountain-heather communities from the North Cas- 
cades Mountains of Washington are more similar to 
our PHYEMPIANTLAN (Douglas 1972; Douglas and 
Bliss 1977). Whereas Douglas (1972) combined all 
Phyllodoce- and Cassiope-dominated associations 
into one community type, Douglas and Bliss (1977) 
designated separate community types dominated by 
P. empetriformis, P.glanduliflora, and C. mertensiana. 
In the North Cascades Mountains where snowpack is 
much higher than most areas of the Northern Rockies, 
these communities are not confined to areas of late 
snow release. Apart from these studies, Choate and 
Habeck's (1967) mention of a similar type a t  Logan 
Pass in Glacier National Park in  northwestern 
Montana appears to be the only other reference to 
heather-dominated communities. Thus, mountain- 
heather plant associations appear to  be confined to 
the mountains north and west of our study area. 

Cassiope mertensiana were common in two of the Cassiope merfensianalcafex paysonis C. t . 
stands. Mean graminoid cover was low (20 percent). 
Carex paysonis, Juncus  drummondii, and Poa (CASMERICARPAY; Merten's 
fendleriana were common graminoids occurring in MOSS-HeatherlPay~~n'~ Sedge) 
all or most stands. Forb cover was 35 percent; Anten- 
naria lanata, Polygonum bistortoides, and Sibbaldia 
procumbens were consistently present, though only 
A. lanata occurred with greater than  5 percent 
cover. Mean cover of mosses and lichens was less than 
1 percent. 

Soils-Parent materials were granite and quartzite. 
Cover of bare ground and gravel was 15 percent with 
8 percent cover of rock. Mean depths of litter and duff 
were both 0.1 inch. Percent of coarse fragments varied 
from 0 to 14 percent with a mean of 7 percent. Modal 
texture of the fine fraction was sandy clay-loam. Soil 
reaction ranged from 6.0 to 6.4 pH with a mean pH of 

Environment-CASMEWCARPAY is uncommon 
in the study area, occurring at the base of gentle, 
north- or east-facing slopes a t  9,400 to 9,600 ft in the 
Anaconda and Tobacco Root Mountains. This type 
probably also occurs in the Pioneer Mountains. These 
cool, protected sites have deep snow during the winter, 
and release comes somewhat late in the growing 
season. Sites often showed signs of frost-churning and 
solifluction, suggesting that they receive additional 
upslope moisture. CASMER/CARPAY forms a mosaic 
with other snowbed associations such as CARNIG and 
JUNDRU/ANTLAN and often occurs adjacent to moist 
turf communities such as  SALARCPOLBIS and 



CARSCIIGEUROS. CASMEWCARPAY probably expe- Vegetation-Mean graminoid cover was 35 per- 
riences earlier snow release than the other mountain- cent. Dominant graminoids were Juncus parryi and 
heather communitv PHYEMPIANTLAN. Festuca idahoensis, and Poa glauca was consistently 

Vegetation-Mean canopy cover of shrubs was 
60 percent. Cassiope mertensiana and Salix arctica 
were the dominant shrubs. Phyllodoce glanduliflora 
was present in one stand. Mean graminoid cover was 
23 percent, with Carer paysonis as the dominant. 
Poa alpina and Carex scirpoidea were common; Poa 
fendleriana and Deschampsia cespitosa were well 
represented in one stand. Mean forb cover was 30 
percent. Geum rossii and PotentilLa diversifolia 
were common species, and Erigeron simplex and 
Polygonurn bistortoides were frequent. Antennaria 
Lanata and Juncus drummondii were notable by 
their absence or low cover. Mean cover of lichens 
and mosses was less than 1 percent. 

Soils-Parent materials were quartzite, gneiss, 
and granite. Bare ground and gravel, covered 11 per- 
cent of the surface, while rock cover was 8 percent. 
Mean depth of litter was 0.2 inch, and mean depth of 
duff was 0.1 inch. Coarse fragment percent varied 
from 9 to 35 percent with a mean of 23 percent. Modal 
texture of the fine fraction was sandy clay. Soil pH 
ranged from 5.8 to 6.2 with a mean of6.0. Mean organic 
matter content was 19 percent, mean total nitrogen 
was 0.52 percent, and C:N ratio was 19:1. Soils were 
moderately deep and moist to wet in late July. 

Productivity-We measured productivity in only 
one stand; Cassiope was difficult to clip accurately. 
Thus, our production estimates are only rough ap- 
proximations. Shrub productivity was 237 lbs per 
acre, graminoid productivity was 267 lbs per acre, and 
forb productivity was 712 lbs per acre. Total produc- 
tivity was 1,216 lbs per acre. 

O t h e r  Studies-Associations dominated by 
Cassiope mertensiana have been reported for the 
Canadian Rockies, the North Cascade Range, and 
northwestern Montana. Phyllodoce spp. were often 
codominants (see PHYEMPIANTLAN section). 

Juncus parryil Erigeron ursinus c.t . 
(JUNPARIERIURS; Parry's RushIBear 
Fleabane) 

Environment-Examples of JUNPAWERIURS 
were locally common near the base of gentle slopes 
with warm aspects. Both of our stands were between 
9,500 and 9,800 ft in the Gravelly Mountains, Al- 
though snow is expected to accumulate on these 
sites, this type is perhaps least affected by late meltoff 
of all the snowbed communities. FESIDAPOTDIV 
grassland was the  most common adjacent plant 
community. JUNPAFUERIURS is similar in physiog- 
nomy and habitat to JUNDRUIANTLAN. 

present with low coverage. Mean cover of forbs was 
25 percent. Common species included Erigeron ursinus, 
E. peregrinus, E. simplex, Antennaria urnbrinella, 
and Leu1isi.a pygm.a,ea. Mean cover of mosses and 
lichens was 2 percent. 

Soils-Parent materials in the two stands were 
andesite and quartzite. Bare ground and gravel cov- 
ered 47 percent of the surface, making this the most 
barren of our snowbed communities. Mean depths of 
litter and duff were 0.3 and 0.1 inch. Mean coarse 
fragment content was 25 percent. Modal texture of 
the fine fraction was clay. Mean soil pH was 5.6. Mean 
organic matter content was 20 percent, mean total 
nitrogen content was 0.64 percent, and C:N ratio was 
15:l. This sparsely vegetated community type is simi- 
lar to JUNDRUIANTLAN, but the soils were even 
more stony and acidic. 

Productivity-Mean graminoid productivity was 
439 lbs per acre, and mean forb productivity was 
253 Ibs per acre. Mean total productivity was 692 lbs 
per acre. Productivity is probably affected more by the 
shallow, poorly developed soils than late snow release. 

Other  Studies-Holway and Ward (1963) reported 
snow accumulation areas in the Colorado Rocky Moun- 
tains dominated by Carexpyrenaica and Juncusparryi. 
Willard (1979) states that Juncus parryi is ecolog- 
cally similar toJ.  drummondii but generally occurs at 
lowerelevations. In our study area, JUNPAWERIURS 
was associated with terrain supporting alpine grass- 
lands, while JUNDRUIANTLAN was associated with 
turf communities. Despite occupying similar topo- 
graphic positions, we infer from the respective vege- 
tation matrices that of these two community types the 
latter occupies cooler, drier habitats. 

Salixglauca c.t. (SALGLA; Glaucus Willow) 

Environment-The single stand of SALGLA 
occurred on a moderate to steep upper, north-facing 
slope, just in the  lee of a divide ridge a t  9,900 ft  in 
the Snowcrest Range. We observed but did not 
sample other examples of this type in the Gravelly 
Mountains. This site was a definite snow catchment 
area. Adjacent associations were CARELY turf and 
MOIST SLOPES. 

Vegetation-Salix glauca had canopy cover of 
60 percent; no other shrubs were present. Trace 
amounts of Poa alpina and Agropyrorz caninum were 
present, but total graminoid cover was only 1 percent. 
Forb cover was 60 percent. Common species included 
Aster alpigenus, Hedysarum sulphurescens, Senecio 
crassulus, and Synthyris pinnatifida. Lichens and 
mosses covered 7 percent of the ground surface. 



Soils-Parent material was calcareous sandstone. 
Exposed ground and gravel constituted 6 percent of 
the  surface. Depths of litter and duff were 1.0 and 
0.5 inch. The high surface organic matter probably 
reflects low rates of decomposition due to low insola- 
tion and late snowmelt. Percent of coarse fragments 
was very different for each microsite but averaged 30 
percent for the stand. The texture of the fine fraction 
was sandy loam. Soil pH was 7.6. Organic matter 
content was 14 percent, mean total nitrogen was 0.31 
percent, and C:N ratio was 28:l. 

Productivity-Our estimates are based on only 
three clipped plots in one stand and should be con- 
sidered only rough approximations. Salix glauca 
produced 759 lbs per acre. Graminoid productivity 
was 12 Ibs per acre, and forb productivity was 759 lbs 
per acre. Total productivity was 1,530 lbs per acre. 

Other Studies-Achuff and Corns (1982) de- 
scribed three community types dominated by Salix 
glauca from the Canadian Rockies. These associations 
contain other shrubs (for example, Salix, Betula, and 
Potentilla) and higher coverages of graminoids. Salix 
glauca associations were observed near tteeline in 
the Lewis and Sawtooth Ranges of Montana, south of 
Glacier National Park (Cooper and Lesica, personal 
observation). Associations dominated by Salixglauca 
occur on gentle lee slopes on the east end of the 
Beartooth Range (Lesica 1991). Common understory 
species in these communities were Carex paysonis, 
Deschampsia cespitosa, Geum rossii, and Lupinus ar-  
genteus. In the Beartooth Mountains of Montana and 
the Rocky Mountains of Colorado, SaLix planifolia 
and S. glauca dominated associations were found on 
cool moist slopes having late snow release (Johnson 
and Billings 1962; Komarkova and Webber 1978). 

Wetland Communities 
Community types described under this heading 

include bogs and fens that  would be considered wet- 
lands under Federal convention (Federal Interagency 
Committee for Wetland Delineation 1989). We also in- 
clude those environments referred to as moist or mesic 
meadows, meltwater meadows, wet meadows, andDes- 
champsia meadows, the greater portion ofwhich would 
probably not meet Federal criteria for wetland desig- 
nation. Any assessment of site hydrological conditions 
is problematical. We assessed the degree of saturation 
or inundation using landscape position and soil mois- 
ture at the time of sampling. In environments where 
mottling or gleylng might be expected, these features 
were not explicitly noticed. Where Deschampsia 
cespitosa was dominant, there were some consistent 
vegetational and environmental differences for dis- 
tinguishing grasslands from moist meadow. 

Deschampsia cespitosalCaltha leptosepala 
c.t. (DESCESICALLEP; Tufted Hairgrass1 
Elkslip Marshmarigold) 

Environment-This c.t. was well represented in 
the Gravelly Mountains and also sampled in the 
Beaverhead and Madison Mountains; i t  was noted, 
but not sampled, in four of the other five mountain 
ranges. It occurred a t  elevations as high as 10,100 ft, 
but was much more common at  lower elevation collect- 
ing positions (either snow or percolating water). 
Sampled sites occupied flat to concave benches and 
slopes that did not exceed 15 percent slope and were 
north- through northeast-facing. Small patches of 
this c.t. were noted on steeper slopes below persistent 
snowbanks. At the time of sampling, all soil profiles 
were saturated to the surface. Solifluction lobes were 
prominent even on the most gentle slopes. 

Vegetation-The high coverage of moss (72 per- 
cent mean) contributed dramatically to the lush ap- 
pearance of this c.t. Only trace amounts of Salix spp. 
were found. Grarninoid cover varied considerably, aver- 
aging 38 percent. Deschampsia cespitosa was clearly 
the dominant graminoid. Other moist site graminoids 
occurring with a t  least 5 percent coverage were Carex 
atrata, C. nigricans, C .  haydenii,Juncus drummondii, 
and J. balticus. Though D. cespitosa clumps provided 
a recognition factor for this c.t., forb cover (68 percent 
average) far outstripped that  of the graminoids. 
Caltha leptosepala dominated(48 percent canopy cover) 
the forb layer. Other forbs with high coverage but not 
necessarily high constancy were Aster foZiaceu.s, 
Claytonia lanceolata, Erigeronperegrinus, Pedicularis 
groenlandica, Polygonum bistortoides, P. uiutparum, 
Senecio cymbalarioides, and Veronica wormskjoldii. 

Soils-Parent materials included alluvium, lime- 
stone, sandstone, basalt, and gneiss. Litter and duff 
depths averaged 0.6 and 0.4 inch. Coarse fragment 
content was consistently low, averaging only 3 percent, 
with traces of gravel and rock found on the surface. 
Bare soil exposure was as high as  20 percent, espe- 
cially where pocket gopher (Thomomys talpoides) 
workings were extensive. Soil texture varied from clay 
to sandy clay with a sandy clay modal value. Soil 
reaction for calcareous substrates averaged 7.5 pH, 
while that for noncalcareous was only 5.8 pH. Mean 
organic matter content was 20 percent, mean total 
nitrogen was 0.57 percent, and C:N ratio was 15:l. 

Productivity-Total productivity ranged widely, 
from 621 to 3,197 lbs per acre with a mean of 1,820 lbs 
per acre. Graminoid productivity accounted for only 
13 to 42 percent of the total. These productivity 
figures are likely underestimates because a t  least 
two sites were sampled prior to culmination ofgrowth. 



O t h e r  Studies-Mueggler and Stewart (1980) 
described a Deschampsia cespitosalCarex spp. c.t. 
for subalpine meadows of western Montana. I t  has 
high productivity but little contribution by forbs. Our 
DESCESICALLEP c.t. can be interpreted as an al- 
pine extension of the Deschampsia series. A more 
broadly defined Deschampsia cespitosa vegetation type 
(appreciable Carex scopulorum) has been described 
for the Beartooth Range of Montana and Wyoming by 
Johnson and Billings (1962). They state that increas- 
ing coverage of Caltha leptosepala indicates a transi- 
tion to C. scopulorurn-dominated bog conditions. 
Deschampsia cespitosa-dominated meadows extend 
southward to Colorado (Bonham and Ward 1970; 
Eddleman and Ward 1984; May and Webber 1982; 
Willard 1979), Utah (Lewis 1970), and northern New 
Mexico (Baker 1983), but apparently lack the mesic to 
hydric forbs that  characterize the DESCESICALLEP 
c.t. Their D. cespitosa-dominated types are appar- 
ently intermediate moisture status between our 
DESCESPOTDIV and DESCESICALLEP c.t.'s. 

Carex scopuloruml Caltha leptosepala c-t. 
(CARSCOICALLEP; Holm's Rocky 
Mountain SedgelEl kslip Marsh Marigold) 

Environment-This c.t, was extensive in the 
Gravelly and Madison Mountains, sampled in the 
Tobacco Roots, noted in the East Pioneer, and is to be 
expected in the other ranges based on broad distri- 
bution of the dominant species (color plate 10). Satu- 
rated soil, often with standing water throughout the 
growing season, was the dominant feature. These 
sites span the range from wet meadow to fen and 
occur in shallow undrained depressions and low- 
gradient subirrigated positions, and are also adjacent 
to first-order streams or rivulets. Because of the high 
values for basal area (8 percent average) and abun- 
dant moss (60 percent average) and litter (30 percent 
average), there was seldom more than a trace amount 
of exposed soil and gravel or rock. 

Vegetation-Only trace amounts of Salix spp. 
were present. Without exception, the graminoid com- 
ponent, dominated by the diagnostic species Carex 
scopulorum or C. lenticularis, was extremely dense 
(88 percent mean canopy cover), though not exceeding 
8 to 12 inches in height. Other graminoids with high 
constancy or coverage were C. hayaknii, Deschampsia 
cespitosa, Juncus drummondii, J. mertensiana, and 
Poa alpina. The forb component, notably lacking in 
diversity, was dominated by several wet-site species, 
most commonly Caltha leptosepala (35 percent mean 
canopy cover), Pedicularis groenlandica, Polygonurn 
bistortoides, Senecio cymbalarioides, Trollius laxus, 
and Veronica wormskjoldii. 

Soils-All parent materials were characterized as  
alluvium, mostly volcanic-derived. Four of the five 
sites had fibrous peat a t  least 6 inches deep. Litter 
depths averaged 0.7 inch; we did not discriminate 
duff from peat. No coarse fragments were found in 
any of the profiles. Soil texture ranged from clay to 
sandy clay-loam with a modal value of clay loam. Soil 
reaction for the one calcareous site (p1-I = 5.9) was the 
lowest of any calcareous site sampled; however, the 
soils derived from volcanic alluvium showed no trend 
of lower pH values (6.0 average) than other wet or 
moist sites. The only slightly acid values indicated 
minerotrophic sites having more in common with fens 
than bogs (as this c.t. has been termed in the litera- 
ture). Mean organic matter content was 25 percent, 
mean total nitrogen content was 0.70 percent, and C:N 
ratio was 17:l. Organic matter and nitrogen content 
were higher than in other wetland types and were 
equaled only by the DRYOCTIPOLVIV turf. 

Productivity-Average productivity for this c.t. 
(2,277 lbs per acre) was higher, particularly in the 
grarninoid component (1,720 lbs per acre), than  
that  of any other study area c.t. However, the range 
(1,426 to 4,123 lbs per acre) overlaps with a number 
of moist or wet site types, We speculate that these 
values are underestimates, as sampling invariably 
occurred prior to phenological optima. A protected site 
a t  10,230 ft in the Madison range had a total produc- 
tivity of 4,123 lhs per acre, much higher than for 
comparable c.t.'s in the central Rockies (Briggs and 
MacMahon 1983; May and+Webber 1982; Scott and 
Billings 1964). 

Other Studies-Virtually identical alpine marsh 
communities and environmental parameters are 
described for the Beartooth (Johnson and Billings 
1962), Medicine Bow Mountains (Scott and Billings 
19641, and Teton Ranges (Spence and Shaw 1981) of 
Wyoming and Colorado Front Range (May and Webber 
1982; Willard 1979). CaLtha leptosepala is the domi- 
nant forb in many alpine marshes of Utah's Uinta 
Mountains, but the dominant graminoids are Carex 
aquatilis or C. saxatilis, rather than C. scopulorum 
(Briggs and MacMahon 1983; Lewis 1970). Hansen 
and others (1995) described a similar type from subal- 
pine and alpine areas of Montana, but subalpine 
stands have a different forb composition. Similar com- 
munities have not been described north and west of 
our study area. 

Salix reticulatal Caltha leptosepala c-t. 
(SALRETICALLEP; Snow Willowl Marsh 
Marigold) 

Environment-Sampled in only the Tendoy and 
Gravelly Mountains, SALRETICALLEP appears to be 



a minor type, environmentally and floristically re- 
lated to SALARC/POLBIS. The relative paucity of 
this c.t. can be explained, a t  least in part, by lack of 
appropriate habitat (for example, gentle to steep north- 
facing slopes). Slopes with this aspect and possessing 
a soil mantle are not common in the predominantly 
north-south trending ranges of the study area. Slopes 
with northerly aspects did occur as spur ridges, but 
often they were merely boulder fields. Both stands 
carpeted active solifluction slopes and were sub- 
irrigated from late-persisting snowfields lying above. 
Ostensibly, these sites could be as wet as CARSCO/ 
CALLEP, differing by lacking stagnant water and 
possessing both unstable substrates and possibly long- 
persisting snowpacks (color plate 11). 

Vegetation-The prevailing aspect of this c.t. 
was a lush green carpet of dwarf shrubs (average 
canopy cover 70 percent), among which S. reticulata 
(=S. niualis) was dominant, but S. rotundifolia 
(=S. dodgeana) and S.  arctica also figure prominently. 
The graminoid component was sparse, not exceeding 
20 percent canopy cover with Carex haydenii, C. noua, 
C. scirpoidea, Deschampsia cespitosa, Luzula spicata, 
and Poa alpina having at  least 5 percent canopy cover 
in one or more stands. Averaging 21 percent canopy 
cover, Caltha leptosepala was a diagnostic species (the 
only forb with 100 percent constancy), and along with 
Silene acaulis, they were the only forb with more than 
10 percent coverage. 

Soils-Both stands were developed on limestone 
but were notably low in coarse fragment content (<I0 
percent). Litter and duff depths were less than 0.5 
inch. Modal soil texture was clay. Despite the wet 
conditions, soil reaction was typical for calcareous 
substrates (7.5 pH average). Mean organic matter 
content was 15 percent, mean total nitrogen was 0.40 
percent, and C:N ratio was 24:l. 

Productivity-The wide range in productivity, 
517 to 1,670 lbs per acre, despite the similarity of site 
parameters, is partly explained by the fact that the 
low-productivity site had experienced snow release 
just prior to sampling. The higher figure would be 
more typical for the c.t. The shrub fraction of total 
production was 56 and 78 percent. 

O t h e r  Studies-Stands dominated by Caltha 
leptosepala and Trollius laxus with a significant con- 
tribution by Salix arctica and S. reticulata are occa- 
sionally found in alpine seepage areas in the Canadian 
Rockies (Achuff and Corns 1982). For the Beartooth 
Mountains, Johnson and Billings (1962) described 
small areas of soil frost disturbance dominated by 
Salix arctica or S.  reticulata and Trifolium parryi. 
They infer these sites to be in an early stage of 
recolonization and described no more extensive com- 
munities with dwarf Salix spp. dominant. Our sites 

are like those of the Beartooth Range, but distur- 
bance (solifluction and congeliturbation) has appar- 
ently occurred on a much larger scale. Willard (1979) 
described alpine marshes in the Colorado Rockies 
dominated by Carex scopulorum and Caltha lepto- 
sepala with Salix arctica a common species (see 
CARSCOICALLEP section). In her Colorado study 
area, S. reticulata is apparently rare. 

Salix planifolialCarex scopulorum c.t. 
(SALPLAICARSCO; Planeleaf Willowl 
Holm's Rocky Mountain Sedge) 

Environment-Only a single stand of SALPLAI , 

CARSCO was sampled in the Tobacco Root Moun- 
tains, though numerous small examples were noted 
in other ranges, mostly associated with the alpine- 
subalpine ecotone (color plate 12). This c.t. is associated 
with continuously saturated soils, frequently occur- 
ring as stringers on meandering first-order streams or 
in snow-collecting depressions. I t  occurs most charac- 
teristically as part of a wetland-snowbed mosaic of 
Carex scopulorum, DeschampsialCaltha leptosepala, 
and Carex nigricans c.t.'s with SALPWCARSCO, by 
its microenvironmental setting, ostensibly being the 
wettest of these types. The sampled stand had a deep 
(>30 cm) peat layer, and reconnaissance indicated 
peat accumulation is a common condition. 

Vegetation-Salixplanifolia (var. monica) occurred 
in dense patches with a canopy cover of 70 percent; 
no other shrubs occurred in the sampled stand. 
Herbaceous cover was a t  least as  great as  tha t  of 
the S. planifolia with Carex scopulorum, Deschamp- 
sia cespitosa, and Trollius laxus about equally repre- 
sented a t  20 percent canopy cover. Other typical wet- 
land forbs present were Senecio cymbalarioides, 
Veronica wormskjoldii, and Epilobium alpinurn. 
Mosses formed a nearly continuous layer. 

Soils-Parent material for the single sampled stand 
was gneiss-derived alluvium in which there were no 
coarse fragments. With the high moss and litter 
cover there was no exposed bare ground. The pH was 
6.3. Cold, saturated substrates were associated with 
the accumulation of peat as exemplified by this stand. 

Productivity-Total productivity was 2,373 lbs per 
acre: 860,178, and 1,335 lbs per acre, for graminoids, 
forbs, and shrubs, respectively. 

Other Studies-Johnson and Billings (1962) 
briefly described a "Salix thicket" vegetation type 
similar in landscape position and vegetation to 
SALPLA/CARSCO, wherein S. planifolia is the domi- 
nant shrub, and the undergrowth is typical of associ- 
ated "bogsn or subalpine zone vegetation. Potkin and 
Munn [n.d.l name but do not describe a SALSCOI 
CARSCO type found exclusively in alpine zone wet 



sites of the Wyoming's Wind River Range. This type 
apparently extends as  far south as  the Front Range 
of Colorado where it is described for the Indian Peaks 
vicinity (Komarkova 1976) and the Arapaho and 
Roosevelt National Forests (Hess 1981). 

Ordinations and Environmental 
Gradients 

Beta diversity of the data set was high because a 
broad diversity of environments, parent materials, 
and mountain ranges was represented. We reduced 
the unacceptably high beta diversity by compart- 
mentalizing the data set into dry and moist portions 
prior to DECORANA runs (Gauch 1982). Assignment 
of plots to dry and moist groups was based on analysis 
of abiotic variables and precedents set by previous 
alpine vegetation studies. Grassland, turf, cushion 
plant, and slope communities formed the dry portion, 
and snowbed and wetland communities formed the 
wet portion. 

P, CARSCOICALLEP 

Wet Sites 

The best separation of types in ordination space 
was obtained with Axes 1 and 3 (fig. 3). There was a 
moderate degree of correspondence between Axis 1 
and site moisture. Carer scopulorum-dominated sites, 
subjectively assessed as the wettest, clustered a t  the 
left end (fig. 3). Immediately adjacent to C. scopulorum 
sites on Axis 1 wereDeschampsiacespitosn- andcultha 
leptosepala-dominated sites. These positions corre- 
sponded well with their respective places on moisture 
gradientsin the field. Snowbed communities ordinated 
to the right of these wetland types. CARNIG, the 
wettest snowbed type, was closest to the wet end of 
Axis I, while the three drier types dominated by 
Juncus spp. and Antennarza lanata ordinated a t  the 
dry end of Axis 1. 

We were unable to determine a correspondence 
between Axis 2 and any known environmental gradi- 
ent. The distinctive composition of Juncusparryi- and 
Erigeron ursinus-dominated plots (assessed as snow- 
bed sites) set them apart on Axis 2 and compressed the 
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remaining variability. The merely wet sites are clus- 
tered near the center of Axis 2, whereas the snowbed 
sites (with exception of JUNPARIERIURS c.t.) are 
clustered near the axis origin. The various snowbed 
c.t.'s did not segregate on Axis 2. The ordination did 
not even recover the fact that Carer nigricans- 
dominated snowbed sites clearly were the last to 
become snow-free, though they were positioned as the 
wettest of snowbed sites on Axis 1. There was a 
tendency for communities dominated by shrubs to 
have lower values on Axis 3, but otherwise this axis 
does not seem to correspond to known environmental 
gradients. 

Dry Sites 

The best separation of types was obtained using AXIS 1 
and Axis 3. Axis 1 roughly corresponds to a gradient of 

wind-exposure and soil depth, with shallow stony soils 
ofexposed sites on the left end and deep soils with less 
exposure on the right (fig. 4). Axis 3 appears to corre- 
spond to a moisture gradient. Dry grassland commu- 
nities occur near the bottom, while moister turf com- 
munities are found near the top (fig. 4). Moist dwarf 
shrub-dominated types occur in the upper left corner, 
while grassland communities are found in the lower 
right (fig. 4). Cushion plant and turf communities are 
found in the center of the ordination space, and there - 

is a considerable amount of overlap among them. Plots 
of slope communities are scattered throughout much 
of the ordination space rather than clustering to- 
gether or with any other types. This result is expected * 

because these "communitiesn are only assemblages of 
species on hsturbed sites drawn from adjacent veg- 
etation types. Axis 2 did not appear to correspond to 
any known environmental gradient. 
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The results of the DECORANA analysis suggest 
that moisture and soil depths are important environ- 
mental factors determining vegetation of the drier 
communities. These two variables are often correlated 
when the entire range of environments is considered 
because wind exposure results in soil deflation as  
well as removal of snow. When only dry sites are 
considered, this covariation becomes less pronounced. 
In  general, moist sites with stony soil support dwarf 
willow or mountain avens communities; moist sites 
with deep soil support sedge-dominated turf; dry sites 
with deep soil support grasslands; and dry stony sites 
are dominated by cushion plants. For wetland and 
snowbed sites, moisture and timing of snow release 
are the overriding important environmental gradient 
because these sites are not wind-exposed, and soils are 
generally deep. Wind exposure, moisture, and timing 
of snow release have generally been considered the 
most important environmental factors determining 
vegetation above treeline (Billings 1988; Bliss 1963; 
Eddleman and Ward 1984; Isard 1986; Johnson and 
Billings 1962; Willard 1979). May and Webber (1982) 
also identified disturbance as an important environ- 
mental gradient in the Colorado alpine. Our slope 
communities are structured by disturbance, and the 
commonness of these communities suggests that  
disturbance is also important in our study area. 

Soils 
There was a strong positive correlation anlong pro- 

portion of clay, organic matter, nitrogen, carbon, and , 

litter (litter + duff) depths, and a strong negative 
correlation between these factors and the proportion 
of sand (table 2). A principal components analysis of 
these soil factors generated two axes that  explained 

71 percent of the variation. The first axis accounted 
for 53 percent of the variation, and the major compo- 
nents of the axis were proportions of sand, clay, organic 
matter, nitrogen, carbon, and litter depths (table 2). 
Net mineralization of soil organic matter and decom- 
position of plant material is more rapid in sandy soils 
than in clay soils (Verberne and others 1990). Lower 
mineralization in clay soils is caused by a greater 
physical protection of soil organic matter, which may 
explain the positive correlations between clay, organic 
matter, and total nitrogen. In a study of grassland 
soil texture in the Netherlands, Hassink (1992) found 
that  sandy soils had organic matter  contents of 3 to 
8 percent, while clay soils ranged from 9 to 10.5 
percent. Total nitrogen followed these same trends 
with 0.11 to 0.30 percent in sandy soils but 0.51 to 0.66 
percent in clay soils. 

Total nitrogen content of these alpine soils is similar 
to Picea marcana-Salix spp.-Equisetum spp. plant 
associations found on poorly drained sites in Alberta, 
Canada (total N = 0.64 percent) (Kojima 1982). In  the 
Sierra Nevada Range a t  5,300 to 6,500 ft, total nitrogen 
content of the mineral soil was 1.1 percent and carbon 
was 23.4 percent (Schlesinger and others 1989). 
Higher total nitrogen a t  these sites reflects a higher 
net production and input to soil organic pools under 
forest vegetation. 

There was also a strong positive correlation between 
pH and the amount of coarse fragments (table 2). The 
second principal components axis accounted for 18 
percent of the variation and was dominated by these 
two variables (table 2). This correlation probably re- 
flects the fact that  moist sites generally have lower 
pH and little or no coarse fragments in the surface 
horizons. 

Soil pH for both dry and wet sites are much higher 
than those reported for mineral soil in alpine and 

Table 2-Values of Pearson correlation coefficient for soil  characteristic^:^ correlations in which the two variables explain 
>I5 percent of their variation are in bold. Results of principal components analysis of soil characteristics. 

Sand Clay OM N P H CF Lit C 

Sand 1 .OO 
Clay -0.92 1 .OO 
OM 4 . 5 5  0.59 1 .OO 
N -0.47 0.57 0.93 1 .OO 
PH -0.10 0.1 0 -0.15 -0.03 1 .OO 
C F 0.32 -0.26 -0.43 -0.31 0.42 1 .OO 
Lit -0.39 0.37 0.57 0.54 -0.16 -0.46 1 .OO 
C 4 . 4 1  0.51 0.82 0.84 0.63 -0.22 0.42 1 .OO 

Factor 1 -0.75 0.79 0.93 0.89 -0.09 -0.51 0.68 0.8 1 
(53 percent of variance explained) 
Factor 2 -0.29 0.33 -0.06 0.05 0.86 0.63 -0.29 0.1 6 
(1 8 percent of variance explained) 

asand = percent sand; Clay = percent clay; OM = percent organic matter; N = percent of total nitrogen; pH = hydrogen ion concentration; 
CF = percent coarse fragments; Lit - depth of litter (litter + duff); C = percent carbon. 



subalpine zones in Alberta (Kojima 19821, likely due 
to the greater leaching caused by the much higher 
precipitation occurring in the Canadian Rocky Moun- 
tains. Moist, low-elevation Abies grandis forests of 
northern Idaho have a mineral soil pH between 5.4 
and 6.0 (Page-Dumroese and others 19891, similar to 
high-elevation Pinus contorta stands in Alberta 
(Florence and Dancik 1988). Lower pH values of 
forests are the result of greater inputs of organic 
matter and faster decomposition rates. 

Soils supporting turf and cushion plant communities 
differed in a number of characteristics when derived 
from calcareous compared to crystalline parent mate- 
rials (table 3). Calcareous soils had a mean pH of 7.5, 
while those developed from crystalline materials had 
a pH of 6.2. The proportion of sand was higher in soils 
derived from crystalline rock, while calcareous soils 
were higher in clay, carbon, and nitrogen. 

Many common alpine plant associations were re- 
stricted to soils derived from either calcareous or crys- 
talline parent materials. Carex scirpoidealGeurn rossii 
turf and Geum rossiilArenaria obtusiloba cushion plant 
communities occurred only in areas dominated by crys- 
talline geology, while all but one example of Carex 
rupestrislPotentilla ovina cushion plant association 
occurred on limestone. Although Hesperochloa kingii 
is a common grass found farther south in the Rocky 
Mountains, in southwestern Montana high-elevation 
grasslands dominated by this species, occur only on 
calcareous soils. The Juncus drummondiilAntennaria 
lanata, Phyllodoce empetriformislAntennaria lanata, 
and Cassiope rnertens~analCarex paysonis snowbed 
associations were found only on soils derived from 
crystalline parent material. These same patterns have 
been observed in east-central Idaho (Henderson, per- 
sonal communication). 

Management Considerations 
Alpine environments are among the most severe 

on earth. Low temperatures, nearly constant high 
winds, and high insolation are among the factors I 

that shape the alpine environment and limit plant 
growth (Billings 1988; Bliss 1985; Brown and others 
1978). The alpine growing season is short, often only 8 to 
12 weeks. Temperatures during the growing season 
are cool, and frost can occur on any night. As a result, 
plants are limited in the amount of photosynthate 
they can store. Furthermore, the frequent freeze-thaw 
cycles make frost-churning a common phenomenon, 
especially in moist sites. Frost-churning and needle 
ice damage vegetation and limit recruitment. High 
windspeeds can damage plants through desiccation. 
Wind-driven soil and ice particles can destroy plant 
tissue, especially when young. Wind redistributes snow 
cover. Ridgetops and upper windward slopes are dry 
and exposed to severe winter temperatures, while lee 
slopes and depressions are cold and wet with a reduced 
growing season. Wind diminishes the formation of a 
boundary layer around plant parts, further exacerbat- 
ing low summer temperatures. Solar radiation at high 
elevations is intense. Intense radiation coupled with 
high winds promote summer drought and high levels 
of evaporation. High levels of ultraviolet radiation can 
damage plant tissues. 

The harsh environmental conditions above treeline 
make growth and the accumulation of biomass a slow 
process. Furthermore, soil formation takes much 
longer at high elevations because of the retarded pace 
of biological processes. As a result, recovery from 
disturbance is generally slow (Billings 1973; Willard 
and Marr 1971). 

Table >Mean soil characteristics (f SE) for turf and cushion plant communitie~:~ Characteristics in bold 
are significantly different ( P S  0.05) by t-test. 

Number of t-test 
Calcareous Crystalline observations value Probabilitv 

Sand 
Silt 
Clay 
OM 
C 
N 
PH 
C F 
Litter 
C:N 

asand = percent sand; Silt = percent silt; Clay - percent clay; OM = percent organic matter; C = percent carbon; 
N = percent of total nitrogen; pH = hydrogen ion concentration; CF = percent coarse fragments; Litter = depth of litter 
(lifter + duff); C:N = carbon to nitrogen ratio. 



Alpine tundra ecosystems evolved almost com- 
pletely without the disruptive effects of humans. 
Only in the past 150 years have these systems been 
exposed to such large-scale disturbances as livestock 
grazing, mining, and road-building. Unfortunately, 
few controlled studies have been done on the effects of 
these encroachments in alpine landscapes. 

Livestock Grazing 

Grazing has two primary effects on plant communi- 
ties-removal of plant biomass and trampling. By 
selecting certain plants over others, grazers alter the 
competitive balance among species and eventually 
alter the composition of communities. Although both 
sheep and cattle graze above treeline in our study 
area, in most areas of the Rocky Mountains sheep are 
t h ~  principle domestic animal in the alpine zone 
(Johnson 1962; Thilenius 1975). Consequently, most 
observations relating to the effects of livestock on 
alpine ranges refer to sheep. Ingeneral, cushion plants 
such as Arenaria obtusiloba and Silene acaulls, and 
low sedges such as Carex rupestris and C. elynoides 
tend to increase with grazing pressure; but robust 
graminoids such as Deschampsia cespitosa and Poa 
glauca, and forbs such as Agoseris spp. and PotendtlLa 
diversEfolia tend to decrease (Johnson 1962; Lewis 
1970). At low elevations, grazing tends to have the 
same effect as drought, decreasing mesic site indica- 
tors and increasing xeric site species (Weaver 1954). 
The same appears to be true in the alpine. Henderson 
(personal communication) reported that  toxic forb 
species (for example, Lupinus nrgenteus, Oxytropis 
campestris) appear to have increased in turf com- 
munities that  are subject to long-term sheep grazing. 
Unfortunately, there have been no controlled quanti- 
tative studies to verify the scarce anecdotal evidence 
available. 

Sheep grazing was common on the gentle alpine 
terrain of the Gravelly Range. We commonly observed 
cattle or evidence of cattle above treeline in the 
Snowcrest, Beaverhead, and Pioneer ranges. We were 
surprised to find evidence of heavy livestock use near 
11,000 ft in the Beaverhead Mountains. 

There were no exclosures above treeline in our 
study area, so we have little knowledge of the effects 
oflivestockgrazing on plant species composition. Cush- 
ion plants were more common in some turf communi- 
ties than others, but these differences could be due to 
soils or moisture regime rather than overgrazing. Poa 
pratensis, an  introduced grass considered an indicator 
ofpresent or past disturbance, occurred in some grass- 
land, turf, and wetland stands, mainly in ranges that 
had been subject to long-term livestock grazing (for 
example, Gravelly and Snowcrest ranges) andinmoist 
or wet community types. Juncus balticus was codomi- 
nant with Deschampsia cespitosa in one wetland site in 

the Snowcrest Mountains. Juncus balticus is native but 
is thought to increase under grazing pressure in wet 
meadows (Hansen and others 1995). These observations 
suggest that the moist and wet sites are most suscep- 
tible to alteration of species composition from grazing. 

In drier portions of our study area, such as the 
Beaverhead and Snowcrest Mountains, surface water 
is uncommon above treeline. As a result, cattle use 
tends to be concentrated in areas near water. We 
observed the effects of livestock trampling mainly in 
wetland communities. Streams where use had been 
heavy had increased turbidity, and banks had been 
compacted 2nd eroded. 

Trampling can destrcy plants and result in t t ~  loss 
of soil. Plant communities occupying wet habitats 
are more easily damaged than mesic communities 
(Willard and Marr 1970), and continued disturbance 
often results in significant erosion (Billings 1973). 
Plants in wet sites are more succulent and susceptible 
to being broken, and the soil is more prone to compac- 
tion (Willard and Marr 1970). Turf communities are 
not as easily disturbed; but repeated trampling will 
result in the loss of soil, and recovery may take hun- 
dreds of years (Willard and Marr 1971 ). Wind erosion 
and frost actionenlarge areas that have been denuded 
by trampling (Willard and Marr 1971). In general, 
wet communities are more susceptible to adverse 
effects of trampling, but drier areas will take longer 
to recover once damage has occurred. 

Thilenius (1975, 1979) has written guidelines for 
livestock grazing in the alpine zone; the following 
synopsis is taken from his report. Cattle rend to aggre- 
gate in lower portions of cirque basins where water 
and lush vegetat~on are concentrated These sites 
suffer damage under untended cattle grazing. Wet 
sites (including snowbed communities), dry sites, and 
steep slopes (40°+) should not be grazed. Livestock 
should not be allowed to remain in any area for very 
long. Thus, intensive range-riding or herding is needed 
for nondestructive use of alpine ranges by livestock, 
Grazing and trampling by horses used for recreation 
can also cause damage when use is concentrated. 

Vehicle Use 

There are fewer roads above treeline in Montana 
than in other Rocky Mountain States. Nonetheless, 
vehicle use, including motorcycles and all-terrain 
vehicles, was apparent in the alpine zone of the 
Beaverhead, Snowcrest, Gravelly, Pioneer, andTobacco 
Root ranges. Road construction and vehicle use are 
among the most damaging activities in alpme envi- 
ronments (Brown and others 1978; Thilenius 1975). 
Repeated vehicle use destroys plants and causes 
soil erosion and compaction. Damage is generally 
proportional to (1) wetness of the site, ( 2 )  frequency of 
use, and (3) weight of the vehicles (Thilenius 1975). 



Four-wheel drive vehicles are banned from the alpine 
zone in some states (Thilenius 1975). 

At the north end of the Pioneer Range, some areas 
have soils derived from highly metamorphosed lime- 
stone that  are relatively barren and easily erodible. 
These areas are also the sites of mining activity, and 
roads have been built to the mines, providing access to 
fragile alpine landscapes for four-wheel drive and all- 
terrain vehicles. Some of these roads remain open, 
while others have been closed. However, we observed 
a three-wheel all-terrain vehicle driving on a steep, 
barren, eroding trail behind a locked gate. We also 
observed unauthorized all-terrain vehicles in the 
Italian Peaks area of the Beaverhead Mountains, an 
area closed to all motor vehicles. Use of vehicles for 
recreation in the alpine zone is causing damage that 
will take tens or perhaps hundreds of years to recover 
(Willard and Marr 1971). 

Mining 

Mines damage alpine communities, causing destruc- 
tion of vegetation, soil erosion, and water pollution 
(Brown and others 1978; Thilenius 1975). Evidence of 
mining activity is common in the Pioneer and Tobacco 
Root Mountains. Mine shafts, building sites, tailings 
heaps, dumps, and roads scar the landscape in many 
areas. In  most cases, activity ceased decades ago; 

- nonetheless, the damage is still apparent and reveg- 
etation negligible a t  the majority of these sites. 

Geographic Affinities of Alpine Plant 
Comniunities 

With the possible exception of JUNPARIERIURS, 
none of the plant communities we described are en- 
demic to our study area. Rather, the mountain ranges 
of southwestern Montana appear to be a meeting 
ground for associations that are best developed in the 
mountains to the south, west, and northwest. Many of 
these plant associations are apparently a t  the edge of 
their range in southwestern Montana and east-central 
Idaho. The unique geographical position of these 
ranges and the presence of calcareous and crystalline 
parent materials result in the great diversity of plant 
communities. 

Alpine grasslands dominated by Hesperochloa kingii 
(HESKINIOXYCAM) have been reported in the Rocky 
Mountains only from east-central Idaho and north- 
western Utah (Brunsfeld 1981; Caicco 1983; Moseley 
1985; Preece 1950; Ream 1964; Urbanczyk and 
Henderson 1994). Alpine associations dominated by 
F. idahoensis (FESIDAPOTDTV) are common only in 
Idaho and southwestern Montana. These communi- 
ties may be considered forms of high-elevation grass- 
lands that  persist in the alpine zone on well-developed 

soils derived from calcareous sedimentary parent 
materials, 

Moist turf communities in our study area show 
affinities with both the Southern Rockies and east- 
central Idaho. Carex scirpoidea and Geum rossii are 
common associates in the Southern Rocky Mountains 
and in the eastern portion of our study area (CARSCV 
GEUROS). In the warmer and drier western ranges of 
our area and adjacent Idaho, G. rossii is replaced by 
Potentilla diuersifolia (CARSCIPOTDIV). 

Plant associations dominated by Carex elynoides, 
Deschampsia cespitosa, Geum rossii, and Carex 
scopulorum occur in the Rocky Mountains from south- 
ern Montana south a t  least to Colorado (Johnson and , 

Billings 1962; Komarkova and Webber 1978; Lewis 
1970; Willard 1979). All of these community types in 
our study area with the exception of CARELY turf 
(for example, DESCESPOTDIV, CARSCI/GEUROS, 
GEUROSIAREOBT, DESCESICALLEP, CARSCOI 
CALLEP, SALPWCARSCO) are most common on or 
confined to soils derived from crystalline parent mate- 
rials, whch  predominate in the Southern Rocky Moun- 
tains. All of the vegetation studies from this area have 
been done in ranges formed by intrusives, therefore, i t  
is not possible to determine if the range of these com- 
munities is determined climatically or edaphically or 
both. 

Communities similar to the JUNDRUIANTLAN c.t. 
are found throughout much of the Rocky Mountains 
and the Cascade Range. All of the other common snow- 
bed communities found in our study area (CARNIG, 
PHYEMPIANTLAN, CASMERICARPAY) are best 
developed or confined to the wetter mountains to the 
north and west (Achuff and Corns 1982; Douglas 1972; 
Douglas and Bliss 1977; Hrapko and LaRoi 1978). 
Rottman and Hartman (1985) reported a n  associa- 
tion dominated by Carex nigricans from the San Juan 
Mountains, one of the more mesic ranges in Colorado. 
Otherwise, this snowbed association has not been 
reported from the Southern Rockies. In our study 
area, these communities were found only in the wet- 
ter ranges. Clearly, these mesic to hydric snowbed 
associations are dependent on reliable, late-persisting 
snow cover found principally in the Cascades, the 
Northern Rockies, and the Canadian Rockies. 

Dryas spp. are a common, often dominant, compo- 
nent of alpine vegetation throughout the Western 
Cordillera. In  the Canadian Rockies and the Cascade 
Range, D. octopetala generally forms communities 
with wet- or mesic-site indicators such as  Salix retic- 
ulata, Polygonum uiuiparum, and Lupinus lepidus 
(Achuff and Corns 1982; Douglas and Bliss 1977). In 
the Southern Rockies, D. octopetala occurs in more 
xeric communities with Carex rupestris and cushion 
plants such as  Silene acaulis, Trifolium nanum, and 
Arenaria obtusiloba (Willard 1979). Our study area 



occupies a n  intermediate position in this continuum, 
and both xeric and mesic Dryas associations were 
present. DRYOCTIPOLVIV was found on moist tcrraces 
and mesic slopes, while DRYOCTICARRUP occurred 
in shallower soils of exposed ridges and upper slopes. 

Carex rupestris is a common component of fellfields 
and dry turf throughout much of the Rocky Moun- 
tains. The common D. octopetala/C. rupestris type has 
already been mentioned. In  the Southern Rockies, 
C, rupestris also commonly occurs with Geum rossii 
on soils derived from crystalline parent material. On 
calcareous soils in our study area and adjacent ldaho, 
a similar community occurs (CARRUPPOTOVI), but 
Potentilla ouina replaces G. rossii. 

This geographic analysis indicates that  the suite 
of plant communities found above treeline in south- 
western Montana has been formed by an interplay of 
geography, climate, soil parent material, and floristic 
sources. Plant associations gradually change charac- 
ter over the length of the Western Cordillera as indi- 
vidual species wax ,and wane in importance. In general, 
communities adapted to cool, wet climates, and calcar- 
eous soils predominate in the Canadian Rockies and 
northern Montana. Communities adapted to more 
xeric, less snowy environments are common in the Cen- 
tral and Southern Rocky Mountains. Our study area 
in southwestern Montana occurs in the tension zone 
between these two distinct phytogeographic zones. 
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Appendix A-Vascular Plant Species Encountered in Macroplots During the 
Course of the Study in 1989 and 1991 

This list is arranged alphabetically by and within plant families. Nomenclature generally follows Hitchcock 
and Cronquist (1973). Nomenclature for Sdix  follows Dorn (1984), and Poa nomenclature follows Arnow (1987). 

Apiaceae 
Angelica roseanu 
Bupleururn americanurn 
Cymopterus bipinnatus 
Lesquerella pulchella 
Ligusticum tenuifolium 
Lomatiurn cous 
I.omatium cusickii 

hteraceae 
Achillea millefolium 
Agoseris glauca 
Antennaria alpina 
Antennaria anaphaloides 
Antennaria aromatics 
Antennaria coryrnbosa 
Antennaria lanata 
Antennuria microphylla 
Antennaria umbrinella 
Arnica alpina 
Arnica diversifolia 
Arnica fulgens 
Arnica latifolia 
Arnica longifolia 
Arnica mollis 
Arnica rydbergii 
Artemisia dracunculus 
Artemisia frigida 
Artemisia tridentata 
Artemisia scopulorum 
Aster alpigenus 
Aster foliaceus 
Aster integrifolius 
Chaenactis alpina 
Chrysotharnnus viscidiflorus 
Cirsium scariosum 
Erigeron asperugineus 
Erigeron caespitosus 
Erigemn cornpositus 
Erigeron humilis 
Erigeron leiomerus 
Erigeron peregrinus 
Erigeron radicatus 
Erigeron rydbergii 
Erigeron simplex 
Erigeron tweedyi 
Erigeron ursinus 
Haplopappus acaul is 
Haplopappus lanuginosus 
Haplopappus lyallii 

Haplopuppus suffruticosus 
Haplopappus uniflorus 
Hkrucium gracile 
Hymnoxys acaulis 
Hymenoxys grandiflora 
Microseris nigricans 
Saussurea weberi 
Senecia canus 
Senecw crassulus 
Senecw cymbalarioides 
Senecia fremontii 
Senecw hydrophyllus 
Senecw streptanthifolius 
Senecw triangularis 
Solrdago multiradiata 
T a r m u m  ceratophorum 
Taraxucum lyratum 
Taraxucum officinak 
Townsendia condensata 
Townsendia montana 
Townsendia parryi 

Boraginaceae 
Cryptantha sp. 
Eritrichium nanum 
Mertensia alpina 
Mertensia ciliata 
Mertensia oblongifolia 
Mertensia perplexa 
Myosotis sylvatica 

Brassicaceae 
Arabis drummondii 
Arabis lemmonii 
Arabis lyallii 
Arabis nuttallii 
Braya humilis 
Draba apiculata 
Draba crassifolia 
Draba incerta 
Draba lanceolata 
Draba lonchocarpa 
Draba nemorosa 
Draba oligosperma 
Draba ventosa 
Draba sp. 
Lesquerella alpina 
Lesquerella sp. 
Physaria saximontana 
Smelowskia calycina 
Thlaspi parviflorum 
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Campanulaceae 
Campanula rotundifolia 
Campanula scabrella 
Campanula uniflora 

Caryophyllaceae 
Arenaria capillaris 
Arenaria congesta 
Arenaria nuttallii 
Arenaria obtusiloba 
Arenaria rossii 
Arenaria rubella 
Cerastium arvense 
Cerastium beeringianum 
Lychnis apetula 
Silene acaulis 
Silene parryi 
Silene repens 
Stellaria calycantha 
Stellaria longipes 
Stellaria umbellata 

Crassulaceae 
Sedun lanceolatum 
Sedum rosea 

Cyperaceae 
Carex albonigra 
Carer atrata 
Carex elynoides 
Carex haydenii 
Carex illota 
Carer lenticularis 
Carex leporinella 
Carex microptera 
Carex nardina 
Carex nigracans 
Carex nova 
Carex obtusata 
Curex puchystachya 
Carex paysonis 
Carex petasata 
Carex phaeocephala 
Carex pyrenaica 
Carer rossii 
Carex rupestris 
Carex scirpoi&a 
Carex scopulorum 

Ericaceae 
Cassiope rnertensiana 
Phyllodoce empetri formis 
Phyllodoce glanduliflora 
Phyllodoce intermedia 
Vaccinium scoparium 

Fabaceae 
Astragalus aboriginum 
Astragalus adsurgens 
Astragalus alpinus 
Astragalus bourgovii 
Astragalus kentrophyta 
Astragalus miser 
Hedyslrrum sulphurescens 
Lupinus argenteus 
Lupinus lepidus 
Oxytropis cumpestris 
Oxytropis deflexa 
Oxytropis viscida 
Trifolium haydenii 
Trifolium longipes 
Trifolium nanum 
Trifolium parryi 

Gentiaceae 
Frasera speciosa 
Gentiana afinia 
Gentiana algidu 
Gentiana amarella 
Gentiana calycosa 
Gentiana prostrata 

Grossulariaceae 
Ribes hendersonii 
Ribes lacustre 

Hydrophyllaceae 
Phacelia hastata 
Phacelia sericea 

Hypericaceae 
Hypericum formosum 

Juncaceae 
Juncus balticus 
Juncus drummondii 
Juncus mertensianus 
Juncus parryi 
Luzula campestris 
Luzula hitchcockii 
Luzula spicata 

Liliaceae 
Allium brevistylum 
Mlium cernuum 
Allium schoenoprasum 
Erythronium grandiflorum 
L w d h  serotina 
Zigudenus elegans 

Linaceae 
Linum perenne 
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Onagraceae 
Epilobium alpinum 
Epilobium latifolium 

Pinaceae 
Abies laswcarpa 
Larix lyallii 
Picea engelmannii 
Pinus albicaulis 

Plantaginaceae 
Plantago tweedyi 

Poaceae 
Agropyron caninum 
Agropyron scribneri 
Agropyron spicatum 
Agrostrs humilis 
Agrostis uariabilis 
Alopecurus alpinus 
Bromus pumpellianus 
Calurnagrostis purpurascens 
Deschampsia cespitosa 
Danthonia intermdiu 
Festuca idahwnsis 
Festuca ovina 
Hepserocloa kingii 
Koeleria macrantha 
Phleum alpinum 
Poa alpine 
Poa arctrca 
Poa fendleriana 
Poa glauca 
Poa leptocoma 
Poa lzervosa 
Poa pratensis 
Poa reflexu 
Poa secunda 
Stipa occidentalis 
Trisetum spicatum 

Polemoniaceae 
Cdlomiu debilis 
Gilia spicata 
Phlox hoodii 
Phlox multiflora 
Phlox pul vinuta 
Polemonium viscosunl 

Polygonaceae 
Eriogonum flavum 
Eriogonum ovalifoliunz 
Eriogonum umbellaturn 
Oxyria digyna 
Polygonum bistortoides 
Polygonum viviparunr 
Polygonum watsonii 
Rumex pauciflorus 

Portulacaceae 
Claytonia lunceolata 
Lewisia pygmaea 
Montia chamissoi 

Primulaceae 
Androsaceae filiformis 
Androsaceae septentrionalis 
Dockcatheon pulchellum 
Douglasia montana 

Ranunculaceae 
Anemone drummondii 
Anemone mmultifida 
Anemone paruiflora 
Caltha leptosepala 
Delphinium occidentale 
Ranunculus eschscholtzii 
Ranunculus pygmaeus 
Thalictrum sp. 
Trollius laxus 

Rosaceae 
Dryas octopetala 
Geum rossii 
Geum triflorum 
Ivesiu gordonii 
Potentala breuiflora 
Potentilla concinna 
Potentilla diuersifolia 
Potentilla fruticosa 
Potentilla glandulosa 
Potentilla hippiana 
Potentau nivea 
Potentilla ovina 
Potentilla quinquefolia 
Sibbaldia procumbens 

Salicaceae 
Salix arctica 
Salix brathycarpa 
Salix glauca 
Salix planifolia 
S a l k  reticulata 
Salix rotundifolia 

Saxifragaceae 
Heuchera cylindrica 
Heuchera parvifolia 
Lithophragma bulbifera 
Saxifraga adsurgens 
Saxifraga arguta 
Saxifraga bromhialis 
Saxifraga caespitosa 
Saxifraga flageZ1aris 
Saxifraga occidentalis 
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Saxifragaceae 
Saxifraga oppositifolia 
Saxifraga oregana 
Saxifraga rhomboidea 
Saxifraga ternpestiva 

Selaginellaceae 
Selaginella densa 
Selaginella watsonii 

Scrophulariaceae 
Besseya wyomingensis 
Castilleja crista-galli 
Castilleja cusickii 
Castilleja rniniata 
Castilleja nivea 
Castilleja pallescens 
Castilleja pulchella 
Castilleja rhexifolia 

Scrophulariaceae 
Chiomphila tweedyi 
Pedicularis contorta 
Pedicularis cystopteridifolia 
Scrophulariaceae 

Pedicularis groenlandica 
Pedicularis par@ 
Petlstemor~ attenuatus 
Penstemon montanus 
Penstemon procerus 
Synthyris pinnatifida 
Veronica cusickii 
Veronica wormskjoldii 

Valerianaceae 
Valerianu edulis 

Violaceae 
Vwla adunca 
Vwla nuttallii 



Appendix B-Mean Site Variables (t-SD) for 23 Plant Community Types in the 
Study Area 

COMMUNITY TYPE NAMES 
.................................................................................................................................. 
SI t e  *FESIDA/POTDl!I *OESCES/POTDIV *HESKIN/OXYCAM *CARELY *CARSCI/POTDIV *CARSCI/GEUROS *DRYOCT/POLVIV * 
Variables * * N =  6 3 * N =  7 * N = 1 3  * N =  3 * 
.................................................................................................................................. 
Elevat ion ( f t  MSL) 9640.8( 161.7) 9666.7( 329.8) 9650.0( 183.8) 9839.0( 256.2) 9785.7( 363.3) 9880.0( 224.0) 9560.0( 330.4) 
Aspect (azimuths) 180.4( 129.6) 257.5( 132.0) 163.3( 97.5) 162.7( 101.4) 126.4( 103.3) 212.7( 107.2) 233.3( 197.9) 
Slope (%) 35.5( 21.6) 20.2( 21.1) 42.0( 13.2) 24.O( 16.9) 19.6( 12.9) 28.2( 15.5) 29.3( 18.4) 
Bare ground cover ( 6.5( 8.2) 5.7( 7.9) 7.7( 4.0) 4 5.7) 2.4( 3.5) 3.8( 3.6) 2.3( 1.2) 
Gravel ground cover 4.4( 11.2) .5( -5) 13.3( 5.8) 8.3( 10.5) 1.3( -8) 10.8( 12.7) 13+7( 14.8) 
Rock ground cover ( 1.9( 2.7) .3( .5) 8.7( 9.8) 10.0( 17.6) 1.4( 1.1) 21.2( 18.5) 1.0( .O) 
L i t t e r  ground cover 63.6( 31.5) 58.3( 34.3) 56.7( 23.1) 53.8( 28.2) 62.9( 26.3) 50.0( 23.5) 43.3( 40.4) 
Bryophyte ground co 15.3( 25.1) 27.0( 37.5) .3( .6) 8.7( 14.5) 26.1( 25.9) 1 . 5  2.9) 40.0( 36.1) 
B a s a l v e g c o v e r ( % )  7.1( 3.6) 6.5( 3.8) 5.3( 4.0) 6.2( 6.0) 8.0( 3.4) 9.9( 5.4) 5.3( 4.0) 
Uater cover (%I 2.5( 8.7) .2( .4) .O( - 0 )  3.L( 9.2) .O( -0) 3.2( 5.8) .3( -6)  
PH 7.2( 0.3) 6.6( 0.4) 7.4( 0.1) 7.2( 0.5) 6.4( 0.8) 6.0( 0.3) 7.1( 0.8) 
C00rs.e fragment (%) 20( 18) 6( 7) 51( 16) 33( 16) 9( 11) 19( 9) 30( 19) 

N= l l  H=5 N=3 N=22 N=6 N=13 N-3 
Sand ( X )  49.8( 8.1) 48.7( 17.7) 59.6( 2.7) 56.4( 13.4) 50.8( 9.6) 71.3( 8.5) 51.9( 5.1) 
S i l t  (%) 10.5( 8.4) 11.8( 4 6.8( 4.9) 6.0( 3.0) 4.6( 1.9) 4.0( 2.5) 6.3( 3.2) 
Clay (%I  39.7( 10.2) 39.5( 17.0) 33.6( 4.9) 37.6( 12.7) 45.2( 10.9) 24.7( 8.0) 41.8( 5+3)  
O r g a n i c m a t t e r ( % )  19.1( 6 18.4( 3.1) 10.7( 4.0) 16.0( 5.5) 19.9( 4.0) 14.4( 4.4) 25.1( 15.01 
Total carbon (%) 9.1( 3.0) 9.0( 1-51 7.3( 0.8) 8.4( 3.4) ,9.8( 2.7) 8.0( 2.6) 13.6( 7.3) 
Total n i t rogen ( X )  0.66( 0.27) 0.65( 0.13) 0.35( 0.23) 0.57( 0.30) O.f3( 0.25) 0.45( 0.21) 0.75( 0.59) 

COMMUNITY TYPE NAMES 
............................................................................................................................ 
S i t e  *SALARC/POLBIS *CARRUP/POTOVI *GEUROS/AREOBT *DRYOCT/CARRUP *DRY SLOPE 'MOIST SLOPE *CARNIG * 
Var~ab lcs  * N =  2 * H: a N =  5 * W :  5 * N = ~ I  * N =  7 * N =  4 * 
***************************************ff**************************************ff******************ffff***ff***ff****************** 

Elevat ion ( fr  MSL) 9540.0( 254.6) 9875.0( 309.0) ******( 225.0) 9504.0( 181.9) 9824.5( 326.0) 9740.0( 193.1) 9585.0( 280.0) 
Aspect (azimuths) 205.0( 198.0) 128.8( 75.7) 197.0( 105.9) 127.0( 95.0) 179.1( 83.2) 164.3( 108.2) 228.8( 122.9) 
Slope (%) 9.0( 1.4) 17.0( 13.4) 15.6( 16.6) 24.8( 15.3) 49.7( 12.8) 44.0( 18.3) 7.8( 4-61 
Baregroundcover ( 1.0( .0) 3.8( 4.1) 3.2( 3.9) 11.8( 16.1) 17.6( 10.4) 52.9( 27.5) .8( .5) 
Gravel groundcover 11.5( 12.0) 62.9( 26.1) 44.0( 11.4) 35.0( 26.5) 39.1( 21.2) 29.1( 24.0) 1.0( .0) 
Rock ground cover ( 6.5( 4.9) 15.6( 20.2) 26.0( 15.2) 12.2( 10.7) 24.6( 18.5) 8.3( 8.6) 8.8( 14.2) 
L i t t e r  ground cover 21.5( 26.2) 5.9( 6.9) 16.6( 10.4) 32.8( 31.7) 7.3( 8.6) 4.O( 7.1) 75.0( 12.9) 
Bryophyte ground co 55.0( 21.2) .O( -0) .O( .O) .6( 1.3) .3( .5) .O( .O) 7.8( 14.8) 
Basal veg coqer (%) 3.0( .0) 2 . 5  .9) 4.0( 3.5) 4.4( 3.1) 2.9( 2.5) 1.9( 1.1) 10.0( .0) 
Water cover (%) .5( .7) 1.6( 3.5) 2.0( 4.5) .6( 1.3) .1( .3) .O( .O) .O( .O) 
PH 6.5( ) 7.8( 0.4) 6.4( 0.2) 7.3( 0.7) 7.2( 0.7) 6.9( 0.7) 6.2( 0.3) 
Coarse fragment ( X )  26( ) 57( 10) 49( 13) 49( 13) 55( 15) 33( 27) 3( 4) 

N = l  N=6 N-5 N=5 Hz9 N=7 N=2 
Sand (XI  40.6( ) 58.2( 7.7) 75.4( 7.9) 60.0( 8.5) 69.9( 17.2) 55.7( 15.7) 47.9( 2.5) 
s l i t  (%) 6.7( ) 7.9( 5.8) 4.8( 2 .3)  4.6( 2.4) 5.8( 3.4) 15.8( 7.1) 10.8( 0.1) 
Clay (X) 52.7( ) 34.0( 5 . 2  19.7( 9.0) 35.4( 7.8) 24.3( 15.6) 28.4( 11.7) 41.4( 2.3) 
Organrc matter (X I  16.1( ) 9.2( 2.9) 8.4( 3.9) 12.2( 9.3) 8.3( 3.3) 9 . 3  4.7) 15.4( 6.6) 
Tota l  carbon (%I 10.7( ) 9.9( 1.7) 4.8( 3.0) 12.2( 3.6) 5.3( 2.7) 3.1( 2.3) 7.0( 4.0) 
Tota l  n i t r o g e n ( % )  0.43( ) 0.53( 0.15) 0.24( 0.17) 0.34( 0.29) 0.27( 0.15) 0.18( 0.16) 0.36( 0.20) 

(con.) 



Appendix 6 (Con.) 
COMMUNITY TYPE NAMES 

. t t*****RRR**************f f**~***R*RRRt*****************f fR*RRRR**************R***********************************R****************R 

S i t e  *JUIIDRU/ANTLAN *PHYEMP/ANTLAN *CASMER/CARPAY *.IUNPAR/ERIURS *SALGLA *OESCES/CALLEP *CARSCO/CALLEP * 
Variables * N I  3 N =  4 N =  3 * N :  2 * N I  1 * N =  5 * N =  5 4 

*******n****************************RR**********************R****n*********RR*R*RR***n*************************RR***************** 

Eleva t ion  ( f t  MSL) 9793.3( 195.0) 9570.0( 347.7) 9513.3( 100.6) 9680.0( 183.8) 9910.0( .0) 9772.0( 246.2) 9594.0( 390.4) 
Aspect (azimuths) 173.3( 152.7) 106.2( 73.6) 63.3( 53.0) 202.5( 38.9) 360.0( .0) 111.2( 161.8) 162.5( 188.0) 
Slope (%) 13.0( 8.9) 27.0( 11.5) 14.3( 9.5) 16.0( 7.1) 33.0( .O) 11.7( 7.4) 1.8( 1.01 
Bare ground cover ( 3O.O( 10.0) 6.8( 8.9) 4.0( 5 . 2  35.0( 35.4) 3.0( .0) 4.8( 8.5) .2( .4) 
Gravel ground cover 20.W 10.0) 8.5( 8.6) 7.0( 5.2) 11.5( 12.0) 3.0( .0) .4( .5) .O( -0 )  
Rock ground cover ( 4.0( 5.2) 7.8( 4.5) 8.0( 10.4) 2.0( 1.4) 10.0( .0) .8( 1.3) .2( .4) 
L i t t e r  ground cover 30.0( 10.0) 55.0( 31.1) 66.7( 15.3) 30.0( 28.3) 3.0( .0) 13.2( 15.4) 30.0( 29.2) 
Bryophyte ground co 20.0( 20.0) 5.5( 9 . 7 )  7.0( 11.3) 15.0( 21.2) 70.0( .0) 72.0( 29.5) 60.0( 23.5) 
B a s a l v e g c o v e r ( % )  5.3( 4.0) 6.5( 4.0) 7.7( 4.0) 3.0( -0)  3.0( -0)  4.4( 3.1) 8.6( 3.1) 
Uater cover (%I .3( .6) 15.2( 23.6) 3.3( 5.8) .O( -0)  .O( .O) .O( -0)  2 . 0  4.5) 
PH 6.1( 1.0) 6.1( 0.2) 6.0( 0.2) 5.6( 

) - - - - - -  6.5( 1.1) 6.0( 0.3) 

Coarse fragment (%I l o (  6) 7( 6) 23( 13) 2% 1 - - - - - -  3( 2) 0( 0) 
N=3 N=4 N=3 N=1 N=l N=4 N.3 

Sand (X) 52.3( 4.4) 67.3( 26.4) 51.0( 13.1) 35.3( ) 63.1( 48.7( 4.3) 41.8( 20.1) ' 

S i l t  ( X I  11.3( 3 4.6( 1.9) 6.1( 4 . 5 )  4.7( ) 24.9( ) 11.5( 3.2) 15.3( 12.2) 
Clay (%I  36.4( 1.4) 28.2( 25.1) 42.9( 13.0) 60.0( ) 12.0( ) 39.8( 5 . 9 )  42.8( 17.2) 
Organic matter (X) 12.2( 1.5) 13.5( 8.3) 19.0( 4.9) 19.8( 13.7( ) 19.8( 7.5) 25.2( 7.8) 
Total carbon ( X I  5.0( 0.5) 6.8( 3.2) 9.91 2.0) 9.9( 1 8.5( ) 8.4( 4.4) 11.9( 4.6) 
Total n i t rogen (%) 0,21( 0.09) 0.30( 0.28) 0.52( 0.22) 0.64( ) 0.31( ) 0.57( 0.34) 0.70( 0.40) 

COMMUNITY TYPE NAMES 
***~*************f*****************a*~~*************~*************~a*********ff**ffn*~*********************ff*~************ff*n******* 

~ i C e  *SALHIV/CALLEP *SALPLA/CARSCO * 
var iables * N =  2 * 1 * 
*t**~**************~**************~**************~************ff~~**********nff~*~******************ff**ff*~***********wff*~~****** 

Elevat ion ( f t  MSL) 9905.0( 219.1) 9320.0( -0 )  
Aspect (azimuths) 357.5( 3.5) 10.0( .0) 
Slope (%) 28.0( 9.9) 1.0( .O) 
Bare ground cover ( 2.0( 1.4) .O( -0) 
 ravel ground cover 1.0( .0) .O( .O) 
Rockgroundcover ( 5.5( 6.4) .O( .O) 
L i t t e r  ground cover 35.0( 35.4) 10.0( .0) 
~ r y o p h y t e  ground co 50.0( 28.3) 80.0( -0) 
Basal veg cover (%) 10.0( .0) 10.0( -0) 
Uater cover (%I .O( .O) .O( .O) 

PH 7.5( 1 6.3( 1 
Coarse fragment (%) 7( ) .O( .O) 

N=1 N = l  
Sand (%) 27.3( ) - - - -  
S i l t  (%) 13.7( ) - - - -  

Clay (X )  59.0( ) - - - -  
Organic matter (%) 14.7( ) 68.7( ) 

Total carbon (%I 9.4(  ) 39.1( 1 
Total n i t rogen ( 3 6 )  0.40( ) 2.5( 1 



Appendix C--Vascular Plant Constancy and Coverage (Mean and Range) by 
Community Type 
................................................................................................................................. 
S p e c i e s  *FESIDA/POTDIV *DESCES/POTOIV *HESKIN/OXYCAM *CARELY * C A R S C I / W T D I V  *CARSCI/GEUROS *ORYOCT/POLVIV 
~ b b r e v i a t i o n s  * N = 12 * N = 6 * N = 3  N = 24 * N = 7 * N = 13 N = 3  
.................................................................................................................................. 
**I** Trees ***** 
P I  NALBVT O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  4 ( 1 ) [ 1 -  11 O ( O ) [ O - 0 1  31 ( 2 ) [ 1 - 3 1  0 ( 0 ) [ 0 - 0 1  
***** Shrubs ***** 
ARTFRIVS O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1 1 0 0 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  
A R T T S W S  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  33(10)[10-101 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CASMERVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) ~ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
DRYOCTVS O ( O ) [ O -  01 O ( O ) [ O -  01 O ( O ) [ O - 0 1  4 ( 3 ) [ 3 - 3 1  O ( O ) [ O -  01 O (  0 )CO-01  100(60)[30-801 
HAPSUFVS O ( O ) [ O - 0 1  0 ( 0 ) ~ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  8 ( 1 ) 1 1 - 1 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
PHYEMPVS 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( o)[ 0- 01 0  ( O ) [  0- 01 0  ( 0)[ 0- 01 8  ( I)[ 1- 11 0  ( o) [  0- 01 
PHYGLAVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
POTFRUVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  4 ( 3 ) [ 3 - 3 1  2 9 ( 7 ) [ 3 - 1 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - O l  
SALARCVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
SALDOOVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) C o - O l  
SALCLAVS O ( O ) [ O - 0 1  O ( O ) [ o - O l  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 3  O ( O ) I O - O I  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
SALNI WS 8 ( 1)[ 1- 13 0  ( 0 ) t  0- 01 0 ( 0)C 0- 01 0  ( O ) [  0-  01 14 ( 1)[ I- 11 0  ( 0)C 0- 01 100 (11)K 3-20] 
SALPLAVS 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( 0)C 0- 01 0  ( 0)[ 0- 01 0  ( O ) [  0- 01 0  ( 011 0- 01 0  ( O ) [  0- 01 
VACSCOVS 0  ( 0)[  0- 01 0  ( 0)[ 0- 01 0 ( 0)[ 0- 01 0  ( 0)[ 0- 01 0  ( 0)[ 0- 01 0  ( 0) [  0- 01 0  ( Ol f  0- 01 
***** Gramjnoids ***** 
AGRCAHVG 5 8 ( 5 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  3 3 (  1 ) [ 1 -  11 2 9 ( 5 ) [ 1 - 2 0 1  8 6 (  1 ) [ 1 - 3 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
AGRSCRVG 0  ( 0)[  0- 01 0  ( O) [  0- 01 33 ( I)[ 1- 11 17 ( 4)[ 1-10] 0  ( , O ) [  0- 01 8 ( 3 ) t  3-  31 0  ( OIL 0- 01 
AGRSP I VG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  1 0 0 ( 3 ) [ 3 - 3 1  4 ( 1 ) [ 1 - 1 1  O ( 0 ) I O - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
AL ALPVG 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( O) [  0- 01 0  ( O ) [  0- 01 0  ( O) [  0- 01 0  ( 0 ) t  0- 01 0  ( O ) [  0- 01 
BRgPUMVG 33(16 ) [3 -301  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  1 3 (  1 ) [ 1 -  11 2 9 ( 2 ) [ 1 - 3 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ o - o l  
CALPURVG 0  ( 0)[ 0- 01 0  ( O ) [  0- 01 33 ( 311 3- 31 46 ( 9)[ 1-50] 43 ( 8)[ 1-20] 15 ( I)[ 1- 11 33 ( I ) [  1- 11 
CARALBVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  1 4 ( 1 ) [ 1 -  11 1 5 ( 7 ) [ 3 - 1 0 1  3 3 (  1 ) [ 1 -  11 
CARATRVG 25 ( 1)[ 1- 11 67 (13)[ 1-30] 0  ( O)[ 0- 01 0  ( O) [  0- 01 14 ( 1)[ 1- 11 8 (20)C20-201 0  ( O) [  0- 01 
CARELYVG 50 ( 4) [  1-10] 0  ( O ) [  0- 01 33 ( 3)C 3- 31 100 (27)t 1-60] 71 (31)[ 3-701 46 ( 3 ) t  1- 31 100 ( 2 ) I  1- 31 
CARHAYVG 8 ( 1 ) [ 1 - 1 1  5 0 ( 8 ) [ 1 * 2 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) L O - 0 1  
CARILLVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( o ) [ o - o l  O ( o ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  o ( o ) ~ o ~ o ~  
CARLENVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CARLEPVG 0 ( 0 ) [ 0 - 0 1  O(OTCY] -01  0 ( 0 ) 1 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 " 0 1  
CARN 1 GVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CARNOWG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  o ( O ) [ O - O l  O ( 0 ) I O - 0 1  0 ( 0 ) [ ~ - 0 1  0 ( 0 ) [ 0 - 0 1  
CAROBTVG 33 (40)[30-501 0  ( O ) [  0- 01 0  ( O) [  0- 01 8 ( 2)[ 1- 31 29 ( 3)1 3- 31 0  ( O ) [  0- 01 0  ( O ) [  0- 03 
CARPACVG 8 ( 1 ) [ 1 - 1 1  17(40)[40-401 O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  o ( o ) ~ o - o l  0 ( 0 ) [ 0 - 0 1  
CARPAYVG O ( O ) [ O - 0 1  17(20)[20-201 O ( o ) [ o - o l  o ( O ) [ O - 0 1  O ( O ) [ O - 0 1  1 5 ( 1 ) 1 1 - 1 1  O ( O ) [ o - O l  
CARPETVG 2 5 ( 4 ) [ 1 - 1 0 1  1 7 (  1 ) [ 1 - 1 1  o ( O ) [ O - O l  8 ( 1 ) [ 1 - 1 1  1 4 (  1 ) [ 1 - 1 1  O ( o ) ~ o - o l  o ( O ) [ O - O l  
CARPHAVG 0  ( 0 ) f  0- 01 17 (10)[10-101 0  ( 0)[ 0- 01 0  ( O ) [  0- 01 14 1 I)[ 1- 11 77 ( 6 ) [  1-201 33 ( I)[ 1- 11 
CARPYRVG O ( O ) [ O - 0 1  O ( O ) t 6 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) ~ 0 - 0 1  o ( O ) I O - O l  
CARROIVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 3  O ( O ) [ O - 0 1  O ( O ) [ O - 0 3  O ( 0 ) I O - 0 1  
CARRUPVG 33 ( 2)[ 1- 31 0  ( 0)[  0- 01 33 ( 11C 1- 11 63 (16)[ 1-401 29 ( 6)[ 1-10] 23 (14)[ 3-301 33 ( 311 3- 31 



Appendix C (Con.) 
********** l fU********t t fan**********~*na******************R****~*ff*****************a*an*ff****t*aa~************+***aaaa**a********  

S p e c i e s  * F E S f D A / P O T D I V  *DESCES/POTDIV *HESKIN/OXYCAM *LARELY *CARSCI /POfDfV *CARSCI/GEUROS *DRYOCT/POLVIV 
A b b r e v i a t i o n s  * N = 12 * N = 6  * N = 3  * N = 24 * N = 7 * N = 13 N = 3  
*aa***************nw******-**~ff***********t***a****m*~************t taa*aa************aa*a************aa***n*****************aaa 

***** G r a m i n o i d s  C o n t i n u e d  *"a* 

CARSC 1 VG 8 (40) [40-401 0  ( O)[ 0- 01 0  ( 011 0- 01 21 ( 2 ) [  1- 31 86 (36) [  3-601 85 (24) [  1-301 0  ( 0)  [ 0- 01 
CARSCOVG O ( o ) [ o - o l  0 ( 0 ) [ 0 - 0 1  o ( 0 ) I O - O l  o ( o ) [ O - O l  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
DANINTVG O ( O ) [ O - O l  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  2 9 ( 1 2 ) [ 3 - 2 0 1  1 5 (  1 ) [ 1 -  11 O ( 0 ) [ 0 - 0 1  
OESCESVG 42 ( I)[ 1- 11 100 (29)[ 1-501 0  ( O)[ 0- 01 0  ( 011 0-  01 29 ( 211 1- 31 23 (14) [  3-301 0  ( O ) [  0- 01 
FESIDAVG 92 (28) [  3-501 33 (30)[10-501 67 ( 2 ) [  1-  31 21 ( 5 ) [  1-10] 43 ( 3 ) [  3 -  31 8  (10)[10-101 33 ( I ) [  1- 11 
FESOVlVG 8 ( 3 ) [ 3 - 3 1  3 3 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  5 8 ( 1 0 ) [ 1 - 5 0 1  1 0 0 ( 9 ) [ 1 - 5 0 1  8 5 ( 5 ) [ 1 - 1 0 1  6 7 (  1 ) [ 1 - 1 1  
HESKINVG 25 ( 7 ) [  1-20] 0  ( O ) [  0- 01 100 (27)[20-301 54 ( 5 ) [  1-20] 0  ( O)[ 0- 01 0  ( O ) [  0- 01 33 ( 1 ) [  1- 11 
JUNBALVG 0 ( 0 ) [ 0 - 0 1  17(50)C50-501 O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
JUUDRUVG o ( O ) [ O - O l  O ( O ) [ O - 0 1  o ( O ) [ O - O l  O ( O ) ~ o - O l  O ( O ) [ o - O l  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
JUNMERVG O ( o ) [ O - O l  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
JUNPARVG 0 ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  
LUZHI TVG ~ ( ~ ) [ O - ~ l  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  0 ( 0 1 [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O t O ) [ O - 0 1  
LUZPARVG O ( O ) [ O - O l  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
LUZSP I VG 17 ( I ) [  1 -  11 50 ( 2 ) [  1- 31 0  ( O)[ 0- 01 8  ( I ) [  1 -  11 57 ( I ) [  1- 11 92 ( 2 ) [  1- 31 0  ( O ) [  0- 01 
PHLALPVG O ( O ) ~ O - O l  6 7 ( 2 ) [ 1 - 3 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  1 4 (  1 ) [ 1 - 1 1  O ( 0 ) [ 3 - 0 1  O ( 0 ) [ 0 - 0 1  
POAALPVG 42 ( I ) [  1- 31 33 ( 7)[  3-101 0  ( O ) [  0- 01 21 ( 21[ 1-  31 71 ( 31t  1-10] 46 ( 4 ) [  1-10] 100 ( 3 ) [  3-  31 
POAARCVG 8(20) [20-201  O ( 0 ) [ 0 -  01 O ( 0 ) [ 0 - 0 1  O (  0 ) [ 0 - 0 1  O ( O ) f 0 - 0 1  O (  0 ) [ 0 - 0 1  3 3 (  1 ) [ 1 -  11 
POAFENVG 25 ( 2 ) [  1 -  31 33 ( 2) [  1- 31 100 ( 2 ) l  1- 31 21 ( I ) [  1- 11 29 ( I ) [  1- 11 8  ( 3 ) [  3- 31 0  ( O ) [  0- 01 
POAGLAVG 25 ( 5 ) t  1-10] 17 ( 1 ) [  1- 11 33 ( 311 3-  31 67 ( 2 ) [  1-10] 29 ( I ) [  1- 11 15 1 2 ) [  1- 31 33 ( I ) [  1-  11 
POAPRAVG 17 ( 3 ) [  3-  31 17 ( I ) [  1- 11 0  ( O)[ 0- 01 0  ( O ) [  0- 01 14 ( 111 1-  11 0  ( 0 ) [  0- 01 0  ( 0 ) l  0- 01 
POAREFVG O ( o ) [ o - O l  1 7 ( 1 ) [ 1 - 1 1  o ( O ) [ O - 0 1  O ( O ) [ o - O l  0 ( , 0 ) [ 0 - 0 1  o ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
POASECVG 8 (10)[10-101 0  ( O ) [  0- 01 100 ( 5 ) [  1-101 13 ( I ) [  1- 11 0  ( 011 0- 01 54 ( I ) [  1- 31 0  ( 0)C 0- 01 
S f  OCCVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
~ R ~ S P I V G  8  ( l ) t  1- 11 33 ( l ) t  1 -  11 0  ( 0 ) [  0- 01 13 ( I ) [  1 -  11 29 ( I ) [  1- 11 85 ( I ) [  1- 31 33 ( 1 ) t  1- 11 
***** Forb*  ***a* 

ACHHl L V F  83 ( 3 ) [  1-10] 6 7  ( 2 ) [  1- 31 33 ( I ) [  1- 11 33 ( 3 ) [  1-10] 57 ( 6 ) [  1-20] 15 ( 2 ) [  1- 31 0  ( O ) [  0- 01 
AGOGLAVF 50 ( 2 ) [  1- 31 17 ( 3 ) [  3- 31 67 ( I ) [  1- 11 46 ( 2 ) [  1- 31 43 ( 111 1- 11 31 ( 2)[ 1- 31 33 ( I ) [  1- 11 
ANEDRUVF 8 ( 1)C 1-  11 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0- 01 4  ( I ) [  1- 11 29 ( 1 ) t  1-  11 0  ( O ) [  0- 01 0  ( 0 ) [  0- 01 
ANTALPVF 0  ( 0 ) t  0- 01 0  ( O ) [  0- 01 0  ( 0 ) [ 0 -  01 0 ( 0 ) [ 0 -  01 14 ( 3 ) [ 3 -  31 31 ( 1 ) t  1- 11 33 ( 1 ) [  1- 11 
4NTAROVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  4 ( 3 ) [ 3 - 3 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  
ANTLANVF 0  ( O)[ 0- 01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( O)[ 0- 01 0  ( 011 0- 01 15 ( I ) [  1- 11 0  ( 0 ) [  0- 01 
ANTMICVF 1 7 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  8 ( 2 ) [ 1 - 3 1  1 4 (  1 ) [ 1 - 1 1  1 5 (  1 ) [ 1 - 1 1  0 ( ~ ) [ 0 - 0 1  
ANTUMBVF 8 ( 1 ) [ 1 - 1 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) f O - 0 1  4(20) [20-201  1 4 ( l ) t 1 - 1 1  1 5 ( 1 ) [ 1 - 1 1  O ( 0 ) [ 0 - 0 1  
ARECAPVF A 0  ( O ) [  0- 01 0  ( o ) [  0- 01 0  ( O ) [  0- 01 4  ( 311 3 -  31 0  ( o ) [  0- 01 23 ( I ) [  1- 11 0  ( o ) [  0- 01 
ARECONVF 3 3 ( 1 ) [ 1 - 1 1  O ( 0 ) r O - 0 1  O ( 0 ) [ 0 - 0 1  2 9 ( 1 ) [ 1 - 3 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( d ) [ O - 0 1  
ARENUTVF 0  ( 011 0- 01 0  ( o ) [  0- 01 0  ( O)[ 0- 01 4  ( I ) [  1- 11 0  ( o ) [  0- 01 0  ( O)[ 0- 01 33 ( 111 1-  11 
RREOBTVF 0  ( 011 0-  01 0 ( O ) [  0- 01 33 (1O)llO-101 33 ( 4 ) [  1-10] 43 ( 5) [  1-101 77 ( 511 1-10] 33 ( 3)[  3 -  31 
ARNLATVF 0 ( 0 ) [ 0 - 0 1  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  B ( o ) [ o - 0 1  O ( O ) ~ O - O I  o ( o ) ~ o - 0 1  O ( O ) [ O - O I  
ARNLONVF O ( 0 ) l O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) I O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) f O - 0 1  
ARTDRAVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ o - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
ARTSCOVF o ( o ) [ o - 0 1  O ( O ) C O - 0 1  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  ~ ( 1 0 ) [ 1 0 - 1 0 1  o ( o ) [ o - 0 1  
ASTABOVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  8 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
ASTALGVF O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  2 3 ( 2 ) [ 1 - 3 1  O ( 0 ) K O - 0 1  
ASTALPVF 17 ( I ) [  1 -  11 0  ( 0 ) [  0- 01 0  ( O)t 0- 01 4  ( I ) [  1 -  11 43 ( 2 ) [  1 -  31 15 ( 3 ) [  3-  31 33 ( I ) [  1- 11 
ASTBOUVF O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) ~ o - O l  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  



Appendix C (Con.) 
................................................................................................................................. 
Species *FESIDA/POTDIV *DESCES/POTDIV *HESKIN/OXYCAM *CARELY *CARSCI /POTDIV *CARSCI/GEUROS *DRYOCT/POLVIV 
A b b r e v ~ a t ~ o n s  * N =  12 * N =  6 * N =  3  N =  24 * N =  7  * N =  13 * N =  3  
************t*tt**t***~ntt~1**********************n**n******8*n**n*******n******************************************************* 

***** F o r b s  Continued ***** 
ASTFOLVF 8 (  1 ) [ 1 -  11 0  ( 0 ) C O -  01 O (  O) [O-  01 4 (  1 1 1 1 -  I ]  0 ( 0 ) [ 0 -  01 0  ( O ) [ O -  01 0  ( 0 ) [ 0 -  01 
BESUYOVF 50 ( 2 ) [  1- 31 17 ( I ) [  1 -  11 0  ( o ) [  0- 01 42 ( 211 1 -  31 29 ( I ) [  1- 11 0  ( o ) [  0"  01 0  ( o ) [  0- 01 
BUPAMEVF 42 ( 1 ) [  1- 31 0  ( O)[ 0-  01 33 ( I ) [  1- 11 54 ( 2 ) [  1 -  31 43 ( 2 ) [  1- 31 15 ( 1 ) s  1- 11 67 ( I ) [  1-  11 
CALLEPVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) L O - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
CASPULVF 0  ( 0 ) [  0- 01 17 ( 3 ) [  3- 31 0  ( O)[ 0- 01 8 ( I ) [  1 -  11 43 ( 2 ) [  1 -  31 8 ( I ) [  1 -  11 33 ( I ) [  1 -  'I  
CASRHEVF O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( C ! S O - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
CERARVVF 75 ( I ) [  1 -  11 67  ( 6 ) t  7-20] 0 ( o ) [  0- 01 38 ( I ) [  1- 31 71 ( I ) [  1- 31 8 ( I ) [  1- 11 0  ( o ) [  0 -  01 
CHAALPVF O ( O ) [ O - 0 1  O ( o ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - O l  0 ( 0 ) ~ 0 ~ 0 1  
CHI  TUEVF O ( D ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O I i 8 - 0 1  1 5 ( 7 ) [ 3 - 1 0 1  0 ( 0 ) [ 0 - 3 1  
CLALANVF 8 ( 3 ) [  3- 31 17 ( I ) [  1 -  11 0  ( O)[ 0- 01 13 ( 211 1 -  31 29 ( Z ) [  i 31 0  ( O)[ 0- 01 0  ( O)[ 0 -  O! 
CYMBIPVF 17 ( 2 ) [  1 -  31 0  ( 0 ) [  0- 01 100 ( 2 ) [  1-  31 54 ( 3 ) [  1-10] 0  ( 0 ) [  0-  01 0  ( O)[ 0- 01 33 ( I ) [  1 -  11 
DELOCCVF 17 ( 1 ) [  1 -  11 0  ( O)[ 0- 01 33 ( I ) [  1- 11 13 ( 1)K 1 -  11 0  ( 0 ) [  0-  01 0  ( 0 ) [  0-  01 0  ( O)[ 0 -  0: 
O I ~ P U L V F  0  ( O)[ 0-  01 3 3  ( I ) [  1 -  11 0  ( O)[ 0- 01 13 ( I ) [  1- 11 43 ( 2 ) [  1 -  31 46 ( 2 ) [  1- 31 33 ( '- 11 
DOUMONVF 0  ( 0 ) [  0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 8  ( 2 ) [  1- 31 29 ( I ) [  1- 11 8 ( I ) [  1-  11 0  ( 011 0-  01 
E P I A L P V F  O ( O ) [ O - 0 1  1 7 ( 1 ) [ 1 - 1 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  ? ( O ) [ O - 0 1  O ( 0 ) L O - 0 :  
ER l CAEVF 0  ( 0 ) [  0 -  01 0  ( O)[ 0-  01 33 ( I ) [  1 -  11 21 ( 3 ) [  1-10] 0  ( O)[ 0- 01 0  ( O)[ 0-  O j  0 ( 011 0- 01 
ERICOMVF 1 7 (  1 ) [ 1 -  11 O ( O ) [ O -  01 6 7 ( 2 ) S I - 3 1  4 6 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  0  ( O ) [ O - 0 1  O (  O ) [ O - 0 1  
ERIUANVF 0  ( 0 ) [  0- 01 O ( 0 ) [  0-  01 67  ( 1 ) [  1- 11 33 ( 2 ) [  1- 31 14 ( 1 ) [  7 -  11 15 ( 1 ) 1  1- 11 0  ( 0 ) I  0- 01 
E R I  PERVF O ( O ) [ O - 0 1  1 7 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  0 ~ 0 ) [ 0 - 0 ;  
ERIRYDVF O ( 0 ) [ 0 - 0 1  O ( O ) C 0 - 0 1  O ( O ) [ 0 - 0 1  1 7 ( 2 ) E 1 - 3 1  1 4 (  1 ) 1 1 - 1 1  31 ( 2 ) [ 1 - 3 1  3 3 (  1 ) [ 1 - 1 1  
E R I S I M V F  25 ( 2 ) [  1 -  31 33 ( 2 ) [  1-  31 0  ( O)[ 0- 01 13 ( 1 ) [  1- 11 86 ( , 3 ) [  1-10] 77 ( 4 ) [  3-101 33 ( 1 ) 1  1- 11 
ERIURSVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) f O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) 1 0 - 0 1  
ERYGRAVF 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0-  01 0  ( O)[ 0 -  01 
FORBPEVF 0  ( 0 ) [  0 -  01 17 (30)[30-301 0  ( O)[ 0- 01 0  ( 0 )  [ 0-  01 0  ( 0 ) [  0- 01 0 ( 0 )  I 0-  01 0  ( 0 )  [ 0- 01 
FRASPEVF 50 ( I ) [  1 -  11 0  ( o ) [  0- 01 0  ( o ) [  0- 01 33 ( I ) [  1 -  11 29 ( 2 ) [  1-  31 0  ( o)[ 0- 01 33 ( 1 -  11 
GENALGVF O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  8 ( 3 ) [ 3 - 3 1  3 3 (  1 ) [ 1 -  i l  
GENCALVF 8 ( 3 ) [  3 -  31 17 ( I ) [  1- 11 0 ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 57 ( 2 ) [  1- 31 0  ( 011 0-  01 0  ( O ) f  0 -  01 
GEUROSVF 0  ( O)[ 0-  01 0  ( O)[ 0-  01 0  ( O)[ 0- 01 0 ( O)[ 0- 01 0  ( O)[ 0-  01 100 (37)[10-701 33 ( 3 ) [  3-  31 
GEUTR l VF 8 (10)[10-101 0  ( o ) [  0-  01 33 ( I ) [  1-  11 8 ( 111 1 -  11 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 
HAPUNIVF O ( O ) I O - 0 1  O ( O ) f O - D Y  O ( 0 ) [ 0 - 0 1  O ( 0 ) ( 0 - 0 1  1 4 ( 3 ) [ 3 - 3 1  0 ( 0 ) 1 0 - 0 1  O ( 0 ) 1 0 - 0 1  
HEDSULVF 8 ( I ) [  1 -  11 0  ( O)[ 0- 01 0  ( 0 ) [  0- C1 13 ( 5 ) [  3-101 14 ( 1)C 1- 11 0  ( o ) [  0-  01 33 ( 3 ) [  3 -  31 
H I  EGRAVF O ( 0 ) S O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
HYMGRAVF 6 7  ( I ) [  1 -  11 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0 -  01 54 ( 2 ) l  1-10] 71 ( I ) [  1- 31 15 ( I ) [  1- 13 0  ( 0 ) [  0- 01 , 

LESQUEVF 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - o J  0 ( 0 ) [ 0 - 0 1  o ( O ) K O - O l  
LEWPYGVF 8 ( I )  1  I  17 ( 1  I I  0  ( 011 0- 01 4  ( 1 ) s  1- 11 0  ( O)[ 0-  01 69 ( 111 1 -  31 0  ( o ) [  0- 01 
L I GTENVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  
LLOSERVF 33 ( 2 ) [  1- 31 33 ( l ) f  1- 13 0  ( Oj[ 0- 01 33 ( Z ) [  1- 31 100 ( 3 ) [  1-10] 62 ( 3 ) [  1- 31 100 ( 2 ) [  1-  31 
LOMCQUVF 25 ( 2 ) [  1- 31 0 ( O)[ 0- 01 0  ( 011 0- 01 38 ( 3 ) [  1-101 43 ( 3 ) [  3 -  31 15 ( I ) [  1- 11 0  ( O ) [  0- 01 
LUPARGVF 50 ( 1 ) [  1 -  11 0  ( 0 ) [  0- 01 33 ( I ) [  1- 11 46 ( 211 1- 31 71 ( 9 ) [  1-20] 85 ( 71[ 1-20] 0 ( 0 ) [  0 -  01 
MERALPVF O (  0 ) [ 0 - 0 1  1 7 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  4 (  1 ) [ 1 -  11 1 4 ( 3 ) [ 3 - 3 1  5 4 ( 2 ) [ 1 - 3 1  0 ( 0 ) [ 0 - 0 1  
MERCILVF O (  O ) [ O - 0 1  17(30) [30-301  o (  0 ) [ 0 - 0 1  O ( O ) [ o - O ]  O ( O ) [ O - 0 1  o (  0 ) [ 0 -  01 O (  0 ) [ 0 -  01 
M l C U l G V F  O ( O ) [ O - 0 1  1 7 ( 3 ) [ 3 - 3 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) I O - O l  O ( O ) [ O - 0 1  
MOHCHAVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  
MYOSYLVF 75 ( I ) [  1 -  31 50 ( I ) [  1- 11 0  ( O)[ 0- 01 21 ( I ) [  1 -  11 29 ( ? I [  1 -  31 0  ( O)[ 0- 01 0  ( 0 ) [  0- 01 
OXYCAMVF 42 ( 3 ) [  1-  31 0  ( 0 ) [  0- 01 100 ( 2 ) [  1 -  31 79 ( 4 ) s  7-20] 57 ( 4)[ 1-10] 8 ( I ) [  1- 11 67  ( 2 ) [  1 -  31 

(con.) 



Appendix C (Con.) 
................................................................................................................................. 
S p e c  I es *FESIDA/POTDIV *DESCES/POTDIV *HESKIN/OXYCAM *CARELY *CARSCI /POTDIV *CARSCI/GEUROS *DRYOCT/POLVIV 
A b b r e v i a t i o n s  N = 12 * H = 6  * N = 3  N = 24 N = 7 * N = 13 N = 3  
................................................................................................................................. 
***** Forbs Continued ***** 
OXYVISVF 8 ( 111 1- 11 0  ( 0 ) [  0- 01 33 ( l ) t  1- 11 2s ( 3)L 1-10] 29 ( I ) [  1 -  11 0  ( 0 ) [  0-  01 67 ( 6 ) [  1-10] 
PEOCONVF 8  ( 1  I I  0  ( 0 ) t  0-  01 33 ( I ) [  1 -  11 0 ( O)[ 0- 01 14 ( 111 1-  11 8 ( l)C 1- 11 0  ( O ) [  0- 01 
PEDCYSVF 33 ( 1 ) [  1 -  11 33 ( 2 ) I  1-  31 0  ( 0 ) [  0-  01 4  ( 3 ) [  4 -  31 43 ( 4 ) [  1-101 0  ( 0 ) [  0- 01 67 ( 2 ) [  1- 31 
PEDGROVF O ( O ) [ O - 0 1  1 7 ( 1 ) [ 1 - 1 1  O ( O ) [ O - O l  ~ ( o ) [ o - O l  o ( ~ ) [ o - O l  0 ( 0 ) [ ~ - 0 1  0 ( 0 ) [ 0 - 0 1  
PEOPARVF 50 ( 2 ) [  1- 31 33 ( I ) [  1 -  11 0  ( 0 ) [  0- 01 25 ( 2 ) [  1 -  31 57 ( 3 ) [  1-101 8 ( 1)K 1-  11 0  ( 0 ) [  0- 01 
PENATTVF 8  ( 3 ) [  3 -  31 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 4  ( I ) [  1 -  11 0  ( O)[ 0- 01 8 ( 111 1-  11 0  ( 0 ) [  0-  01 
PENPROVF 42 ( 2 ) [  1- 31 33 ( 6 ) [  1-10] 33 ( I ) [  1- 11 4  ( I ) [  1- 11 43 ( 2 ) [  1 -  31 0 ( O)[ 0- 01 0  ( O)[ 0-  01 
PHLHOOVF 8 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  67(10) [10-101  1 3 ( 4 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
PHLMULVF 2 5 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  8 ( 6 ) f 1 - 1 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 1 [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
PHLPULVF 67 (11) [  1-501 17 ( I ) [  1- 11 67 ( 1 ) [  1 -  11 88 (12) [  1-601 71 ( 9 ) I  1-201 92 ( 7 ) t  1-50] 67 ( I ) [  1 -  11 
P O l B I S V F  58 ( 7 ) t  1-20] 100 ( 8 ) [  3-101 0  ( 0 ) 1  0- 01 25 ( 2 ) [  1-  31 100 ( 6 ) 1  1-201 69 ( 5 ) l  1-201 67 ( 6 ) t  1-10] 
P O L V l  SVF 92 ( l o ) [  1-201 17 ( I ) [  1 -  11 0  ( O)[ 0- 01 29 ( 7 ) [  1-20] 14 (20)[20-201 0  ( O)[ 0- 01 0  ( O)[ 0- 01 
P O L V l V V F  0  ( O)[ 0 -  01 0  ( O)[ 0- 01 0  ( O ) [  0- 01 4  (10)[10-101 43 ( 2 ) [  1 -  31 0  ( O)[ 0- 01 100 (17)[  1-301 ' 

POLWATVF 0  ( O)[ 0-  01 17 (10)[10-103 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 0  ( 011 0-  01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 
P O i D  l VVF 83 (14) [  1-39) 100 (11)[  1-301 0  ( 0 ) [  0-  01 63 ( 4 ) [  1-201 86 ( 1 4 ) t  3-3L1 85 ( 5)[ 1-201 100 ( I ) [  1 -  11 
POTOVIVF 1 7 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  6 7 ( 2 ) [ 1 - 3 1  5 8 ( 3 ) [ 1 - 2 0 1  1 4 (  1 ) [ 1 -  11 O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  
RANESCVF 8  ( 111 1-  11 67 ( 4 ) [  1-10] 0  ( O)[ 0- 01 0  ( o ) [  0- 01 0  ( 011 0- 01 0  ( o ) [  0- 01 0  ( o ) [  0- 01 
RUMPAUVF O ( 0 ) [ 0 - 3 1  3 3 ( 2 ) t 1 - 3 1  O ( 0 ) [ 0 - 0 1  O ( O ) f 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
SAXOPPVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  4 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  3 3 ( 1 ) [ 1 - 1 1  
SAXOREVF 8  ( 3 ) [  3 -  31 50 ( 5 ) [  3-70] 0  ( 0 ) I  0- 01 0  ( O)[ 0- 01 14 ( I ) [  1- 11 8 ( 3 ) [  3-  31 0  ( O)[ 0- 01 
SAXRHOVF 67 ( I ) [  1- 31 33 ( I ) [  1- 11 0  ( O)[ 0- 01 42 ( I ) [  1 -  11 43 ( , I ) [  1- 11 23 ( I ) [  1 -  11 0  ( O)[ 0- o! 
SEDLANVF 17 ( I ) [  1 -  11 17 ( I ) [  1- 11 100 ( l)C 1-  11 42 ( 2 ) [  1-  31 29 ( I ) [  1 -  11 54 ( 2 ) [  1-  31 33 ( I ) [  1 -  11 
SE CRAVF 1 7 ( 2 ) [ 1 - 3 1  6 7 ( 9 ) [ 1 - 3 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 9 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  6 7 (  1 ) [ 1 - 1 1  
s E t c Y M v F  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  o ( o ) t o - 0 1  o ( o ) [ o - o I  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  
SEYECIVF 0  ( O)[ 0-  01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( o ) [  0- 01 0  ( o ) [  0- 01 0  ( o ) [  0- 01 0  ( o ) [  0-  01 
S!B"ROVF 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 14 ( 3 ) [  3- 31 31 ( 1- 11 0  ( o ) [  0-  01 
SILACAVF 8  ( I ) [  1- 11 0  ( O)[ 0- 01 0  ( O)[ 0- 01 17 ( 2 ) [  1-  31 29 ( 1)C 1- 11 46 ( I ) [  1- 31 0  ( O)[ 0-  01 
S l  LPARVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  1 7 ( 2 ) t i - 3 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  
S I L R E P V F  8 ( 1  1  I  0  ( O ) [  0- 01 33 ( I ) [  1- 11 17 ( 2 ) [  1-  31 0  ( o) [  0- 01 0  ( O)[ 0- Oj 0  0 ) [  0- 01 
SMECALVF 8  ( 1 ) [  1-  I] 0  ( O)[ 0- 01 35 ( I ) [  1-  11 33 ( 211 1-101 14 ( 3 ) [  3-  31 31 ( I ) [  1 -  11 67 ( I ) [  1- 11 
SOLiDAVF 8  ( 3 ) [  3 -  31 0  ( 0 ) [  0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0-  01 
SCLMULVF 4 2 ( 2 ) [ 1 - 3 1  1 7 ( 3 ) [ 3 - 3 1  O ( 0 ) t O - 0 1  25 ( 2 ) [ 1 - 3 1  8 6 ( 1 1 ) [ 1 - 5 0 1  8 ( 3 ) [ 3 - 3 1  3 3 ( 3 ) [ 3 - 3 1  
S i E C A i V F  O ( O ) [ O - 0 1  1 7 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  
STELONVF 8 ( 1 ) [ 1 - 1 1  1 7 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  o ( O ) [ O - 0 1  O ( O ) [ O - 0 1  8 ( 1 ) [ 1 - 1 1  O ( O ) [ C - 0 1  
SVVDINVF 33 ( 2 ) [  1 -  31 17 ( 1 ) [  1- 11 0  ( O)[ 0- 01 29 ( 1 ) [  1- 31 14 (10)[10-101 39 ( 2 ) [  1 -  31 33 ( I ) [  1- 11 
SYNPLAVF 8 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  
TAROFFVF o ( o ) [ o - 0 1  3 3 ( z ) t 1 - 3 1  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  0 ( 0 ) 1 0 - 0 1  o ( o ) [ o - 0 1  O ( O ) [ U - G I  
TRIHAYVF 25 ( ? I ) [  3-20] 17 ( I ) [  1 -  11 0  ( O)[ 0- 01 13 ( 5 ) [  1-101 0  ( o ) [  0- 01 0  ( O)[ 0- 01 33 ( I ) [  1- 11 
TRiLONVF e ( 3 ) [ 3 - 3 1  3 3 ( 6 ) [ 1 - 1 0 1  O ( 0 ) [ 0 - 0 1  O f 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) t O - 0 1  O ( 0 ) t O - 0 1  
TR I NANVF O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  8 ( 1 ) [ 1 - 1 1  O ( 0 ) t O - 0 1  
TRIPARVF ( 0 ) [  0- 01 33 (10)[10-101 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0- 01 14 (10)[10-101 8 ( I ) [  1 -  11 0  ( 0 ) [  0- 01 
TROLAXVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
VALEDUVF 7  ( 2 )  1  3  17 ( 1 )  I  1  0  ( 0 ) I  0- 01 8  ( 2 ) [  1 -  31 14 ( 1-  11 0  ( o ) [  0- 01 0  ( o ) [  0- 01 
VERWORVF O ( O ) [ O . O ]  1 7 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ~ 0 ) 1 0 ~ 0 1  O ( O ) [ o - 0 1  O ( O ) [ O - 0 1  
7:GELEVF 25 ( 5 ) [  1-10] 0  ( O)[ 0-  01 0  ( 0 ) [  0- 01 29 ( 4 ) [  1-10] 71 ( 5 ) [  1-10] 0  ( O)[ 0- 01 67 ( 3 ) [  3-  31 
%**** F e r n s  and A i i i e d  T a x a  ***** 
SELOENVE 8 ( I ) [  1 -  11 0  ( O)[ 0-  01 33 ( I ) [  1 -  11 71 ( 9 ) [  1-301 14 ( I ) [  1- 11 31 ( 411 1-10] 0  ( O)[ 0- 01 
stLUAPVE O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) f O - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) t O - 0 1  5 4 ( 1 5 ) [ 3 - 3 0 1  O ( 0 ) [ 0 - 0 1  
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s p e c i e s  * S A L A R C / P O L B I S  *CARRUP/POTOVI *GEUROS/AREOBT *DRYOCT/CARRUP *DRY SLOPE *MOIST SLOPE *CARNlG 
Abbreviat rons * N =  2 * N =  8 * N =  5 * ~t 5 * ~ ~ 1 1  * N =  7  * U =  4 
................................................................................................................................ 

***** T r e e s  *"*** 
P I N A L B V T  50 ( 1 ) [  1- 11 0  ( O)[ 0 -  01 20 ( 1 ) [  1- 11 0  ( O)[ 0- 01 18 ( I ) [  1- 11 14 ( 1 ) [  1 -  11 0  ( 0)C 0-  01 
***** S h r u b s  ***** 
A R T F R I V S  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  0 ( 0 ) [ 0 - 0 1  
ARTTSVVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ o - 0 1  0 ( 0 ) [ 0 - 0 1  
CASMERVS O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  20(10) I10- I01  O ( 0 ) [ 0 -  01 O ( 0 ) [ 0 - 0 1  5 0 (  1 ) [ 1 -  11 
DRYOCTVS 50 (10)[10-101 0  ( O)[ 0- 01 20 ( 1 ) [  1- 11 100 (36)[10-601 0 ( O)[ 0 -  01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 
HAPSUFVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O ~ O I  3 6 ( 3 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  O ( O ) I O - O l  
PHYEMPVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  5 0 ( 1 ) [ 1 - 1 1  
PHYGLAVS O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 3  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  
POTFRUVS O ( O ) [ O - 0 1  1 3 ( 1 ) [ 1 -  11 O ( O ) [ O - 0 1  2 0 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
SALARCVS 100 (50)[30-701 0  ( O)[ 0-  01 0  ( 0 ) [  0- 01 20 ( I ) [  1- 11 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 25 (10)[10-101 
SALDODVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( o ) [ O - 0 1  O ( 0 ) I O - 0 1  0 ( 0 ) [ 0 - 0 1  
SALGLAVS O ( 0 ) f O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) I O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  
S A L N I V V S  O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) f O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
SALPLAVS O ( O ) ! O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) L O - 0 1  O ( L ? ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
VACSCOVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
***** G r a m i n o i d s  ***" 
AGRCAIVVE 50 ( ill 1- 11 0  ( O)[ 0- 01 0  ( O)[ 0-  01 20 ( 1 ) I  1- 11 3 6  ( 2)[ 1- 31 57 ( 4 ) [  1-10] 0  ( O)[ 0-  01 
AGRSCRVG 0  ( 0 ) [  0-  01 SO ( I ) [  1- 11 20 ( 3)C 3- 31 20 ( I ) [  1- 11 64 ( 4 ) [  1-101 29 ( 2 ) [  1 -  31 C ( O)[ 0- 31 
AGRSP I V G  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
ALOALPVG O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( , 0 ) [ 0 - 0 1  O ( 0 ) I O - 0 1  0 ( 0 ) [ 0 - 0 1  
BROPUMVG 0  ( O ) [  0-  01 0  ( O)[ 0 -  01 0  ( 011 0- 01 0  ( O)[ 0 -  01 0  ( O)[ 0 -  01 0  ( O)[ 0- 01 0  ( o ) [  0-  01 
CALPURVG O ( O ) [ O - 0 1  3 8 ( 2 ) [ 1 - 3 1  O ( 0 ) [ 0 - 0 1  4 0 ( 3 ) [ 3 - 3 1  9 ( l ) t 1 - 1 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ @ - 0 1  
C A ~ A L B V G  50 ( 3 ) [  3- 31 0  ( O)[ 0-  01 20 ( I ) [  1- 11 0  ( O)[ 0-  01 9 ( 1 ) [  1- 11 0  ( O)[ 0-  01 0  ( O)[ 0-  01 
CARATRVG 0  ( O)[ 0- 01 0  ( O)[ 0-  01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 0  ( 0 ) i  0- 01 25 (20)[20-201 
CARELYVG 100 ( 1 ) [  1- 11 38 ( 6 ) 1  1-101 40 ( 2 ) [  1 -  31 60 ( 5 ) [  3-10] 27 ( I ) [  1 -  11 0  ( O)[ 0- 01 0  ( 011 0 -  01 
CAP.HAYVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) 1 0 - 0 1  O ( O ) [ O - 0 1  4 3 ( 5 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  
C A R I L L V G  0  ( O ) [  0 -  01 0  ( O)[ 0- 01 0  ( 0 ) [  0- 01 0  ( O)[ 0- 01 0  ( O)[ 0-  01 0  ( 0 ) I  0- 01 0  ( O)[ 0- 01 
CARLENVG O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( 0 ) I O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  o ( o ) [ ~ - O l  
CARLEPVG 0  ( O)[ 0-  01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 0  ( O ) [  0- 01 0  ( O)[ 0- 01 0  ( o ) [  0 -  01 
CARNl  GVG 0 ( 0)C 0-  01 0  ( a ) [  0-  01 0  ( O)[ 0-  01 0  ( 0 ) I  0- 01 0  ( 0 ) 1  0 -  01 0  ( 0 ) I  0-  01 100 (78)[70-901 
CARNOVVG 5 0 ( 3 ) C 3 - 3 1  O ( O ) [ O - C 1  O ( O ) L 0 - 0 1  2 0 ( 1 ) [ 1 - 1 1  O ( O ) I O - O I  O ( 0 ) t O - 0 1  o ( ~ ) [ o - O l  
CAROBTVG O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
CARPACVG 0  ( O)[ 0 -  01 0  ( O)[ 0-  01 0  ( O)[ 0-  01 0  ( 0 ) I  0- 01 0  ( O)[ 0-  01 0  ( O)[ 0- 01 0  ( 0 ) I  0-  C? 
CARPAYVG O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O j 0 ) [ 0 - 0 1  9 ( 1 ) [ 1 - 1 1  1 4 ( 3 ) [ 3 - 3 1  5 0 ( 7 ) [ 3 - 1 0 1  
CARPETVG 0  ( O)[ 0 -  01 0  ( 011 0- 01 0  ( 0 ) I  0- 01 0  ( O)[ 0- 01 0 ( O)[ 0-  01 29 ( I ) [  1 -  11 0  ( o ) [  0-  01 
CARPHAVG 50 ( I ) [  1 -  11 0  ( O)t 0 -  01 20 ( I ) [  1- 11 0  ( 0 1 1  0-  01 9  ( I ) [  1- 11 14 ( I ) [  1 -  11 25 ( 111 1- 11 
CARPYRVG O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
CARROIVG 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) f O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
CARRUPVG 50 ( I ) [  1 -  11 63 ( 9 ) I  3-201 20 (20)[20-201 100 ( 4 ) [  1-10] 9  ( 3 ) [  3-  31 0  ( O)C 0- 01 0  ( a ) [  0-  01 
CARSCIVG 5 0 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  6 0 ( 1 ) [ 1 -  11 1 8 ( 6 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CARSCOVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  O ( 0 ) K O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
DANINTVG O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  9 ( 1 ) [ 1 - 1 1  1 4 ( 3 ) 1 3 - 3 1  O ( 0 ) [ 0 - 0 1  
DESCESVG 0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) C O - 0 1  5 7 ( 7 ) [ 1 - 2 0 1  5 0 ( 2 ) C 1 - 3 1  
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................................................................................................................................. 
S p e c i e s  *SALARC/POLBIS 'CARRUP/POTOVI *GEUROS/AREOBT *DRYOCT/CARRUP *DRY SLOPE *MOIST SLOPE *CARNIG 
A b b r e v i a t i o n s  * N =  2  * N =  8  * N =  5 * N =  5 * N =  11 * N =  7 * N =  4  
.................................................................................................................................. 

***** G r a m i n o i d s  C o n t i n u e d  ***** 
FESIDAVG 0  ( 0 ) i  0- 01 0  ( O ) [  0- 01 0  ( O)[ 0- 01 0  ( O ) [  0- 01 27 ( 8 ) t  3-101 43 ( I ) [  1- 11 0  ( O)[ 0- 01 
FESOVIVG 100 ( I ) [  1- 11 50 ( 2 ) [  1- 31 60 ( 4 ) [  1-101 40 ( Z ) [  1-  31 55 ( 2 ) [  1- 31 14 ( I ) [  1- 11 0  ( O ) [  0- 01 
HESKINVG ~ ( o ) [ o - O l  5 0 ( 4 ) [ 1 - 1 0 1  o ( o ) [ O -  01 0 ( 0 ) [ 0 - 0 1  3 6 ( 2 ) [ 1 - 3 1  1 4 (  1 ) [ 1 -  11 0 ( 0 ) [ 0 - 0 1  
JUNBALVG 0  ( o ) [  0- 01 0  ( O)[ 0- 01 0  ( 011 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O ) [  0- 01 
JUNORUVG O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  1 4 ( 1 ) [ 1 - 1 1 1 0 0 ( 4 ) [ 1 - 1 0 1  
JUNMERVG O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 1 [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
JUNPARVG o ( ~ ) [ o - O l  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ o - O l  o ( ~ ) [ o - o ~  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
LUZH I TVG 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  o ( ~ ) [ O - O l  0 ( 0 ) [ ~ " ~ 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
LUZPARVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
LUZSPIVG 100 ( I ) [  1- 11 0  ( O)[ 0- 01 80 ( I ) [  1- 11 40 ( I ) [  1- 11 36 ( 11[ 1 -  11 14 ( 1 ) t  1- 11 0  ( O)[ 0- 01 
PHLALPVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  1 4 ( 1 ) [ 1 -  11 7 5 ( 4 ) [ 1 - 1 0 1  
POAALPVG 100 ( 61C 1-10] 0  ( O ) [  0- 01 0  ( O ) [  0- 01 60 ( I ) [  1 -  I1 &b ( 211 1- 31 57 ( 1 ) [  1- 11 25 ( I ) [  1- 11 
POAARCVG 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 0  ( 011 0- 01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 14 ( I ) [  1- 11 0  ( 0 ) [  0- 01 
POAFENVG 0  ( O ) [  0- 01 13 ( I ) [  1- 11 0  ( 0)K 0- 01 20 ( I ) [  1 -  11 0  ( 011 0- 01 43 ( 2) [  1- 31 50 ( 2 ) [  1- 31 
POAGLAVG D ( O ) C O - O 1  3 8 ( 2 ) [ 1 - 3 1  4 0 ( 2 ) [ 1 - 3 1  O ( O ) C o - O l  5 5 (  1 ) K I - 3 1  1 4 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  
POAPRAVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  
POAREFVG O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  1 4 ( 1 ) [ 1 - 1 1  O ( 0 ) t O - 0 1  
POASECVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 0 ( 1 ) [ 1 -  11 2 0 ( 3 ) [ 3 - 3 1  5 5 ( 3 ) 1 1 - 1 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  
ST 1 OCCVG 0  ( 0)  [ 0-  01 0  ( 0) [ 0- 01 0  ( 0)  [ 0- 01 0  ( 0)  [ 0- 01 0  ( 01 [ 0- 01 14 (20)[20-201 0  ( O ) [  0- 01 
T R I S P I V G  5 0 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  2 0 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  6 4 (  1 1 [ 1 -  11 4 3 ( 4 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  
***** Forbs ***** 
ACHMI L V F  S O (  1 ) [ 1 -  11 3 8 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  2 0 (  1 ) [ 1 -  11 7 3 ( ' 2 ) [ 1 - 3 1  71 ( 3 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  
AG GLAVF ! O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 0 (  1 ) [ 1 - 1 1  3 6 ( 2 ) [ 1 - 3 1  5 7 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  
AN DRUVF O ( O ) [ O - 0 1  2 5 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  4 0 ( 6 ) [ 1 - 1 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
ANTALPVF 50 ( 3)[  3- 31 0  ( 0 ) [  0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 9 ( I ) [  1- 11 14 ( I ) [  1- 11 50 ( I ) [  1- 11 
ANTAROVF O ( 0 ) I O - 0 1  2 5 ( 1 ) [ 1 - 1 1  O ( o ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ ~ - 0 1  
ANTLANVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  7 5 ( 2 ) [ 1 - 3 1  
ANTMICVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  9 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
ANTUMBVF 0  ( O)[ 0- 01 0  ( 0 ) [  0- 01 20 ( 3 ) [  3- 31 20 ( I ) [  1-  11 27 ( 2 ) 1  1- 31 43 ( 1 ) [  1- 11 0  ( O ) [  0- 01 
ARECAPVF 0  ( O)[ 0- 01 0  ( 0 ) [  0- 01 20 ( I ) [  1-  11 0  ( 0 ) t  0- 01 9  ( I ) [  1- 11 14 ( 1 ) [  1- 11 0  ( O ) [  b- 01 
ARECONVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 0 ( 3 ) [ 3 - 3 1  O ( O ) [ o - O l  3 6 ( 1 ) [ 1 - 1 1  2 9 ( 1 ) [ 1 - 1 1  0 ( 0 ) [ 0 - 0 1  
ARENUTVF O ( O ) [ O - 0 1  1 3 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 " 0 1  9 ( 3 ) [ 3 - 3 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  
AREOBTVF l o o (  1 ) [ 1 -  11 8 8 ( 4 ) [ 1 - 1 0 1  1 0 0 ( 9 ) [ 3 - 2 0 1  4 0 ( 3 ) [ 3 - 3 1  1 8 ( 2 ) [ 1 - 3 1  1 4 (  1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  
4RNLATVF O ( 0 ) f O - 0 1  O ( 0 ) 1 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  1 4 ( 3 ) [ 3 - 3 1  2 5 ( 1 ) [ 1 - 1 1  
ARNLONVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  o ( O ) [ O - O l  1 4 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  
ARTDRAVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - O l  O ( 0 ) C O - 0 1  1 4 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  
ARTSCOVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  
ASTABOVF O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  Z O (  1 ) [ 1 -  11 4 0 (  1 ) [ 1 - 1 1  9 ( 3 ) [ 3 - 3 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) C O - 0 1  
ASTALGVF 50(10)[10-101 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - O l  ' ? ( 1 ) [ 1 - 1 1  O ( O ) [ O - O l  O ( O ) [ O - 0 1  
ASTALPVF 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 40 ( I ) [  1 -  11 0  ( O ) [  0-  01 0  ( 0)C 0- 01 0  ( 0)C 0- 01 
A S T B W V F  O (  O ) [ O - 0 1  O ( O ) [ O -  01 O ( O ) [ O -  01 0 ( 0 ) [ 0 - 0 1  9(20)[20-201 O ( O ) [ O -  01 0 ( 0 ) [ 0 -  01 
ASTFOLVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  1 8 ( 1 ) [ 1 -  I] 2 9 ( 7 ) [ 3 - 1 0 1  O ( O ) [ O - 0 1  
BESWYOVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  3 6 ( 1 ) [ 1 -  11 2 9 (  1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  
BUPAMEVF 0  ( O ) [  0- 01 75 ( 1 ) t  1- 11 40 ( I ) [  1- 11 40 ( I ) [  1- 11 36 ( 1 ) [  1- 11 0  ( O)[ 0- 01 0  ( o ) [  0- 01 
CALLEPVF 0  ( O ) [  0-  01 0  ( 0 ) [  0- 01 0  ( O)[ 0- 01 0  ( 0)  [ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 50 (16) [  1-30] 
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**********ttt*n**********n*n***********~~*************+*****************nn*********************************nnn******************  

S p e c i e s  *SALARC/POLBIS *CARRUP/POTOVI *GEUROSJAREOBT *DRYOCT/CARRUP *DRY SLOPE *MOIST SLOPE *CARNlG 
A b b r e v i a t i o n s  * N =  2  * N =  8 * N -  5  * N =  5  * N =  11 * N =  7 * N =  4  
***l***************t**t**************w*-***n*n*************n***********************************************************n******* 

I**** F o r b s  Continued ***** 
CASPULVF 50 ( 1 ) [  1 -  11 25 ( 1 ) [  1 -  11 20 ( I ) [  1 -  11 100 ( I ) [  1- 11 18 ( 1 ) [  1 -  11 0  ( O)[ 0-  01 0  ( 0 ) [  0 -  01 
CASRHEVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  1 4 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  
CERARVVF 0  ( O)[ 0-  01 0  ( 0) [  0-  01 0  ( O)[ 0- 01 0  ( 0 ) [  0- 01 55 ( I ) [  1 -  31 14 ( I ) [  1- 11 0  ( O)[ 0 -  01 
CHAALPVF 0  ( O ) [ O  01 0  ( O ) [ O -  01 20 ( I ) [  1-  11 O ( O ) [ O -  01 18 ( 2 ) [  1-  31 O (  0 ) [ 0 -  01 0  ( 0 ) C O -  01 
CHI  TUEVF O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  2 5 ( 1 ) [ 1 - 1 1  
CLALANVF SO ( 3 ) [  3-  31 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 25 (2O)t20-201 
CYMBIPVF 0  ( O)[ 0- 01 63 ( 1 ) [  1- 31 0  ( O)[ 0- 01 0  ( O)[ 0- 01 18 ( I ) [  1 -  11 14 ( I ) [  1-  11 0  ( O;[ 0- 01 
DELOCCVF O ( O ) [ O - 0 1  1 3 ( 1 ) [ 1 -  11 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  1 8 ( 2 ) [ 1 - 3 1  1 4 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  
DODPULVF 50 ( 1 ) [  1 -  11 0  ( O ) [  0- 01 0  ( O)[ 0- 01 40 ( I ) [  1 -  11 0  ( O)[ 0-  01 0  ( 0)C 0 -  01 25 ( I ) [  1- 11 
DWMONVF 50 ( I ) [  1- 11 13 ( 111 1 -  11 60 ( 2 ) [  1- 31 20 ( 3 ) [  3 -  31 0  ( o ) [  0-  01 0  ( o ) [  0-  01 3 ( o ) [  0"  01 
EPIALPVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  1 4 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  
ERICAEVF o ( o ) [  0- 01 25 ( I ) [  1 -  11 20 ( I O ) [ I O - I O ~  o ( o ) [  0- 01 9 ( I ) [  I -  11 14 ( I ) [  1- 11 o ( o ) [  0- 01 
ERICOMVF 0  ( 0 ) [  0- 01 88 ( 1) [  1- 11 20 ( I ) [  1 -  11 20 ( 1 ) [  1 -  11 82 ( 1 ) [  1 -  11 0  ( O)[ 0- 01 0  ( O)[ 0-  01 
ERINANVF 50 ( 1 ) [  1 -  11 75 ( I ) [  1- 31 80 ( 2 ) [  1- 31 40 ( I ) [  1- I ]  18 ( 1 ) [  1- 11 0  ( O)[ 0 -  01 0  ( 011 0 -  01 
ERIPERVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  5 0 ( 1 ) [ 1 - 1 1  
ERIRYDVF O ( O ) [ O - 0 1  1 3 ( 1 ) [ 1 -  11 4 0 ( 1 ) [ 1 -  11 O ( O ) [ O - 0 1  1 8 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
E R l S I M V F  100 ( 1 ) [  1- 11 0  ( 0) f  0- 01 20 ( I ) [  1 -  11 40 ( I ) [  1 -  11 18 ( 2 ) [  1- 31 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0- 01 
ERlURSVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  1 8 ( 2 ) 1 1 - 3 1  4 3 ( 1 4 ) [ 3 - 3 0 1  O ( 0 ) [ 0 - 0 1  
ERYGRAVF O ( O ) [ O - 0 1  O ( 0 ) f O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  
FORBPEVF 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) 1 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) ~ 0 - 0 1  o ( o ) [ ~ - o l  0 ( 0 ) [ 0 - 0 1  
FRASPEVF 0  ( o ) [  0-  0 1  50 ( 2)[  1 -  31 0  ( 0  0- I  0  I -  1  1  I  1 -  1 14 ( 1 )  1 -  I  0  ( o ) [  0- 01 
GENALGVF 50 ( l ) [  1 -  11 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 0  ( O)I 0- 01 
GE CALVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  2 5 ( 3 ) [ 3 - 3 1  
GEIROSVF 100 (10)[10-101 0  ( O)[ 0-  01 100 (11) [  3-201 40 ( 3 ) [  3 -  31 9 (10)[10-101 0  ( O)[ 0-  01 0  ( O)[ 0-  01 
GEUTRIVF O ( o ) [ ~ - O l  O ( O ) [ O - O l  0 ( 0 ) [ ~ - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
HAPUN l V F  O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) K O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  0 f O ) t O - 0 1  
HEDSULVF 50 ( I ) [  1- 11 13 ( i ) c  I -  11 o ( o ) [  0 -  01 60 ( I ) [  i- 11 o ( o ) r  o -  01 o ( o ) r  o-  oi o ( o ) r  o-  oi 
HlEGRAVF 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 0  ( 0 ) t  0- 01 0 ( 0 ) [  0- 01 0  ( O)[ 0-  01 29 ( I ) [  1- 11 25 ( 3 ) [  3 -  31 
HYMGRAVF 50 ( I ) [  1-  11 25 ( l)C 1- 11 40 ( 111 1- 11 0  ( 0 ) [  0- 01 55 ( I ) [  1 -  31 0  ( 0 ) [  0- 01 0  ( O)f 0-  01 
LESQUEVF O ( O ) [ O - 0 1  13(10)[10-101 O ( O ) [ O - 0 1  2 0 ( 1 ) [ 1 -  11 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
LEUPYGVF 0  ( 0 ) [  0- 01 0  ( 011 0-  01 0 ( O)[ 0- 01 20 ( 1 ) t  1- 11 9 ( I I I  29 ( 1 1  I  0  ( O)[ 0-  01 
LIGTEUVF 0 1 0 ) r o - 0 1  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  o ( o ) r o - 0 1  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  o ( o ) [ o - 0 1  
LLOSERVF 1 0 0 ( 2 ) [ 1 - 3 1  1 3 ( 1 ) [ 1 - 1 1  O ( 0 ) f O - 0 1  1 0 0 ( 1 ) [ 1 - 1 1  9 ( 3 ) 1 3 - 3 1  1 4 ( 1 ) [ 1 -  11 O ( 0 ) [ 0 - 0 1  
LOMCWVF 0  ( O)[ 0-  01 0  ( 011 0-  01 0  ( OIL 0-  01 20 ( I ) [  1-  11 64 ( 2 ) I  1-101 29 ( I ) [  1- 11 0  ( O)[ 0- 01 
LUPARGVF . O ( O ) [ O - 0 1  1 3 (  1 ) [ 1 - 1 1  4 0 ( 3 ) [ 3 - 3 1  O ( 0 ) t O - 0 1  3 6 (  1 ) [ 1 -  11 71 ( 7 ) [ 1 - 2 0 1  O ( O ) [ O - 0 3  
MERALPVF O ( 0 ) [ 0 - 0 1  O ( O ) f 0 - 0 1  4 0 (  1 ) [ 1 - 1 1  2 0 (  1 ) [ 1 - 1 1  2 7 (  1 ) [ 1 - 1 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) 1 0 -  01 
MERCILVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 3  
MlCNlGVF 0  ( o ) [  0- 01 0  ( o ) [  0 -  01 0  ( o ) [  0- 01 0  ( O ) [  0- 01 0  ( O ) [  0-  01 0  ( 0)K 0- 01 0  ( O)[ 0- 01 
MONCHAVF O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  - 
MYOSYLVF 0  ( O)[ 0-  01 0  ( 0)C 0- 01 0  ( 0 ) [  0- 01 0  ( O)t 0-  01 9 ( 111 1- 11 14 ( I ) [  1- 11 0  ( O)t  0- 01 
OXYCAMVF 50 ( 3 ) [  3-  31 63 ( 4 ) I  1-10] 20 ( I ) [  1- 11 100 ( 5 ) [  1-10] 36 ( 211 1 -  31 0  ( O)[ 0-  01 0  ( 0 ) [  0-  01 
3 X Y V I S V F  0 ( 0 ) [ 0 - 0 1  2 5 ( 2 1 [ 1 - 3 1  0 ( 0 ) [ 0 - 0 1  2 0 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
PEDCONVF O ( O ) [ O - 0 1  O ( O ) C O - O l  O ( o ) [ O " O l  0 ( 0 ) [ 0 - 0 1  9 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
PEDCYSVF 5 0 ( 1 ) [ 1 - 1 1  1 3 ( 1 ) [ 1 - 1 1  O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  9 ( 1 ) [ 1 - 1 1  O ( 0 ) L O - 0 1  O ( 0 ) [ 0 - 0 1  
PEDGROVF 0 ( 0 ) [ 0 - 0 1  O ( 0 ) 1 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) f O - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  

(con.) 



Appendix C (Con.) 
........................................................................................................................................ 

S p e c  t es *SALARC/POLBIS *CARRUP/POTOVI *GEUROS/AREOBT *DRYOCT/CARRUP *DRY SLOPE 'MOIST SLOPE *CARNIG 
A b b r e v i a t i o n s  * N :  2  * N =  8 * N :  5  * N =  5 N =  11 N =  7  N =  4  
************************ffff***********************n*****************************nff*****ff*************************ff**********ff***** 

***** For 'bs c o n t i n u e d  ***** 
PEDPARVF O ( O ) [ O - 0 1  2 5 ( 1 ) [ 1 -  11 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 7 (  1 ) [ 1 -  11 1 4 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  
PENATTVF 0  ( O ) [  0- 01 0  ( O)[ 0- 01 0  ( O)[ 0-  01 0  ( O)[ 0 -  01 18 ( 2 ) [  1- 31 14 ( 1 ) I  1 -  11 0  ( O)[ 0- 01 
PENPROVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  2 7 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
PHLHOOVF 0  ( 0 ) [  0- 01 0  ( O)[ 0-  01 0  ( 0)K 0 -  01 0  ( 011 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 
PHLMULVF 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0- 01 0  ( O)[ 0- 01 0  ( 0 ) [  0 -  01 27 ( 3 ) I  3- 31 29 ( I ) [  1- 11 0  ( 011 0 -  01 
PHLPULVF 0  ( O)[ 0 -  01 75 ( 9 ) [  3-20] 100 ( 4 ) l  1-10] 80 ( 6 ) [  1-10] 64 ( 3 ) [  1-101 0  ( O)[ 0- 01 0  ( O)[ 0- 01 
POLBISVF 100 (10)[10-101 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 40 ( 2) [  1-  31 27 ( 2 ) [  1- 31 29 ( I ) [  1 -  11 50 ( 3)[  3- 31 
POLVISVF O ( O ] [ O - 0 1  1 3 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  1 8 ( 2 ) [ 1 - 3 1  2 9 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  
POLVlVVF 1 0 0 ( 6 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  4 0 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
POLUATVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( O ) ~ O - O l  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
POTD 1 VVF 50 ( 3 ) [  3 -  31 38 ( 2)L 1 -  31 60 ( 2 ) [  1-  31 60 ( 5)[ 1-10] 55 ( 3 ) [  1-10] 71 ( 4 ) [  1-10] 50 ( 2)I 1 -  31 
POTOVIVF O ( 0 ) [ 0 - 0 1 1 0 0 ( 2 ) [ 1 - 3 1  O ( 0 ) [ 0 - 0 1  O ( O ) C O - 0 1  Z 7 ( 2 ) [ 1 - 3 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
RANESCVF 5 0 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  4 3 ( 8 ) [ 1 - 2 0 1  7 5 ( 2 ) [ 1 - 3 1  ' 

RUMPAUVF 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 0  ( 0)C 0-  01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0-  01 
SAXOPPVi 5 0 ( 1 ) [ 1 -  11 1 3 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  6 0 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - 0 1  
SAXOREVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 -  01 O (  0 ) [ 0 -  01 O (  0 ) t O -  01 O ( 0 ) [ 0 - 0 1  O (  0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
SAXRHOVF 50 ( I ) [  1 -  11 0  ( O ) [ O -  01 0  ( 0 ) C  0 -  01 20 f I ) [  1- 11 9 ( I ) [  1- 11 14 ( 111 1- 11 0  ( 0 ) t  0-  01 
SEDLANVF 100 ( I ) [  1- 11 13 ( I ) [  1- I ]  60 ( 1 ) [  1 -  11 42 ( 111 1 -  I ]  64 ( 2 ) t  1- 31 14 ( I ) [  1- 11 0  ( O)[ 0- 01 
SENCRAVF 5 0 (  1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  2 0 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  5 7 ( 2 ) [ 1 - 3 1  O ( O ) [ O - 0 1  
SENCYMVF O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 5 ( 3 ) [ 3 - 3 1  
SENECIVF 0  ( O)[ 0- 01 0  ( 0 ) [  0- 01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  (,OIL 0- 01 14 ( I ) [  1- 11 0  ( O)[ 0- 01 
SIBPROVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 0 (  1 ) [ 1 -  11 9 ( 1 ) [ 1 - 1 1  2 9 ( 1 2 ) [ 3 - 2 0 1  5 0 ( 2 ) [ 1 - 3 1  
S I  ACAVF 100 ( 1 ) [  1 -  11 13 ( 3 ) [  3- 31 80 ( 5 ) [  3-101 40 ( 2)f  1- 31 18 (12)[  3-201 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 
S l  IPARVF O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  1 8 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  
5 1  LREPVF O ( O ) [ O - 0 1  2 5 ( 1 ) [ 1 -  11 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 7 (  1 ) [ 1 - 1 1  1 4 (  1 ) [ 1 -  11 O ( O ) t O - O l  
SMECALVF 50 ( I ) [  1 -  11 25 ( I ) [  1 -  11 60 ( 2 ) [  1- 31 40 ( I ) [  1 -  11 55 ( I ) [  1 -  31 0  ( 0 ) I  0-  01 0  ( O)[ 0-  01 
SOLIDAVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
SOLMULVF 0  ( 0 ) [  0 -  01 50 ( I ) [  1 -  I] 0  ( 0 ) [  0- 01 40 ( 2 ) [  1- 31 27 ( I ) [  1 -  13 57 ( 2 ) [  1- 31 0  ( 0)[ 0- 01 
STECALVF 0  ( 0 ) [  0- 01 0  ( O ) [  0- 01 0  ( 0 ) [  0- 01 0  ( O ) [  0- 01 0  ( O)[ 0 -  01 0  ( 0 ) I  0-  01 0  ( 0 ) I  0 -  01 
STELONVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O (  O ) [ O -  01 1 8 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
SYNPINVF 50 ( 3 ) [  3 -  31 0  ( O ) [  0-  01 40 ( 1 ) [  1 -  11 20 ( 1 ) [  1 -  I ]  36 ( 2)[ 1- 31 14 ( 3 ) [  3- 31 0  ( 0 ) I  0- 01 
SYNPLAVF 0  ( 0 ) [  0-  01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 0  ( O)[ 0 -  01 0  ( O)[ 0- 01 0  ( O)[ 0-  01 0  ( O)[ 0-  oi 
TAROFFVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  9 ( 1 ) [ 1 - 1 1  1 4 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  
TRIHAYVF O ( O ) [ O - 0 1  1 3 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  9 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
TRILONVF 0  ( O)[ 0 -  01 0  ( O)[ 0 -  01 0 ( O)[ 0-  01 0  ( 011 0 -  01 0  ( 0)[ 0 -  01 14 ( I ) [  1 -  11 0  ( O)[ 0 -  01 
TR I NANVF O (  0 ) [ 0 - 0 1  O ( O ) [ O -  01 O (  0 ) [ 0 -  01 O (  0 ) [ 0 -  01 9 ( 3 0 ) t 3 0 - 3 0 1  O ( 0 ) [ 0 -  01 O I  0 ) [ 0 - 0 1  
TRlPARVF 0  ( I ) ) [  0 -  01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 0  ( o ) [  0- 01 
TROLAXVF O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 :  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 1 [ 0 - 0 1  O ( O ) [ O - 0 1  
VALEOUVF 0  ( O)[ 0 -  01 0  ( O)[ 0 -  01 0  ( 0 ) [  0- 01 0  ( O)[ 0-  01 0 ( 0 ) [  0 -  01 14 ( I ) [  1- 11 0  ( O)[ 0 -  01 
VERWORVF 0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  5 0 ( 6 ) [ 1 - 1 0 1  
ZIGELEVF 50 ( T I [  1 -  71 38 ( 2 ) t  1-  31 0 ( O)[ 0-  01 20 ( 3 ) I  3- 31 9 ( 1 ) [  1 -  11 0  ( 0 ) [  0-  01 0  ( O)[ 0 -  01 
***** Ferns a n d  A l L i e d  T a x a  ***** 
SELOENVE 0  ( O)[ 0 -  01 25 (12)[  3-20] 40 (10)[10-101 20 (10)[10- lo]  0  ( O)[ 0-  01 0  ( O)[ 0- 01 0  ( 0 ) [  0-  01 
SELWATVE o (  0 ) [ 0 - 0 1  0 ( ~ ~ [ 0 - 0 1  4 0 ( 1 7 ) [ 3 - 3 0 1  0  ( 0 ) [ 0 - 0 1  o (  O ) [ O -  01 O ( O ) [ O - 0 1  o (  0 ) [ 0 - 0 1  

(con.) 



Appendix C (Con.) 

.................................................................................................................................. 
S p e c  i e s  *JUNDRU/ANTLAN *PHYEMP/ANTLAN *CASMER/CARPAY *JUNPAR/ERIURS *SALGLA *DESCES/CALLEP *CARSCO/CALLEP 
A b b r e v l a t ~ o n s  * N :  3 * N =  4 * N =  3 * N =  2 * N =  1  * N =  5  * = 5 
................................................................................................................................... 
***** Trees ***** 
P I N A L B V T  33 ( 1 ) [  1 -  11 50 ( I ) [  1 -  11 67 ( I ) [  1-  11 0  ( O ) [  0 -  01 0  ( O ) [  0- 01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 
* f f t t *  Shrubs *f*** 

ARTFRLVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
A R T T S V V S  o ( o ) r o - 0 1  o ( o ) r o - o i  o ( o ) r o - o i  o ( o ) r o - 0 1  o ( o ) r o - o i  o ( o ) c o - 0 1  o ( o ) t o - o l  
CASMERVS 0  ( 0 ) [  0 -  01 50 (21) [  1-40] 100 (47)[20-801 0  ( O)[ 0-  01 0  ( O)[ 0 -  01 0  ( 011 0- 01 0  ( O ) [  0 -  01 
DRYOCTVS O ( O ) [ O -  01 O ( O ) [ O -  01 O (  O ) [ O -  01 O ( O ) [ O - 0 1  O ( O ) [ O -  O] O ( O ) [ O -  01 o (  0 ) I O - O l  
HAPSUFVS O ( O ) I O - 0 1  o ( o ) [ o - 0 1  O ( O ) [ O - O I  o ( o ) c o - a 1  O ( O ) K O - 0 1  O ( O ) [ O - O I  o ( o ) [ o - 0 1  
PHYEMPVS 0  ( 0 ) [  0-  01 100 (30)[10-601 0  ( O ) [  0- 01 0  ( 0 ) [  0-  01 0  ( O)[ 0 -  01 0  ( O ) [  0- 01 0  ( O)[ 0 -  01 
PHYGLAVS O ( O ) [ O - 0 1  50(40) [30-501  3 3 (  1 ) [ 1 -  11 0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
POTFRUVS O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) I O - 0 1  O ( 0 ) l O - 0 1  
SALARCVS O (  O ) [ O -  01 2 5 ( 3 ) [ 3 - 3 1  67(35) [20-501  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 -  01 O ( O ) [ o - O l  2 0 (  1 ) [ 1 - 1 1  
S A L D M l V S  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
SALGLAVS 0  ( 0)C 0 -  01 0  ( O)[ 0- 01 0  ( 0 ) t  0 -  01 0  ( O)[ 0- 01 100 (60)[60-601 0  ( O ) [  0- 01 0  ( 0 ) [  0 -  01 
SALN l VVS 0  ( O ) [  0-  01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 20 ( I ) [  1- 11 0  ( o ) [  0-  01 
SALPLAVS O ( 0 ) K O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  20(10) [1c -101  
VACSCOVS 3 3  (10)[10-101 100 ( 8 ) [  1-201 0  ( O)[ 0 -  01 0  ( O ) [  0-  01 0  ( O)[ 0-  01 0  ( O ) [  0-  01 0  ( 0 ) I  0-  01 
***** Grasses ***** 
AGRCANVG 0  ( O ) [  0 -  01 0  ( O)[ 0-  01 0  ( O ) [  0- 01 50 ( I ) [  1- 11 100 ( I ) [  1 -  11 0  ( O)[ 0- 01 0  ( O ) [  C- 01 
AGRSCRVG O ( O ) [ O - 0 3  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  0 ( 0 ) [ 0 - 0 1  
AGRSPlVG O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 ]  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  
ALOALPVG O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) C O - 0 1  O ( 0 ) [ 0 - 0 1  O ( , 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  2 0 ( 3 ) [ 3 - 3 1  
BROPUMVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - O l  
CA PURVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
C A I  ALBVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  0 ( 0 ) [ 0 - 0 1  
CARATRVG 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0- 01 0  ( O ) [  0- 01 0  ( O ) [  0-  01 0  ( 0 ) [  0-  01 60 ( 5 ) [  1-101 0  ( O ) [  0-  01 
CARELYVG 0  ( O ) [  0 -  01 0  ( O)[ 0- 01 33 ( I ) [  1 -  11 50 ( I ) [  1- 11 0  ( O ) [  0 -  01 0  ( O)[ 0- 01 0  ( O ) [  0-  01 
CARHAYVG 67  ( 2 ) [  1-  31 0  ( O)I 0-  01 0  ( 0 ) [  0- 01 50 ( I ) [  1 -  11 0  ( O)t 0-  01 20 (10)[10-101 60 ( 311 3-  31 
CAR1 L L V G  0  ( O ) [ O -  01 O ( O ) [ O -  01 O ( O ) [ O -  01 O ( O ) [ O -  01 O ( O ) [ O - 0 1  O (  O ) [ O - 0 1  2 0 ( 1 0 ) [ 1 0 ~ 1 0 1  
CARLENVG 0 ( O ) [ O -  01 O ( 0 ) I O - 0 1  O (  O ) [ O - 0 1  O (  O)[O- 01 O (  O ) [ O -  01 O (  0 ) I O - 0 1  20(90)[99-901 
CARLEPVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  O ( O ) ~ o - O l  
CARN [ GVG 3 3 ( 3 ) [ 3 - 3 1  25(10) [10-101  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  2 0 ( 3 ) [ 3 - 3 1  2 0 (  1 ) [ 1 - 1 1  
CARNOVVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  O ( O ) C o - O l  o ( 0 ) K o - O l  
CAROBTVG O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - o l  O ( O ) [ o - o l  
CARPACVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1 -  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - O l  
CARPAYVG 100 ( 2 ) f  1- 31 100 ( 1 1 ) [ 1 - 3 0 1  100 ( l o ) [  1-20] O ( 0 ) [ 0 -  01 O ( O ) [ O -  01 20 ( 1 ) [ 1 -  11 O (  0 ) [ 0 - 0 1  
CARPETVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  5 0 (  1 1 1 1 -  11 O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - O l  
CARPHAVG 67  ( I ) [  1 -  I ]  25 ( I ) [  1- 11 33 ( I ) [  1- 11 0  ( O ) [  0- 01 0  ( O ) [  0 -  01 0  ( O)[ 0- 01 0  ( O)[ 0- 01 
CARPYRVG 3 3 ( 1 0 ) [ 1 0 - 1 0 1  2 5 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CARROIVG O ( O ) [ O - 0 1  2 5 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CARRUPVG O ( 0 ) t O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) K O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
CARSCI  VG O ( 0 ) l O - 0 1  O ( O ) [ O - 0 1  6 7 ( 1 2 ) [ 3 - 2 0 1  5 0 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  2 0 (  1 ) [ 1 -  11 2 0 (  1 ) [ 1 -  11 
CARSCOVG 0  ( 0 )  [ 0-  01 0  ( 0 ) [  0- 01 0  ( 0 )  [ 0- 01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0 -  01 40 ( 1)  [ 1- 11 80 (68)[50-801 
DAN1 NTVG O ( O ) [ O - 0 1  2 5 ( 1 1 [ 1 - 1 1  O ( O ) [ O - 0 1  5 0 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  



Appendix C (Con.) 

................................................................................................................................. 
Spec i es *JUNDRU/ANTLAN *PHYEMP/ANTLAN *CASMER/CARPAY *JUNPAR/ERIURS *SALGLA *DESCES/CALLEP *CARSCO/CALLEP 
Abbreviations * N =  3  N =  4  N =  3 * N =  2  N =  1  * N :  5  * N =  5 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

***** Gramrnoids Continued ***** 
DESCESVG 33 ( I ) [  1-  11 25 ( I ) [  1- 11 3 3  (10)[10-101 0  ( 0 ) t  0 -  01 0  ( 0 ) t  0- 01 100 ( 1 8 ) t  1-401 100 ( 2 9 ) [  3-601 
FESIDAVG 0  ( 0 )  [ 0. 01 0  ( 0 ) [  0- 01 0  ( 0 )  [ 0-  01 50 (20)[20-201 0  ( 0 )  [ 0- 01 0  ( 0 ) [  0- 01 0  ( O)[ 0-  01 
FESOVIVG 0  ( O)[ 0- 01 25 ( I ) [  1- 11 67 ( I ) [  1 -  11 50 ( I ) [  1- 11 0  ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0-  01 
HESKINVG 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  o ( o ) [ o - o l  o ( o ) [ o - o l  o ( o ) [ o - o l  O ( o ) [ O - O l  
JUNBALVG 0  ( 0 )  [ 0- 01 0  ( O)[ 0- 01 0  ( O ) [  0-  01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 20 (50)[50-501 0  ( O)[ 0-  01 
JUNDRUVG 100 ( l a ) [  3-301 100 ( l o ) [  7-20] 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 40 (20)[10-301 60 ( 211 1- 31 
JUNMERVG O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  4 0 (  1 ) I I - 1 1  6 0 ( 2 ) [ 1 - 3 1  
JUNPARVG 0  ( O ) [  0- 01 0  ( O)[ 0- 01 0  ( O)[ 0-  01 100 (25)[20-301 0  ( O ) [  0-  01 0  ( O ) [  0- 01 0  ( O ) [  0-  01 
LUZH I TVG O ( O ) [ O - 0 1  2 5 ( 3 ) [ 3 - 3 1  O ( O ) [ O - O l  o ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
LUZPARVG 0  ( 0 ) t  0-  01 25 ( 3 ) [  3- 31 0  ( O ) [  0-  01 0  ( 0) [  0-  01 0  ( O)[ 0- 01 0  ( 0 ) [  0-  01 20 ( I ) [  1 -  11 
L U Z S P I V G  33 ( I ) [  1- 11 75 ( 2 ) [  1- 31 33 ( I)[ 1- 11 0  ( 0)C 0- 01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 
PHLALPVG 33 ( I ) [  1- 11 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 80 ( 2 ) [  1- 31 40 ( 7 ) t  3-101 
POAALPVG 67  ( I ) [  1- 11 25 ( I ) [  1- 11 100 ( 2 ) [  1- 31 0  ( 0 ) [  0- 01 100 ( I ) [  1 -  11 60 ( 2 ) [  1- 31 60 ( 4 ) [  1-10] 
POAARCVG O ( 0 ) [ 0 - 0 1  2 5 ( 1 ) [ 1 - 1 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  
POAFEUVG 1 0 0 ( 3 ) [ 3 - 3 1  7 5 ( 3 ) [ 3 - 3 1  33(10)[10-101 5 0 (  1 ) [ 1 -  11 0 ( 0 ) ; 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  
POAGLAVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1 1 0 0 ( 1 ) ~ 1 ~ 1 1  0 ( 0 ) [ 0 - 0 1  2 0 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  
POAPRAVG O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1 1 0 0 ( l ) f 1 - 1 1  4 0 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  
POARE FVG 3 3 ( 1 ) [ 1 - 1 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  4 0 ( 1 ) [ 1 - 1 1  O ( 0 ) t O - 0 1  
POASECVG 3 3  ( I ) [  1- 11 0  ( 0 ) [  0- 01 3 3  ( 1 ) [  1- 11 0  ( o ) [  0- 01 0 ( o ) [  0 -  01 0  ( 0 ) I  0-  01 0  ( OIL 0- 01 
ST IOCCVG O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ 0 - 0 1  
T R I S P I V G  0  ( O)[ 0-  01 75 ( I ) [  1- 11 3 3  ( 1 ) [  1-  11 0  ( O ) [  0- 01 0  (,OIL 0-  01 20 ( I ) [  1- 11 0  ( O ) [  0- 01 
*a*** ~~~b~ ***** 
AC M I L V F  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  5 0 ( 1 ) [ 1 - 1 1  l o o (  1 ) I l - l J  2 0 (  1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  
AGSGLAvF 3 3 ( 1 ) [ 1 - 1 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1 1 0 0 ( l ) t 1 - 1 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
ANEDRUVF O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ o - O l  0 ( 0 ) [ 0 - 0 1  o ( o ) [ o - o ]  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
ANTALPVF 3 3  ( I ) [  1- 11 25 ( 3)[ 3- 31 3 3  ( 3)[ 3- 31 0  ( o ) [  0- 01 0  ( o ) [  0- 01 0  ( 011 0- 01 0  ( o ) [  0-  01 
ANTAROVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( ~ ) [ o - O l  ~ ( o ) ~ ~ - ~ l  0 ( 0 ) ~ 0 - 0 1  o ( o ) [ o - o ~  
ANTLANVF 100 (27)[10-401 100 (2111 1-601 67  ( 2 ) [  1- 31 0  ( 0 ) [  0- 01 0  ( o ) [  0-  01 0  ( o ) [  0- 01 0  ( o) [  0-  01 
ANTMICVF O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - ~ 1  5 0 ( 1 ) [ 1 - 1 1  o ( o ) [ o - o ]  0 ( 0 ) [ 0 - 0 1  o ( o ) [ ~ - o l  
ANTUMBVF 6 7 ( 1 ) [ 1 - 1 1  O ( 0 ) f O - 0 1  O ( 0 ) [ 0 - 0 1 1 0 0 ( 2 ) [ 1 - 3 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
ARECAPVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  
ARECONVF 0  ( 011 0- 01 0  ( O ) [  0- 01 33 ( I ) [  1- 11 100 ( I ) [  1- 11 0  ( o ) [  0- 01 0  ( o ) [  0- 01 0  ( o ) [  0- 01 
ARENUTVF 0  ( O ) [  0- Dl 0  ( O)[ 0- 01 0  ( O)[ 0-  01 0  ( O ) [  0-  01 0  ( O)[ 0-  01 0  ( O)[ 0-  01 0  ( 0 ) [  0-  01 
AREOBTVF 6 7  ( 2 ) [  1- 31 25 ( I ) [  1- 11 100 ( I ) [  1 -  11 0  ( 011 0- 01 0  ( o ) [  0- 01 0  ( o ) [  0- 01 0  ( o ) [  0-  01 
ARNLATVF 33(10) [10-101  O ( 0 ) f O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
ARNLONVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( ~ ) [ o - O l  ~ ( o ) [ ~ - ~ l  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
ARTDRAVF 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0-  01 0  ( O)[ 0-  01 0  ( 0 ) [  0 -  01 0  ( 0 ) [  0 -  01 
ARTSCOVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  O ( ~ ~ [ ~ - O l  o ( o ) [ o - ~ l  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
ASTABOVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - O l  0 ( ~ ) ~ 0 - 0 1  o ( o ) ~ o - o l  o ( ~ ) [ o - o ]  0 ( 0 ) [ 0 - 0 1  
ASTALGVF 3 3  ( I ) [  1 -  11 25 ( 3 ) [  3-  31 67  ( 6 ) [  1-101 0  ( 011 0- 01 0  ( 0 ) [  0- 01 0 ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 
ASTALPVF 0  ( 0 ) [  0-  01 25 ( 3 ) [  3- 31 0  ( O ) [  0-  01 0  ( O)[ 0-  01 100 (10)[10-101 0  ( O)[ 0- 01 0  ( 0 ) [  0-  01 
ASTBOUVF 0  ( 0)L 0-  01 0  ( 0 ) [  0- 01 0  ( O)[ 0-  01 0  ( O ) [  0-  01 0  ( O)[ 0-  01 0  ( O ) [  0- 01 0  ( O)[ 0- 01 
ASTFOLVF 0  ( O ) [  0 -  01 0  ( O ) [  0- 01 0  ( 0 ) I  0-  01 0  ( 011 0- 01 0  ( O ) [  0-  01 20 (60)  [60-601 20 (30)[30-301 
BESUYOVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  ~ ( ~ ) [ ~ - O l  o ( o ) ~ ~ - o l  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
BUPAMEVF 0 ( 0 ) [ 0 . 0 1  O ( O ) [ O - 0 1  0 ( 0 ) ~ ~ - 0 1  0 ( ~ ) ~ ~ - ~ 1 1 0 0 ( 1 ) ~ ~ ~ ~ 1  0 ( 0 ) [ 0 - 0 1  ~ ( ~ ) ~ ~ ~ ~ ]  



Appendix C (Con.) 
*~~~******n********t~~*nn*****t*tt*t***t********************R****n****************~********************************************** 

S p e c  I es *JUNDRU/ANTLAN *PHYEMP/ANTLAN *CASMER/CARPAY *JUNPAR/ERIURS *SALGLA *DESCES/CALLEP *CARSCO/CALLEP 
A b b r e v i a t i o n s  * N =  3  * N =  4 * N =  3  N =  2  * N =  1  * N =  5  * N =  5  
******R************RRR*********~**~~~.******************-*RR******************************************************************* 
***** F o r b s  Continued ***** 
CALLEPVF 0  ( 0 ) [  0- 01 25 ( I ) [  1- 11 0  ( O ) [  0 -  01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 100 (48)[20-701 100 ( 3 5 ) [  1-70] 
CASPULVF 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0-  01 0  ( 0 ) t  0- 01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 20 ( I ) [  1- 11 
CASRHEVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CERARVVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( o ) [ O - 0 1  O ( O ) [ O - 0 1 1 0 0 ( 1 ) [ 1 ~ 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CHAACPVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
C H I  TWEVF O ( 0 ) [ 0 - 0 1  S O ( 2 ) [ 1 - 3 1  3 3 (  l ) [ l -  11 0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
CLALAHVF O ( O ) [ O -  01 5 0 ( 6 ) [ 1 - 1 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O -  01 O ( O ) [ O - 0 1  6 0 ( 1 0 ) 1 1 - 2 0 1  O ( 0 ) t O " O Y  
CYMBIPVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
DELOCCVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  
0M)PULVF 0  ( O)[ 0- 01 50 ( I ) [  1- 11 0  ( 011 0- 01 0  ( O)[ 0-  01 100 ( 1 ) [  1 -  11 20 ( I ) [  1 -  11 40 ( 2 ) [  1- 31 
DMJMONVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) t O - 0 1  O ( 0 ) I O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
E P l  ALPVF 0  ( O)[ 0- 01 25 ( I ) [  1- 11 0  ( O ) [  0-  01 0  ( O)[ 0- 01 0  ( O)[ 0-  01 40 ( 2 ) [  1-  31 0  ( O)[ 0-  01 
ERlCAEVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - O l  O ( O ) [ o - o l  
ERICOMVF O ( 0 ) L O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
ERlHANVF 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) f 0 - 0 1  O ( O ) I O - 0 1  
ERlPERVF 100 ( 4)[ 1-10] 50 ( 1 ) [  1 -  11 0  ( O)[ 0-  01 50 (20) [20-201 0  ( O ) [  0-  01 40 (20)  [lo-301 20 (30)[30-301 
ERlRYOVF 0  ( O)[ 0- 01 25 ( I ) [  1- 11 0  ( 0 ) [  0- 01 0  ( o ) [  0-  01 0  ( O ) [  0-  01 0  ( 0)K 0-  01 0  ( o ) [  0- 01 
E R I S I M V F  0 ( O ) [ O -  01 50 ( 1 ) [ 1 -  11 100 ( 2 ) [  1- 31 0 (  O ) [ O -  01 169 ( 3 ) [ 3 -  31 20 ( 3 ) [ 3 -  31 20 ( I ) [  1- 11 
ERlURSVF 33 ( 1 ) [ 1 -  11 O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  100(15)[10-201 O ( 0 ) [ 0 -  01 0 ( 0 ) [ 0 -  01 O (  0 ) [ 0 - 0 1  
ERYGRAVF 6 7 ( 7 ) [ 3 - 1 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) C O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  
FORBPEVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( , O ) f O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
FRASPEVF 0  ( 0)[ 0 -  01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0-  01 0  ( O ) [  0- 01 100 ( 1 ) [  1- 71 0  ( 0 ) [  0- 01 0 ( 0) [  0 -  01 
GE ALGVF O ( O ) [ O - 0 1  2 5 (  1 ) [ 1 -  11 6 7 (  1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
GECcALvF o ( 011 0 -  01 25 ( 111 I -  11 o ( 0 ) t  0- 01 o ( 011 0-  01 o ( o ) [  0-  01 0  ( O)t 0-  01 20 ( I ) [  1 -  11 
GEUROSVF 0  ( O)[ 0-  01 0  ( O ) [  0- 01 100 (24)[  1-601 0  ( 0)[ 0-  01 0  ( O ) [  0-  01 0  ( O ) [  0-  01 0  ( O)[ 0- 01 
GEUTRI VF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
HAPUN l VF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
HEDSULVF 0  ( O)[ 0-  01 0  ( O)[ 0- 01 0  ( o ) [  0-  01 0  ( O ) [  0-  01 100 (10)[10-101 0  ( O)[ 0-  01 0  ( O)[ 0- 01 
HIEGRAVF 100 ( 2 ) [  1- 31 50 ( 11[ 1- 11 33 ( I)[ 1- 71 0 ( O)[ 0- 01 0  ( O)[ 0- 01 0  ( O)[ 0 -  01 0 ( 0 ) I  0-  01 
HYMGRAVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1 1 0 0 ( 1 ) [ 1 - 1 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
LESPUEVF 0  ( O)[ 0- 01 0  ( O ) [  0-  01 0  ( o ) [  0-  01 0  ( 0 ) [  0-  01 0  ( O ) [  0-  01 0  ( O)[ 0-  01 0  ( O)[ 0-  01 
LEUPYGVF 33 ( 1 ) [  1 -  11 75 ( I ) [  1 -  11 67  ( l ) t  1 -  11 100 ( 2)[ 1- 31 0  ( O)I 0- 0'1 0  ( O ) K  0-  01 0  ( 0 ) [  0- 01 
LIGTENVF O ( O ) [ O - 0 1  25(20)[20-201 O ( O ) [ O - 0 3  5 0 (  1 ) [ 1 -  11 O ( O ) [ O - 0 1  o (  0 ) K o - O l  0 ( 0 ) [ 0 - 0 1  
LLOSERVF 33  ( 1 ) [  1-  11 25 ( 111 1- 11 67 ( 211 1- 31 0  ( O)[ 0- 01 100 ( I ) [  1- 11 20 ( I ) [  1 -  11 20 ( 1 ) I . l -  11 
LOMCWVF O ( 0 ) C O - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - O l  
LUPARGVF 0  ( O ) [  0-  01 25 ( 111 1- 11 33 ( 1 -  11 50 ( I ) [  1- 11 100 ( 3 ) [  3 -  31 0  ( O ) [  0 -  01 0  ( O)[ 0-  01 
MERALPVF 0  ( 0 ) [  0- 01 0  ( 0 ) [  0- 01 33 ( I ) [  1 -  11 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 
MERClLVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
M l C N l G V F  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  2 0 ( 3 ) [ 3 - 3 1  
MOUCHAVF 0  ( 011 0-  01 0  ( o ) [  0- 01 0  ( 011 0- 01 0  ( o ) [  0- 01 0  ( O)[ 0-  01 20 (20)120-201 20 ( I ) [  1- 11 
MYOSYLVF 0  ( O ) [ O -  01 0  ( O ) [ O -  01 0  ( O ) [ O -  01 O (  O)[O- 01 100 ( I ) [  1 -  11 0  ( O ) [ O -  01 0  ( O ) [ O -  01 
OXYCAMVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) ~ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
OXYVl SVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
PEDCONVF 0  ( o ) [  0- 01 25 ( I ) [  1- 11 33 ( 1- 11 0  ( O)[ 0 -  01 0  ( O ) [  0-  01 0  ( O ) [  0-  01 0  ( O ) [  0- 01 
PEOCYSVF 0 ( 0 ) [ 0 - 0 1  O t 0 ) [ 0 - 0 1  3 3 (  1 ) [ 1 -  11 O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  4 0 (  1 ) [ 1 -  11 O ( 0 ) [ 0 - 0 1  



Appendix C (Con.) 
****************.**********************************n********************n************************n**************************n**** 

S p e c i e s  *JUNDRU/ANTLAH *PHYEMP/ANTLAN *CASHER/CARPAY *JUNPAR/ERIURS *SALGLA *DESCES/CALLEP *CARSCO/CALLEP 
A b b r e v i a t i o n s  * N =  3 * N =  4 * N =  3 * N =  2  * N =  1  N :  5 * N =  5 
............................................................................................................................. 
***** F o r b s  C o n t i n u e d  ***** 
PEDGROVF 0 ( 0 ) [ 0 - 0 1  2 5 (  1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  8 0 ( 3 ) [  1 - 3 1  8 0 ( 7 ) [ 1 - 2 0 1  
PEDPARVF o ( o ) [ o - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  5 0 ( 1 ) [ 1 - 1 1 1 0 0 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
PENATTVF O ( O ) [ O - O l  2 5 ( 1 ) K 1 - 1 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
PENPROVF 0  ( o ) [  0-  01 0  ( O ) [  0- 01 0  ( O)[ 0-  01 100 ( I ) [  1 -  11 0  ( o ) [  0-  01 0  ( O ) [  0- 01 0  ( O ) [  0-  01 
PHLHOOVF O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ o - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  
PHLMULVF O ( O ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  5 0 ( 1 ) [ 1 - 1 1  0 ( 0 ) [ 0 - 0 1  0 t O ) t O - 0 1  O ( 0 ) [ 0 - 0 1  
PHLPULVF 0  ( o ) [  0-  01 0  ( O)[ 0- 01 33 ( I ) [  1- 11 50 ( 3 ) [  3 -  31 0  ( O)[ 0-  01 0  ( 01[ 0- 01 0  ( O)[ 0- 01 
POLBISVF 100 ( 2 ) [  1 -  31 100 ( 311 1 -  31 100 ( 2 ) [  1- 31 100 ( 2 ) [  1 -  31 0  ( o ) [  0-  01 80 ( 8) [  3-101 100 ( 3)[  1-101 
POLVl  SVF 0  ( O ) [  0-  01 0  ( 0 ) l  0- 01 0  ( 0 ) t  0-  01 0  ( O ) [  0- 01 0  ( O ) [  0-  01 0  ( O ) [  0-  01 0  ( O)[ 0- 01 
POLV I V V F  0  ( O)t 0-  01 0  ( 0 ) [  0- 01 0  ( 0 ) [  0-  01 0  t  011 0- 01 100 ( 111 1 -  11 20 ( 3 ) [  3-  31 20 ( I ) [  1- 11 
POLUATVF o ( o ) [ o - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  0 ( 0 ) ~ 0 - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
POTD I VVF 100 ( I ) [  1-  11 25 ( 3 ) [  3 -  31 100 ( 8)C 1-201 50 ( 3 ) [  3-  31 100 ( 3 ) [  3-  31 60 ( 211 1- 31 60 ( 1 4 ) t  3-301 
POTOVlVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) t O - 0 1  O ( 0 ) t O - 0 1  
RANESCVF 33 ( 1 ) [  1 -  11 25 ( I ) [  1- 11 0  ( O)[ 0-  01 0  ( O)[ 0-  01 100 ( I ) [  1- 11 0  ( 0 ) I  0- 01 20 ( I ) [  1 -  11 
RUMPAUVF 3 3 ( 1 ) [ 1 - 1 1  O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 j  O ( O ) I O - 0 1  O ( 0 ) I O - 0 1  O ( O ) I O - 0 1  
SAXOPPVF o ( o ) [ o - o l  0 ( 0 ) [ 0 - 0 1  ~ ( o ) [ ~ - O l  0 ( 0 ) [ 0 - 0 1  o ( o ) [ ~ - o l  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
SAXOREVF 0  ( 0 ) [  0-  01 25 ( I ) [  1- 11 0  ( 0 ) [  0- 01 0  I O)I 0- 01 0  ( 0 ) t  0 -  01 60 ( 3)[ 3-  31 60 ( 5 ) [  1-103 
SAXRHOVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  5 0 ( 1 ) [ 1 - 1 1 1 0 0 ( 3 ) [ 3 - 3 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  
SEOLANVF 3 3 ( 1 ) [ 1 - I ]  O ( O ) [ O - 0 1  6 7 ( 1 ) [ 1 - 1 1  5 0 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  
SENCRAVF 0  ( 0 ) [  0-  01 25 ( I ) [  1 -  11 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 100 (10)[10-101 20 ( I ) [  1- 11 20 ( I ) [  1-  11 
SENCYMVF 0  (  0 ) t  0 -  01 25 ( 1 ) [  1 -  11 0  ( 0 ) [  0-  01 0  ( 0 ) [  0- 01 0  ( lo>[ 0-  01 20 (40)[40-401 60 (18) [  3-301 
SENECIVF O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) I O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  2 0 ( 3 ) [ 3 - 3 1  
SlgPROVF 100 ( 8)[ 3-10] 75 ( 2 ) [  1- 31 0  ( O)[ 0-  01 0  ( O)[ 0-  01 0  ( 0 ) I  0-  01 20 ( I ) [  1- 11 20 ( I ) [  1- 11 
S l  LACAVF 0  ( O ) [  0-  01 0  ( O ) [  0- 01 33 ( I ) [  1 -  11 0  ( O ) [  0- 01 0  ( O)[ 0- 01 0 ( O ) [  0- 01 0  ( O ) [  0-  01 
SILPARVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  5 0 ( 1 ) [ 1 - 1 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
SILREPVF 0  ( O ) [  0-  01 0  ( O ) [  0- 01 0  ( OIL 0-  01 0  ( 0)C 0- 01 0  ( o ) [  0-  01 0  ( 0 ) 1  0- 01 0  ( 0)C 0-  01 
SMECALVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O I  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
SOLIOAVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  
SOLMULVF O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - O l  0 ( 0 ) ~ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
STECALVF O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) I O - 0 1  2 0 ( 1 ) [ 1 -  11 4 0 ( 2 ) [ 1 - 3 1  
STELONVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  8 0 (  1 ) [ 1 -  11 2 0 ( 3 ) [ 3 - 3 1  
S I N P l N V F  0  ( 0 ) [ 0 -  01 0  ( 0 ) [ 0 -  01 67( I ) [  1- 11 0  ( 0 ) [ 0 -  01 100 (10)[10-101 O (  0 ) [ 0 -  01 0  ( 0 ) [ 0 -  01 
SYNPLAVF 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( 011 0- 01 0 ( o ) [  0- 01 0  ( O ) [  0-  01 0  ( 011 0-  01 
TAROFFVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  0 ( 0 1 [ 0 - 0 1  2 0 ( 1 ) [ 1 - 1 1  0 ( 0 ) [ 0 - 0 1  
T R I  HAYVF O ( 0 ) [ 0 - 0 1  O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) L O - 0 1  O ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
TRI LONVF 0  ( O ) [  0-  01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( O ) [  0- 01 0  ( 0 ) I  0- 01 20 ( I ) [  1- 11 40 ( 1 ) I  1 -  11 
TRINANVF O ( O ) [ O - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
TRIPARVF 0  ( O ) [  0-  01 0  ( O ) [  0- 01 0  ( O)[ 0-  01 0  ( O)[ 0-  01 0  ( O ) [  0-  01 0  ( 0)C 0- 01 20 ( 1 ) [  1- 11 
TROLAXVF O ( O ) [ O -  01 O ( O ) [ O - 0 1  O ( O ) [ O -  01 O ( O ) [ O - O l  o (  O ) [ O - O l  0 ( 0 ) [ 0 - 0 1  20(10)[10-101 
VALEDUVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) C o - O I  O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  
VERWORVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  4 0 ( 6 ) [ 1 - 1 0 1  8 0 ( 6 ) [ 1 - 1 0 1  
ZIGELEVF 0  ( O ) [ O -  01 0  ( O ) [ O -  01 0  ( 0 ) t  0-  01 @ ( a ) [  0- 01 100 ( I ) [  1- 11 20 ( I ) [  1 -  11 0  ( 0 ) I O -  01 
***** F e r n s  and A l l i e d  Taxa ***** 
SELDENVE O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  33(10)[10-101 O ( 0 ) C O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
SELUATVE O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  O ( O ) [ o - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  



Appendix C (Con.) 

************l.*********l*************************** 

Species *SALNIV/CALLEP *SALPLA/CARSCO 
A b b r e v i a t ~ o n s  * N 2 * N =  1  * 
................................................... 
***a* T r e e s  ***** 
P I N A L B V T  0 ( 0 ) [ 0 - 0 1  O ( O ) [ o - O l  
q z n r r  shrubs n**** 

A R T F R l V S  O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
ARTTSVVS O ( O ) [ O - 0 1  O ( 0 ) I o - 0 1  
CASMERVS O ( 0 ) I O - 0 1  O ( O ) [ O - 0 1  
DRYOCTVS 5 0 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  
HAPSUFVS O ( O ) [ O - 0 1  O ( O ) [ O - O J  
PHYEMPVS o ( O ) [ O - O ]  O ( O ) [ O - 0 1  
PHYGLAVS o ( O ) t O - O l  0 ( 0 ) I O - 0 1  
POTFRUVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
SALARCVS 50 (10)[10-101 0  ( 0 ) ~  0- 01 
S A L D W V S  5 0 ( 3 ) [ 3 - 3 1  O ( O ) [ O - 0 1  
SALGLAVS O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
SALN 1 VVS 100 (70) [70-701 0  ( O ) [  0- 01 
SALPLAVS 0  ( O ) [  0- 01 100 (70)[70-701 
VACSCOVS O ( O ) [ O - O l  O ( 0 ) t O - 0 1  
*'..* Crasi,,oids **4** 

AGRCANVG O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  
AGRSCRVG 0  ( O ) [  0- 01 0  ( 0 ) I  0- 01 
AGRSP 1 VG 0  ( o)[ 0- 01 0  ( o)[ 0- 01 
ALOALPVG 0  ( O ) [ O - 0 1  O ( O ) [ O -  01 
BROPUMVG O ( O ) [ O - O l  0 ( 0 ) [ 0 - 0 1  
CA PURVG 0  ( O ) [ O -  01 O (  O ) [ O -  01 
CAk ALBVG 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
CARATRVG 50 ( 1 ) 1  1- 11 0  ( 0 1 1  0- 01 
CARELYVG 0  ( O)[ 0- 01 0  ( O ) [  0- 01 
CARHAYVG 100 ( 6 ) [ 1 - 1 0 1  O ( O ) [ o -  01 
CAR1 L L V G  O ( 0 ) t O - 0 1  O ( O ) [ O - 0 1  
CARLENVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CARLEPVG 50 ( 3)C 3- 31 0  ( O ) [  0- 01 
CARN I GVG 0  ( O)[ 0- 01 100 ( I ) [  1- 11 
CARNOWG 50 (10)[10-101 0  ( 011 0- 01 
CAROBTVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CARPACVG 0 ( 0 ) [ 0 - 0 1  O ( 0 ) I O - 0 1  
CARPAYVG O ( O ) [ O - 0 1  O ( 0 ) I O - 0 1  
CARPETVG O ( O ) [ O - 0 1  O ( O I [ O - 0 1  
CARPHAVG 0  ( O)[ 0- 01 '0 ( O ) [  0- 01 
CARPYRVG O ( 0 ) I O - 0 1  O ( 0 ) t O - 0 1  
CARROlVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
CARRUPVG ~ ( o ) [ O - O l  0 ( 0 ) [ 0 - 0 1  
CARSCIVG 50 ( 3 ) [ 3 -  31 O (  O ) [ O -  01 
CARSCOVG 0  ( 011 0- 01 100 (30)[30-301 
DAN I NTVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
DESCESVG 50 ( 3 ) [  3- 31 100 (20)[20-201 

(con.) 



Appendix C (Con.) 

................................................... 
Species *SALNIV/CALLEP *SALPLA/CARSCO * 
Abbrev ia t ions * N =  2 * N =  1  
................................................... 
***** Graminoids Continued ***** 
FESIDAVG 0  ( O)[ 0 -  01 0  ( 0 ) [  0- 01 
F ESOV I VG O ( 0 ) I O - 0 1  O ( 0 ) I O - 0 1  
HESKINVG O ( O ) [ O - O l  O ( o ) [ o - O l  
JUNBALVG O ( O ) [ O - 0 1  O ( 0 ) t O - 0 1  
JUNDRUVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
JUNMERVG 0  ( 0 ) t O -  01 l o o (  I ) [  1- 11 
JUNPARVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
LUZH I TVG 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
LUZPARVG 0  ( O ) [  0 -  01 100 ( 3 ) [  3-  31 
LUZSPl VG 50 (10) [ lo-101 0  ( O)[ 0- 01 
PHLALPVG O ( O ) [ O - 0 1  O ( 0 ) C O - 0 1  
POAALPVG 1 0 0 ( 6 ) [ 1 - 1 0 1  O ( O ) [ O - 0 1  
POAARCVG O ( 0 ) t O - 0 1  O ( 0 ) I O - 0 1  
POAFENVG O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
PCAGLAVG O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
POAPRAVG 0  ( O ) [ O -  01 O (  O ) [ O -  01 
POAPEFVG 0  ( O)[ 0 -  01 100 ( 3)[  3- 31 
PCASECVG o ( c ) [ o - 0 1  o ( o ) ~ o - 0 1  
STIOCCVG 0  ( O I L  0 -  01 0  ( o ) [  0- 01 
TRlSPlVG 0 ( 0 ) ~ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
I**** R**** 

ACHMILVF O ( O ) [ C - 0 1  O ( 0 ) C O - 0 1  
AG GLAVF O ( O ) [ O -  01 0  ( O ) [ O - 0 1  
AN!wvF o ( o ) [ o - 0 1  o ( o ) [ O - 0 1  
ANTALPVF 50 ( I)[ 1- 11 0  ( o ) [  0- 01 
ANTAROVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
ANTLANVF o ( O ) C ~ - O l  0 ( 0 ) [ 0 - 0 1  
ANTMICVF O r O ) [ 0 - 0 1  O ( 0 ) [ 0 - 0 1  
ANTUMBVF 3 : 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
ARECAPVF 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
ARECONVF c ( 0 ) I  0 -  01 0  ( 0 ) [  0- 01 
ARENUTVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
AREOBTVF O ( 3 ) C o - 0 1  0 ( 0 ) [ 0 - 0 1  
ARNLATVF 0  ( O ) [  0 -  01 0  ( O)[ 0- 01 
ARNLONVF O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
ARTDRAVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
ARTSCOVF 0 ( 0 ) [ 0 - 0 1  0 ( 0 ) [ 0 - 0 1  
ASTABOVF O ( O ) [ O -  01 O (  O ) [ O - 0 1  
ASTALGVF O ( O ) [ O - 0 1  0 ( ' 0 ~ c 0 - 0 1  
ASTALPVF O ( O ) [ O - 0 1  0 ( 0 ) [ 0 - 0 1  
ASTBWVF O ( O ) t O - O 1  O ( O ) [ O - 0 1  
ASTFOLVF 50 ( 1 ) [  1 -  11 100 (10)[10-101 
BESWYOVF O ( O ) [ O - 0 1  O ( O ) [ O - 0 1  
BUPAMEVF O ( O ) [ o - 0 1  0 ( 0 ) [ 0 - 0 1  
CALLEPVF 100 (22) [ 3-401 0  ( o ) [  0- 01 

(con.) 



Appendix C (Con.) 

................................................. 
S p e c  I es * S A L N I V / C A L L E P  *SALPLA/CARSCO * 
A b b r e v i a t i o n s  * N = 2 * N = 1 * 
................................................... 
***** F o r b s  Conl inued ***** 
CASPULVF O(O)[O-01 O(0)IO-01 
CASRHEVF O(O)[O-01 O(0)lO-01 
CERARVVF 100 ( 2)t 1 -  31 0 ( 0)t 0- 01 
CHAALPVF O(O)[O-01 O(0)LO-01 
C H I T U E V F  O(0)IO- 01 O(O)[O- 01 
CLALANVF O(O)[O-01 O(O)[O-01 
C Y M ~ I P V F  o (o)[o- 01 o (  o)[o- 01 
OELOCCVF O( O)[O- 03 O(O)[O- 01 
D!XIPULVF 0(0)~0-01 0(0)[0-01 
D W M O N V F  O(O)[O-01 O(0)IO-01 
E P I A L P V F  0 ( 011 0- 01 100 (10)[10-101 
E R I C A E V F  O( 0)IO- 01 0 (O)[O- 01 
ERICOMVF O(O)[O-01 O(0)IO-01 
E R I N A N V F  0 ( O)[ 0- 01 0 ( O)[ 0- 01 
E R I P E R V F  0 ( O)[ 0- 01 0 ( 0)I 0- 01 
E R I R Y D V F  O(O)[O-O: O(0)CO-O! 
E R ~ S I M V F  50 ( :)C :- 11 0 ( 011 0- 01 
E R I U R S V F  0 ( O)[ 0- 01 0 ( O)[ 0- 01 
ERYGKAVF O(0)iO- Oi 0(0)[0-01 
FORBPEVF O(O)[O- ij a (  O)[O-01 
FRASPE'JF 0 (o)[O- Oj O (  O)[o- 01 
GENALGVF 0 ;  O)[O- 0: C (  0):C- 01 
GEYCALVF 0 (0)IO- 01 100 ( I)[ 1 -  1 1  
GEUROSVF 50 ( 3 ) i  3- 33 G { O)I 9-  21 
G E U T R l V F  9 0 0 1 0 - 0 1  O(0);O-01 
HAPUN I V F  O(0)CS-0; C(C):3-91 
HEDSULVF C (  0110- 01 O( 0)CG-01 
H l EGRAVF G(0)IO-01 O(0)IO-01 
HYMGRAVF 9:O)fO-$1 O(0)!0-0! 
LESPUEVF C ( O l i 0 - 0 1  3<O)tO-01 
LEUPYGVF S(O)[O-01 O(O)[O-01 
L l  GTENVF O(O)[O-01 O(O)[O-01 
LLOSERVF 50 ( 1)C 1 -  1 1  0 ( 0)I 0- 01 
LOMCOUVF 0 (0)[0- 01 0 (0)EO- 01 
LUPARGVF O (  0)CO- 01 O (  O)[O- 01 
MERALPVF O (  O)[O- 01 O (  0)IO- 01 
M E R C I L V F  O(O)[O-01 O(O)[O-01 
M l C N l G V F  O(O)[O-01 O(O)[O-01 
MONCHAVF O(O)[O-01 O(O:[O-01 
MYOSYLVF 50 ( 1 I -  I 0 ( O)[ 0- 01 
0x7 CAMVF o ( o ) ~  0- 01 o ( a)[ a-  01 
O X Y V I S V F  O(O)[O- 01 O (  O)[O- 01 
PEDCONVF 0 (@)[ 0- 01 0 ( O)[ 0- 01 
PEOCYSVF O(O)[O-01 O(O)[o-Ol 
PEDGROVF 50 ( I)[ 1-  11 100 ( 3 ) [  3 -  31 

(con.) 



Appendix C (con.) 

**.*.***+*t*******************+******I*******an**** 

Spec I e s  *SALUIV/CALLEP *SALPLA/CARSCO * 
A b b r e v r a t r o n s  * I =  2 U =  1  * 
****ft******************+************************n* 

***** F o r b s  C o n t  ~nued ***** 
PEDPARVF O ( O ) [ O -  01 O ( O ) [ O -  01 
PEUATTVF 0  ( O)[ 0- 01 0  ( o ) [  0- 01 
PENPROVF 0  ( O)I 0-  01 0  ( O)I 0- 01 
PHLHOOVF O (  O ) [ O -  01 O (  O)[O- 01 
PHLnuLvF O ( 0 ) t O -  01 O (  O ) [ O -  01 
PHLPULVF o (  O ) [ O -  01 O (  O ) [ o -  01 
POL0 I SVF 50 ( I ) [  1-  11 100 ( 311 3- 31 
POLVISVF 0  ( O ) [  0- 01 0  ( O ) [  0-  01 
POLVl  W F  50 ( I ) [  1- 11 0  ( O ) [ O -  01 
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classification for alpine vegetation on the Beaverhead National Forest, Montana. Gen. 
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Vegetation of the alpine zone of eight mountain ranges in southwestern Montana was 
classified using IWINSPAN, DECORAN, and STRATA-algorithms embedded within the 
U.S. Forest Service Northern Region's ECADS (ecological classification and description 
system) program. Quantitative estimates of vegetation and soil attributes were sampled 
from 138 plots. Vegetation composition, structure, productivity, associated soil features, 
and landscape positions are described for the 23 recognized community types that 
include wetland, snowbed, cushion plant, turf, and grassland physiognomic types. Field 
identification of community types is facilitated through the inclusion of a diagnostic 
indicator species-based dichotomous key. Management related obsenrations are posited 
for this regional alpine zone and for particular vegetation types. 

Keywords: alpine habitats, vegetation classification, key to classification, parent materials, 
soil variables, southwestern Montana 
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