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 Although terrestrial lichens and bryophytes are common in upland plant communities of the Blue 

Mountains in northeast Oregon, research on cryptogam communities in this region is wanting. Studies have 

shown that lichens and bryophytes can reduce soil erosion and increase soil fertility in other semiarid 

habitats of North America. Understanding the particular roles terrestrial lichens and bryophytes play in 

their ecosystems and how they react to anthropogenic disturbances is part of making sound management 

decisions.  Managers in the Blue Mountains are now dealing with heavy fuel loads in forested habitats that 

were impacted by mountain pine beetles, western spruce budworm infestations, Douglas fir dwarf 

mistletoe, and drought from the 1970’s into the 1990’s. To better understand how cryptogam communities 

respond to fuels reduction treatments in insect impacted Abies grandis classified forests of the central Blue 

Mountains, we compared species composition of logged and burned stands to stands that have not been 

treated in forty years. We found early colonizing species to be much more frequent in treated sites (logged 

and burned) while later seral species occurred more often in untreated stands. Because untreated stands had 

more microsite heterogeneity (coarse woody debris as well as bare soils) there was generally a higher 

diversity of species than in treated sites.  

A comparison of the composition of cryptogam communities in these degraded forests to ‘healthy’ 

stands in the central Blue Mountains is difficult because unaffected stands are scarce and literature on such 

communities previous to the insect epidemics is lacking. To get a better idea of the potential that exists for 

terrestrial lichen and bryophyte community composition, this research was expanded to other common 

upland habitats in the area. In total 53 sites in five different plant community types were investigated (Abies 

grandis, Pinus ponderosa, Pinus contorta, Poa secunda grasslands, and Artemisia rigida steppe). Lichen 

and bryophyte composition and environmental characteristics were compared across sites using 

multivariate analyses.  

This research has provided some basic information on community composition in upland habitats 

of the Blue Mountains. Soil characteristics had the strongest correlation to community composition. 

Habitats with sparsely vegetated, shallow, rocky soils (bunchgrass, Artemisia rigida, Pinus ponderosa) had 

  



 

very different cryptogam presence than those with deep soils covered by coarse woody debris and denser 

vegetation (Abies grandis and Pinus contorta forests). 

 While investigating dry bunchgrass habitat of the region an unattached form of Grimmia ovalis 

was found on many sites with shallow soils and sparse vegetation. Although this moss is commonly known 

on rock in western North America, it has not yet been reported as unattached in North America. It has, 

however, been recorded from Africa and Venezuela. Unattached mosses, or moss balls, form when a force, 

such as frost heaving, cleaves a moss clump from a substrate. That same force, or another, will rotate the 

clump exposing alternating sides to growth. The formation of moss balls in northeast Oregon are likely 

created by freeze thaw cycles. More research on their biology and habitat is needed to verify this theory.  
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Terrestrial Lichen and Bryophyte Communities of the Blue Mountains in 
 Northeast Oregon 

 
Chapter 1 

Introduction 
 

Biological soil crusts are composed of any combination of lichens, bryophytes, micro-fungi, algae, 

and cyanobacteria that inhabit the upper most soil layer of arid and semi-arid habitats. This vegetative layer 

may also be called a bryoid layer when the dominant organisms are bryophytes. The study of the ground 

dwelling cryptogam layer, in arid and semiarid landscapes is a relatively new focus in ecology. Many 

researchers have found positive correlations between the presence of terrestrial cryptogams and soil habitat 

integrity (Belnap & Gillete, 1997; Belnap & Gillete, 1998; Leys & Eldridge, 1998; O’Neill 2000; Schulten, 

1985; Williams et al., 1995). Biological soil crusts are commonly found in semi-arid upland habitats of the 

Blue Mountains in northeastern Oregon. However, research on terrestrial cryptogams of the Blue 

Mountains is absent from the literature.  

The Blue Mountain region has been influenced by Euro-Americans for almost 200 years.  Many 

ecologists have attributed recent insect outbreaks and catastrophic fire to grazing and early forestry 

practices which encouraged high-grade logging and fire suppression (Hessburg, et al. 2005; Langston, 

1995; Mutch et al., 1993). Dry summer lightning is frequent in this generally semi-arid region and many 

trees in forested habitats are adapted to frequent low intensity fire. Once early foresters and range managers 

set management protocols, fires that had shaped the landscape for so many centuries were stifled. The 

effects of practices that promoted the loss of fire-resistant trees and increased the density of less resistant 

trees became clear when catastrophic fires raged through Blue Mountain forests in the late 1980’s. Today, 

overly dense stands of Abies grandis (Douglas ex D. Don) Lindl. and Pseudotsuga menziesii (Mirb.) 

Franco var. menziesii have replaced historically open, park-like stands of large diameter Pinus ponderosa 

C. Lawson (Langston, 1995). High-grade logging removed fire-resistant trees. Increased insect outbreaks 

lead to tree mortality and heavy build up of dead and downed wood. Managers today are considering ways 

to reduce the threat of catastrophic fire that currently faces decadent conifer stands in the Blue Mountains.  

Researchers at Starkey Experimental Forest are looking at the influence fuels reduction treatments 

(logging and burning) and ungulate grazing have on subsequent development of vegetation in spruce 

budworm ravaged forests. We participated in this research by investigating terrestrial lichen and bryophyte 

community response to these fuels reduction treatments. Chapter 2 of this thesis reports the influence of 

burning and logging on the terrestrial lichen and bryophyte community at Starkey Experimental Forest.  

We specifically compared species composition and cover of logged and burned sites to untreated sites.  We 

analyzed data that were obtained one year following fuels reduction treatments.  

To understand terrestrial lichen and bryophyte community patterns in the Blue Mountains better, 

we also studied other upland habitat types in the area. Chapter 3 provides a broader context for Chapter 2, 
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by reporting biological crust communities from dry coniferous forests, bunchgrass communities, and 

sagebrush steppe. These are all common habitats across broad plateaus of the central Blue Mountain Range. 

A community analysis was made that sought factors having the strongest relationship to community 

structures of the bryoid layer.  Species composition and environmental variation were compared using 

nonmetric multidimensional scaling, indicator species analysis, and cluster analysis.  

In Chapter 4 I discuss an unattached moss species which has not yet been reported in the United 

States.  An unattached, or vagrant, moss is a globally uncommon growth form that begins when a clump is 

severed from its substrate. They occur most often in cold arctic or alpine habitats and appear to be related 

to frost cycles. This is because frequent freeze and thaw cycles can rotate a detached clump and expose 

alternating sides to the resources needed for photosynthesis. 
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Abstract 

Generations of grazing, logging, and fire suppression in the Blue Mountains of northeast Oregon 

have resulted in overly dense conifer stands that are prone to insect outbreak and catastrophic fire. Forests 

of the central Blue Mountains were ravaged by western spruce budworm from the late 1980’s into the 

1990’s. This outbreak, complicated by prolonged drought, has left forests with abundant standing dead 

trees and heavy fuel loads. Currently researchers are investigating the effects of fuels reduction treatments 

on the development of vegetation in these forested ecosystems. Research on the response of lichen and 

bryophyte communities to management practices in this region is, however, lacking. Cryptogam 

communities have been shown to prevent soil erosion, improve soil fertility, increase moisture at the soil 

surface, improve habitat for soil micro-fauna, and affect seedling success. We investigated lichen and 

bryophyte community response to fuels reduction treatments (logging and burning) in spruce budworm 

affected forests of the central Blue Mountains by comparing species composition of treated stands to those 

that have not been treated in 40 years. We found increased cover of early colonizing cryptogams in treated 

sites. This is related to the removal of overstory and understory vegetation, litter, and coarse woody debris. 

This early colonization event is likely the first defense against soil loss in otherwise exposed conditions. 

However, repeated disturbances could prevent adequate colonization by moss and lichen species. Forests 

that have undergone fuels reduction treatment in the Blue Mountains may benefit from recovery time 

before more disturbances, such as cattle grazing are introduced. 

 
Introduction 

The Blue Mountains of northeast Oregon have a long history of high grade logging, fire 

suppression and cattle grazing (Langston, 1995). Many would argue that these practices have led to overly 

dense forests that are prone to insect outbreaks and catastrophic fire (Hessburg et al., 2005; Mutch et al., 

1993). Furthermore, reduced species diversity may result from fire exclusion in fire-adapted ecosystems 

(Metlen & Fiedler, 2006; Vavra et al., 2004) such as the semi-arid stands found in the Blue Mountains. 

Many of the forests in this region have experienced significant canopy mortality and fuels build up 

resulting from spruce budworm infestations and drought in the 1990’s. Current research in the Blue 

Mountains is focused on the influence of ungulate grazing, prescribed fire, and timber extraction on the 

structure and development of forest and grassland ecosystems. However, lichen and bryophyte research in 

this area is almost nonexistent. To better understand how these disturbances influence cryptogam 

communities in the central Blue Mountains we gathered data on terrestrial lichen and bryophyte 

communities from logged and burned conifer forests and compared them to stands that have not been 

managed in 40 years. Like other areas of the Blue Mountains, these forests have been significantly altered 

by insect infestations.  

Biological soil crusts may include any association of mosses, lichens, liverworts, micro-fungi, 

cyanobacteria, algae, and other microscopic organisms found in the uppermost soil horizon of exposed 
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habitats.  Arid environments often host persistent, highly developed biotic crusts that are frequently 

dominated by lichens. The biological crusts found in forested areas of the Blue Mountains differ somewhat 

from what might be called true desert crust. They are dominated by short-lived mosses; we therefore refer 

to this stratum as the “bryoid layer” (Achuff & La Roi, 1977). Many studies have demonstrated the 

importance of biological crusts in arid and semi-arid environments (Belnap & Gillete, 1998; Leys & 

Eldridge, 1998; Schulten, 1985; Williams et al., 1995). Soil stabilization can be an important service 

provided by biological crusts, or the bryoid layer, in regions prone to erosion. This may be especially true 

when hot fires kill root systems of higher plants. Without a layer of vegetation to hold soil in place, it may 

be eroded by wind or water.  Microlichens, cyanobacteria, green alga, and acrocarpous mosses are 

commonly the first colonizers of bare, disturbed soils. These species tend to develop more quickly than 

larger vascular plants and can form a protective coat over the soil while the forest floor re-stabilizes after 

disturbance. Some scientists feel that the early mosses, which can tolerate generally harsh conditions, 

facilitate colonization by vascular plants by lowering soil temperatures and increasing available moisture 

(O’Neill, 2000). Our pioneer species are especially adapted to withstand sunny exposed sites that result 

from canopy removal.   

Soil stabilization results from various properties of the bryoid layer. The protonematal, or juvenile 

stage of a bryophyte, consists of branched filaments. Soil binding occurs as protonemata grow over and 

through the soil. Fully grown mosses have been shown to trap airborne soil particles (Danin & Ganor, 

1991). This deposition of soil in the axils of moss leaves is likely in the Blue Mountains as the soils are 

developed from volcanic ash and are fine enough to become airborne with disturbance. Rhizoids, or the 

root like structures of a moss, also reduce soil movement by forming a matrix of tissues through the soil. 

Lichen rhizines and rhizohyphae act in a similar manner, holding soil in place by growing around particles. 

Algae, cyanobacteria, and fungi have a binding effect on soil through the secretion of polysaccharides 

(Belnap & Lange, 2001; Mazor et al., 1996). Mosses are especially good at preventing splash erosion. 

Moss leaves physically intercept the impact of rain drops. When rain falls, the water is rapidly absorbed by 

moss tissues and the movement of soil particles from the force of splashing is reduced (Tchoupopnou, 

1989). Cryptogam cover can actually increase rain water infiltration in disturbed soils (Eldridge, 1993). 

Independently, and as a community, biological soil crust members also suppress wind erosion by lowering 

friction threshold velocities (Belnap & Gillette, 1997; Leys & Eldridge, 1998; Williams et al., 1995).   

The bryoid layer may also increase the fertility of soils. Both free-living and lichen-associated 

cyanobacteria directly fix atmospheric nitrogen. This can be a significant input in otherwise nitrogen-poor 

environments. These species may also release chelation compounds which help vascular plants take up 

inorganic nutrients (Belnap et al., 2001; Lange, 1974). Biological soil crusts heighten above and below 

ground development of vascular plants in arid soils by increasing nutrient availability (Pendleton et al., 

2003). 
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Finally, moss cover can maintain soil moisture, and regulate temperature at the soil surface. This 

regulation of microclimate promotes crucial habitat for arthropods and other soil animals. Furthermore, this 

moderation of micro-habitat may benefit germinating seeds. The facilitation of vascular plant development 

by cryptogams has been contended (Prasse & Bronkamm, 2000; Sedia & Ehrenfeld, 2003; West, 1990; 

Zamfir, 2000), but a few studies have found a positive relationship between biological soil crusts and the 

growth of perennial bunchgrass species (Schlatterer & Tisdale, 1969; St. Clair et al,. 1984). In some cases 

intact biological soil crusts may positively influence the environment by preventing establishment of 

invasive species (Rosentreter, 1986).  

Worldwide research on the response of terrestrial cryptogams to fire has revealed a recurring 

pattern. The mosses Funaria hygrometrica and Ceratodon purpureus are frequently early colonizers to 

burned over sites in the northern hemisphere (De las Heras et al., 1994; Hoffman, 1966; Norris, 2004; 

Schofield, 1992; Southorn, 1976; Thomas et al., 1994;). We found a similar pattern in our investigation of 

fuels reduction (timber harvest and prescribed fire) treatments and their affect on the bryoid layer in Abies 

grandis (Douglas ex D. Don) Lindl. and Pseudotsuga menziesii (Mirb.) Franco var. menziesii dominated 

forests that had been greatly impacted by insect outbreak and prolonged drought. We specifically compared 

the bryoid layer of treated (harvested and burned) stands and untreated stands in Starkey Experimental 

Forest. 

 
Study Area 

Starkey Experimental Forest is in the central Blue Mountains of eastern Oregon about 40 km west 

of La Grande, 45o 15’ N 118o 38’ W.  This forest is a primary research facility for Rocky Mountain elk, and 

the influence of herbivory, fire, and logging on the landscape (Rowland et. al., 1997). The region is semi-

arid but Pacific maritime air masses provide a yearly average rainfall of 548 mm at the higher forested 

elevations. Over half of that precipitation falls as snow. Temperatures recorded on site from 1989-1995 

averaged -7.2°C in December, and 25.4°C in August (U.S. Forest Service, unpublished data in Clark et al., 

2000). The study sites lie on broad flat plateaus of basalt bedrock that range between 1097 and 1331 m 

elevation.  Soils in forested areas are mostly Andisols. Though dominated by Abies grandis and 

Pseudotsuga menziesii, other common trees include Pinus ponderosa, Pinus contorta, and Larix 

occidentalis. Mountain pine beetles (Dendroctonus ponderosae) in the early 1970’s, and severe spruce 

budworm (Choristoneura occidentalis) infestations that began in the 1980’s combined with prolonged 

drought, have left forests with significant tree mortality and heavy fuel loads (App. 3). 

Our study is part of a larger study that includes the influence ungulates have on the development 

of forest vegetation. The Pacific Northwest Research Station has constructed fenced exclosures (Wisdom et 

al., 2005) in forests classified as the Abies grandis habitat type (Franklin & Dyrness, 1973) to serve as 

study sites. Our research was carried out before grazing trials had begun so ungulate influence is not 

included here. Our sampling, however, followed the hierarchical structure of the larger study. 

 



 7

Methods 

 The infrastructure of this study consists of six grazing exclosures (sites) made of game-proof 

fencing that were built at Starkey Experimental Forest. Each of those exclosures is further divided into 

seven, one hectare pastures (Figure 2.1). An additional pasture is located outside of each fenced exclosure 

and is open to free-roaming ungulates. Fuels reduction treatments consisting of mechanical wood removal 

and broadcast burning, were applied to three of the six sites prior to construction of the fences. The 

remaining three have not been harvested or burned in over forty years and are characterized by abundant 

snags and crisscross stacks of down wood from the lethal insect infestations and drought. 

 

Figure 2.1 Example of Starkey Experimental Forest Exclosure. There are seven one hectare pastures within 
a game proof fence, and an eighth pasture that lies outside the fence. 
 

                            

 
1-hectare  
  Pasture 

Outside fence 
1-hectare 

 

Sampling was carried out in summer months from 2004-2006 (App. 2). Nine 0.5 x 4 m plots, 

which were permanently staked equidistant from each other, were sampled along parallel transects in each 

pasture. The quadrat used for plots was made from 1 cm nylon webbing strung between two pieces of 0.5 m 

long by 1 cm wide aluminum channel stock.  Within these plots we estimated cover by species in the 

bryoid layer. Species growing directly on rock, intact epiphytes on bark or wood fragments, or those that 

had fallen into the plot were excluded. Any bryophytes or lichens growing on soil, humus, and well-rotted 

wood or other plant litter were included. Percent cover of rock within the plot was scored, along with other 

kinds of cover representing microenvironment and disturbance (Table 2.1). All cover variables were 

recorded in classes approximating a logarithmic series: 1= <1%, 2=1-10%, 3=10-50%, 4=>50%. 

Microtopography was recorded using a visual estimate. Each plot was given an overall score based 

on greatest microtopographic difference measured perpendicular to the long axis of the quadrat, 0 cm, 10 

cm, 20 cm, 30 cm, or 40 cm. 
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The level of taxonomic division was defined by what was distinguishable in the field.  Small, 

difficult species needed to be lumped with macroscopically similar species (Table 2.2). For example, a 

category was made for “dark crust” species which represent minute lichens, cyanobacteria, or free living 

algae. Discerning these species requires microscopic examination.  Voucher specimens, which are housed 

in the Oregon State University herbarium, allowed us to recognize species that occurred at our sites but 

were not conspicuous in the field. Microscopic identification of collected bryophytes confirmed accurate 

field determination for most specimens. A list of the lichen and bryophyte species encountered at Starkey 

Experimental Forest is listed in Appendix 1. 

 
 
Table 2.1.  Variables other than the bryoid layer recorded in each plot. Cover classes were recorded for 
each variable except for microtopography. 
 

 

Variable Notes 

Rock  Include any rock visible on the surface and > 1 cm diam (large enough to 
support strictly rock-dwelling species and excluding soil-dwelling species) 

Recent rodent-disturbed 
soil 

Include any bare-soil areas that show the characteristic mounding or 
tunneling caused by rodents.  Exclude old rodent-disturbed areas that have 
been colonized by bryophytes or other plants. 

Total bare soil Include any bare soil areas.  Exclude any recently disturbed soil that has 
already been colonized by bryophytes or other plants. 

Hard woody debris, 
including bark 

Include any woody or bark debris, tree trunks, or branches that  occupy the 
soil surface, thus precluding colonization of the soil by bryophytes and 
lichens. 

Vegetation < 2 m tall Includes all trees < 2 m tall and any other woody vascular plants < 2 m 
tall.  Exclude the lower portions of woody plants that are > 2 m tall. 

Vegetation > 2 m tall 
 

Include all woody vascular plants > 2 m tall, along with the lower portions 
of those plants.  Exclude cover by the crowns of the remnant trees. 

Litter This consisted of conifer needles, leaves and stems of decomposing plant 
material finer than woody substance. 

Microtopography, (nearest 
10 cm, perpendicular 
difference from long axis) 

Imagine a straightedge lying the length of the plot, parallel to the ground 
surface.  Estimate to the nearest 10 cm the maximum difference in height 
of the soil surface, perpendicular to the straightedge. This is intended to 
measure the maximum extent of microtopographic variation. 

We analyzed a species matrix using the species groups recognized in the field (Table 2.2). Plots 

(432) were aggregated within pastures (48) for the analyses. An environmental matrix of nine variables by 

the same 48 pastures was also used in the analysis. Permutation-based non-parametric multivariate analysis 

of variance analysis (PerMANOVA, Anderson, 2001; McCune & Mefford, 2006) was used to test for 

differences caused by treatment.  A two-level nested model which nested pastures within sites was chosen 

along with the Sørensen distance measure (Bray & Curtis, 1957). Variance due to treatment was tested 
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against variance among sites. Because of the small number of permutations possible for this F-ratio, we 

also evaluated treatments with multi-response permutation procedures (MRPP). MRPP is a non-parametric 

test of the hypothesis of no difference between groups (Mielke, 1984). PerMANOVA allows more complex 

designs than MRPP but obtains a p-value by actual permutation rather than asymptotic approximation. To 

simplify the design for MRPP, we aggregated pastures within sites by averaging to yield a matrix of six 

sites x 31 species. Sørensen distance measure was also used for this analysis.  

Differences in species diversity at the site, pasture and plot level were analyzed with nested  

ANOVA. Plots were nested within pastures and pastures within sites. The diversity is represented by 

species groups, so in some cases is an underestimate of the actual number of species present.  

To elucidate differences in species composition based on environmental variables and to look for 

relationships among pastures based on species composition we used non-metric multidimensional scaling 

ordination (Mather, 1976) on a matrix of 31 species x 48 plots. Sørensen distance was used to measure 

dissimilarity among the pastures.  PC-ORD’s “autopilot” sought the solution with lowest stress (best fit) 

with 250 runs from random starting configurations. A Monte Carlo test with 250 runs with randomized data 

determined whether the ordinations were stronger than expected by chance. All of the analyses were done 

in PC-ORD (McCune & Meford, 2006). 

 

 
Table 2.2. Species groups used to collect field data. 
 
Group Name Members 
Brachythecium group Brachythecium albicans, B. collinum, B. hylotapetum 
Bryum sp. Bryum creberrimum, Imbribryum torenii, Pohlia sp.  
Cladonia sp. Cladonia cariosa, C. carneola, C. chlorophaea, C. fimbriata,   
 C. imbricarica, C. pocillum, C. verruculosa  
Dark Crust Nostoc sp., Placynthiella oligotropha, P. uliginosa, cyanobacteria 
Leptogium Leptogium intermedium, Leptogium tenuissimum group, Leptogium sp. 
Peltigera rufescens group Peltigera malacea, P. ponojensis, P. praetextata, P. rufescens 
Riccia sp. Riccia beyrichiana, R. trichocarpa  

 

Results & Discussion 

Diversity of species based on the species groups defined in the field was compared between 

treatment and control units. Cover class averages for each of the species groups are listed in Table 2.3. 

Diversity appears to be highest for those sites that did not undergo fuels reduction treatments (Table 2.4), 

but no significant difference was found in relation to treatment (F = 1.8, p = 0.25). By collecting vouchers a 

total of 48 species across the entire project were found: 24 mosses, 20 lichens, and 4 liverworts. Only 25 of 

that total were found in treated sites, while 45 species were found in the untreated sites.  
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Table 2.3. Species occurrences in the bryoid layer one year after exclosure construction, 2004-2006 data; 
F= Frequency, n = number of plots; m = moss, l = lichen, h = hepatic (liverwort). Nomenclature follows 
Norris & Shevock, 2004 and McCune & Geiser, 1997.  Species richness is based on species groups not 
individual taxa identified at the lab. Bold depicts bryophytes considered to be early seral. 
 
  Overall Treated  Untreated 
      
Species 

 

Cover 
Class 
Mean F 

Louis  
Spring 

n=72 

Bally 
Camp 
n=72 

Half 
Moon 

n=72 

 Doug 
Prairie 

n=72 

Bee 
Dee  
n=72 

Kaenta 
Spring 

N=72 
Atrichum selwynii  m <0.01 1 0 0 0  0.01 0 0 
Barbula eustegia m 0.02 9 0 0 0  0.03 0 0.1 
Didymodon sp. m <0.01 1 0 0 0  0 0 0.01 
Dark crust  0.13 52 0.19 0.21 0.08  0.11 0.07 0.11 
Brachythecium  group m 0.31 104 0.03 0.1 0.08  0.63 0.35 0.67 
Bryum caespiticium  m 1.32 311 2 2.01 2  0.58 0.67 0.61 
Cladonia sp. l 0.15 52 0.07 0.14 0.04  0.07 0.11 0.44 
Dicranum scoparium  m <0.01 1 0 0 0  0 0 0.01 
Bryum sp. m 0.02 7 0.03 0.01 0.01  0 0.01 0.04 
Ceratodon purpureus m 0.3 115 0.38 0.56 0.46  0.13 0.18 0.1 
Cephaloziella divaricata  h 0.01 6 0 0 0  0.01 0 0.07 
Eurynchium pulchellum  m 0.01 2 0 0 0  0 0 0.03 
Funaria hygrometrica  m 0.66 205 1.04 0.76 1.4  0.32 0.35 0.1 
Leptogium sp. l 0.01 6 0.03 0 0.01  0 0.01 0.03 
Leptobryum pyriforme  m 0.04 6 0.01 0.01 0.04  0.08 0.04 0.04 
Lophozia sp. h 0.01 3 0.01 0 0  0.01 0 0.01 
Marchantia polymorpha h 0.02 8 0 0 0.14  0 0 0 
Mnium spinulosum  m <0.01 1 0 0 0  0.01 0 0 
Peltigera didactyla  l 0.04 16 0 0.01 0.11  0.06 0.04 0.01 
Peltigera rufescens group l 0.1 41 0.04 0.04 0.08  0.01 0.11 0.33 
Peltigera venosa  l 0.01 4 0 0 0.03  0 0 0.03 
Polytrichum juniperinum  m 0.51 185 0.63 0.31 0.39  0.36 0.46 0.9 
Polytrichum piliferum  m 0.04 8 0 0 0.03  0 0.03 0.15 
Racomitrium canescens m 0.01 3 0.04 0 0  0 0 0.03 
Rhytidiadelphus triquetrus m 0.01 2 0 0 0  0 0.01 0.01 
Rhytidiopsis robusta  m 0.01 2 0 0 0  0.03 0 0 
Riccia sp. h 0.03 12 0.07 0.03 0  0 0 0.07 
Roellia roellii  m 0.01 2 0 0 0  0 0.03 0 
Syntrichia ruralis  m 0.03 11 0.04 0.06 0  0.03 0.01 0.03 
Trichodon cylindricus  m 0.02 10 0 0 0  0.04 0 0.1 
Species richness of plots       16 13 15  18 16 27 
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Table 2.4.  Mean diversity of species per site (6), per pasture (48), and per plot (432). Area included per 
sample unit is given for each level in the hierarchical design. Values are compared by life form and with 
and without fuel reduction treatments. At all sites the canopy had been devastated by spruce budworm 
infestation and prolonged drought. Diversity is based on species groups. 
 
 
 

  Treated Control All Sites 
Site-Level Diversity 144 m2

    
 Mosses 8.3 13.0 10.7 
 Liverworts 2.7 3.0 2.8 
 Lichens 4.7 5.3 2.0 
 Total 14.7 20.3 17.5 
Pasture-Level Diversity 18 m2      
 Mosses 5.0 5.7 5.6 
 Liverworts 1.1 1.1 1.1 
 Lichens 1.9 2.2 2.0 
 Total 7.3 8.8 8.1 
Plot-Level Diversity 4m x 0.5 m      
 Mosses 2.6 2.0 2.3 
 Liverworts 0.2 0.2 0.2 
 Lichens 0.3 0.5 0.4 
 Total 3.0 2.5 2.8 

 
 

Fuels reduction treatments created compositional differences across sites (Table 2.5). Because our 

sample size of only three replicates for each treatment is so small, the p-value from the PerMANOVA is 

necessarily high, despite the large F ratio. MRPP also showed a difference in the species composition of 

treated vs. untreated sites (A = 0.254, p= 0.001).  A chance-corrected within-group agreement statistic (A) 

of 1 would indicate that all sites were identical within treatments.  

 

Table 2.5 PerMANOVA from comparing fuels reduction treatment to controls and comparing sites within 
treatments. 

 
Source d.f. SS MS F p 
Treatment 1 2.818 2.818 13.58 0.1013 
Sites 4 0.830 0.208 3.091 0.0006 
Within sites 42 2.819 0.067   
Total 47 6.647    

 

Non-metric multidimensional scaling ordination revealed how patterns in species composition 

related to environmental variables, site differences, and treatments. A 2-dimensional solution with a final 

stress of 15 and final stability of 0.00174 was best. By mapping pastures in species space we can see that 

pastures that had fuels reduction treatments lie close together and are therefore more alike in species 
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composition (Figure 2.2a). Species composition of untreated plots was more variable then treated plots, so 

untreated plots are accordingly more dispersed in the ordination.   

  A joint plot of the environmental variables on the ordination reveals relationships between species 

composition and habitat characteristics (Figure 2.2b). The strongest pattern found is between species 

composition and a gradient of forest floor characteristics, the axis explaining 71% of the variation in 

species composition. This gradient can be interpreted as a change in the amount of organic materials lying 

at the soil surface. The treated sites have far more bare soils because down wood, standing trees, and 

understory vegetation have been removed through logging and fire. Species highly correlated with bare 

soils are the early seral mosses: Funaria hygrometrica, Ceratodon purpureus, and Bryum caespiticium 

(Table 2.6). These species are commonly associated with soil disturbing events, especially fire, in many 

northern forests (Hoffman, 1966; Norris, 2004; Schofield, 1992; Southorn, 1976). Looking at the frequency 

of Bryum caespiticium, the most common early seral moss across all the sites, we can see that it occurs 

more in treated plots then untreated ones (Figure 2.3). Funaria hygrometrica is a pioneer species (During, 

1992). It has high reproductive effort, small spores, and persists only a few years following colonization. 

By continually moving to freshly bared soils, this species can escape from competition. But with time it is 

displaced by grasses, forbs, and other bryoid species. This pattern of colonization by F. hygrometrica 

following fire is consistent with other studies looking at the succession of bryophytes on burnt soils (De las 

Heras et al., 1994; Hoffman, 1966; Thomas et al., 1994).   

Interestingly, rodent burrowing appears to be an ecologically significant source of disturbance to 

the soil surface, particularly in treated sites (Table 2.7). Areas where microtopography had been altered 

because of rodents (soil piled up or dug out) in the current year were essentially devoid of vegetation. 

Slightly older rodent mounds were colonized by early seral bryoid species. If these rodents were to 

maintain their presence in a forest with increasing understory vegetation, their mounds would provide 

habitat for pioneer species. But because there seems to be far less rodent disturbance in untreated sites their 

influence on the bryoid layer may diminish as more stable habitat conditions ensue. The apparent increase 

in rodent activity at treated sites has weak statistical support, but the power is too low (F= 3.8, p = .12) to 

be conclusive. There is, however, a difference in the rodent activity between sites within treatment groups 

(F = 29, p = 0.001). We can clearly see a pattern of early successional bryophytes dominating the treated 

plots (Table 2.3). Very few late seral bryophytes are found in the study area, most of which occur in 

untreated sites. Late-seral species are those that put more effort into vegetative growth than into 

reproduction. They tend to be pleurocarpous mosses that thrive under relatively stable conditions. 

Rhytidiadelphus triquetrus, Brachythecium albicans and Rhytidiopsis robusta were the most commonly 

found pleurocarpous species. They are associated with the left side of the gradient (Figure 2.2b) where 

more vegetation, litter, and down wood characterize the forest floor of untreated plots. Brachythecium 

albicans did occur in treated plots, but only in areas that had escaped fire, and had sufficient vascular 

vegetation to create shady cover. This moss was far more common in the untreated plots where shade and 
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humidity provided by forest remnants and coarse woody debris support more pleurocarpous mosses (Figure 

2.4 & Table 2.3).  

 

Figure 2.2a. NMS ordination of pastures in species space. 

 
 

Figure 2.2b. Environmental variables in ordination space (solid triangles represent treated pastures). 
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Table 2.6. Correlations between species and ordination axes. 
 

                           Correlation with Axes ( r ) 

Lichen species Axis 1     Axis 2 
Cladonia spp. -0.38 -0.50 
Leptogium sp. -0.04 -0.07 
Multiclavula corynoides  -0.18 -0.16 
Peltigera didactyla 0.11 0.06 
Peltigera rufescens -0.36 -0.48 
Peltigera venosa -0.02 -0.18 
Dark crust (mixed ) 0.15 -0.06 
Bryophyte species     
Atrichum selwynii -0.06 -0.13 
Barbula eustegia -0.39 -0.21 
Barbula sp -0.33 0.04 
Brachythecium albicans -0.76 -0.06 
Bryum caespiticium 0.94 -0.37 
Bryum sp -0.16 0.11 
Cephaloziella divaricata  -0.41 -0.03 
Ceratodon purpureus 0.63 0.09 
Dicranum scoparium -0.18 -0.16 
Eurhynchium pulchellum -0.23 -0.42 
Fossombronia  -0.16 -0.15 
Funaria hygrometrica 0.82 -0.29 
Leptobryum pyriforme  -0.16 0.13 
Lophozia sp -0.12 0.26 
Marchantia polymorpha 0.28 -0.09 
Mnium spinulosum -0.03 -0.05 
Polytrichum juniperum -0.32 -0.72 
Polytrichum piliferum -0.23 -0.43 
Racomitrium canescens 0.01 0.01 
Rhytidiadelphus -0.27 -0.06 
Rhytidiopsis robusta -0.22 0.25 
Riccia spp. -0.06 -0.01 
Roellia roellii  -0.10 0.20 
Syntrichia ruralis 0.02 0.07 
Trichodon cylindricus -0.34 -0.16 
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Table 2.7. Average values for habitat data for the bryoid layer, pre-grazed data only. All variables are 
average cover classes except for microtopography, measured as the maximum vertical difference in cm. 
 
 Overall 

mean 
Treated Sites Untreated Sites 

  
n=360 

Louis  
Spring 
n=72 

Half 
Moon 
n=72 

Bally    
Camp 
n=72 

 Bee 
Dee 

N=72 

Doug 
Prairie 
N=72 

Kaenta 
Spring 
n=72 

Rock 0.16 0.19 0.05 0.46  0.03 0.03 0.21 
Rodent burrowing 0.71 2.21 0.63 0.75  0.24 0.29 0.10 
Bare soil 1.41 2.56 1.61 1.79  0.94 0.65 0.87 
Wood 2.48 2.28 2.12 2.08  2.92 3.00 2.50 
Vegetation < 2 m 3.52 3.38 3.17 3.54  3.64 3.58 3.84 
Vegetation > 2 m 0.89 0.29 0.69 0.22  1.71 0.99 1.50 
Microtopography 
(cm) 0.12 8.76 18.30 6.94  10.60 13.60 12.30 
Litter * 3.0 n/a 2.7 n/a  2.6 2.5 4.0 
* Litter data were not collected for plots sampled in 2004 and are therefore incomplete. 
 
 

 

Conclusions 

At the time of this study, soil disturbance particular to the sites at Starkey Forest included logging 

and burning, and minor disturbance from burrowing rodents. Activities that expose mineral soil promote 

the colonization of pioneer bryoid species. Though not measured here, we expect repeated disturbance from 

the grazing trials that were added after our study, to promote a cycle of bared soil followed by pioneer 

species colonization. Meanwhile, log jumbles, remnant snags, and shrubs will protect at least some of the 

forest floor bryophytes from ungulate trampling.  

The early seral bryoid layer presumably protects soils during the early stages of forest recovery 

and promotes succession of higher plants. Bryoid layer species therefore show good potential in restoration 

work to “rehabilitate” disturbed ecosystems (Bowker, 2007). Grazing ungulates in recently logged and 

burned forests may decrease bryoid cover and increase soil loss. Soils at our study sites are predominately 

well drained Olot silt loams, which are moderately susceptible to erosion by wind and water (USDA, 

1985). Because livestock have been shown to lower plant biomass, compact soils, increase water runoff, 

and reduce infiltration (Belsky and Blumenthal, 1997), it may be best to give forest soils on sites with fuels 

reduction treatment some recovery time post fire before allowing grazing. Until pleurocarpous mosses and 

larger plants with well developed root systems recover from large-scale disturbance like fire or logging, the 

early seral bryoid layer is important for holding soil in place. 
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Figure 2.3. Frequency of occurrence of Bryum caespiticium by cover class, summarized separately for each 
site. Bryum caespiticium is the most abundant pioneer bryophyte on soil in the study area 
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Figure2.4. Frequency of occurrence of Brachythecium albicans by cover class, summarized separately for 
each site.  Brachythecium albicans is a later seral species in this area. 
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Abstract 

Lichen and bryophyte communities can promote habitat integrity, especially in relation to the soil 

environment. Terrestrial cryptogams have been shown to prevent erosion, provide habitat for soil 

microfauna, and affect vascular seedling success.  The presence of cryptogams over soil following 

disturbances like fire may slow soil loss and facilitate the development of vascular plants. Despite these 

environmental benefits, research on lichen and bryophytes in eastern Oregon is scarce. To promote a better 

understanding of terrestrial lichen and bryophyte communities in the central Blue Mountains of eastern 

Oregon, I compared one hectare parcels of homogeneous habitat from Abies grandis forests, Pinus 

ponderosa forests, Pinus contorta forests, Artemisia rigida steppe, and semi-arid bunch grass communities. 

Soil characteristics and vascular plant abundance were found to have the strongest correlation to 

community composition. In particular, forested habitats that have deep andic soils and higher cover of 

vascular plants tend to have more pleurocarpous moss mats like Brachythecium hylotapetum and 

Rhytidiadelphus triquetrus. Grassland and sagebrush steppe which have shallow, sparsely vegetated mollic 

soils had more lichen crusts, such as Placidium squamosum, Psora montana and Leptogium spp. 

Unattached forms of the lichen Dermatocarpon bachmannii and the moss Grimmia ovalis were also 

associated with mollic soils. The short mosses Didymodon spp., Encalypta vulgaris/E. rhaptocarpa, and 

Ceratodon purpureus, and taller species like Syntrichia ruralis and Racomitrium canescens, were also 

common inhabitants of nonforested sites.  

 
Introduction 

Research on cryptogams at Starkey Experimental Forest provided some information on the lichen 

and bryophyte communities found in conifer forests of the central Blue Mountains, and how these 

communities can respond to disturbance (Chapter 2).  Those forests were, however, heavily impacted by 

spruce budworm infestations, mountain pine beetle, drought and Douglas fir mistletoe. I was left wondering 

how the terrestrial cryptogam communities of an intact forest might differ. Furthermore, literature and 

general research on cryptogams of any habitat in the Blue Mountains are lacking. To help fill this gap of 

knowledge, I investigated communities in a variety of habitats found in the central Blue Mountains area. I 

was particularly interested in terrestrial moss and lichen communities in common upland habitats including 

forests, sagebrush steppe, and bunchgrass communities. These semi-arid habitats were sampled in Starkey 

Experimental Forest, the Umatilla and the Wallowa Whitman National Forests. The study area lies about 40 

km west of La Grande (Figure 3.1, App. 5). Some of the data retrieved from the Starkey Experimental 

Forest Disturbance study was incorporated into this research (chapter 2).   

Together with algae, cyanobacteria, and micro-fungi, lichens and bryophytes form biological soil 

crusts, or biotic crusts. Biotic crusts in the strict sense tend to dominate soil surfaces in arid habitats. My 

sites trend from semi-arid shrublands, thin soil grasslands, and pine savannas to maritime-influenced forest. 

The cryptogam communities in my sites range from biotic crusts to plush pleurocarpous moss mats. 
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Terricolous cryptogam communities have demonstrated significant value in promoting soil quality in other 

localities. Research in arid regions of North America and Australia has shown that cryptogams reduce soil 

loss from wind erosion by lowering threshold friction velocities (Belnap & Gillete, 1997: Leys & Eldridge, 

1998; Williams et. al., 1995). Tchopopou (1989) found increased resistance to splash erosion in cryptogam 

covered soils compared to bare soils. This reduction in erosion has been partially attributed to soil 

aggregating qualities of moss rhizoids and polysaccharide exudates from lichens, cyanobacteria, and fungi 

(Belnap et al., 2001; Schulten, 1985). Cryptogams may be especially important in protecting soil following 

disturbance such as fire.  

Cryptogams may also influence the vascular composition of an ecosystem. Moss dominated soils 

may reduce the ability of invasive grass species to germinate (Rosentreter, 1986; Serpe et al., 2006).  

Dominance of the invasive grass Ventenata dubia in bunch grass communities within the study area could 

be the result of degradation to the biotic crust from heavy grazing. Members of the cryptogam community 

can promote soil productivity, and therefore vascular plant success, through their ability to fix atmospheric 

nitrogen (Belnap, 2001) and the release of chelation compounds (Belnap et al., 2001). These qualities could 

be ecologically essential in the semi-arid habitats of this study area.  

The main objective of this study was to look for lichen and bryophyte community patterns across 

upland habitats. I wanted to know if particular groups of species tend to occur under the same habitat 

conditions. Do lichen and bryophyte communities associate with particular vascular communities? Are 

there specific environmental factors driving community membership?  And finally, how do soil 

characteristics relate to community dynamics?  

Figure 3.1. Locations of sample units 
Methods 
Site Selection  

Study sites were sampled in August of 2006. 

They were located in the field by matching landscape 

features to a pre-defined list of selection criteria. The 

first criterion set limits for elevation between 1219 and 

1524 meters, the average elevation in the study area. 

This range is also consistent with the sample units 

integrated from the Starkey disturbance study.  I 

sampled five common upland vegetation types. Plant 

association keys for the Blue and Ochoco Mountains 

(Johnson & Clausnitzer ,1992; Johnson & Swanson, 

2005) were used in the field to classify habitat types. In 

addition to the Abies grandis (Douglas ex D. Don) 

Lindl. /Pseudotsuga menziesii (Mirb.) Franco var. 
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menziesii (Abies) stands that comprise the Starkey disturbance sites, I targeted forested stands dominated 

by Pinus ponderosa C. Lawson and also forests of Pinus contorta Douglas ex Louden var. latifolia Engelm. 

ex S. Watson . Pure stands of Pinus contorta, which were not just a result of recent stand-replacing fire or 

logging, were sought.  Artemisia rigida (Nutt.) A. Gray was the fourth relatively common habitat type 

included in the study. Finally, I sampled thin-soil grasslands dominated by Poa secunda J. Presl.  I avoided 

grassland sites that were heavily infested with the non-native grass, Ventenata dubia (Leers) Coss.  The 

second selection criterion required sites to fall into one of these main vegetation categories.   To better 

understand the effect of timber extraction and prescribed fire on cryptogam communities, I avoided habitats 

that had either burned in the last 5 years, or had undergone stand replacing timber activities in the last 60 

years. This decision allowed me to compare the Starkey Forest sites that were logged and burned 1-3 years 

before sampling to relatively undisturbed forest.   A total of 53 sites were surveyed; 10 Artemisia, 10 

grasslands, 16 Abies, 7 Pinus contorta, and 10 Pinus ponderosa. An additional site selection criterion 

required sites to be 1 hectare or more of homogenous habitat. 

 
Field Methods 

Nine plots were evenly spaced within each 1 hectare site. Each plot was delimited by a 4 x 0.5 m 

flexible quadrat.  I scored lichen and bryophyte species abundance and a suite of environmental variables in 

the field using cover classes which approximate a logarithmic series: 1= <1%, 2=1-10%, 3=10-50%, 

4=>50%.  Only terrestrial species growing on soil, humus, bedrock or well-rotted wood were included. 

Cryptogams growing on boulders or down logs were not included. Due to the difficulty of making field 

determinations for certain cryptic species, I used groups to classify macroscopically similar species (e.g. 

Peltigera rufescens group, Leptogium spp.) and provided abundance values for those groups (Table 3.2). A 

‘dark crust’ group was made for darkly pigmented amorphous cyanobacteria, algae, and microlichens that 

could not be differentiated without a microscope. Representative collections were made so that an accurate 

inventory of terrestrial species for the area could be assembled. A portion of this collection is housed in the 

Oregon State University herbarium. Soil depth was measured at every plot, by pushing a 30 cm metal 

chaining pin as deeply into the soil as possible by hand. This measurement was recorded to the nearest 5 

cm and was later averaged for the entire site. Basal area was recorded for each species of tree, at the 

starting mark of each plot using a wedge prism. Snags were included in the total basal area value but were 

not scored separately. Two variables that were measured to investigate the effect of soil disturbance on 

moss and lichen presence were percent cover of recent rodent disturbed soil, and presence or absence of 

ungulate sign (waste, hoof prints or excessive browsing). Geographic coordinates were recorded in the field 

using a Garmin hand-held GPS unit.    
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Geographical Information Systems 

Geographic coordinates obtained in the field (Appendix 2) were uploaded to ArcGIS in order to 

extract specific environmental information that may not have been determined in the field. Coverage for 

soil taxonomy, vegetation type, and elevation were acquired from the National Resources Conservation 

Service, USDA Forest Service, and the U.S Geological Service, respectively. This information was 

extracted for each site, but soil data were unavailable for one point. Soil surveys are still underway for this 

region of Oregon so not all information is yet available. Soil data are extrapolated from small soil surveys 

to much larger areas using a combination of topographic maps, aerial photos, and satellite data (Soil Survey 

Staff, 1993).  

 

Statistical Analysis 

Data were organized into two matrices. The first matrix had 53 rows representing averaged 

abundance values for plots across the entire site, and 61 columns for lichen, bryophyte, and 1 club moss 

species.  The environmental matrix used with the species matrix contained 22 quantitative variables that 

were measured in the field and 8 categorical variables. I also included a value for total cryptogam cover by 

summing cover class abundances across the entire plot. All analyses of these matrices were done with PC-

ORD (McCune & Mefford, 2006).  An outlier analysis did not return any strong outliers so all sites and 

species were retained in the remaining analyses. 

Non-metric multidimensional scaling (NMS) ordination was used to describe community variation 

and to relate that to environment. Sørensen distance was used to measure dissimilarity in communities. The 

slow and thorough autopilot setting makes 250 runs with the real data searching for the solution with the 

lowest stress. A Monte Carlo test with 250 runs with randomized data determines if the ordinations are 

stronger than expected by chance. The environmental matrix was superimposed on the ordination as a joint 

plot to detect habitat features to which species might be responding. Overlays showed potential differences 

in species composition based on soil type and habitat types. Indicator species analysis (Dufrêne & 

Legendre’s, 1977) evaluated separation of species by habitat type using 5,000 randomizations of the data.   

Two-way hierarchical agglomerative cluster analysis was used to group sample units based on 

similarities in species composition. Sørensen distance and flexible beta linkage were used. To minimize 

distortion in clustering, a β value of -.25 was used. Sites were coded by the vascular plant category they 

were assigned in the field in order to compare the results of clustering. The resulting dendrogram was 

scaled with Wishart’s objective function, which rescales to show the amount of information remaining. 

Using the groups formed with cluster analysis, I ran a species indicator analysis. A Monte Carlo test was 

done from 5,000 randomizations of the data.   

Alpha, beta and gamma diversity were calculated for sites according to their respective habitat 

type. S-Plus (Insightful Corp., 2005) was used to run ANOVA. Fishers protected LSD, based on 95% 

confidence intervals, was used to look for differences in the alpha diversity of habitat types.  These 
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diversity measures were based on grouped species, so in some instances there were a few more species at a 

site then recorded. 

 

Results and Discussion 
Finding and testing groups 

I classified habitats by the existing dominant vegetation of the site. Testing this simple 

classification system with MRPP provided evidence that particular cryptogam species do associate in 

specific habitats (A=.29). Cluster analysis, however, does not show strong group segregation based on plant 

series alone (Figure 3.2). The Artemisia and Poa secunda sites are particularly intermingled in the 

dendrogram. An ordination of sample units in species space also reveals that species in these two site types  

 
 
Figure3.2. Two way cluster analysis dendrogram of sample units in species space. Species lie on the 
horizontal axis, sites on the vertical axis. Codes can be found below in Table 3.2.  
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are not different enough to form discrete groups (Figure 3.3). Ecologically these sites are very similar. They 

both occur on shallow, rocky mollic soils. Based on my observations, Poa secunda is consistently the 

dominant understory plant in sagebrush plots.  These two sites share many other grasses and forbs.  Both 

the dendrogram and ordination show that moss and lichen species are also shared by the Artemisia and Poa 

secunda sites.  From the dendrogram we can see a distinct group of cryptogam species clustering in these 

habitats. An investigation of the GIS coverage for plant series defines five of the ten Artemisia sites as Poa 

secunda grasslands. The difference found between Artemisia and Poa secunda grasslands seems only to be 

in the amount of shrub cover.  Because Artemisia rigida does not resprout (Rosentreter, 2004) disturbance 

such as fire could have removed the shrub from our Poa secunda sites.  This is speculative, but the habitats 

could represent different stages of succession with the potential of both site types to support Artemisia 

rigida.  

Together with Pinus ponderosa, the Artemisia and Poa secunda sites form one of the main 

dendrogram branches (Figure 3.3). Characteristic species that help define these site types form a large 

block in the lower right quadrant of the dendrogram. The other main branch of the dendrogram is made up 

of Pinus contorta and Abies grandis site types 

 Alpha diversity differed among habitat type (F = 7.3, p < 10-3).  Abies grandis sites had the lowest 

number of species per site of all habitat types, but the highest number of species across all sites. The high 

gamma diversity of the Abies grandis site type is most likely related to the high number of observations (n 

= 16).  Poa secunda and Artemisia rigida habitats had the highest diversity of cryptogams per site. These 

habitats have abundant vascular plant interspaces that become dominated by persistent biological crust 

species.  

 
Table 3.1. Species diversity values for each habitat type. Alpha-diversity is the average number of species 
per site. Beta-diversity is the average change in species from site to site, calculated as (gamma/alpha) - 1. 
Gamma-diversity is the total number of species found within that habitat type. Significant differences 
(Fishers LSD=2.01) in alpha-diversity are represented by unique superscripts. 
 
 

Site Type  alpha Beta gamma 

Abies grandis (n=16)   10.7 a 2.6 39 
Poa secunda (n=10)   16.6 b 

 

 

 

0.9 32 
Artemisia rigida (n=10)   15.7 b,c

0.8 28 
Pinus ponderosa (n=10)   13.4 c,d

1.3 31 
Pinus contorta (n=7)   12.0 d 1.5 30 

 

Community Gradients 

NMS autopilot found that the data are best synthesized in a 2-dimensional solution based on a 

final minimum stress value of 11.7. A Monte Carlo test showed that a 2-D solution reduces stress more  
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than expected by chance (p  = .004). The ordination was rigidly rotated to load the strongest ecological 

gradient along axis 1 (Figure 3.3). This gradient is best described on characteristics of soil. On the right 

side soils are shallow, rocky and scarcely covered by litter or vegetation. The opposite end of this gradient 

is distinguished by deeper soils, with woody debris, and relatively abundant vegetation over two meters 

tall. This axis explained 65% of the variation in species composition.   

Soil depth, or distance to bedrock, and organic matter are variables that greatly influence both 

vascular vegetation and moss and lichen presence. The shallow rocky soils are inhabited by Artemisia and 

grassland vegetation. The cryptogam species strongly associated with these habitats form a fairly dense 

point cloud in the ordination and tight clusters in the dendrogram. The dark crust group, Leptogium spp., 

Syntrichia spp., Ceratodon purpureus, Riccia spp., Racomitrium canescens, Peltigera rufescens group, 

Didymodon spp., and Cladonia spp. all correlate well with axis 1 (r > .5).   In general these species frequent 

bare soils, and are adapted to  

 

Figure 3.3. Ordination of sites (triangles) in species (dots) space. Sites coded by vegetation type. Labeled 
species are considered significantly correlated to axes. Codes found in tables 3.2 and 3.3. (C=Cladonia 
spp., D=Dark crust, DI=Didymodon spp., G=Grimmia ovalis, L= Leptogium, P=Peltigera rufescens group, 
PQ= Placidium squamulosum, R=Riccia, RE=Racomitrium canescens, S=Syntrichia spp.).  
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dry, exposed conditions. Ceratodon purpureus is well known for its tendency to colonize bare disturbed 
surfaces in a wide range of habitats, including rooftops (Schofield, 1992). Racomitrium canescens usually 

occurs on rock or soil in habitats that are open and dry (Lawton, 1971). Grimmia ovalis and 

Dermatocarpon bachmanii are vagrant species also associated with the right side of the axis. Rosentreter 

and McCune (1992) describe the optimum habitat for vagrant Dermatocarpon as flat areas with sparse 

vegetation and shallow soils, particularly Artemisia rigida sites. Very little is known about the vagrant 

Grimmia at this time, but it is likely controlled by similar factors (Chapter 4). Vagrants form “balls” as they 

are blown across the open landscape after detaching from rock (Perez, 1991). 

 

 

Table 3.2. Correlations between species and ordination axes and indicator species values. Bold codes 
indicate groups that contain more than 1 species. Indicator value groupings; 1=Abies, 2=Artemisia 
and Poa categories combined, 3=Pinus ponderosa, 4=Pinus contorta. This latter analysis was only 
carried out on the full matrix. Correlation values in bold are considered ecologically significant.  
 
     Correlation         Indicator value 
     r        Group 

Code Bryophytes 
Axis 

1 
Axis 

2   1 2 3 4 
ATRSEL Atrichum selwynii Aust. -0.16 -0.09  1 0 3 7 
BAREUS Barbula convoluta Hedwig, B. eustegia 

Card. & Thér -0.11 0.20  15 1 0 0 
DIDsp Didymodon  spp. Hedw., Didymodon 

vinealis (Bridel) R. H. Zander 0.48 0.07  0 52 0 0 
BRAALB Brachythecium albicans (Hedw.) Schimp -0.50 -0.66  11 7 22 48 
 (Hedwig) Bruch & W.P Schimper        
BRAHYL Brachythecium hylotapetum B. Hig.& N. 

Hig -0.51 -0.36  9 0 0 23 
BRALEI Brachythecium leibergii Grout -0.28 -0.23  5 0 2 14 
BRASKI Brachythecium spp.1Schwaegr 0.22 -0.01  2 18 3 0 
BRA sp Brachythecium spp.2 Schwaegr 0.07 -0.09  2 1 5 0 
BRYARG Bryum argenteum Hedw. 0.38 0.09  0 35 0 0 
BRYCES Bryum caespiticium Hedw. 0.43 0.73  34 38 19 4 
Bryum Bryum spp. Hedwig., B. creberrimum 

Taylor, B. kunzei Hornsch, Imbribryum 
torenii J. Spence -0.4 0.01  12 3 4 2 

CEPDIV Cephaloziella divaricata (Sm.) Schiffn 0.21 0.12  4 12 5 5 
CERPUR Ceratodon purpureus (Hedwig) Bridel, 

C.purpureus var conicus (Hampe in C. 
Müll.) Hag. 0.62 0.20  15 42 32 3 

DICSCO Dicranum scoparium Hedwig  -0.43 -0.50  1 0 0 51 
DICTAU Orthodicranum tauricum (Sapehin) 

Smirnova -0.12 -0.23  0 0 0 14 
ENCsp Encalypta rhabtocarpa Schwaegr. & E. 

vulgaris Hedw. 0.46 0.01  0 51 8 0 
EURPUL Eurhynchium pulchellum (Hedwig) 

Jennings 0.17 0.04  3 2 0 0 
Fossom Fossombronia spp. Raddi -0.05 -0.05  6 0 0 0 

 

http://www.itis.gov/servlet/SingleRpt/RefRpt?search_type=author&search_id=author_id&search_id_value=66344
http://www.itis.gov/servlet/SingleRpt/RefRpt?search_type=author&search_id=author_id&search_id_value=66344
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Table 3.2 Cont.        
  Correlation  Indicator value 
  r  Group 
Code Bryophytes Axis1 Axis2  1 2 3 4 
FUNHYG Funaria hygrometrica Hedwig -0.25 0.68  74 0 0 0 
GRIOVA Grimmia ovalis (Hedwig) Lindberg. 

(vagrant) 0.49 0.12  0 70 1 0 
GRIRAM Grimmia ramondii (Lam. & Cand.) 

Margad. 0.14 -0.04  0 3 5 0 
HOMAEN Homalothecium aeneum (Mitten) 

E.Lawton -0.02 -0.04  0 0 10 0 
LEPPYR Leptobryum pyriforme (Hedwig) Wilson -0.35 0.07  17 0 2 4 
Lophoz Lophozia sp (Dum.) Dum. -0.24 0.18  6 0 0 0 
LPL Unidentified small pleurocarp 0.02 -0.06  0 0 10 0 
MARPOL Marchantia polymorpha L. -0.11 0.40  13 0 0 0 
PHIFON Philonotis fontana (Hedw.) Brid. 0.02 -0.06  0 0 10 0 
PLESCH Pleurozium schreberi (Bridell) Mitten -0.27 -0.33  0 0 0 27 
PLGsp Plagiomnium sp T.Koponen -0.33 -0.40  0 0 0 29 
Pohlia Pohlia spp. Hedwig -0.26 -0.35  0 0 0 29 
POLCOM Polytrichum commune Hedwig -0.32 -0.37  0 0 0 14 
POLJUN Polytrichum juniperinum Hedwig -0.39 -0.26  19 0 26 43 
POLPIL Politrichum piliferum Hedwig 0.35 -0.16  2 22 51 1 

PTICRI 
Ptilium crista-castrensis (Hedwig) De 
Notaris -0.44 -0.54  0 0 0 55 

RACERI Racomitrium canescens (Hedwig) Bridel 0.74 0.02  0 69 24 0 

RHYROB 
Rhytidopsis robusta (W.J. Hooker) 
Brotherus -0.44 -0.42  3 0 0 34 

RHYTRI 
Rhytidiadelphus triquestrus (Hedw.) 
Warnst. -0.38 -0.23  9 0 0 23 

Riccia 
Riccia spp., R.trichocarpa M.A. Howe, 
R.beyrichiana Hampe ex Lehm. 0.52 0.02  2 49 6 0 

Roeroe 
Roellia roellii (Brotherus ex Röll) 
Andrews  -0.43 -0.23  4 0 0 10 

SYNsp 

Syntrichia ruralis (Hedwig) F. Weber & 
D. Mohr or S. princeps (De Notaris) 
Mitten, J. Proc. 0.83 -0.01  0 73 27 0 

TIMCRA Timmiella crassinervis (Hampe) L. Koch 0.02 -0.06  0 0 10 0 

TRICYL 
Trichodon cylindricus 
(Hedwig)W.P.Schimp -0.14 0.12  10 0 0 14 

WEICON Weissia controversa Hedwig 0.25 -0.07  0 15 0 0 
         
 Lichens        
Dark crust Includes algae, cyanobacteria, and        
  Placynthiella ulginosa, P. oligotropha 0.83 0.07  2 67 27 1 
CLACAR Cladonia cariosa (Ach) Sprengel -0.15 -0.23  2 0 2 28 

Clad 

Cladonia spp. P. Brown, C. carneola 
(Fr.)Fr., C. fimbriata (L.) Fr, C. 
macrophyllodes Nyl.,  C.  
merochlorophaea Asah, C.  pocillum 
(Ach.) Grognot, C. verruculosa (Vainio) 
Ahti, 0.63 -0.41  5 31 35 27 

CLAIMB Cladonia imbricaria Kristinsson 0.08 -0.21  0 18 15 0 
COLTEN Collema tenax (Sw.) Ach. 0.28 0.06  0 15 0 0 
DERMIN Dermatocarpon bachmanii Anders 0.52 0.05  0 60 0 0 
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Table 3.2 Cont.        
  Correlation  Indicator value 
  r  Group 
Code Lichens Axis1 Axis2  1 2 3 4 
LEPRAR Lepraria cacuminum(Mass.) Lohtander 0.20 -0.91  0 10 0 0 

LEPsp 

Leptogium spp.(Ach.) Gray, L. lichenoides 
(L.) Zahlbr, L. intermedium (Arnold) 
Arnold, L. tenuissimum (Dicks.) Körber 0.73 0.09  1 67 19 0 

MARCAR Massalongia carnosa (Dicks.) Körb    0 5 0 0 
MULTI Multiclavula corynoides (Peck) R.Peterson -0.12 -0.03  6 0 0 0 
PELAPO Peltigera aphthosa (L.) Willd -0.30 -0.38  0 0 0 29 
PELDID Peltigera didactyla (With.) J.R. -0.32 0.06  15 1 0 11 

PELRUg 

Peltigera rufescens group: 
P.kristinssoni,P. malacea,P. ponojensis 
Gyelnik, P.rufescens 0.81 -0.14  6 43 35 7 

PELVEN Peltigera venosa (L.) Hoffm. -0.27 -0.17  10 0 0 30 
PLASQU Placidium squamulosum (Ach.) Breuss 0.46 0.07  0 56 1 0 
PSOMON Psora montana Timdal 0.25 -0.01  0 20 0 0 
POLMUS Polychidium muscicola (Sw.) Gray 0.05 -0.02  0 0 10 0 
SELWAT Selaginella watsonii Underw. (Club moss) 0.32 -0.01  0 30 1 0 

 

 

A distinct block of species in the cluster diagram (Figure 3.2) reveals that many lichen and bryophyte 

species are shared by the grassland/sagebrush sites and the Pinus ponderosa stands. The ponderosa sites 

support trees, so why are they more similar in species composition to the treeless plots than the forested 

plots?  This can be partially answered by the ordination.  The ponderosa sites lie to the right of the other 

forest types because they contain less woody debris, less basal area, and have shorter soil depth to bedrock 

(Table 3.3). They frequently have patches of shallow, rockier soils mixed in with deeper pockets of well 

drained soil. The shallow patches are the areas of overlap in species composition with the unforested site 

types. Stronger correlation between soil depth and axis 2 might partially be explained by this mosaic 

feature. Furthermore, ponderosa stands are open and grassy. They gracefully converge with grasslands to 

form a savanna like landscape that can sustain similar cryptogam species.    

The Abies grandis and Pinus contorta forest types are quite similar in species composition. 

However, six sites secede from the main group to form a separate cluster. The homogeneity in this group is 

created by higher abundance of species which respond to fire. Funaria hygrometrica is a classic fire-

following moss. It is a fugitive species which takes advantage of freshly burnt over soils, but quickly 

disappears as other plants re-establish (Hoffman, 1966). Marchantia polymorpha is a liverwort species that 

also commonly arrives when fire has exposed bare mineral soil (Graff, 1936). Axis 2 explains only 20% of 

the variation in species composition but does detect an interesting pattern. Fire has a strong correlation to 

axis 2. The six Abies sites at the top of the ordination were burned shortly before sampling, 

and they lie directly in the Funaria/Marchantia neighborhood of species space. We can also see that 

Ceratodon seems to be responding to fire. The higher presence of colonist strategy mosses (Ceratodon, 
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Bryum caespiticium, Funaria, Marchantia) and the near absence of more perennial moss species creates 

disparity between these burned plots and the rest of the Abies sites.   

 

 
Table 3.3. Environmental variables correlated with NMS ordination axes. 
 

  
Correlation with 

Axes ( r ) 
Code  Variable Axis1 Axis 2 
Elev Elevation -0.03 0.16 
Rock Rock 0.90 0.03 
Micro-to Micro-topography -0.30 -0.40 
Med Soil Median Soil Depth   -0.87 0.09 
Std soil Soil Dept Std Dev. 0.05 -0.53 
Soil cv Soil Depth CV 0.05 -0.53 
Rodent Rodent disturbed soil 0.06 -0.16 
Tot bar Total bare soil 0.83 0.34 
Log Logging -0.30 0.10 
Fire Fire -0.11 0.52 
Ung Ungulates 0.44 0.24 
Heat Heat load 0.04 0.41 
ABGR Abies grandis -0.27 -0.002 
LAOC Larix occidentalis -0.39 0.25 
PSME Pseudotsuga menziesii -0.59 0.04 
PIPO Pinus Ponderosa 0.05 0.02 
PICO Pinus contorta -0.39 -0.55 
PIEN Picea engelmannii -0.27 -0.12 
TOTBAS Total basal area  -0.71 0.19 
Litter Litter -0.30 -0.49 
Wood Woody debris -0.88 -0.08 
Veg>2m Vegetation over 2m -0.71 -0.48 
Veg<2m Vegetation under 2m -0.22 -0.40 
Tot cr    Total Cryptogam Cover 0.87 -0.06 

 

The other Abies sites are more related to the Pinus contorta forests.  These sites lie at the left end 

of axis 1 (Figure 3.3). They share characteristics of stability on the forest floor, shade and moisture 

afforded by canopy structure, and relatively dense understory. Mosses common to such forests have been 

described as perennial species (During, 1979). Pleurocarpous mosses are slower to mature reproductively, 

can form large mats, and persist much longer than the colonist species (Vitt, 1984). These forested sites 

seem to provide the stable conditions necessary for the success of a perennial strategy. Brachythecium 

hylotapetum, B. albicans group, Rhytidiopsis robusta, and Ptilium crista-castrensis are all pleurocarps that 

show a negative linear relationship to axis 1. Dicranum scoparium is an acrocarp that also shows strong 

correlation to the forested sites.  It is more commonly found on rotten logs but here we find it on decayed 

litter.  

Total cryptogam cover is higher at the rocky end of the gradient because more bare surfaces result 

from the inability of vascular plants to proliferate in shallow soils.  Competition from dense understory 

 



 33

vegetation in forested communities can limit light and space resources and therefore the success of 

cryptogams. Mosses in forested sites either occur on disturbed bare patches, or are adapted to conditions on 

the forest floor.  One ecological advantage of pleurocarpy is the ability to form thick mats in between other 

vegetation, and grow over obstructions like downed twigs and low vegetation. 

By superimposing soil order on the ordination, the dichotomy formed by cluster analysis becomes apparent. 

Sample units are clearly segregating into two general regions of ordination space based on soil order 

(Figure 3.4). Mollisols dominate the right side where bunchgrass communities including Artemisia, Poa 

secunda, and Pinus ponderosa lie.  Andisols dominate the left side where the denser forests are. This 

pattern aligns well with the soil gradient because Andisols are deep, moisture holding soils that can support 

Abies and Pinus contorta forests.  There are a few sites that deviate from this pattern in the ordination. 

These deviations are potentially due to errors in the soil mapping process. Problems of scale and accuracy 

have been reported with the method of extrapolating soil data using aerial photographs (Soil Survey Staff, 

1993).   

 

 
Figure 3.4. Ordination of sites (triangles) in species space with sites coded according to soil order.  
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Indicator Species 

 Dufrêne and Legendre’s (1997) method of indicator species analysis was used to look for 

cryptogams indicative of a specific vegetation series. Only four groups were used in this analysis because 

the Artemisia and Poa secunda habitats were poor at separating in cluster analysis and NMS ordination. 

Indicator values greater than 55 and with p<0.05 were considered ecologically significant (Table 3.2).  

Funaria hygrometrica, which received an indicator value of 74, was the only species considered significant 

for the Abies group. But, if we consider results of the ordination it is likely a better indicator of disturbance 

in Abies forests than of Abies forests in general, because it also correlates with fire. The combined 

Artemisia/Poa secunda group contained more significant indicators than any other group. Didymodon spp., 

Encalypta spp., Grimmia ovalis and Racomitrium canescens, were moss species that were useful indicators 

of the respective habitat. Leptogium spp., Dermatocarpon bachmannii and Placidium squamulosum were 

useful lichen indicators. The dark crust group, which is a mixture of kingdoms, also provided a good 

indication of the shallow soil habitat. The Pinus ponderosa group contained one indicator, Polytrichum 

piliferum, that met the criteria for significance. Finally, Dicranum scoparium and Ptilium crista-castrensis 

appear to indicate the Pinus contorta habitat.  

 
Conclusions 

Though certain species like Bryum caespiticium and Ceratodon purpureus are ubiquitous across 

the study area, this analysis shows that there are species that require specific ecological conditions. In 

particular soil conditions drive community membership. We can expect the species composition of habitats 

with shallow, rocky soils to be quite different from the communities underlain by deep ashy soils. There is 

some evidence here to suggest that structure in the vascular community (down woody debris, canopy 

cover) does influence cryptogam community membership. But soils seem to ultimately influence the 

composition of cryptogam communities.  

Disturbance such as fire and logging in forested sites will likely result in a transition from 

perennial species, such as Rhytidiadelphus triquetrus and Brachythecium hylotapetum, to shorter lived 

colonist species like Funaria hygrometrica and Ceratodon purpureus. If one goal of forestry management 

is to retain species diversity, then some retention of woody debris and canopy cover can provide the stable 

conditions required by perennial species. In addition to fostering biodiversity, protecting cryptogam 

communities can impart productivity and reduced soil erosion to the ecosystem (Belnap & Gillete, 1998; 

Leys & Eldridge, 1998; Williams et. al., 1995).  
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                                              …A rolling stone gathers no moss 

                                                                        -Publilius Syrus, 1st Century BC 
 

 

          …Rolling stones can gather moss 

   -John Eythórsson, 1951 

 

 

…Rolling moss does gather stones 

             -William S. Benninghoff, 1955 
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Abstract 

A moss ball is bryophyte that takes on a spherical form as it grows on all sides of a clump that has 

been dislodged from its substrate. Usually moss balls, or vagrant mosses, are associated with high winds, 

glacial movement, solifluction, or any force that can detach a clump and roll it periodically. Vagrant 

mosses have been found all over the world but are extremely uncommon. I discovered balls of Grimmia 

ovalis Lind. growing in bunchgrass communities of the central Blue Mountains in northeastern Oregon. 

Vagrant Grimmia ovalis has also been documented from Afro-alpine ecosystems. Although this species is 

found in many western states, the discovery of this form appears to be new to North America. Forces 

involved in the creation of these particular moss balls require further investigation. 

 

Introduction 

Among botanists the discovery of nomadic, mobile plants is very exciting. Vegetative organisms 

that persist and grow without attachment to a substrate are rare in the plant kingdom. Tumbleweeds are 

well known for their characteristic rolling across the landscape, but these are dead plant parts that use wind 

to disperse seeds. Unattached bryophytes have been documented on every continent except Australia 

(Perez, 1991). Due to their uncommonness, however, they are not well known. As of 1991 only 29 global 

vagrant moss sites had been reported (Perez, 1991).  

Unattached mosses are commonly referred to as moss balls but have been given other jovial 

names: glacier mice (Eythórsson, 1951), Fawley Buns (Dixon, 1912), rolling mosses and globular mosses 

(Dixon in Burnell, 1907). These names reflect the spherical form mosses take on as a ball is rolled about, 

alternately exposing all sides to growth. This globose growth form begins when a gametophyte becomes 

detached from its substrate (in most cases rock) then is rotated by some force.  A sphere, or moss ball, is 

eventually formed. The word vagrant has also been used to describe this lifeform and it is often used to 

describe unattached lichens (Rosentreter, 1993; Rosentreter & McCune, 1992). However, some 

lichenologists contend that ‘vagrant’ should be used strictly to describe species that are never attached 

(McCune & Rosentreter, 2007). 

Animal disturbance, strong wind, glacial activity, frost action, solifluction (downslope movement 

of saturated sediment over frozen ground), and even wave energy have been suggested as detachment and 

rotation mechanisms. Burnell (1907) thought the globular development of Leucobryum glaucum Schp. and 

Dicranum scoparium Hedw. in English forests was created by pecking and disturbance by game birds. 

Several accounts of moss balls have been associated with glaciers (Heusser, 1972). Eythórsson (1951) 

wrote that his Icelandic “glacier mice” were moss covered stones that are rolled by moving glaciers 

exposing all sides to light and air. Similarly, Alaskan glacier mice form from rotational movement 

associated with melting glaciers (Benninghoff, 1955). But, these mice are said to have a central core of 

dead moss and silt rather then rock. As glacial melt water courses downward, not only is the clump rotated, 

but silt particles apparently penetrate stems and leaves of the mouse, contributing to the strength and 
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mineral nutrition of the ball. The formation of Grimmia ovalis (Hedw.) Lind. balls in alpine regions of Mt. 

Kilimanjaro, Mt. Elgon and Mt. Kenya are reportedly created by frost heaving and solifluction (Hedberg, 

1964). At night needle ice formations within the upper soil layer push the moss cushions upward. After 

sunshine melts away the ice, the balls are slightly rotated. This recurring frost action along with the slow 

creep of surficial soils contributes to the formation of moss balls, or “solifluction floaters” as Hedberg 

described them.  Perez (1991) also attributed the creation of Grimmia longirostris Hook. moss balls on the 

Paramo de Piedras Blancas to frequent freeze and thaw cycles. Another force that has been associated with 

globular moss development is strong wind over sandy, gravelly soils. Schistidium apocarpum (Hedw.) 

B.S.G. is reportedly detached and turned over by shifting winds in habitats adjacent to sand dunes in 

Alaska (Shacklette, 1966).   

As Martin (1952) pointed out, it is not just the process of becoming detached and rotated that 

makes a moss spherical. It is also particular characteristics of the species which create the form. Vagrant 

mosses tend to be cushion-forming acrocarpous genera (Beck et al., 1986). The cushion growth form is 

characterized by compact, erect shoots that radiate outward in a hemispheric pattern (Gimingham & 

Roberts, 1950).  The density of leaves and stems in cushions reduces evaporative losses (Glime, 2007) 

because extracellular capillary spaces between moss leaves and shoots hold onto water (Perez, 1991). 

Ectohydric species of Grimmia are the most common to take on the globular form (Perez, 1991). Ectohydry 

allows a moss to absorb water directly through leaf and stem tissues. Cushion-forming ectohydric moss 

species are, therefore, particularly well-suited for sustained growth in an unattached form. 

Aside from the Leucobryum glaucum occurrences reported for England and New York state 

(Burnell, 1907), terrestrial moss balls seem to share a presence in harsh or barren landscapes. Cold alpine 

and arctic conditions, sparsely vegetated gravelly soils, and grasslands with bunch grasses over shallow 

coarse soils are frequently reported (Beck, 1986; Benninghoff, 1955; Eythórsson, 1951; Hedberg, 1964; 

Heusser, 1972; Perez, 1991; Shacklette, 1966). 

Moss balls are not restricted to terrestrial environments. The rotating effect of water has created 

round formations in aquatic bryophytes that become detached from submerged rock. In South America the 

normally streaming aquatic moss Fontinalis was found as balls up to 15 cm across (Eyerdam, 1967). In 

Southern Chile orbs of Blindia inundata (Card.) Card. were discovered in the littoral zone of Lago Parillar 

(Frahm, 2001). Likewise, moss balls of Drepanocladus are known to wash up on Japanese lake shores 

(Iwatsuki in Glime, 2007).  However, Beck et al. (1986) contended that these are poor representatives of 

the globose form, and state that aquatic forms are actually more discoid.  

 

Oregon Moss Balls 

During my investigation of cryptogam communities in the central Blue Mountains of Oregon 

(Chapter 3) the spherical form of Grimmia ovalis (Hedw.) Lind. was commonly encountered over shallow 
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rocky soils in bunchgrass habitats (Figure 4.2). It was identified by Dr. David Wagner and confirmed by 

Dr. Roxanne Hastings. Vouchers have been deposited in the Oregon State University herbarium. 

Globular Grimmia ovalis has also been documented from Afro-alpine ecosystems (Hedberg, 

1964), and Venezuela (Magill in Perez, 1991). The normally attached cushions of G. ovalis are common in 

the western United States. But, the vagrant form appears to be a new discovery for western North America.  

Dr. Wagner reported the finding of Grimmia pulvinata (Hedw.) J.E. Smith moss balls by Dr. Daniel Norris 

somewhere in California (pers. comm., 2006) and Dr. Roger Rosentreter has come across unidentified 

material in southwest Idaho (pers. comm., 2006). But no reports on moss balls from the western states were 

found in the literature.  

 

Specimens of Grimmia ovalis examined 

All collection numbers are the authors. Geographic coordinates were recorded with a handheld 

GPS using the WGS 84 datum. U.S.A., Oregon. Wallowa Whitman National Forest: 2263, 45.31412o N 

118.54161o W (1336 m); 2178-2181, 45.20763o N 118.59989o W (1453m); 2244, 45.18600o N 118.52325o 

W (1491m). Starkey Experimental Forest: 2177, 45.26193o N 118.58351o W (1397 m); 2181, 45.22555o N 

118.57756o W (1451 m); 2207 & 2270, 45.29063o N 118.53038o W (1283 m); 2245 & 2246, 45.25896o N 

118.53447o W (1304 m); 2276, 45.29647o N 118.57592o W (1338 m). 

 

Site Description 

My collections are from a study area roughly 40 km west of La Grande (Figure 4.1) roughly 

between  45o 21’ N, 118o 45’ W and 45o 6’ N, 118o 28’ W. This region consists of high plateaus divided by 

deep canyons. Volcanic bedrock, mainly basalt, dominates. Vagrant G. ovalis occurs within semi-arid plant 

communities dominated by bunchgrasses (Poa secunda J. Presl., Pseudoroegneria spicata (Pursh) A. Löve, 

Danthonia unispicata (Thurb.) Munro ex Macoun , Elymus elymoides (Raf.) Swezey) and often the low 

deciduous shrub Artemisia rigida (Nutt.) A. Gray.  The vagrant lichen Dermatocarpon bachmannii Anders 

is also commonly associated with many of the Grimmia ovalis populations. The optimum habitat of vagrant 

Dermatocarpon species as described by Rosentreter & McCune (1992) is 

akin to that of the G. ovalis sites. These communities are characterized by 

sparsely vegetated, shallow, poorly drained soils on moderate to gentle 

slopes. In many cases the Oregon moss balls are found in slight 

depressions. This may relate to the presence of ponding water; a 

characteristic of such poorly drained habitats (Rosentreter, 2004). Martin 

(1952) describes a similar situation for the habitat of unattached mosses in 

New Zealand where shallow depressions on the forest floor accumulate water. 

He proposed that this could facilitate the absorption of nutrients after rainfall.  

 Figure 4.1. Study area in  
              northeast Oregon 
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Soils at my vagrant G. ovalis locations are Haploxerepts, Haploxerolls, or Agrixerolls (USDA Soil 

Conservation Service, 1985). By summer these soils are under drought conditions. Elevations at collection 

sites range from 1280 m to 1470 m. These appear to be some of the lowest elevations reported for moss 

balls. The aspect is predominately southeast. Average winter temperatures are between -1 and -10oC, while 

summers average 20-27oC.  Precipitation falls mainly from November to June while summers are dry. In 

semi-arid bunchgrass communities of the Blue Mountains there is a yearly average precipitation of roughly 

500 mm but wind and solar radiation on south slopes keeps snow and moisture from accumulating 

(Johnson & Swanson, 2005). 

 

Moss Ball Morphology 

Balls collected from the Blue Mountains are mostly 

less then 2 cm across (Fig. 4.2).  The size of balls studied 

around the world average 1-10 cm (Perez, 1991).  

 Figure 4.2. Typical Grimmia ovalis moss 
 ball from the central Blue Mountains 
(AH 2177).

The internal morphology of moss-balls is 

frequently addressed in the literature. I found some moss 

balls from the Blue Mountains to contain soil and dead moss 

material while others contained rock. Eythórsson (1951) 

reported consistent presence of internal rock fragments. It is 

assumed that a small fragment of rock may remain in 

contact with the detached clump (Beck et al., 1986) and 

becomes a central holdfast. But internal rock is not a 

requirement of ball formation because more often 

investigators have found only soil and organic matter (Beck, 1986; Benninghoff, 1955; Hedberg, 1964; 

Perez, 1991; Shacklette, 1966). Like samples from the Blue Mountains, Heusser (1972) found a variety of 

internal composition within the same population. 

1cm 

 

Formation   

Where do moss balls come from? In most cases they probably originate when clumps become 

severed from rock. Perez (1991) determined the parent material of G. longirostris balls to be rock outcrops. 

Broken chunks were found dangling from rock, and globose formations were found just below the rocks. 

Seventy-five percent of those discovered moss balls were within two meters of rock. Another mode of 

origin was proposed by Martin (1952). He suggested that new balls could form when branches are broken 

off existing balls. He investigated unattached colonies of Echinodium hispidum, a pleurocarpous species in 

New Zealand, over a ten year period and found that branches had commonly been broken from the clumps. 

He believed this mechanism could produce new plants and felt the theory of development by game birds 
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(Burnell, 1907; Beckett in Dixon, 1912) might be wrong.  No one has proposed a sexual means of ball 

reproduction because sporophytes are generally not found on unattached bryophytes.  

Rock outcrops with attached representatives of G. ovalis were not conspicuous within my study 

sites. It is likely, however, that they did originate from rock outcrops or boulders. The loosely attached 

nature of G. ovalis (Lawton, 1971) likely makes it more susceptible to detachment than other species. 

Winter freeze/thaw cycles in eastern Oregon grasslands are probably sufficient to break off G. ovalis 

cushions and rotate them into their globular form. Animal disturbance could also detach and rotate G. 

ovalis balls as suggested for arctic mosses by Caribou (Steere in Beck et al., 1986). Rocky Mountain elk 

and mule deer populate this region and could potentially kick around loose balls. Further investigation of 

the morphology, ecology, and climatic and or geologic processes related to these curious formations in the 

bunchgrass communities of the Blue Mountains and the inland west in general would likely yield more 

definitive answers to moss ball formation. 

 

Persistence  

How long do moss balls persist?  One growth study has shown that moss balls maintain growth 

through the emergence of protonemata at the base of each shoot which are found at the center of the ball 

(Perez, 1991). This development may be sufficient to maintain growth indefinitely as gaps where other 

stems die are filled in. Some have suggested that there is a size limit to a ball. Benninghoff suggested that 

ball size is limited to the tensile strength of bryophyte stems (1955). Beck et al. (1986) found large balls to 

be flattened out when compared to smaller ones. Patches of G. ovalis in the Blue Mountains were found 

(though rarely) resting flat on the soil surface yet still unattached. It is presumed that balls disintegrated 

with age but the specific cause is unknown.  A ball coming to rest in a sheltered area devoid of a rotational 

force could also explain the loss of globular morphology. 

   

Conclusions 

Previous discussions on the growth and formation of moss balls have mostly been speculative. 

Much of the research on this topic is lacking long term observation. To date only one experimental study 

has been carried out on the factors involved in moss ball development (Beck et al. 1986). And only one 

other study has looked at the morphology and water relations of vagrant mosses (Perez, 1991). We can see 

that in most cases the cushion-forming mosses have a trait that makes them well suited for globular 

development. But the globular growth form must also be a reaction to some environmental process (frost 

heaving, scouring winds) occurring at a particular site. Questions of origin, longevity, reproduction, and 

distribution remain. 

 Shallow soil bunchgrass communities are fairly common in the west and Artemisia rigida habitat 

can be found throughout the Blue Mountains, the Deschutes Plateau, the Ochoco Range (Johnson & 

Swanson, 2005), and into Idaho. Given this, vagrant mosses could occur in other areas but apparently have 
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not been reported because of a dearth of bryological exploration throughout the inland west. However, 

moss ball occurrences elsewhere in the world do seem to be localized. Even when areas of similar habitats 

were searched in the same general region of a known moss ball site, and those same species were found, 

they failed to form balls (Beck et al., 1986; Perez, 1991).  
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Chapter 5 
Conclusions 

  
Terrestrial lichen and bryophyte communities are a component of a variety of upland habitats in 

the Blue Mountains. In dryer shallow soil bunchgrass and Artemisia rigida habitats more perennial species 

are commonly found under bushes and in shrub and tussock interspaces.  Cryptogam community 

composition in ponderosa pine stands was very similar to those of bunchgrass communities. Many Pinus 

contorta forests were found to have thick mats of pluerocarpous mosses and very few lichens. Abies 

grandis and Pseudotsuga menziesii stands fell somewhere in between dryer bunchgrass habitats and the 

colder wetter P. contorta communities. Cryptogam presence in fuels reduction treated forests is dominated 

by early seral bryophyte and lichen species.   

Biological soil crusts in other dry habitats have been shown to positively contribute to the soil 

environment.  Cryptogams can increase moisture at the soil surface improving microhabitat for small 

invertebrates and vascular plants. They may also increase soil deposition and prevent loss of soil. Grazing 

pressures in these fragile habitats may reduce biological soil crust cover and increase soil losses. Reduced 

crust cover may also increase the establishment of invasive vascular plants. The bryoid layer of forested 

habitats can improve conditions at the soil surface, especially following large-scale disturbance like fire. 

Early bryophytes in forested sites of the central Blue Mountains that undergo fuels reduction treatments are 

important for covering bare soils which could otherwise be eroded by wind and water. They also can 

facilitate the recovery of understory vegetation.   

In order to address some of the issues facing federal lands (catastrophic fire, insect epidemics), 

managers need information on local ecosystem processes. By understanding the potential effects 

management practices such as fuels reduction can have on plant communities, managers are better 

equipped to make decisions.  Because the terrestrial cryptogam community is an important component of 

semi-arid ecosystems, land managers need to understand how they respond to treatment. They should also 

be aware of what species complexes are common to a particular habitat. To better understand cryptogam 

community response to disturbance in forested habitats we should look at changes over a longer period of 

time. The impact of grazing on cryptogams should be particularly investigated as very little research on this 

topic has been carried out in semi-arid forests of North America.   

By investigating cryptogam communities in a variety of common upland habitats of the Blue 

Mountains I have provided some basic knowledge on species composition and how it varies according to 

soil characteristics. Artemisia rigida steppe and thin soil grasslands are sensitive habitats that may be 

greatly impacted by soil disturbing activities. Together these habitats host rare lichen and bryophyte species 

including the vagrants Grimmia ovalis and Dermatocarpon bachmannii and the lichen Cladonia 

imbricarica.  Such unique habitats contribute to the biological diversity of the Blue Mountains region. 

Their protection should be considered when planning land management projects. 
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Appendix 1. Lichen and Bryophyte Species Observed at Starkey Experimental Forest. Nomenclature 
follows Flowers, 1973; McCune and Geiser, 1997; McCune and Rosentreter 2007; Norris and Shevock, 
2004; Spence, 2007; and Doyle and Stotler, 2006. 
 
Bryophytes     
Atrichum selwynii Encalypta rhaptocarpa Pleurozium schreberi 
Barbula convuluta  Encalypta vulgaris Polytrichum commune 
Barbula eustegia  Eurynchium pulchellum Polytrichum juniperinum 
Brachythecium albicans Fontinalis sp. Polytrichum piliferum 
Brachythecium hylotapetum  Fossombronia sp. Ptilium crista-castrensis 
Brachythecium leibergii  Funaria hygrometrica Racomitrium canescens 
Bryum argenteum  Grimmia ovalis Rhytidiadelphus triquetrus 
Bryum cespiticium  Grimmia ramondii Rhytidiopsis robusta 
Bryum creberrimum  Homalothecium aeneum Riccia beyrichiana 
Bryum kunzei  Imbribryum torenii Riccia trichocarpa 
Cephaloziella divaricata  Leptobryum pyriforme Syntrichia princeps 
Ceratodon purpureus  Lophozia sp. Syntrichia ruralis 
C. purpureus var conicus Orthodicranum tauricum Timmiella crassinervis 
Drepanocladus sp. Philonotis fontana Trichodon cylindricus 
Dicranum scoparium Plagiomnium sp. Weissia controversa 
Didymodon vinealis   
Lichens     
Alectoria sarmentosa Cyphelium inquinans Parmeliopsis ambigua 
Aspicilia cinerea Dermatocarpon bachmannii Parmeliopsis hyperopta 
Aspicilia sp. Evernia prunastri Platismatia glauca 
Bellemerea sanguinea Hypocenomyce scalaris Peltigera aphthosa 
Bryoria fremontii Hypogymnia imshaugii Peltigera didactyla 
Bryoria lanestris Hypogymnia metaphysodes Peltigera kristinssonii 
Buellia erubescens Hypogymnia tubulosa Peltigera malacea 
Buellia penichra Lecanora sp. Peltigera ponojensis 
Buellia punctata Lecanora bicincta Peltigera praetextata 
Calicium viride Lecanora circumborealis Peltigera rufescens 
Caloplaca atroalba Lecidea fuscoatra Peltigera venosa 
Candelariella rosulans Lecidella carpathica Placidium squamulosum 
Carbonea vitellinaria Lecidella elaeochroma Placynthiella oligotropha 
Cetraria merrillii Lecidella stigmatea Porpidia crustulata 
Cetraria platyphylla Lepraria sp. Polychidium muscicola 
Cladonia cariosa  Leptogium intermedium Psora globifera 
Cladonia carneola Letharia vulpine Psora Montana 
Cladonia chlorophaea Massalongia carnosa Rimularia insularis 
Cladonia fimbriata Melanohalea elegantula Thelomma ocellatum 
Cladonia imbricarica Melanohalea exasperatula Thrombium epigaeum 
Cladonia macrophyllodes Micarea sp. Usnea lapponica 
Cladonia merochlorophaea Multiclavula corynoides Verrucaria muralis 
Cladonia pocillum Nodobryoria abbreviata Vulpicida canadensis 
Cladonia spp. Ochrolechia androgyna Xanthoparmelia loxodes 
Cladonia verruculosa Parmelia sulcata  
Collema tenax    
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Appendix 2. Geographic Locations of Study Sites (Datum WGS 84) and sampling dates. Starkey Forest 
names are derived from researchers at that Forest, community study site names are my own. 
 

Starkey Experimental Forest Sites Chapter 2.  
    
Sample date   Longitude Latitude  
9-2004 Louis Spring 118.57006 45.30777 
9-2004/2005 Doug Prairie 118.57818 45.29283 
9-2004/2005 Bee Dee 118.57055 45.28750 
9-2004 Bally Camp 118.57444 45.28027 
9-2005 Half Moon 118.59120 45.23765 
6-2006 Kaenta Spring 118.53805 45.19583 
    
Community Study Sites Chapter 3 (all sampled 8-2006) 
Abies grandis  (in addition to the above Abies grandis sites) 
 Bear Wallow 118.73128 45.18509 
 Butcher 118.70953 45.14280 
 Not Cut 118.55359 45.31219 
 Real Forest 118.75247 45.24316 
    
 Pinus ponderosa    
 Bear Tower 118.00000 45.25485 
 21 Pipo 118.60957 45.26822 
 Headquarters 118.52454 45.21764 
 Hwy Pipo 118.52325 45.18160 
 Otis Spring 118.48394 45.16674 
 Ray's Pipo 118.54649 45.25893 
 Sunlight 118.58147 45.22255 
 Syrup Creek 118.52148 45.29893 
 Umapip 118.72498 45.19423 
 UmaUma 118.52723 45.16161 
    
 Pinus contorta   
 Camas 118.70986 45.16922 
 Cowdog 118.58138 45.21066 
 Lush 118.61372 45.29154 
 Pico 1 118.60308 45.29055 
 Picoflat 118.71450 45.17597 
 Sticks 118.63152 45.22140 
 Umapine 118.57951 45.13376 
    
 Artemisia rigida   
 Bally Mountain 118.57247 45.28991 
 Bear Little Bear 118.53039 45.25073 
 Cougar Tower 118.58351 45.26193 
 Last sagebrush 118.53447 45.25869 
 Louis sagebrush 118.57992 45.30748 
 Lovesage 118.55429 45.31307 
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 Appendix 2 cont. 
  Longitude Latitude (WGS 84) 
 Northeast 1 118.55589 45.30993 
 North sagebrush 118.55452 45.29105 
 RNA 1 118.54161 45.31412 
 RNA 2 118.55347 45.31482 
    
 Grasslands   
 Battle Flat 118.55753 45.20001 
 Smith Creek 118.57592 45.29647 
 21 Meadow 118.59989 45.20763 
 Rock Creek 118.53128 45.28649 
 Rock Spring 118.53038 45.29063 
 North Bear 118.57756 45.22555 
 Swedge 118.59175 45.21206 
 Grass quarters 118.52351 45.21954 
 Last Bunch 118.53447 45.25869 
 Sneakers 118.56968 45.14455 
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Appendix 3. Photographs of study sites, photographer: Amanda Hardman 

Photo 1. Typical Poa Secunda Grassland, Starkey Experimental Forest. 
 
 

Photo 2. Crust community found within a Poa secunda site. 
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Appendix 3.cont. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Photo 3. Typical Artemisia rigida habitat, Starkey Experimental Forest. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 4. Typical Pinus ponderosa site, Starkey Experimental Forest. 
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Appendix 3.cont 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Photo 5 a & 5 b. Untreated spruce 
budworm damaged stands from Starkey 
Experimental Forest Cryptogam 
disturbance study (Chapter 2). 
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Appendix 3.cont 
 

Photo 6. Pinus contorta habitat from Umatilla National Forest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Photo 7. Moss mat from a Pinus contorta site in Starkey Experimental Forest. 
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Appendix 4. Supporting Data Files. The following files were written with Microsoft Windows XP 
operation system and can be found in the Oregon State University library electronic archives. 
 
File Name File Type Contents 
firstRedPreGrz.wk1 Spreadsheet Terrestrial lichen and bryophyte response to disturbance 

in the central Blue Mountains of northeastern Oregon. 
Cover class values for species at the plot level, 31 
species X 432 plots. 

StarkeyPreGrazeENV.wk1 spreadsheet Terrestrial lichen and bryophyte response to disturbance 
in the central Blue Mountains of northeastern Oregon. 
Categorical variables and cover class values for 
environmental variables, 11 variables X 432 plots.  

SpFullDic07.txt Text file A dictionary of species abbreviations used in species 
matrices. 

DictionaryENV2005-
2007.txt 

Text file A dictionary of abbreviations used in environmental 
matrices. 

RedSppMatrix.wk1 Wk1 
spreadsheet 

Comparing terrestrial cryptogam communities across 
upland habitats of the central Blue Mountains, Oregon. 
Cover class values for species at site level, 60 species X 
53 sites. 
 

ENVmatrix.wk1 Wk1 
spreadsheet 

Comparing terrestrial cryptogam communities across 
upland habitats of the central Blue Mountains, Oregon. 
Categorical variables and cover class values for 
environmental variables, 34 variables X 53 plots. 

EnviroVaria.doc Microsoft word 
document 

Translation of abbreviations used in ENVmatrix. 

StarkSoil.pdf Adobe Acrobat 
document 

Figure that shows soil series for data that was available 
as of November 30, 2006. Go to 
http://websoilsurvey.nrcs.usda.gov/app/ for Union 
County series definitions. 

Soil Paddock.pdf Adobe Acrobat 
document 

Figure of soil series for Starkey Experimnetal Forest 
exclosure sites 

VagrantGrim.pdf Adobe Acrobat 
document 

A map of vagrant Grimmia ovalis near the Starkey 
Experimental Forest Boundary and accompying plant 
community type.  
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