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A. INTRODUCTION 
 
The Bell Meadow Research Natural Area (BMRNA) lies within the Summit Ranger District, 
Stanislaus National Forest.  The area was reconnoitered in 1981 and suggested as a possible 
RNA at that time (Tonnesen 1981).  The PSW/R5 Research Natural Area Committee 
recommended it be advanced to candidacy and that an ecological survey of the area be 
conducted.  This survey was contracted in 1984 and completed in 1985 (Keeler-Wolf 1985).  The 
BMRNA as described in this Establishment Record lies entirely within land managed by the 
Stanislaus National Forest, the sole administrator of this RNA. 
 

1) Land Management Planning 
 
The Stanislaus National Forest Land and Resource Management Plan recommends the 
establishment of the BMRNA (Appendix 3).  The area lies within the Bell Meadow 
Management Area. 
 
 

B. OBJECTIVES 
 
The BMRNA was selected to preserve and example of the Aspen Forest1 target element for the 
Southern Sierra physiographic province.  Currently there is no other established or candidate 
RNA selected to represent this target element in the Pacific Southwest Region. 

                                                 
1In this Establishment Record, vegetation type names follow Holland (1986) except as noted in 
the text.  Tree names follow Little (1979).  All other plant names follow Munz (1968). 
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C. JUSTIFICATION FOR ESTABLISHMENT 
 
The aspen (Populus tremuloides var. aurea) stands at Bell Meadow are extensive and well 
developed.  They occur on both flat, deep meadow soil and on sloping, shallower upland soil.  
Variation in degree of sucker reproduction, understory density and species composition, and 
invasion by coniferous vegetation add to the potential research value of the area.  In this area, 
typical meadow aspen trees are over 90 feet (27 m) tall and occasional giants attain diameters of 
over 40 inches (100 cm). 
 
On the west slope of the Sierra Nevada, aspen occurs in scattered, usually small groves between 
5900 and 9800 feet (1800-3000 m) elevation (Rundel et al. 1977).  Although typically associated 
with meadows or riparian situations in the Sierra Nevada, aspen may occur within a broad range 
of vegetation types including: Big Sagebrush Scrub, Jeffrey Pine Forest, Western Juniper 
Woodland, Red Fir Forest, Lodgepole Pine Forest, Pacific Ponderosa Pine Forest, and Montane 
Chaparral.  The surrounding vegetation at Bell Meadow includes Jeffrey Pine Forest, Red Fir 
Forest, Sierra Nevada Mixed Conifer Forest, Lodgepole Pine Forest, and Montane Chaparral 
elements.  Hence, the BMRNA represents a diverse matrix of habitats within which to view the 
target element. 
 
Despite the relative commonness of aspen in the Southern Sierra Nevada physiographic 
province, very little information exists on the species in California.  A recent treatise on aspen in 
the Western United States (DeByle and Winokur 1985) has very little information relating 
specifically to the Sierra Nevada populations.  The uniqueness of the aspen stands in the 
California region lies in their apparently stable nature.  This is in contrast to the vast successional 
stands occurring throughout the Rocky Mountain states (Mueggler 1985).  Only one major study, 
a doctoral dissertation by Barry (1971), has been conducted on Sierra Nevada aspen.  This study 
was conducted in the northern Sierra Nevada in the Lake Tahoe basin and addressed the ecology 
of of the species in four aspen parkland stands.  Barry's study concluded that most aspen groves 
in the Tahoe area are stable.  The aspen communities are particularly adapted to ecotonal areas 
between forest and meadows.  Barry indicated that aspen is a truly seral species only in the red 
fir forest where it may gain dominance temporarily after logging. 
 
As is true with most riparian vegetation in California, the aspen type has been affected strongly 
by human modification in the past 100-150 years. This impact at Bell Meadow has included 
introduction of beaver (Castor canadensis)2, possible increased meadow erosion resulting from 
upstream logging, as well as grazing and browsing pressure from sheep, cattle, and horses.  The 
difference between Bell and many other meadows of the Sierra Nevada is that at Bell Meadow, 
there is some history of study and monitoring of the changes which have taken place. 

                                                 
2In this Establishment Record, nomenclature for birds, mammals, and amphibians follows 
Verner and Boss (1980). 
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Leopold et al. (1951), in their classic study of the Jawbone deer herd, discuss Bell Meadow and 
show photographs of it.  They suggest that it is an excellent summer range for mule deer 
(Odocoileus hemionus) because of the interspersion of wet meadow, timber, brush, and open 
areas.  The abundant willows and aspens make it a good fawning ground, as willows (Salix sp.) 
and aspen are particularly relished by pregnant and lactating does.  In 1961, a permanent 
condition and trend transect was established by the Stanislaus N.F. in the upper meadow.  
Monitoring of this transect between 1961 and 1974 showed some marked changes in cover and 
composition of forage (photos and notes on record at Summit Ranger District, and see Keeler-
Wolf 1985).  Since 1973 the trend from wet meadow species to dry meadow species seems to 
have stabilized (photo 1).  The abrupt changes in the mid-1960's seem to have been associated 
with a pronounced downcutting of the streambed of Bell Creek in the upper meadow area 
(photos 2 and 3).  This downcutting lowered the water table and caused the decline of wet 
meadow species (Keeler-Wolf 1985). 
 
In addition to the early studies of the deer grazing by Leopold et al., a more recent study 
(summers of 1984 and 1985) by Joy Winckel of U.C. Davis assessed the effects of cattle grazing 
at four different stocking levels on deer densities using small temporary enclosures in the lower 
part of Bell Meadow.  Thus, a fair body of knowledge exists concerning the condition of the 
meadow area, especially as it relates to grazing, over the past 40 years or so.  Bell Meadow RNA 
would provide a valuable permanent study are for future study of deer ecology as well as serving 
as a site for studying processes of change in meadow vegetation composition. 
 
In addition to deer, the riparian habitats at BMRNA afford forage, breeding sites, and protection 
for a large number of other animal species including over 60 species of birds (Appendix 2).  As 
long as the riparian willow and aspen vegetation remains intact, the BMRNA will continue to be 
an important wildlife habitat.  The rapid drop in the water table in portions of the upper meadow 
has not affected the cover of willow or aspen (according to comparative statements on file at the 
Summit R.D., aerial photos pre- and post-dating downcutting, and the previously mentioned 
photos in Leopold et al.).  Both willows and aspen have vigorous and deep root systems (Jones 
and DeByle 1985) in deep soil and have apparently been able to maintain contact with the 
recently dropped water table. 
 
 
D. PRINCIPAL DISTINGUISHING FEATURES 
 
The BMRNA is distinguished by its well-developed aspen forest, riparian thickets, and wet and 
dry meadow vegetation.  It is underlain primarily by granitic rock and riverine and lacustrine 
alluvium, with a small amount of Pliocene volcanics in the northeast portion.  The meadow is a 
product of repeated overbank flood deposition separated by non-flood periods of organic 
accumulation (DeGraff 1989).  The meadow may be divided into an upper and lower part, 
separated by a narrows bordered on each side by granitic outcrops.  The present meadow 
vegetation is a mosaic of riparian willow thickets, wet meadow, aspen groves, dry meadow, and 
bordering coniferous forest.  On the surrounding granitic and volcanic outcrops and slopes are 
forests of Jeffrey pine, white fir (Abies concolor), and red fir, and extensive montane chaparral 
and sparse outcrop vegetation.  The aspen groves are typically tall and successionally stable, with 
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a well developed understory.  They vary somewhat in age and stature, but the majority of them 
are mature. 
 
 
E. LOCATION 
 

1) The BMRNA is located on the Stanislaus National Forest.  No other Forest System 
lands are involved. 
 
2) The approximate center of the RNA is at 38o10' N latitude and 119o56' W longitude. 
 
3) Boundary Description (see certified boundary description at the forward section of this 
document): 
 
4) The Bell Meadow RNA comprises 490 acres (198 ha). 
 
5) Elevations range from 6540 to 6800 feet (1993-2073 m). 
 
6) Access (map 1) 
Travel time to the BMRNA is approximately 1 hour from Sonora (map 1).  Follow State 
Highway 108 east from Sonora (or west from U.S. Highway 395) to Forest Road 4N26.  
This junction is located approximately 0.5 mile (0.8 km) east of Cold Springs, 
approximately 2 miles (3 km) southwest of Summit Ranger Station, opposite and just east 
of the signed turnoff for Old Strawberry Road.  Follow Road 4N26 east approximately 7 
miles (11 km) to its junction with Forest Road 4N25.  Turn right (southwest) on 4N25 and 
continue approximately 0.5 mile (0.8 km) to the junction with the Bell Meadow Road 
(Forest Road 4N02Y).  Turn left (southeast) on 4N02Y and continue about 1.5 (2.5 km) 
miles to the parking area at the Emigrant Wilderness trailhead. 
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F. AREA BY COVER TYPES 
                   
SAF (Eyre 1980) TYPE CODE ACRES HECTARES       
Jeffrey Pine       247    200     80.9 
Red Fir         207     42     17.0 
White Fir      211     39     15.8 
Aspen         217     68     27.5 
Lodgepole Pine       218     23      9.3 
Black Cottonwood-Willow     222      1      0.4 
Unclassified        -    118     47.8 
TOTALS            490    198.3 
                      
KUCHLER (1966) TYPE                          
Mixed conifer forest      K-5    239     96.7 
Red fir forest       K-7     42     17.0 
Lodgepole pine-subalpine forest   K-8     23      9.3 
Unclassified        -    186     75.3 
 
TOTALS            490    198.3 
                      
HOLLAND (1986) TYPE    ____________ 
Jeffrey Pine Forest      85100   200     80.9 
Aspen Forest       81B00    68     27.5 
Red Fir Forest     85310   42     17.0 
Sierran White Fir Forest    84240    39     15.8 
Lodgepole Pine Forest      86100    23      9.3 
Montane Riparian Scrub     63500    45     18.2 
Dry Montane Meadow      45120    36     14.6 
Wet Montane Meadow      45110    28     11.3 
Montane Freshwater Marsh    52430     9      3.6 
Black Cottonwood Riparian Forest  61530     1      0.4 
Unclassified                      -                
TOTALS            490    198.3 
                      
 
 
G. PHYSICAL AND CLIMATIC CONDITIONS 
 
The Bell Meadow RNA lies in the central Sierra Nevada on the western side of the Sierra Crest.  
The area occupies portions of the bottom and lower slopes of the Bell Creek drainage.  Bell 
Creek is a tributary of the Clavey River, which joins the Tuolumne River approximately 35 miles 
(56 km) downstream from Bell Meadow. 
 
Bell Meadow may be divided into two sections, an upper and lower.  The upper is the larger, 
approximately 2700 feet (820 m) wide and 4000 feet (1220 m) long.  It is divided from the lower 
section by a narrow area about 300 feet (90 m) wide between the granitic outcrops of the lower 
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slopes of Bell Mountain and Dodge Ridge.  The lower section is more elongate with a maximum 
width of about 1500 feet (450 m) and a length of about 3000 feet (900 m).  Below this section 
Bell Creek crosses over a granitic outcrop and cascades down a few hundred feet to another flat 
meadow area to the west of the RNA boundary.  The entire meadow area stretches for about 1.25 
miles (2 km) from east to west and drops very gradually from about 6600 feet (2012 m) at the 
eastern edge to about 6550 feet (1996 m) on the western edge. 
 
The slopes surrounding the meadow show evidence of Pleistocene glaciation (glacial polish, 
erratic boulders) to a level of at least 400 feet (122 m) above the present meadow.  The relativey 
deep layers of coarse sand, gravel, and fine sand between organic horizons exposed by the recent 
down-cutting of the upper meadow indicate the meadow was formed by alluvial development 
following the melting of the glaciers (Photo 4).  The surrounding slopes have large areas of bare 
granitic bedrock with scattered stunted Jeffrey pines (Photo 5).  However, the deep and relatively 
moist soils of the meadow area support lush aspen forest, meadow and riparian scrub 
communities, and fringing coniferous forest types. 
 
No permanent weather stations exist within the BMRNA.  Table 1 shows normals of temperature 
and precipitation for the period 1961 to 1990 at Cherry Valley Dam, located 13 miles (21 km) 
south of BMRNA at an elevation of 4765 feet (1452 m).  This is the nearest station with long-
term continuous records, however additional temperature and precipitation data is available from 
the Stanislaus N.F. Supervisor's Office for Summit Ranger Station, approximately 3 miles (5 km) 
northwest of the BMRNA at an elevation of 5700 feet (1737 m).  Given general patterns of 
temperature and precipitation in the Sierra Nevada, it is likely that the data shown in Table 1 
reflect higher temperatures and lower precipitation than would pertain 1900 feet (580 m) higher 
at the BMRNA.  Based on isohyets in Rantz (1972) and Kahrl (1979), Bell Meadow probably 
receives an annual precipitation of slightly over 50 inches (1270 mm). 
 
Table 1: Monthly and annual normals of temperature and precipitation 1961-1990 for Cherry 
Valley Dam, Stanislaus National Forest, Tuolumne County, California. 
 
 
  Temp. oF   Temp. oC   Precip. in      Precip. mm 
  Jan 38.8 3.8         8.03 204  
  Feb        39.9 4.4 7.43 189 
  Mar 41.5 5.3 6.69 170 
  Apr 46.8 8.2 3.86 98 
  May 55.0 12.8 1.30 33 
  Jun 63.5 17.5 0.69 18 
  Jul 70.8 21.6 0.11 3 
  Aug 70.3 21.3 0.33 8 
  Sep 63.9 17.7 1.02 26 
  Oct  55.2  12.9  2.47 63 
  Nov  44.4 6.9 6.98 177 
  Dec 38.9 3.8 7.30 185 
 
  Annual 52.4 11.3 46.21 1,174 
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SOURCE: Owenby and Ezell 1992. 
 
 
A snow course operated by the Summit Ranger District has been sampled since 1937 at Lower 
Bell Meadow just to the west of the RNA boundary at about 6500 feet (1980 m) elevation.  
According to records summarized by the Department of Water Resources (1988) the average 
April 1 water content at this location is 18.2 inches (462 mm). 
 
 
H. DESCRIPTION OF VALUES 
 

1) Flora 
The flora of the BMRNA includes at least 247 taxa of vascular plants in an area of under 
700 acres (283 ha).  This high level of diversity is primarily due to the rich herbaceous 
flora of the meadow, aspen forest, and riparian habitats.  None of the species known from 
the area are listed as rare or sensitive by the California Native Plant Society (Smith and 
Berg 1988) or by the Stanislaus National Forest.  Two species, Lupinus pratensis and 
Oryzopsis kingii were considered for listing by Smith and Berg (1988) but were dropped 
because they are common.  However, both of these taxa at Bell Meadow occur out of their 
normal ranges.  O. kingii has not been reported below 9300 feet (2835 m), but was found 
on the south-facing granitic slopes of Bell Mountain at 6700 feet (2042 m).  Lupinus 
pratensis was not known to occur north of Mono County (Munz 1968). 
 
The vegetation map (Map 3) is organized using Holland's (1986) classification with 
Kuchler (1966) and SAF (Eyre 1980) equivalents indicated.  The only exception is the 
mosaic of Jeffrey Pine and Montane Chaparral types on the surrounding outcrops (see 
explanation under Mixed Montane Chaparral description). 
 

a. Mixed Montane Chaparral (37510)  This type is intermixed with open Jeffrey Pine 
Forest on the upland outcrop area surrounding the meadow.  In the ecological survey 
(Keeler-Wolf 1985) this type was included within the Jeffrey Pine Woodland, and it has 
not been differentiated as a separate type in the vegetation map here.  Because of the 
extent of granitic outcrops in the area, the cover and density of Jeffrey pine is typically 
low and most outcrop areas are a mosaic of Jeffrey Pine Forest, Montane Chaparral, and 
herbaceous outcrop vegetation (Photo 6).  Most chaparral patches are less than 5 acres 
(2 ha) in size and are dominated by huckleberry oak (Quercus vaccinifolia), mountain 
cream bush (Holodiscus bourseri), mountain maple (Acer glabrum var. torreyi), pinemat 
manzanita (Arctostaphylos nevadensis), and greenleaf manzanita (Arctostaphylos 
patula).  The chaparral is best developed and most diverse on north-facing slopes.  On 
south-facing slopes shrub cover is more restricted to joints in granite slabs.  There 
huckleberry oak is the most important species along with green leaf manzanita, and 
occasional individuals of shrubby California black oak (Quercus kelloggii). 
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b. Dry Montane Meadow (45120)  This association is grass- and herb- dominated with 
cover ranging from 10-90%.  The largest areas of dry meadow occur on upper Bell 
Meadow on deep well-drained soil which supported wet meadow associations prior to 
the downcutting episode.  Keeler-Wolf (1985) divided dry meadows into three 
subtypes.  The most extensive is dominated by Columbian needlegrass (Stipa 
columbiana).  Additional species include: Agropyron trachycaulum, Elymus macounii, 
Madia glomerata, Perideridia parishii, Polygonum douglasii, Navarretia divaricata, 
Cryptantha torreyana, Cordylanthus tenuis, Bromus orcuttianus, Lotus purshianus, and 
Gayophytum diffusum ssp. parviflorum.  This subtype has recently invaded some of the 
wet meadow areas (see Photo 1).  Several dry meadow locations in the upper meadow 
still have some low vigor islands of moist and wet meadow species. 
 
The second subtype occurs in peripheral areas of the upper meadow which have a very 
low cover (less than 25%) dominated by foul-smelling tarweed (Madia glomerata) 
along with a few other annual species.  This type appears to be largely eroded and 
perhaps suffered from overgrazing in the past.  The soil appears to be relatively coarse 
and sandy. 
 
The third subtype is dominated by the annual herbs Lotus argophyllus and Euphorbia 
spathulata.  It occurs on coarser soil than the previous subtype and typically borders 
Jeffrey Pine Forest and Lodgepole Pine Forest.  It occurs on slightly elevated, gently 
sloping edge of the western portion of the lower meadow. 
 
c. Wet Montane Meadow (45110)  As recently as 27 years ago, the majority of the non-
woody vegetation of upper and lower Bell Meadow was wet meadow.  However, since 
the recent erosion cycle the reduction of this lush and diverse association has been 
drastic.  In the upper meadow only one small area remains (Photo 7).  The wet meadow 
vegetation in the lower meadow has not been as greatly reduced (although some 
reduction has taken place in the eastern portions of the lower meadow where 
downcutting has been more severe).  Keeler-Wolf (1985) divided this association into 
three subtypes, one of which (the saturated subtype) is considered as Montane 
Freshwater Marsh in this report.  The two remaining subtypes are the wet and the moist 
meadows.  The wet subtype is dominated by sedges (Carex sp.) and grasses often 
forming a well consolidated sod in the soil surface layer.  This type typically has 
standing water in spring and early summer, and remains quite moist throughout the 
summer.  There is a high degree of overlap of species from the adjacent Montane 
Riparian Scrub and the moist subtype of the wet meadow association. 
 
The moist subtype is more extensive and diverse than the wet subtype.  It commonly 
interdigitates with the Montane Riparian Scrub in both upper and lower Bell Meadow.  
There are areas of tall coarse vegetation dominated by corn lily (Veratrym californicum) 
and the grasses Agropyron trachycaulum and meadow barley (Hordeum 
brachyantherum).  These are interspersed with sections dominated by delicate grasses 
and herbs, including such species as Muhlenbergia filiformis and Mimulus primuloides, 
as well as areas where relatively tall and coarse species are intermixed with short and 
mid-sized herbs and grasses.  Ground cover varies from 50 to 100%.  The drier fringing 
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sections of moist meadows are dominated by such species as Danthonia californica var. 
americana, Perideridia parishii, Trifolium longipes, Deschampsia elongata, 
Calamagrostis inexpansa, Penstamon rydbergii, Achillea millefolium, Solidago 
californica, Horkelia fusca, and Gilia capillaris.  The central areas are dominated by 
such species as Hordeum brachyantherum, Erigeron peregrinus ssp. calliantherus, Aster  
occidentalis, Agrostis scabra, A. oregonensis, Poa pratensis, Ranunculus occidentalis, 
Juncus confusus, J. balticus, Luzula comosa, Helenium hoopesii, and Veratrum 
californicum. 
 
d. Montane Freshwater Marsh (52430)  This association is of limited extent.  It occurs 
in slough-like channels of Bell Creek in the upper meadow and also occurs around the 
ephemeral pond in the south-central portion of the RNA (NE 1/4 Sec. 31) (Photo 8).  
Open water typically remains in these areas until mid-summer.  The dominant species is 
beaked sedge (Carex rostrata) which typically forms a ring of varying width around the 
open water.  Additional species of floating-leaved or submerged anchored hydrophytes 
include Sparganium multipedunculatum, Elatine gracilis, and Potamogeton nutans.  
Other emergent species include: Puccinellia pauciflora, Scirpus microcarpus, Juncus 
orthophyllus, Carex aquatalis, C. athrostachya, and C. fracta. 
 
e. Montane Black Cottonwood Riparian Forest (61530)  This type is of sporadic 
occurrence along the main branch of Bell Creek, mostly before it enters the meadow 
flat.  The most significant species is black cottonwood (Populus trichocarpa).  The trees 
are scattered, usually in small clumps along the stream, but may be quite large, up to 49 
inches (1.25 m) dbh and 100 feet (30 m) tall.  The other woody species characteristic of 
this type are shrubby and include: American dogwood (Cornus stolonifera), cascara 
sagrada (Rhamnus purshiana), western meadow sweet (Spirea densiflora), Sierra currant 
(Ribes nevadense), wood rose (Rosa gymnocarpa), and occasionally mountain alder 
(Alnus tenuifolia).  Keeler-Wolf (1985) referred to this type as the Rocky Stream 
Riparian association.  
 
f. Montane Riparian Scrub (63500)  This association is extensive in both the upper and 
lower meadow areas and is dominated by one species of willow, Salix ligulifolia (Photo 
9).  This is a widely spreading shrub from 10-13 feet (3-4 m) in height.  The typical 
riparian thicket is composed of densely packed, rounded S. ligulifolia interspersed with 
small openings dominated by wet meadow vegetation.  Although there is a tendency for 
this association to occur immediately adjacent to the creek, it also covers large areas up 
to 490 feet (150 m) away from the stream channel.  In addition ot the dominant species, 
several other shrubs occur including: Salix melanopsis, S. lasiandra, S. drummondiana 
var. subcaerulea, S. scouleriana, Sambucus microbotrys, and Sambucus caerulea.  
Beneath the edges of the shrubs is a lush understory of herbs and grasses, many of 
which are shared with the adjacent wet meadow association.  Some of the more 
distinctive herbaceous species associated with the Montane Riparian Scrub include: 
Delphinium glaucum, Heracleum lanatum, Epilobium adenocaulon, Castilleja miniata, 
Mertensia ciliata, Senecio triangularis, Habenaria sparsiflora, Circaea alpina var. 
pacifica, Smilacina stellata, Lilium kelleyanum, and Aquilegia formosa.  The willows 
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appear to be surviving the drop in water table with little or no die-back or reduced 
vigor.  In certain years a conspicuous orangish rust affects large areas of willow foliage. 
 
g. Aspen Forest (81B00)  This is the target type for the area.  Of the three deciduous 
plant associations it is probably the driest, with little or no surface water and a relatively 
deep water table of from 2 to 14 feet (0.6 -4.3 m) (Photo 10).  The largest groves of 
aspen occur on the eastern end of the upper meadow, but smaller fringing stands 
surround most of the upper and lower meadows and join in a broad band across the 
middle of the lower meadow.  A few upland stands occur in moist rock-bound 
depressions or slopes on the northern and eastern ends of the RNA. 
 
Throughout most of the area, aspen forms an open, even, monospecific canopy from 60-
90 feet (18-27 m) tall with very few small or intermediate sized trees beneath (Photos 
11, 12).  The understory is lush, particularly in areas which have seen low grazing 
pressure in recent years, and is dominated by herbaceous species.  Only in the central 
section is there a band of clones with substantial reproduction of small and moderate 
sized suckers (Photo 13).  The largest and oldest clones of aspen occur on the SE side of 
the upper meadow where several stems are between 36 and 41 inches (91-104) dbh 
(Photo 14).  Aside from aspen, the only other trees are occasional white fir and 
lodgepole pine. 
 
Herbaceous cover is typically near 100% in the ungrazed portions.  Sixty three species 
of herbs were noted on the 1100 sq. m sampled by Keeler-Wolf (1985).  Of these, only 
seven occur on more than half of the plots.  These are: Elymus glaucus, Lupinus 
andersonii, Veratrum californicum, Hackelia jessicae, Descurania richardsonii, 
Thalictrum fendleri, and Osmorhiza chilensis.  The height of Elymus may reach 6 feet 
(2 m) in a wet year (Photo 15).  In the grazed sections outside of the current drift fence 
understory cover is substantially lower and may be dominated in patches by species 
such as California coneflower (Rudbeckia californica) (Photo 16). 
 
The upland aspen groves are similar in composition to the previously described meadow 
flat types except that there appears to be a larger conifer component (white fir and 
Jeffrey pine primarily).  Herbaceous understory species appear to be less dense.  This 
may be due in part to grazing effects. 
 
h. Sierran White Fir Forest (84240)  This forest typically occupies a narrow, fringing 
upland area immediately above the meadow flat where the soil is rockier than the 
meadow, but fairly deep.  The dominant trees of this forest are white fir and Jeffrey 
pine.  However, lodgepole pine and red fir may also be important subdominants.  
Seedlings and saplings of white fir are more abundant than those of other species.  The 
most frequent shrubs are huckleberry oak and mountain snowberry (Symphoricarpos 
acutus).  These two species accounted for 20-40% of the groundcover in many areas.  
The most conspicuous herbaceous species are bracken fern (Pteridium aquilinum var. 
pubescens), and Kellogia galloides.  In the ecological survey this forest type was called 
the White Fir-Jeffrey Pine Forest.  A related Holland (1986) type, the Jeffrey Pine-Fir 
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Forest (85210), is similar to Sierran White Fir Forest except that Jeffrey pine is 
typically dominant. 
 
i. Jeffrey Pine Forest (85100)  This association covers the granitic outcrops on both the 
north and the south sides of the meadow.  A variation of this type occurs on the 
Miocene volcanics at the eastern edge of the area.  The shrub understory  of this type is 
discussed under the heading Mixed Montane Chaparral.  Herbaceous species are typical 
of xeric to relatively mesic rock outcrops.  Those of north-facing outcrops include such 
species as Raillardella scaposum, Stipa occidentalis, Eriogonum umbellatum, E. 
marifolium, Cryptogramma acrostichoides, Arenaria kingii var. glabrescens, Sedum 
lanceolatum, Antennaria rosea, Erigeron breweri, Carex leporinella, and Carex preslii.  
Those of more xeric south exposures include Lomatium tracyi, Onychium densum, 
Haplopappus cuneatus, Juncus paryii, Carex exserta, Calyptridium umbellatum, 
Hieracium horridum, Melica aristata, Eriogonum wrightii var. subscaposum, Penstamon 
laetus, P. newberryi, and Chelianthes gracillima. 
 
The volcanic subtype occurs on the ridge between the two branches of Bell Creek at the 
extreme eastern end of the RNA (SW 1/4 Sec. 29, and NW 1/4 Sec. 32).  This subtype 
contains large areas of rocky soil between widely spaced rock outcrops.  Sierra juniper 
(Juniperus occidentalis ssp. australis) and white fir occur sporadically with Jeffrey pine 
in this area.  The understory of this subtype is essentially herbaceous, dominated by 
several species not common in the granitic subtype.  These include: Chrysothamnus 
nausiosus, Lupinus grayii, Eriogonum nudum, Silene lemmonii, Sitanion histrix, 
Clarkia rhomboidea, Lotus argophyllus, and Eriophyllum lanatum. 
 
j. Red Fir Forest (85310)  This dense forest is of limited extent, occurring principally in 
the valley of the south branch of Bell Creek in the NW 1/4 of Sec. 32.  This forest at its 
best development has the largest trees in the area, with dominants attaining heights of 
200 feet (60 m) and diameters of 5 feet (1.5 m) (Photo 17).  Red fir is the basal area 
dominant of this association, but white fir may occur in higher density.  The understory 
is typically sparse and duff cover is heavy.  Density of saplings and seedlings was 
higher for red than for white fir.  This forest was called White Fir-Red-Fir Forest in 
Keeler-Wolf (1985). 
 
k. Lodgepole Pine Forest (86100)  There are several areas along the meadow border 
where aspens do not form a fringing forest.  In these areas, as well as immediately 
adjacent to Aspen Forest in other parts of the meadow, grows the Lodgepole Pine 
Forest.  This forest is usually dominated by lodgepole pine with lesser numbers of white 
fir, red fir, and Jeffrey pine.  The trees are usually fairly dense, but because of the moist 
understory and relatively sunny meadow edge location, there is a well-developed 
herbaceous layer.  Many herbs are shared with aspen and meadow associations, but 
several species are characteristic.  These include: Botrychium multifidum ssp. 
silaifolium, Antennaria rosea, Prunella vulgaris, and Hypericum anagalloides.  Other 
common species include Aster occidentalis, A. integrifolius, Deschampsia elongata, 
Calamagrostis inexpansa, Perideridia parishii, Muhlenbergia filiformis, Pyrola secunda, 
and Juncus confusus.  Unlike lodgepole pine forest surrounding many Sierran meadows 
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(Ratliff 1985), for the most part this forest does not seem to be rapidly advancing into 
the adjacent meadow and aspen communities. 
 

2) Fauna 
As a fawning ground and summer range for mule deer, Bell Meadow is exemplary.  The 
high shrub density and excellent forage and cover characteristics of the area have already 
been discussed in the Justification section above.  Appendix 2 lists the 64 species of birds 
noted for the area.  Of these species, several such as the yellow warbler (Dendroica 
petechia) and the Lincoln's sparrow (Melospiza lincolnii) are tied to the riparian and 
meadow habitats for breeding and foraging. 
 
Other conspicuous vertebrates of the area are California ground squirrels (Spermophilus 
beecheyi), Pacific tree frogs (Hyla regilla), and rainbow trout (Salmo gairdneri)3. 

                                                 
3Nomenclature follows Moyle 1976. 
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3) Geology 
Bell Meadow RNA is underlain by both granitic and volcanic rocks.  The granites are 
typical of those throughout the central Sierra Nevada and are largely quartz monzonite and 
granodiorite (Bateman and Wahrhaftig 1966).  They outcrop on all of the slopes 
immediately to the N and S of the meadow.  The volcanics are part of the Stanislaus 
Formation, a series of latites which erupted near the Sierra crest about nine million years 
ago in the Miocene (Slemmons 1966).  The Eureka Valley Member of the Stanislaus 
Formation is the one present in the RNA and it reaches its greatest thickness (about 400 
feet or 120 m) at Bell Meadow (Slemmons 1966).  These reddish-gray volcanic flows are 
conspicuous along the middle dividing ridge between the N nd S branches of Bell Creek, 
but also overly the granitics above about 6700 feet (2040 m) on the N side of the meadow. 
 
Glaciation was a major force in the area during the Pleistocene, polishing and scouring the 
rocks and depositing erratics on benches above the meadow.  The narrows dividing the 
meadow and the bench area at the western boundary of the RNA are related to NW-SE 
trending outcrops of granitic rock which cross Bell Creek at these points.  These resistant 
outcrops were undoubtedly separated by weaker, more highly fractured areas which were 
removed during the glacial episodes and during pre- and post-glacial stream cutting.  It is 
in these intervening sections that the meadow deposits formed in the last 10-11 thousand 
years. 
 
The Quaternary alluvium of the meadow area is derived primarily from granitics.  The 
depth of the alluvium in the upper part of the meadow is at least 14 feet (4.3 m) in some 
areas.  Much of the alluvium is fine-grained sediment rich in organic material.  This 
contrasts with bands of lighter colored sandy to gravelly textured alluvium often exposed 
at lower levels in the stream cuts. 
 
Pronounced downcutting of the stream channel in the upper meadow took place in the mid-
1960's, apparently during the floods of 1964 (Keeler-Wolf 1985). Although human 
activities may have influenced this event, downcutting episodes are natural occurrences, 
taking place when the slope of a meadow exceeds its geomorphic threshold (Ratliff 1985).   
 
Prior to this rapid downcutting, Bell Creek entered the upper meadow, then diverged about 
half way to the narrows into several channels approximately 4-5 feet (1.2-1.5 m) deep.  
These channels meandered through the willow thickets and converged again on either side 
of the narrows.  Two of these channels are still only slightly deeper than they were prior to 
the 1960's.  The third, northernmost channel shows greatest evidence of downcutting.  
Prior to the mid-1960's the northern channel was the least pronounced (1956 aerial photos 
on file at Stanislaus NF Supervisor's Office).  Now this channel is the deepest, averaging 
about 10-12 feet (3-4 m) in the western portion of the upper meadow, and the only one 
carrying flowing water except during periods of high runoff.  The channel bottom is now 
on bedrock and granitic boulders at the northern side of the narrows and consequently 
further downcutting will take place only slowly. 
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The most pronounced effect of the deepening of the northern stream channel was to lower 
the ground water level in the northwestern portion of the upper meadow.  This resulted in 
the conversion of a large area of wet montane meadow vegetation to dry montane meadow 
as discussed above.  Comparison with the 1956 aerial photos shows that downcutting along 
the intermittent side-channels has already begun near their junction with the main northern 
channel.  It is expected that downcutting in these channels will continue, lowering the 
water table throughout much of the upper meadow and resulting in further vegetation 
change.  However, observations by the Forest Geologist (DeGraff 1989) suggest that 
downcutting is unlikely to destroy the present surface of the upper meadow faster than it 
can be recolonized by natural vegetation. 
 
4) Soils 
The soils of the BMRNA are differentiated into seven mapping units (Stanislaus National 
Forest 1986) as shown on Map 4.  Following are brief descriptions of these soil types. 
 
Entic Cryumbrepts, deep, 1-10% slopes (Map symbol 107)  This unit is on flood plains and 
alluvial terraces associated with mountain meadows.  It underlies the majority of the 
meadow area and consists of soils formed in recent alluvium derived from granitic and 
volcanic rocks.  These soils are typically brown sandy loam and loamy sand to a depth of 
40 inches (1 m) or more, with 60% gravel and cobbles. 
 
Gerle Family, bouldery - Rock outcrop complex, 5-35% slopes (symbol 114)  This unit is 
on glaciated mountainsides and moraines.  The typical vegetation is Jeffrey Pine forest.  
This unit is 50% Gerle family, very bouldery and 25% rock outcrop and consists of deep 
soils formed from granitic colluvium or glacial till.  Typically the surface is very bouldery 
dark sandy loam about 10 inches (25 cm) deep.  The subsoil is light brown or light 
brownish gray sandy loam about 30 inches (76 cm) thick.  Depth to consolidated glacial till 
or bedrock is more than 40 inches (102 cm). 
 
Gerle Family moderately deep, deep - Rock outcrop complex 5-35% slopes (symbol 122)  
The moderately deep portion is derived from granitic rocks, colluvium, or glacial till.  
Typically the surface layer is very dark brown sandy loam about 10 inches (25 cm) deep.  
The subsoil is light brown sandy loam about 20 inches (50 cm) thick.  Rock fragment 
content is 25-35% and depth to consolidated glacial till or bedrock is 20-40 inches (50-100 
cm).  The deep portion is derived from granitic rock, usually glacial till.  Typically the 
surface layer is dark gray sandy loam about 10 inches (25 cm) thick.  The sub-soil is light 
brownish-gray sandy loam about 65 inches (165 cm) thick with rock fragment content of 
5-30% and depth to glacial till of more than 40 inches (100 cm).  The rock outcrop 
component is exposed granitic bedrock.  Locally this unit occurs atop the bench on the 
north side of the meadow. 
 
Gerle Family moderately deep, deep - Rock outcrop complex 35-60% slopes (symbol 123)  
This mapping unit is essentially similar to the previous one except it occurs on steeper 
slopes.  Locally it occurs on the steeper south-facing slopes of Dodge Ridge on the 
northern boundary of the RNA. 
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Gerle Family moderately deep - Rock outcrop complex 10-35% slopes (symbol 124)  This 
mapping unit is similar to the previous two units except that the soils between rock 
outcrops are moderately deep.  This unit only occurs locally in a small area on the south 
side of the RNA. 
 
Lithic Xerumbrepts - Rock outcrop, McCarthy Family moderately deep complex, 5-60% 
slopes (symbol 175)  This unit is on mountainsides and ridges.  Lithic Xerumbrepts consist 
of shallow soils formed from andesitic tuff (Stanislaus Formation).  Typically these soils 
are brown, very gravelly loam about 10 inches (25 cm) thick over well consolidated tuff or 
fractured bedrock. 
 
Rock outcrop (symbol 183)  This unit covers a large portion of the upper slopes above the 
meadow and supports Jeffrey pine and associated Montane Chaparral with rock outcrop 
herbs and shrubs.  Typically, less than 15% of the area has soil deep enough to support 
plants.  Rock types are principally granitic with some volcanic tuff. 
 
5) Lands 
All lands with the BMRNA are controlled by the Stanislaus National Forest.  No private 
inholding are involved. 
 
6) Cultural 
The area was part of the Miwok Nation, specifically the Central Sierra Miwok (Levy 
1978).  Apparently the area including Bell Meadow was fairly heavily used.  There are ten 
inventoried sites on maps of the Forest Archaeologist (Debbie Colston pers. comm. August 
1987).  These sites are primarily bedrock mortar sites, but also include some dense cultural 
deposits.  There has been no sub-surface testing of any of these sites.  The Bell Meadow 
area was occupied seasonally and was probably vacated after the first snows of fall.  As 
oaks are relatively scarce (only scrubby huckleberry oaks and occasional small California 
black oaks), much of the food must have been brought up from lower elevations.  The 
principal attraction of the Bell Meadow area was probably the deer. 
 
 

I. IMPACTS AND POSSIBLE CONFLICTS 
 

1) Mineral Resources 
There are no known mineral deposits within the BMRNA.  The granitic and volcanic rocks 
present are not known to contain any economically exploitable resources and there is no 
evidence of former claims within or adjacent to the area.  Following establishment, steps 
will be taken to withdraw the area from mineral entry. 
 
2) Grazing 
The Bell Meadow area has been grazed by livestock for over 100 years.  Prior to 1922 
there were some periods of very heavy use interspersed with short periods of non-use.  
Between 1922 and 1956, annual use on the Bell Allotment was 430-700 AUMs.  For most 
of the period since 1956, horses and cattle have been on Bell Meadow every year from July 
1 to September 30.  Until recently, the permittee (the same since 1956) was allowed to 
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graze up to 110 horses and cattle on the allotment, but there were usually no more than 20 
head of cattle and 15 horses on the portion of the allotment within the RNA (known as the 
upper Bell pasture).  Starting in 1975, most of the cattle use in the RNA was restricted to 
the periphery by the building of drift fences essentially encircling the core of the meadow.  
The principal use of the core area came from lame horses (an average of 3-10 head) from 
late August to late September.  At the present time, the western portion of the RNA is 
grazed by 45 cows and their calfs for two weeks in late September, and the eastern part is 
excluded from grazing use. 
 
The records of the permanent condition and trend transect in the upper meadow show that 
a major change in species composition occurred in the early or mid-1960s.  This decline 
was attributed to over-grazing in several references to the problem in the Summit R.D. 
files.  It is clear that overgrazing has been a recurrent problem in Bell Meadow, and this 
may have contributed to loss of sod cover is some areas.  However, it appears from 
subsequent analysis that the change in species composition may have been primarily due to 
lowering of the water table in this portion of the meadow following the downcutting event 
on Bell Creek (see discussion in previous sections of this document). 
 
At the present time, herb and grass cover is typically high in meadow areas.  However, 
species diversity and cover of forage species is higher in the lightly grazed core meadow 
areas than in the more heavily grazed areas outside the fence.  In aspen and willow stands, 
understory diversity and species composition does not differ substantially between heavily 
and lightly grazed areas.  If grazing were removed from the more intensely grazed areas 
there is every indication that recovery of understory species would be relatively rapid in 
most places. 
 
The Stanislaus N.F. Land and Resources Management Plan directs that grazing not be 
permitted in the upper part of the BMRNA, and that grazing management elsewhere in the 
RNA be specified in a management plan and designed to protect the area's special 
characteristics. 
 
3) Timber 
Only a small portion of the BMRNA contains commercial timber.  This is primarily the 
Red Fir Forest and portions of the White Fir Forest types, totalling approximately 155 
acres (63 ha).  A few trees, principally Jeffrey pine, have been cut near the trailhead, but no 
other logging has been noted within the RNA.  The Crabtree timber sale affected the upper 
drainage of the main (N) branch of Bell Creek in portions of Sec. 29 just east of the RNA 
and may have had hydrologic effects within the RNA.  This sale was logged in 1969 and 
1970.  Timber harvest will not be permitted within the RNA following establishment in 
keeping with Stanislaus National Forest Land and Resources Management Plan direction 
(Appendix 3). 
 
4) Watershed Values 
Bell Creek is a moderate to low volume permanent tributary to the Clavey River, one of 
the longest remaining free-flowing streams in the Sierra Nevada.  Bell Creek flows through 
the length of the RNA and provides a large percentage of the water necessary to maintain 

                                     17



 

the hydric plant associations of the area.  The Tuolumne Regional Water District proposed 
the construction of a dam near the western boundary of the RNA, but the proposal was 
dropped for economic reasons (Tonnesen 1981).  According to the Wild and Scenic River 
Study included in the EIS of the Stanislaus N.F. Land and Resources Management Plan, 
most of Bell Creek (including the portion within the RNA) is eligible for Wild River status 
(Appendix 3).  The Plan directs that the RNA be managed to protect the Wild and Scenic 
values of Bell Creek which include its free-flowing characteristics. 
 
5) Recreation Values 
The trailhead at the end of road 4N02Y has been an important entry point to the Emigrant 
Wilderness Area, approximately three miles (4.8 km) east of the road's end.  Despite this 
fact, there is little evidence of camping or other recreational use within the RNA.  This is 
principally because the destinations of hikers and riders lie beyond the RNA to the east.  
Some hunting takes place in the area in the late summer and fall. 
 
Packstock traffic through the RNA has been reduced by construction in 1989 of a trail 
from the Aspen Meadow Pack Station bypassing the RNA on the ridge to the north and 
providing more direct access to the Emigrant Wilderness.  In addition, the trailhead at 
Crabtree Camp, 1 mile (1.5 km) northeast of the BMRNA, has been improved with 
construction of a large parking area with water and horse loading facilities.  This trail is 
also closer to the wilderness and should further relieve both foot and horse traffic through 
Bell Meadow. 
 
There is evidence of past vehicle entry in the lower meadow near the road end.  ORV use 
will be prohibited following designation, and measures to monitor and prevent 
unauthorized entry will be addressed in a management plan for the BMRNA. 
 
6) Wildlife and Plant Values 
The riparian scrub and the aspen forest provide forage and cover for mule deer, numerous 
bird species, and other wildlife as discussed previously in this report.  Management as an 
RNA will serve to protect the characteristics that make the area valuable as wildlife 
habitat. 
 
The Clavey River, of which Bell Creek is a tributary, is designated by the State of 
California as a Wild Trout Stream.  The Clavey River basin is one of only a few stream 
systems in the Sierra that retains a full assemblage of native species unmodified by 
introduction of exotic species.  It is believed that throughout the basin, fish populations are 
native to this portion of the Sierra Nevada and have not been supplemented by hatchery 
stock from other regions.  Management of Bell Meadow to protect RNA values will be 
fully complimentary with protection of the special characteristics of the Clavey River 
aquatic ecosystem. 
 
In 1944 one male and one female beaver were introduced by the Forest Service into the 
Bell Meadow area.  Beaver are reported to have been present in the area until about 1970, 
but there is no evidence of their presence since that time.   
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7) Special Management Area Values 
The BMRNA is not within Wilderness, but it does lie a few miles to the west of the 
112,000 acre (45,325 ha) Emigrant Wilderness.  Impacts to the RNA by visitors en route to 
the Wilderness have been discussed above.  No other conflicts are anticipated between 
protection of RNA values and use and management of the Emigrant Wilderness. 
 
8) Transportation Plans 
Recent rerouting of trails and trailhead improvements have alleviated visitor impacts to the 
BMRNA.  No other effects are anticipated from existing or proposed transportation 
projects.  No new construction of roads or trails will be permitted within the RNA 
following establishment. 
 
 

J. MANAGEMENT PRESCRIPTION 
 
Appendix 3 contains management direction for the WBCRNA as stated in the Stanislaus 
National Forest Land and Resource Management Plan (U.S.D.A. Forest Service 1991).  The 
management emphasis calls for maintenance of select vegetative and aquatic elements in natural 
conditions and protection against activities that directly or indirectly modify ecological 
processes. 
 
 1) Management Plan 

The Stanislaus National Forest will prepare a Management Plan for the WBCRNA in 
consultation with the Pacific Southwest Research Station.  The plan will specify project 
prescriptions, practices, uses, and monitoring conducive to the objectives for establishment 
of the WBCRNA. 
 
 

K. ADMINISTRATIVE RECORDS AND PROTECTION 
 
Responsibility for administration and protection, and for coordinating research for the BMRNA 
is with the District Ranger, Summit Ranger District, Highway 108 at Pinecrest, Star Route 
(mailing address P.O. Box 1295, Sonora, California 95370). 
 
 
L. ARCHIVING 
 
The research coordinator is the Director, Pacific Southwest Research Station, P.O. Box 245, 
Berkeley, California, 94701.  The Director is responsible for approving and coordinating 
research, maintaining the area's research and data file, and lists of herbarium and species samples 
collected.  This information will be made accessible to interested scientists, managers and other 
research stations.  Plant specimens will be deposited at the herbarium of the University of 
California, Berkeley. 
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