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Abstract 

Potential habitat for Eriogonum villosissimum was identified based on mapped geology, soils, 

elevation, rock outcrop habitat and proximity to the single known location.  One new location 

was identified in the immediate vicinity to the type location at Acker Rock.  Comparison of 

predicted sites and type location are discussed.  The initial phase of a pilot sampling design was 

implemented at Acker Rock to determine the size and distribution of the population at the type 

locality.  Different transect widths and number of transects are evaluated within a stratified 

sampling plot design.    

 

Introduction 

Eriogonum villosissimum (Acker Rock buckwheat) was discovered by Dana York while rock 

climbing on Acker Rock in 2005 and described as a new species in 2009 (Reveal et al. 2009).  At 

the time the species was published it was known only from the type location as cursory review of 

nearby rock outcrops had yielded no additional occurrences.  The size and extent of the 

population at the type location was scarcely understood since most of the population appeared to 

occupy crevices and ledges on the vertical rock face that was accessible only with ropes.  Better 

understanding of the current status of the population is important since rock climbing has been 

implicated in adverse impacts to cliff-face plant communities (Camp & Knight 1998; McMillan 

& Larson 2002; Rusterholz et al. 2004).  However, others have suggested that environmental and 

physical characters at microsites may provide a better explanation for the relative lack of 

vegetation along climbing routes (Nuzzo 1996; Kuntz & Larson 2005, Walker et al. ND).  Acker 

Rock is a popular climbing location although only a small percentage of the rock has established 

climbing routes and there are seasonal restrictions to climbing.  Because Acker Rock has nesting 

peregrine falcons, restrictions during the nesting season limits rock climbing to after mid- to late-

July when the young have fledged.  Little climbing occurs in August because the rock face is 

typically too hot (Greg Orton personal communication 2011).   

 

Eriogonum villosissimum is a perennial that grows as clustered rosettes of leaves that emerge 

from a branched, woody caudex.  Each year’s growth emerges atop the accumulated remains of 

the clustered leaves of previous years (Figure 1).  This growth pattern indicates that individual 

plants can live for many years although the height of the column of accumulated dead material 

appears to become limiting after ca. 6-8 cm in height.  It also demonstrates that the population is 

comprised of diverse age classes.   

 

The elevation at the top of Acker Rock is 4112 feet and the population of E. villosissimum 

mostly extends down the exposed south to southwestern face.  The elevation at the base of the 

cliff is 3200 feet at the lowest point although E. villosissimum has not been observed at the base 

presumably due to shading from the adjacent conifers.  As is typical of cliff habitats, the rock 

face is largely unvegetated.  The most common associated species immediately at the microsites 

where it occurs are: Penstemon rupicola, Cheilanthes gracillima, Sellaginella wallacei and 

Sedum spathalifolium.  The only congeners at Acker Rock are E. compositum and E. nudum.  

The genus Eriogonum is exceptionally large and diverse.  Eriogonum villosissimum belongs to 

subgenus Oligogonum (Reveal et al. 2009).  Narrow endemics are not uncommon within the 

genus.  Among similar species, E. alpinum is known only from Mt. Eddy and Scott Mountain in 

Northern California while E. libertini occurs only in Trinity and Tehama counties in California.   
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Figure 1.  Diverse age class distribution of Eriogonum villosissimum.  Two young rosettes to the far left, dead 

columns of old rosettes in the center and mature rosettes to the right and behind.   

 

Acker Rock (Figure 2) is an andesite rhyodacite outcrop formed between the late Eocene and late 

Miocene (Kays 1970).  Rock from the immediate location where E. villosissimum is growing is 

characterized as quartz latite (Larry Broeker personal communication 2009), which is a fine-

grained intrusive rock containing 5-20% quartz present as conspicuous grains known as 

phenocrysts. A higher percentage of quartz would be called a rhytolite.  Nearby Quartz Mountain 

is nearly pure quartz and is consequently referred to as quartzite (Ramp 1960).  Most of the 

surrounding terrain was mapped by Kays as pyroclastic rhyodacites and subordinate flows in the 

Little Butte Volcanic Series.  Rocks of this series consist primarily of vitric lapili ash flows.  

Unfortunately, the Oregon Department of Geology has not yet completed detailed mapping of 

this area making estimation of potential habitat based on the geology at Acker Rock difficult.   

 

The objectives of this effort were to attempt to identify and survey the most likely potential areas 

for additional populations and to sample the rock face using volunteer climbers to estimate the 

population size and distribution E. villosissimum at Acker Rock.  The specific sampling objective 

is to determine the population size with 90% confidence that the estimate is within 20% of the 

true value.   
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Figure 2.  The southern exposure of Acker Rock.   

 

 

Methods 

Identification and Inventory of Potential Habitat 

Using ArcMap 9.3.1, the state geology map was overlain with the Umpqua NF soil resources 

inventory (SRI) map (Figure 3).  Units that overlapped with the Ptype from the geology layer 

and soil mapping unit at Acker Rock were intersected.  The identified Ptype at Acker Rock is 

Tsv which represents Silicic vent complexes and is described as “[l]arge rhyolitic to dacitic vent 

areas…”  The SRI mapping unit is a complex of units 46 and 2 along with minor inclusions of 

other units.  Unit 46 describes bedrock of tuffaceous origin while unit 2 represents rock outcrops 

of volcanic breccias and tuffs.  These areas were visually inspected using aerial photography to 

identify rock outcrops within the intersected areas.  Because most of the identified area lacked 

large rock outcrops and the quality of both the geology and soils layers were so coarse, the 

analysis was expanded to include additional rock outcrops in the vicinity of the intersected areas.  

These rock outcrops were then sorted by elevation so that only those between 2600 and 5500 feet 

were identified to be ground checked.  It was assumed that suitable habitat closest to Acker Rock 

would be most likely to be occupied so only those rock outcrops on the Tiller Ranger District 

were considered.  This represents a roughly 15 km radius around Acker Rock.  Areas were 

traversed on foot as much as possible and scanned with binoculars but no ropes were used.  

 



4 

 

   
 
Figure 3.  Potential habitat for Eriogonum villosissimum.  Blue represents the Umpqua soil resource inventory units 

that overlap with Acker Rock.  Red represents the Oregon State geology map unit that overlaps with Acker Rock.  

Green elevation bands represent those overlapping the elevation at Acker Rock.  Yellow stars mark the areas 

determined to have the greatest likelihood of finding additional populations.  Inset show the map location within the 

Umpqua NF and Ranger District boundaries.   

 

Inventory at Acker Rock 

Based on observations of the E. villosissimum plants that could be viewed from the top and 

discussion with an expert rock climber the exposed rock faces of Acker Rock were stratified into 

three sampling areas.  Randomly selected start points at the top of the cliff were assigned in each 

of the three sampling areas (Figure 4).  All clumps of E. villosissimum were tallied that were 
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within 1, 2 and 3 meters of the rope.  A 100 m tape paralleled the climbing rope so that each 

clump could be recorded to the nearest meter distance from the top.  Rosettes further than 15 cm 

apart were recorded as a separate clump.  Climbers worked in pairs.  The first climber drilled and 

set the anchors while the second climber recorded data.  The population size was determined by 

generating the density of clumps within the four routes per sampling areas and extrapolating to 

the surface area of the rock face.   

 

The population estimate was generated by multiplying the mean density of plants/m
2
 by the total 

m
2
 within the sampling area.  From these pilot data the sample size needed to obtain the 

objective of 90% confidence in being within 20% of the true population size was evaluated.  

Sample size determination follows the procedures outlined in Appendix 7 of Elzinga et al. 

(1998).  The initial sample size was calculated using the following formula where n is the 

uncorrected sample size, Z  is the standard normal coefficient (see Appendix 2), s is the standard 

deviation and B is the desired precision level relative to the sample mean: 

 

n = 
 (Z )

2
(s)

2
 

 
(B)

2
 

 
 

Because Z  tends to result in an underestimate with sample sizes, the sample size is corrected 

with the finite population correction (FPC) factor using the following formula where n’ is the 

FPC corrected sample size, n* is the sample size from the correction table (see Appendix 2) and 

N is total number of possible quadrat locations in the population.  The correction table is based 

on an algorithm for a one-sample tolerance probability of 0.90 (Kupper and Hafner 1989 in 

Elzinga et al. 1998):  

 

n'= 
n* 

(1+(n*/N)) 

 
 

 
 

Figure 4.  Volunteers Zach Green (left) and Greg Orton (right) set anchors on routes 1.2 and 1.3. 
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Figure 5.  Aerial view of Acker Rock with the sampling areas  indicated along with the approximate location of the 

first four rappels.  Sampling area 1 is in purple, area 2 is yellow/green while area 3 is orange.  Only the first 

sampling area was completed in 2011. 

 

Results 

Identification and Inventory of Potential Habitat 

Five general areas with rock outcrops were determined to have the most likely potential habitat: 

north and south Buckeye Rocks, Flagstone quarry and Flagstone Peak, Cavitt Mountain and 

nearby outcrops, Quartz Mountain, and Little Acker Rock (Figure 3).  Little Acker was the 

lowest in elevation being 3360 ft at the top while Quartz Mountain was the highest at 5530 ft.  

Only a single clump of E. villosissimum was located away from Acker Rock.  This occurrence 

was at Little Acker Rock which lies 0.8 km to the east of Acker Rock.  It is nearly 1000 ft lower 

in elevation but shares a similar aspect.  Very little of this cliff is accessible by foot so it is 

probable that there are more plants present.  The single observed clump was verifiable only 

through the binoculars.  Access around all of the rock outcrops was limited but there were 

generally good viewing points of the suitable cliff faces that allow for confident determination of 

absence.  Little Acker Rock had the poorest access and visibility of all the investigated areas.   

 

The geology at Little Acker Rock is of similarly highly silicified rock but different than Acker 

Rock in having grains of both quartz and iron oxide clays that are easily weathered resulting in a 

finely porose outer surface of exposed surfaces.  Geology at the other sites is variable. The 
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outcrops at the two Buckeye rock outcrops were composed of vesicular vitric ashflow tuff.  

These features were comprised of irregularly rounded monoliths with abundant circular cavities 

and strongly vesicular rock.  Some strata within these rocks displayed phenocrysts of quartz 

similar to the quartz latite at Acker Rock but otherwise the vesicular tuff was quite different in 

appearance.  Quartz Mountain is comprised of nearly pure quartz rock called quartzite.  The rock 

here spectacularly white and fine-grained except where obscured by lichen and moss cover.   

 

Flagstone Quarry had the most strikingly dissimilar rock.  This site is comprised of fine-grained, 

orange breccias. Flagstone Peak is probably similar although the moss cover was so heavy that 

little rock was visible. These two areas also had little vertical cliff habitat.  Although Flagstone 

Peak has long exposed rock flanks, the slopes are only approximately 100%.  The Cavitt 

Mountain vicinity had the most variable geology.  The Rock outcrops to the west of Cavitt 

Mountain are predominately of tuffaceous geology although at least one outcrop includes 

embedded strata of brecciated rock.  Cavitt Mountain itself included shale-like fractured rock 

near the summit.   

 

Sedum spathulifolium, Cheilanthes gracillima and Sellaginella wallacei were present at all sites. 

Species composition was otherwise variable.  None of the sites investigated had Penstemon 

rupicola, which is ubiquitous at Acker Rock in close proximity to E. villosissimum. Flagstone 

Peak, Quartz Mountain and Asplenium Rock instead had P. cardwellii.  Among congeners, E. 

compositum was recorded only at Flagstone Peak and Cavitt Mountain while E. nudum was seen 

only at North Buckeye Rock.  It is probable that Little Acker Rock has more similar associated 

species on the cliff faces that could not be accessed.         

 

There was one other USFS sensitive species discovered incidentally while examining one of the 

Cavitt Mountain rock outcrops.  A fairly large population of Asplenium septentrionale, forked 

spleenwort, was discovered at what we are calling Asplenium Rock west of Cavitt Mountain.  

This new population is approximately eight air miles distant from the next closest known 

occurrence.  Interestingly, peregrine falcons nest at three of the five identified locations, 

including Acker Rock.  Only the Quartz Mountain and Flagstone Peak areas lacked peregrines.   

 

Inventory at Acker Rock 

 

 Time allowed only for completion of transects within the first of three identified sampling areas.  

Four transects were completed and each transect was read at three different widths for the 

purposes of comparison during this pilot phase of sampling. The population estimate for all four 

transects at the 6 m width is 621.87 (SD = 364.57).  This results in a population size range at the 

80% confidence interval (CI) of 323-920 clumps. The 4 m transect actually resulted in a tighter 

fit.  The population estimate at 4 m is 603.12 (SD = 287.45) while the range at 80% CI is 367-

838.  The 2 m transect returned a slightly higher population estimate at 666.01 (SD = 345) with a 

range of 383-948.   

 

The number of transects had a greater affect on the precision of the estimate than the transect 

width.  With only three transects rather than four, the population estimate dropped slightly under 

all three widths while the spread increased by a considerable margin (Figure 6).  The 4 m 

transect also demonstrated a slightly tighter fit using only the first three transects.  The 
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coefficient of variation (CV) is lowest using four, 4 m transects (47.66%) and highest using 

three, 6 m transects (63.66%).   

 

The distribution of E. villosissimum across the cliff was even enough to capture numerous plants 

within all of transects and within all transect widths.  There were more plants towards the upper 

cliff face than lower down.  The lower 24-38 m of each transect yielded no plants.   

 

Based on the pilot data, five to six transects would be necessary within the initial sampling area 

to achieve the sampling objective of 90% confidence of the estimate being within 20% of the 

true value (Appendix X).  The actual value generated is 5.46 transects.  Six transects could 

improve the estimate to being 95% confident of being within 5% of the true value.   

 

 
 
Figure 6.  Population estimate of Eriogonum villosissimum using different transect amounts (3 and 4) and three 

transect widths (2, 4, 6 m).  Error bars indicate the estimated precision at the 80% confidence interval.   

 

Discussion 

Based on the inventory and analysis completed to date, E. villosissimum appears to be a very 

narrow endemic.  Its distribution is probably limited by the long distances between suitable cliff 

habitat and lack of seed adaptations for long-range dispersal.  At Acker Rock, E. villosissimum is 

strongly associated with crevices and minor ledges on vertical to nearly vertical cliff faces on 

south to southwest aspects.  It appears to be well-distributed at Acker Rock where suitable 

microsites are present.  This conclusion remains preliminary as not all of the sampling areas were 

able to be investigated during the 2011field season but it does suggest that dispersal potential 

across this cliff is not limiting.    

 

Eriogonum villosissimum is typical of the genus in producing a hard, three-sided achene that is 

borne in a terminal, congested inflorescence.  Wind is generally considered to be the principle 

agent of dispersal in cliff communities (Davis 1951).  Although the seed of E. villosissimum 

lacks wings or other obvious adaptations for wind movement, the achenes typically persist within 
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the withered perianth in the inflorescence long past anthesis.  Thus the dried perianth may 

facilitate limited wind transport along the cliff face.  The flowering scape is also projected well 

above the leaves exposing the inflorescence to the effects of wind.  There are, however, no 

obvious adaptations that would assist in long-distance movement that would be required for 

colonization of new cliffs.  Other than Little Acker Rock, which is within 1 km distance, the next 

closest outcrops with significant exposed vertical rock faces are over 3 km away.   

 

Although geology was a key criterion used to predict potential new sites of E. villosissimum, it is 

not clear what role, if any, geologic features have in determining habitat suitability.  Geology can 

affect the distribution of a cliff dwelling plant in three ways: through the direct effect of the 

mineral composition of the rock; by providing unique habitat features on the landscape such as 

large, vertical cliff faces; and by providing suitable microsites for plant habitation due to how the 

rock fractures or weathers.   

 

Mineral composition of the rock can directly impact plant survival and growth by either having 

inadequate essential plant nutrients or toxic levels of certain minerals.  However, most studies 

indicate that edaphic restrictions are more likely to be associated with reduced competition than 

due to direct effects of the soil chemistry (Baskin & Baskin 1988).   Serpentine and limestone 

substrates are well-documented exceptions in which mineral composition directly results in a 

very specific suite of species that are adapted to such substrates (Kruckeberg 1984, Wentworth 

1981).  No published studies could be located that address plant species specificity to rhyolitic 

substrates.  In fact, there are few published papers addressing vegetation of cliff or rock outcrop 

habitats from the western United States at all (Larson et al. 2000).  Another plant species that is 

endemic to the Umpqua NF, Kalmiopsis fragrans, appears to be restricted to rock outcrops of 

hydrothermally altered breccias so this is an area of research with much potentially to be 

discovered.  All of the outcrops investigated are comprised of strongly silicified rock although 

the texture and mineralogy of the rock is quite varied (Figure 7).  The geology of Little Acker 

Rock appears to be the most similar to Acker Rock except for the presence of vesicles or 

amygdales.   

 

 
 
Figure 7.  Rock specimens from Acker Rock (left), Little Acker Rock (center) and Quartz Mountain (right).   
 

The extensive vertical cliff face is the most conspicuous feature of Acker Rock where E. 

villosissimum is growing.  Eriogonum villosissimum appears to be restricted to unshaded, vertical 

to nearly vertical cliffs.  Cliff communities represent relatively stable habitats for species that are 

adapted to stressful environments (Davis 1951).  Plants of rocky openings are typically shade 
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intolerant (Baskin & Baskin 1988, Tang et al. 2004).  Some cliff-adapted species appear to be 

restricted to these habitats only because they are poor competitors in other habitats (Baskin & 

Baskin 1988).   Not all of the investigated outcrops have exposed, vertical rock faces typical of 

Acker Rock.  Flagstone Peak lacks any vertical faces and has very high moss cover.  Both North 

and South Buckeye have vertical rock faces although the south and west exposures at South 

Buckeye are only slightly elevated about the tree canopy.  Quartz Mountain has a long vertical 

west slope while the vertical faces on the south slope are much shorter and prior to the 2002 fire 

season much of it was shaded by timber.  The top of Quartz Mountain has been mined in past 

years so much of the upper slope is gone.  Cavitt Mountain also has mostly sloping sides with 

only minor vertical rock faces of less than 10 m.  Of the rock outcrops that were investigated, 

only Little Acker has the tall, vertical cliffs that appear to be necessary to support a large 

population of E. villosissimum.  There are additional outcrops to the west of Cavitt Mountain 

with extensive south-facing cliffs that were not investigated but they are further distant from 

Acker Rock.   

 

The surveyors report that E. villosissimum is confined to crevices and ledges on the nearly 

vertical cliff face.  The species fades towards the base of the cliff where there is shade or the 

slope becomes less extreme.  It can occur with moss mats and other vegetation but is equally 

likely to occur in seemingly barren rock crevices with little or no apparent soil.  

Microtopography has been reported to be very important in determining vascular plant presence, 

richness, frequency and community composition (Graham and Knight 2004, Kuntz and Larson 

2006).  Davis (1951) suggests that “natural selection acts in favor of lignifications and longevity” 

at cliff habitats, both of which are characteristic of E. villosissimum.  Most microsites for 

available for vegetation are likely to be occupied at any given time so ecesis by any species 

would be a relatively rare event.  Bostick reported that there was little change in vegetation at a 

granite outcrop in Georgia over a thirty year period (1971).  Fracturing and weathering results in 

very different microsite availability at the outcrops that were investigated (Figure 8).   It is not 

known whether these differences could affect habitat suitability for E. villosissimum although it 

does appear to be affecting species composition in general. 

 

 
 
Figure 8.  Microtopography at Acker Rock (left), North Buckeye Rock (center) and Cavitt Mountain (right). 
 

Pilot Sampling at Acker Rock 

The design of an appropriate sampling plan is always a challenge but never more so than for a 

species whose population is almost entirely out of sight over the edge of a precipice. Fortunately 

the population turned out to be distributed fairly evenly enough across the cliff for all of the 



11 

 

transects to return multiple detections of E. villosissimum that could be analyzed against the 

sampling objective.   

 

Based on the pilot sampling results, it appears that use of four transects with a 4 m width are 

adequate to provide a reasonably accurate but not very precise population estimate of 603 clumps 

of E. villosissimum.  The 4 m width resulted in the lowest CV of all of the sampling parameters 

that were evaluated.  Analysis of the pilot data suggests that the addition of 1-2 transects could 

achieve the sampling objective of being 90% confident of being within 20% of the true 

population size.  Increasing the width of the transects to 6 m actually resulted in a poorer CV 

than both the 4 m and even the 2 m widths.  This is unfortunate since the establishment of 

additional rappels is very labor intensive while adding area to the sampling design by increasing 

the width is little extra effort.  It appears that the poorer performance of the wider transect is 

driven primarily by the data of one particular transect so this result may not necessarily be 

repeated in the other sampling areas.  If the population distribution is less frequent or more 

clumped in the other sampling areas, it is possible the wider transect width may be more 

appropriate.  Even so, it is clear that the number of transects has far more influence on reducing 

the population variance than varying the width of the transect and there is no reason to believe 

that this relationship would change in the other sampling areas.   

 

Conclusions 

It would be valuable to continue the same sampling protocol, including all three transect widths, 

in the next two sampling areas in order to establish a complete baseline of the population size 

and distribution.  Based on the 2011 sampling effort, it appears to be most reasonable to 

complete one sampling area per season.  Establishing the anchors for each route is a slow 

process.  Once the initial routes are established, subsequent sampling in the future would be 

faster although it does take time to traverse to each rappel point and then return to the top.  Since 

the first sampling area has the longest rappels it is likely that at least five to six transects would 

be necessary to provide a comparable level of precision and accuracy in the next two sampling 

areas.   
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Appendix 1

Summary Statistics

pop est SD 80% CI range at 80% CI CV S

6m/4tr 621.87 364.57 298.58 323-920 58.62% X

4m/4tr 603.12 287.45 235.42 367-838 47.66%

2m/4tr 666.01 345.49 282.96 383-948 51.87% CV = Coefficient of variation

6m/3tr 579.48 434.27 472.87 106-1052 74.94% X = sample mean

4m/3tr 553.89 320.96 349.48 204-903 57.95% S = sample standard deviation

2m/3tr 606.27 385.79 420.08 186-1026 63.63%

error bars = 80% CI

error bars = SD

CV= 
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Appendix 2

Sample Size Equations

Confidence 

level

Alpha 

( )level (Z )

 (Z )
2
(s)

2 0.80% 0.20 1.28
 
(B)

2 0.90% 0.10 1.64

x2 0.95% 0.05 1.96

Mean (X) 603 0.99% 0.01 2.58

standard deviation (s) 287 82,369.00

confidence level 0.90%

confidence interval width 0.20%

Corrected CI width (Z ) 1.64 2.69

B (desired precision*X) 120.6 14,544.36

n n* n n*

n= 15.23 15 1 5 1 5

n*= 23 90% 2 6 2 6

n*= 23 80% 3 7 3 8

4 9 4 9

5 10 5 11

transect size 367 m2 6 11 6 12

transect amt. 4 7 13 7 13

total 1,468 m2 8 14 8 15

sampling area 10,517 m2 9 15 9 16

N= 7.164 10 17 10 17

11 18 11 18

n* 12 19 12 20

(1+(n*/N)) 13 20 13 21

14 22 14 22

n'= 5.46 quadrats 15 23 15 23

16 24 16 25

17 25 17 26

**blue cells are inputted data** 18 27 18 27

**red cells are calculated outputs** 19 28 19 28

20 29 20 29

21 30 21 31

22 31 22 32

23 33 23 33

24 34 24 34

25 35 25 35

n'=

Adopted from: Appendix 7, Elzinga, C.L, D.W. Salzer and J.W. Willoughby. 

1998.  Measuring & Monitoring Plant Populations.  BLM Technical 

Reference 1730-1, BLM/RS/ST-98/005+1730, Denver, Co.

n=

90% confidence80% confidence

Table of standard normal deviates (Z ) for various 

confidence levels

Pilot sampling Quadrats
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